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A close collaboration with industry & public
partners ensures our real-world impact
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As urbanization continues...

THE RISE OF MEGACITIES
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Urban last-mile distribution affects the
hotspots of future economic growth

Projected cumulative contribution to global GDP growth
2007 — 2025, In percent
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of global growth
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The total pool of 2,000+
metropolitan areas is
expected to contribute 75
percent of global growth
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Source: McKinsey Global Institute (Dobbs et al. 2011)

© 2015 Dr. Matthias Winkenbach | MIT Megacity Logistics Lab — chart no. 5

Global GDP
2025, In percent

-"-
—i
.-"'.*
=

Global population
2025, In percent

I N .
I III Massachusetts Institute of Technology



At the same time, it is the most costly, and

difficult to optimize part of a supply chain

120

delivery stops on an average UPS route
o 8 i . ‘F'= F |

6 689,502 9:|. 44 13

55,000

Sources: Wall Street Journal (2015), Businessinsider
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The MIT Megacity Logistics Lab focuses on
three major research building blocks

Distribution Network Design

= Multi-tier distribution
= Multi-modal distribution
= Multi-/omni-channel distribution

Urban Freight Policy & Practices

= Freight policy and regulation
» |nfrastructure investments
= Best practices for urban freight

Data Analytics & Technology

" | ow-cost sensor technologies = Augmented Reality
* Big Data analytics ®= Robotics and automation



Beyond size...

CITIES LOOK DIFFERENTLY
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RIVEFS & waterways
Barrier to mobility? ,
| Part of the transportat/gn
_w_ ¥ mfrastructure? *

Bangkok - Thailand

Fopulation - 14 .91 milllon
Land Area . 2444 sg.Kms.
Pop. Density : 6100 per sq.km.

S 20019 MT Magacily Lag/alica La mageilysh @mil sdn
tredils Uimfaiding Ubrey & Pracmaing

M dala ® 20519 by Moraaa & Q1

Source: MIT Megacity Logistics Lab, Edgar E. Blanco



Beljing - China
Population :19.28 mlillion
Land Area : 3779 sg.kms.
Pop. Density : 5100 per sq.km.

2019 T Magacily Lag/aica Lah magmily s @mil sdu
Cradila Uinfaiding UbGrey & Pacmaing

M dea & 2817 by Moaiat @ O
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Barriers and bottlenecks

Manila - Philippines
Fopulation - 22.71 milllon
Land Area 1577 sg.kms.

Pop. Density : 14400 per sg.km
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Size & Sprawl
Growth vs. planning «

e -

Sao Paulo — Brasil
Fopulation : 20.27 milllon

Land Area - 2855 sg.kms.
Pop. Density : 7100 per sq.km

S 20T T Magaily Lag/aliea L mumgeiilyah @dmil sdu
tradils Unfaiding Ubrey & PFracmaing
Ve dala c2 1% by Mcransafl & 21N
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GTO Wth VS ,_ t

Mexico City - Mexico
Population : 20.3 mllllon
Land Area : 2071 sg.kms.
Pop. Density : 9800 per sg.km.

S 2019 T Magacily Lag/alica Lah megailypat m il sdu
Lradila Unfaiding by & PFacmaing

M dea & 2817 by Moaiat @ O
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Source: MIT Megacity Logistics Lab, Edgar E. Blanco

Istanbul - Turkey
Population - 13.19 millllen

Land Area - 1345 sg.kms.
Pop. Density : 9800 per sg.km.

S E2NIT NT Magacily Lag/aliea Leh mugeilpa dm il sdn
cradila Unfaiding Ubrey & Facmaing
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Geography, Density & Fragment
No limits to complexity f"'

i Mumbal - India

Population - 17.67 mlilllen
Land Area - 547 sg.kms.
Pop. Density : 32300 per sg.km

S 2019 NT Magacily Lag/aliea L mgeilyabh@m il sdu
cradila Unfaiding Ubrey & Facmaing

M dafa © 2819 by Meorana & 21



Looking closer...

