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EXECUTIVE SUMMARY

Sustainability is no longer a secondary consideration in packaging—it's an operational imperative. Yet for
companies shipping hazardous materials, environmental responsibility must be carefully balanced with strict
regulatory compliance and safety standards.

This white paper explores how organizations can reduce the environmental impact of their hazmat packaging
without compromising on protection, performance, or complying with applicable regulations. We examine the
role of reusable container systems, lightweighting for emissions reduction, recyclability vs. reusability, and the
integration of sustainable materials in compliant designs.

Examples of Americase’s engineered packaging solutions are included to demonstrate how safety and
sustainability can work hand in hand, offering a roadmap for responsible innovation in hazmat logistics.

KEY CHALLENGES IN HAZMAT TRANSPORTATION COMPLIANCE

Hazmat shippers face a distinct set of challenges that go far beyond typical logistics concerns. They must
navigate a dense web of evolving regulations across international and domestic jurisdictions, with strict
compliance requirements for labeling, documentation, and certified packaging performance. Packaging

must meet rigorous standards (such as drop, pressure, and stack tests, among others as applicable) to

ensure containment under normal and emergency conditions. The stakes are high: a failure can result in fires, n
explosions, injuries, assets or environmental damage, or serious legal consequences as well as brand reputation
harm. Additionally, transportation options are limited, with varying constraints across air, sea, rail, and ground
modes, and some carriers refusing to handle certain hazardous material classes altogether. Shippers must also
account for the reactive or unstable nature of many materials, especially as new chemistries or technologies
(e.g., lithium-ion batteries) enter the market without fully established handling protocols. These factors

combine to make hazmat logistics a precise, highly specialized discipline requiring accuracy, adaptability,

and constant vigilance.

Overview of Key Regulations Governing the Hazardous Materials Transport

(DOT, UN, CFR 49)

Shipping hazardous materials requires strict adherence to a framework of international and domestic regulations
designed to ensure public safety, environmental protection, and transport integrity. Here's an overview of the key
regulatory systems:
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1. U.S. Department of Transportation (DOT)
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The DOT regulates the transport of hazardous materials within the United States through the g Z‘g
Pipeline and Hazardous Materials Safety Administration (PHMSA). Their regulations cover A $
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2. Title 49 of the Code of Federal Regulations (49 CFR)
49 CFR is the primary regulatory code governing hazmat transport in the U.S. It is divided into
multiple parts, but key sections for hazmat shippers include:
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Part 172: Hazardous materials table, marking, labeling, shipping papers, and placarding.
Part 173: Packaging requirements.

Part 178: Specifications for packaging containers.

* Part 171: General information and international standards harmonization.

3. United Nations Recommendations on the Transport of Dangerous Goods
(UN Model Regulations)
Often called the “Orange Book,” these globally harmonized guidelines form the basis for
many national regulations. The UN assigns each hazardous material a UN number and proper UNECE
shipping name, and outlines proper packaging and labeling standards.

4. International Maritime Dangerous Goods Code (IMDG)
The IMDG Code governs hazmat transport by sea and aligns closely with UN
recommendations. It is administered by the International Maritime Organization (IMO) and
includes requirements for packaging, labeling, stowage, and emergency response.

5. International Air Transport Association (IATA) Dangerous Goods Regulations AN
IATA’s DGR governs air shipment of hazardous materials and is based on ICAO a\"’g
(International Civil Aviation Organization) technical instructions. These are often more ’ATA

stringent than ground or sea regulations due to the heightened risk profile of air transport.

6. Occupational Safety and Health Administration (OSHA) ® n
OSHA’s Hazard Communication Standard (HCS)—particularly Subpart H—requires @SHA
proper hazard communication and employee training for workplaces that handle
hazardous materials, even outside of transport contexts.

Together, these regulations ensure that hazardous materials are safely identified, packaged, labeled, and
transported across all modes of shipping. Compliance is not optional—it's a legal obligation and a core
component of risk management in hazmat logistics.

Why Traditional Hazmat Packaging Prioritizes Protection Over Sustainability

Traditional hazmat packaging prioritizes protection over sustainability because the primary goal is to prevent
leaks, spills, fires, or other hazardous incidents that could endanger human life, property, and the environment.
Regulatory standards such as those outlined in 49 CFR and UN transport codes mandate rigorous performance
criteria—including drop tests, stack tests, and pressure resistance—to ensure packages can withstand extreme
conditions during transit. This often leads to the use of heavy, durable, and sometimes non-recyclable materials
like treated wood, plastics, or metal alloys.

