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Overview

The automotive industry contributes to the global economy by genera-
ting millions of direct and indirect jobs within a highly globalized supply
chain. Through the installation of production plants in different coun-
tries and the generation of demand for components, technology,
supplies, auto parts, fuel, among others. This industry fosters economic
development in large regions by promoting innovation, technological
progress and GDP growth in many countries. 213l

In the same way, the automotive industry influences other sectors of the
economy through the transport of people and goods, increasing trade
and international competitiveness, primarily in the logistics sector. As a
key player, it provides the means of transport to facilitate the delivery of
supplies, merchandise and products.

The automotive industry is an example of a resilient industry, recovering
and innovating quickly after economic crises and disruptions that may
occur, such as the economic crisis of 2008 and the recent COVID-19
pandemic. Its influential nature in other industries and sectors requires
continuous innovation to maintain competitiveness and immediate
response to disruptions.

To achieve this, industry leaders invest in research and development
(R+D), to enhance production efficiency and sustainability. An example
of this is the development of electric and hybrid vehicles, and their
batteries. Despite current risks and barriers that their supply chain
currently has, it is estimated that their production will increase over the
years due to the need to reduce CO2 emissions, the increase in electric
mobility to mitigate climate change, and the trends of new consumers
prioritizing environmental consciousness. 1141l

According to data from the OICA (International Organization of Motor
Vehicle Manufacturers), in 2023 vehicle production closed with 68.02
million passenger vehicles, 21.44 million light commercial vehicles, 3.77
million heavy trucks and 310 thousand units of buses and coaches. The
top five producing countries are China with 30.16 million, USA with 10.61,
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Japan with 8.99 million, India with 5.85 million and South Korea with 4.24
million units produced. (¢!

In the context of the American continent, the top producing countries
were: USA in first place with the aforementioned figures, Mexico in
second with 4 million units, Brazil in third with 2.32 million units, Canada
fourth with 1.55 million units, Argentino(D fifth with 610,725 units and @

. . . . Units in Argentina only
Colombia sixth with 34,700 units. [©! include cars and light

commercial vehicles.
On the other hand, the world market was valued at USD 3,564.67 billion
in 2023, and an increase to USD 6,861.45 billion is estimated by 2033,
with a CAGR of 6.77%. ["]

Global vehicle sales exceeded 92 million units in 2023. The percentage
of sales was recorded as follows: 51% in Asia/Pacific, representing 47.12
million units, 21% in North America, which means 19.40 million units, 19%
in Europe, equivalent to 17.55 million units, 4% in South America, equal to
3.69 million units and 5% in other developing economies, with 4.62
million units remaining 8

Expected growth of the global automotive industry market (in billions of USD)

Estimated values
based on a 6./7%
CAGR.

Source: SPHERICAL INSIGHTS [7]
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Classification of Industry Products

In the automotive industry, product sorting makes it possible to improve
both the supply chain and production processes. This classification
facilitates efficient inventory management and better integration of the
distinct parts and components that make up vehicles.

The most well-known classification of vehicles by consumers is by type
of fuel or the engine they use. If you wish to learn more about engines,
please refer to the information provided in the first document. Accor-
ding to this classification, vehicles can be categorized as follows:

== Internal combustion vehicles: use petrol or diesel engines.

mm Electric vehicles: powered by electric motors or batteries.

== Hybrid vehicles: combine internal combustion engine and
electric motor.

== Hydrogen vehicles: use hydrogen fuel cells. They are typically
classified as electric vehicles due to their similar mode of
operation.

Meanwhile the large vehicle-producing groups in the automotive
industry classify their product portfolio according to production lines,
distinguishing between light and heavy vehicles.

Light vehicles

Are those designed to carry a small amount of passengers or load. They
tend to have small dimensions and have just four wheels. It
subcategories are passenger cars and light commercial vehicles (or
light duty trucks) [elelmin20sl;
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Those used to transport passengers, and do not

include more than 8 seats; they have low capacity of
cargo. Among these are the different vehicles b
body type

== Sedan. Vehicles with capacity for five people.
They are characterized by being built in three blocks: engine,
vehicle interior and trunk.

== Hatchback. Unlike the sedan, this one has the interior
space of the vehicle connected to the trunk, which gives the
opportunity for more storage space if desired. The trunk lid opens
completely either upwards or to the sides. This design allows the
trunk to be counted as an additional, fifth door in the vehicle’s
specifications.

== Coupé. They are two-door vehicles. It can have one or two
rows of seats and seeks to provide an elegant design by having a
sloping roof. There are some four-door models known as
"Quadruple Coupé".

== Station Wagon. Its structure is similar to a hatchback in
terms of connection between the interior space and the
trunk. The difference is that the stations have a lower
ground clearance and a longer length.

