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Mexico’s strategic logistic node Sistema Nacional de Plataformas
K Logisticas (SNPL), SCT, SE and IDB (Link)
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http://logisticsportal.iadb.org/sites/default/files/presentacion_sistema_nacional_de_plataformas_logisticas.pdf

US § 10 billion
USS 2 billion
USS 1 billion

US § 200 million
USS 1 billion
USS 3 billion

Main automotive logistics
centers in  North America
Brookings Analysis of Economic
Development Research  Group.
Data: Moody’s Analytics, INEGI,
Statistics Canada (Link)
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http://www.brookings.edu/~/media/research/files/reports/2013/11/07-metro-north-america/bmpp_metrona_final.pdf
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Number of carloads hauled by Mexican railways from 2015 to 2021, by type (in units)

—o— Metallic ores and metals —e—Nonmetallic minerals Motor vehicles and parts
=&—Farm products* Grain Chemicals
—o—Petroleum and petroleum products =e=0Other Forest products
—o—Coal

Number of carloads

2015 2016 2017 2018 2019 2020 2021
Note(s): Mexico; 2015 to 2021 o
Further information regarding this statistic can be found on page 8. Tecnolégico de I\./Iotnterrc?y .
Escuela de Ingenieria y Ciencias

Source(s): AAR; ID 559289 Statlsta 5


http://www.statista.com/statistics/559289/railway-carloads-by-type-in-mexico
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Mexico GDP from transport (Mexican Pesos) Trading Economics (Link)

Tecnolégico de Monterrey
Escuela de Ingenieria y Ciencias



https://tradingeconomics.com/mexico/gdp-from-transport

Third-party logistics (3PL) revenue in 2020, by major country (in billion U.S. dollars)
Third-party logistics (3PL) revenue by country 2020
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Revenue in billion U.S. dollars

Note(s): Worldwide; 2020

Further information regarding this statistic can be found on page 8.
@ Tecnolégico de Monterrey
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statista % 9

Source(s): Armstrong & Associates; IMF; Indonesia Investments; Various sources (Australian Logistics Council, NESDB, Vietnam
Business Forum, Logistics Viewpoints); ID 250876


http://www.statista.com/statistics/250876/third-party-logistics-revenue-by-country

Leading logistics markets in Latin America in 2022, based on the Agility Emerging
Markets Logistics Index

Mexico
Chile
Brazil
Uruguay
Colombia

5.74
555
5.25

Peru
Argentina
Ecuador
Paraguay
Bolivia
Venezuela

Note(s): LAC; 2022

Further information regarding this statistic can be found on page 8. s
Source(s): Agility; Transport Intelligence; 1D 1238002 @ Ezz::ll:g;c& g: Ii\ille(l);;t;réeizndas

statista % 10



http://www.statista.com/statistics/1238002/leading-logistics-markets-latin-america-index-score

Forecast of the total air-freight transport in Mexico from 2010 to
2025 (in million ton-km)
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Further information regarding this statistic can be found on page 8. Escuela de Ingenieria y Ciencias

Source(s): Statista; ID 1153159 statista¥a 11


http://www.statista.com/statistics/1153159/air-freight-transport-forecast-in-mexico

& Note(s): -

Further information regarding this statistic can be found on page 8.

Source(s): Statista; ID 1150798 Statlsta 5
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http://www.statista.com/statistics/1150798/rail-network-length-by-country

Forecast of the total length of rail lines in Mexico from 2010 to 2025 (in thousand km)
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Further information regarding this statistic can be found on page 8. Escuela de Ingenieria v Ciencias
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http://www.statista.com/statistics/1151456/rail-network-length-forecast-in-mexico

Value of U.S. exports to Mexico by land transportation mode in 2019, by mode (in
million U.S. dollars)

Export value in million U.S. dollars

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 1¢
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Mail | 2
Note(s): Mexico, United States; 2019 . . . . . @ Tecnolégico de Mo.nterrey
Further information regarding this statistic can be found on page 8. . Escuela de Ingenieria y Ciencias
Source(s): US Department of Transportation; ID 194963 Statlsta 5 ? d
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http://www.statista.com/statistics/194963/value-of-us-exports-to-mexico-by-land-transportation-mode-2008

