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The construction sector contributes significantly to global carbon emissions, prompting a shift toward
materials that are renewable, recyclable, and energy-efficient. Governments and regulatory bodies
worldwide are encouraging the adoption of green building practices through certifications and policies.
Materials such as bamboo, hempcrete, engineered timber, and recycled composites are gaining popularity
due to their lower environmental impact. These materials not only reduce waste but also support
sustainable sourcing and lifecycle efficiency.

Despite these advantages, their performance under fire conditions varies significantly. Unlike traditional
materials like concrete and steel, many eco-friendly alternatives are organic or composite-based, making
their fire behavior more complex.
Understanding this behavior is essential for ensuring that sustainability goals do not compromise safety
standards.

sustainability cannot come at the cost of fire safety, especially in high-risk sectors like
railways, infrastructure, and public buildings.

INTRODUCTION: THE SUSTAINABILITY
SHIFT
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Eco Friendly Building Materials



Fire performance is a critical parameter in evaluating building
materials - especially in sectors where human safety is directly
at risk. When exposed to fire, materials can behave in
unpredictable ways, influencing how quickly a fire spreads and
how much smoke is generated.
These four key performance indicators determine evacuation
time, visibility during fire incidents, and overall structural
safety. Together, they define how a material will perform under
the one condition that cannot be rehearsed: a real fire.
In many cases, materials fail not because they are inherently
unsafe - but because they were never tested or specified
according to the required standards. This is particularly
common in projects involving new or alternative materials,
where urgency or cost pressure can push compliance to the
margins.

WHY FIRE PERFORMANCE MATTERS

Chapter  1

Why materials fail
The most common cause of fire-related
material failure is not poor chemistry - it is
the absence of testing. Materials selected
without reference to applicable fire
standards carry unknown risk into every
project they enter.

Visibility & evacuation
Smoke density directly determines how far
occupants can see during an incident.
Materials producing dense smoke can
reduce visibility to under one metre within
seconds of ignition, fatally compromising
evacuation.

"Ensuring proper fire performance is not just about compliance - it is
about safeguarding lives, assets, and project timelines. A material that
has not been tested is a material that has not been trusted."
- Prospec Test Hub Editorial
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Key Parameters



2.1 Bamboo

Bamboo, for instance, is a rapidly renewable resource with

excellent mechanical strength, but it is highly combustible unless

treated. Hempcrete, on the other hand, offers better fire

resistance due to its lime content, which slows down

combustion.

2.2 Recycled Wood / Engineered Timber

Engineered timber products such as cross-laminated timber can

perform well under fire by forming a protective char layer, while

recycled plastics may pose risks due to high combustibility and

toxic emissions.

2.3 Recycled Plastics

Recycled plastics are increasingly used in construction as panels,

composites, and structural elements, offering a sustainable way

to reduce waste and conserve resources. While they provide

durability, moisture resistance, and cost efficiency, their fire

performance is a key concern. These materials tend to be highly

combustible and can release dense, toxic smoke when exposed to

fire. To ensure safe application, recycled plastics often require

fire-retardant additives and must be thoroughly tested against

relevant fire safety standards before use in critical environments.

COMMON ECO-FRIENDLY MATERIALS

Chapter  2

The five core test methods under EN 45545-2 — from cone calorimeter to FTIR toxicity analysis

Eco-friendly materials are designed to minimize environmental impact while maintaining functional
performance. However, their fire characteristics vary widely depending on composition, density, and
treatment.

Sustainable Resources – building with bamboo,
climate-friendly building material

Eco Timber
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Fire testing is essential for determining whether a material meets regulatory requirements. Standardized
testing ensures consistency, reliability, and comparability of results across different laboratories and
applications.
International standards such as EN 45545-2, ASTM E84, and ISO 5660 define specific criteria for
evaluating flame spread, heat release, and smoke production. These tests simulate real-world fire scenarios
under controlled conditions.
For example, smoke density tests measure visibility impairment, while cone calorimeter tests assess heat
release rates. Together, these tests provide a comprehensive understanding of material behavior under fire
exposure.
Compliance with these standards is mandatory in many industries, particularly in transportation,
construction, and public infrastructure projects.