In this context, safety and compliance are non-negotiable, while sustainability has historically been viewed as
secondary or even incompatible. Reusability, lightweighting, or biodegradable materials may not meet the strict
performance benchmarks required for safe and compliant hazmat packaging without additional engineering or
testing. As a result, innovation in sustainable design has lagged behind in this sector, with safety requirements
setting a high barrier to entry for greener alternatives.
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THE RISKS OF
NON-COMPLIANCE

LEGAL RISKS
1 * Fines and Penalties
e Criminal Liability
* Shipping Restrictions

ENVIRONMENTAL RISKS
2 * Spills and Contamination

* Remediation Costs

* Regulatory Scrutiny

REPUTATIONAL RISKS

3 e Loss of Customer Trust
e Public Relations Fallout
* Brand Damage

The Risks of Non-Compliance (Legal, Environmental, Reputational)
Non-compliance in hazmat transport carries serious risks across legal, environmental, and reputational domains:

1. Legal risks
* Fines and penalties: Violations of DOT, EPA, or international transport regulations can lead to substantial
fines—often in the tens or hundreds of thousands of dollars per infraction.
* Criminal liability: In severe cases, especially where negligence results in injury or environmental damage,
individuals and organizations can face criminal charges.
» Shipping restrictions: Non-compliance may result in shipment delays, detentions, or bans by carriers or
regulators, disrupting supply chains.

2. Environmental risks
 Spills and contamination: Improper packaging or labeling can lead to accidental releases of toxic,
flammable, or corrosive materials during transit, posing long-term harm to ecosystems.
* Remediation costs: Cleanup efforts following a spill are costly and often fall to the responsible party,
especially if negligence is proven.
* Regulatory scrutiny: Environmental incidents often trigger audits or investigations, leading to further
compliance burdens.
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3. Reputational risks
* Loss of customer trust: Clients and partners may sever relationships if they perceive safety or compliance
lapses.
* Public relations fallout: Hazmat incidents frequently attract media attention, especially if human health or
safety is affected.
* Brand damage: Even a single event can damage a company'’s public image and erode investor and
stakeholder confidence.

Ultimately, non-compliance exposes companies to cascading consequences that go far beyond regulatory
citations—it threatens business continuity, environmental stewardship, and long-term brand credibility.

DESIGNING FOR DUAL OUTCOMES: SAFETY AND
SUSTAINABILITY

The Misconception That Safety and Sustainability Are Trade-Offs

A common misconception in hazmat logistics is that safety and sustainability are inherently at odds—that
improving environmental performance must come at the expense of containment integrity or regulatory
compliance. This false dichotomy has long hindered innovation, leading many organizations to default to
overbuilt, single-use packaging in the name of safety. However, advancements in materials science and
engineering design have shown that it’s entirely possible to create packaging solutions that meet rigorous
DOT and UN certification standards while also reducing environmental impact. Reusable systems, lightweight
structural materials, and recyclable components can all be integrated without compromising performance.

In fact, when sustainability is approached as a design opportunity rather than a compliance obstacle, it often
results in smarter, more efficient packaging that enhances both safety and operational value.

The Engineering Principles Behind Dual-Compliant Packaging Solutions

Dual-compliant packaging solutions (those that meet both safety regulations and sustainability goals) are
grounded in engineering principles that prioritize performance without compromise. These solutions start with
a systems-level approach, considering the entire lifecycle of the package from material sourcing to end-of-use.
Engineers apply finite element analysis (FEA) and real-world stress testing to ensure structural integrity under
impact, pressure, and thermal stress while minimizing material use. Advanced materials such as lightweight
alloys, high-performance polymers, or composite panels are selected for their strength-to-weight ratios, chemical
resistance, and durability. Modular and reusable designs are often employed to maximize lifecycle efficiency,
and design-for-disassembly principles allow for repair, recycling, or component replacement. Ultimately,

these packaging systems are meticulously tested and certified to meet DOT, UN, and mode-specific transport
standards—proving that engineering can reconcile environmental responsibility with the highest levels of
hazmat safety.