== Convertibles. They are vehicles with a convertible roof, that
is, it can be folded or disassembled. Another characteristic
is that it can be soft or hard. The soft is a characteristic
black waterproof material, like vinyl or canvas, and the
hard can be plastic or steel.
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mm Sporty. By definition, sporty cars are two-seater
convertibles with an aerodynamic appearance. They have agile
maneuverability, excellent acceleration, and power.

Light commercial vehicles.

Those are the vehicles used for the transport of

products and people. They have lower weight than
heavy vehicles. This subcategory includes

== Light duty trucks. They are utilized for the transport of goods.
This subcategory includes:

3 Pick Up. Characterized by its open cargo area at the rear,
known as the hopper. They share almost the same body
structure with SUVs.

3 Panel Van. Vehicles with a closed chassis, designed
mainly for the transport of goods in urban areas.

mm SUVs. Characterized by their easy manufacture through the
single-body structure. In Sport Utility Vehicles (SUVs), the
chassis is generally based on a light truck, a pickup truck or
an all-terrain vehicle. It is characterized by all-terrain
wheels, high-strength suspension, four-wheel drive, and
higher ground clearance than other vehicles.

== Crossover. Similar to SUVs in terms of a single
manufacturing body. In contrast, crossovers have a
lightweight structure. The chassis is based on the
conventional platform of a vehicle, closer to the ground
and conventional tires.
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== Minivan. Also known as a multipurpose vehicle. It offers three
rows of seats, capacity of five to seven seats, reasonable ground
clearance, but not as much as SUVs. In the large versions, it has
sliding doors for passengers and the rear door has hinges at the
top.

== Van. Categorized as a commercial vehicle due to its load
capacity for both goods and passengers. They have a
capacity of up to 15 seats for passenger transport. Some have 6
wheels so they can be considered heavy vehicles, depending on
its capacity.

Heavy vehicles

Are those designed to carry a large amount of passengers and load.
They have bigger dimensions and have more than six wheels. The main
characteristic of heavy vehicles is their weight greater than 3.5 tons.

These are subclassified into: buses, trucks and specialized equipment
[o]0][m]-

Vehicles used for the transport of more

than nine passengers, and a load capacity
of more than seven tons, these are

classified according to the maximum
passenger capacity

== Minibus: has a capacity of up to 16
seats.

== Medium bus: they have a capacity of between 25 and 40
passengers.

== Large bus: they have a capacity of between 50 and 70 seats, with

ample interior space. They can have up to 2 floors which
increases their seating capacity.
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Vehicles used for the transport of cargo [®Iiel:

== Medium truck: it has a load capacity of between two and
thirteen tons. It has a weight greater than seven tons, a chassis of
6 tires or more, a length of 3.5 to 6.5 meters and a height of 2 to
2.5 meters.

== Heavy trucks: with a load capacity of more than thirteen tons.
They have a length of more than seven meters, for example: unit
truck, trailer truck, tanker truck, cage, vehicle carrier, articulated
truck, among others.

Those designed and used for activities in specific

<

sectors, such as the construction, agricultural
and livestock sector, and vehicles designed

under specifications such as ambulances
and fire trucks.

mm Specialized equipment for construction:
such as excavator, backhoe, dredgers, dragline, slips, paver,

compactor, dump trucks, tractors. 7108l

== Specialized equipment for agriculture: tractors, seeders,
combines, hoppers, andforagers. ']

== Ambulances: they are produced under specifications depending
on their type and function to be performed. Ambulances can be
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light, such as basic transfer ambulances, and heavy such as: the
mobile ICU, overly complex transfer ambulance, rescue truck,
among others. (2!

== Fire trucks: These can be pumping trucks, airport vehicles,
forestry trucks, hazardous materials units, among
others. 7!

Looking forward: sustainability

Faced with new consumer demand and government requirements, to
be a more sustainable industry and mitigate climate change, the
automotive industry is seeking to reinvent itself.

It has developed electric and hybrid vehicles in recent years, adopting
new technologies to reduce the carbon footprint and increase energy
efficiency.

These vehicles ensure the competitiveness and future of the industry,
generating new employment opportunities, specialized supply chains,
and niche markets. (22123}

Electric vehicles (Care those that have a battery that stores electricity,

which powered one or more motors. These vehicles are classified according to
the way they obtain electrical energy [2°1120],

FCEV or Fuel Cell
BEV or Battery E-REV or Extended Electric Vehicle.
Electric Vehicle. Range Electric Hydrogen is the energy
They are Vehicle. source, it is supplied like
connected to the electricity The battery is recharged by gasoline, in combustion
grid to get the energy that connecting the car to the vehicles. The fuel cell
feeds the battery. They power grid, but a smaill transforms hydrogen into
have a long battery life in heat engine powers it if the electrical energy. This is
100% electric mode. charge drops too low. stored in a battery and

moves the electric motor.

