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FOREWORD

The advent of Industry 4.0 has
heralded a new era in manufacturing,
characterized by the convergence

of advanced technologies such as

the Internet of Things, artificial
intelligence, and advanced robotics.
At the forefront of this transformation
stand the Smart Factory Labs, which
serve as dynamic hubs for innovation,
integration, and experimentation

with these cutting-edge technologies.
These labs are critical in driving the
digital transformation of industries,
fostering innovation, and ensuring
sustainable economic growth.

The United Nations Industrial
Development Organization is
dedicated to promoting inclusive and
sustainable industrial development.
This publication aligns with our
mission to support member states
in navigating the complexities of
the Fourth Industrial Revolution. By
providing comprehensive guidelines
for the establishment of Smart
Factory Labs, we aim to equip
stakeholders with the knowledge
and tools necessary to drive digital
transformation and enhance global
competitiveness across various
sectors, including but not limited to
the automotive industry.

Foreword

As we look to the future, the
establishment of Smart Factory Labs
will play a pivotal role in driving
innovation, enhancing industrial
competitiveness, and fostering
sustainable development. We trust
that these guidelines will serve as

a valuable resource for industry
stakeholders, policymakers, and
practitioners, guiding them in the
successful implementation of Smart
Factory Labs.

We invite all stakeholders to engage
with these guidelines actively and
collaboratively as we collectively
work towards a more innovative,
resilient, and sustainable industrial
future.

Mr. Ciyong Zou

Deputy to the Director General and
Managing Director

Directorate of Technical Cooperation
and Sustainable Industrial
Development
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Abstract

A Smart Factory Lab serves as a dedicated space to foster technological learning and
innovation, knowledge and experience sharing, collaboration and networking for developing

innovative solutions for smart manufacturing.

his publication presents UNIDO assistance guidelines

for implementing a Smart Factory Lab in the context of

smart factory using the case of automotive sector. The
automotive industry is experiencing a paradigm shift with the
implementation of advanced digital technologies and new
advanced materials, which are reshaping the way vehicles
are designed, produced, and maintained.

Smart factories integrate automation, robotics, artificial
intelligence, internet of things, digital twins, and data

and data analytics to optimize manufacturing production
processes in real time, making the processes and operations
more efficient, flexible, and saver with less costs, while also
improving quality and safety of products. Manufacturers can
now deliver differentiated quality products at scale and with
efficiency, agility, and speed. They also use new materials,
and natural resources and energy efficiently, contributing to
environmental sustainability.

Automotive industry is constantly evolving and becoming a
leader in leveraging advancements in digital technologies
and material science to increase productivity, sustainability,
customer satisfaction, and competitiveness. Competition

in the Industry is intensifying with introduction of new
technologies, materials and new demands from customers
and society for pursuing inclusiveness and sustainability in
their operation.

PAGE 10

To stay ahead of intensified competition and meet inclusive
and sustainable development goals established by society,
manufacturers must invest time and resources in technology
infrastructure, data security measures, efficient use of natural
resources and energy, and in upskilling to fully leverage the
potential of digital technologies with the socio-economic
impact. Automotive industry is also a global industry, so local
industries wishing to leverage linkages with the automotive
global value chains (GVCs) need to respond quickly to the
changes in GVC caused by digital transformation. Establishing
a Smart Factory Lab in the automotive sector can help
manufacturers to address these challenges.

A Smart Factory Lab serves as a dedicated space to foster
technological learning and innovation, knowledge and
experience sharing, collaboration and networking for
developing innovative solutions for smart manufacturing.
They are useful tool for building an ecosystem for
transformation to the fourth industrial revolution (4IR and
also referred to as Industry 4.0), as they drive technological
advancements, manufacturing capabilities, competitiveness,
and foster inclusive and sustainable development growth in
the industry and in the overall economy.

The guidelines for establishing a Smart Factory Lab
provided in this publication includes technical aspects
such as strategic planning, infrastructure setup, technology

selection, talent acquisition, and collaboration with industry
stakeholders, and socio-economic and sustainability aspects
such as gender inclusivity and environmental sustainability.
By following these guidelines, organizations and territories
can effectively establish and operate a Smart Factory Lab
that is aligned with their specific industry and local needs
and objectives.

The publication was produced by the Digital Transformation
and Artificial Intelligence Division at the Directorate

of Technical Cooperation and Sustainable Industrial
Development of the United Nations Industrial Development
Organization (UNIDO). UNIDO is the specialized agency of the
United Nations that promotes industrial development for
poverty reduction, inclusive globalization, and environmental
sustainability. UNIDO's mandate is to promote and accelerate
inclusive and sustainable industrial development in
developing countries and economies in transition. The Digital
Transformation and Artificial Intelligence Division of UNIDO
promotes digital transformation and technology absorption

associated with the 4IR including cloud computing, artificial

Abstract

intelligence (Al), the Industrial Internet of Things (110T),
additive manufacturing, big data, blockchain, e-commerce,
and convergent technologies. The services provided
comprise building productive capabilities in manufacturing,
manufacturing- related services, and digital businesses,
with the goal of advancing the industrial development in
member states. The division helps industries in developing
countries to benefit from the rapid advances in digital and
converging technologies associated with the fourth industrial
revolution (4IR), and to ensure a smooth and transformation
to 4IR through adopting safe and secure cyber-physical
industrial systems and mitigating any negative effects on
employment and quality of work. The division's services
provide tailored-made assistance for developing countries
and less-developed countries (LDCs) in particular, assisting
them to leverage opportunities arising from the digital
transformation and 4IR and to catch up technologically
instead of falling behind.
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Introduction -
Overview of the
purpose and
objectives of the

manual

The purpose of the guidelines is to provide a
generic comprehensive and practical roadmap for
firms and other organizations looking to establish
a Smart Factory Lab, with the goal to improve
productivity, quality, and competitiveness
through the integration of digital technologies,
business models and effective use of resources
and energy in the automotive sector.
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11 CONTEXT

Smart manufacturing is revolutionizing the automotive
sector. Smart manufacturing incorporates and leverage
real time data and data analytics to optimize production
processes, cut the costs, and to improve efficiency and
productivity.

Smart manufacturing incorporates advanced materials
(light and biodegradable), energy efficiency, and digital
technologies including automation, autonomous robots,
artificial intelligence (Al), digital twins, the Internet

of Things (loT), big data, artificial intelligence (Al),
augmented reality (AR), machine learning (ML), Cloud
computing, Cyber-Physical Systems (CPS), additive
manufacturing (AM), and the Industrial Internet of
Things (I1oT) in manufacturing processes, throughout
the production cycle. By automating tasks, and
enabling connectivity, real time data collection and
analytics-driven decision making and planning, smart
manufacturing allows to plan and optimize operations;
implement predicative equipment maintenance; cut costs;
use resources and energy efficiently; increase industrial
safety; improve product quality; interact with customers
for production processes and delivery of products and
services with high-knowledge content, thus enabling to
realize unprecedented levels of efficiency, productivity
and innovation.

Smart factories perform tasks more accurately,
consistently and efficiently than humans could. They
enable greater visibility into the production process,
enabling manufacturers to identify and address issues
quickly, resulting in improved quality and customer
satisfaction.

In a smart factory, machines and other equipment

are connected to each other and to a central network,
allowing them to communicate and share data in real
time. Unlike traditional factories, smart factories are
designed to be flexible, adaptable, and capable to quickly
adjust production according to consumer demands and
changing market conditions. In the automotive sector

PAGE 14

smart factories have some specific requirements like
flexible production lines, just-in-time manufacturing, and
quality control systems.

Smart factories use digital twins, digital copies of the
future real system at different levels of the factory. All
physical objects should be represented in the smart
factory by corresponding digital images (every machine,
every tool, every part, and every product to be produced
has a digital image), making the digital twins' copies of
the real production and internal logistics system in a
factory. Digital twins return information to the system

in real time allowing the computer to make decisions
independently.

For example, prior to starting the physical production
of a car, the entire production process can be digitally
simulated - digital twin of the car. This facilitates a
seamless data flow between design, product planning,
production, service and feedback. A simulation allows
depicting how parts fit together and interact involving
machines, components and people. After this simulation
process in a digital world is completed then the physical
production begins. Smart factories thus leverage real-
time data to improve efficiency, reduce costs, and
increase productivity. They enable to have greater
visibility into the production process, and to identify and
address issues quickly, resulting in improved quality and
customer satisfaction. This requires a common database
and a cloud solution to accommodate all the data to
enable robots to work together via IloT and to produce
the car.

In a smart factory, machines communicate with each
other and exchange data with each other as needed.
Machines and systems should also be “intelligent”, that is
self-controlling, autonomous and thus self-learning and
self-optimizing. In order to gain knowledge about oneself,
smart sensors are needed as an integral part. They are
the “senses” of the production equipment that enable
the corresponding machines and systems to be seen. The

machines have communication units, the Cyber Physical

Systems (CPS). Automated documentation is essential as
it helps to ensure the required quality and smart sensors
serve the purpose.

The products to be produced are also becoming more
intelligent. Through the digital twin, they gain knowledge
about their condition, how they are to be produced,

and are able to self-control through this process. For
instance, by using the functionality of autonomous or
semi-autonomous driving, the cars would be able to

Introduction - Overview of the purpose and objectives of the manual | Chapter 1

steer themselves through final assembly. To exploit the
potential of the individual twins and the digital factory, a
big data system is also required. Big data and advanced
analytics represent the “brain” of digital twins, as they
enable the continuous improvement of the smart factory.
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1.2 PURPOSE AND OBJECTIVES OF THE MANUAL

Smart Factory Labs and the industrial ecosystem

——
Establishing of a Smart Factory Lab is crucial for driving advancements and competitiveness in the
automotive industry. The concept of a Smart Factory Lab revolves around creating a controlled environment
that replicates real-world automotive manufacturing conditions and serves as a testbed for innovation, S ) ) . ) . o
experimentation, and validation of new manufacturing techniques, aiming to enhance productivity, quality, The purpose.of the gwdel.lnes Is to provide a generic and comp.etltlven.ess through the |ntegrat.|on of digital

L . g ] comprehensive and practical roadmap for firms and technologies, business models and effective use of
and sustainability in industry. Smart Factory Lab also fosters collaboration, knowledge sharing, and industry o . ! - .

other organizations looking to establish a Smart Factory resources and energy in the automotive sector.

transformation with a socio-economic and environmental impact. . . . .
Lab, with the goal to improve productivity, quality,

The ultimate objectives of establishing Smart Factory Lab are to contribute towards building robust Industry
4.0 ecosystem that encompasses:

A BUSINESS ENVIRONMENT CONDUCIVE TO THE ADOPTION, ADAPTION AND The guidelines objectives are:
DIFFUSION OF INDUSTRY 4.0/4IR TECHNOLOGIES, METHODS AND BUSINESS

MODELS. © To provide a comprehensive framework for the establishment of a Smart Factory Lab specialized in the

automotive sector.

© To guide organizations in the process of setting up a Smart Factory Lab and leveraging digital technologies
for enhanced productivity and competitiveness.

ADAPTIVE REGULATIONS ON STANDARDS, INDUSTRIAL SAFETY
AND SECURITY. © To ensure efficient utilization of resources, optimized workflow, and improved quality control.

© To promote a culture of technological learning, innovation, collaboration, and continuous improvement.

© To facilitate the integration of digital technologies, such as |oT, Al, and Big Data, for data-driven decision-
making and process optimization.

RESPONSIVE TRAINING AND UPSKILLING SYSTEM.

TECHNOLOGY DIFFUSION BY PROMOTING UPTAKE OF INDUSTRY 4.0
TECHNOLOGIES THROUGH PILOTING THEIR ADOPTION AND EXPLOITATION IN
SEVERAL COMPANIES AND PROVIDING COMPREHENSIVE SUPPORT TO SMALL AND
MEDIUM-SIZED ENTERPRISES (SMEs) FOR THE INTEGRATION OF TECHNOLOGIES
INTO THEIR OWN INDUSTRIAL ENVIRONMENT.

STAKEHOLDERS' COLLABORATION, NETWORKING AND PARTNERSHIP FOR
KNOWLEDGE AND INFORMATION SHARING; ATTRACTING INVESTMENTS

AND FINANCE FOR THE ACQUISITION OF INDUSTRY 4.0 TECHNOLOGIES; JOB
CREATION; INCLUSIVENESS OF WOMEN AND OTHER DISADVANTAGED GROUPS,
SECURING INDUSTRIAL SAFETY AND SECURITY, AND ENSURING NATURAL
ENVIRONMENT SUSTAINABILITY.

PAGE 16 PAGE 17
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Basic understanding:
car production

process

The manufacturing process in the automotive
sector involves several sequential operations,
equipment requirements, and material flow.
Such process can greatly benefit from the
integration of advanced digital technologies
to improve efficiency and productivity.

PAGE 18 PAGE 19
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2.1 PRODUCTION PROCESS KEY STAGES FROM ENGINEERING TO RAW
MATERIALS PROCUREMENT AND THE FINAL ASSEMBLY

The production process of a car follows several stages
from the manufacture of the body to the assembly
and final assembly of the various components. The

automotive product is composed of two sub-assemblies.

The first is the bodywork that performs three major
functions: the structure function, the shelter function,
and the aerodynamic function. The second concerns
all the mechanical components: the transmission chain

FIGURE 1: The vehicle production process (Myung, 2003)
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(clutch, gearbox, shafts, and differential), the connecting
devices to the road (suspension, steering, braking circuit),
the source and distribution of energy (engine, battery,
wiring) and equipment and accessories (windows, seats).
This diversity of components impacts the production
process of a car. The production process follows these
four stages: stamping, Body in white assembly, painting
and assembly as shown in Figure 1, below.
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The manufacturing process in the automotive sector
involves several sequential operations, equipment
requirements, and material flow. While the specific
processes may vary depending on the type of vehicle

being manufactured and the production methods

production process.

employed, below is a general overview of the typical

DESIGN AND ENGINEERING
@ = Conceptualizing and designing the vehicle, including aesthetics, functionality, and safety considerations.

= Conducting engineering and prototyping activities to develop detailed specifications, including vehicle
architecture, dimensions, and components.

PROCUREMENT AND SUPPLY CHAIN

= Raw material procurement: Sourcing and procuring raw materials such as metals (steel, aluminum), plastics,
rubber, glass, and electronic components, components, and subsystems from suppliers.

= Compliance with standards and verifying the quality and compliance of raw materials with industry standards

and specifications.
@ = Material storage and inventory management: storing and managing the inventory of raw materials in designated
storage areas.
* Implementing inventory management systems to track and control material quantities, ensuring availability for
production.