CITIES HAVE GROWN DIFFERENTLY
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Cities have different histories and growth
patterns

New York City

0 5§ 10 20 Kilometers
LA 1 1 ]
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Source: Taubenbock et al. (2012)




Cities have different histories and growth
patterns

London

Source: Taubenbock et al. (2012)
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Cities have different histories and growth
patterns

Istanbul

20 Kilometers
T Source: Taubenbock et al. (2012)
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Cities have different histories and growth
patterns

| Maximum overlapping area
" | Urbanized area ca. 1975
"] Urbanized area ca. 1990

B Urbanized area ca. 2000
B Urbanized area ca. 2010

Mexico City

:?;i:

20 Kilometers Source: Taubenbock et al. (2012)
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Cities have different histories and growth
patterns

Manila

Source: Taubenbock et al. (2012)
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Mexico City

Urban landscape
B How does it affect how people consume?
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= How does it affect urban mobility?

S9= ' How do you reach your customers?
- And where?
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e o Source: Pablo Lopez Luz, Reddit
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Sao Paulo

Urban landscape

How does it affect urban mobility?
-_— .' How do you reach your customers?

| And where?

Al Lo et
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O A 4N MIT Conter for Saurce Barblerl USP(2012)
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Tokyo

Urban landscape

How does it affect how people consume?
How does it affect urban mobility?
. Howdo you reach your customers?
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Source: Tokyo Travel Assist (2016)




= Emerging market megacities exhibit harsh

socio-demographic contrasts

40,000
35,000
30,000
29,000
20,000

15,000

City size - million of peaple

10,000

2,000

Trendling = ":f”‘“"
A

0% 10% 205% 30% 40% 50%
City Gini

Source: Euromonitor (2013); Photo: Paulo Saldiva from C. Cunha Barbieri, USP (2013)
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Fat and slim...

DENSITY AND THE SHAPE OF CITIES
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Extreme levels of population density

Population density

Inhabitants / km?
30,000
27,000 |
New York City Mumbali
10,000
2,000 /
Manhattan City Area Metropolitan Area Metropolitan Area

Source: Blanco and Fransoo (2013)
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Extreme levels of population density

Population density, metropolitan area
Inhabitants / km?2

50,000 -
45,000 -
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000

Where is
New York?

Source: MIT Megacity Logistics Lab, Demographia
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Average vs. local density:
Mexico City vs. New York City

Mexico City, Mexico

Source: MIT Megacity Logistics Lab
A A g R MTCenter f gaciky 1L.Og
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Average vs. local density:
The ,body type" of cities

. MIT

Sao Paulo Big hips, big butt.
New York City City of extremes.
>-
= Montreal Awww... So European.
Mexico City Broad shoulders
Buenos Aires European city on steroids

0 2000 6000 10000 14000 18000 22000 26000 30000 34000 38000 42000
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Where do all these people shop?

RETAIL DYNAMICS IN EMERGING
MARKET MEGACITIES

A b 4 h M Center for : . : oy I
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Where do all these people shop?
Here.
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A little bit of everything J
How to plan and optimize your.
~assortment? . '
' How to choose which brands to
carry? |
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In the emerging markets, last-mile delivery
suffers from density and fragmentation

Density of traditional “nanostores” in Mexico City

> ;.:-f:' v .

erage nanostore inventory

more than 2 days

© 2015 Dr. Matthias Winkenbach | MIT Megacity Logistics Lab — chart no. 38



Why is traditional retail so dominant?
Why do nanostores survive?

Market share of traditional vs. modern retail channel Barriers of access to
Percent of sales modern channel
= No access to required

tinfrastructure
= |nsufficient « '

Advantages of traditional
channel
= No transport required

* |Informal,
credit
= Small pa e sizes /
single item purchases
" Low!l "

" |nterest of CPG
manufacturers to have
them survive (higher

, growth
% Ti-eBre CONELITD]
" Proximity [ Conve

B Modern B Traditional

| Source: Blanco (2012); Blanco and Fransoo (2013)
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How and where will all these people shop?

