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Abstract: Smoke generated during a fire is a serious danger to people as a result of reduced air visibility, high temperature, toxicity and 

reduced oxygen content. In regard to victims, the inhalation of a mixture of toxic gases, which are formed as products of combustion, plays a 

key role. In the conditions of modern construction, and in order to improve energy efficiency in the buildings’ construction, various 

insulating materials are used. Along with the advantages of good insulation, there are also dangers from the behavior of insulating materials 

in an event of fire. The purpose of the present study is to assess the hazards and to study the composition of the gas mixture released during 

the combustion of various thermal insulating materials: glass wool, stone wool; expanded polystyrene; extruded polystyrene. 
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1. Introduction 

The problem of sustainable building construction is a hot topic 

in the contemporary construction industry. This is a well-

established practice in industrial developed countries with strong 

regulatory bases. Moreover, the problem addresses the so-called 

green future where safety, low-toxic materials and renewable 

material should applied in house constructions. The construction 

industry based on the green ideology avoids excessive use of 

material energy and raw materials, and refers to utilization of 

products or environmentally friendly or recyclable elements 

produced by green technologies. This approach allows buildings 

with comfortable living conditions to be created as well as low cost 

and safe maintenance there off. In Bulgaria, this approach is 

implemented slowly step-by-step by the construction industry 

mainly from the point of view related to long time investments in 

environmentally friendly and low energy consuming multi-family 

residential buildings. In this context, the idea is supported by a 

special program devoted to energy efficiency of multi-family 

buildings addressing desire levels of thermal comforts and living 

conditions. 

The main task of the sustainable construction industry is the 

reduction of building effects on the environment during the entire 

life cycle combined with optimal economic efficiency and 

engineering quality at the design stage. Actually, this involves the 

best known practices in the design, practical implantations of new 

projects and effective reconstructions of old buildings [10]. The 

green construction industry approach promises acceptable living 

conditions upon continuously decreasing amounts of material 

resources, increasing effects of climatic changes as well as the 

demand of safety approach to the environments. 

One of the principle criterion in the assessment of building 

energy efficiency is the quality of external thermal insulation. [11]. 

The quality of the thermal barrier depends on the applied materials 

which actually reduce the energy loses through building walls [8]. 

The insulation materials widely encountered in the building thermal 

insulations are mainly Rockwool, glass wool, expanded (EPS) or 

extruded (XPS) polystyrene.  

The green construction industry encompasses a wide spectrum of 

techniques and technologies with the final goal envisaging the 

reduced effect of the new building on the environment and the 

quality of human life and health. 

2. Applications of thermal insulations in the 

construction industry 

The task to attain more comfortable living conditions with the 

help of the modern constructions technologies is reasonable in the 

modern era where the quality of the human life and health are 

primary goals [6]. The creation of comfortable thermal conditions 

by application of suitable insulation strongly depends on the 

adequate selection of materials used [1]. The insulation layers 

deposed on the external building wall yields several benefits, among 

them: 

 Reduces the energy requited to achieve the desired thermal 

comfort in both the summer and winter conditions.  

 Reduces the possibility to formation of surface layers of 

condensed water and consequent increase in the moisture of 

the walls ; 

 The suitable color of the insulating panels allows building 

facades to be more acceptable from aesthetic point of view as 

well as the exploitation life of the complete thermal insulation 
to be extended as much as possible.  

Moreover, the extremal thermal insulation allows the thermal 

bridges mainly appearing at the joints of wall building elements to 

be cancelled, which actually reduces the thermal losses from the 

building to the environment. It is worthy to mention here that when 

internal thermal insulation is applied such effects cannot be attained 

[15, 19]. The insulation of internal side of the wall allows higher 

moisture content of the air to be maintained which results in 

appearance of fungi.  In addition, the external thermal insulation 

dies not reduce the size of the rooms.  

