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Introduction
Energy consumption in the building sector can
reach up to 40% of the total energy demand of an
industrialized country [1].
For this reason, green building strategies can be
extremely effective as far as fossil fuel savings and
greenhouse gas reduction.
Sustainable materials can play an important role,
since less energy is generally required for their
production than that needed for conventional
materials.

[1 ] Eurostat: “Energy, transport and environment indicators”, Eurostat pocketbooks, European 

Commission, 2001 Edition, available at http://appsso.eurostat.ec.europa.eu/



Definition of sustainability
In 1987, the World Commission on Environment and Development
developed a definition of sustainability that became widely known
as the Brundtland Report.

It stated that:

“Sustainable development meets the needs 
of the present without compromising the 
ability of future generations to meet their 

own needs.”



Definition of sustainability

A product can be considered sustainable if its production
enables the resources from which it was made to continue
to be available for future generations.

A sustainable product can thus be created repeatedly
without generating negative environmental effects,
without causing waste products, and without
compromising the wellbeing of workers or
communities.



Green buildings
Green buildings are buildings that are better for the 
environment (i.e. more sustainable) than 
conventional ones, which means :
 lower energy use in construction and operation;
 less water use in construction and operation;
 lower environmental impact during costruction, 

operation, demolition;
 better indoor environmental quality. 



What is a green building?
Green buildings design is focused on reduced
energy use, reduced water use, improved use of
sustainable materials: 
 more use of natural ventilation;
 more use of daylight and passive solar heating;
 more use of radiant heating and cooling;
 more use of natural materials instead of

fiberglass or mineral fibers;
 more use of renewable energy sources instead

of fossil fuels.



The distribution of buildings energy performance 



Green buildings ratings

USA

Australia

UK

Italy



LEED
Leadership in Energy and Environmental Design (LEED) is
a system for rating Green buildings
Buildings are certified as LEED if they have a high enough
rating.

It is a voluntary certification

There are four levels (the maximum number of points is
110):
 LEED certified: 40-49 points
 LEED silver: 50-59 points
 LEED gold: 60-79 points
 LEED platinum > 80 points



LEED certification levels



LEED areas



LEED prerequisites and points
To get a certification, first of all a building must meet all the
prerequisites of the rating system, so to achieve at least 40
points

Points are then awarded for enhanced performance in the
following areas (materials are very important in various areas):

 Sustainable Sites (points 26/110)
 Water Efficiency (points 10/110);
 Energy and Atmosphere (points 35/110);
 Materials and Resources (points 14/110)
 Indoor Environmental Quality ( points 15/110)
 Innovation in Design and Regional priority (points 10/110)



Sustainable (green) materials for noise 
control
In the last years many new materials for noise control have been
studied and developed as alternatives to the traditional ones,
especially in the building sector.

These materials can be classified into four main categories:

 natural materials: cotton, cork, hemp, wool, clay, etc..

 recycled materials: rubber, plastic, carpet, cellulose, etc..

 mixed or composite materials : natural fibres combined
with polymers

 green roofs and walls



Environmental Assessment

Many commercial products are labelled as “green” just because
they contain small percentages of natural or recycled materials
or because they are not harmful for human health.

The real sustainability of a material should be evaluated through
Life Cycle Assessment (LCA) procedures, which take into
account the potential impacts that derive from the life history of
a building product: material extraction, production, transport,
construction, operating and management, desconstruction
and disposal, recycling and reuse.



What is a green sustainable material?
As a matter of fact not always a “green” material (e.g. flax) requires less 
energy in its life cycle than a traditional one (e.g. rock wool). 
Synthetic plastic fibres always show the greatest impacts, especially as far 
as fossil fuel consumption.
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Ecoprofiles

For designers and decision-makers, LCA analysis results are available as 
“ecoprofiles”.
Among these the most known are:

 Ecoinvent (CH)

 BRE Eco-profiles (UK)

 Eco-indicator ’99 (NL)



Ecoprofiles

ECOINVENT is a Swiss LCA database which takes into account:

 Cumulated Energy Demand, 
 Non-Renewable Energy Sources fraction;
 Global Warming Potential;
 Acidification Power.



Ecoinvent: Comparison of environmental impacts of traditional and natural 
insulations from “the cradle to the grave”. 
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Ecoinvent: Comparison of environmental impacts of traditional and natural 
insulations from “the cradle to the grave”. 