FUTURE RETAIL DYNAMICS IN
MEGACITIES

4 h B MIT Center for , _ . o Taen S
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Customers expectations are rising — while
their willingness to pay is not

' ‘ One stop shop

# Google Shopping Express [ a B s B
Peninsula & San Jose v & %
) 2499
GROCERY HEALTH & BEAUTY HOME BABY TOYS APPAREL MORE ‘Account w Help SAM EEE[?I'AIIT? FEEEEL’IVER? m

Fast and free is now even faster

Prime members in 27 metro areas receive FREE Same-Day Delivery on qualifying orders over $35. Order in the morning (typically

Google Express d '
3 Eve ry ay eS Se n tl a ‘Sf . until noon), and your package will be delivered by 9pm, seven days a week. Order in the afternoon or evening, and get FREE One-

Service Level
* T+2 delivery
* Next-day delivery
= Same-day delivery
= Same-hourdelivery
* |nstant delivery

= Delivery time

windows

= Anticipatory
shipping

b

d b 4 Rk MIT Center for
qQVy Transportation & Logistics

Day Delivery. See program terms & details.

NEW: FREE Same-Day Delivery is now in Charlotte, Cincinnati, Fresno, Louisville, Milwaukee, Nashville, Central New Jersey,

r delivery® Raleigh, Richmond, Sacramento, Stockton, and Tucson.

(SEATTLE/ TACOMA

~

‘ Enter Zip l m

il INDIARAPOLS
- Sidaaibdatl PHILADELPHIA

SAN FRANCISCO BAY AREA
m m WASHINGTON D.C.

S RICHMOND
LOS ANGELES NASHVILLES | RALEIGH 2

AT AT iy G

NEWTORK 7Y & FOSTON
BALTIMORE NEW JERSEY

ORLANDO

Find Same-Day Delivery Items in Three Easy Steps...

1 Search for items / Filter your results 3 Getit today!
amaZon
v? |

”
W s Amazoncom TodaysDeals G Delivery Day

Get it Today
o ‘ pr | '{5@1 itby Tomorrow

= - Your Delivery Address
Los Angeles, CA 90025

POSTMATES

Choose from millions of items, Use the “Get it Today” filter on All Same-Day Delivery orders will
including electronics, home and the left to view and purchase arrive by 9PM,
office supplies, and baby items eligible for Same-Day
necessities. Delivery.
I i
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Smart devices transform shopping towards e .
a seamless omni-channel experience

I —

January g, 2007

The new buying process:
| Anytime,
o ’“,, , qsans  Anywhere

Discovery
’\ _ D Search
_ s _

/1 \\ Y
_ ' N ' Purchase

: Delivery [ Pickup

»
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N .-”Il | N i
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Return / Recycling



Density is a key enabler for successful and
efficient omni-channel retailing

The new buying process...

Anytime, Anywhere
= Productdiscovery

* Product search

" Purchase

" Product delivery [ pickup

= Shipment re-routing

* Productreturn

= Used product recycling

...needs to be supported
by flexible, reliable,
efficient last-mile
logistics.

e 05/26 1AM ‘ within 7 minutes

- MIT

S/4 BAM

5/1111AM ...and can only be sustainable in a

high-density, urban
environment.

2/11 6AM

05/10 4PM

S/2210PM  ¢1c 1400 &’?’G‘:} 10.9 mph
average daytime speed in NYC

5!110 EPM
5/6 1PM

T ——
—

Uy On ~1.27 miles, or 6 km?
5/15 9PM &y _ _ .

are equivalent to a 7 minute
radius

P HAM

X
25,000 people [ km?
Manhattan population density

150,000 people

5/27 10AM

S5/14 6PM



What will it be?

THE FUTURE OF LAST-MILE DELIVERY

4 h B MIT Center for : . . g e =t
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Big data, new technologies, and disruptive
business models spark last-mile innovation

Cargo bikes . g ST bt = - Smart homes /

amazon alexa
\N——;’ "] .
ash

BUTTON

amazon ¢
N

" RACK FEEDER 2. DRONES

fransters parcels to the integrated drones and the deliverer Fly autonomously on flight routes pre-
Controlled via IT-based backend-processes. - defined by the system. Payload 2 kg,
- delivery radius 10 km, four propellers

each measunng 21.5 inches in diameter.