= Managing the supply chain to ensure timely delivery and availability of materials for production.

BODY MANUFACTURING

= Sheet metal forming: transforming metal sheets into body panels using processes like stamping, bending, and
cutting. In stamping, the preparation of metal parts to build the frame of the vehicle, its body and chassis is
done by transforming steel coils into stamped parts that are subsequently consumed by the body in white
workshop.

@ = Body in white / welding: from the stamped parts and using automated welding tools and techniques such as
spot welding or robotic welding, the reinforcement is manufactured and then the body elements (doors, hoods,
etc.) are assembled, ensuring precise and secure welds to create the structural integrity of the vehicle body.

= Painting and coating: preparing the vehicle body surface through cleaning, sanding, and priming. In this
workshop, several treatments are carried out on the vehicle: Surface treatment (anti-gravel, anti-corrosion,
sealing), primers, lacquers, and varnishes. Applying protective coatings including basecoat, color coat, and clear
coat, to achieve the desired appearance and protective finish to the vehicle body.

POWERTRAIN ASSEMBLY

= Engine manufacturing: assembling engines and subsystems, including the block, cylinder head, pistons, and
crankshaft.

= Transmission assembly: integrating transmissions and related components.

&)

= Exhaust system assembly: installing exhaust components, including mufflers and catalytic converters.

CHASSIS ASSEMBLY

= Brake system assembly: installing braking components, such as brake pads, calipers, and brake lines.

= Steering system assembly: integrating steering components, including the steering column, rack, and pinion.

* Frame assembly: constructing the vehicle’s frame or chassis, including the suspension system, axles, and wheels.

PAGE 21
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ELECTRICAL AND ELECTRONICS INTEGRATION

= Wiring harness assembly: constructing the vehicle’s electrical wiring system, including routing, and connecting
various electrical components (connectors, sensors, and control modules).

= Electronic control unit (ECU) installation: mounting and connecting ECUs responsible for controlling different
vehicle systems, such as engine management, infotainment, and safety features.

INTERIOR ASSEMBLY

= Dashboard and instrument panel installation: mounting the dashboard and integrating instrument clusters,
controls, and infotainment systems.

= Seat assembly: installing seats and related components, including seat belts and airbags.

® Interior trim installation: adding finishing touches like carpeting, door panels, and upholstery.

FINAL ASSEMBLY AND QUALITY CONTROL

= In the final assembly, various components are assembled (windows, dashboard, engine, seats, wheels, ECUs) and
several quality controls are carried out as follows:

> Bringing together all major components and subsystems to complete the vehicle assembly.

> Conducting comprehensive and rigorous testing and quality control inspections, including dimensional checks,
functional tests, performance tests, and visual inspections to ensure proper operation and compliance with
standards.

> Addressing any issues identified during the quality control process and ensuring compliance with safety and
regulatory standards.

TESTING AND VALIDATION
= Performing a series of tests to ensure the vehicle meets performance, safety, and emissions requirements.
= Conducting on-road testing, dynamometer testing, and durability testing.

®= Fine-tuning vehicle parameters and making necessary adjustments based on test results.

PACKAGING AND DISTRIBUTION
= Preparing vehicles for shipping by applying protective coverings and packaging.
= Managing logistics and distribution to deliver finished vehicles to dealerships or customers.

= Ensuring proper documentation and compliance with regulatory requirements for vehicle distribution.

€X X & X «x

The production process described above may vary stage involves various sub-processes, quality checks, and
depending on the specific manufacturer, vehicle model, safety considerations to ensure the production of high-
and production methods employed. Additionally, each quality automotive products.
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2.2 SMART FACTORY’S KEY FEATURES, TECHNOLOGIES

AND EQUIPMENT
The concept of a smart factory revolves around the equipment are connected to each other and to a central
integration of advanced technologies and principles network, allowing them to communicate and share data
to create a highly automated, connected, and efficient in real time. Unlike traditional factories, smart factories
manufacturing environment. are designed to be flexible and adaptable, capable of
adjusting production according to demand and changing
In general, a smart factory is a manufacturing facility market conditions. This enables the factory to respond
that uses integration of advanced digital technologies quickly to changing conditions and customer demands.
such as artificial intelligence, digital twins, the Internet Smart factories also incorporate automation and robotics
of Things (IoT), data analytics and robotics to optimize to perform tasks more accurately, consistently, and
production processes and to improve efficiency and efficiently than humans could.

productivity. In a smart factory, machines and other

FIGURE 2: Key elements of smart manufacturing
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The following are among the key technologies and management systems used in a smart factory:

PAGE 24

The 10T refers to the network of interconnected devices and sensors embedded in various
machines, equipment, and objects within the factory. 1oT enables the collection, exchange, and
analysis of data, allowing for real-time monitoring, control, and optimization of manufacturing
processes.

Sensors are essential components in a smart factory as they enable the collection of real-

time data from machines, processes, and products. They can measure parameters such as
temperature, pressure, humidity, vibration, and position. Actuators, on the other hand, are used
to control and manipulate physical processes and equipment based on the data received from
sensors. Today's sensors, when combined with edge devices, can store data, process or transmit
it to the cloud.

Industrial robots are automated machines designed to perform various tasks with precision and
repeatability. They are used in assembly, welding, painting, material handling, quality inspection,
and other production processes. Automation technologies enhance productivity, reduce errors,
and enable seamless integration between different stages of the manufacturing process.
Collaborative robots (cobots) are specifically designed to work alongside humans, enhancing
productivity and safety in the factory.

AGVs and AMRs are autonomous vehicles that transport materials and products within the factory
premises. AGVs are guided by predefined paths or markers on the floor, while AMRs use advanced
sensors and navigation algorithms to move independently. They can optimize material flow,
reduce manual handling, and improve efficiency.

PLCs are specialized industrial computers that control and monitor the operation of machinery
and equipment. They are used to automate processes, monitor inputs and outputs, and
coordinate actions between different components in the factory. PLCs are often integrated with
sensors, actuators, and other devices to enable seamless control and data acquisition.
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HMIs provide a visual interface for operators to interact with machines and systems in the smart
factory. They display real-time data, status information, and control options, allowing operators
to monitor and control processes. HMIs can be touchscreens, control panels, or other graphical
interfaces that provide an intuitive and user-friendly experience.

Barcode and radio-frequency identification (RFID) systems are used for automated identification
and tracking of products, components, and materials in the smart factory. Barcodes and RFID
tags are attached to items, and scanners or readers capture the data to track their movement,
monitor inventory, and enable seamless material flow.

3D printers and additive manufacturing equipment have revolutionized rapid prototyping and
now supplements traditional manufacturing with finished products—or even infrastructure

like small-scale buildings and bridges. They enable the production of complex and customized
components directly from digital designs. They use various materials, such as plastics, metals,
and composites, to create physical objects layer by layer. 3D printing technology offers flexibility,
faster prototyping, and on-demand production capabilities. Meanwhile, hybrid manufacturing
combines metal additive manufacturing with subtractive manufacturing on a single machine to
further reduce material waste and production.

Advanced computer numerical control (CNC) machines perform precise multi-axis milling,
lathing, cutting, drilling, and other operations from the designs and models of computer-aided
manufacturing (CAM) software. Often in smart manufacturing, CNC machines have wireless
sensors as part of the loT.

AR and VR technologies offer interactive and immersive experiences within the smart factory.

AR overlays digital information onto the physical environment, providing real-time guidance,
instructions, or data visualization to operators. VR creates virtual simulations for training, design
validation, or process optimization purposes. Both AR and VR technologies enhance productivity,
training, and problem-solving capabilities.
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Smart-manufacturing devices, machines, robots, and so on are typically part of the IoT,

meaning they include wireless network-connected sensors that upload data for analysis. With
the plummeting cost of sensors, low-cost processors are also increasingly part of IoT devices,
which means performing computing tasks locally before uploading to the cloud. That is known
as edge computing. Edge computing devices are deployed closer to the data source, enabling
real-time processing, analysis, and decision-making. These devices have computing power and
storage capabilities, allowing for local data processing and reducing latency. Edge computing is
particularly useful for time-sensitive applications, where real-time response is critical. The term
IloT (Industrial Internet of Things) refers to loT machines on a production line, which can usually
perform predictive decision-making based on input data that lower costs and waste.

The collection and analysis of large volumes of data generated within a smart factory enables
manufacturers to make data-driven decisions. Big data analytics tools process and analyze
the data, identifying patterns, trends, and anomalies. This information can be used to identify
inefficiencies, optimize processes, improve quality control, predict maintenance requirements,
and enhance overall operational efficiency. Data visualization techniques (dashboards) help
present complex information in a visually understandable format, aiding in monitoring and

decision-making processes.

Al and ML technologies enable machines and systems to learn from data, make intelligent
decisions, and adapt to changing conditions. In a smart factory, Al and ML algorithms can analyze
vast amounts of production data, identify patterns, optimize processes, predict maintenance
needs, and enable autonomous decision-making.

A digital twin is a virtual replica of a physical object or system, such as a product, machine, or
entire factory. It allows for real-time monitoring and simulation of the physical counterpart,
enabling predictive maintenance, performance optimization, and process simulation. Digital
twins help manufacturers visualize and analyze the behavior and performance of their assets,
enhancing efficiency and reducing downtime. More importantly, Closed-Loop Digital Twin
provides continual feedback against models to help manage and predict operations including
anomalies, defects, and maintenance. This can be a game-changing edge for any small
manufacturer in a highly competitive marketplace.
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Cloud computing provides on-demand access to computing resources and storage capabilities,
allowing manufacturers to store, process, and analyze large volumes of data off-site. Edge
computing, on the other hand, involves processing and analysis of data closer to the source,
reducing latency and enabling real-time decision-making. A combination of cloud and edge
computing offers flexibility, scalability, and efficient data management in a smart factory.

Lean manufacturing principles focus on eliminating waste, optimizing processes, and improving
efficiency. Six Sigma methodologies aim to reduce defects and variations in manufacturing
processes. Both principles promote continuous improvement, standardization, and a culture of
efficiency and quality within the smart factory environment.

Smart factories emphasize the collaboration between humans and machines. While automation
and robotics handle repetitive tasks, humans play critical roles in supervising operations, solving
complex problems, and making strategic decisions. Collaboration between humans and machines
enhances productivity, creativity, and agility within the factory environment.

As smart factories rely on interconnected devices and networks; robust cybersecurity measures
are critical to safeguard against cyber threats and protect sensitive data. Implementing security
protocols, encryption, access controls, and continuous monitoring are essential to ensure the
integrity, confidentiality, and availability of data and systems.

The incorporation of new technologies such as sensors and Al systems applied to machines has
contributed to improving safety, reducing accidents and improving the detection of possible
system failures.

Energy management systems help monitor, control, and optimize energy consumption in the
smart factory. They include smart meters, energy monitoring devices, and software applications
that provide real-time data on energy usage, identify inefficiencies, and enable energy-saving
measures.
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FIGURE 3: Key technologies related to smart factory or smart manufacturing
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Augmented Reality

Virtual Reality

3D Simulation

Cloud, API and Data Availability / Storage

Horizontal / Vertical Integration

Industrial Internet and Internet of Things (loT)

Big Data and Analytics

Artificial Intelligence / Cognitive Computing

Advanced Web / App / Mobile ...

New Transport Systems

Cyber-security

> AGILE PRODUCTION & SUPPLY CHAIN

> 360° REAL-TIME CONNECTIVITY

> DIGITAL TWIN

> DIGITAL HOLISTIC PROCESS CHAIN

> MONETARIZED MANUFACTURING SERVICES

> DIGITAL & REAL-TIME SUPPLIER
COLLABORATION

These technologies, methods and principles are just

a glimpse of the wide range of advancements shaping
the smart factory landscape. The integration of these
digital technologies creates a connected and intelligent
manufacturing environment, enabling improved
efficiency, productivity, quality control, and agility in
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the smart factory. Manufacturers can leverage real-time
data, advanced analytics, and automation to optimize
processes, reduce downtime, and make informed
decisions for better business outcomes.
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Smart Factory Labs
and relevance for the
automotive sector

The concept of a Smart Factory Lab deals
with creating a dedicated state-of-the-
art lab facility that replicates real-world
automotive manufacturing conditions and
contributes to the building of Industry 4.0
ecosystem in different ways.
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3.1 THE SMART FACTORY LAB CONCEPT

A space for raising awareness and demonstration of Industry 4.0 technologies and practical
solutions adapted to the specific needs of companies, either developed by a Lab or by partner
companies and that can also be exhibited at technology fairs.

The concept of a Smart Factory Lab deals with creating this set up. Labs can also contribute to skills’ building by

a dedicated state-of-the-art lab facility that replicates providing professional training, upskilling and reskilling

real-world automotive manufacturing conditions and of human resources; and can also serve as a platform

contributes to the building of Industry 4.0 ecosystem for international cooperation, collaboration and for

in different ways. Smart Factory Labs can inspire and attracting investors for acquiring new technologies. The

demonstrate new technology and serve as a reference Lab can further serve as incubator for experimentation, An information centre and event for all stakeholders of the Industry 4.0 ecosystem. The
and supportive structure for digital transformation innovation and validation of new technologies, aiming centre organizes various thematic events and working visits between the centre, academic
in industrial sector, demonstrating to workers and to enhance productivity, quality, inclusiveness, open partners (universities, R&D centres) and industrial partners (startups, SMEs, etc.), and provides
other concerned stakeholders how the entire set up of innovation and sustainability and can provide technical information to stakeholders on the latest technology developments.

industrial manufacturing is to change when moved to support to partner companies, especially SMEs, by

Industry 4.0; what is the impact on efficiency, productivity designing, testing and implementing technological

and jobs; and what skills and regulatory are needed for projects that fit their specific context.

A practical modern learning environment for Industry 4.0 where workshops, development and

solution simulations are carried out and where various training and student mentoring courses

on Industry 4.0 are provided, thus meeting the skills’ needs of the industry. The income from
3.2 ARCHITECTURE OF THE SMART FACTORY LAB providing the training and mentoring courses can secure the continuity of the operation of

Smart Factory Lab in its educational but also industrial role. Students will have the opportunity

to carry out their end-of-studies projects, finalize their master’s or doctoral, and Lab will ensure
I the link between industry and academia.

From the implementation of the industry 4.0 initiatives for the digital transformation of companies, the Smart

(technology transfer projects, technology testing projects,  Factory Lab acts as a link between applied research and ((L) An environment that provides equipment facilities and technical advisory to Industry 4.0 start-
connecting industry and applied research) to the design, industry. M ups, technology developers, intelligent solution integrators, students and researchers, SMEs for
implementation and testing of the facilities necessary the design, testing and simulation of their products and technological solutions. As an Industry

4.0 certified test environment, the Smart Factory Lab offers the opportunity to test newly
developed products and smart, optimized processes in a secure environment, for an optimal
market launch or operational introduction.

