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Abstract  

 

The current global situation requires the efficient management of waste and the assessment of 

the potential for the implementation of the principles of the circular economy in order to 

conserve natural resources and reduce the negative impact on the environment. The aim of 

the research is to analyze the potential of non-woven products (mattresses) made of recycled 

polymer fibers, intended for use in the field of thermal insulation of buildings, in relation to 

their density and thickness. At the same time, the benefits obtained by combining them with 

products based on recycled waste and sheep wool were evaluated. The experimental results 

indicated good performance in terms of thermal conductivity coefficient and heat transfer 

resistance of the analyzed products, which can be successfully included in the category of 

heat-insulating materials. The correlation of thermal performance with the thickness and 

density of the products highlighted the need to deepen the analysis, these two parameters 

being insufficient for the design of such material. However, by combining mattresses made of 

recycled polymer fibers with mattresses made of recycled denim fibers and / or sheep wool, 

the benefits in terms of thermal insulation performance are obvious.  

 

Keywords: Plastic waste recycling; Thermal insulation; Natural resource preservation; 

Energy consumption reduction; Environmental protection 
 

 

Introduction  

 

Huge amounts of plastics are consumed worldwide every year, mostly in the food 

packaging area – for example, in 2011 alone, a statistic from 27 EU states showed that, on 

average, each citizen generated around 159kg of waste from polymeric plastic packaging every 

year [1]. 

Globally, the requirement and production of plastics is increasing. As a result, huge 

amounts of waste are generated with a negative impact on water and land, considerable volumes 

of greenhouse gases are emitted, and non-renewable resources of raw materials and energy are 

consumed. According to Waste Directive 2008/98/EC, the objectives of waste management 

policies must aim at reducing the potential for waste generation, reducing resource consumption 
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and making recycling more efficient, with regard to waste as a potential resource of new 

products with beneficial impacts on the environment and the health of the population. The most 

common waste plastics of polymer type are: polyethylene terephthalate (PET), polypropylene 

(PP), general use polystyrene (PS), polyvinyl chloride (PVC). Their recycling successfully 

responds not only to the need for quantitative reduction of polymer waste but also to obtain new 

products with low emission generation (Figs. 1, 2 and 3), and with the sustainable use of 

reserves of non-renewable raw materials and energy, it is known that current recycling 

technologies are able to provide quality-appropriate material [1, 2], largely used for fiber 

production - in 2016, 64% of all fiber production was synthetic fibers [3]. 
 

 
Fig. 1. Comparative analysis of pollutant emissions [1] 

 

 
Fig. 2. Comparative analysis of CO2 emissions  [1] 

 

 
Fig. 3. Comparative analysis of energy consumption  [1] 

 

Polyethylene terephthalate is a material of great interest in the field of materials in 

general and, by implication, also in the field of building materials because it is 100% recyclable, 

the only material that is easier to recycle is aluminum. The cost of recycled polyethylene 

terephthalate (R-PET) is 20-60% lower than the cost of polyethylene terephthalate produced 

from Virgin raw material (V-PET), and the reduction in energy consumption is 50-70% and the 

consumption of petroleum raw materials is 50-60% [2, 4-7]. Worldwide, the main use of R-PET 

is in fibre production, accounting for more than 70% of the total polyethylene terephthalate 

fibre produced [4, 8]. 

At the same time, around 5.8 million tonnes of textile waste are produced annually at EU 

level, of which only 25% are put into recycling and reuse processes, although the possibility of 

recycling is of 95% [3, 9, 10]. One of the possibilities of recycling is the transformation into 

fibers which, although not entirely corresponding to reuse in the area of the textile industry, can 

successfully become raw material in the sector of nonwoven materials for thermal insulation in 

the construction industry. The results of the research carried out to date [11, 12] have shown 

that recycled textiles have competitive thermal properties, thermal conductivity and thermal 

diffusivity and can be used as an alternative to commercial heat-insulating materials (extruded 

polystyrene or mineral wool) in the construction sector. According to reports from the literature 

[13, 14] curently the influence of the density of the product, the thermal insulation achieved by 

recycling of waste textiles, the coefficient of thermal conductivity are known, indicating a non-

linear variation, identifying a range of densities for which the performance of thermal insulation 



DEVELOPMENT OF SUSTAINABLE THERMAL INSULATION PRODUCTS 

 

 

http://www.ijcs.ro 227 

are higher, in general (recycled textile waste mats having a low heat transfer coefficient around 

the value of 0,033W/mK).  

