Battery Energy Storage Systems

Critical Material Technologies for
Battery Energy Storage Systems

A Guide to Material Selection, Integration, and

Manufacturing Readiness

As battery energy storage systems (BESS) continue to
increase in capacity and energy density, engineering
teams face growing pressure to improve performance
while maintaining safety, reliability, manufacturability,
and cost targets. Many system-level design decisions
are shaped by material selection. Decisions involving
thermal management, electrical isolation, venting,
environmental protection, and mechanical design
can affect thermal runaway mitigation, enclosure
design, serviceability, and production scalability.

For sourcing teams, considerations extend beyond
technical specifications. Sourcing strategies, material
availability, manufacturing capabilities, qualification
requirements, and production readiness can all drive
program timelines and deployment success. While
no single material determines system performance,

engineered materials play critical roles throughout
cells, modules, packs, and enclosures. Understanding
how these technologies interact helps teams make
more informed design and sourcing decisions.

This document outlines key engineered material
technologies used in BESS platforms and the design,
manufacturing, and integration considerations that
influence battery system development.
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Emerging Material Challenges in
Modern BESS Designs

Before evaluating individual materials, it is important
to consider the broader industry trends shaping
battery system architecture.

+ Faster commercialization timelines: Many
manufacturers face pressure to accelerate
development cycles. Materials that perform well
technically must also support efficient qualification
and production ramp schedules.

+ Manufacturability at scale: The highest
performing material is not always the easiest
to process, source globally, or manufacture
consistently across production volumes.

+ Supply chain resilience: Engineering and
sourcing teams increasingly evaluate supplier
capabilities, regional manufacturing flexibility, and
supply continuity alongside material performance
specifications.

+ System-level optimization: Material technologies
do not operate independently. Decisions affecting
thermal management, electrical isolation, venting,
and sealing often influence one another throughout
the system.
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1| Thermal Runaway Protection
Managing heat transfer, venting, and system-
level thermal protection

Thermal runaway mitigation involves more than
preventing cell-to-cell propagation. Manufacturers
must also consider how heat, gases, particulates,
and pressure are managed throughout the battery
system when a cell failure occurs. These events can
affect enclosure design, venting strategies, system
architecture, and material selection.

Thermal barriers, blast barriers, and insulation
materials each serve different functions within a
protection strategy. Thermal barriers are used to
slow heat transfer between cells, modules, and other
critical areas. Blast barriers help manage venting
events by containing particulates and protecting
nearby components. Insulation blankets provide
localized thermal protection around enclosure covers,
vent-facing regions, and areas exposed to elevated
temperatures.

No single material addresses thermal runaway
protection on its own. Effective strategies often require
multiple solutions working together to manage heat
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transfer, venting, and adjacent component protection.
The goal is to balance protection, manufacturability,
weight, and cost while supporting system-level
performance requirements.

Common Design Challenge: Balancing thermal
runaway protection requirements with space
constraints, system weight, manufacturability, and
cost targets.

Key Considerations:

+ Thermal runaway mitigation objectives

+ Cell and module architecture

+ Venting and containment requirements

+ Available design space and weight targets

+ Material durability and service-life performance
+ Installation and serviceability requirements

+ Qualification and certification requirements

2| Thermal Interface Materials
Improving heat transfer efficiency

Thermal interface materials (TIMs) help transfer
heat from cells and modules to cooling surfaces,
supporting temperature control across the battery
system. Selecting the right TIM involves more than
thermal conductivity alone. Material selection is often
guided by interface geometry, cooling requirements,
assembly tolerances, and manufacturing processes.

Engineers also evaluate compressibility, contact
reliability, and long-term durability to help maintain
consistent thermal performance throughout the life
of the system. Maintaining reliable contact during
operation is often just as important as achieving a
target conductivity value.

Common Design Challenge: A TIM with higher
conductivity doesn’t automatically vyield better
performance if it cannot maintain consistent contact
across production tolerances.

Key Considerations:

+ Thermal conductivity: Heat transfer requirements
at the interface

+ Gap-filling capability: Gap dimensions, surface
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irregularities, and assembly tolerances

+ Mechanical properties: Conformability and
compressibility

- Performance retention: Resistance to thermal
aging and degradation

+ Manufacturing compatibility: Material application
method and process repeatability

3| Dielectric Isolation & Insulation
Maintaining electrical protection

Dielectric films, barriers, and insulating materials
maintain electrical isolation throughout the battery
system, including around cells, busbars, terminals,
and power distribution assemblies. Their performance
depends not only on dielectric strength, but also on
how well they withstand mechanical stress, thermal
exposure, and manufacturing processes throughout
the product lifecycle.

Selecting the right insulation solutions requires
balancing electrical protection, durability, thickness,
and assembly requirements. Designers must also
consider creepage and clearance requirements,
operating voltage, environmental conditions, and
applicable safety standards.

Common Design Challenge: Providing reliable
electrical protection while fitting within space
constraints and maintaining durability throughout
manufacturing and service-life operation.