Ecoprofiles
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Ecoprofiles

Eco-profile (UK):
Supplies a final score (eco-points EPS) by weighting normalized
impacts on climated change, acid deposition, eutrophication, eco-
toxicity, ozone depletion, mineral extraction,  fossil fuel extraction, 
human toxicity, waste disposal, transport pollution.

 Expanded Polystyrene = 0.028 points
 Rockwool = 0.020 points
 Recycled newspaper cellulose = 0.002 points



Ecoprofiles

Eco-indicator ’99  (NL)
Supplies a final score by weighting potential damages:
 to HUMAN HEALTH, expressed as number of life years lost and 

lived disabled;
 to ECOSYSTEM QUALITY, expressed as the loss of species 

over a certain area in certain time;
 to RESOURCES, expressed as the surplus energy needed for 

future extractions of minerals and fossil fuels



Ecoprofiles

Eco-indicator ’99. Impacts of some sound insulation layers.

EPS Recycled EPS
(15Kg/m3)

Rock-wool (45Kg/m3) Woolfibers
mineralised with
cement (360-520

Kg/m3)

CARCINOGEN CLIMATE CHANGE
ECOTOXICITY MINERAL EXTRACTION
RESPIRATORY ORGAN. RADIATION
ACIDIFICATION EUTROPHICATION FOSSIL FUEL DEPLETION
RESPIRATORY INORGAN. OZON DEPLETION
LAND USE



Other labels
Natureplus is a label for high-quality building 
products, construction materials, and home 
furnishings. 
Products that carry this label have been 
produced in an environmentally friendly way, 
do not represent a health risk, and will 
perform their allotted functions trouble-free. 
The Natureplus seal of quality is only 
awarded to products that comprise a 
proportion of at least 85 % renewable and / or 
mineral raw materials, according to the 
principle of sustainability
The product must also carry a full declaration 
of all its input materials - to enable users to 
judge the product more clearly. 



Other labels
ECOLABEL
Over the past ten years, the "Flower" has become 

a European-wide symbol for products, providing 
simple and accurate guidance to consumers.

All products bearing the "Flower" have been 
checked by independent bodies for complying 
with strict ecological and performance criteria

There are currently twenty-three different product 
groups, and already more than 250 licences 
have been awarded for several hundred 
products

The EU Eco-label is administered by
the European Eco-labelling Board (EUEB)
and receives the support of the
European Commission, all Member States 
of the European Union and
the European Economic Area (EEA).



The concept of LCA is  based on:

• the consideration of the entire life 
cycle which includes raw material 
extraction and processing, 
production and use, up to recycling 
and disposal;

• the consideration of all 
environmental impacts connected 
with the life cycle such as air, water 
and soil emissions, wastes, raw 
material consumption or land use;

• the aggregation of the possible 
impacts of the environmental effects 
in consideration and their evaluation 
in order to give environmental 
oriented support to decisions made.

28

The Life Cycle Analysis approach



Life Cycle Assessment phases

29



Methods
Cumulative Energy Demand (CED) method: calculates the amount of energy 
(MJ-eq) used during the entire life cycle of the building.

IPCC (International Panel on Climate Change) method: classifies the different 
emissions according to their contribution to greenhouse effect; the indicator is 
Global Warming Potential (GWP), the unit is kg CO2-eq.
Eco-Indicator 99 method: allows the evaluation of the emissions and the use of 
resources according to 11 impact categories (carcinogenic substances, 
respiratory diseases, climate changes, ozone depletion, radiation that causes 
ionisation, acidification/eutrophication, ecotoxicity, land use, mineral resource 
depletion and fossil fuels), grouped into three damage categories: 
1. damage to human health, expressed as the number of years of human life 

lost or in suffering from diseases;
2. damage to the quality of ecosystems, expressed as the loss of living 

species in a certain area over a certain period;
3. damage to resources, expressed as the surplus of energy necessary for the 

further extraction of minerals and fossil fuels. 

30



Embodied Energy

Embodied energy is defined as the available energy that was used in the work
of making a product, including raw material extraction, transport, manufacture,
assembly, installation, disassembly, deconstruction and/or decomposition.

Different methodologies produce different understandings of the
scale and scope of application and the type of energy embodied. International
consensus on the appropriateness of data scales and methodologies is
pending.

Embodied energy figures published for common building materials vary
enormously and there is often little indication of how they have been
obtained.