FIRE TESTING STANDARDS & METHODS

Chapter  3

Eco-friendly materials must meet the same fire criteria
as conventional ones.



One of the biggest challenges in adopting eco-friendly materials is balancing sustainability with fire
safety. Natural and recycled materials often require additional treatments to meet fire performance
standards.
Fire retardant treatments can improve safety but may increase costs and, in some cases, reduce the
environmental purity of the material. This creates a trade-off between achieving sustainability goals and
ensuring compliance.
Another challenge is the lack of standardized data for newer materials, making it difficult for engineers to
predict performance accurately. This uncertainty can lead to delays, redesigns, and increased project costs.
Addressing these challenges requires a strategic approach that integrates testing, material science, and
regulatory knowledge.

CHALLENGES & TRADE-OFFS

Chapter 4

Sustainability vs. Safety
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Understanding how eco-friendly materials perform in real scenarios is critical. The following case

studies highlight both challenges and successful applications, emphasizing the importance of fire testing

and informed material selection.

Case Study 1: Recycled Composite Failure
Project Type : Railway Interior Application

Material Used: Recycled Plastic Composite Panels

A manufacturer selected recycled composite panels to meet sustainability goals in a railway interior

project. While the material offered durability and environmental benefits, it had not undergone

comprehensive fire testing as per required standards.

During compliance testing, the material failed the smoke density test, producing excessive toxic fumes

under fire conditions. This resulted in immediate rejection.

Impact:

Project delays due to redesign

Increased costs for material replacement

Compliance setbacks

Key Learning:

Sustainable materials must be validated for fire performance early in the project lifecycle to avoid costly

consequences.

Case Study 2: Hempcrete Success
Project Type: Residential Eco-Housing

Material Used: Hempcrete (Hemp + Lime Composite)

In a low-rise sustainable housing project, hempcrete was selected for its low carbon footprint and

insulation properties. Unlike many organic materials, hempcrete demonstrated strong fire resistance due

to its lime-based composition.

During testing, the material showed low flame spread and minimal smoke generation, successfully

meeting fire safety requirements.

CASE STUDIES: REAL-WORLD INSIGHTS

Chapter 5
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Impact:
Smooth regulatory approval
Enhanced safety and sustainability balance
Positive project performance

Key Learning:
Material composition plays a critical role - eco-friendly options can meet fire standards when
inherently resistant or properly engineered.

Case Study 3: Engineered Timber Application
Project Type: Commercial Building Structure
Material Used: Cross-Laminated Timber (CLT)
A commercial project utilized engineered timber to reduce carbon impact while maintaining
structural strength. Despite initial concerns about combustibility, testing revealed that the
material formed a protective char layer, slowing down fire progression.
Impact:

Maintained structural integrity during fire exposure
Approved under fire safety guidelines with design considerations

Key Learning:
Advanced engineered materials can offer both sustainability and fire resilience when designed
and tested correctly.

These case studies reinforce a critical point:

Sustainability alone is not enough - materials must be proven safe under fire
conditions.

Proper testing, informed selection, and early-stage validation are essential to achieving both
environmental and safety objectives.



Chapter  6

Sustainability and fire safety must go hand in hand. The adoption of eco-friendly materials is

essential for reducing environmental impact, but it must not compromise safety standards.

Through proper testing, informed selection, and continuous innovation, it is possible to achieve

both objectives. Stakeholders must prioritize compliance and performance alongside

sustainability goals.

The future of construction depends on materials that are reliable, safe, and environmentally

responsible.

A material is truly sustainable only when it performs safely under all conditions,

including fire.

Conclusion
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