[24]

Georgia Tech Panama @  Driving Efficiency: The Supply Chain for Vehicles



Hybrid vehicles are powered by an internal combustion engine and one or

more electric motors, which are powered by the energy stored in the
batteries. These can be [25][26]:

PHEV or Plug-in
MHEVs or Mild Hybrid HEV or Hybrid Electric Hybrid Electric
Electric Vehicles Vehicle. Vehicle.
(also known as Vehicles with a combustion They can be connected to
micro-hybrids). engine and electric motor external power sources to

powered by batteries. They

These are vehicles with a recharge the batteries that

use the energy released

small electric motor and power the electric motor.

during the braking of the

battery, which optimizes The combustion engine is

vehicle to recharge

the use and fuel economy.

activated when charge

the batteries. levels decrease, or higher

speeds are needed.

The characteristic parts of electric and hybrid vehicles, distinguishing
them from traditional combustion engine vehicles, include [?71[28l;

Electric motor/generator

It is responsible for converting the electrical energy from
the grid into movement to drive the wheels. They are the
most common in electric vehicles due to their ease of use
and easy installation. There are two types: synchronous
(permanent magnets, switched reluctance) and
asynchronous or induction.

Georgia Tech Panama @  Driving Efficiency: The Supply Chain for Vehicles 10



Traction battery

It stores the electrical energy supplied from the grid.

The energy is used to move the vehicle.

The storage capacity of batteries is measured in kWh, and
their size determines the range and weight of the vehicle.

Auxiliary Battery

This is the 12V battery commonly used in internal
combustion vehicles and hybrid vehicles.

This supplies electricity to the auxiliary systems and the
vehicle before the traction battery is activated.

Current converter

Also known as an inverter. This part is responsible for
converting the lower voltage DC energy of the traction
battery into higher voltage DC energy for the electric
motor.
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On-board charger

This element converts the incoming alternating current
into the direct current required by batteries, from a
domestic electrical outlet.

Transmission

Most electric motors tend to use all the torque
instantly, so they only have one gear.

Charging socket

This part allows the vehicle to be connected to a
charging point.

This can use single-phase alternating current,
three-phase direct current, depending on the type of
charger.
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Electronic module

It receives the driver's commands, processes them and
controls the speed, torque and direction of the engine. It
also controls the flow of energy between the battery
pack and the motor.

The electric vehicles market has grown significantly, reaching nearly 14
million units and representing 18% of all cars sold in 2023 - a notable
growth of 3.5 million units higher compared to 2022. However, there are
still adoption challenges in many countries, such as the lack of charging
infrastructure, high raw material costs, anxiety about autonomy and
lack of consumer education. 122!

To address these barriers, numerous countries have already submitted
action plans until 2035. These plans include constructing more charging
facilities, financial incentives, improving vehicle range and improving
battery technology. Successfully implementing these initiatives requires
coordinated efforts and partnerships between the public sector and
private enterprises. Together, these efforts aim to accelerate the
transition to sustainable mobility, reduce greenhouse gas emissions,
and align with global environmental goals. 2211291

Player Movements

Over the years, players have made alliances, mergers, purchases and
sales aimed at maintaining competitiveness and the life of brands.
These strategic movements have reduced the number of OEM (Original
Equipment Manufacturing) groups.

The acquisition of KIA by Hyundai in 1998 is one example of those

transformations. Hyundai aimed to expand its market, reduce costs,
and increase competitiveness across a broader product range. This
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acquisition allowed Hyundai to produce more cars annually and gain
economies of scope by integrating KIA's strengths in commercial
vehicles and minivans into its product lineup. !

In 1999, the formation of the Renault-Nissan-Mitsubishi alliance and its
renewal in 2023 with a new cooperative business model to improve
competitiveness and profitability. They focused on standardization and
efficient vehicle production, sharing investments in platforms and
technologies. Each member became a reference for their key regions,
leveraging their geographical and technological strengths ©¥':

== Nissan is focusing on Chinag, North America and Japan.

== Renault is leading in Europe, Russia, South America and North
Africa.

== Mitsubishi in ASEAN (Association of Southeast Asian Nations) and
Oceania.

Other notable milestones include Tata Motors’ acquisition of Jaguar
and Land Rover in 2008; 32 the 2010 purchase of Volvo by Chinese
automaker Geely; and Geely's subsequent acquisition of a 9.7% stake in
Daimler AG in 2018. ¥l Daimler AG —later rebranded as Mercedes-Benz
Group AG in 2022— retained ownership of the Mercedes-Benz automo-
bile brand following the spin-off of its truck division into Daimler Truck
Holding AG. [341[35]

In January 2021, the merger between the Fiat Chrysler Automobiles
(FCA) and PSA Groupe groups gave rise to STELLANTIS, a global auto-
motive powerhouse representing a diverse portfolio of brands, including
Abarth, Alfa Romeo, Chrysler, Citroén, Dodge, DS Automobiles, Fiat, Jeep,
Lancia, Maserati, Opel, Peugeot, Ram and Vauxhall. (38!