Greenhouse %as emissions from transportation worldwide in 2018, by select
country (in million metric tons of carbon dioxide equivalent)

Emissions in million metric tons of carbon dioxide
equivalent

Note(s): Worldwide; 2018 \§\ @ Tecnolégico de Monterrey

Further information regarding this statistic can be found on page 8. Statlsta 5 Escuela de Ingenieria y Ciencias
Source(s): European Commission; EDGAR/JRC; Expert(s) (Crippa et al.); ID 1084166 15


http://www.statista.com/statistics/1084166/ghg-emissions-transportation-sector-globally-by-country

Facts




3.15

3.10

3.05

3.00

2.95

2.90

2.85

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

Mexico’s Logistic Performance Index (World Bank: Logistic Performance Index (Link))
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https://lpi.worldbank.org/international/scorecard/line/128/C/MEX/2018#chartarea

Non-point sources of water pollution Pollutant Point sources of water pollution

- Farms,
~lawns, and
goﬂ courses

 Factories and
~disposal sites
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Ssutainable Logistics

growth
efficiency
employment
competitiveness
choice

ECONOMY

SOCIETY ENVIRONMENT
safety SUSTAINABLE climate change
health LOGISTICS a'rng‘i’:;'ty
access land use
equity bioxglsetresity

Tecnolégico de Monterrey
Source: http://www.greenlogistics.org Escuela de Ingenieria y Ciencias
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Do you believe that we can improve g; J
the logistics indices in Mexico? 3 GREEN PRODUCTION
Yes or No 43 GREEN LOGISTIC

@& GREEN CONSUMPTION

 When?
e How?
Government,
Universities,
* Who is the most contributed to this problem? Private sectors, )
* Who have important roles to improve these indices? United Nation.,
Mafia????7?

Tecnolégico de Monterrey
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Facts (Germany)

* In Germany the logistics sector employs

more than 2.8 million people, and generates £y T gapm
an annual turnover of more than EUR 220 SR = YA
billion! P '
B~ e (o‘f’o
- However! these benefits come with an {7 2 :
environmental cost: the German transport e oS
sector has an environmental cost: 5% e -
o ! ' i ‘ 9 Sk
- 28.9% share of primary energy . . t - © raibreignus
consumption! i AN ® Lot
i ) ] Q, o, National Border
* the sector is one of the largest emitters ’ 0 . MajorRailuays

of GHGs2. 4 Major Highways

Navigable Waterway

@ Tecnolégico de Monterrey
1 Bode, W.; Ziegler, A. (2011): Praxisleitfaden “Griine Logistik Escuela de Ingenieria y Ciencias
2 Bretzke, W.; Barkawi, K. (2010): Nachhaltige Logistik, Berlin



Current Challenges and Possible Futures in Logistics

Start-up, shake P Stairk S Discover 7 Logistics Startups
Complex competition

_ You Should Watch in 2021
Customer expectations 9 0 'I

Globalization & Individualizatior s ygiFss
Shortening the product life cycles
Reduction of lot sizes

Price decline and cost pressure
Limitations and regulations from e-
Sustainability

Shortening of the return-to-invest
Using the internet, networks, 10T, " ot
COVID-19 walet? 2200 W A Y - ...

uuuuuu

uuuuu
AAAA
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This Global Startup Heat Map illustrates the geographical distribution of 901 analyzed as well as 7 selected startups founded in 2020. Data from December 2020.