The architecture of Smart Factory Lab, consisting of various hubs, each with distinct objectives and
advantages, contributes to the building of Industry 4.0 ecosystem, as follows:

The LAB connects academia, research centres and applied research institutes (domestic and
international) with industry to implement innovative technologies for smart factory. It promotes
exchange and networking between ecosystem stakeholders, by bringing the academic world
closer to the industrial world while emphasizing applied research. It also supports creation of
networks, where experts from companies will be able to share knowledge, experience and learn
best practices through the provision of certified training.

A platform for technology monitoring, transfer, collaboration and networking with structures
abroad for the transfer of skills and knowledge.
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FIGURE 4 : |llustration of some functions of a Smart Factory Lab
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3.3 BUSINESS MODELS OF SMART FACTORY LABs AND

THEIR PRINCIPLES

Based on the definition of a Smart Factory Lab above,
the underlying business model concept includes aspects
aiming at:

= Operating as a technical training entity on Industry 4.0

related topics with educational content that will be
certified and accredited;
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= Acting as a demonstration interface for Industry 4.0
technologies, methods, and tools;

= Driving technology transfer centers in different forms;

= Offering a common workspace for startups, applied
research units, industries, institutions, vocational
training entities, and others interested parties.

3.31 Examples of current SMART FACTORY LABs
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Several Smart Factory Lab models have been created

and implemented around the world. They are specialized
for certain users (researchers, learners, startups...) or

in specific technologies (loT, MES, robotics...) or sectors.
Some of them are located at universities or are supported
by private companies.

ARENA2036 in Germany

The Smart Factory Lab with processes close to the
automotive sector has the advantage of bringing together
almost all Industry 4.0 disciplines and technologies. Some
examples are given below.

The ARENA2036, is a research campus linking the key topics of production and mobility of the Stuttgart Metropolitan Region
with the topics of sustainability, connectivity and transformation of work. In addition to researching new forms of mobility
and modern possibilities for intra-logistics, the impact of integrated digital technologies is addressed, for instance on the
way employees work and the development of new forms of work. The cooperation of the various partners facilitated on the
campus enables the integration of new technologies, such as 5G or Al systems, into existing processes.

Swiss Smart Factory in Switzerland

The Swiss Smart Factory is an open platform for the adoption of digital innovation. Main function includes Development,
Test, Demonstration, Transfer, Education and Training. Swiss Smart Factory acts as neutral authority, securing trust and
confidence among the partners. It coordinates public relations and visibility of the factory and collaboration between
technology and service providers and technology end-users. Examples of realization include:

= An Interactive Parkour: several interactive technology demonstrators addressing relevant digitalization topics in a

tangible and practice-oriented way;

= A Digitalization Parkour: several, interactive demo stations help to explore and analyze new technologies in a tangible

and practice-oriented way.

Each demo station allows the visitor to experience, in a quick and easy manner, how the showcased technology functions,
the benefits it offers, and what are its potential shortcomings. It helps to raise awareness and provides inspiration and
ideas to test and introduce the technologies in the context of the visitor's company through pilot projects.

The Smart Factory Lab in Denmark

That Smart Factory Lab is a cornerstone in the newly established Innovation lab at the Mads Clausen Institute at Alsion in
Sgnderborg. The Innovation Lab is a physical environment corresponding to the stages of the innovation process. It allows
students and representatives of companies to move from a theoretical to practical and applied innovation approach.

The Innovation Lab is dynamic and may change according to the innovation challenges and changing conditions. The lab
facility is 150 m2 room space, splits up into four sections, corresponding to the stages of the innovation process: creativity,
design/prototyping, production/operations, and marketing/business.

The setup is centered around the reconfigurable environment, which is designed for seamless integration and reconfiguring,
based on moveable workstations for mapping and working innovatively with materials, processes and supply chain.
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3.3.2 Impact of Smart Factory Labs

While specific concrete data may vary depending on the
industry, region, and the maturity of the Smart Factory
Labs, there have been numerous evidence of their

ECONOMIC IMPACT

positive economic, social, and environmental aspects
impact. Here are some potential impacts realized with
associated key performance indicators (KPIs).

TABLE 1: Economic, social, and environmental impact of Smart Factory Labs

Factor

Increased
productivity

KPI

Percentage increase in
production output per
unit of time.

Impact

Many Smart Factory Labs contribute to significant
improvements in production efficiency due to
streamlined processes, reduced downtime, and
optimized workflows.

Reduced production
costs

Percentage decrease in
production costs.

Automation, data-driven decision-making, and
predictive maintenance lead to cost savings in
labor, energy, and material consumption.

Faster time to market

Reduction in product
development and launch
timeline.

Smart Factory Labs enable quicker prototyping,
testing, and validation, leading to faster product
innovation and market entry.

Customization and
personalization

Percentage increase
in customized product
offerings.

Smart Factory Labs allow for more tailored
products, which can lead to higher margins and
customer satisfaction.

SOCIAL IMPACT

Skill development
and job creation

Number of skilled jobs
created or upskilled
workers.

Smart Factory Labs often require a skilled
workforce to operate and maintain advanced
equipment and provide training and upskilling
programs, thus creating opportunities for
upskilling and creation of new jobs.

Collaboration and
knowledge sharing

Number of collaborative
projects and partnerships
established.

Smart Factory Labs foster collaboration between
industries, academia, and research institutions,
leading to knowledge exchange and innovation.

ENVIRONMENTAL
IMPACT

Workplace safety Reduction in workplace Automation and robotics can take over hazardous

improvement accidents or incidents. tasks, reducing the risk of injuries to workers and
increasing industrial safety.

Energy efficiency Reduction in energy Smart manufacturing practices often include

consumption per unit of
production.

energy-efficient technologies and processes,
leading to decreased energy consumption and
contribute to environmental sustainability.

Waste reduction

Decrease in waste
generation or increase in
recycling rates.

Precise manufacturing processes and material
optimization can lead to reduced waste and better
resource utilization.

Lower carbon
footprint

Reduction in greenhouse
gas emissions.

Energy-efficient practices and reduced waste
contribute to a lower carbon footprint in
manufacturing operations.

Sustainable
materials usage

Percentage increase in
the use of sustainable
materials.

Smart Factory Labs can focus on using eco-friendly
and recycled materials, contributing to sustainable
production practices.
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3.3.3 Types of SMART FACTORY LABs

There are different types of Smart Factory Labs,
that could be fully automated, semi-automated or
collaborative. The purposes of Smart Factory Labs range

from production optimization to predictive maintenance,
quality control, and personalized manufacturing.

Smart Factory Labs can be classified into different types and business models based on their purpose and
operations. Usual classifications are:

© Vertical integration and Smart Factory Labs: focus on the complete control and ownership of all stages
of manufacturing process, from raw material procurement to the delivery of finished products. This
model allows for tighter control over quality, cost, and efficiency, as well as the ability to quickly respond
to market demands.

© Horizontal integration and Smart Factory Labs: focus on collaboration and connectivity of various
suppliers, partners, and customers into a cohesive network to streamline the flow of information,
materials, and services. This model aims to optimize the supply chain, enhance collaboration, and
increase agility in responding to market changes.

© Platform-based Smart Factory Labs: leverage digital platforms that serve as a central hub for
connecting different stakeholders in the manufacturing process. These platforms enable data sharing,
collaboration, and coordination among manufacturers, suppliers, customers, and even third-party service
providers. The platform facilitates seamless integration, data exchange, and value creation across the
manufacturing ecosystem.

O Service-oriented Smart Factory Labs: focus on delivering value-added services alongside traditional
manufacturing activities and the integration of service-based offerings, such as customization,
maintenance, and after-sales support, to enhance customer satisfaction and create additional revenue
streams. This model enables manufacturers to build long-term relationships with customers and extend
the product lifecycle.

© Data-driven Smart Factory Labs: prioritize the collection, analysis, and utilization of data throughout the
manufacturing process. They leverage technologies like 10T, Al, and analytics to gather real-time data
from machines, processes, and products. This data is then used to optimize operations, improve quality
control, predict maintenance needs, and enable data-based decision-making.

© Green Smart Factory Labs: focus on environmental sustainability by integrating eco-friendly practices
and technologies into the manufacturing process. They emphasize energy efficiency, waste reduction,
and resource optimization. Green smart factories may incorporate renewable energy sources, recycling
systems, and environmentally friendly materials to minimize their ecological footprint.

© Agile Smart Factory Labs: prioritize flexibility and responsiveness to changing market demands. They
employ modular and reconfigurable production systems that can quickly adapt to different product
variants and production volumes. Agile smart factories leverage technologies like robotics, automation,
and digital twin simulations to enable rapid reconfiguration, short production cycles, and efficient
customization.
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It is important to note that these classifications are
not mutually exclusive, and many smart factories may
incorporate multiple elements from different models. The

choice of the Smart Factory Lab model depends on the
specific objectives, industry requirements, and business
strategies of the manufacturers.

3.3.4 SMART FACTORY LABs business models

To ensure the sustainability and financial viability of the Smart Factory Lab, different business models can be adopted,

as follows:

Corporate
innovation lab

TABLE 2: Smart Factory Labs business models

Description

A Smart Factory Lab
established within a
larger manufacturing
company or
corporation.

Business model

The lab is funded by the parent company and collaborates with internal teams
to develop and implement smart manufacturing solutions. It aims to drive
innovation, improve operational efficiency, and develop new products or
services.

Government/
university research
lab

A research-oriented
lab affiliated with a
government agency or
university.

Funding is provided by the government or through research grants. The lab
conducts research, develops prototypes, and publishes academic papers. It
collaborates with industry partners to transfer technology and knowledge into
the manufacturing sector.

Startup incubator/
accelerator

A Smart Factory

Lab that supports
startups in the smart
manufacturing space.

The lab provides infrastructure, mentorship, funding, and networking
opportunities to early-stage smart manufacturing startups. In return, it may
take equity in the startups or charge a fee for its services. It aims to foster
entrepreneurship and accelerate the growth of innovative companies.

Service-based lab

A lab that offers
specialized services in
smart manufacturing.

The lab provides consulting, training, and implementation services to
manufacturing companies. It may assist in the design and implementation
of smart manufacturing systems, optimization of processes, and training of
personnel. Revenue is generated through service fees or retainer contracts.

Venture capital- A Smart Factory Lab The lab identifies promising smart manufacturing technologies and invests in
backed lab established and startups or projects with high growth potential. It provides financial support,
financed by a venture  expertise, and a network of connections to help the portfolio of companies
capital firm. succeed. The lab aims to generate returns on investments through exits such
as acquisitions or initial public offerings (IPOs).
Open A collaborative lab The lab facilitates collaboration between various stakeholders, including

innovation lab

that engages with
external stakeholders.

manufacturers, technology providers, academia, and government bodies. It
offers an open innovation model where participants share ideas, resources,
and expertise to co-develop smart manufacturing solutions. Funding

may come from a combination of participant contributions, grants, and
sponsorships.

These are just a few examples of the types and business
models for a Smart Factory Lab focusing on smart

the lab’s objectives, target audience, available resources,
and the prevailing ecosystem in the manufacturing

manufacturing. The specific model chosen will depend on industry.
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3.4 RELEVANCE OF A SMART FACTORY LAB FOR THE

AUTOMOTIVE SECTOR

Automotive industry is currently leading in adopting
digital technologies such as Al, machine learning, 3D
printing, virtual reality and robotics. Implementation

of these technologies in smart factories enable
manufacturers to optimize production processes, and

to customize vehicles and offer them at scale and with
efficiency, agility, and speed. They also increase visibility
of the production process, enabling to identify and
address issues quickly, resulting in improved safety

and quality, and customer satisfaction. Additionally,
smart factories can help manufacturers to cut costs by
optimizing energy usage and minimizing waste. Leaders
have a broad range of choices and opportunities with
respect to smart factory transformations, both in terms of
which technologies to use, and how to deploy them.

While the benefits of these technologies to automotive
industry are vast, the implementation does not come
without challenges. Companies also need to invest in

technology infrastructure, data security measures, and
upskilling of employees to fully leverage the potential of
digital technologies. They have to deal with a challenge of
the potential jobs’ displacement, as automation becomes
more prevalent. The automotive industry is also a global
industry and this implies the need to adapt to different
regulations and market preferences to be able to leverage
benefits from participation in automotive global value
chains. To compete in today’s present global setting of
accelerated technological progress manufacturers must
also constantly invest in technological learning and
innovation to be able to produce and deliver innovative
products faster, more reliably and more sustainably.

Establishing a Smart Factory Lab in the automotive sector
can help manufacturers to deal with these challenges
and to leverage opportunities to stay ahead of intensified
competition.
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3.441 Industrial drivers and needs
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A Smart Factory Lab specialized in automotive smart
manufacturing can address specific needs of the

industry and can leverage opportunities arising from the

Drivers

Automation and

accelerated technological progress, to drive innovation
and improve efficiency. Table 3 elaborates on some key
needs and opportunities for such a lab.

TABLE 3: Needs and opportunities of a Smart Factory Lab

Needs

The manufacturing industry

Opportunities

The lab can focus on developing advanced robotics systems,

Sustainable
manufacturing

The manufacturing industry

is increasingly focused on
sustainability, including reducing
energy consumption, waste

generation, and carbon emissions.

= The lab can research and develop sustainable manufacturing
practices and technologies. This can involve exploring
renewable energy sources, optimizing resource usage,
implementing circular economy principles, and developing
eco-friendly materials. The lab can also collaborate with
stakeholders to develop sustainable supply chain solutions and
support the adoption of electric vehicles and alternative energy
systems.

= These efforts can enhance the industry’s environmental
credentials, comply with regulatory requirements, and appeal to
environmentally conscious consumers.

Augmented reality
(AR) and virtual

AR and VR technologies offer
opportunities for enhanced

A Smart Factory Lab can develop immersive training modules,
AR-assisted maintenance systems, and VR-based design review

robotics can benefit from increased automated assembly lines, and intelligent material handling
automation and robotics to solutions. This can involve the integration of artificial intelligence
streamline production processes,  (Al), machine learning, and computer vision technologies to
enhance precision, and improve optimize manufacturing operations.
productivity.

Internet of Connected devices and loT The lab can explore 10T applications in the automotive

Things (loT) and
connectivity

technologies offer opportunities
to monitor and optimize
manufacturing processes, enhance
equipment maintenance, and
enable predictive analytics.

manufacturing context, such as implementing real-time
monitoring of machinery, enabling predictive maintenance, and
leveraging data analytics to optimize production efficiency. This
can involve developing sensor networks, connectivity platforms,
and data analytics algorithms.