Mobile depots

]
m—— ._

e =1 ﬂ
ST
il ||i LT
TR Nl
g
p—

3.MODULAR
BATTERY SYSTEM

Adaptable to the individual application in
order to achieve the best possible proportion

At ! " S

h W
Pt Lo :
R 2
i g5

.-.I. 3 W 4 :_‘I =

B et | of welght and range.

5.RACKING S

Lightweight racks made of carbon with load camers

made of aluminum sheet, adapted to the contours of A E D RIVE
the vehicle. ; “. "

LA ey il ,."-_- E T:'.-.H e Arallhy arm 3 . |
TRty -i-"k;i"“h:;f._?fih‘ b ST Locally emission-free and virtually silent.
.:.:!—;ii'-'_“ O E syt q.“-%-&. -iﬁg.. :.

75 kW permanent system performance,
270 Nm torque, a range of up to 270 km.

ST T e e
- A
o

:
i e o - Pl Tl o M

Sources: Merchan (2014), MIT Media Lab (2015), BMW, TNT, Mercedes Benz, Amazon, Glue Home, and others
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Drones — more than just a buzz?

®
L ]
e
o 2 n
-

amazon
) DrirnreAir

..,1, ‘1

R ‘I*’

1 FOXNEWS

| ROBOTS

Amazon gets FAA approval for drone
testing

+

Source: Amazon (2014). Amazon Prime Air




Autonomous electric vehicles are probably
5 — 10 years down the road

STARSHIP

Source: MIT Media Lab




loT devices can have immediate operational
implications on urban last-mile delivery

From resolving a

- |

ldentification
Condition -
o |l ocalization
monitoring
Tem- Data transfer
perat.

Blue-
tooth

. 4 b 4 B MIT Center for ) —r - l N .
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Data Analytics

USING DATATO UNDERSTAND AND
IMPROVE CITIES

A A 4 A MIT Center for : : : " I
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Tracing the movement of vehicles creates
real-time visibility of your operations




Within the vehicle traces, we can identify
various activities along the route

® Trackingroute
Approach [ parking
® Stoppedtodeliver

Speed

T
- - o - A O -



Geospatial analysis allows for time-, driver-,
route- or vehicle-specific KPl comparisons

Why does average time Route #1 o e Route #2 Why does loading
per delivery differ? o efficiency differ?

= |tem size [ weight - = |tem size [ weight
* Equipment * | oading facility

= Personnel
* Management

* Crew-specific behavior
- re-parking vs. walking
- local knowledge

= Customerrequirements Time spent per route
... In percent

" Loading

" En route

" Searching for parking

" Delivering

Why does average search o A " Breaks
time for parking differ? .

= Parking availability Why could average
* Vehicle type N transit time differ?
= Crew-specific behavior —— *= Customer density
- re-parking vs. walking ~ = Congestion
- local knowledge * Road network
I e
AR 4B M Center for Source: MIT Megacity Logistics Lab 1
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form planning and eco

High-resolution speed and emission profiles
can in
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Stop density drives a large fraction of the
variability across city zones
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Geo-tagged transactions inform capacity

planning, vehicle routing, order dispatching

Courier Pickups NYC

January 2, 2013

Density Map - Orders Created

© MIT Megacity Logistics Lab




Transactional data by itself can already Qi
reveal insights on delivery performance
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Adding geospatial information to
transactional data can provide explanations

o ,'.. § . 3 ‘q
‘. p . ! L .y . |‘
I:“ "—" .\-"f i " .I.
\ ) ’ -1 O . - ’ ]
\Pa B HRET
© ®
- M 9 ? P 4