Tecnolégico de Monterrey
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Current Limitations Loy e AW

Table 6: Key indicators of European regulations on working hours and driving times in road transport

* Emission Limit

° Energy TaXeS Maximum daily driving time 9 hours (two 10 hour days per week permitted)

o Road P r i Ci ng Maximum weekly driving time 56 hours [max 90 hours in two successive weeks)
° Working HOUfS and Driving Times Compulsory break 45 minutes after 4 %5 hours of driving
Daily rest period (1 driver per truck] 11 howrs every 24 hours (9 hours permitted three times per week)

¢ I nternational Ag reements Daily rest period (2 drivers per truck) 9 hours every 30 hours
» Carbon Foot printing (GHG, Tokyo Protocol, ISO Weekly rest period T T
14064-1;2006); Direct and Indirect Emissions

Table 4: The European framework for toll and user charges for heavy goods vehicles *)

B Voluntary, not mandatory
Mazy be a distance-based toll or 2 time-based user charge
Charges must reflect European standards [see EC directive below for more information and details)

Charging for use
of infrastructure

u

. u
Some SOI Utl Ons - B A specified amount payable for a vehicle based on the distance travelled on a given infrastructure
° RO ut O ptl m I Zatl O n Talls B Rate per kilometre related to the construction, maintenance and operating costs of the infrastruc-

] . ture network concerned, which may also include a return on capital and/or a profit margin
* Freight Villages
* Energy Saving

Mo maximum yearly rate

A specified payment amount that permits driving for a given period
Yearly maximum rate: EUR 1 328 for modern vehicles and EUR 2 233 for vehicles meeting EURD 0

° r standard
Combl ned Transport User charges B Meonthly mazimum: na maore than 10 % of the annual rate
1 1 1 B Weekl; 1 £ han 5% of th 1|
« Modernization of Vehicle Fleet o D R, o e e A e e
aily maximum: no more than 2% of the annual rate
S O ptl m I Z I ng TI reS an d O I IS Limitation B Prevents infrastructure charges from being more than 100 % above the same charge for equivalent
Qe of toll variation vehicles meeting the strictest EUROD emission standards
Eco-driving
) ) ) — ) B Voluntary, not mandatory
Changlng Product Deslgn and Optl m|Z|ng Packaglng External-cost B Traffic-based air pollution can be charged up to EUR 0.16 per km ([depending on the EURD class —

charge not applicable to vehicles which comply with the most stringent ELURO emission standards)
B Traffic-based noise pollution can be charged up to EUR 0.02 per km (depending on time of day]

*) Information taken from Directive 1999/362/EC of the Ewropean Parliament and of the Council amended by Directive 2011 76/EU
of the European Parliament and of the Council of 27 September 2011, http://ec.europa.eu/transport/modes,road/road_charging/
charging_hgv_en.htm




Current Trends
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What Kind Of Transformation Are We Looking At?

Fully Self
Automated Sufficient
Supply Warehouses

Chain

Improved

Customer
Experience
and Supplier
Management

Logistics 4.0

The application of the technologies of the
Fourth Industrial Revolution in the
processes of the Supply Chain is called
Supply Chain 4.0.

Improved
Demand and

Better Around-the-clock Integrated
Forecasting production 7 Planning &
Execution

Determining

Service Levels

& Segmentation
of Customers

Self-driving
Vehicles
and Trucks

Smart
Port

Management

Internet of Things uses sensors to The implementation of these decisions
is carried out by automated and

real time throughout the entire robotic systems, without human

supply chain.
pply . :-b

The analysis of this information through
Big Data, Artificial Intelligence, and
Cloud Computing allows simultaneous
decisions to be made for different

—_
processes. E E
Tecnolégico de Monterrey
Q-..___, ! Escuela de Ingenieria y Ciencias

collect and transmit information in

intervention.




Industry 4.0 and Supply Chains

Exhibit 1: Adoption of Industry 4.0, by Sector
fy th

Respondents ¢ asked: "How would you classity rent level
of digitization and inte [in operations, supply chain, and related
activities] in your company? What levels are you expecting in the next
five years?”

