The Digital Thread Journey for
Battery eXcellence

A Connected Digital Ecosystem Driving Battery Traceability & Sustainability

Battery eXcellence relies on a seamless connected ecosystem covering Digital Engineering,
Digital Manufacturing, Digital Supply Chain and the Digital Twin. The battery industry is rapidly
growing and changing over time, driven by the increasing demand for electric vehicles (EVs),
renewable energy storage and electronic devices. As the world shifts towards cleaner energy
solutions, the need for efficient, high-capacity and sustainable batteries is critical. Because of
this, innovations in battery technology, including advancements in different battery types, are
pivotal in addressing global energy challenges and reducing carbon emissions.

Digital solutions play a vital role in streamlining the end-to-end battery development process.
They enable precise design automation, real-time manufacturing monitoring, robust supply
chain management and simulated environments ensuring quality, consistency and
performance optimization. This article outlines the comprehensive lifecycle of battery
development, following the Digital Engineering, Digital Manufacturing, Digital Supply Chain
and Digital Twin phases of the Digital Thread for Battery eXcellence. It also highlights the
crucial aspects of each stage and integration that enhances efficiency, ensures traceability and
promotes sustainability, helping manufacturers meet regulatory standards and reduce their
environmental impact for a greener future.
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Digital Engineering Solutions for Battery Design

The first step in the lifecycle of the modern battery is design - the battery must be designed,
engineered and validated ahead of manufacturing.

Product Design Automation

Product Design Automation tools linked through the digital thread significantly improve design
accuracy and efficiency. These automated processes streamline designs, reduce human error
and accelerate time-to-market by enabling rapid prototyping and testing. Computer-Aided
Design (CAD) and Computer-Aided Engineering (CAE) tools are essential for creating detailed

battery component designs and testing their performance under various conditions, creating
optimized baftery performance and reliability.

Product Lifecycle Management

Infegrating Product Lifecycle Management (PLM) systems for managing battery design data
centralizes information, facilitating seamless collaboration and version control. PLM enables
efficienf communication and coordination among cross-functional design teams and
stakeholders, ensuring alignment. Along with this key factor, PLM systems can ensure that

designs meet industry standards and regulatory requirements, helping companies meet
necessary compliance regulations.
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Digital Manufacturing Solutions for Battery Production

The second step in the lifecycle of the modern battery is manufacturing - the design delivered
in the first phase now feeds the production of the physical battery on the factory floor.

Manufacturing Execution Systems

Manufacturing Execution Systems (MES) track real-time production data, manage workflows
and ensure manufacturing schedules are being followed. By providing insights into production
metrics, MES enable quick adjustments to maintain quality and efficiency. These systems
enforce quality control measures, minimizing defects and ensuring consistent product output.
Additionally, MES optimize resource allocation, production planning and execution across
different units, facilitating synchronization and coordination between various production
stages. While leveraging data analytics, MES support the ability for teams fo make strategic
decisions, ultimately improving production efficiency and reducing manufacturing costs.

Asset Management

Asset Management solufions are essential in optimizing the performance and lifespan of
equipment used in battery manufacturing. By leveraging predictive maintenance powered by
Internet of Things (IoT) sensors and data analytics, potential issues are identified before they
cause downtime, ensuring continuous production. Additionally, these systems help monitor
energy consumptfion and resource utfilization, contributing fo sustainability goals by reducing
waste and aligning with circular economy principles. Effective asset management not only
extends the life of crifical production assets but also supports environmental objectives by
enhancing operational efficiency.
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Digital Supply Chain Solutions for Battery Distribution

The last step in the lifecycle of the modern battery is distribution - the physical battery

produced in the factory is packaged, labeled, stored, shipped then delivered to the end
consumer worldwide.

Sales & Operations Planning

Advanced supply chain management tools, such as Sales & Operations Planning (S&OP),
optimize logistics, inventory and demand forecasting. Effective supply chain management
reinforces the timely delivery of batteries, reducing lead tfimes and inventory costs.

Foundational supply chain strategies mitigate risks and enable quick responses to disruptions,
creating business confinuity.

Warehouse Logistics

Advanced Warehouse Management Systems (WMS) are crucial for efficiently managing
battery storage and distribution. These systems provide real-time inventory tracking, optimize
space utilization and streamline packing processes, ensuring fimely delivery. Cold chain
management, integrated into warehouse logistics, safeguards battery quality by maintaining
opfimal storage temperatures. Additionally, robust logistics systems ensure compliance with
safety regulations, providing traceability and proper handling to meet industry standards,
enhancing both operational efficiency and product reliability.