Another insufficiently exploited source of raw materials, which often becomes dumped 

or burned waste, is sheep wool. According to research, the advantages of sheep wool mattresses 

are: natural thermo and phono insulating materials, easily renewable, recyclable, with a low 

impact on the environment and on people's health, they retain their shape and volume due to the 

genetic structure of the wires that tend to always return to their original shape, produces a 

recation that removes volatile organic compounds, they have a reversible hygroscopic character 

(under normal humidity absorbs water vapor, its humidity reaching 15...18% water vapor, and 

in conditions of increased humidity up to saturation, its humidity can reach up to 40%), exhibit 

a very good fire behavior, do not maintain combustion, have the ability to store energy at high 

temperatures and yield it at low temperatures [15-20]. Moreover, they are cheap materials. The 

raw material from which heat - insulating mattresses are produced is that coarse part of sheep 

wool that is not used in the textile industry - the main processing industry. Thus, the price of 

waste wool is less than 0.3$/kg of unwashed wool waste in the USA [8], respectively, about 

1$/kg of ready-to-use washed wool in Romania. In addition, natural animal yarns can be 

combined with synthetic fibres from non-recyclable polyester waste to reduce environmental 

pollution [8] when producing them. 

On the other hand, in Europe, around 30% of CO2 emissions and 36% of total 

greenhouse gases are a direct or indirect consequence of the construction sector [21, 22]. At EU 

level it is estimated that 40% of energy consumption is due to public / private sector buildings 

[21, 23]. Therefore, it is essential to involve and prioritize the energy renovation of buildings, 

both for increasing indoor comfort and for reducing energy consumption and environmental 

impact (40% of total energy consumption, 36% of total CO2 emissions, 25-30% of total waste 

generated) [13]. The analysis on the identification of the general requirements regarding the use 

of heat-insulating materials for construction revealed that in general, depending on their nature, 

heat–insulating materials are characterized by a coefficient of thermal conductivity, λ, with 

values ranging from 0.024-0.07W/mK. The thermal performance of insulation made of 

homogeneous, single or combined materials is usually evaluated by the following parameters: 

thermal conductivity, thermal transmittance, thermal diffusivity, specific heat and heat transfer 

resistance. At European and global level, thermal insulation of buildings is now a key element 

without which energy efficient design and construction can no longer be a question. 

Studies have demonstrated the possibility of using polymer fibers from recycled 

materials for the purpose of heat-insulating non-woven materials for the construction sector, 

thus identifying the potential for conservation of natural resources and reducing environmental 

impact. In the case of mattress made of polypropylene (PP) and polyethylene terephthalate 

(PET), the thermal conductivity increases with the increase of the density, for the same 

thickness of the product, the heat-insulating non-woven fabric, the low density provides the 

potential for heat insulation, but for mechanical strength reasons, the density has to be 

controlled, taking into account the fact that the value of a density of 60kg/m3, the heat transfer 

by convection becomes dominant and the thermal insulation performance decreases 

significantly [24-27]. Based on research, the quantifiable TIV indicator (Thermal Insulating 

Value) was identified, which indicates the efficiency as a thermal insulator of a product, 

depending on the coefficient of thermal conductivity of the material, the thickness of the 

product and the thermal emission performance of the surface. For heat-insulating products made 

of PET, the TIV coefficient varies between 41.21% and 52.15% for thicknesses in the range of 
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3.54 – 7.97mm and for heat - insulating products made of PP this coefficient ranges from 

41.95% – 51.98% for thicknesses of 3.76 -  5.70mm, increasing with thickness increase [24-27]. 

The aim of this paper is to present experimental results regarding the coefficient of 

thermal conductivity, respectively the thermal resistance (important parameters for determining 

the thermal insulating character of a material) of non-woven products (mattresses) made of 

recycled polymer material fibers, intended for use in the field of thermal insulation of buildings, 

in relation to their density and thickness. At the same time, the benefits obtained by combining 

these analyzed materials, recycled plastic fibers, with recycled waste and sheep wool are 

evaluated.  