Furthermore, embodied energy data refers to the mass or volume unit of
materials (Joule/kg or J/m3), and does not take into account the different
performance as far as thermal or sound insulation.

31



Embodied Energy of various materials

Total embodied energy of building materials

(from Tucker, Selwyn (2001). "The Embodied 
Energy in Buildings“)

32



Thermal insulating materials- Embodied energy

Functional Unit: quantity of material necessary to guarantee a thermal resistance of 1 m2K/W for 1 m2 of wall
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Some natural materials, 
such as cellulose flocks 
or cotton, show very low 
values of Embodied 
Energy, while expanded 
polyethylene or 
polyurethane exhibit the 
highest values.

There are also some 
natural materials (wood 
fibres) whose embodied 
energy is as high as that 
of synthesised materials.

33



Thermal insulating materials- LCA

Comparison of the entire Life Cycle Impact of various thermal insulating materials (Cumulative Energy Demand 
Method), for a given value of thermal resistance 34



Sound insulating materials – performance and embodied energy

Absorption coefficient 
αS

at 500 Hz 
(-)

Index of reduction of 
impact noise ΔLW

(dB)

Embodied energy 
(MJ/kg)

Hemp 0.6 (30 cm) - 15

Kenaf 0.74 (5 cm) - 15

fiber 0.42 23 4,90

Sheep wool 0.38 (6 cm) 18 12,60

Cork 0.39 17 7,05

Cellulose 1 (6 cm) 22 4,24

Flax - - 33,12

Glass wool 1 (5 cm) - 34,60

Rock wool 0.9 (5 cm) - 22,12

Expanded
polystyrene 0.5 30 99,20

35



LCA of a typical Italian building

Block of flats

36

The impact of the construction phase is significant within the entire life of 
the building, so the choice of construction materials with reduced embodied 

energy is important 



Natural products
The more natural and less treated the materials are, the 

higher they perform in energy saving. 
It is preferable to adopt native materials in order to reduce 

energy consumption during transport. 
 Vegetal fibres, moreover, have the advantage that they

contribute to the absorption of CO2 during their growth, 
helping against climate change

 Many natural products have been recently proposed and 
tested for acoustic applications; the properties which have
been investigated are airborne and impact sound insulation
and sound absorption.



Natural products

Nevertheless other performances have to be considered:

 Vegetal fibres are more subject to fungal and parasites 
attack and are less resistant to fire than mineral fibres, so 
that fire retardants have to be added in many applications.

 The non-toxicity of the chemical products used for 
cultivation must be taken into account too.



Natural products
Acoustic and thermal properties of some traditional and natural insulating 

materials.
Thermal 

conductivity 
(W/mK)

Rel. resistance 
to vapour flux 

(-)

Absorption 
coefficient S at 

500 Hz (-)

Index of reduct. of 
impact noise LW (dB)

Hemp 0.04 2 0.6 (30 cm) -

Kenaf 0.044 2 0.74 (5 cm) -

Coco fiber 0.043 18 0.42 23

Sheep wool 0.044 3 0.38 (6 cm) 18

Wood wool 0.065 5 0.32 21

Cork 0.039 12 0.39 17

Cellulose 0.037 2 1 (6 cm) 22

Flax 0.040 1 - -

Glass wool 0.04 - 1 (5 cm) -

Rock wool 0.045 - 0.9 (5 cm) -

Expanded
polystyrene 0.031 100 0.5 30



Kenaf fibres

Reference: Sound absorption properties of sustainable fibrous materials in an enhanced reverberation room, F.
D’Alessandro and G. Pispola, Proc. of Internoise 2005, Rio de Janeiro, Brazil.

Kenaf is the name of a hibiscus plant related to cotton 
and okra.
Today it is used especially for its cordage, canvas and
sacking.

The stems produce two types of fibres, a coarser one
in the “bast”, and a finer one in the “core”. Bast fibres
(about 35 %) are suitable for paper, textiles and rope;
core (about 65 %) is usually used as a biomass or it
can be reduced to particles and bonded into panels
similar to particleboard.

Natural materials for acoustic applications : examples (1)



Kenaf fibres

Reference: Sound absorption properties of sustainable fibrous materials in an enhanced reverberation room, F.
D’Alessandro and G. Pispola, Proc. of Internoise 2005, Rio de Janeiro, Brazil.

