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Sustainability matters under European Construction Products Regulation: (EU) 2024/3110
For natural and bio-based construction products, sustainability must be demonstrated together with essential technical performance.
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Research motivation and novelty
Developing lightweight bio-based panels for sustainable construction
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Materials, formulations and panel manufacturing
Inputs, experimental design and processing. Target nominal density 300 kg/m³.

Three additional panels without gasified wood pellets and APP were produced using 8, 12 and 16 
wt.% MUF. They provide a baseline but are not part of the screening ANOVA.
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Experimental Programme and response variables
Testing and multi-response optimisation

Decision: lower λ, pHRR and THR are better; higher residue, peak time and thermomechanical retention are better. ANOVA and equal-weight CDI (1/3 + 1/3 + 
1/3) are applied to thermal, fire and DMA responses to identify the optimum formulation, which is then reproduced at medium scale for EN 310 three-point 
bending validation.
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Thermal and fire reaction performance
Main results
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Thermal and fire reaction performance
Main results
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DMA Methodology and thermomechanical response
Three-point bending DMA for stiffness retention at elevated temperature
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Combined Desirability Index (CDI) methodology
Thermal, fire and thermomechanical responses combined

Lower D is Better: lower λ, pHRR and THR are better; higher residue, peak time PTime, E’22.5ºC and thermomechanical retention are better. 
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Combined Desirability Index (CDI) methodology
Thermal, fire and thermomechanical responses combined
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Scale-Up to medium scale EN310 validation
Thermal, fire and thermomechanical responses combined

Application potential: Suitable for lightweight insulation and internal non-load-bearing boards; not suitable for structural use in its current form.
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Conclusions
• Thermal conductivity remained within 62.33–66.77 mW/(m·K), confirming a credible lightweight-

insulation range. The thermal optimum alone did not define the best global formulation.
• Gasified wood pellets and APP modified pHRR, THR and residual mass, but the response was not 

monotonic. Resin content, particle distribution and panel heterogeneity remained relevant 
interacting factors.

• Equal-weight integration of thermal, fire and DMA responses selected Experiment 4 as the best 
global compromise: 10 wt.% gasified wood pellets, 8 wt.% MUF resin, 5 wt.% APP and 77 wt.% 
raw hemp shives.

• Medium-scale three-point bending gave MOE = 10.17 MPa and MOR = 0.63 MPa. The present 
formulation is therefore appropriate for lightweight insulation or internal non-load-bearing lining, 
not structural or semi-structural use.

• The material is technically promising as a lightweight non-load-bearing product, but progression 
toward a construction product requires reproducible manufacturing and verified durability before 
structural or broad fire-safety claims are considered.
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