Examples of Failure Modes When Sustainability is Improperly Prioritized

When sustainability is prioritized without a full understanding of regulatory and performance requirements,
hazmat packaging can fail in critical ways. For example, switching from rigid, tested containers to biodegradable
or lightweight alternatives without equivalent structural validation can lead to ruptures or leaks under pressure
or during impact. In one notable case, packaging made from recycled composites absorbed moisture,
compromising its integrity during sea transit and leading to a corrosive chemical release. Similarly, packaging
that omitted essential thermal shielding in an effort to reduce material use failed to prevent a lithium-ion battery
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from entering thermal runaway during storage. These kinds of failures not only pose immediate

safety and environmental hazards but also result in regulatory violations, shipment rejections, and costly
recalls—highlighting the importance of balancing sustainability goals with rigorous engineering and
compliance frameworks.

Advancing hazmat packaging through dual priorities

The belief that safety and sustainability must be traded off has been disproven by advances in design and
engineering. When approached together, they deliver packaging that is not only compliant and protective but
also more efficient and environmentally responsible. Reusable formats, lightweight structures, and recyclable
components show that sustainability can directly enhance performance rather than undermine it. True innovation
in hazmat logistics comes from this balance—where protecting people and the environment goes hand-in-hand
with creating smarter, more resilient packaging systems.

REUSABLE CONTAINER SYSTEMS

Benefits of Reusable Hazmat Containers
Reusable container systems offer several key benefits for organizations shipping hazardous materials,
particularly when designed to meet both regulatory and operational demands:

1. Waste reduction
Reusable systems dramatically cut down on single-use packaging waste, which often ends up in landfills due
to contamination or lack of recyclability. By enabling multiple shipping cycles, these containers reduce material
consumption and disposal volumes, aligning with zero-waste and circular economy goals.

2. Lifecycle cost savings
Though the initial investment in a reusable system may be higher, the cost per use decreases significantly
over time. Durable construction means containers can be used dozens or even hundreds of times, reducing
the need for frequent repurchasing. Additionally, fewer packaging failures translate into fewer product losses,
shipping delays, and liability claims.

3. Reduced emissions
Reusables often enable lightweighting strategies that lower fuel consumption during transit. Plus, by reducing
the production and transport of single-use packaging materials, companies can cut embedded emissions
from manufacturing and logistics. Over time, this contributes to lower Scope 3 emissions—a growing focus for
sustainability reporting and environmental goals compliance.

4. Operational efficiency
Well-designed reusable containers can improve handling speed, stacking efficiency, and space utilization in
warehouses and transport vehicles. Many include features like custom foam inserts, RFID tracking, or modular
components that streamline workflows and reduce labor costs.

5. Regulatory alignment
Reusable systems engineered to meet DOT, UN, and other applicable regulatory standards provide long-term
compliance confidence. Once certified, they can often be reused under the same approvals, reducing the
administrative burden of constant re-certification for new packaging batches.
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Together, these benefits make reusable container systems a smart, sustainable choice—especially when safety,
compliance, and long-term value are equally important.

Compliance Considerations
Compliance for reusable container systems used in hazmat transport is both rigorous and nuanced, requiring
careful design and validation to meet regulatory standards. Here are some key considerations:

1. Regulatory certification (DOT/UN)
Reusable containers must be certified to meet applicable regulations, such as 49 CFR in the U.S. and UN
Recommendations on the Transport of Dangerous Goods. Certification typically involves assigning a UN
packaging code (e.g., 4H2 for plastic boxes) and requires performance testing to validate durability and safety.

2. Performance testing

Reusable systems must undergo the same suite of tests as single-use counterparts, including:

* Drop testing: Containers are dropped from a specified height to test impact resistance.

* Leakproof testing: Ensures liquids or gases will not escape during normal handling.

» Stacking and compressiontests: Verifies structural integrity under load.

* Thermal and flame testing: For containers housing flammable or temperature-sensitive materials like
lithium-ion batteries. Note that while not necessarily required per regulation, it may be required to obtain a
special permit.

* Vibration and shock testing: Especially relevant for reusable systems expected to endure frequent
transport cycles.

3. Material compatibility and degradation
Reusable containers must be chemically compatible with the substances they carry. Over time, repeated
exposure can degrade materials, so manufacturers must demonstrate long-term resistance to corrosion, UV,
or chemical attack—especially for containers used in harsh environments.
. ________________________________________________________________________________________________________________________________________________________________________|
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4. Maintenance and inspection protocols
Because reusable containers are used multiple times, they must be inspected and maintained regularly to
remain compliant. Regulations often require documented inspection intervals and clear criteria for removing
containers from service if they become damaged or compromised.