3. Characteristics of principle insulation materials 

The principle characteristics defining the applicability of the 

insulating materials are: good thermal insulating properties, 

acceptable sound insulation, resistance upon direct fire, 

impermeable for moisture, passive ventilation, low mechanic 

deformation upon fire conditions, mechanical stability and 

resistance upon compression [15-18]. The main characteristic 

allowing adequate choice of suitable insulating material are: 

adequate size of the panels, density, heat conductivity, moisture and 

vapor permeability, the class of flammability, aging reissuance, etc. 
[17, 18].  

 

Table 1. Advantages and disadvantages of the Rockwool 

Advantages Disadvantages 

Good thermal insulation 

properties; 

Reduced insulation properties 

with increase in the moisture content;  

No destruction due to 

biological destruction (wet rot); 

Production technology with high 

energy demand and high production 

cost; 

Easy to be treated; There are some organic 
components; 

Permeable for water 

vapors (breathing walls); 

There are emissions of fibers 

dangerous for the human health;  

Inflammable. Resistant to 
fungi and insects; 

Dangerous when are used as 
internal thermal insulations due to 
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There are enough raw 
deposits; 

Allow to be stored in 

depots of recyclable materials. 
With characteristics which do 

not vary upon hot climates. 

possible release of short fibers.  

 

Table 2. Advantages and disadvantage of insulations based on EPS and XPS 

 Advantages  Disadvantages  

EPS 

insulation 

Good, acceptable 

thermal insulation 

properties; 
• Easy mechanical 

operations; 
• Low cost materials; 

• Resistance to moisture 

ingress; 
• There are no 

biologically 

destructions (wet rot); 
• No risks to the human 

halt exist since there are 

micro elements released 
in the environmental 

air.  

• High energy demand in the 

manufacturing; 

• Dangerous and toxic 
emission in the 

manufacturing; 
• Dense smoke release with 

unburnt materials upon fire; 

• Limited material resources 
for manufacturing; 

• Unstable upon UV radiation; 

• Low diffusity of moisture; 
• Ability thermal bridges to be 

created due to shrinking of 

EPS plates and voids 
formations.  

XPS 

insulation 
High resistance upon 

compression; 

• There is no risk for the 

human health; 
• Resistible tom 

moisture ingress; 

• Resistible to property 
changes due to aging; 

• There is no biological 

destruction (wet rot). 

• High energy demand for 

manufacturing and consequent 
mechanical treatment; 

• Toxic gas release during the 

manufacturing; 
• Dense smoke and toxic gas 

release upon fire conditions; 

• Unstable upon UV 
radiationе. 

 

In the same time the benefits of thermal insulations of buildings 

should be considered parallel to their fire behaviors (fig.1). The 

practice provides facts showing that these materials can cause 

severe damages, mainly related to the fire extinction methods used. 

[11-13]. The danger upon fire related to a given material depends on 

a variety of properties which manifest themselves only when the 

material is burning. [9]. Some of these properties:  

 Flammability (ability to ignite); 

 Rate of fire flame speeding; 

 Smoke release ; 

 Molten drop release ; 

 Burning particles release; 

 Amount of heat release Топлинна енергия; 

 Toxic gas release. 

 

Resistance upon fire: This is a feature of construction materials 

and building constructions related to their ability to maintain 

unchangeable properties upon high thermal load in fire. The 

limit of the fire resistance of a certain material is defined as 

the time required the material to maintain its initial mechanical 

stability and the stability of the mechanical construction where 

it is involved as well as its thermal insulating [16, 19, 21]. 

Flammability (classification upon direct fire action): The 

flammability is characterized by the material behavior upon 

fire [19, 21]. The principle criterion allowing assessment of the 

material contribution to the fire spreading is the class when 

there is a direct access of open fire to the material. [1, 14]. 

Smoke: The smoke is a multiphase system containing toxic gases, 

unburnt particles, unburnt carbon, smoldering particles and 

liquid (water) droplets. The larger particles make the smoke 

visible with various colors but mainly black or gray [17, 19, 

22, 23].  

 

  

Fig. 1. Fire in a residential building in Sofia, housing estate Mladost 3, 
covered with thermal insulated panels 

Smoke generation: The material classification depends on the 

intensity of smoke generation: class s1 is with significantly 

reduced smoke release; class s2 with moderate reduced and 

class s3 when there are no restricting conditions with respect to 

the amount of smoke released upon fire [16, 19, 22, 23]. 