The kenaf samples show an
averaged absorption coefficient
equal to 0.85 in the 500-5000 Hz
range and equal to 0.65 in the
100 – 5000 Hz range.

sample thickness: 50 mm
sample density: 50 kg/m3
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Natural materials for acoustic applications : examples (1)



Bamboo fibres

Reference: The development of sound absorbing materials using natural bamboo fibers and their acoustic properties,
T. Koizumi et al, Proc. of Internoise 2002, Dearborn, MI, USA.

Natural materials for acoustic applications: examples (2)



Sisal fibres

Reference: Sound Absorption of Sisal Fiber Panels, L. J. Azevedo et al, Proc. of Internoise 2005, Rio de Janeiro,
Brazil.

Natural materials for acoustic applications : examples (3)



LECA (Lightweight Expanded Clay Aggregate)

Reference: The acoustic properties of expanded clay granulates, F. Asdrubali and K. V. Horoshenkov, Building
Acoustics, Volume 9, Number 2, 1 June 2002.

LECA consists of small, lightweight,
bloated particles of burnt clay. The
thousands of small, air-filled cavities give
LECA its strength and thermal insulation
properties.

The relatively high open porosity (50 -70
%) assures high values of acoustic
absorption.

Natural materials for acoustic applications : examples (4)



LECA (Lightweight Expanded Clay Aggregate)
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Reference: The acoustic properties of expanded clay granulates, F. Asdrubali and K. V. Horoshenkov, Building
Acoustics, Volume 9, Number 2, 1 June 2002.

The absorption coefficient
of the 50 mm LECA layer
(0-2 mm grain mix) is
close to or above 80 % in
the frequency range 500-
5000 Hz.

Natural materials for acoustic applications : examples (4)



Natural materials for acoustic applications : recent
developments (1) 
Coir fiber

Reference: M. Hosseini Fouladi Acoustic modeling of single layer coir fiber, ICSV 17, Cairo, 18-22 July 2010

.



Figura 1: View of the reed panels tested and the cross section

Natural materials for acoustic applications : recent
developments (2) 
Reeds

Reference: M. Jimenez Espada, C. Diaz-Sandichidrain The use of reef panel in suspended ceilings and room 
diveders, Internoise 2010, 13-16 June 2010 Lisbon 



Sound absorption
properties of
Reeds

Reference: M. Jimenez Espada, C. Diaz-Sandichidrain The use of reef panel in suspended ceilings and room
diveders, Internoise 2010, 13-16 June 2010 Lisbon



Reference: D. J Oldham et Al, Sustainable acoustic absorbers from the biomass, Applied Acoustics, 72 (2011), 350-
363

Natural materials for acoustic applications : recent
developments (3) 
Reeds



 Absorption coefficient of end-on reeds of nominal length 14 cm measured in 
reverberation room

Natural materials for acoustic applications : recent
developments (3) 
Reeds

Reference: D. J Oldham et Al, Sustainable acoustic absorbers from the biomass, Applied Acoustics, 72 (2011), 350-
363



Data for natural fibers

Reference: D. J Oldham et Al, Sustainable acoustic absorbers from the biomass, Applied Acoustics, 72 (2011), 350-
363



Recycled materials for acoustic 
applications
Recycled materials can even be regarded as a sustainable 

alternative, as they contribute to lower waste production and use 
of raw materials

There are a lot of examples of materials belonging to this
category, such as:
 Cellulose insulation from recycled newspapers (isofloc),
 Recycled rubber;
 Recycled plastics and polymers;
 Recycled textile fibres;
 Recycled urban solid waste. 



Rubber powder tyres
Whole and powder forms of tyres are available at very low cost. The powder tyre
can perform porous absorption

Reference: Waste rubber for noise reduction, W. F. Cheng et al, Proc. of Internoise 2003, Seogwipo, Korea.

Comparison between s of powder 
tyre and of a foam often used in 

acoustic absorption treatment

Recycled materials for acoustic 
applications: examples (1)



Recycled materials for acoustic applications: 
examples (2)

Noise barriers equipped with sustainable materials
(experimental campaign at the University of Perugia)

1) METF: steel panels with polyester 
fibres equipped with PV modules

2) METP: parabolic steel panels with recycled 
foam derived from urban solid waste

4) CONC: concrete panels with 
mineral and natural fibres (kenaf)

3) PLAST: recycled plastic panels 
with glass wool fibres

Reference: F. Asdrubali, “On the experimental evaluation of the performances of noise barrier diffracting devices”, Acta
Acustica united with Acustica, 93, pp.659-669 (2007).



