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TECHNO-ECONOMIC ANALYSIS OF A SOUND 
ABSORBING BARRIER MADE OF RECYCLED 

TEXTILE MATERIALS 
 

Abstract: This study contains techno-economic analysis of a 
sound absorbing barrier made of recycled textile materials, as 
well as a price comparison between such a barrier and a 
conventional sound barrier made of steel, concrete or wood. 
Construction of sound barriers made of textile materials may 
help resolve two existing environmental problems – traffic 
noise pollution and a large amount of textile waste that is 
usually landfilled.  
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1. INTRODUCTION 
 

Noise has a major impact on the 
environment, which is the subject of this study. 
Enhanced urbanization and a growing standard 
of living affect the increase of the noise level 
exposed to people within cities. Traffic mostly 
generates the harmful levels of noise, and it 
continually occurs within cities. Also, outside 
urban areas, traffic affects the environment 
even more, because it is the only source of 
noise. 

However, close to the noisy roads, it is 
possible to build sound barriers from different 
materials - wood, concrete, glass, plastic, 
plexiglass. They can be installed in many ways, 
in the form of pre-built panels or they can be 
built on-site. Barriers are divided into absorbing 
and reflective, which depends on the material 
used for its construction.  

The aim of this paper is to research the 
economic justification of the redirection of 
textile waste from landfills and its use for the 
construction of sound barriers. The share of 
textile waste in the total amount of waste 
disposed on a global scale is growing, witch 
make urgent call for actions to reduce it. During 
the production of textiles, natural resources are 
consumed irrevocably, and the soil and water 
are polluted by the excessive use of pesticides. 
For these reasons, it is necessary to extend the 
life of textiles, through reuse and recycling.  

So far, there is no consensus on the main 
factors in determining the sound absorption 
performance of textiles.  

 

Bies and Hansen (2009) explain that flow 
resistance is the most influential factor in 
determining how a fabric acts as a sound 
absorbing material [1]. Fahy and Walker (1998) 
as well as Ver and Beranek (2006) have 
reported that flow resistance, porosity, air 
permeability, and tortuosity (i.e. the structure 
factor) have the greatest impact on the acoustic 
performance of textile materials [2,3]. It was 
found that sound absorbency of the fabric 
increases with both airflow resistivity and 
fabric thickness. It has been reported that, 
fabric porosity is inversely proportional to the 
airflow resistivity. Hence, it was concluded that 
variation in fabric sound absorption property is 
inversely proportional to fabric porosity.  

The growing demand for a quieter 
environment has caused the growth of sound 
barriers in recent years, both in Europe and 
worldwide. This trend will continue, as 
designers and engineers respond to 
environmental requirements, with improved 
noise reduction guidelines and increasingly 
demanding legislative guidelines. 
 
2. TEXTILE WASTE 
 Global demand for textile products is 
constantly growing, and this trend is likely to 
continue, due to the population growth and 
economic development. In the meantime, the 
textile industry faces enormous environmental 
challenges and limited resources. Sixty-three 
percent of textile fibers come from 
petrochemicals whose production and life cycle 
significantly affect carbon dioxide (CO2) 
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emissions. The remaining 37%, include 
products made of cotton (24%), a plant 
associated with excessive water exhaustion - a 
drastic reduction in the surface of the Aral Sea - 
and the intensive use of pesticides – as a 
manifestation of negative environmental 
impact. Processes of wet processing, dyeing, 
final washing, printing of pictures, etc. 
represent large sources of different pollutants, 
and knitting and weaving are most often relying 
on the use of fossil fuels, which additionally 
burdens the environment, generating solid 
particles and carbon dioxide.  

It is estimated that more than one million 
tonnes of textile is thrown away every year. 
Most of this waste comes from households. 
Textiles make up about 4% of the waste 
contents. About 50% of discarded textiles are 
suitable for recycling, but only small quantities 
are really reused or recycled. Textile waste can 
be re-used in the production of fibers, clothing, 
sales and the like. 

The reuse of used textile products and 
textile industrial waste deserves far more 
attention than the one currently being dedicated 
to it. Synthetic materials (artificial fibers) 
decompose very slowly, while the degradation 
of wool products generates methane. Textile 
recycling reduces the need for further 
exploitation of raw materials, less polluting the 
environment, saves energy and space at 
landfills. 