IN FIVE YEARS

Electronics ‘ 7%
o Aerospace and Defense ' 76%

Industrial Manufacturing 74%

Chemicals 75%

Forest Products, Paper, Pkg. 72%

Transportation and Logistics 1%

Engineering and Construction 69%
Automotive

Metals

Source: “Industry £.0: Building the Ougital Enterprise,” Pwi

w LALucia uc 1LugCICLIa Y vicuuiad




Tree Map reveals the Impact of the Top 10 Logistics Industry Trends
Top 10 Logistics Industry Trends

& Innovations in 2021

Internet of Things Robotics Warehouse Automation Blockchain
17 % 11 % 11 % 10 %
Data Cloud Autonomous
Last Mile Delivery Analytics Computing Vehicle
Artificial Intelligence 11 % O 8w 5%

144

This tree map illustrates the top 10 innovation trends ‘ StartUsul Copyright ® 2021 StartUs Insights. All rights reserved olégico de A\_’IO{“C”Q .
& their impact on the Logistics Industry insights January 2021 ela de Ingenieria y Ciencias



New technologies, their impac eir uncertainties

The technology™ The impact The uncertainties

: = Social expactations around data privacy and security may

¢ » |mproved supply chain transparency, safaty and : change
Phiy=ical Intameat - efficiency + # Ragulation around data security and privacy may increase
(basad on the loT) © + Improved environmental sustainability (more efficient @ or be enforced more stringently

P resource planning) i+ The sector's willlngness and ability to invest in collaboration

« Whather international bodies will drive standardisation

+ Enabling collaboration hofzontally

Companies’ willingnass to adopt is uncertain due to dat

IT standards ' ,
= More efficiency and fransparency peUrty cConcems
* Rate of development of data processing capacity is unchear
¢ & Improvements in customer expanance and ¢ = Question marks around data security
. ¢ operational efficiency in operations + # Spocial expectations around data privacy and security may
Data anahtics : o :
. = Greater inventory visibility and managemant : change
* Improved ‘predictive maintenance’ .+ Regulation of data security and privacy may increasa or ba
: enforced more stringently
: . L‘.-leapl'nunt -211 costs unclear [Dnee a certain scale is
Cloud : E’:‘:::Q ”':; E.I::f:mm-based business modebyand ;™0 ieat-datacenires still tend to be cheaper)
reasing efliciency - Urmar'l,amnea around data sacurity
* Enhanced supply chain security (reduction of fraud)
- & Reduction in bottlenacks (certification by 3rd parties) : + Rate of adoption uncertain
Blockchain - #= Reduction of arrars (no more paper-based ¢+ Unclear whether one or two dominant solutions will emearge
: documeantation) : ar multiple competing solutions
¢ s Increased efficiency :
* Reduction in human workforce and increased ;
Robotics & : efficiency in dalivery and warehousing (including onterrey
: Speed of technology development unclez : fonci
autamation ;. sorting and distribution centres) d ! gy development Unclear eriay Ciencias

o o# | ooser Costs :
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Some Facts about future (Good news and opportunities)

Consumption of energy by the shipping industry worldwide in 2019 and 2020, with a
forecast through 2070, by fuel type (in million metric tons of oil equivalent)

Global energy consumption by shipping 2019-2070, by fuel type
mOil mBiofuels Gas M Electricity mAmmonia Hydrogen

tons of oil equivalent

Energy consumption in million metric

2019 2020 2030* 2040%* 2050%* 2060* 2070*

Description: It is projected that until 2050, oil will continue to be the prevalent fuel used by the shipping industry. In 2050, however, the energy mix should Ao
become more varied, with alternative fuels accounting for around half of total energy consumption by the industry. By 2070, ammonia is expected to become Tecn010glco de Moglterrt.ay .
Escuela de Ingenieria y Ciencias

the dominantsource of energy for powering ships. Read more

Note(s): Worldwide; 2019 and 2020; * Forecast. Read more H
Source(s): IEA; Statista estimates s a IS a



http://www.statista.com/statistics/1105953/shipping-break-down-by-fuel-forecast
http://www.statista.com/statistics/1105953/shipping-break-down-by-fuel-forecast

Some Facts about future (Good news and opportunities) @;ﬁhM‘@gy
mostafahaji@tec.mx
Global international shipping CO2 emissions outlook from 2019 to 2070
in the Sustainable Development Scenario™® (in million metric tons of CO2)