5. Re-certification requirements
If a reusable container is repaired or significantly modified, it may need to be re-tested or re-certified
depending on regulatory standards. This adds complexity that must be factored into the container’s
lifecycle management.

6. Labeling and documentation
Reusable containers still need appropriate hazard labeling, UN markings, and tracking documentation for each
shipment. Labels must remain legible and durable through multiple uses, or be designed for easy replacement.

In sum, reusable hazmat containers offer strong sustainability and cost benefits—but only if designed, tested,
and maintained in strict accordance with regulatory expectations.

LIGHTWEIGHTING FOR EMISSIONS REDUCTION

Weight plays a significant role in transport emissions because heavier shipments require more energy to move—
whether by truck, rail, air, or sea. The greater the mass, the more fuel is consumed, leading directly to higher
greenhouse gas (GHG) emissions. This relationship is especially pronounced in air and road freight, where fuel
efficiency is highly sensitive to payload.

For example, in road transport, even small reductions in packaging weight can lead to measurable fuel savings
over time, particularly in high-frequency shipping operations. In aviation, the cost and emissions penalties for
weight are even steeper, making lightweight packaging crucial for regulatory compliance and carbon reporting.
Additionally, heavier loads may reduce the number of units that can be shipped per trip, leading to increased
transportation cycles and further emissions.

By investing in lightweight, high-performance packaging materials (such as engineered composites or
advanced aluminum alloys) organizations can reduce their carbon footprint while still maintaining the safety
and compliance standards required for hazmat shipments. This also supports broader sustainability goals and
may contribute to Scope 3 emissions reductions in corporate sustainability reporting.

Reducing packaging weight is a key strategy for lowering transport emissions, and thanks to material innovation,
it's now possible to do so without sacrificing safety or regulatory compliance. Heavier shipments consume more
fuel, particularly in road and air transport, which directly increases greenhouse gas emissions. Lightweight
packaging not only reduces the carbon footprint of each shipment but also allows for more efficient vehicle
loading, potentially decreasing the number of trips required.

To achieve this balance, manufacturers are turning to advanced materials like aerospace-grade aluminum alloys,
high-performance thermoplastics, and fiber-reinforced composites. These materials offer exceptional strength-
to-weight ratios, making them ideal for hazmat containers that must withstand impact, thermal stress, and
chemical exposure. Honeycomb structures, foam cores, and next-generation insulation materials further reduce
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mass while maintaining protective performance. Combined with modular engineering and design optimization,
these innovations allow organizations to meet DOT and UN transport standards while also advancing their
sustainability goals.

Testing and Certification Pathways for Lightweight Hazmat Containers

Testing and certification pathways for lightweight hazmat containers are designed to ensure that even with
reduced mass, these containers can safely transport hazardous materials under real-world conditions. Here are
the key steps and standards involved:

1. UN/DOT performance testing
Lightweight containers must pass the same performance tests as traditional hazmat packaging to earn UN
certification and comply with 49 CFR and international regulations. These tests include:

* Drop Tests: Simulate impacts from various angles and heights.

* Leakproof and Hydrostatic Pressure Tests: Ensure the container can contain liquids and gases
without rupture.

* Stacking and Compression Tests: Assess durability under load and stacking in transit.

* Vibration Testing: Required by some carriers and regulators to replicate road or rail transport conditions.

* Thermal Testing: For materials like lithium-ion batteries, thermal runaway containment is tested under
simulated fire or heat exposure. Note that while not necessarily required per regulation, it may be required
to obtain a special permit.

TESTING AND CERTIFICATION PATHWAYS FOR
LIGHTWEIGHT HAZMAT CONTAINERS

UN/DOT PERFORMANCE TESTING

Leakproof
and
Drop tests hydrostatic

Vibration Thermal

compre
tests

testing testing

pressure
tests
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2. Packaging group classification
Each container is certified for a specific Packaging Group (PG)—1 (high danger), Il (medium danger), or Ill (low
danger)—which determines the level of performance it must meet. Lightweight containers intended for PG |
substances must meet the highest thresholds.

I
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3. Design qualification and periodic retesting
Before use, a lightweight container design must be qualified through initial testing. In many cases, reusable or
novel packaging also requires:

* Periodic retesting to ensure continued compliance,
* Recertification if materials, dimensions, or design features change significantly.