These alliances and restructuring efforts reflect the industry’'s ongoing
pursuit of adaptability, operational efficiency, and innovation in an
ever-evolving global market.
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Top automakers by sales in 2023 (in millions of units)

Toyota group
Volkswagen group . . | 88
\ @ QG B T T J
Hyundai - Kia 7.1
\ &) LKL )
Renault Nissan Alliance 69
\ RENA/U,L‘T-IEN J
Stellantis ‘ 6.5
\ STELl_-'ij:jNTls J
General Motors 6.2
\- J
Honda Motor \ | 4.1
N D
Ford I I 3.9
L J
Suzuki | | \ 305
\ $suzuki /
BYD 2.6
2 4 6 8 10

By 2023, the main OEM producer groups in the industry with the largest
share of the market were: Toyota Group (10.8 million units), Volkswagen
Group (8.8 million units) and Hyundai-KIA (7.1 million units). [37]

As groups that have already launched electric, hybrid or hydrogen
vehicles on the market or emerged purely in the production of these
vehicles, we can mention: Tesla, BYD, BAIC Motor, Chery, General Motors,
Ford, KARMA AUTOMOTIVE, FISKER, LUCID MOTORS, RIVIAN AUTOMOTIVE,
CANOO, LORDSTOWN MOTORS, Volkswagen, MERCEDES-BENZ, BMW,
PORSCHE, RENAULT, STELLANTIS, TATA MOTORS, TOYOTA, NISSAN, HONDA,
SUZUKI, MAZDA, MITSUBISHI, SUBARU, ISUZU, HYUNDAI, among other. 38!
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Strategic Alliances

To improve production processes and reduce costs, several leading
automotive players have entered into strategic collaborations. These
collaborations aim to leverage synergies, enhance technological
advancements, and achieve better economies of scale. Some notable
partnerships include:

== Toyota and Subaru (2005 onward). In 2005, Toyota and Subaru
closed a commercial collaboration agreement, gradually
expanding their collaboration in various areas, such as
development, production and sales. This partnership led to the
commercialization of the Toyota 86 and Subaru BRZ in 2012 and
the Subaru Crosstrek Hybrid, a plug-in hybrid electric vehicle
(PHEV) in the United States. (3]

In 2019 they agreed to jointly develop a specific platform for
battery electric vehicles (BEVs), aimed at medium and large
passenger cars. This agreement combines Subaru's all-whe-
el-drive technologies and Toyota's electrification technologies.
39l 1n addition, Subaru plans to release three more electric SUVs
by the end of 2026, all developed in collaboration with Toyota. (4]

== Toyota and BMW (2011 onward). In 2011, Toyota Motor
Corporation and BMW signed agreements to establish
medium-term cooperation in environmental technology,
developing fuel cell systems and sports vehicles.
Recently, both companies strengthened their collaboration to

move towards a hydrogen society and achieve carbon neutrality.

Their joint efforts include developing a third-generation
hydrogen fuel cell system, with BMW planning to launch its first
mass-produced fuel cell electric vehicle (FCEV) in 2028.

This collaboration aims to reduce costs, create synergies and
expand demand for commmercial vehicles and fuel cell passenger
cars. Both companies are also focusing on hydrogen infrastruc-
ture and distribution to ensure stable supply. 4!
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== Toyota and Stellantis (2012 onward). In 2012, the relationship
between Toyota and Stellantis began to jointly produce vehicles.
The most recent outcome is the Toyota Proace Max,
battery-electric van launched on the European market in July
2024. These vans are manufactured at the Stellantis’ plant in
Gliwice, Poland, while the diesel variants are manufactured in
Atessaq, Italy 42,

== Ford and Volkswagen (2020 onward). In 2020, Ford and
Volkswagen signed agreements to jointly develop commercial,
electric and self-driving vehicles. As of 2022, the result of this
agreement was the production by Ford of a midsize pick-up
truck, sold by Volkswagen as Amarok.

In 2023, Ford began production of an electric vehicle based on
Volkswagen's electric drive platform, both brands worked inde-
pendently on autonomous vehicles using Argo Al technology. The
continuation of this alliance is expected to achieve significant
efficiencies and wider global distribution of electric and
commercial vehicles. 3!