Key Considerations:

+ Voltage and dielectric requirements: Operating
voltage and required insulation performance
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+ Creepage and clearance: Required separation
distances based on system design and standards

+ Thermal durability: Performance under expected
operating conditions and thermal cycling

* Mechanical durability: Resistance to abrasion,
vibration, compression, and handling damage

+ Assembly integration: Fit, coverage, and
compatibility with manufacturing processes

+ Qualification and scalability: Validation
requirements, production consistency, and ability
to scale with demand

4| Cell Compression Management
Maintaining cell expansion and stack pressure

Battery cells can change dimensions over time due
to charge-discharge cycling, aging, and operating
conditions. Managing these dimensional changes
while preserving the intended stack pressure is an
important consideration in many battery designs.

Compression materials manage cell expansion,
maintain stack pressure, and distribute mechanical
loads within the module. Compression requirements
are influenced by cell chemistry, expansion

characteristics, available space, and target pressure
requirements. Initial compression alone is insufficient.
The selected solution must maintain the required
force throughout the expected battery service life.

Common Design Challenge: Maintaining
consistent compression throughout battery life while
balancing space constraints, durability requirements,
and manufacturing considerations.
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Key Considerations:

+ Cell expansion characteristics: Expected
dimensional changes over the life of the battery

« Compression requirements: Target pressure
range and force-deflection behavior

« Compression durability: Resistance to
compression set, stress relaxation, and aging

+ Module integration: Available space, pad
placement, and fit with the cell stack

+ Thermal and operating conditions: Performance
across expected temperature range & duty cycles

+ Manufacturing tolerances: Dimensional control
and assembly repeatability

5| Enclosure Sealing
Protecting system integrity

Battery storage energy systems are often deployed
in demanding outdoor environments and must
withstand prolonged exposure to moisture, dust,
temperature fluctuations, and vibration throughout
their service life. Enclosure sealing protects electrical
and mechanical components while supporting long-
term system reliability.

Effective sealing depends on more than achieving a
target IP or NEMA rating. Sealing integrity is affected
by enclosure design, joint geometry, environmental
conditions, manufacturing tolerances, and service
access requirements.

Common Design Challenge: Protecting against
environmental exposure while accommodating
manufacturing tolerances and service requirements.

Key Considerations:

* Ingress protection: Required IP/ NEMA rating
based on enclosure design and operating
environment

+ Environmental exposure: Resistance to UV
exposure, moisture, chemicals, and extreme
temperatures

+ Tolerance accommodation: Ability to maintain
sealing performance across dimensional variation
and assembly tolerances

+ Compression set: Ability to maintain sealing
contact over time

+ Durability: Resistance to vibration and thermal
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cycling in systems requiring repeated access manufacturing requirements early helps teams
+ Assembly requirements: Installation time and identify these risks before thgy affect launch
method, and production repeatability schedules, cost targets, or production scale-up.
+ Serviceability: Requirements for inspection, Manufacturing Readiness Factors:

maintenance, and enclosure re-entry
+ Material and component qualification

System Level Integration +  Supply continuity and sourcing flexibility

) . o ) Production capacity and scalability
BESS material technologies serve distinct functions,

but their selection and placement are interconnected.
Thermal runaway protection solutions can affect * Quality systems and process control
available space and thermal management strategies.
Electrical insulation influences component spacing
and assembly methods. Venting requirements shape
enclosure design, while sealing solutions may affect
service access and maintenance considerations.

+ Regional manufacturing capabilities

+ Prototyping, testing, and validation capabilities

+ DFM and assembly efficiency

Boyd: Engineering Solutions for

Material decisions should be evaluated in the Scalable Manufacturing

context of the complete battery system rather than

as individual components. For engineering and Material decisions affect more than performance.
sourcing teams, this means considering performance They influence manufacturability, supplier selection,
requirements, integration constraints, qualification qualification timelines, and production readiness.

needs, and supplier capabilities together to support

- Boyd combines material expertise, engineering
overall system objectives.

support, rapid prototyping, and in-house testing to
help customers evaluate tradeoffs, validate designs,
and address challenges early in development.
From material selection through component design
and production ramp, Boyd helps engineering and

Manufacturing Readiness: From
Design to Production

Material performance is only one factor in the material sourcing teams reduce risk and make informed
selection process. Availability, manufacturability, decisions before they become manufacturing
qualification requirements, and supply chain constraints.

considerations ultimately impact material selection.
A material that performs well in a prototype may
create sourcing constraints, assembly challenges, or
production delays as volumes increase. Evaluating

With global manufacturing capabilities and quality
systems designed for scale, Boyd supports programs
from prototype builds through volume production
across multiple regions.

Boyd is the trusted global innovator of sustainable solutions that make our customers’ products
better, safer, faster, and more reliable. Our innovative engineered materials advance our customers
technology to maximize performance in the world’s most advanced data centers; advance the

accuracy of cutting-edge personal healthcare and diagnostic systems; enable performance-critical
aircraft and security technologies; enhance reliability and extend range for intelligent mobility
applications; and accelerate innovation in next-generation electronics and human machine interface.
To receive more information, please visit
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