In the textile industry, reuse and recycling 
is already well established. For example, in 
Europe about 15% to 20% of deposited textiles 
is collected (the rest is landfilled or burned), 
from which about 50% is recycled and 50% 
reused, mainly through exports to developing 
countries (Textile Recycling Association, 
2005). However, there are many variations in 
Europe, a prominent example is Germany, 
where 70% of deposited textiles are collected 
for reuse and recycling, from which the fraction 
is separated for incineration. Also, Denmark, 
where about 50% of the collected is re-used 
inside the country or abroad. 

More than 15 million tonnes of used 
textile waste is generated each year in the 
United States, and the amount has doubled over 
the past 20 years. In 2014, more than 16 million 
tons of textile waste was produced, according 
to the EPA of the United States. Of this 
amount, 2.62 million tonnes are recycled, 3.14 
million tonnes burned to restore energy, and 

10.46 million tonnes is sent to the landfill. An 
average American person throws about 36 
pounds of used clothes. On average, at the 
national level, the deposition of old clothes 
costs $45 per ton. 

It is estimated that textile waste in Serbia 
covers about 5% of municipal waste, which 
means that about 100,000 tons of clothing, 
footwear and home textiles are being issued 
annually. In Serbia, the collection and 
processing of textile waste is at the symbolic 
level, regulation is insufficient, and examples 
of good practice do not come from the public 
commercial sector, but from the social 
activism. However, the most important obstacle 
to the efficient utilization of textile waste in 
Serbia lies in unorganized collection. Another 
aspect of the textile problem are unspecified 
definitions of some of the key concepts in the 
Serbian legislations regarding waste.  
 
3. TEXTILE AS A SOUND 
ABSORBER 

 
Published literature in the field of textile 

acoustics clearly indicates the complexity of 
textile systems as sound absorbers. It can be 
concluded that the parameters not only 
independently affect the acoustic performance 
of the sound absorbing textile system, but that 
the key influence is their interaction. 

However, the latest research in this field 
acounted two of the most important factors: the 
porosity of the fabric and the density of the 
fabric. The air permeability of the fabric and 
porosity are influenced by the density of the 
weaving, the orientation of the fibers and the 
thickness of the fabric. 

The air permeability of the sound 
absorption fabric system not only exponentially 
decreases with the increase in the number of 
layers that make up the thickness of the fabric, 
but also the degree of reduction in reversely 
proportional to the number of layers. 

There is more research on the acoustic 
characteristics of the fabric compared to its air 
permeability. The Zhang study has established 
the relationship between the maximum sound 
absorption and the permeability coefficients of 
woven and nonwoven fabrics at a frequency of 
400 Hz [7]. It was concluded that the sound 
absorption coefficient reaches a maximum 
value at a certain permeability of air, and then 
decreases. 
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4. TECHNO-ECONOMIC ANALYSIS 
 
This chapter shows the techno-economic 

analysis of sound absorbing barrier made of 
recycled textile. The cost of build in materials 
is based on current market prices in Serbia.  

The current price of a square foot of a 
highway sound barrier in the United States 
costs $30.65 [11]. This information will be used 
for comparison, when calculating the price of a 
sound barrier made of recycled textiles. After 
the conversion of this price it is stated that one 
m2 of a sound barrier in the United Stated of 
America costs 86,4796 €. Barriers in this price 
range are commonly made of wood, concrete 
and metal or from a combination of these 
elements. 

There are different types of traffic noise 
barriers, based on the methods of their 
construction. For the purposes of this analysis, 
it will be assumed that the textile panel has 
already been pre-built, and that it is only 
mounted at the installation site of the barrier. 
Therefore, it is necessary to build a continuous 
base wall, within which the panels will be 
installed. The standard barrier height ranges 
from 5 to 10 meters, depending on traffic and 
other terrain parameters. The barrier to which 
this techno-economic analysis is regarded has a 
height of 6 meters. 

Therefore, the costs that the construction 
of this barrier may impose can be expressed by 
the following equation: 
 
Total cost = Price of concrete + price of 
reinforcement + price of wooden frame for 
textile setting + 
+ textile + cost of hiring workers and machines 
 

This textile sound barrier must have a 
foundation, and depth of this foundation 
concrete is 50cm, width 50cm and 1.5 meters 
height. This means that the necessary volume 
of concrete is 5m3. 

In order to build the foundation of the 
barrier it is necessary, on the basis of the share 
of components 41 bags of cement, 3m3 of sand 
and 5m3 of gravel. 

The average price of 50 kg of cement, ie 
one standard sack is 6€, m3 of sand 13.5€ and 
11€ for gravel. Therefore, the cost is 342€. 