4. Special permits and approvals
For innovative designs or materials that do not fall neatly within existing packaging codes, manufacturers may
apply for a Special Permit from DOT (in the U.S.) or equivalent bodies internationally. This involves submitting
test data and engineering justification for alternative packaging methods.

5. Manufacturer markings and documentation
Certified containers must display specific UN markings (e.g., UN 4H2/Y30/S/23) that indicate the container
type, performance level, and year of manufacture. Documentation must support traceability, usage logs (for
reusables), and inspection records.

In summary, while lightweight hazmat containers offer clear environmental and operational benefits, they must
undergo rigorous testing and certification to ensure they deliver the same level of protection as heavier traditional
systems. The regulatory framework ensures that innovation does not compromise safety.

STRATEGIC MATERIAL CHOICES

Definitions of Recyclability vs. Reusability, Trade-Offs, and Industry Trends
Recyclability and reusability are two distinct strategies for reducing environmental impact in packaging, each
with its own benefits, trade-offs, and growing relevance in the hazmat logistics sector.

Definitions

* Recyclability refers to the ability of a packaging material to be processed and remanufactured into new
products at the end of its useful life. Materials like aluminum, certain plastics (e.g., HDPE, PP), and
paperboard are often recyclable—though actual recycling rates depend heavily on local infrastructure
and contamination levels.

* Reusability, on the other hand, describes packaging designed to endure multiple uses without losing
performance or requiring reprocessing. These systems are typically more durable, built from materials
like aluminum alloys, heavy-duty plastics, or composites, and often used in closed-loop or controlled
return logistics.

Trade-offs

* Recyclable packaging tends to be lighter and cheaper upfront, but often has a short lifespan and may not be
recycled effectively due to contamination or lack of facilities. It also typically requires more raw material input
over time since each cycle involves disposal and re-creation.

* Reusable packaging has a higher initial cost and may require reverse logistics, cleaning, and tracking—but
delivers lower total lifecycle impact when used at scale. It also tends to offer superior performance and safety
in demanding environments like hazmat transport.

I
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Industry trends

* Many industries are moving toward closed-loop reuse systems, especially for high-value or regulated goods
like lithium-ion batteries, pharmaceuticals, and chemical drums.

* Hybrid models are emerging—such as reusable containers with recyclable components or modular inserts—
allowing greater flexibility.

* Regulatory bodies and sustainability frameworks (e.g., circular economy policies) are beginning to favor reuse
over single-use, particularly when lifecycle emissions and waste reduction are factored in.

* Advances in materials science and smart logistics are helping overcome barriers to reuse, such as tracking,
cleaning, and certification for hazmat applications.

In short, while recyclability remains important, industry momentum is shifting toward reusability as the more
sustainable, long-term strategy—especially for sectors like hazardous materials, where packaging durability and
performance are non-negotiable.

Environmental Impact of Reusable Product Design

Reusable product design is a cornerstone of sustainable packaging, offering significant environmental benefits
over single-use alternatives. By enabling multiple cycles of use, reusable packaging reduces the demand for

raw materials and minimizes waste generation. Life Cycle Assessment (LCA) studies have demonstrated

that, under appropriate conditions, reusable packaging can substantially lower greenhouse gas emissions and
resource consumption compared to single-use options. For instance, a comprehensive review of 32 LCA studies
found that reusable packaging systems often outperform single-use counterparts in terms of environmental
impact, particularly when reuse rates are optimized. Furthermore, integrating reusable packaging into a circular n
economy framework promotes the continuous use of materials, thereby conserving resources and reducing
environmental degradation. By designing products for durability and multiple uses, organizations can contribute
to a more sustainable and responsible approach to packaging.

When to Design for Recycling vs. Long-Term Reuse

Choosing between designing for recyclability or long-term reuse depends largely on the logistics, value,

and risk profile of the application. Recyclable packaging is often favored for single-use scenarios, especially
when contamination is a concern, return logistics are impractical, or distribution is decentralized—such as in
consumer goods or global e-commerce. In these cases, lightweight materials like paperboard or select plastics
reduce initial costs and transport emissions. When supported by accessible recycling infrastructure, these
materials can be reclaimed and reprocessed, contributing to waste reduction goals without requiring complex
reverse logistics.