Digital twin
technology

Digital twin technology allows for
virtual simulations of products,
processes, and factories, enabling
real-time monitoring, optimization,
and predictive maintenance.

The lab can develop and refine digital twin solutions tailored to
the manufacturing industry. This includes creating virtual models
of vehicles, production lines, and supply chain operations. By
utilizing data from physical assets, the lab can enable predictive

maintenance, optimize production processes, and facilitate virtual

prototyping for new product development.

reality (VR) training, maintenance, and design  platforms. These solutions can improve worker skills, reduce
visualization in the automotive training time, and facilitate more efficient collaboration and
manufacturing sector. decision-making processes.

Artificial Al and machine learning A Smart Factory Lab can focus on developing Al-driven solutions

intelligence (Al)
and machine
learning

algorithms have immense
potential in the automotive
sector, ranging from predictive
maintenance and quality
control to demand forecasting
and personalized customer
experiences.

for tasks like defect detection in manufacturing, predictive
analytics for maintenance scheduling, optimization of production
schedules, and intelligent supply chain management. These
innovations can improve resource utilization, minimize waste, and
enhance product quality.

Additive
manufacturing
(3D Printing)

Additive manufacturing offers
opportunities to enhance design
flexibility, reduce lead times, and
enable on-demand production of
spare parts.

The lab can focus on exploring and advancing additive
manufacturing techniques specific to automotive applications.
This involves researching new materials, improving print quality,
optimizing production parameters, and developing design
guidelines. The lab can also collaborate with industry partners to
implement 3D printing in areas such as prototyping, tooling, and
low-volume production.

Advanced data
analytics

The manufacturing industry
generates vast amounts of data
from production processes,
quality control, supply chain, and
customer feedback.

= The lab can leverage data analytics techniques to extract
valuable insights and drive continuous improvement. This
includes developing algorithms for predictive maintenance,
quality control, supply chain optimization, and demand
forecasting. The lab can also explore Al-driven applications
like anomaly detection, pattern recognition, and prescriptive
analytics to optimize automotive manufacturing operations.

= By leveraging this data, the lab can help automotive companies

optimize their operations, detect potential equipment failures
in advance, and reduce maintenance costs by implementing
predictive maintenance strategies.
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3.4.2 Socioeconomics, inclusiveness and sustainability drivers and needs

SMART FACTORY LAB specializing in the automotive sector to take part in society, and preserving environmental

has also the potential to address various social and sustainably. Some specific social and economic needs
economic needs such creation of jobs, securing workers and opportunities for such a lab are elaborated as
safety, ensuring accessibility and inclusion of women follows:

and other disadvantaged groups such as disabled people
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Job creation and workforce development: the manufacturing industry plays a crucial role in job
creation. A Smart Factory Lab, by developing and implementing smart manufacturing technologies and
processes can open opportunities for creation of new job roles which require specialized skills such as
in automation, data analytics, robotics, and additive manufacturing. The lab can also provide training
programs and initiatives to upskill or reskill the existing workforce, ensuring that they are equipped with
the necessary competencies to thrive in the evolving manufacturing landscape.

Improved worker safety and well-being: smart manufacturing technologies can enhance worker safety
and well-being on the shop floor. A Smart Factory Lab can focus on developing and implementing
advanced safety systems, such as collaborative robots, wearable devices, and real-time monitoring
solutions. By prioritizing worker safety, the lab can contribute to a healthier and more productive work
environment, reducing the number of workplace accidents and promoting employee well-being.

Sustainable manufacturing practices: there is growing awareness and demand for sustainable practices
in the automotive industry. A Smart Factory Lab can address this need by developing and promoting
sustainable manufacturing processes and technologies. This includes initiatives to reduce energy
consumption, minimize waste and emissions, and optimize resource utilization. By implementing
sustainable practices, the lab can contribute to environmental conservation, support the transition to a
low-carbon economy, and enhance the industry’s social responsibility.

Supporting regional development and innovation ecosystem building: a Smart Factory Lab specializing in
smart manufacturing can support regional development by contributing to regional innovation ecosystem
building. By collaborating with local manufacturers, suppliers, and educational institutions, the lab can
encourage the adoption of smart manufacturing technologies within the region. This can lead to the
growth of local businesses, job creation, and increased economic activity. Additionally, by supporting
local supply chains and reducing dependency on imports, the lab can contribute to regional economic
resilience.

Enhanced product quality and safety: smart manufacturing technologies can enable industry
manufacturers to enhance the quality and safety of their products. A Smart Factory Lab can develop and
implement quality control systems, data analytics tools, and predictive maintenance solutions that help
identify and prevent product defects. By ensuring higher product quality and safety standards, the lab
can enhance consumer confidence, protect consumer rights, and contribute to the overall improvement
of the automotive industry’s reputation.
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Collaboration and knowledge sharing: a Smart Factory Lab can serve as a hub for collaboration and
knowledge sharing within the automotive industry. By facilitating partnerships between manufacturers,
suppliers, research institutions, and other stakeholders, the lab can promote open innovation and the
exchange of ideas and best practices. This collaborative approach can foster a culture of continuous
learning and improvement, leading to industry-wide advancements in smart manufacturing.

Accessibility, inclusiveness and gender diversity: the manufacturing industry can benefit from
innovations that promote accessibility and inclusion. A Smart Factory Lab can focus on developing
smart manufacturing solutions that facilitate the production of accessible vehicles for individuals with
disabilities. This may include the integration of assistive technologies, ergonomic design improvements,
and customized vehicle modifications. By promoting accessibility and inclusion, the lab can contribute to
social equity and enable individuals with disabilities to participate more fully in society.

Women empowerment: a Smart Factory Lab can encourage participation of women in all role within the
innovation lab, from engineers and researchers to managers and leaders. Therefore, it is important to
create an inclusive environment that values diverse perspectives and experiences, leading to more well-
rounded solutions.

Environmental sustainability: from an environmental point of view, a lab can have a positive impact

on energy efficiency, waste management, sustainable materials, and green initiative. This can be
achieved by designing the lab with energy-efficient technologies, equipment, and lighting systems,
incorporating renewable energy sources such as solar panels to reduce the lab’s carbon footprint and
energy consumption; implementing effective waste management practices within the lab and prioritizing
recycling, reuse, and proper disposal of materials to minimize waste generation and thus contributing to
circular economy.
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Assessment and
identification of
location and hosting
premises for the

Smart Factory Lab

The location of a Smart Factory Lab has

a significant impact on its efficiency,
productivity, and profitability, hence
identifying a suitable location for a Smart
Factory Lab in the automotive sector is
crucial.
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4.1 WHY IS LOCATION IMPORTANT AND WHAT ARE THE
FACTORS OR CRITERIA TO CONSIDER?

Assessing and identifying the location and hosting
premises for the Smart Factory Lab is a critical step in the
establishment process.

The location of a Smart Factory Lab can have a significant
impact on its efficiency, productivity, and profitability,
hence identifying a suitable location for a Smart Factory
Lab in the automotive sector is crucial. This involves
considering several factors such as proximity to suppliers
and customers, availability of hosting premises, skilled
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labor, access to transportation infrastructure, presence of
industrial clusters and regional innovation ecosystems,
entrepreneurship ecosystem or regional Industry 4.0
ecosystem, and government policy and regulatory
framework in the context of ecosystem building, and
proximity to markets, cost of living, customers and
partners. The Smart Factory Lab is therefore, by its
mission, strongly dependent on the ecosystem to which it
is attached.
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Factors to be considered when assessing and identifying a location and hosting premises for Smart Factory
Lab are elaborated in more detail below:

© Proximity to industry hub: choose a location close to an automotive industry hub or cluster. This
proximity facilitates collaboration, access to suppliers and manufacturers, and knowledge sharing
opportunities. Being located near industry players can also attract potential partners, customers, and
investors.

© Access to talent pool: consider a location with access to local talent pool in areas such as engineering,
robotics, data analytics, and manufacturing. Look for regions with strong academic institutions or
technical schools that offer relevant programs. Proximity to universities can facilitate collaborations and
access to fresh graduates and research expertise.

© Infrastructure and connectivity: assess the availability, accessibility and quality of infrastructure,
including reliable power supply, high-speed internet connectivity, and transportation networks. Access to
transportation hubs such as airports and major highways is essential for ease of travel and logistics.

© Innovation ecosystem: evaluate the presence of an existing innovation and entrepreneurship ecosystem
in the region, local government initiatives to build regional Industry 4.0 ecosystem. Look for locations
with a vibrant startup scene, incubators, accelerators, and coworking spaces. Such an ecosystem fosters
collaboration, access to mentors and investors, and a supportive entrepreneurial environment.

© Policy and regulatory support and incentive packages: analyze the government support and incentives
offered in potential locations. Some regions provide grants, tax incentives and other forms of financial
support for innovation Labs and research and development activities. These incentives can significantly
reduce operational costs and attract investment. Analyze also intellectual property protection
frameworks: strong intellectual property rights measures can create obstacles for innovation. Assess the
regulatory measures for ensuring cybersecurity and data protection measures and in the chosen location.
Ensure that the lab’s sensitive information, research, and intellectual property will be adequately
safeguarded.

© Cost of living and doing business environment: consider the cost of living and doing business in the
chosen location. Evaluate factors such as real estate costs, taxation, regulatory environment, and the
overall cost of doing business. A business environment providing favourable cost of living and doing
business can contribute to the long-term sustainability of the Lab.

© Market access: assess the proximity to target markets and customers. If the lab aims to serve specific
regions or automotive manufacturers, consider being close to those markets to facilitate engagement,
customer visits, and market understanding.

© Physical space requirements: identify the specific physical space requirements for the lab. Consider
factors such as size, layout, infrastructure needs (such as equipment, testing facilities and prototype
workshops), and flexibility for future expansion.

© Environmental considerations: consider the environmental impact and sustainability practices of the
potential location. Look for areas that align with the lab’s values and prioritize sustainable initiatives,
such as renewable energy availability or recycling programs.
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4.2 HOSTING LOCATION OPTIONS: BENEFITS,

DRAWBACKS AND SUITABILITY

There are several types of hosting premises that can

be considered for a Smart Factory Lab. Once a suitable
location has been identified, the next step is to determine
the type of hosting premises including greenfield sites,
brownfield sites, existing buildings, and leased facilities.

Each option has its own benefits and drawbacks,
depending on factors such as cost, time to market,
customization requirements, and environmental impact.
For instance, a greenfield site may offer greater flexibility
in terms of layout and design, but it may require
significant investment in infrastructure development.

On the other hand, an existing building may offer lower
upfront costs and faster time to market, but it may not
meet the specific needs of the Smart Factory Lab.

The suitability of each type depends on the specific
needs and objectives of the lab (including co-working
places, Incubators and accelerators, research hub and
virtual hub). The suitable hosting type is a dedicated
facility which assumes establishing a standalone facility
solely dedicated to the Smart Factory Lab and which
permits for complete control over the design, layout, and
functionality of the space. This option offers flexibility in

customizing the premises to suit specific requirements
and allows for the creation of a unique environment
conducive to innovation.

It is critical to analyze if the facility can accommodate
the required manufacturing equipment, and advanced
technologies used in smart factory, such as sensors,
automation systems and data analytics tools, as well as
testing areas.

Another important factor to be considered is the
potential of location and the space for future growth of
project. In this connection, it is important to consider if
preferable location and space can be expanded in the
future to accommodate new technology and machinery if
project further evolves.

Finally, the selection of a location and hosting premises
for the innovation lab should align with the lab’s
strategic goals, target audience, and specific operational
requirements. A comprehensive assessment of these
factors will help identify the optimal location to maximize
the lab’s potential for success.

TABLE 4: Different locational options for Smart Factory Lab

Hosting option Benefit

Drawbacks Suitability
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Co-working or
innovation hubs

Shared resources, networking
opportunities with diverse
startups and companies, access
to specialized facilities, potential
cost savings, and a business
environment conducive to cross-
industry collaboration.

Limited control over Lab design,

potential distractions due to shared

spaces, and less customization
options.

Suitable for startups or
smaller organizations looking
for cost-effective solutions,
collaboration, and access to
a supportive ecosystem.

Research
institutions or
universities

Access to cutting-edge research
facilities, collaboration with
academic experts, potential

for joint research projects, and
exposure to emerging talent.

Limited control over lab operations,

intellectual property regulations,
and potential for slower decision-
making processes due to need to
follow academic administrative
procedures.

Suitable when the Lab’s
focus aligns with academic
research interests,

and collaboration with
researchers is a priority.

Technology parcs
or industrial zones

Proximity to related industries
and businesses, potential for
collaboration and partnerships,
supportive regulatory
environments, and access to
shared resources.

Potential competition with other
labs in the same area, limited
customization of facilities, and
potentially higher costs in prime
locations.

Suitable when the lab aims
to be part of an industrial
cluster or innovation
ecosystem seeking industry
collaboration, and benefits
from an established
ecosystem.

Virtual or
cloud-based Labs

Minimal physical infrastructure
needed, access to cloud-
based resources, scalability,
and potential for remote
collaboration with global
partners.

Limited ability to conduct physical
experiments, potential security and
data privacy concerns, and reliance
on stable internet connectivity.

Suitable for collaborative
projects involving partners
in remote locations, digital
simulations, and research-
oriented activities.

4.3 CONCLUSION ON SITE EVALUATION, ASSESSMENT
PROCESS AND SELECTION PROCESS

On-site within an
existing facility

Utilizes existing infrastructure,
minimal additional construction
or setup costs, easy coordination
with existing teams, and
established company culture.

Limited space may hinder
expansion, potential disruptions
to ongoing operations, and less
flexibility in lab design.

Suitable when space

is available within the
company’s current premises
and immediate setup is
preferred.

Off-site leased Flexibility in choosing location,

facility dedicated space for the lab’s
operations, potential access to a
skilled workforce in the vicinity,
and opportunity for a custom-
designed lab.

Initial setup costs for leasing

and facility setup, potential for
distance-related coordination
challenges, and limited alignment

with the existing company culture.

Suitable when the company
wants full control over the
lab’s layout, resources, and
has the budget for leasing
and setup.
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The assessment process for identifying the location

and hosting premises for a Smart Factory Lab

typically involves several steps including conducting

a prefeasibility and feasibility study, developing a

site selection strategy (including infrastructure and
communication, reliable power supply, provision of
logistics services and regulatory), evaluating potential
locations and premises and negotiating lease or purchase
agreements.