 

Experimental 

 

Materials 

The heat-insulating materials tested were 11 mattress variants made of recycled polymer 

fibers, 1 type of mattress made of recycled denim fibers and 1 type of mattress made of sheep 

wool, presented and characterized by a nominal thickness (designed) according to Table 1. All 

these variants of mattresses were made by carding technology, with the addition of 20-25% 

bicomponent Bico polyester fibers. The addition of two-component fibers in the non-woven 

matrix was motivated by their good heat-sealing performance, so that conditions of dimensional 

stability, shape and structure of the product are achieved and maintained. The heat-insulating 

mattresses subjected to testing are coded as follows: Ax-B, where A represents the type of 

fibers (P - recycled plastics, d-recycled denim, W-sheep wool), x represents the number of type 

in the family of belonging and B - the percentage amount of Bico bicomponent fibers 

introduced through the manufacturing process into the non-woven matrix. 
 

Table 1. Codificarea și grosimea nominală a saltelelor termoizolatoare 

 

Code 
Addition of two-component polyester fibres 

(%) 

Nominal thinckness 

(mm) 

P1-25 25 15±3 

P2-25 25 45±3 

P3-25 25 50±3 

P4-25 25 55±3 

P5-25 25 60±3 

P6-25 25 70±3 

P7-25 25 80±3 

P1-20 20 30±3 

P2-20 20 40±3 

P3-20 20 45±3 

P4-20 20 50±3 

D1-20 20 20±3 

W1-25 25 20±3 

 

Methods 

The selected analysis techniques are based on their suitability for the characterization of 

heat-insulating materials. Therefore, standardized, specific analysis methods were used 

according to EN 823:2013 for thickness determination, EN 1602:2013 for density determination 

and EN 12667:2002 for determination of thermal conductivity coefficient and heat transfer 

resistance. All tests were performed under laboratory conditions, at a temperature of 23±2ºC 

and relative air humidity 60±5%. 
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The thickness of the non-woven mattress type product was determined on samples with 

dimensions of 300x300mm, by direct measurement, under conditions of application of a 

compression force of 0.02kPa, according to EN 823: 2013. 

The density of the material was determined on specimens with dimensions of 

300×300mm, by referring the mass to the volume, according to EN 1602:2013. 

The thermal performance of the individual specimens was determined by the hot plate 

method according to EN 12667:2002, using specimens with dimensions of 300×300mm. They 

were tested using a FOX 314 type conductivimeter at a temperature difference of 10ºC between 

the turntables, after having previously been dried at constant mass. Thus, the coefficient of 

thermal conductivity, λ10,ct. and thermal resistance, R were recorded. 

Subsequently, the thermal resistance in the field was calculated for the simulated cases 

of products made by overlapping 2 or 3 of the types of non-woven thermal insulation materials 

tested, according to the method specified by the standards in force. 

 

Results and discussion 

 

The results obtained experimentally for products of type heat-insulating mattress, made 

of recycled polymer material fibers, recycled denim fibers or sheep's wool, are shown in 

Figures 4 and 5 and in Table 2. 
 

Table 2. Physico-thermal characteristics of heat-insulating mattresses 

 

Code 
Thickness 

(mm) 

Density 

(kg/m3) 

Thermal conductivity 

coefficient, λ10, ct. (W/mK) 

Thermal resistance, R 

(m2K/W) 

P1-25 13.08 60.9 0.035 0.38 

P2-25 47.32 15.2 0.042 1.12 

P3-25 48.52 15.8 0.041 1.17 

P4-25 51.16 25.1 0.037 1.37 

P5-25 57.00 27.7 0.038 1.45 

P6-25 67.00 23.3 0.036 1.84 

P7-25 78.18 18.8 0.040 1.96 

P1-20 31.50 31.4 0.038 0.83 

P2-20 42.10 10.6 0.053 0.79 

P3-20 45.70 12.5 0.047 0.97 

P4-20 51.00 19.7 0.042 1.21 

D1-20 20.40 47.9 0.035 0.58 

W1-25 17.61 44.5 0.032 0.55 

 

As seen in Table 2, heat-insulating mattresses from recycled denim fibres and sheep 

wool of comparable thickness were selected for testing, if a parallel is to be drawn to the 

specifications of the literature indicating that the thermal resistance increases with increasing 

thickness, but a thickness difference of up to 9mm does not induce significant changes on the 

thermal insulation properties of a material [28-31]. 