Serialization, Tracking & Tracing

As regulations in the battery industry become increasingly stringent, traceability systems are
vital for manufacturers fo ensure compliance, accountability and quality control. Serialization
techniques, such as barcoding, provide unique identifiers for each battery component,
enabling precise tracking throughout the supply chain. These digital traceability solutions not
only help meet current regulatory standards but also prepare manufacturers for future
requirements. By adopting these systems, companies can enhance product transparency, build
consumer trust and promote sustainability while staying ahead of global compliance demands.
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Digital Twin Solutions for Battery Lifecycle Optimization

Across all the three steps of the battery lifecycle, connected products and processes should be
monitored, studied and evaluated in order to eliminate bottlenecks, gain insights and identify
areas for optimization.

Simulation & Decision Science

Digital Twin fechnologies provide teams with the ability to create virtual environments,
enabling detailed simulations and performance analysis. This technology allows for virtual
testing and promotfes accelerated development times. With real-time insights into battery
health, Digital Twins facilitate predictive maintenance and enhance performance. Simulation
tools predict battery performance under various conditions, informing design and
manufacturing decisions, while data analytics from these simulated environments support
strategic enterprise decision-making and continuous improvement. With the right Simulation &
Decision Science tools, battery performance and reliability can significantly improve.
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Technology & Integrations

Intfegrated digital solutions enable seamless transitions between design, production,
distribution and opfimization stages, all while capturing critical data throughout the battery
lifecycle. This holistic approach enhances efficiency, reduces costs and improves product
quality, ensuring that every aspect of the battery's journey, from inception to end-of-life, is
optimized for maximum performance and reliability.
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Diving Into Real-World Success Stories

Digital Engineering for Battery eXcellence Learn More

Engineering Industries eXcellence played a pivotal role in a
successful NASA spacecraft launch by providing advanced
Design Automation services to a leading U.S. battery
manufacturer. This customer, renowned for its 80-year legacy
in producing mission-critical battery systems for aerospace
and defense, faced the daunting task of designing and
manufacturing a highly complex battery system with strict
requirements for size, weight and temperature. Our experts
began by creating a detailed 3D model of the battery system,
followed by conducting rigorous structural and thermal
analyses at the customer’s plant. Throughout the project, our
team collaborated closely with the customer, adapting the
design multiple times to meet NASA’s evolving needs. The
result was a battery system that performed flawlessly,
contributing fo the safety of the crew and the success of the
mission. Engineering Industries eXcellence’s unmatched
tfechnical expertise and relentless commitment to excellence
were key to delivering a solution that supported one of the
most significant space missions in recent history.

Digital Manufacturing for Battery eXcellence Learn More

Engineering Industries eXcellence is leading the digital
transformation journey for a major automobile manufacturer
expanding info EV battery production. To support their
carbon-neutral goal by 2050, the customer needed to
standardize shop floor processes and enhance production
visibility at their new North American EV baftery plant.
Engineering Industries eXcellence's Manufacturing
Operations Management (MOM) team identified the best
solutions to meet these needs, ensuring consistent information
flow and real-time issue tracking. This project involves
configuring and integrating these solutions, with a full launch
targeted for early 2025. By leveraging their expertise in the
automotive and battery sectors, our experts are committed fo
optimizing and sustaining vehicle manufacturing for a greener
future.
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Digital Supply Chain for Battery eXcellence

As the global demand for batteries contfinues to rise, the
European Union has infroduced the Batftery Passport
directive, a critical component of the EU Green Deal. This
regulation mandates  that manufacturers provide
comprehensive digital documentation detailing a battery's
environmental footprint, material origins and lifecycle.
Engineering Industries eXcellence is af the forefront of helping
our customers navigate these complex requirements. Our
expertise in supply chain traceability and regulatory
compliance ensures that our customers are not only prepared
to meet these new standards but can also leverage this
tfransparency for improved sustainability and competitive
advantages. By integrating advanced Tracking & Tracing
solutions, we enable full lifecycle visibility and compliance,
positioning our customers to succeed in a rapidly evolving
market landscape.
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The Future Outlook of Battery Trends

As the global demand for batteries continues to rise, the European Union has infroduced the
Battery Passport directive, a critical component of the EU Green Deal. This regulation
mandates that manufacturers provide comprehensive digital documentation detailing a
battery's environmental footprint, material origins and lifecycle. Engineering Industries
eXcellence is at the forefront of helping our customers navigate these complex requirements.
Our expertise in supply chain traceability and regulatory compliance ensures that our
customers are not only prepared to meet these new standards but can also leverage this
transparency for improved sustainability and competitive advantages. By integrating
advanced Tracking & Tracing solutions, we enable full lifecycle visibility and compliance,
positioning our customers to succeed in a rapidly evolving market landscape.

Engineering’s Expertise

Engineering Industries eXcellence has broad technical experience, deep regulatory knowledge
and an innovative solution portfolio that makes us a thought leader in the battery industry
across the globe. Our experts have strong solufion integration and implementation expertise
and have been delivering projects to organizations worldwide for decades. By connecting each
step of the product lifecycle, including Digital Engineering, Digital Manufacturing, Digital Supply
Chain and the Digital Twin, our solutions help harmonize product information covering the full
Digital Thread so that feams can optimize and improve their processes, operations and supply
chain performance.
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Interested in speaking to one of our experts?