The reinforcement bars are also required 
for the installation of the the foundation wall, 
and the amount of reinforcement per m3 

depends on the construction and varies from 
100 kg/m3 to 160 kg/m3. In this case, 125 kg/m3 
of reinforcement is used. 

The ribbed reinforcement bars FI 8, 
which will be used in this case, per piece of 
20m, cost 0.924€, at the average prices of 
reinforcement in Serbia. At 20 meters of 
reinforcement, it has 17 kg of mass. This means 
there is a need for 37 reinforcement bars, of 
total cost of 35€. 

The total cost of building a foundation 
wall for the installation of a fabric panel of 5 
meters length is 377€.  

This barrier can not contain the fabric 
only, but it needs support, and for this purpose, 
a wooden panel is selected. The thickness of 
this panel will be 5cm. The required volume of 
wood, based on a barrier dimensions is 1.5m3. 

The price of wooden material per cubic 
meter in the Republic of Serbia is aproximately 
252€ for wood that is pre-treated with 
lubricants and lacquered to protect against 
moisture, which is very important when it 
comes to wood exposed to variable weather 
conditions. Therefore, in order to build a 
support for the textile part of sound barrier, 378 € it is necessary. 

The width of the barrier, next to the wood 
with a thickness of five centimeters, makes the 
fabric thickness of 45 centimeters. The volume 
of the textile required for the production of this 
panel therefore is 13,5m3. 

The density of the fabric varies, but 
bearing in mind that viscose has an average 
density of 270-180 kg/m3, cotton 400-450 
kg/m3 and wool about 60-80 kg/m3. Although 
there is no data on the volume fraction of these 
materials in the textile waste, it can be assumed 
that the average density of waste textiles ranges 
from 235 to 265 kg/m3. This means that it takes 
3,500 kg of fabric for the sound barrier of these 
dimensions. The price of a fabric that Public 
Utility Companies of Serbia prescribe for 
purchase is 5 cents/kg. This means that it takes 
175 € to buy the required amount of fabric. For 
the construction of the foundation wall with 
reinforcement, installation of wooden support 
and supply of textiles, the cost has been 
collected in an amount of 930€ so far. 
However, in addition to these, there are costs 
that are not taken into account, such as the cost 
of the assembly itself, workers and super-
visions payments. It is reasonable to assume 
that for their work and for travel expenses to 
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these distant locations on highways (or 
accommodation costs), would have been 
necessary to allocate another 20% of the total 
construction costs, therefore a sum of 
aproximately186€. Also, renting vehicles that 
transport panels and machines that install them 
would cost about 15% of construction costs, 142€.. In addition, there are costs that involve 
renting a digging machine for the foundation, a 
bulldozer, which is aproximately 40€ per hour. 
The expense for the truck that transports the 
excavated land to the place of its disposal is 
estimated at 80€. It is also necessary to rent a 
concrete mixer truck with a volume of 9 m3, 
which is 50€, for the needs of concrete 
pouring. The costs of construction must also 
include costs related to the designer, legal 
adviser and persons who monitors barriers, 
which amount to about 5% of the construction 
costs, or 50€. The total cost of building a 
textile barrier, 5 meters long, now with the 
repayment of human resources invested in it 
and the machinery, is 1500€. The initial data is 
that the square meter sound insulation meter 
requires a cost of 86,48 €and as in the case of 
our study, we consider 30 square meters of 
sound insulation, that is barrier height 6 meters, 
and 5 meters long, the total cost is 2594,388€ 

5. CONCLUSION 
 

The aim of this paper was to research the 
economic justification of the redirection of 
textile waste from landfills and its use for the 
construction of sound barriers. The share of 
textile waste in the total amount of waste 
disposed on a global scale is growing. Also, the 
traffic noise threatens the comfort of a modern 
every-day life. 

Techno-economic analysis showed that the 
total cost of sound barrier with fabric as the 
main absorbent material is 1,73 times lower 
than the cost of a conventional sound barrier. 
Therefore, the benefits of building sound 
barriers from the fabric are multiple: in addition 
to redirecting the waste fabric from the landfill, 
it gives an economically more acceptable 
solution for the second ecological problem, an 
excessive traffic noise. Engineers worked on 
the development of barriers of better absorbent 
characteristics, and now a wide range of 
materials is used as a noise absorber, and as 
they are constantly searching for more 
environmentally friendly solutions, it is 
possible that sound barriers build from textile 
materials will become a widespread type of 
noise protection. 
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