On the other hand, reusable packaging is better suited for high-value, high-risk, or regulated products like
lithium-ion batteries, hazardous materials, or mission-critical equipment. In closed-loop systems where
packaging can be returned, reused, and tracked, long-term use drastically reduces lifecycle emissions, waste,
and total cost. Reusable containers also offer superior protection, helping meet stringent safety and compliance
standards. As sustainability expectations grow, many organizations are adopting hybrid strategies—designing
modular packaging with durable cores and recyclable or replaceable components to balance performance,

compliance, and environmental responsibility.
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AMERICASE’'S APPROACH: INNOVATION AT THE INTERSECTION

Americase integrates innovation, compliance, sustainability, and customization through a solution-driven
engineering approach that addresses the unique demands of hazardous materials transport. At the core of their
process is a deep understanding of regulatory requirements, including DOT, UN, IATA, and other national and
international standards. Every container is designed to meet or exceed these compliance benchmarks

through rigorous testing, documentation, and certification—ensuring safety and regulatory alignment across
transport modes.

Sustainability is embedded into this process through the use of durable, reusable materials such as aerospace-
grade aluminum and high-performance polymers, which allow for long-term use without compromising safety.
By designing containers for repeated deployment and incorporating lightweighting strategies, Americase
reduces waste, transport emissions, and lifecycle costs.

Customization ties it all together: Americase works closely with clients to understand the exact dimensions,
risk profile, and operational needs of each application. Whether it’s lithium-ion batteries, MWD tools, or EV
components, they engineer packaging that is both tailored and future-ready—blending safety, regulatory
compliance, environmental responsibility, and practical functionality into one integrated solution.

Americase’s collaborative design process is built on active engagement with both clients and regulatory bodies

to ensure that packaging solutions are not only functionally precise but also fully compliant and forward-looking.

This process typically begins with a discovery phase, where Americase engineers meet directly with clients n
to understand the specific risks, materials, logistical constraints, and performance goals of the shipment.

By assessing everything from product geometry to transport conditions, Americase can identify potential

challenges early in the design phase.

Once the technical requirements are defined, Americase often consults with relevant regulatory authorities
(such as the Department of Transportation (DOT), PHMSA, or other applicable standards bodies) to clarify
classification and compliance pathways. This proactive engagement is especially critical when designing
packaging for emerging technologies or uncharacterized materials, where existing guidelines may not yet be
fully developed. By actively participating in regulatory committees and maintaining strong agency relationships,
Americase ensures its solutions align with both current and evolving standards.

Throughout the design and prototyping process, clients are kept closely involved through iterative reviews,

CAD modeling, and performance simulations. This co-development approach ensures that the final product
meets safety standards, fits seamlessly into operational workflows, and reflects the client’s sustainability and
branding objectives. The result is a packaging solution that isn’t just compliant but also engineered for real-world
efficiency and long-term value.

REAL-WORLD EXAMPLES OF SUCCESSFUL DUAL-FOCUS DESIGNS

Case Study: Revolutionizing EV Battery Shipping & Storage Safety

In response to a leading global automotive manufacturer’s need for safer and more efficient transportation
and storage of EV lithium-ion batteries, Americase developed a custom galvanized steel large-format case.
This solution addressed the manufacturer’s challenges, including navigating complex regulatory landscapes,
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reducing reliance on heavy and cumbersome packaging materials like wood and vermiculite, and ensuring
protection against potential hazards such as thermal events and mechanical punctures. The Americase design
not only met but exceeded industry standards, providing enhanced safety, operational efficiency, and significant
cost savings.

By eliminating the need for single-use materials and designing a reusable, durable container, Americase
contributed to waste reduction and sustainability goals. Simultaneously, the container’s compliance with
stringent regulations, including adherence to 49 CFR standards and UN DOT certification for a PG-1 drop

test, ensured that safety and legal requirements were uncompromised. This approach demonstrates how
innovative engineering can achieve both ecological sustainability and strict compliance in hazardous materials
transportation.

» Read the full case study here.

Case Study: Custom-Engineered BBU Cases

In collaboration with a Fortune 50 technology company, Americase addressed significant logistical and safety

challenges associated with the transportation and storage of rack level lithium-ion Battery Backup Units (BBUs)

in data centers. The existing process involved repackaging BBUs from fiberboard boxes on wooden pallets

into facility-approved crates, leading to increased labor costs and workplace injuries, and excessive waste. To

streamline operations, Americase developed a custom-engineered, reusable aluminum container with a 10+

year lifespan. The implementation resulted in substantial benefits, including $1.4 million saved by eliminating the

need for new BBU storage rooms, $100,000 per month saved in third-party logistics and off-site storage costs,

and a net-neutral investment achieved in 3.5 months through reusable cycles. n

The container’s compliance with stringent regulations, including UN code compliance and thermal containment
for lithium-ion BBUs, ensured that safety and legal requirements were uncompromised. This solution showcases
how advanced engineering can align environmental responsibility with the rigorous demands of hazardous
materials compliance.