Each step requires careful planning, analysis, and
collaboration between various stakeholders, including
executives, engineers, architects, and legal advisors.
Moreover, it also involves conducting due diligence

to verify the accuracy of information provided by site
owners and stakeholders.
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Prefeasibility of the
Smart Factory Lab

Before implementing a Smart Factory Lab,
it is essential to conduct a pre-feasibility
study to determine its viability. This

study involves analyzing various factors
such as business plan, market analysis,
technical and economic and environmental
assessment, and risk analysis.

PAGE 50

Prefeasibility of the Smart Factory Lab | Chapter5

PAGL 51



Guidelines for the establishment of a Smart Factory Lab - Building on the lessons learned from the automotive sector

51

KEY ELEMENTS OF A PREFEASIBILITY STUDY

A prefeasibility study for the implementation of a Smart scale feasibility study. We consider three main aspects,
Factory Lab involves assessing the viability and potential namely business, socio-economic and construction
success of the lab project before proceeding to a full- perspectives.

5441

Prefeasibility on business development aspects

The business plan is a critical component of the pre-

a detailed analysis of the potential target market,

feasibility study as it outlines the goals, objectives, and production capacity, financial projections, stakeholder

the expected financial performance. A well-crafted

analysis, regulatory framework, skills availability, and risk

business plan can help secure funding, attract investors, assessment, as elaborated in more detail below:
and ensure the success of the LAB project. It includes
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Market analysis: the market analysis examines and provides insights into the current market trends,
demand, and competition. It involves analysing customer needs, preferences, and behaviour, as well

as identifying potential, growth prospects, and potential demand for the LAB’s services and technology
solutions as well as competitors and their strategies. A thorough market analysis can help identify
opportunities and develop effective marketing strategies. This analysis should also cover the market size
and share and growth rate.

Technical assessment: the technical assessment involves evaluating the suitability of the proposed
location and hosting premises for the advanced technologies used in smart factories. It also includes
an assessment of the manufacturing processes, equipment and technology requirements, energy
consumption, waste management, regulatory compliance and the human resources required.

Financial analysis: conduct a preliminary financial analysis to assess the financial feasibility of the

lab project. Estimate the initial investment costs, including facility setup, equipment acquisition, and
operational expenses. Consider the potential revenue streams, pricing models, and projected financial
performance based on market analysis and industry benchmarks.

Stakeholder analysis: identify key stakeholders and assess their level of interest, support, and influence
in the implementation of the LAB. Consider the perspectives of industry partners, potential customers,
government entities, research institutions, and local communities. Engage stakeholders and assess their
willingness to collaborate or provide support for the lab project.

Legal and regulatory considerations: identify and assess relevant legal and regulatory requirements
for setting up and operating the LAB. Evaluate intellectual property rights, data privacy and security
regulations, health and safety standards, environmental regulations, and any permits or licenses
required. Ensure compliance with applicable laws and regulations.
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© Human resources and skills assessment: evaluate the availability of skilled human resources required
for the lab project. Identify the necessary expertise in areas such as smart manufacturing technologies,
automation, data analytics, and robotics. Assess the local talent pool, potential recruitment challenges,
and the need for training or skill development programs.

© Risk assessment: identifies potential risks associated with establishing a Smart Factory Lab, such as
cybersecurity threats and workforce training requirements and develops strategies to mitigate them.
It also involves analysing several factors such as financial, operational, legal, demand, technological
uncertainties, regulatory compliance, intellectual property protection, and resource availability, and
environmental risks.

54.2 Prefeasibility on socio-economic aspects

Considering socio-economic aspects in the prefeasibility ensures that the LAB's implementation aligns with social
study is important for gaining insights on the broader and economic development goals and contributes to the
Lab’s impact on the inclusive and sustainable industrial broader 4IR/Industry 4.0 ecosystem building. Following

and economic development. This assessment also elements need to be evaluated, as follows:

© Job creation and skills Development: evaluate the potential of LAB to create new jobs. Assess the direct
employment opportunities in the LAB itself and the potential for job creation in supporting industries.
Consider the types of skills and expertise that will be required and what skill development programs are
needed to enhance the local talent pool.

© Economic impact: analyze the economic impact of the LAB on the local and regional economy. Consider
the potential new business development, attraction of investment and export of products or services.
Estimate potential contribution to the gross domestic product (GDP) if the project is expected to be
replicated throughout the country.

© Collaboration with local businesses: evaluate opportunities for collaboration between the LAB and local
businesses, particularly SMEs. Identify ways in which the LAB can support the growth and development of
local businesses, such as through partnerships, technology transfer, or supplier development programs.
Assess the potential for knowledge spillover and the promotion of local entrepreneurship in the context
of entrepreneurship and innovation ecosystem building.

© Community engagement and social inclusion: consider the social impact of the innovation lab on the
local community. Assess the potential for community engagement programs, such as outreach initiatives,
educational partnerships, or public awareness campaigns. Identify ways in which the lab can promote
social inclusion, diversity, and equitable access to opportunities within the innovation ecosystem
building.
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54.3 Prefeasibility for construction aspects

© Environmental sustainability: evaluate the potential environmental impact of the innovation LAB and
its operations. Consider the LAB's commitment to sustainability, energy efficiency, waste management,
and the use of renewable resources. Assess the potential for pursuing eco-friendly manufacturing

The prefeasibility study also includes construction requirements, safety standards, and long-term goals of
elements that need to be aligned with the technical the project:
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practices, use of green technologies, and obtaining environmental certifications to align with sustainable
development goals (SDGs).

Regional development and collaboration: assess the potential for regional development and
collaboration through the establishment of the innovation lab. Consider the lab’s role in supporting
regional clusters or innovation ecosystems. Identify opportunities for collaboration with regional
stakeholders, research institutions, and government entities to foster knowledge sharing, technology
transfer, and regional economic growth.

Stakeholder engagement and partnerships: identify key stakeholders, including local government,
industry associations, community organizations, and educational institutions. Assess their interest,
support, and potential for collaboration in the implementation of the LAB. Engage stakeholders through
consultations, workshops, or partnerships to ensure their involvement and alignment with the lab’s
objectives.

Long-term sustainability: evaluate the long-term sustainability of the LAB beyond the initial
implementation phase. Consider factors such as funding models, revenue generation strategies, and
potential for scaling up the lab’s operations. Assess the lab’s potential for attracting investment, securing
partnerships, and achieving financial self-sufficiency in the long run.

Facility requirements: evaluate the facility requirements for the LAB, including the size, layout, and
functionality of the space. Consider factors such as the number of workstations, testing areas, specialized
equipment requirements, storage spaces, and collaborative spaces. Assess whether the existing infrastructure
meets these requirements and if renovations or construction will be necessary.

Infrastructure assessment: evaluate the existing infrastructure of the site or building where the LAB will

be located. Assess the availability of utilities such as electricity, water, HVAC (heating, ventilation, and air
conditioning), and telecommunications. Consider whether any upgrades or modifications to the infrastructure
are needed to support the LAB’s operations and technological requirements.

Industrial safety considerations: ensure that the construction plans, and design adhere to health and safety
regulations and standards. Consider aspects such as fire safety, emergency exits, accessibility, ventilation,
and compliance with building codes. Conduct a risk assessment to identify potential hazards and develop
mitigation measures to ensure a safe working environment for lab personnel.

Equipment and technology integration: evaluate the requirements for specialized equipment, machinery, and
technologies that will be used within the LAB. Consider the infrastructure necessary to support these systems,
such as power supply, data connectivity, and integration with other lab equipment or systems. Ensure that the
construction plans allow for the proper installation and integration of the required equipment.

Layout and workflow: assess the optimal LAB layout and workflow to ensure efficient operations and
collaboration among lab personnel. Consider factors such as the proximity of workstations, designated
areas for specific tasks, and the flow of materials and information within the LAB. Plan the construction or
renovation to accommodate the desired LAB layout and workflow.

Environmental considerations: integrate environmentally sustainable practices into the construction plans.
Consider energy-efficient lighting, use of eco-friendly materials, waste management systems, and the
potential for renewable energy sources. Ensure compliance with environmental regulations and obtaining
certifications that align with sustainability goals.

Cyber security and data protection: incorporate security measures to protect the LAB's assets, intellectual
property, and data. Evaluate the need for access control systems, surveillance cameras, cybersecurity
measures, and secure storage areas. Implement physical and digital security measures to safeguard sensitive
information and protect the lab’s operations.

Construction management: develop a construction management plan to oversee the implementation of the
construction or renovation project. Identify roles and responsibilities, select contractors or construction firms
with relevant experience, and establish effective communication channels. Ensure proper coordination and
supervision to ensure the project stays on track and within budget.

Sustainability and future expansion: Consider the long-term sustainability and potential for future expansion
of the LAB. Evaluate whether the construction plans, and design allow for scalability and future modifications.
Assess the potential for additional space requirements, infrastructure upgrades, or technology advancements
that may be necessary as the LAB grows and evolves.
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5.2 PRELIMINARY COST ESTIMATES AND TIMELINE SCENARIOS

5.21 Cost estimates

After conducting a pre-feasibility study, it is essential required, ongoing operational costs, and expected return

to develop preliminary cost estimates and timeline on investment, as follows:
scenarios. This involves estimating the initial investment

INFRASTRUCTURE COSTS

Land acquisition: costs that are associated with purchasing or leasing land for the factory site.
Fﬁ Building construction: costs for the factory facility, including design, permits, materials, and labour.

Utilities and services: expenses for setting up water, electricity, heating, cooling, and other utility
systems.

Site preparation: costs for site levelling, landscaping, access roads, parking areas, and other site-
related works.

TECHNOLOGY, EQUIPMENT AND MACHINERY COSTS

Automation systems: costs for implementing advanced automation systems, robotics, and
E programmable logic controllers (PLCs).
(©)

ZD Sensors and loT devices: expenses for installing sensors and 10T devices for real-time monitoring
and data collection.

Data analytics tools: costs associated with implementing data analytics platforms, software, and
data visualization tools.

Communication infrastructure: expenses for establishing a robust network infrastructure, including
wired and wireless connectivity.

Software systems: costs for implementing enterprise resource planning (ERP), manufacturing
execution systems (MES), and other software solutions for efficient operations.

Manufacturing equipment: expenses for purchasing or leasing machinery and equipment specific
to the manufacturing processes, such as assembly lines, welding robots, CNC machines, etc.

Quality control and testing equipment: costs for equipment for quality inspection, testing, and
measurement throughout the production process.

Maintenance and diagnostic tools: expenses for used for equipment maintenance, troubleshooting,
and repairs.

PAGE 56

Prefeasibility of the Smart Factory Lab | Chapter5

WORKFORCE AND TRAINING COSTS

= Hiring and training costs associated with recruiting skilled personnel (salaries, benefits, etc.), such
as engineers, technicians, operators, and managers.

= Training programs expenses for developing and conducting training programs to familiarize
employees with smart factory technologies, processes, and best practices.

OPERATIONAL COSTS

= Assess ongoing operational costs, including utilities, maintenance, consumables, software licenses,
security measures, insurance, and administrative expenses. Consider the scale and complexity of
the lab’s operations to estimate these costs accurately.

Research and development expenses for research and development activities within the LAB. This
includes costs associated with prototyping, testing, materials, collaborations, and intellectual
property protection.

Marketing and promotion expenses including the costs of marketing and promoting the LAB's
services and capabilities to potential clients and partners. This includes website development,
branding, promotional materials, trade show participation, and marketing campaigns.
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Considering the above factors, a rough estimate of the 1.5 million to EUR 3 million for the initial setup and first
minimum budget needed for implementing Smart Factory year of operation, as specified in Table 5 below.

Lab in the automotive sector could be in the range of EUR

TABLE 5: Estimated minimum budget for initial set up of a Smart Factory Lab

Category Topic Amount Description
Lab space: leasing or building €500,000 to €1 million Leasing or building a facility suitable for
an innovation lab depending on location
INFRASTRUCTURE and size.
AND FACILITIES Lab space: renovating and €200,000 to €500,000 Renovating the space to accommodate
setup lab equipment, workstations, and safety
measures.
Smart manufacturing tools €300,000 to €500,000 Acquiring essential technologies such as
EQUIPMENT AND g ’ ' Iqu:Ie\I/icges senslors automa%ilon sustems
TECHNOLOGIES 7 SENSOrs, ystems,
and data analytics tools.
Staff salaries €400,000 to €800,000 Hiring a small team of engineers, data
per year analysts, technicians, and project
WORKFORCE AND managers.
TRAINING
Training €50,000 to €100,000 Training programs, workshops, and skill
development.
RESEARCH AND Research initiatives €100,000 to €200,000 Funding pilot projects, research
DEVELOPMENT collaborations, and technology testing.
MARKETING AND Marketing and promotion €50,000 to €100,000 Promoting the lab and attracting industry
PROMOTION partnerships.
MISCELLANEOUS Operations €100,000 or more per Permits, licenses, insurance, utilities, and
COSTS year other operational expenses.

This estimate covers essential expenses and may not
include additional costs for advanced technologies,

circumstances. Careful financial planning, securing
sponsorships or grants, and optimizing resource

expansion, or unforeseen circumstances. This estimate allocation are crucial for successfully implementing the

is a starting point and may vary based on specific

5.2.2 Timeline estimate

lab within the budget constraints.

The timeline for establishing a Smart Factory Lab
can vary depending on the complexity of the project,

and commissioning processes. The timeline may also
be influenced by factors such as regulatory approvals,

Design and planning phase
(6-12 months)

= Engage with architects and engineers to design the factory

layout, taking into account process flows, material handling,

and automation integration.
= Develop detailed specifications for infrastructure, utilities,
and technology systems.

" Collaborate with equipment vendors and technology
providers to select suitable solutions.

= Prepare cost estimates and project schedules.

= Obtain necessary permits and regulatory approval.

Equipment installation and
integration phase
(6-12 months)

= Procure and install manufacturing equipment, machinery,
and automation systems.

= Integrate the automation systems, robotics, and
programmable logic controllers (PLCs) with the
manufacturing processes.

= Conduct testing and commissioning of the equipment to
ensure proper functioning and optimization.

= Develop and implement quality control and testing
processes.

Workforce training and skill
development phase (continuous)

= Provide training programs for employees to enhance
their knowledge and skills related to smart factory
technologies, automation systems, data analytics, and
lean manufacturing principles.

= Continuously assess and update training programs to

keep pace with technological advancements and changing
industry requirements.
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: Pre-planning phase
: (3-6 months)

: = Conduct a feasibility study to assess the viability of the

Smart Factory Lab project.

"' = Define the project scope, objectives, and requirements.
= Identify key stakeholders and establish project teams.
: = Conduct market research and technology assessments.

= Secure funding and develop a business plan

: Construction and infrastructure setup phase
: (9-18 months)

= Begin construction of the factory facility, including the building

structure, utilities, and site preparation.