P.E.T. bottles
P.E.T. (Poly Ethylene Terephthalate) bottles can be found in big quantity at very low 
cost and are fully recyclable. As for acoustical applications, the P.E.T. fibres are 
usually thermobonded to obtain sound absorbing layers. 

Application of whole PET bottles 
used as Helmotz resonators

Reference: Study of the acoustic potentiality of “PET” type bottles as sonorous absorbent, M. J. Scherer et al, Proc. of
Internoise 2005, Rio de Janeiro, Brazil.

Recycled materials for acoustic
applications: examples (3)



Recycled materials for acoustic applications: recent
developments (1)

Tyre shred residue 
showing fibres trapping 
rubber granules

Reference:
H. Benkreira, K.Horoshenkov, 
Sustainable acoustic and 
thermal insulation materials 
from elastomeric waste 
residues
Chemical Engineering Science 
66 (2011) 4157-4171



Recycled materials for acoustic applications: recent developments (1)

Reference: H. Benkreira, K.Horoshenkov, Sustainable acoustic and thermal insulation materials from elastomeric waste residues,
Chemical Engineering Science 66 (2011) 4157-4171



Recycled materials for acoustic applications: recent developments (2)

Reference: F. Asdrubali, F. D’Alessandro: “Impact sound insulation and viscoelastic properties of resilient materials made
from recycled tyre granules”, International Journal of Acoustic and Vibration Vol. 16, n. 3 (2011), pp. 119-125.

∆Lw (dB) Thickness 
(mm)

Manufactured sample 26 8

Rubber crumbs 
underlays

Regupol* 20 8

Pavigran Estra* 19 4

Pavigran RC* 17 6

Traditional underlays

Recycled 
polyurethane with 
polyethylene film

27 10

Closed cells 
expanded 
polyethylen

27 10

Heat-bonded
polyester fibers 30 7

Closed cells 
polyolefin 28 10

* Commercial name



Composite materials for acoustic applications : recent
developments (1) 
Wood plastic composites

Reference: A. Ashori, Wood-plastic composites as promising green-composites for automotive industries, Bioresource
Technology 99 (2008) 4661-4667.



Sound absorption
coefficients of FF‐
HDPE/PP, quill‐HDPE/
PP, and jute‐HDPE/PP
composites, at
variable
concentration of
feather, and variable
thickness

Reference: S. Huda, Y. Yang Feather fiber reinforced light-weighted composites with good acoustic properties, J. Polymer
Environment (2009) 17: 131-142.

Composite materials for acoustic applications : recent
developments (2) 
Feather fiber and HDPE/PP



Composite materials for acoustic applications : recent
developments (3) 
Coconut and foam

Reference: G. Morerira da Silva et Al, Comparative study of sound absorption systems composed of multilayered panels, 
ICSV 217, Cairo, July 18-22 2010

Tested systems: a) 
coconut fibre
sample,
b) foam + coconut 
fibre,
c) coconut fibre + 
foam,
d) foam + coconut 
fibre + foam.



Composite materials for acoustic applications : recent
developments (3) 
Coconut and foam

Reference: G. Morerira da Silva et Al, Comparative study of sound absorption systems composed of multilayered panels, 
ICSV 217, Cairo, July 18-22 2010



Composite materials for acoustic
applications : recent developments (4) 
Natural fibers and recycled polymers

Reference: R. del Rey Tormos et Al, Absorbent acoustic materials based in natural fibres, Proc. Forum acusticum 2011



Green roofs and green walls: recent developments (1) 

Reference: N. H. Wong et Al. Acoustical evaluation of vertical greenery systems for building walls Building and
Environment 45 (2010) 411-420



Reference: N. H. Wong et Al. Acoustical evaluation of vertical greenery systems for building walls Building and
Environment 45 (2010) 411-420

Green roofs and green walls: recent developments (1) 



Green roofs and green walls: recent developments (2) 

Reference: J. Kang, J. Sorrill, “Experimental study of the sound insulation of semi-extensive green roofs”, Proc. Internoise
2009



Green roofs and green walls: recent developments (2)



Green roofs and green walls: recent developments (3)

Reference K. Horoshenkov, A, Khan, H. Benkreira, “The effect of moisture and soil type on the acoustical properties of
green noise control elements”, Proc. Forum Acusticum 2011