== General Motors and Hyundai Motor Company (September
2024). In September 2024, General Motors and Hyundai Motor
Company signed an agreement to explore future collaboration in
areas such as joint product development, manufacturing, and
clean energy technology. Both companies seek to improve
efficiency and increase competitiveness by collaborating,
reducing costs, and accelerating the availability of a wider range
of vehicles and technologies to customers.
Potential projects include the joint development and production
of passenger and commercial vehicles, internal combustion
engines, and clean, electric, and hydrogen technologies. They will
also review opportunities for the combined procurement of raw
materials for batteries, steel, and other materials. 44
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Through Vehicle’s Supply Chain

o=

/ Raw material

Distribution

Production and
assembly
Modules such as
doors, braking
systems, electrical
systems,
components such
as windshields,
seats and engines
are assembled to
create the vehicle.

After sales
service

i

At dealerships or
provided after the

authorized
sale of the venhicle,

4 representatives.
whether they are S gx‘
warranty repairs or > \
services paid for in the " \
purchase contract,
such as maintenance.

It refers to all services

The automotive supply chain is characterized by its complexity and the
high level of coordination that must exist between its suppliers,
manufacturers and distributors to ensure the efficiency and quality of
production. This is made up of multiple levels of suppliers, direct and
indirect, due to the supply chain of parts and components, see the first
document. Third-level indirect suppliers are those who supply the raw
material to second-level suppliers, who are responsible for
transforming it into intermediate products, and first-level suppliers or
direct suppliers are those in charge of supplying parts and components
directly to vehicle manufacturing groups. (45114}
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1. Desigh and Development

The design of the vehicles of the industry is not only to foresee the
trends and tastes of consumers in the future to ensure an attractive
aesthetic, but the design also involves thinking about the functionality
of the vehicle and offering both aesthetic and functional appeal,
maximizing energy savings, fuel savings and minimizing CO2 emissions.
That is why in this link, the shape and characteristics of both, the vehicle
and the parts that must compose it, are developed to ensure its
functionality and quality. (471148l

The steps in the vehicle design process are:

1) Understand the trends and needs of the future and the context in
which the vehicle will be driven. Inspiration can come from various
sources: architectural trends, fashion, nature, prototypes,

earlier projects, among others.

2) Create exterior and interior sketches of the vehicle. For this, it must
be considered the function that it will fulfill and how its design will affect
the way it will be driven. The following must be contemplated :

O Defined requirements, such as rigidity and resistance.

O Technical conditions, such as wheelbase.

O Capacity of the vehicle.

O Safety requirements.

O The aerodynamics of the car.
That is, the way in which the air will behave around it.
The behavior of the air influences the resistance to advance, fuel
consumption, autonomy, stability at high speeds, among others.
Aerodynamic studies are carried out to ensure that the air
around the vehicle behaves properly at this stage; and the
characteristics, finishes and materials to be used, depend on this
in order to guarantee an ideal weight. 149!
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3) Engineers develop the vehicle parts based on the design and the
intended functionality of the vehicle. Finally, the design and the develo-
ped parts are integrated to create 3D designs to start the inspection
process of them, to then make life-size prototypes of the vehicle and
ensure the functionality, quality and safety tests of each of its parts.

Participants in this link are the OEM groups and the design companies,
materials laboratories and other interested companies that they hire.

2. Procurement of raw materials

This link integrates all the suppliers of the different components, sys-
tems and raw materials, such as iron sheets for the manufacture of the
vehicle body. The raw material can come from the same country in
which the production is taking place or from other countries and/or
regions.

The relationships of manufacturing groups for vehicle manufacturing

are mostly only with first-tier suppliers. However, the literature links the
participants of the auto parts supply chain as the vertical links of this

horizontal link, due to the crucial role they play and the importance
attached to them as quality products. On the other hand, in order to
become part of its supply chain, the suppliers of the main suppliers
must also adhere to the norms and standards set by the OEM
manufacturer group.

As described in the first document on the auto parts supply chain, the
vertical structure of the supply chain operates as follows:

1) The suppliers of raw materials, such as: steel, aluminum,
plastics, glass and rubber are tier 3 suppliers.

2) These materials are then delivered to tier 2 suppliers, who
transform them into intermediate products, such as: engine case,
suspension, component, and similar parts.
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3) These intermediate products are subsequently supplied to tier
1 suppliers, who assemble them into modules such as brake
systems, engines, powertrain, among others.

4) Finally, these modules are delivered to vehicle manufacturers,

who incorporate them into the main production line.

. . . . . . Vehicle
Tier 3 suppliers Tier 2 suppllers Tier 1 suppliers P Ufacturers

4.

ﬂ Engine block

mt““

Power Controller

Production line
Brake discs

It is worth noting that the supply chain involves a vast network of
suppliers, and certain components —such as engines, bodywork and
batteries— are produced by OEM groups in their own factories. These
factories may focus exclusively on specific components or include full
vehicle production within their operations 411461,

Some examples of suppliers are: BorgWarner, Eaton Corporation,
Federal mogul, Weber GmbH & Co. KG, Tenneco, Aisin Corporation,
ACDelco.