: = |Install and set up the required infrastructure, such as

electricity, water, HVAC systems, and communication networks.

: = Develop the necessary control rooms, server rooms, and other

specialized areas.

. = Ensure compliance with industrial safety and environmental

regulations.

. Data infrastructure and software
: implementation phase
: (3-9 months)

= Establish the necessary data infrastructure, including data

acquisition systems, sensors, and loT devices.

* Implement data analytics platforms, software solutions, and

enterprise resource planning (ERP) systems.

* Develop interfaces and connectivity between different

systems to enable seamless data flow.

= Conduct training programs to familiarize employees with the

software systems and data analytics tools.

available resources, and the readiness of infrastructure. permits, and coordination with suppliers and contractors.
Generally, it can take several months to a few years to In this regard, six steps are important to consider:
complete the construction, installation of equipment,
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Designing the
Smart Factory Lab

It is important to consider the specific
requirements of the LAB, the integration
of smart manufacturing technologies, and
the need for a flexible and collaborative
workspace to foster innovation and
productivity.
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6.1 OVERVIEW OF THE DESIGN PROCESS

The design process is iterative, involving feedback and
collaboration among stakeholders, architects, engineers,
and designers. It is important to consider the specific
requirements of the LAB, the integration of smart

and collaborative workspace to foster innovation and
productivity. The design process typically involves three
key stages: conceptual design, preliminary design, and
detailed design. An overview of each stage is provided in

manufacturing technologies, and the need for a flexible Table 6.

CONCEPTUAL
DESIGN STAGE

TABLE 6: Design process stages

The conceptual design stage is the initial phase where the overall vision and objectives of the innovation
lab are defined. Key activities include:

= Needs assessment: identify the specific needs and requirements of the LAB, considering factors such
as target industries, smart manufacturing technologies, and desired outcomes.

= Ideation and brainstorming: generate creative ideas and concepts for the lab’s layout, functionality,
and features. Explore different design possibilities and innovative approaches to support smart
manufacturing activities.

Functional analysis: define the primary functions and activities that will take place within the
lab. Determine the necessary spaces and areas required for different activities, such as research,
prototyping, testing, collaboration, and administrative functions.

= Spatial planning: develop a high-level spatial plan that outlines the overall layout and flow of the
lab. Consider the interconnectivity of different areas, proximity of workstations, and the need for
collaborative spaces and shared facilities.

= Technological integration: identify the key smart manufacturing technologies and equipment that
will be utilized within the lab. Determine their spatial requirements and integration with the lab’s
infrastructure.
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DETAILED
DESIGN STAGE

The detailed design stage is where the actual design of the Smart Factory Lab is created. It includes
layout, production processes, material flow, and automation systems. This section also covers

the integration of digital technologies such as |oT, Al, and Big Data. In the detailed design stage,
the preliminary design is further developed into comprehensive and detailed plans ready for
implementation. Key activities include:

Technical specifications: prepare detailed technical specifications for equipment, technology, and
infrastructure. Specify requirements for performance, capacity, connectivity, and any other technical
considerations.

Construction drawings: develop detailed architectural, structural, and MEP (mechanical, electrical,
plumbing) drawings that provide precise instructions for construction or renovation. This includes floor
plans, elevation drawings, sections, and construction details.

Material specifications: specify the materials, finishes, and fixtures to be used in construction or
renovation. Consider factors such as durability, sustainability, and suitability for the lab’s requirements.

Cost estimation: prepare a comprehensive cost estimate based on the detailed design plans. This
includes material costs, construction costs, equipment costs, and any other expenses associated with
the implementation of the lab.

Permitting and approvals: ensure that the detailed design plans comply with local building codes and
regulations. Obtain necessary permits and approvals from relevant authorities.

PRELIMINARY
DESIGN STAGE

The preliminary design stage takes the conceptual design and refines it further by defining specific
requirements, evaluating alternative design approaches, and developing a detailed plan for
implementation.

This stage involves more detailed planning and decision-making. Key activities include:

= Space allocation: determine the specific allocation of spaces for different functions within the
lab. Consider factors such as the number of workstations, testing areas, specialized equipment
requirements, storage spaces, and collaborative spaces.

= Equipment and technology selection: identify and select the specific equipment, machinery, and smart
manufacturing technologies that will be used within the lab. Consider factors such as their technical
specifications, compatibility, performance, and integration with other systems.

Architectural and interior design: develop the architectural design of the lab, including structural
considerations, building materials, interior finishes, and aesthetics. Ensure that the design aligns with
the lab’s functional requirements and the desired environment for innovation and collaboration.

= Infrastructure planning: determine the necessary infrastructure requirements to support the lab’s
operations. This includes electrical systems, data connectivity, HVAC systems, and any specialized
infrastructure needed to accommodate smart manufacturing technologies.

= Safety and regulatory compliance: incorporate industrial safety measures and ensure compliance with
relevant regulations and standards. Consider fire safety, emergency exits, accessibility, ventilation, and
other safety considerations such as safety signs installations.
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6.2 KEY COMPONENTS AND CONSIDERATIONS FORA

SMART FACTORY LAB DESIGN

6.21 General considerations

Smart manufacturing, as a foundation for a smart factory,
combines generally two engineering processes, namely
the product engineering and the production engineering,
as shown in the figure 5 below. The networking of

FIGURE 5: Key process and value streams in the vehicle creation process

both processes in the context of Industry 4.0 requires
corresponding technologies and equipment. These two
engineering processes are also the foundation for a
Smart Factory Lab.
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To accommodate these processes in the space, various design of the Lab and the context of the automotive
elements need to be considered and included in the

industry, as elaborated below.

MODULAR AND FLEXIBLE LAYOUT (FIGURE 6)

= Zoning: divide the lab into different zones based on the specific functions and activities to
be carried out. This may include areas for research and development, prototyping, testing,
assembly, quality control, and storage.

= Design the lab layout to accommodate flexible production lines that can be easily reconfigured
to adapt to changing production needs. Incorporate modular workstations, adjustable conveyor
systems, and flexible assembly cells that can be quickly reconfigured or expanded as required.

= Create flexible production zones that can accommodate different manufacturing processes,
such as assembly, testing, packaging, and customization. These zones should be easily
adaptable to accommodate varying product types and production volumes.

= Space allocation: allocate sufficient space for each activity and ensure that equipment,
workstations, and storage areas are properly organized to maximize productivity and safety.

= Clear pathways: ensure clear and unobstructed pathways for the movement of personnel,
equipment, and materials. Incorporate ergonomic considerations to prevent physical strain and
improve worker comfort.

JUST-IN-TIME MANUFACTURING / MATERIAL FLOW

= Implement a just-in-time (JIT) manufacturing approach, where materials and components
are delivered to the production line exactly when they are needed. Design the material flow
and production layout to support the JIT concept, minimizing inventory levels and optimizing
production flow. Minimize unnecessary movement and create a logical sequence of activities to
improve efficiency and reduce bottlenecks.

= Material handling systems: design an efficient material handling system to facilitate the
movement of raw materials, components, and finished products. This may include conveyors,
automated guided vehicles (AGVs), robotics, and other automated systems.

= Storage solutions: implement appropriate storage solutions, such as racks, bins, and shelves,
to organize and manage materials effectively. Consider factors such as accessibility, inventory
control, and the specific requirements of different types of materials.

= Integrate supply chain management systems that enable real-time visibility into material
availability, delivery schedules, and production status. This allows for efficient coordination
with suppliers and ensures timely material delivery.
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FIGURE 6: Example of a modular-based and flexible manufacturing cell

AUTOMATION SYSTEMS

3_ i&l : | I = Robotics and automation: identify opportunities for robotics and automation systems to
: ’ enhance production processes. This may include the use of robotic arms for assembly tasks,
automated inspection systems, or autonomous vehicles for material transportation.

= Human-machine collaboration: design the lab to facilitate collaboration between humans and
machines. Consider ergonomic workstations, intuitive human-machine interfaces, and training
programs to ensure effective interaction and cooperation.

QUALITY CONTROL SYSTEMS

:-. @ I = Allocate dedicated spaces for quality control activities within the lab. Include inspection
: ’ stations, testing equipment, and quality assurance processes to monitor and maintain the
desired level of product quality.

= Integrate automated inspection systems, such as machine vision cameras or sensors, to detect
defects or anomalies in real-time during the production process.

= Implement statistical process control (SPC) techniques and data analytics tools to monitor
process variations, identify quality trends, and enable proactive quality management.

= Develop a comprehensive quality management system that includes standardized operating
procedures, quality checkpoints, and continuous improvement practices.

INTEGRATION OF SMART MANUFACTURING TECHNOLOGIES

= Incorporate advanced manufacturing technologies, such as robotics, automation systems, and 6.2.2 Sustainability - Green Factory
k. 4 IoT devices, to enable flexible production lines and enhance efficiency.

= Implement human-machine interfaces that provide operators with real-time production

. . . . . . . . . Smart factories should operate considering sustainable Hence, it is important to consider sustainability factors
information, quality alerts, and instructions for efficient decision-making and problem-solving. . . . A j . S . .
industrial practices, such as industrial energy efficiency, to minimize environmental impact and promote long-
waste and water management, selection of sustainable term sustainability. Here are key sustainability factors to
materials, circular economy, and life cycle assessment. consider:

SAFETY AND ERGONOMICS

= Ensure that the lab design prioritizes safety measures and ergonomic considerations.
Incorporate safety protocols, equipment guarding, and proper lighting to minimize workplace
hazards.

O Energy efficiency and effectiveness: design the lab facilities with energy efficiency in mind. Implement
energy-saving technologies, such as LED lighting, motion sensors, and smart HVAC systems. Use energy-
efficient equipment and machinery that consume less power during operation. Monitor and optimize energy
consumption through data analytics and smart controls. It is not enough to purchase green electricity, it is
also important to make energy consumption transparent, preferably broken down to the production line. This
can then be used to determine potential savings.

@

= Design workstations and assembly cells with ergonomics in mind to reduce physical strain on
workers and improve productivity.
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Renewable energy integration: explore the use of renewable energy sources to power the lab facilities.
Install solar panels, wind turbines, or other renewable energy systems to generate clean energy onsite.

of machinery, sensors, and other devices that exist on
the shop floor is just as important to consider. After all,
the key for success is to connect and make it all work
together. Even within the same plant network, each

Designing the Smart Factory Lab | Chapter 6

The proposed architectural model is focused on a
manufacturing service bus as a connecting platform
communicating with different clouds and multiple smart
manufacturing cells to perform “as a service” tasks.

Integrate energy storage solutions to maximize the utilization of renewable energy and reduce reliance on
grid power.

© Waste management: implement effective waste management strategies within the lab. Promote recycling
and encourage the use of recycled materials wherever possible. Minimize waste generation through
efficient material usage and inventory management. Establish proper disposal procedures for hazardous
materials and adhere to local waste management regulations.

© Water conservation: implement water-saving measures to minimize water consumption within the lab.
Install water-efficient fixtures and equipment, such as low-flow faucets and toilets. Utilize smart water
management systems to monitor and optimize water usage. Implement rainwater harvesting or greywater
recycling systems for non-potable water needs.

O Sustainable material selection: consider the environmental impact of materials used in lab construction
and equipment procurement. Give preference to sustainable materials, such as recycled or bio-based
materials, with low carbon footprints. Consider the life cycle analysis of materials and equipment,
including their production, usage, and end-of-life disposal.

O Circular economy practices: embrace circular economy principles by designing products, processes, and
systems that minimize waste and enable the reuse or recycling of materials. Implement strategies such
as remanufacturing, refurbishment, or component reuse to extend the lifecycle of equipment and reduce
resource consumption.

© Life Cycle Assessment (LCA): conduct life cycle assessments of the lab’s operations and equipment to
evaluate their environmental impact. Assess the environmental footprint of different processes and
technologies, including raw material extraction, production, usage, and disposal. Use LCA findings to
identify areas for improvement and make informed decisions regarding sustainability measures.

6.2.3 Integration of digital technologies

facility is likely unique in terms of layout, equipment, and
product.

Therefore, understanding the interconnections between
key technologies of Industry 4.0 is very important when
designing smart factories. The model below illustrates
how technologies are interconnected and where the data
needs to be gathered for the smooth operation of digital
twins and the factory itself.

FIGURE 7: The IT landscape of the smart factory is fully integrated and enables smart manufacturing with real-time optimization
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The integration of digital technologies is a fundamental
aspect of a Smart Factory Lab. Digital technologies
enable connectivity, automation, data analysis, and
optimization throughout the manufacturing process.
Digital technologies such as the IoT, Al, and big data play
a crucial role in the establishment of a Smart Factory
Lab. The 10T enables real-time monitoring and control of
the production process, while Al can be used to optimize

production schedules and identify areas for improvement.

Big data can be used to analyze large amounts of
data generated by the production process, providing
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insights into how to improve efficiency and reduce costs.

Additionally, cloud computing can be used to store and
analyze data from the production process, enabling
manufacturers to make data-driven decisions.

Connectivity is critical for a smart factory deployment.
It all begins with connectivity, which is typically one

of the most critical factors driving smart factories. In
fact, it would be fair to say the smart factory and its
resulting value generally hinge on the ability to connect
assets, processes, people, and devices. But the variety

One Client - full
Frontend Integration

Manufacturing processes

Cyber Physical
Systems
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6.2.4 Compliance with industry standards and regulatory requirements

INTELLECTUAL PROPERTY RIGHTS

Establishing a Smart Factory Lab requires compliance regulations, quality standards, data privacy and security, ¥ 3
with industry standards and regulatory requirement intellectual property rights and supply chain regulations, 3 t i = Respect intellectual property rights and ensure compliance with patents, trademarks, and
including health and safety regulations, environmental as described below. copyrights.
= Establish policies and procedures to protect intellectual property within the Smart Factory Lab
environment.
""" HEALTH AND SAFETY REGULATIONS = Educate employees about the importance of intellectual property and the consequences of
: 3 infringement.
3 .= Comply with local and national health and safety regulations to create a safe working

enVIronment fOI’ employees. ................................................................................................. .

= Implement safety protocols, training programs, and protective measures to prevent accidents
and injuries. SUPPLY CHAIN REGULATIONS

= Conduct regular safety inspections and audits to identify and address potential hazards. i = Comply with supply chain regulations and codes of conduct, ensuring ethical practices and
' responsible sourcing.

= Engage with suppliers who adhere to labor and environmental standards.

ENVIRONMENTAL REGULATIONS . . . . .
= Conduct due diligence and audits to monitor and assess supplier compliance.