» Read the full case study here.

Roadmap for Responsible Packaging Innovation

Organizations looking to improve sustainability in hazardous materials packaging and transport can take several
practical steps that align environmental goals with regulatory compliance. A good starting point is conducting

a packaging lifecycle assessment (LCA) to identify waste, emissions, and inefficiencies across the full lifespan
of materials. Transitioning from single-use to reusable containers—particularly in high-frequency or closed-loop
logistics systems—can yield long-term environmental and cost benefits. At the same time, optimizing packaging
weight and volume with lightweight, high-performance materials reduces transport-related emissions.

Compliance remains essential, so any new packaging designs or materials should be aligned with DOT, UN, IATA,
or other relevant regulatory standards. Modular or hybrid packaging—such as reusable shells with recyclable

or replaceable inserts—can further balance durability with waste minimization. Organizations should also
implement asset tracking systems to manage the lifecycle and maintenance of reusable containers effectively.
Choosing environmentally preferable materials, training teams on best practices, and engaging stakeholders
throughout the supply chain are all vital components of a successful strategy. Finally, monitoring sustainability
metrics such as reuse rates, waste diversion, and carbon savings helps ensure accountability and supports
broader sustainability reporting efforts.
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Policy and Market Trends to Watch

When evaluating new packaging solutions—especially for hazardous materials—it’s critical to ask targeted
questions that address performance, compliance, sustainability, and operational impact. Here are key questions
to guide the evaluation process:

Performance & protection

* Does the packaging meet or exceed all required regulatory and performance standards?

* Has it been tested for drop resistance, pressure containment, thermal stability, and any other applicable
criteria?

* Can it withstand the specific environmental and mechanical stresses of our transport route (e.g., vibration,
temperature, humidity)?

Regulatory compliance

* |s the packaging certified for the specific class and quantity of hazardous material we're shipping?
* Are there any special permits or exceptions required for use?

* How often does it need to be inspected, maintained, or recertified?

Sustainability

* |s the packaging reusable or recyclable? What is its expected lifecycle?

* How does it contribute to our carbon reduction, waste minimization, or other sustainability targets?
* Are the materials sourced sustainably or made with recycled content?

Operational efficiency

* s the design compatible with our existing handling equipment, automation systems, or warehousing
infrastructure?

* Does it reduce labor, space, or handling time compared to our current packaging?

e Can it be nested, stacked, or modular to improve logistics?

Cost and ROI

* What are the upfront and lifecycle costs, including maintenance and reverse logistics for reusable options?
* How many uses or trips are expected before replacement is needed?

* What potential savings could it offer in terms of damage prevention, regulatory fines, or disposal fees?

Vendor support & customization

e Can the solution be customized for our specific product dimensions or risk profile?
* What kind of technical support, documentation, or training is provided?

* Has the packaging been successfully used in similar applications or industries?

Asking these questions ensures that new packaging solutions are not only compliant and effective but also
aligned with broader organizational goals in safety, sustainability, and operational performance.

The landscape of hazmat packaging and logistics is rapidly evolving, shaped by emerging policy and market
trends that emphasize safety, sustainability, and accountability. One of the most significant shifts is the
tightening of regulations around lithium-ion battery transport, with agencies like the U.S. DOT, PHMSA, and
international bodies increasing scrutiny due to potential fire risks. At the same time, global policy initiatives—

I
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such as the EU’s Circular Economy Action Plan and extended producer responsibility laws—are pushing
companies to adopt reusable, recyclable, and modular packaging solutions. These regulatory changes are
dovetailing with a market-wide push for environmental transparency, particularly around Scope 3 emissions,
which has prompted many companies to seek lighter, more durable packaging to reduce freight-related carbon
footprints.