3. Production

OEM groups have factories in several countries worldwide, with each
facility specializing in the production of specific models. In these
factories, production is conducted on assembly lines that operate
under lean production principles and just-in-time (JIT) manufacturing
systems. Production occurs under two types of demand:

== pull demand, which refers to vehicles produced in response to
specific customer orders.
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== push demand, where vehicles are produced to create demand in
the market.

In bodywork production factories, the process begins with the reception
of steel sheets, which then go through a press to be stamped into the
desired shape. These stamped parts are then welded to create the
external structure of the vehicle. In contrast, in assembly-only factories,
the parts arrive separately, and the production process begins with
welding the parts to assemble the external body.

The body is painted

On another production
line, the powertrain
is integrated into the
chassis.

The body is joined
with the chassis, and
the remaining parts, such

as seats and doors,
are assembled.

Once the vehicle is
complete, final
inspections are carried out.

After having the body assembled, it is transferred to an assembly line
where it will be painted and then joined with another line for assembly.
Simultaneously, on a separate assembly line, the process begins with
the reception of the chassis that are incorporated into the production
line. On this line, other parts are progressively assembled, such as
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suspension, axles, transmission and engine. As the assembly line
continues, the body is joined with the interior components like seats,
dashboard, and steering wheel, as well as its exterior components,
including welding the roof and doors, hood, bumpers, fenders. Once the
vehicle is fully assembled, the final inspection tests are carried out.

Quality inspections are conducted throughout the entire production
process, starting with the reception of parts and continuing along the
assembly line to verify proper assembly and performance.

Tests include alignment check, resistance evaluation and electrical
tests. Once the vehicles are fully assembled, it undergoes aesthetic
evaluations and dynamic tests to certify that it is suitable for sale and
consumption.

Each station included in the assembly line works in a JIT manner, which
means that the part to be assembled is created or ordered only when it
is needed. This avoids the improper use of space, allowing clean
production without waste or extra inventory costs. [l

4. Distribution

Once the production of the vehicles is completed, the units are
transferred to dealerships or distribution centers, from where they are
dispatched to different points of sale, whether national or international.

The distribution process involves multiple transportation modes,
including rail, sea and road. Rail transport is usually used for
long-distance shipments, allowing the transport of large volumes at
competitive costs. Road transport, on the other hand, is used for
shorter distances and for final delivery to dealers, through the use of
specialized trucks such as car carriers or nanny trucks. For international
distribution, maritime transport is the preferred option with the use of
specialized vessels such as Ro-Ro (Roll-on/Roll-off) ships, which are
designed to efficiently load and unload wheeled cargo. [5°!

Notable providers of the Ro-Ro transportation services include
Wallenius Wilhelmsen, NMT Shipping, Grimaldi Euromed, NYK line,
among others.
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In unusual cases, the air transport is used, relying on cargo planes. This
mode distribution is the fastest, however it is little used due to its high
cost and cargo limitations ('],

Motor vehicle manufacturers sell their vehicles through authorized
dealers or authorized representatives of the brands, who act as
intermediaries between the manufacturer groups and the consumer.
These dealers and groups handle marketing and selling vehicles to
consumers, as well as offering financing options and trade-in services.
Authorized groups and brand representatives must ensure that vehicles
meet market expectations and promote the brand experience as a
differentiator from the competition by providing vehicle information,
offering test drives, and easing financing options. 53!

6. After sale services

After-sales services involve the provision of maintenance and repair
services, as well as the supply of spare parts. Automakers typically have
a network of authorized service centers to provide these services to
customers.

In recent years, there has been an increasing emphasis on providing
excellent customer service and building strong customer relationships.
This has led to the development of innovative after-sales service
programs, such as extended warranties, roadside assistance, and
loyalty programs 53],

Supply Chain Challenges

The supply chain of the automotive industry faces different challenges,
primarily driven by globalization, environmental regulations and the
transition to electric vehicles (EVs). Traditional supply chains are
designed for just-in-time operations, making them vulnerable to
disruptions such as port congestions and border closures. In addition,
trade tensions between economic powers —such as the United States
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and China— have prompted companies to diversify their suppliers,
increasing the complexity of inventory management and quality
control. These conditions have led to additional costs and delays in
delivering vehicles to consumers. (541155l

With the aim of mitigating climate change and achieving net zero
emissions, the new government regulations that apply to the reduction
of CO2 emissions and decarbonization have significantly increased the
costs across supply chains. These regulations demand closer
cooperation between all participants in the chain, and the automotive
industry in general. For combustion vehicles, this means improving
traditional supply chains to meet stricter standards of energy efficiency
and sustainability. For electric vehicles, it means managing the
recycling of batteries and improving their processes. According to the
World Economic Forum, the circular economy is a key strategy to
reduce waste generated by end-of-life batteries, while minimizing the
need for new raw materials. [551(56]