Formation of burning droplets: The formation of burning liquid 

droplets is mainly related to formation of melting components 

in the material since they can created hot spots or to be 

entrained  the air flow thus creating new spots for fire ignition 

when flammable material are met. From this point of view the 

material classification is: class d0 when there is no formation of 

burning particles are droplets; class d1 when burning particles 

and droplets are rereleased but with short time extinctions; class 

d2 when there are  no restrictions with respect to the amount 

burning particles and droplets released by fire exist [1, 16,19]. 

Toxicity of the burning gases: The smoke with all its 

characteristics is one of the reasons causing death to humans 

upon fire. The analysis reveals that high mortalities are result of 

toxic gases from the burning materials since the main cause of 

death is by poisoning [2].  

4. Experimental 

4.1. Materials tested 

The study considered the following thermal materials for the 

fire tests performed (see Figs. 2-5): 

 Rockwool (Fig.3) 

 Glass wool (Fig.2) 

 Polystyrene (or Polystyrol), ХPS (Fig.4) 

 Expanded polystyrene (EPS) (Fig.5) 

4.2. Experimental set-ups 

The experiments were performed in set-ups scaled as 1:40 

(corresponding to 8 floors housing estate) made from 4 types of 

insulating materials. After the ignition, the sample surfaces where 

monitored by a thermovison camera. This allowed detecting the 

lowest temperature as well the rapidly changing one (theses data are 

not reported here. 

 

 

 

 

 

 

 

 

 

Fig.2. Sample covered by   Fig. 3. Sample covered 
glass wool    by rock wool 
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Fig. 4. Sample covered by EPS  Fig. 5. Sample covered by ХPS 

 

4.3. Combustion gas monitoring 

The combustion gases released by the insulation materials 

tested were monitored for CО, СО2, NO2, SO2, H2 and O2 by help 

of two multi-channel gas analyzers: ALTAIR 5X and Altair 4XR 

COMB/O2/CO/NO2 shown in Fig.6.  

 

 

 

 

 

 

 

Fig.6. ALTAIR gas analyzers used in the tests  

 

5. Results  

5.1. Glass wool tests 

 
It is well that the glass wall has a high thermal resistance and is 

inflammable. The experimental results reveal practically 

inflammability and smoke release with principle content of CO, 

SO2, NO2, H2, CO2 and О2. The concentration of CO2 is the higher 

in the combution gases, follwed by О2 and CO. These data are 

shiowen in Fig.7 and Fig.8. 

 

 

Fig.7. Concentration of CO, SO2, NO2 and H2 in combustion gases of glass 
wool (in ррm) 

Fig.8. Concentration of СО2 and О2 (in percents) in combustion gases of 
glass wool 

 

5.2. Rockwool tests 

 The general characteristic of the rock wool is that it is 

inflammable and does not allow fire spreading across the insulated 

walls without toxic gas release [17, 19, 21]. The tests performed 

confirm the inflammability feature but it contradicted that it 

prevents the fire spread without toxic gas release. The data recorded 

by the gas analyzers are shown in Fig.9 and Fig. 10.  

 

 

Fig. 9. Concemtration (ррm) of CO, SO2, NO2 and H2 release by rockwool 
samples 

 

The results obtained are a little bit surprising taking into 

accound the common information about the rockwool content: 

vulcanic rocks and native CaCO3. After the removal of floor of the 

tested set-up irt was detected enormous smoke release. The gas 

detector recordered concentration of caarbon oxided 282 ррm. The 

xternal surface of the set-up remained unchanged exept the point 

where the ignition ws initiated. However, the internal parts of the 

set-up was partially burnt (see Fig.11). The working hypothesis 

explained these facts by the rockwool permeability with respect to 

water vapors. To some extent, the low amount of oxygen in the 

closed volume of the set-up allows in the inernal temperature tio 

increase thus resulting in enormous gas emissions 

 

 

Fig.10. Concentration (%) of CO2 and О2 released by rockwool. 