Sound absorption coefficient of various sustainable materials 
compared with traditional ones

Reference: V. Desarnaulds et al, “Sustainability of acoustic materials and acoustic charcterization of sustainable
materials”, Proc. of ICSV12 2005, Lisbon, Portugal.

cellulose

sheep wool

latex/coconut

hemp

Comparison between traditional and sustainable
materials: sound absorption



Sound absorption – natural materials 

 Natural fibres are generally good absorbers. The extremely wide
variety of natural fibres allows to find a suitable material for
almost every absorbing need. Many natural materials such as
kenaf, flax, sisal, hemp, cork, sheep wool, bamboo or coconut
fibres show good absorbing performance and can therefore be
used as sound absorbers in room acoustics and noise barriers.

 In particular, bamboo and sisal fibres show an absorption
coefficient at 1000 Hz and more very close to the one of glass
fibres (more than 0,90). Kenaf panels show an absorption
coefficient higher than 0.80 above 500 Hz. Coconut fibres panels
have an absorption peak of about 0,80 at 1000 Hz, for flax
panels the peak reaches 0,90 at 800 Hz while for sheep wool
panels the peak is 0,90 at 3000 Hz.



Sound absorption – natural materials

 Vegetable wastes such as grass, pine or gorse leaves, corn
cobs, used in sandwich panels, have an absorption coefficient
similar to polyurethane foam or mineral wool. Reed matting has
been recently proposed for absorption applications, with
excellent performance at medium-high frequencies.

 Not all natural materials, of course, have satisfying absorption
performance: wood and cork, for example, due to their structure,
show poor absorption properties.

 Among alternative materials from a mineral origin, expanded
clay, expanded perlite, expanded vermiculite, pumice can be
quoted. Expanded clay shows good sound absorption
performance in a wide frequency range (higher than 0,80 in the
range 500-5000 Hz), though it requires quite a high amount of
energy for its production.



Sound absorption
 

Table II.- acoustical properties (absorption) of some conventional and sustainable materials 
Absorption coefficient (a) 

  Thickness 
(mm) 

Density 
(kg/m3) 250 Hz 500 Hz 1000 Hz 2000 Hz

N.R.C.

Glass wool 50 50.0 0.45 0.65 0.75 0.80 0.663
Rock wool 50 80.0 0.29 0.52 0.83 0.91 0.638
Polystyrene 50 28.0 0.22 0.42 0.78 0.65 0.518
Polyurethane 50 30.0 0.30 0.68 0.89 0.79 0.665
Polyethilene 50 32.0 0.25 1.00 0.40 0.70 0.588
Polyester 45 20.0 0.56 0.85 0.98 0.95 0.835
Hemp fibres 40 40.0 0.59 0.60 0.56 0.52 0.568
Kenaf fibres 50 50.0 0.48 0.74 0.91 0.86 0.748
Mineralized wood fibres 50 470.0 0.25 0.65 0.60 0.55 0.513
Flax 35 43.0 0.66 0.84 0.79 0.53 0.705
Coconut fibres 35 70.0 0.28 0.40 0.64 0.74 0.515
Reed grating 50 130.0 0.46 0.86 0.71 N.P. 0.676
Sheep wool 60 25.0 0.24 0.38 0.62 0.84 0.520
LECA 50 460.0 0.66 0.94 1.00 0.81 0.853
Cellulose 50 28.0 0.60 0.90 0.75 0.53 0.695
Rubber grains 5 1400.0 0.20 0.82 0.50 0.56 0.520

 
 



Sound absorption – recycled materials

 The recycled material mostly used to correct the sound
environment in enclosed spaces is cellulose obtained from used
newspapers, added with flame retardants and biocides. Wet
cellulose fibres are generally sprayed directly on walls or ceilings
and their sound absorption properties are even better than those
of mineral wool: absorption coefficient is over 0,70 in a significant
frequency range (500-1000 Hz). Other promising materials are
metal shavings and textile agglomerates.

 Rubber crumbs are good acoustic materials with a broadband
absorption spectrum and are particularly suitable for traffic noise
barriers, also due to their durability.



Sound absorption – recycled materials

 Cold extrusion processes have been recently proposed to obtain 
porous materials from recycled carpet waste; the results show 
absorption coefficients very close to the ones of a standard 
commercial glass wool. Also Polyester fibrous materials, made 
from recycled plastic bottles (PET), have been recently 
investigated.