On a positive note, regulatory frameworks such as the EU's Green Deal
and the U.S. Inflation Reduction Act, promote the transition to net zero
through incentives and infrastructure investments. (57158l

Transition to electric vehicles

The transition to EVs depends on the supply of essential materials such
as lithium, cobalt, and nickel —used in the manufacture of batteries.
Projected demand for these minerals has outstripped current
production capacity, especially in key markets such as the United
States and Europe. For instance, a study by the International Council on
Clean Transportation (ICCT) estimates that by 2032 it will be necessary
to triple lithium production to meet EV (electrical vehicle) growth. At the
same time, fluctuations in the prices of these raw materials affect
manufacturing costs, delaying price parity between EVs and traditional
vehicles. [531(54]

The battery supply chain faces issues related to the ethical and
sustainable extraction of materials. The lack of regulation in some
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cobalt-producing regions, such as the Democratic Republic of Congo,
raises environmental and social concerns. This has encouraged
manufacturers to look for alternative materials, and increase
investment in recycling to reduce dependence on new extractions.
While some regions, like the European Unions, enforce stringent
regulations, global collaboration is necessary to establish sustainable
practices across all producing nations (221551,

Battery technology supply chain

By 2022, battery supply chains were concentrated in China, which
produced three-quarters of the total lithium-ion batteries and had high
cathode (70%) and anode (85%) production capacities. (5%

The opportunity to diversify the battery chain by obtaining the raw
material in other countries was presented as an alternative, however,
many nickel and cobalt reserves are in countries with geopolitical
tensions and export restrictions (69,

EV battery metal reserves outside China (2023)
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While lithium-ion batteries dominate the market, alternatives like NCM
(nickel, cobalt and manganese) batteries have emerged. They use less
lithium than the common batteries, however, manganese has
limitations in extraction and export like other materials, increasing costs.

There are studies for the next generation of cathodes that substitute
common cathodes which utilize cobalt and nickel. This next generation
utilizes innovative higher capacity cathodes based on abundant and
inexpensive elements such as sulfur, iron, manganese, or even
air-based cathodes. Although their composition is based on more
abundant materials, they are far from commercialization due to their
poor life cycle. [¢

At present, battery production occurs in different countries, however,
China maintains its leadership by being the only country that currently
produces twice what it demands. In contrast, countries of the European
Union and the United States have almost or just enough production
capacity for their demand. Both regions have plans to increase their
production capacity with the construction of more manufacturing
plants, expected to be operational by 2030. (22!

Estimated Growth of the heavy duty
vehicles autoparts industry worldwide

Other european
countries
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According to the Global EV Outlook 2024 from the International Energy
Agency (IEA), South America presents significant potential for growth,
but no major production capacity has been announced for the region
by 2030 (22,

Semiconductor dependency

The automotive industry relies significantly on semiconductors for
functions like connectivity, driver assistance systems, and energy
management in EVs and internal combustion vehicles (Icvs). However,
the automotive industry’s reliance on semiconductors has revealed
vulnerabilities in the supply chain, particularly in copper production and
chip manufacturing. The COVID-19 pandemic and geopolitical tensions
have reduced chip production capacity, leading to disruptions that
could last until 2025. This problem has forced manufacturers to reduce
vehicle production, prioritizing models with higher margins. According
to the Association of Global Automobile Manufacturers, this
phenomenon highlights the need to diversify semiconductor production
and encourage investment in local plants. [62117]

Supply Chain Opportunities

Circular Economy: Recycling EV components

Recycling old EV batteries and using the reclaimed minerals to build
new ones not only makes financial sense but also promotes
environmental sustainability. As EV manufacturers face an uncertain
future regarding access to critical minerals like lithium and cobalt,
recycling and repurposing these materials is becoming a top priority.
The Inflation Reduction Act (IRA) encourages this approach by offering
incentives for battery materials recycled within the U.S. to qualify for
domestic-content benefits, regardless of their origin. (6]

According to a report by the Basel Convention Regional Center, Latin
America and the Caribbean generate an increasing amount of
electronic waste, including end-of-life batteries. Developing a regional
framework for recycling these batteries can reduce dependency on
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virgin raw materials, minimize environmental impacts, and create new
economic opportunities. Countries like Mexico and Brazil are exploring
initiatives to integrate recycling practices into their supply chains, but
more widespread efforts are necessary to establish a cohesive regional
strategy. [eelle7]

Latin America’s Strategic Role in the Global Battery
Supply Chain

Latin America is strategically poised to become a critical player in the
global battery supply chain, leveraging its vast natural resources,
particularly lithium and copper, essential components for batteries,
charging infrastructure and semiconductor production.