AR g W Center for Source: MIT Megacity Logistics Lab

l H
7 ~O1 - \ A — 4= f c I;'. & 20 :,1 =T : \ / \Menarityv | . :._H_ rc ' = , ey ~art m | 1 =
H-_":_':_:-' " F TFHI'\S;?:UTTEHGH g '_f_':'{_]|‘SEIL‘_: Ve ;'._.'_._:I EJJ : ['.-]r__,l LLIIAas H'.."'.,,J'Irl_[’mk._.-|._..|-_,.-._h__l r‘]l I IVIC '-:;'»JL.JL..I;- '—J:IEJJ"’LIL'E' _ 1 |_:1.:' l:.___i/!'-?]. L l]{: 5? Il MES'EE‘}QE'IUSETH:S |Iﬂ'5tltUtE D-F iECEWHD!GgY



ulue W ues

Mudrfanos

O 4dh

"
gy %
-

Geospatial data analysis can reveal activity

hot spots within a city
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Huerfanos

't can reveal inefficiencies in last-mile
delivery operations across companies
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puerfanos

Geospatial data can inform simulations on
the effect of infrastructure investments

San Pablo
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We support the planning of urban freight
infrastructure investments
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Project Sponsors

Santiago Centro |

Transportes y
Telecomunicaciones

_ - .M"
- CAN PABLO SAN PARLU o . -
Bahias de Carga y Descarga [l i

~~
. . Jit.i ... = A r-‘ M!
Iu.-"'"'l- Ll . - JL*'t . Mf— 'r‘.‘l‘!|1 [ -] A!['i;t | [ v i
) ®* o o © % | '
’ i (& | "-“ . ¢ ‘-_'
. T [ 1 :'—‘11_"‘4'.1'- / - . *}'. ‘ .rn " . ;
SAMN - ~MINGY - F e B A . * AERCEV

r Y AT L ["I" . ’ ,.r . 1[[-' ‘o ; r"lk}""' -
!-iil,t‘ | 1 { | 4N r . ":" “‘ 45" e - - b &
» ! ) - ) - . - .l “ '-«. - >

CATEDRAL | @ ¢8 & __ T.g7 00 ¢ © 5 O
™~ pd . C e - r E‘. - n'h"fl‘ .

p \ e rd >» : i ° -

. R Al 8 — g e T y - r

\ r“"li l Ipl T_} +"-'l¢ n ?'l v,-l-_ :_J . rr;? v
.:__1 4 (el ’ r . . .

o . cr - ‘;;L’ . 1 - 1 f! »
- q[l,‘t,;‘_-, O BARRIO BRASIL - ¢ [l [$] A A INAS 8.
~YMM¥ ir"'r"’]"n' DE . ~ ol
- e

S~ - N
: AGUSTINAS - @ S 5 ¢
4 » -
Z «

= . D4 GONP
W "‘ ‘f .__ I' '1 !‘T l A 1
\ ) -5 ! Lyl *
- 1 - sy )
e 'ﬂ. ‘61 L
» e -l ﬂ; ' -
:r*ﬁ 1% W P v i
AL 1" -
P4 . I; e . 1 i ! F
a1 ™ ol Bl s L -
‘HJ‘.-,i- LM Sl Ly M |
sk ‘I' _ 4 LI DR o r|
J : -T [ 1 }}‘& ’ -
':j ‘ ’ l""'=L j'-* 3
.rl ::1 = T eI
- I L 4 gt
= » s :11 G ® BAHIAS HJAS: 110
; 0 . . e |
L 3 - a LF .
= = 5 T ARAYH @ BAHIAS FLEXIBLES: 50
L = o 1
; . - |
) -": y » ™ A B “
1 p I r )
™ -'r ..i: ~ -l “}'
» m O _ aaMIRES 0

Source: MIT Megacity Logistics Lab



Based on Google Maps data, we computed
the ‘true’ circuity factors for various cities

Sao Paulo

Circuity Factor (Mean)

1.1 5.0



% Frequency

Across the board, we observe significantly
higher values than what theory suggests

Case study: Sao Paulo Case study : Bangalore

Total number of pixels: 2,400 Total number of pixels: 50O

Total simulated trips *: 380K Total simulated trips *: 60 K
Circuity Factors Circuity Factors