N\
; M@ o : -
3 w © = Comply with environmental regulations related to waste management, emissions control, and
' energy efficiency.

= Implement sustainable practices to minimize environmental impact, such as energy-saving
measures and recycling programs.

= Monitor and report environmental performance metrics as required by regulations.

‘ QUALITY STANDARDS
3 @@ i = Adhere to quality standards such as ISO 9001 to ensure consistent product quality and
. N . customer satisfaction.
= Implement robust quality control and inspection processes throughout the production cycle.
= Conduct regular audits and inspections to identify and address quality issues.
DATA PRIVACY AND SECURITY
. - .
".. lv' ;= Comply with data privacy regulations, such as the General Data Protection Regulation (GDPR) or

local privacy laws.

= Implement measures to protect sensitive data, including customer information and intellectual
property.

= Ensure secure data storage, transmission, and access controls.
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Technology and
equipment selection

It is essential to choose technology and
equipment that is within the planned

budget and provides a good value for money
considering factors such as compatibility with
existing systems, scalability to accommodate
future growth, ease of use, reliability,
performance and maintenance requirements.
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7.1 SELECTION CRITERIA FOR SUITABLE

TECHNOLOGIES AND EQU'PMENT © Safety and compliance: ensure that the technologies and equipment meet safety standards and comply
with relevant regulations. Consider the necessary safety features, certifications, and adherence to industry
guidelines to mitigate risks and ensure the well-being of lab users.

|
© Innovation and future potential: consider the potential for future advancements and upgrades. Evaluate
the vendor's commitment to research and development, their roadmap for future enhancements, and their
It is essential to choose technology and equipment that future growth, ease of use, reliability, performance and ability to stay ahead in the rapidly evolving field of smart manufacturing.
is within the planned budget and provides a good value maintenance requirements. Key criteria include:

for money considering factors such as compatibility
with existing systems, scalability to accommodate

© Relevance to objectives: consider how well the technologies and equipment align with the objectives
and focus of the LAB, while ensuring that they support the specific goals, target industries, and areas of
research or development that the LAB intends to address.

© Technological advancement: assess the level of technological advancement offered by the technologies
and equipment. Look for innovative features, compatibility with emerging technologies, and the potential
to drive advancements in smart manufacturing.

© Scalability and flexibility: evaluate whether the technologies and equipment can scale up or down based
on the lab’s requirements. Consider their adaptability to different project sizes, production volumes, and
changing needs. Flexibility is particularly important in a Smart Factory Lab where experimentation and
prototyping may involve varying project scopes.

© Integration capabilities: examine how well the technologies and equipment can integrate with existing
systems, software platforms, and data infrastructure. Compatibility with other smart manufacturing
technologies and the ability to exchange data seamlessly are crucial for holistic and efficient operations.

© Performance and reliability: assess the performance capabilities and reliability of the technologies and
equipment. Look for proven track records, certifications, and references from reputable sources. Consider
factors such as production speed, accuracy, durability, and overall system uptime.

© Cost-effectiveness: evaluate the total cost of ownership, including upfront investment, operational
expenses, maintenance, and potential future upgrades. Balance the costs against the expected benefits
and return on investment. Consider whether the technologies and equipment offer long-term cost savings
or efficiency improvements.

O User-friendliness and training requirements: consider the ease of use and the training required to operate
and maintain the technologies and equipment. User-friendly interfaces, intuitive controls, and availability
of training resources can reduce the learning curve and enable rapid adoption by lab users.

© Support and service: assess the availability and quality of technical support and after-sales service
provided by the technology vendors. Consider factors such as warranty coverage, response time, and the
vendor’s reputation for customer support.
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7.2 EVALUATION OF TECHNOLOGY AND EQUIPMENT VENDORS

|

A thorough evaluation of technology and equipment of their products. Other factors include pricing, support
vendors include researching the vendor’s reputation, services, and warranties. Steps to guide through the
reviewing customer feedback, and assessing the quality evaluation process include:

O Identify requirements and objectives: the first step is to define specific requirements, objectives, and
key performance indicators (KPIs) for the Smart Factory Lab project. Factors such as production capacity,
automation level, connectivity, scalability, maintenance, support, and compatibility with existing systems
are essential.

© Vendor’s capabilities: : the second step is to assess each vendor’s capabilities based on various criteria,
including:

> Experience and expertise in implementing smart factory solutions and their expertise in the automotive
sector.

> Assess the quality, reliability, and functionality of their products and technologies, considering factors
such as compatibility, performance, scalability, and potential for future upgrades.

> Support and maintenance services, including training, technical assistance, and maintenance programs.

> References and case studies: review customer references and case studies to gain insights into their
successful implementations and customer satisfaction levels.

> Financial stability: assess the vendor’s financial stability to ensure they will be a reliable long-term
partner.

© Consider Total Cost of Ownership (TCO): the third step is to evaluate the total cost of ownership (TCO)
over the lifespan of the technology and equipment. Consider not only the upfront costs but also factors
such as implementation costs, maintenance expenses, training requirements, and potential return on
investment (ROI) in terms of increased productivity, efficiency, and cost savings.

[\
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7.3 ACQUISITION AND INSTALLATION PROCESS

The acquisition and installation process for technology
and equipment in a Smart Factory Lab can be complex
and time-consuming. The implementation process
involves several key steps, including planning, testing,
and training.

Additionally, it is essential to work closely with
vendors and suppliers to ensure that all components
are compatible and properly integrated. By carefully
managing the acquisition and installation process,

disruptions to the production process can be minimized.

Furthermore, thorough testing and quality assurance
ensures that all systems are functioning properly.
Finally, it is crucial to provide comprehensive training to

employees to ensure that they can effectively utilize the
new technology and equipment. Arrange training sessions
for the factory personnel to familiarize them with the
operation, maintenance, and troubleshooting of the new
technology and equipment. Ensure that the employees
understand the features, functionalities, and safety
procedures associated with the equipment, and facilitate
knowledge transfer from the vendor’s technical team to
the in-house maintenance and support staff.
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Construction,
installation, and
commissioning

The construction of a Smart Factory Lab
facility involves site preparation, civil
works, and utilities. It is important to
ensure that the construction process
follows a comprehensive plan.
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Building a Smart Factory Lab can be challenging, as

it requires significant investment. However, there are
solutions to these challenges. One of the suggested
solutions is to start small and gradually expand the
SMART FACTORY LAB over time. This can help reduce costs
and minimize disruption to production.

The construction of a Smart Factory Lab facility involves
site preparation, civil works, and utilities. It is important
to ensure that the construction process follows a
comprehensive plan. Site selection is an important factor,
as the factory should be located in an area with access to
transportation and other necessary resources. Equipment
selection is also crucial, as the right machines and tools
must be chosen to optimize production. The installation

of machinery and equipment must also align with the
factory design.

The integration of the technology system during the
construction phase is also critical because it allows for
easy adjustment and correction, which otherwise could
be more costly to resolve down the line.

Safety regulations must also be followed to ensure the
well-being of workers and prevent accidents. Successful
implementations of smart factories in the automotive
sector have followed these guidelines and have seen
significant improvements in production efficiency and
product quality.

8.1 CONSTRUCTION AND INSTALLATION OF THE SMART

FACTORY LAB FACILITIES

Constructing a Smart Factory Lab involves several stages, including site preparation, civil works, and

utilities installation:

Construction, installation, and commissioning | Chapter 8

Installation of machinery, equipment, and technology systems: after the civil works are complete, the
machinery, equipment, and technology systems can be installed. This involves connecting machines and
tools to power sources and ensuring that they are functioning properly. It also involves installing data
analytics tools and IoT devices to collect and analyze data. The installation stage is critical, as any issues
with the machinery or technology systems can lead to production delays and decreased efficiency.

System testing and commissioning: after installation, conduct thorough testing and commissioning of the
machinery and equipment. This involves verifying the functionality of individual components, calibrating
systems, and ensuring proper integration with automation and control systems. Perform necessary
adjustments and fine-tuning to optimize performance.

Connectivity and data integration: for smart manufacturing, connectivity between the machinery
and equipment, as well as with other systems in the lab is key. This may involve setting up network
infrastructure, implementing communication protocols, and integrating with data management and
analysis platforms. Ensure seamless data flow for real-time monitoring and analysis.

Integration and alignment with the factory design: integration and alignment involve ensuring that all
components of the Smart Factory Lab are working together seamlessly (material flow, logistics, automation
systems, production process, etc.). This includes also aligning the machinery and equipment with the
factory layout, integrating data analytics tools and IoT devices into the production process, and ensuring
that all safety regulations are being followed.

Data management and analytics: establish a robust data management and analytics framework that
integrates the lab’s data with the larger factory systems. Implement a data infrastructure that allows for
real-time data collection, storage, and analysis. Integrate the lab’s data analytics tools with the factory’s
production monitoring and control systems to enable data-driven decision-making across the entire
operation.

Communication and collaboration infrastructure: design and implement a communication and
collaboration infrastructure that enables seamless interaction between the lab and other factory areas.
This includes establishing network connectivity, video conferencing capabilities, and collaboration tools to

O Site preparation is the first stage of constructing a Smart Factory Lab. It involves clearing the land and
preparing it for construction. This includes removing any obstacles such as trees or rocks, leveling the
ground, and ensuring proper drainage. Site preparation is a crucial stage, as it sets the foundation for the
rest of the construction process. Any mistakes made during this stage can have significant consequences
later. Therefore, site assessment is important to evaluate the suitability of the selected location. Assess
factors such as soil conditions, topography, drainage, and environmental impact.

© Civil works involve building the foundation and structure of the Smart Factory Lab. This includes laying
the foundation, constructing walls and roofs, and installing windows and doors. The goal of civil works
is to create a solid and stable structure that can withstand the rigors of production. Civil works requires
skilled workers and proper equipment to ensure that the factory is built to specifications and meets all
necessary safety requirements, ensuring compliance with building codes, permits, and regulations.

O Utilities installation: plan and install the necessary utilities to support the lab’s operations. This typically
includes electrical systems, HVAC (heating, ventilation, and air conditioning), plumbing, lighting, and fire
protection systems. It is important to coordinate with equipment vendors to ensure that the lab facilities
are designed and equipped to accommodate the specific requirements of the technology and equipment.
Consider factors such as power supply, specialized infrastructure, and space allocation for equipment
installation. Engage qualified contractors for each utility installation to ensure compliance and safety.
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facilitate knowledge sharing, remote collaboration, and cross-functional cooperation.

8.2 COMMISSIONING AND TESTING

Commissioning of the Smart Factory Lab involves

smooth operation and compliance with performance commissioning and testing process.
specifications. This process helps to identify any issues

or bottlenecks before transitioning to full production.
testing all systems, equipment, and processes to ensure This section covers some of the key aspects of the
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PRE-COMMISSIONING PREPARATION

= Develop a detailed commissioning plan that outlines the activities, responsibilities, and
timelines.

= Conduct a thorough review of the factory design, equipment specifications, and system
requirements to ensure alignment.

= Prepare a checklist of all equipment, systems, and functionalities that need to be tested and
verified.

= Ensure that all necessary permits, licenses, and certifications are obtained before starting the
commissioning process.

EQUIPMENT AND SYSTEM INSTALLATION VERIFICATION

= Verify that all equipment, machines, and systems are correctly installed according to
specifications and manufacturer guidelines.

= Conduct inspections and functional tests to ensure proper connections, alignments, and
positioning.

= Verify the availability and integrity of power supply, utilities, and supporting infrastructure
required for the operation of the Smart Factory Lab.

SYSTEM INTEGRATION AND INTEROPERABILITY VERIFICATION

= Ensure seamless integration and interoperability between different systems, equipment, and
software applications.

= Test communication protocols, data exchange, and interfaces between various components of
the Smart Factory Lab ecosystem.

= Conduct integration tests to verify the interoperability of automation systems, robotics,
sensors, and control systems.

FUNCTIONAL TESTING AND PERFORMANCE VALIDATION

= Perform functional tests on each piece of equipment, system, and technology to validate their
performance and adherence to specifications.

= Test automation processes, workflows, and control logic to ensure accurate and reliable
operation.

= Verify the accuracy and reliability of sensors, actuators, and measurement devices by comparing
their output with reference standards.

= Validate the performance of robotics, AGVs, and other automated systems in real-world scenarios.

)
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DATA COLLECTION AND ANALYTICS

= Ensure that data collection systems, sensors, and IoT devices are properly calibrated and functioning.

= Test the data capture, storage, and analysis processes to ensure the accuracy and reliability of
collected data.

= Implement data analytics algorithms to derive meaningful insights and validate their effectiveness in
optimizing processes and decision-making.

SAFETY AND COMPLIANCE VERIFICATION

= Verify compliance with safety regulations, industry standards, and legal requirements.

= Conduct safety tests, risk assessments, and emergency scenarios to ensure the safe operation of
the Smart Factory Lab.

= Train personnel on safety protocols, emergency procedures, and proper operation of equipment
and systems.

TRAINING AND KNOWLEDGE TRANSFER

= Provide comprehensive training to the factory staff on the operation, maintenance, and
troubleshooting of Smart Factory Lab systems.

= Document standard operating procedures (SOPs), maintenance schedules, and troubleshooting
guides for future reference.

= Foster knowledge transfer from the commissioning team to the factory operators, ensuring a
smooth transition to full-scale production.

PERFORMANCE OPTIMIZATION AND FINE-TUNING

= Continuously monitor and evaluate the performance of the Smart Factory Lab during the initial
production phase.

= |dentify areas for improvement, optimization, and fine-tuning based on real-world data and
feedback from operators.

= Collaborate with vendors and experts to address any issues, optimize processes, and enhance
overall efficiency.

DOCUMENTATION AND HANDOVER

= Document all commissioning activities, test results, and observations for future reference and
audit purposes.

= Prepare a comprehensive commissioning report summarizing the process, findings, and
recommendations.

= Conduct a formal handover of the Smart Factory Lab to the operations team, ensuring clear
communication of system capabilities, maintenance requirements, and ongoing support.
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Training and skill
development - The
human factor

As smart factories leverage advanced
technologies, roles within the facility
will call for new and different skills than
had been needed previously, making it
challenging to upskill and train.
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Humans still play a vital role even in a Smart Factory Lab. had been needed previously, making it challenging to
As smart factories leverage advanced technologies, roles upskill and train.
within the facility will call for new and different skills than

9.1 TRAINING CATALOGUES

Developing training catalogues for a Smart Factory to address those needs. Main steps to develop training
Lab involves identifying the specific training needs of catalogues for a Smart Factory Lab include:
employees and designing a comprehensive curriculum

IDENTIFY TRAINING NEEDS

= Conduct a training needs analysis to assess the current skill levels and knowledge gaps of
employees in relation to the Smart Factory Lab environment.