In the case of samples made from recycled polymer fibres, a nonlinear variation in the 

coefficient of thermal conductivity and thermal resistance is observed, depending on the 

thickness of the specimen or the density of the material, regardless of whether the samples were 

made with the addition of 20% or 25% bicomponent fibres. However, it can be said that in 

general two areas of influence can be identified. Thus, for the coefficient of thermal 

conductivity recorded, which is desirable to be as low as possible, values were recorded at least 

equal to 0.040W/mK for samples with low densities, even if the thickness of the product is large 

(See sample P7-25), the maximum being reached by the sample with the lowest density, P2-20. 
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Values of the coefficient of thermal conductivity of 0.035-0.38W/mK shall be recorded for 

specimens of higher density, respectively, a minimum of 23.3kg/m3. 

From the point of view of thermal resistance, a parameter that is desirable to be as high 

as possible, a generalized trend of increase is observed with the increase in the thickness of the 

specimen and a non-linear evolution, again with two trend zones, if the analysis is done 

according to density. Thus, for samples produced from recycled polymer fibers with 20% 

addition of bicomponent fibers, the maximum thermal resistance is recorded in the case of the 

sample with the largest thickness and an intermediate density, P4-20. In the case of samples 

produced from recycled polymer fibres with 25% added two-component fibres, this maximum 

thermal resistance shall be recorded for the sample with the highest thickness and relatively low 

density, below 20kg/m3, P7-25. 
 

a)  

b)  
Fig. 4. Variation of the thermal conductivity coefficient depending on: a) thickness and b) density 
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a)  

b)  
Fig. 5. Variation of the thermal resistance depending on: a) thickness and b) density 

 

Considering that from the point of view of thermal insulation efficiency a low thermal 

conductivity and increased thermal resistance is desirable, it can be said that only on the basis 

of thickness and density control, one cannot identify a mathematical rule that would give the 

possibility to design an optimal insulating material. This can be explained on the basis of the 

difficult to control structure of the material, structure that includes fibers, arranged relatively 

orderly and air volumes between these fibers, and the thermal transfer is carried out by three 

mechanisms: conduction, convection and radiation. The thermal conductivity of a porous 

material, as in the case of non-woven heat-insulating products, is the sum of the characteristic 

air conduction from the pores, convection conduction, fiber conduction, radiation conduction 

and the interaction between air and fibers [32].  

However, given the trend at European and global level, which shows that over time the 

thickness of the insulating material has continuously increased, both in the case of thermal 

insulation of walls and roofs [18], the possibility of increasing thermal insulation efficiency by 

overlapping two or even three different layers of thermal insulation products has been analyzed, 

since each type of material has advantages and disadvantages: 
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- thermal insulation products based on polymer fibers have the advantage of increased 

resistance to biological agents and do not have high water absorption; 

- thermal insulation products based on denim fibers have the advantage of mechanical stability; 

- heat-insulating products based on sheep wool have the advantage of increased permeability, 

energy storage/disposal capacity, absorption of harmful substances from the air (formaldehyde) 

and storage of water in the form of vapors, yielding it when needed to regral the humidity of the 

indoor air. 

Thus, layered heat-insulating products were simulated, in which the nature of each layer 

is different in terms of the type of fibers that compose it. The results of this simulation, where 

two layers are superimposed, are shown in Figure 6. The evaluation of the benefits from the 

point of view of thermal insulation efficiency is shown in Figure 7. 
 

a)  

b)  

Fig. 6. Variation of the thermal conductivity coefficient by overlapping two layers of heat-insulating products 

of different nature (a) and variation of thermal resistance by overlapping two layers of heat-insulating products of 

different nature (b) 

 

According to Figure 6, it can be said that it is not easy, nor obvious to demonstrate the 

efficiency of thermal insulation capacity by overlapping. There is a decreasing trend in the 

coefficient of thermal conductivity, an increasing trend in thermal resistance, but, all this under 

the conditions that the thickness of new products is greater, respectively, is equal to the sum of 

the thickness of the individual insulating layers. 

Therefore, it was considered much more useful to analyze the percentage variation of 

thermal resistance and coefficient of thermal conductivity in relation to these characteristic 

parameters for the recycled polymer mattress used, also taking into account the increase in 

thickness (Fig. 7). 