International shipping CO2 emissions outlook worldwide 2019-2070
750 oo 710 709

Emissions in MtCO2

2019 2020 2025 2030 2040 2050 2060 2070

Descrlptlon Global emissions from \nternatlona\ sh\pplng are expected to reach 709 ml\l\on metrlctons of CO2in 2025. However under the |EA's "Sustainable Development Scenar\o |n which the
ve fuels such as hydrogen, amm abl

3 ssions fro ipping could fall considerably in the coming decades. Un ions from =
the mtemat\ona\ sh\pplng sector are prOJected to drop to 120 m\lhon metrlctons of COZ by 2070. Read more Tecnologlco de Monterrey
Note(s): Worldwide; 2019; *Further information about the IEA's Sustainable

velo tSce n be found here Read P . .
Source(s): [EA epmentocenario more sta t I S‘ta Escuela de Ingenieria y Ciencias



http://www.statista.com/statistics/1200351/international-shipping-co2-emissions-outlook-worldwide
http://www.statista.com/statistics/1200351/international-shipping-co2-emissions-outlook-worldwide

Repeating the Question:

® .’ .
2e00% o
Do you believe that we can improve g; J
the logistics indices in Mexico? 3 GREEN PRODUCTION
Yes or No 43 GREEN LOGISTIC

@& GREEN CONSUMPTION

 When?
e How?
Government,
Universities,
* Who is the most contributed to this problem? Private sectors, )
* Who have important roles to improve these indices? United Nation.,
Mafia????7?

Tecnolégico de Monterrey
Escuela de Ingenieria y Ciencias
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The answer
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Our focus at Tec (An example at CLIS)

(Why should companies consult with universities first?!)

Applied Mathematical Modelling 101 (2022) 600-631

Contents lists available at ScienceDirect

Applied Mathematical Modelling

journal homepage: www.elsevier.com/locate/apm

Designing a Closed-loop Supply Chain Network Considering )
Social Factors; A Case Study on Avocado Industry gl

Amirhossein Salehi-Amiri?, Ali Zahedi? Fatemeh Gholian-Jouybari®,
Ericka Zulema Rodriguez Calvo®, Mostafa Hajiaghaei-Keshteli "

A Department of Systems Engineering, Ecole de Technologie Supérieure (ETS), University of Quebec, Montreal, Canada
b Tecnologico de Monterrey, Escuela de Ingenieria v Ciencias, Puebla, Mexico

Tecnolégico de Monterrey
Escuela de Ingenieria y Ciencias
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Our focus at Tec (An example at CLIS)

(Why should companies consult with universities first?!)

Sorting and Packaging and
Grading Center K : Distribution Center Food Industry
\ s
l Pharmaceutic
— Industry

' Farm 0il Factory
Cosmetic Industry

Loom (Textile)
Industry
Leaf Factory

Planet Seedling
Industry

Collection and | 0il Market
Recycling Center

X R The outgoing waste
Ihe outgoing product — — [' t" § Mo
A —_—— ) " v of cach
flow of each center - product fow of eac
. center

Fig. 7. The structure of the proposed avocado supply chain.

Tecnolégico de Monterrey
Escuela de Ingenieria y Ciencias
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Our focus at Tec (An example at CLIS)

(Why should companies consult with universities first?!)

Potential locations of o i Optimized locations ¢ — B
avocado network of avocado network
f‘,:‘ Q -‘: =
] 9 Qg o v
. 9 09
Bilauchinango 9 9 ° | Hlauchinango
2 3 9%9 Teziutldn r_‘tA : |-‘.m”|‘|n
Bibne s S e ‘Jbl‘l‘i
| L - L
i Qo W t 990
199 9 1909
/%69 999 &L
Cholula @ 9%9 Cholula Puebla 9%9
Puebla
9%9 'I‘e(.mgtglm Q 9 ks Tecamachalco
°° 999 I '.‘1'2 ta 0ros
Izucar de Matamoro Sl Tehuacan
car dc Matamoros T'ehuacan
@ s&Ge Q ra&nc Q or Q IF Q sF Q@ C&RC
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Tecnoldgico de Monterrey

mostafahaji@tec.mx Escuela de Ingenieria y Ciencias

Tell: +525561383964
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