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Abstract 

As bio-based insulation products become more widely used in 

buildings, a better understanding of their smoldering fire behavior is 

required. Smoldering is a slow, low-temperature combustion process 

influenced by material composition, density, porosity, and other 

physical characteristics. In this study, although all tested bio-based 

insulation materials were susceptible to smoldering, significant 

differences were observed in smoldering propagation rates, internal 

temperature development, peak temperatures reached, gas 

production, and post-test mass loss. Some materials exhibited slow 

sub-surface smoldering with moderate internal temperature rise, 

while others showed faster propagation and higher thermal and gas 

emission levels. These findings demonstrate that smoldering 

performance cannot be generalized and must be assessed through 

material-specific fire parameters to improve fire safety.  

These findings provide qualitative insight into smoldering 

mechanisms in bio-based insulation materials and highlight the need 

for material-specific fire safety assessment. 

Introduction 

Bio-based insulation materials are increasingly used in the 

construction sector due to their low environmental impact and 

favorable thermal performance. However, their porous and organic 

nature makes many of these materials particularly susceptible to 

smoldering combustion under prolonged heat exposure.[1] 

Smoldering is a slow, flameless, self-sustained oxidation process 

occurring at temperatures lower than those of flaming combustion 

[2]. Despite the absence of visible flames, smoldering can persist 

over long periods, generate high localized temperatures, and release 

toxic gases such as carbon monoxide [3]. Its ability to propagate 

within porous materials while remaining difficult to detect represents 

a significant fire safety concern for bio-based insulation systems. 

The present study provides a comparative investigation of 

smoldering behavior in several bio-based insulation materials at the 

bench scale, highlighting the role of material properties in smoldering 

initiation and propagation. 

Results and discussion 

This work presents an experimental comparison of smoldering 

behavior in three bio-based insulation materials with distinct physical 

properties and compositions: wood fiber insulation panels (210 

kg/m³), cellulose insulation panels (35 kg/m³), and hemp concrete 

(340 kg/m³). 

Experiments were carried out under controlled laboratory 

conditions using a dedicated bench-scale smoldering fire setup in 

accordance with the EN 16733 standard. Test specimens with 

dimensions of 80 cm × 30 cm × 10 cm were exposed to a direct flame 

applied from below. The burner was maintained for 15 minutes to 

initiate thermal degradation before being shut down. 

All materials were subjected to identical thermal exposure 

conditions, enabling a direct comparison of their smoldering 

response. (Figure 1) 

Figure 1: Burner exposure applied to (a) hemp concrete, (b) cellulose 
insulation, and (c) wood fiber insulation panels according to EN 16733 

For wood fiber insulation panels (Figure 2) images 

acquired over a period of up to 120 minutes reveal the progressive 

formation of a well-defined char front, accompanied by surface 
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glowing. After the shutdown of the external flame, smoldering 

continues to develop and propagates across the exposed surface, 

indicating a self-sustained smoldering process.  

 

 

 
 

      Figure 2: Smoldering front evolution in wood fiber panel 

 
Comparable surface behavior is observed for cellulose insulation 

panels (Figure 3), documented over a duration of 120 minutes. The 

images show the development of smoldering combustion at the 

surface of the material following the shutdown of the external flame. 

Over time, the extent of the charred zone increases, indicating self-

sustained smoldering propagation. 

 

 
 

Figure 3: Smoldering front evolution in cellulose insulation 

 
In contrast, the behavior of hemp concrete (Figure 4), 

documented over a duration of 120 minutes, differs from that 

observed for the other materials when considering surface 

observations only. No visible smoldering propagation or flaming is 

observed at the exposed surface during this period. However, 

temperature measurements within the material reveal significant 

temperature increases at depth, indicating the development of 

internal smoldering despite the absence of surface manifestations. 
The rate of temperature rise is significantly slower compared to 

surface-exposed regions. 
 
 

 
 

          Figure 4: Smoldering front evolution in hemp concrete 
 

Overall, this study shows that although bio-based 

insulation materials are generally susceptible to smoldering 

combustion, their behavior varies significantly between materials. 

These differences are reflected in measurable parameters such as 

temperature rise rates, peak temperatures, gaseous emissions, and 

post-test mass loss. In some cases, smoldering remained sub-surface 

with slower temperature increases, while in others it propagated to 

the surface with higher thermal gradients and gas emissions. These 

findings highlight the need to account for material-specific 

properties when assessing smoldering fire hazards. 

As part of an ongoing PhD study, we are now exploring 

different parameters and materials associated with smoldering 

combustion, as part of an overall study of smoldering behavior in 

bio-based insulation materials, which is essential for improving fire 

safety assessment.  
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