Material innovation is also accelerating, with the growing use of recycled polymers, biocomposites, and
lightweight alloys making sustainable packaging accessible and compliant. In parallel, smart packaging
technologies—such as RFID, loT sensors, and real-time tracking—are becoming standard, enabling better
traceability and asset management for reusable systems. Additionally, transport carriers and insurers are
imposing stricter packaging requirements, especially for high-risk materials, elevating the importance of
engineered solutions that exceed baseline compliance. As public and industry expectations around waste
reduction intensify, organizations are being called upon to replace single-use packaging with scalable,
sustainable alternatives. Staying ahead of these trends is not just about meeting mandates—it’s about leading
in a logistics environment defined by innovation, responsibility, and resilience.

The Future of Hazmat Transport Packaging

The future of hazmat transportation packaging is defined by a convergence of innovation, regulation, and

sustainability. As materials become more advanced and regulations more stringent - packaging solutions will

need to be smarter, lighter, and more durable without compromising safety. Reusable systems will likely become

the industry standard, especially in high-frequency or closed-loop applications, supported by asset tracking

technologies like RFID and IoT for real-time monitoring and compliance assurance. n

Packaging will increasingly be designed with a lifecycle mindset—engineered for repair, disassembly, and
recycling—aligning with circular economy principles. Expect greater use of high-performance composites,
bio-based materials, and lightweight alloys that reduce transport emissions while maintaining regulatory
certification. Additionally, new tools such as digital labeling, smart sensors, and predictive analytics will
enhance risk management and traceability throughout the supply chain.

Regulatory frameworks will continue to evolve, especially around emerging dangerous goods like advanced
battery chemistries and reactive materials, prompting more collaboration between industry and regulators. In
this landscape, packaging providers like Americase will play a central role—not just as suppliers, but as strategic
partners in compliance, innovation, and environmental responsibility. Ultimately, the future of hazmat packaging
will be about more than containment—it will be about enabling safer, smarter, and more sustainable logistics at
every level.

CONCLUSION

Balancing safety and sustainability is no longer optional in the transportation of hazardous materials, it's
essential. While safety remains the non-negotiable foundation of hazmat packaging; sustainability is now an
operational imperative. Regulatory pressures, stakeholder expectations, and global climate goals all demand
a shift away from single-use, resource-intensive solutions. Yet the path forward isn't about choosing one over
the other, it's about engineering solutions that meet both. Advances in materials, testing, and design have
made it possible to create packaging that is both highly protective and environmentally responsible. Reusable
containers, lightweight structures, and recyclable components now offer the same (or better) performance as
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traditional options, while significantly reducing waste and emissions. By integrating these priorities from the
outset, organizations can protect people and the planet, ensuring that compliance, resilience, and sustainability
all work in tandem.

How Americase Helps Organizations Lead the Way

Americase helps organizations lead the way in balancing environmental responsibility with hazmat transport
compliance by engineering packaging solutions that meet the highest safety standards while advancing
sustainability goals. Through its deep expertise in DOT, UN, and other national and international regulatory
frameworks, Americase ensures that every design is rigorously tested, certified, and fully compliant—eliminating
the trade-offs.

At the same time, Americase integrates sustainability from the ground up, prioritizing reusable, lightweight, and
durable materials that reduce lifecycle emissions, minimize waste, and support environmental and sustainability
targets. Their custom-engineered containers are designed not only for regulatory compliance but also for long-
term operational efficiency, often replacing single-use packaging with scalable systems that can withstand
dozens or even hundreds of deployments.

By collaborating directly with clients and regulators, Americase tailors each solution to the specific risk profile,

transport mode, and environmental context of the shipment. Whether it’s lithium-ion batteries, data center

components, or aerospace parts - Americase helps organizations navigate complexity with confidence. Through

this combination of innovation, compliance, and ecological foresight, Americase is setting a new standard for

responsible logistics in hazardous materials transport.

About Americase

Americase is a leading provider of custom-engineered protective packaging solutions for hazmat and
high-value goods. With a focus on safety, compliance, and sustainability, Americase helps organizations
protect their most valuable assets throughout the supply chain lifecycle.

For inquiries about custom packaging solutions or to learn more about our capabilities, contact us at
www.americase.com.

This white paper is published by Americase and is intended for informational purposes. While every effort has
been made to ensure accuracy, readers should consult with qualified professionals for specific compliance and
security requirements.
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or scan the QR code below:

800-972-2737 / 6200 I-35 E, Waxahachie, TX 75165 www.americase.com


https://www.americase.com/?utm_source=WP&utm_medium=HomePagelink&utm_campaign=SafeandSustainable
https://www.americase.com/?utm_source=WP&utm_medium=HomePagelink&utm_campaign=SafeandSustainable