The so-called Lithium Triangle —comprising Bolivia, Argentina, and
Chile— produces approximately a third of the global lithium supply.
Additionally, Chile and Peru together produce nearly 40% of the global
copper supply. This wealth of resources positions Latin America as a
potential powerhouse in the global battery supply chain, provided it can

overcome certain barriers and take advantage of existing opportunities.
(63]

One of the key opportunities lies in the upstream segment of the supply
chain, particularly lithium extraction and processing. The region’s vast
reserves, combined with increasing global investments, present a
compelling case for enhancing production capabilities. Countries in the
Lithium Triangle have already attracted significant interest from
international corporations aiming to secure raw materials for battery
manufacturing. However, the development of this industry requires
robust policies that ensure sustainable extraction methods and
equitable distribution of benefits to local communities. [631(64](6s]

Midstream activities, such as refining and chemical processing, remain

underdeveloped in Latin America. Currently, most of the extracted
lithium is exported as a raw material, missing the opportunity to add
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value within the region. Establishing refining facilities and fostering
partnerships with technology providers could enable Latin America to
move up the value chain. For example, Chile’s Economic Development
Agency (CORFO) has already initiated efforts to promote local lithium
processing through incentives and partnerships with global firms, while
Peru has sought to modernize its copper value chain through similar
initiatives. [64ll6s]

Latin America’s strategic geographic position also offers logistical
advantages for integrating into the global supply chain. Its proximity to
the United States, one of the largest EV markets, and its established
trade agreements with North America and Europe can facilitate the
export of both raw materials and processed components. However,
realizing these opportunities is contingent on addressing several
challenges. Political instability, regulatory uncertainties, and insufficient
investment in research and development (R&D) pose significant
barriers to the region’s competitiveness. Governments must prioritize
creating a stable investment climate, streamlining regulations, and
fostering public-private collaborations to spur innovation in battery
technologies.
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Closing

The automotive industry is undergoing significant transformations to

enhance competitiveness and address emerging challenges.

Companies are focusing on innovation sustainability and adapting to

global trends, including:

©)

The search for emerging markets, with the growth of some
economies such as India, Indonesia, Turkey, Nigeria, the
Philippines and Mexico. This presents significant opportunities for
market growth and risk diversification.

Strengthening local production capacities, encouraged by
government policies that seek to reduce dependence on foreign
markets.

Investment in recycling technology, by recovering valuable
materials from end-of-life batteries, decreasing the need for new
extractions.

The digitalization of the chain through the implementation of new
technologies in manufacturing and inside the vehicles.

The use of them can improve the traceability of materials and
the ability to predict interruptions. 2254l Some trends in
digitalization are:

The Internet of Things (loT) allows real-time monitoring,
promoting the autonomy of vehicles and connectivity between
them, improving the visibility of each link.

Through artificial intelligence, demand can be predicted
With the use of blockchain, the authenticity of parts is

guaranteed and quality control is reinforced throughout the
production line.
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O Redesign of the chain with flexible and customized production
through modularity and micro factories, and new forms of
consumption, such as shared mobility . [4142]ee]

In this context, Panama emerges as a strategic partner, providing a
robust logistics infrastructure that caters to the automotive industry’s
needs. The country provides a multimodal transport system, ports with
connectivity with more than 148 ports in 50 countries on a weekly basis,
with facilities and experience in handling Ro-Ro vessels, and equipped
with cold handling capabilities and digital tracking, essential for
sensitive components such as electric vehicle batteries.

Moreover, 5G connectivity and special economic zones that enable
operations such as light assembly, labeling, and cargo consolidation.
Backed by the SEM (Headquarters of Multinational Companies) regime,
which offers tax and customs benefits, attracting large global players in
the automotive and logistics sector like DHL and DB Schenker, using
Panama as a platform to distribute goods in the region.

These strengths are especially relevant for the automotive industry,
which needs agility in the delivery of critical components and finished
products.

Panama’s strategic advantages improve the flexibility
and agility of supply chains, mitigating risks
associated with a lack of capacity or disruptions in
global production.

The following paper, Driving Efficiency: Panama as a
Hub for the Automotive Industry, will delve deeper

Discover more...
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About the 9
Why Panama Program @ o

In the current dynamic global landscape, it is clear that having access
to high-quality insights is crucial when determining the optimal
location for regional distribution in order to take advantage on the
present structure of global value chains.

Georgia Tech Panama Logistics Innovation & Research Center
recognizes the importance of key insights in the decision-making
process, and works closely with companies seeking to assess their
supply chains and how Panama can become a key part of their global
logistics network.

The "Why Panama” program utilizes quantitative data and analytics to
assess key variables and compare the costs, investments, and service
benefits of setting up a distribution center in Panama. By conducting a
thorough analysis, the program aims to provide businesses with
valuable insights into the advantages of establishing a hub in Panama.

To know more you can contact Jeancarlos Chen at
or Jorge Barnett at

Reach us at
www.gatech.pa
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