It is observed according to Figure 7 that the thermal performance does not vary 

proprotionally with the variation of thickness. There are cases of substantial increase in 

thickness for which the benefits of reducing thermal conductivity are very small (P1-25+D1-20) 

or good but unspectacular (P1-25+W1-25). There are also cases where, although the increase in 
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thickness is within average limits (30-40%), the benefit in terms of the decrease in the heat 

transfer coefficient is obvious, above 10% (P2-20+D1-20, P2-20+W1-25, P3-20+W1-25). On 

the other hand, the thermal resistance is strongly influenced by the increase in thickness. This 

parameter increases as the thickness increases; in all cases the percentage increase in thermal 

resistance is greater than the percentage increase in thickness. This trend is an indicator that 

confirms the further analysis of this hypothesis of the benefit of thermal insulation by 

overlapping layers of heat-insulating materials of different nature. 
 

 
Fig. 7. Evaluation of the thermal insulation benefits obtained by overlapping two layers of thermal insulation material 

 

 
Fig. 8. Evaluation of the thermal insulation benefits obtained by overlaying three layers of thermal insulation 

material 

 

Analyzing the case in which three layers of different nature are superimposed within the 

same heat-insulating product (Fig. 8), it can be said that in general, the benefits are substantial 

and obvious. There are, however, two situations in which, although the thickness is to be 

increased by more than 100%, even 200%, the decrease in the thermal conductivity coefficient 

is less than 10%, respectively, for 2.28%, for the case of P1-25+D-1-20+W1-25 (where the 

thickness has increased by 290%), or 6.86% for the case of P1-20+D-1-20+W1-25 (where the 

thickness has increased by 120%). Therefore, for obtaining a low thermal conductivity 

coefficient, a large thickness of the product is not enough; this parameter is obviously 

influenced by other physical / structural characteristics. For all other analyzed cases, it is 

observed that, although the thickness increase percentage-wise with the lower values of the 

95%, the thermal conductivity coefficient is reduced in a worst-case scenario, a 3% (sample P6-

25+D-1-20+W1-25, which increase in thickness is less than 60%), and in the most favorable, 

21% (sample P2-20+D-1-20+W1-25, which increase in thickness is 90%). From the point of 

view of thermal resistance, substantial increases are observed, even 2-3 times compared to the 
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thermal resistance of the single product based on recycled polymer used in the composition of 

the structure. Also, the increasing trend of thermal resistance is similar, but more pronounced, 

compared to the increasing trend of thickness. In other words, the more the thickness of the 

layered product increases, the more its thermal resistance increases, and there is no case where 

the percentage increase in thermal resistance is less than the percentage increase in thickness. 

This trend can be assimilated to a positive cost-benefit ratio, where the benefits of thermal 

insulation are supposed to be assessed against the “costs” imposed by the use of a thicker 

product. 

 

Conclusions 

 

Based on those presented, it can be said that non-woven materials made from waste 

fibers of recycled polymer plastics, recycled denim fibers and sheep wool correspond in terms 

of thermal conductivity coefficient and thermal resistance in order to be used as heat-insulating 

materials.  

Each of the three types of material analyzed, by their structure and nature, has 

advantages and disadvantages. However, the research carried out has highlighted both their 

performance in terms of thermal insulation and the benefits that can be obtained through their 

combined use. The correlation of thermal performance with the thickness and density of the 

products highlighted the need to deepen the analysis, these two parameters being insufficient for 

the design of such material. However, by combining mattresses produced with recycled 

polymer fibers with mattresses produced with recycled denim fibers and / or sheep wool, the 

benefits in terms of thermal insulation performance are obvious. 

As a result, waste plastics of polymer type, textile fibers, in this case, denim, as well as 

sheep wool are sustainable sources of raw material that can contribute to the conservation of 

natural resuses and reduce the negative impact on the environment, thus: 

- reducing the consumption of non-renewable natural raw materials for the manufacture 

of heat-insulating material by recycling waste; 

- reducing the consumption of natural resources for energy production, by optimizing the 

energy efficiency of buildings; 

- reduction of environmental pollution as a result of waste storage or burning; 

- reduction of environmental pollution as a result of technological processes for the 

manufacture of new heat-insulating products. 
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