Mean: 2.73 Mean: 2.54

: Median: 2.27
Std. Dev: 0.94 Std Dev: 0.01

Median: 2.48
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We also estimated a factor that captures
variability in land cost across the city
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The robbery risk profile drives load capacity
and vehicle safety technologies
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Modeling reality

DISTRIBUTION NETWORK DESIGN
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Efficient urban delivery requires flexible,
multi-tier, multi-modal last-mile networks

MIT

Multi-tier last-mile distribution } \
network design & analysis
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Innovative, tactile Ul/UX enables interactive
last-mile network design and data analytics




Interactive visualization makes data and
models accessible to decision makers

Source: MIT Megacity Logistics Lab, MIT Media Lab




MIT CTL is building a dedicated lab around
visualization and Augmented Reality Ul/UX




We aim to change the way companies use

data, and way we train supply chain talents

Lab construction launched in
January 2017.
Sponsorship options available!

Touch-enabled control terminal
to manage audio-visual content
within the lab, conduct webcasts
and remote communication, and
access high-definition hardware
backend for massive data storage
and powerful computations.
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7.2 X 16.4 ft UHD multi-touch video wall for
collaborative data exploration and analysis,

interactive dashboards, and remote collabora- |
tion with other labs. |

|

.':|.-__ - p

84" UHD capac._.;._-- uC

visual table for geospatia

--l....‘r

_'t_.-ld—.‘. Fou-
atJ‘ l 18] 'H'»E"

and tactile user interaction w:th SIhu— S

#lation and optimization models.

I |_

— __-l

projections, and

sional models of SUPP'Y

networks, markets, maps; and
facilities.

l!n

T e — £ el W

Full integration with MIT in-
tra- and internet for remote
data collection, real-time data
streaming, (mobile) web broad-
casting, remote communication
and co-development of research
applications with project part-
ners around the world.
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Augmented Reality technology can enable
new ways of data-driven decision making




VI

The true potential of AR lies in BIG Data
analytics and scientific decision support
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AR User Interfaces and Experience (Ul/UX)

® Tactile interaction with data and models

= Additional dimensions to display and analyze data
(depth, shape, color, location, movement, sound)

® |ntuitive control via gaze, gesture, and voice

«% N

& Natural interaction with collaborators and the lab
environment due to intelligent spatial mapping

= Robust, scalable, and transferrable technology

= Compatibility with enterprise level software
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Wrapping it up

KEY TAKE-AWAYS
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Key Take-Aways

1. Urban last-mile operations immediately affect the hotspots of future economic
growth and population.

2. Every city is different and requires tailor-made approaches to last-mile delivery.

3. Extreme levels of density and heterogeneity are two key challenges of last-mile
operations in the emerging markets.

4. Nanostores dominate the retail sector in many emerging economies, making
last-mile operations particularly fragmented and challenging.

5. Delivery anywhere, anytime and other innovations in the retail landscape
requires demand density to be feasible.

Market pressures and technology innovations force companies to re-think and
re-design their [ast-mile operations.

7. Data analytics and visualization is the key to understanding city dynamics and
operational performance and to improve last-mile design, planning, execution.

d ] E- - f ¥ B B o 1 T
4 B 4 B MIT Center for _ _ | | . e - |

_ —7 N T Y s P - ~Arietiet L\ P | B ; 1. ! . 1k . vic ] ILIISLIULD 1 L) ( _ [ 2 1 e . o A _ L . e

,‘.:! .._ r ; A .l..r.;I- !:3_:-':_; { I_:.__L:‘ll | ._l..."..]l SLILS ' . L . L s 1 I | L L I IS S | | - - ] L - et " - ’ o 1 L ..- . - - i L 4 "Jl'_-r"l # | g | : i :- L " R | £ | [ L)) | . \/



MIT _
& MEGACITY
P LOGISTICS
| AB

Thank you.

Questions?

Matthias Winkenbach, PhD
Director, MIT Megacity Logistics Lab
mwinkenb@mit.edu

winkenbach.mit.edu
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