Comparison between traditional and sustainable materials: 
airborne sound insulation

Reference: Acoustic performance of building elements with organic insulation materials, D.B. Pedersen, Proc. of
Internoise 2004, Prague, Czech Republic.

Sound reduction index for a 125 mm thick wall with 100 mm 
insulation material

Cellulose 
fibres

Cellulose 
loose

Flax fibres

Rock wool



Comparison between traditional and sustainable materials: 
airborne sound insulation

Comparison of various materials used as insulation in heavy double wall

Reference: Sustainability of acoustic materials and acoustic charcterization of sustainable materials, V. Desarnaulds et
al, Proc. of ICSV12 2005, Lisbon, Portugal.

Comparison of materials used as insulation in lightweight double wall.



Natural materials
Several natural materials are commonly used as thermal and acoustical
insulation in multi-layered walls: among these flax, coconut, cotton, sheep
wool and kenaf mats are the most present on the market. Their sound and
thermal insulation performances are in many cases as good as those of
traditional materials, even though the density and therefore the weight is
higher.

Recycled materials
Dry loose cellulose fibres are already commonly used for thermal and
acoustical insulation by filling the cavities in walls and roofs, especially in
the United States.

Comparison between traditional and sustainable materials: 
airborne sound insulation



Airborne sound insulation 

 Several natural materials are commonly used as thermal and
acoustical insulation in multi-layered walls: among these flax,
coconut, cotton, sheep wool and kenaf mats are the most
present on the market. Their sound and thermal insulation
performance are in many cases as good as those of traditional
materials: the sound insulation of double-leaf walls with low
density animal wool (sheep wool) or heavy vegetal wool (latex-
coco) is equal or better than the one of walls with mineral wool or
polystyrene of the same thickness (about 69 dB in heavy double
walls).

 Loose-fill cellulose fibres and batts made of cellulose or flax
fibres in timber frame walls showed the same airborne insulation
of glass wool. Also mineralized wood panels with magnesite or
Portland concrete are used for sound insulation applications, as
well as cork panels, with satisfying properties.



Impact sound insulation

 This is probably the most common use for many natural
materials (cork, coconut fibres, wood wool) and also for many
recycled materials. Resilient layers made of natural materials can
be very good for floating floors to increase impact sound
insulation: when the panels are accurately designed and
installed, their performances are as good as other traditional
materials.

 Recycled rubber layers made of waste tyres granules are an
interesting alternative to traditional materials, especially now that
tyres are banned from landfills. Because of the large amount of
used tyres available worldwide, new applications have to be
found and their use as impact sound insulating layers is very
promising. Also recycled carpet wastes are interesting materials
as far as impact sound insulation, especially if made of a mixture
of fibrous and granular waste. The acoustic properties of these
underlay materials compare favourably with those of
commercially available ones.



Impact sound reduction of some traditional and sustainable
materials

Comparison between traditional and sustainable materials: 
impact sound insulation
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Impact sound insulation

Index of reduction of traditional and natural materials under concrete 
slab; thickness  20 mm

Material ΔLw
Kenaf (without slab) 37
Coco fiber 23
Sheep wool 18
Wood wool 21
Cork 17
Cellulose 22
Glass wool 31
Expanded polystyrene 30



Conclusions
 Acoustical sustainable materials, either natural or made from

recycled materials, are quite often a valid alternative to traditional
synthetic materials.

 Airborne sound insulation of natural materials such as flax or of
recycled cellulose fibers is similar to the one of rock or glass
wool.

 Many natural materials (bamboo, kenaf, coco fibers) show good
sound absorbing performances

 Cork or recycled rubber layers can be very effective for impact
sound insulation.

 Some of these materials are currently available on the market at
competitive prices, but many others are still at a prototypal stage.



Conclusions
 Composite materials, for example materials made of both natural

fibers and recycled polymers, represent an interesting challenge
 Also research on green walls and green roofs received a boost in

recent years. These systems have also other significant
environmental benefits (visual aspects, air quality)

 The production of these materials generally has a lower
environmental impact then conventional ones, though a proper
analysis of their sustainability, through Life Cycle Assessment
procedures, has to be carried out. The concept of embodied
energy is important.

 There is the need of a standard and unique procedure to
evaluate the sustainability of green materials
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