= Engage with department heads, supervisors, and employees to gather insights on specific
areas where training is required.

= Consider the different job roles and functions within the Smart Factory Lab and identify the
unique training needs for each role.

DEFINE LEARNING OBJECTIVES

@ = Clearly define the learning objectives for each training program. What specific knowledge,
k skills, or competencies do you want employees to acquire or improve upon?

= Align the learning objectives with the overall goals and strategies of the Smart Factory Lab,
such as improving productivity, optimizing processes, and embracing new technologies.

CURRICULUM DESIGN

=
3 E i = Based on the identified training needs and learning objectives, design a curriculum that
) ' covers a range of topics relevant to the Smart Factory Lab context.

= Divide the curriculum into modules or courses, each focusing on a specific aspect or
technology.

= Consider a mix of theoretical and practical training methods to provide a well-rounded
learning experience.
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COURSE CONTENT DEVELOPMENT

* = Develop course content that aligns with the learning objectives and the specific needs of
’ employees.

= Include a mix of training materials such as presentations, e-learning modules, case studies,
hands-on exercises, and simulations.

= Ensure the content is interactive, engaging, and tailored to different learning styles.

External partnerships and training programs are catalogues as the content may be owned by partners. It is
also especially important when developing training recommended to:

= Collaborate with technology vendors, educational institutions, and training providers to offer specialized
training programs.

= Leverage external expertise to deliver training on specific technologies, industry trends, and emerging
practices.

= Explore partnerships with universities and technical schools to develop customized training programs for
specific job roles in the Smart Factory Lab.

PAGE 87




Guidelines for the establishment of a Smart Factory Lab - Building on the lessons learned from the automotive sector

9.2 TRAINING NEEDS

Given the breadth of capabilities required to successfully
deploy the Smart Factory Lab, it is critical to attract
additional people with required skills as well as upgrade
skills for the people already working in the LAB.

Employees, regardless of their position and task, will
interact and act in a strong network with each other and
with machines. In order to act and react quickly to events
that occur, decisions will be very much data driven, which
emphasizes the need for real-time capabilities.

In any case, the increased complexity forces stipulate

improving support for employees in production.
Augmented reality and virtual reality solutions in
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conjunction with digital twin and tools from the 3D
printing will play an increasingly important role in this
regard.

All those involved in the process (human and machine)
are supported by advanced analytics and artificial
intelligence approaches. These will increase production
and contribute to the sustainable optimization of
processes - not only through predictive maintenance and
quality, but also regarding the entire production system
and production control.
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9.3 TRAINING CONTENT

Beyond developing in-house capabilities, other
approaches can also help sustain Smart Factory Lab
systems and technologies, including collaboration with

talent, and leveraging the skills of ecosystem partners.
Training content may include technical, process, safety,
ideation aspects. In general, key recommendations might

universities and other schools to build a pipeline of include:

TECHNOLOGY AND AUTOMATION

= Provide comprehensive training on the technology and automation systems used in the
Smart Factory Lab. This includes PLCs, robotics, |oT devices, data analytics tools, and
other relevant technologies.

= Train employees on the operation, programming, maintenance, and troubleshooting of
these systems.

= Offer hands-on training with simulators, mock setups, or actual equipment to enhance
practical skills.

DATA ANALYTICS AND INTERPRETATION
= Educate employees on data analytics principles and techniques.

= Provide training on how to collect, analyze, and interpret data generated by sensors,
machines, and systems within the Smart Factory Lab.

= Teach employees how to use data analytics tools and software to identify patterns,
optimize processes, and make data-driven decisions.

CYBERSECURITY

= Raise awareness about the importance of cybersecurity in a Smart Factory Lab
environment.

= Train employees in best practices for safeguarding sensitive data, securing networks and
systems, and detecting and responding to potential cyber threats.

= Educate employees on the risks associated with social engineering, phishing attacks, and
unauthorized access.
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MAINTENANCE AND PREDICTIVE MAINTENANCE

(0 = Provide training on equipment maintenance procedures and schedules.
= Teach employees how to perform routine maintenance tasks, troubleshoot common issues,
and conduct preventive maintenance to minimize downtime.
= Introduce predictive maintenance concepts and train employees on how to use condition
monitoring tools and predictive maintenance algorithms to anticipate and prevent
equipment failures.
CONTINUOUS IMPROVEMENT AND LEAN MANUFACTURING
..i = Promote a culture of continuous improvement and lean manufacturing principles.
= Train employees on methodologies such as Six Sigma, Kaizen, and 5S to optimize processes,
eliminate waste, and improve efficiency.
= Encourage employees to contribute ideas and participate in improvement initiatives.
""" SOFT SKILLS AND ADAPTABILITY
ge = Recognize the importance of soft skills such as communication, problem-solving, teamwork,

adaptability, and leadership in a Smart Factory Lab setting.

= Offer training programs to develop these skills and foster a collaborative and agile work

environment.

= Provide guidance on how to effectively collaborate in cross-functional teams, manage
change, and foster a culture of continuous improvement.

= Emphasize the need for employees to adapt to changing technologies and processes and
encourage a continuous learning mindset.

In general, tailored training programs will be key by
developing customized training programs based on
roles (engineers, technicians, data analysts, etc.), thus,
ensuring that the training aligns with the lab’s goals and
technology stack.
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To foster co-creation, key elements of the content

are team building and collaboration, design thinking,
facilitation skills, co-creation methods and tools, iterative
and agile methods. This will enhance the innovation
process and drive meaningful outcomes.
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9.4 TRAINING DELIVERY METHODS AND ASSESSMENT

It is recommended to consider different delivery
methods to accommodate various learning preferences
and operational constraints. Moreover, instructor-

led training sessions, e-learning modules, on-the-job

training, workshops, or a combination of these methods
can be offered. To enhance accessibility and flexibility,
technology platforms for remote or self-paced learning
should be leveraged. Other aspects include:

© Practical hands-on training: incorporate practical hands-on training sessions that simulate real-world
scenarios and allow employees to apply their knowledge and skills. Provide opportunities for employees
to work with actual Smart Factory Lab equipment, automation systems, and software applications.

O Cross-functional training: foster cross-functional training to ensure employees have a broader
understanding of the Smart Factory Lab operations. Train employees in different areas of the factory,
allowing them to gain insights into the entire production process and fostering collaboration among
teams. Encourage employees to acquire knowledge in multiple disciplines to enhance versatility and

adaptability.

© Assessment and certification: develop assessment methods, such as quizzes, practical tests, or project
assignments, to evaluate employees’ understanding and proficiency. Offer certifications or badges
to employees who successfully complete the training programs, recognizing their achievements and

validating their skills.

Continuous training and skill development should be an
ongoing process in a Smart Factory Lab. Regularly assess
the skills gap, evaluate the effectiveness of training
programs and catalogues through feedback mechanisms,
performance evaluations, and ongoing monitoring

of employees’ skills and knowledge, and provide

opportunities for employees to enhance their knowledge

and skills as technology and processes evolve. Adapt and

refine the training programs based on the changing needs
of the Smart Factory Lab and the individual development

goals of employees.
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9.5 CASE STUDY: TRAINING AND SKILLS DEVELOPMENT IN A
SMART MANUFACTURING LAB IN THE AUTOMOTIVE SECTOR

PAGE 92

OVERVIEW

The SMART MANUFACTURING LAB is situated within a leading automotive company aiming

to revolutionize its manufacturing processes using cutting-edge technologies. The LAB
encompasses the entire automotive production cycle, spanning from component design and
prototyping to machining and assembly of finished vehicles. It focuses also on incorporating
smart technologies like 10T, Al, and automation to streamline operations, improve efficiency,
and ensure high-quality output.

The SMART MANUFACTURING LAB initially employs a team of 20 personnel, including
engineers, data analysts, technicians, and project managers. This team is at the beginning
responsible for various aspects of the lab’s operations, including research, development,
testing, and implementation of smart manufacturing solutions.

SKILLS

The comprehensive skills and qualifications of the LAB’s team enable the seamless
integration of smart manufacturing technologies across the entire automotive manufacturing
process:

© Automotive engineers: these engineers possess a strong background in automotive
engineering, production processes, and vehicle dynamics. Their expertise ensures the
integration of smart manufacturing technologies without compromising the vehicle’s
safety, performance, and design.

© Design engineers: proficiency in computer-aided design (CAD) software, structural
analysis, and materials selection. Designing components with a deep understanding of
manufacturability and assembly processes, leveraging smart design practices.

© Prototyping and testing engineers: rapid prototyping techniques, 3D printing, material
testing. Creating functional prototypes for testing and validation, ensuring design
feasibility and performance.

© Machinists and CNC operators: CNC programming, precision machining, tool selection.
Transforming designs into physical components through precise machining processes.

© Data analysts: data analysts with expertise in data mining, machine learning, and
statistical analysis are essential. They interpret the data collected from sensors and
manufacturing processes, providing insights for process optimization and predictive
maintenance.

© Automation specialists: automation experts focus on programming and maintaining
robotic systems. Their skills are vital for creating efficient automated production lines and
ensuring seamless interaction between robots and human workers.

© Assembly engineers: assembly techniques and technologies. Digitalization techniques for
assembly. Assembling components into finished vehicles with precision and attention to
detail.

© Quality control professionals: these professionals ensure adherence to quality standards
by implementing advanced inspection techniques, including machine vision systems and
Al-driven defect detection.

© Supply chain and logistics experts: supply chain management, inventory optimization,
logistics planning. Their role is managing the flow of components and materials, ensuring
just-in-time deliveries and minimal production disruptions.

© Project managers: project managers oversee the lab’s initiatives, ensuring timely
execution, resource allocation, and effective communication within the team and with
other departments.
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Conclusions

In an era defined by rapid technological
progress, the establishment of Smart
Factory Labs emerges as a transformative
force. Smart Factory Labs not only play a
crucial role in driving smart manufacturing
advancements in industry sector, but their
importance extends beyond technological
advancements to socio-economic aspects.
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The outlined guidelines for the implementation and Key recommendations include focusing on a number of
operation of Smart Factory Labs are significant both elements on the technological and the socio-economic
from a technological and socio-economic perspective. perspective, as follows: EXAMPLE OF A SCALING STRATEGY

TECHNOLOGICAL PERSPECTIVE

The comprehensive skills and qualifications of the Smart Factory Lab’s team enable the seamless integration
of smart manufacturing technologies across the entire automotive manufacturing process:

© Design and layout: develop a well-structured layout that optimizes production processes, material flow,
and automation systems within the lab. Consider flexible production lines, just-in-time manufacturing, and
quality control systems to enhance efficiency and productivity.

© Technology selection: carefully evaluate and select technologies that align with the LAB's objectives. Embrace
emerging technologies such as artificial intelligence, robotics, 10T, and data analytics to maximize the
benefits of automation and enhance manufacturing capabilities.

© Integration and alignment: ensure seamless integration of technologies, equipment, and systems within the
lab. Foster alignment between different components to enable effective communication, data exchange, and
interoperability, thereby streamlining operations and facilitating data-driven decision-making.

SOCIO-ECONOMIC PERSPECTIVE

The comprehensive skills and qualifications of the Smart Factory Lab’s team enable the seamless
integration of smart manufacturing technologies across the entire automotive manufacturing process:

© Economic impact: Recognize the economic growth potential of a Smart Factory Lab. It creates new business
opportunities, enhances competitiveness, attracts investments, and contributes to regional development in
the automotive sector.

© Collaboration and knowledge sharing: Foster a collaborative ecosystem within the LAB by partnering with
industry stakeholders, suppliers, research institutions, and startups. Encourage knowledge sharing, cross-
industry collaborations, and joint research initiatives to drive innovation and develop customized solutions.

© skill development, employment and diversity: invest in talent development programs and training initiatives
to cultivate a skilled workforce capable of leveraging advanced technologies. Promote continuous learning,
attract top talent, and address the skills gap in the automotive sector, thus supporting socio-economic
empowerment and job creation. By encouraging women to actively participate in every facet of automotive
manufacturing, these labs elevate the sector’s collective ingenuity and foster innovation through diverse
perspectives.

© Sustainability considerations: embrace sustainability principles in the lab’s design and operations. Focus
on energy efficiency, waste reduction, and environmentally friendly practices to minimize the environmental
impact and address societal concerns about sustainability.

By starting with focused activities, implementing high-value innovations, and adopting thoughtful scaling
strategies, a Smart Factory Lab can drive significant advancements and establish itself as a hub for smart
manufacturing innovation.

First activities may be cross-functional workshops involving engineers, data analysts, designers, and
production experts to foster collaboration and brainstorm ideas for defining and selecting a specific

process for a pilot project. These workshops should also foster starting collaboration and partnerships with
universities, research institutions, and industry partners and help access external expertise and resources to
accelerate innovation.

Open innovation sessions or challenges by inviting external startups and innovators may help leverage a
broader innovation ecosystem for creative solutions.

An additional crucial step is a technology and data infrastructure setup by establishing a data infrastructure
to collect and store manufacturing data and ensure data security and compliance with relevant regulations.

Priority activities to start with may cover:

© Digital twin development
= Create digital twins of production processes to simulate and optimize operations.

= Visualize real-time production data to identify areas for improvement.

© Advanced analytics for quality control:
= Implement advanced analytics and machine learning for real-time quality control.

= Detect defects early in the manufacturing process, reducing rework and waste.

© IoT integration for predictive maintenance:
= Integrate IoT sensors to monitor machinery health and predict maintenance needs.

= Prevent unplanned downtime and optimize maintenance schedules.

© Automated material handling:
= Develop and implement automated material handling systems.

= Enhance efficiency by reducing manual material movement and increasing accuracy.

© Collaborative robotics (cobots):
= Integrate collaborative robots to work alongside human workers.

= Increase productivity and ensure safer interactions on the production floor.
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These guidelines ensure that the Smart Factory Lab is equipped
with the latest technologies, tools, and equipment necessary
for smart manufacturing, enabling organizations to stay at the
forefront of technological advancements, drive innovation, and
develop cutting-edge solutions for manufacturing environments
and promote economic growth resulting in a sustainable
prosperity.

In conclusion, the implementation of Smart Factory Lab focusing
on manufacturing is a testament to industry’s adaptability

and determination. By adopting the guidelines encompassing
technological advancements, socio-economic growth, gender

inclusivity, and sustainability commitment, automotive
companies pave the way for a future where innovation and
progress coexist harmoniously. These LABs serve as beacons
of transformative change, transcending mere production to
usher in an era of smart, equitable, and sustainable industrial
manufacturing. Through collective effort and visionary
leadership, the road ahead is paved with possibilities.
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