 

 

Fig.11. The area at the rockwoll surface around the ingnition spot (left) and 

the internal set-up area (right  

 

5.3. EPS tests  

EPS is a flammable polymer and consequently the set-up 

covered by it was easily ignited. The concentrations of the 

combustions gases are shown in Fig.12. The highest gas 

concentrations were detected about CO, CO2 and О2. Duiring the 

set-up burning there was a enormous release of solid particles as 

soot. The concentration (in %) of CO2 and О2 in the combustion 

gases of EPS are 22% and 17% correspondingly. 
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Fig.12. Concentration (ррm) of CO, SO2, NO2 and H2 in the combustion 
gass of EPS 

 

5.4. XPS tests 
The extruded polystyrene is based on the same polymer as the 

expanded counterpart but with different technology of 

manufacturing. The experiment performed reveal easy XPS (easier 

with respect to от EPS) but followed by a rapid burning and much 

more dense smoke release (gases and solids). The visibility around 

the set-up was low due to existence of soot and high volatile 

compounds. The gas detector recorded high concentrations of CO, 

CO2 and NO2 (Fig. 13). The concentrations (%) of CO2 and О2 in 

the combustion gases of EPS was 23% and 16,6 %, accordingly. 

 

 

 

 

 

 

 

 

Fig. 13. Concentration (ррm) of CO, SO2, NO2 and H2 in the combustion 

gases of XPS 

 

 

Fig.14. Comparison of the concentrations (ррm) of CO, SO2, 

NO2 and H2 in the combustion gases of rockwool, galss wool, EPS 

and XPS. 

6. Brief comments 

The experiments carried out and the results obtained (Fig. 14) 

reveal that the practically inflammable thermal insulation materials 

as the rockwool and glass wool actually release toxic gases during 

the combustion process. The data indicate that there is a need of 

more deep investigation of the observed phenomena in order to 

understand the origins of the release combustion products. 

The use of the information obtained for further identification of 

probable fire accidents could help the assessment of the components 

of the situations and the corresponding risk managements. In this 

context, it is important to assess the risk magnitude and its accessible 

level related to prescribed norms in regulatory documents [7, 8]. 

The risk assessment uses various quantitative and qualitative 

methods continuously in time by detecting the potentially dangerous 

events. 

The approach suitable to analyze the risk consists of some steps, 

among them: 

- Identification of available thermal insulating materials and areas of 

the housing estate external surfaces (facades) allowing easily 

development of fires. 

- Identification of the sources of ignition;  

- Assessments of the probabilities fires to be developed with selected 

thermal insulating materials; 

- Determination and assessment of the adequacy of the fire protection 

measure carried out; 

 - Solution about preventing fire actions or managements of the 

particular situations in order to minimize the risks of ignitions and 

fire developments [7, 8]. 

7. Conclusions 

In the last decades both the economics and society focus the 

attention on the sustainable development in the future centuries. The 

increase in the living conditions and house comfort go parallel with 

improvement the occupational safety issues. In Bulgaria there are 

about 80 000 multi-house estates with about 700 000 apartments 

inhabited by approximately 2 000 000 citizens which demand 

urgent renovations and augmentation of the thermal insulation 

conditions directly related to life comfort. The civil engineers, 

constructors and architects as well all domestic administration 

should re-arrange both the practice and regulatory documents in 

order innovative technologies to be applied. Irrespective of the type 

of material utilized for the external thermal insulation of the facades 

all technical parameter required by the domestic and European 

standards should be obeyed. In this context, the toxicity of the 

insulation of the material of the insulation panels is of primary 

important in order to reduce the risk upon accidental fire. The 

literature analysis reveals that the thermal insulation materials, 

discussed in this communication have been investigated in 

conditions where direct flame contact upon fire has been applied. 

Moreover there are data reporting the compositions of the 

combustion gases. In this context the experimental data reported 

indicate that the rockwool, irrespective of its mineral composition, 

the combustion gases contain the highest amounts of CO, NO2, SO2 

and oxygen. The good understanding of the fire behavior of Fig. 13. 

Concentration (ррm) of CO, SO2, NO2 and H2 in the combustion 

gases of XPS. 
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