Confact us af indx.com | info@indx.com
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	Digital Engineering Solutions for Battery Design
	The first step in the lifecycle of the modern battery is design – the battery must be designed, engineered and validated ahead of manufacturing.

	Product Design Automation
	Product Design Automation tools linked through the digital thread significantly improve design accuracy and efficiency. These automated processes streamline designs, reduce human error and accelerate time-to-market by enabling rapid prototyping and testing. Computer-Aided Design (CAD) and Computer-Aided Engineering (CAE) tools are essential for creating detailed battery component designs and testing their performance under various conditions, creating optimized battery performance and reliability.

	Product Lifecycle Management
	Integrating Product Lifecycle Management (PLM) systems for managing battery design data centralizes information, facilitating seamless collaboration and version control. PLM enables efficient communication and coordination among cross-functional design teams and stakeholders, ensuring alignment. Along with this key factor, PLM systems can ensure that designs meet industry standards and regulatory requirements, helping companies meet necessary compliance regulations.

	Digital Manufacturing Solutions for Battery Production
	The second step in the lifecycle of the modern battery is manufacturing – the design delivered in the first phase now feeds the production of the physical battery on the factory floor.

	Manufacturing Execution Systems
	Manufacturing Execution Systems (MES) track real-time production data, manage workflows and ensure manufacturing schedules are being followed. By providing insights into production metrics, MES enable quick adjustments to maintain quality and efficiency. These systems enforce quality control measures, minimizing defects and ensuring consistent product output. Additionally, MES optimize resource allocation, production planning and execution across different units, facilitating synchronization and coordination between various production stages. While leveraging data analytics, MES support the ability for teams to make strategic decisions, ultimately improving production efficiency and reducing manufacturing costs.

	Asset Management
	Asset Management solutions are essential in optimizing the performance and lifespan of equipment used in battery manufacturing. By leveraging predictive maintenance powered by Internet of Things (IoT) sensors and data analytics, potential issues are identified before they cause downtime, ensuring continuous production. Additionally, these systems help monitor energy consumption and resource utilization, contributing to sustainability goals by reducing waste and aligning with circular economy principles. Effective asset management not only extends the life of critical production assets but also supports environmental objectives by enhancing operational efficiency.

	Digital Supply Chain Solutions for Battery Distribution
	The last step in the lifecycle of the modern battery is distribution – the physical battery produced in the factory is packaged, labeled, stored, shipped then delivered to the end consumer worldwide.

	Sales & Operations Planning
	Advanced supply chain management tools, such as Sales & Operations Planning (S&OP), optimize logistics, inventory and demand forecasting. Effective supply chain management reinforces the timely delivery of batteries, reducing lead times and inventory costs. Foundational supply chain strategies mitigate risks and enable quick responses to disruptions, creating business continuity.

	Warehouse Logistics
	Advanced Warehouse Management Systems (WMS) are crucial for efficiently managing battery storage and distribution. These systems provide real-time inventory tracking, optimize space utilization and streamline packing processes, ensuring timely delivery. Cold chain management, integrated into warehouse logistics, safeguards battery quality by maintaining optimal storage temperatures. Additionally, robust logistics systems ensure compliance with safety regulations, providing traceability and proper handling to meet industry standards, enhancing both operational efficiency and product reliability.

	Serialization, Tracking & Tracing
	As regulations in the battery industry become increasingly stringent, traceability systems are vital for manufacturers to ensure compliance, accountability and quality control. Serialization techniques, such as barcoding, provide unique identifiers for each battery component, enabling precise tracking throughout the supply chain. These digital traceability solutions not only help meet current regulatory standards but also prepare manufacturers for future requirements. By adopting these systems, companies can enhance product transparency, build consumer trust and promote sustainability while staying ahead of global compliance demands.

	Digital Twin Solutions for Battery Lifecycle Optimization
	Across all the three steps of the battery lifecycle, connected products and processes should be monitored, studied and evaluated in order to eliminate bottlenecks, gain insights and identify areas for optimization.

	Simulation & Decision Science
	Digital Twin technologies provide teams with the ability to create virtual environments, enabling detailed simulations and performance analysis. This technology allows for virtual testing and promotes accelerated development times. With real-time insights into battery health, Digital Twins facilitate predictive maintenance and enhance performance. Simulation tools predict battery performance under various conditions, informing design and manufacturing decisions, while data analytics from these simulated environments support strategic enterprise decision-making and continuous improvement. With the right Simulation & Decision Science tools, battery performance and reliability can significantly improve.

	Technology & Integrations
	Integrated digital solutions enable seamless transitions between design, production, distribution and optimization stages, all while capturing critical data throughout the battery lifecycle. This holistic approach enhances efficiency, reduces costs and improves product quality, ensuring that every aspect of the battery's journey, from inception to end-of-life, is optimized for maximum performance and reliability.
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