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Abstract
Background, aim, and scope The interest in polyethylene
terephthalate (PET) recycling is quite recent, but it has been
growing steadily over the past few years. In this context,
the aim of this paper is to assess the eco-profile, the energy
savings and the environmental benefits of the use of
recycled raw materials to manufacture products for thermal
insulation of buildings in Italy (i.e., PET bottles post-
consumer).
Materials and methods The life cycle analysis is developed
according to ISO 14040/44. In this paper, based on the
LCA, the main types of environmental impact of a thermal
insulation product have been outlined. This study is
specifically focused on polyester nonwovens, produced by
a company located in Italy. The cradle-to-gate life cycle
inventory is performed for the mass of product needed to
give a thermal resistance R of 1(m2 K/W). The calculation
of the impacts is done with SimaPro software. With an
environmental product declaration-oriented approach, a set
of impact categories is used for the classification and
characterisation of the life cycle impact assessment.
Results The results of the impact assessment for 1m2 K/W
of thermal insulation panels made with recycled PET are
then compared with similar products made with virgin PET.
The lower impact associated with the recycled PET for each
category is underlined: the percentage reduction is around
46% in the GWP category. In the production process, the

fiber-spinning phase results as the most relevant in terms of
energy consumption. In addition, the energy saved when
applying the thermal insulation in a building is estimated at
87 MJ/m2 per unit area per year in Rome. All the energy
used during the production of a thermal insulation panel is
recovered in about 2 years.
Conclusions The product shows significantly low environ-
mental impacts thanks to the use of non-virgin PET, thus
maintaining high mechanical and physical properties. If the
recovery of PET from separate waste collection in Italy
increases, this would reduce the share of waste PET
purchased from foreign countries and would therefore
reduce further the impact of transports for the production
of the thermal insulation panel under investigation.
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1 Introduction

To achieve an energy-efficient world, governments, busi-
nesses and individuals should transform the building sector
via a multitude of actions, starting from the growing
awareness of the global energy issue (WBCSD 2009).
Buildings today account for the 40% of the world’s energy
use. The resulting carbon emissions are substantially higher
than those of the transportation sector. New buildings using
more energy than necessary are being built every day, and
millions of today's inefficient buildings will remain stand-
ing until at least 2050. It’s therefore necessary to start
reducing energy use in new and existing buildings in order
to reduce the planet's energy-related carbon footprint by
77% or 48 Gigatons (against the 2050 baseline) to stabilize
CO2 levels and reach the level called for by the Intergov-
ernmental Panel on Climate Change (Levine et al. 2007).
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Growing interest, space, and attention in the architecture
sector are directed to environmental issues according to the
principles of green building. Mineral, vegetable, or animal
materials such as perlite, vermiculite, rock wool, glass
wool, cork, plant fibers (cotton, flax, hemp, coconut, etc.),
wood fiber, cellulose, and sheep's wool can be used for the
production of insulation panels.

Papadopoulos (2005) underlines that insulating materials
can be classified according to their chemical or physical
structure. The market of insulating materials is characterized
by two dominant groups: the first one includes inorganic
fibrous materials, such as glass wool and stone wool; the

second one includes organic foamy materials, such as
expanded and extruded polystyrene and to a lesser extent
polyurethane. Additionally, there are other composite prod-
ucts, such as wood–wool, gypsum foam, and new technol-
ogy materials which are in continuous development (Ardente
et al. 2008). The ecological aspect of products for insulation
has been recently taken into consideration and the use of the
so-called secondary raw materials is now in the spotlight.

In particular, this study analyses a panel for the thermal
and acoustic insulation of buildings. The panel is manufac-
tured with polyester fiber obtained from the recycling of
post-consumer polyethylene terephthalate (PET) bottles.

The recycling of PETsolid waste contributes to reduce both
energy consumption and its presence in municipal wastes, and
expands the life cycle of PET itself (Barboza et al. 2009).

Over the last decades, PET consumption has increased
due to its ever-increasing use in fiber manufacturing and
packaging (Lorenzetti et al. 2006). If we consider the
numerous reactions and processes needed to prepare
monomers from hydrocarbon feedstock, it is clear that their

Table 1 Technical performances of a thermal insulation panel

Density kg/m3 30

Thickness mm 35.5

1 W/mK 0.0355

Material needed kg/m2 1.065

Fig. 1 System boundaries and production processes
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recovery or recycling may be interesting for economic
reasons, in addition to the environmental benefits. There-
fore, one of the practical methods to dispose PET waste,
which otherwise would cause environmental pollution, is
the use in other industrial areas.

The use of PET waste as a raw material for building
products allows the following benefits:

& Reduction of resources consumption, particularly of
non-renewable resources;

& Energy savings;
& Recycling of PET bottles post consumer.

2 Methods

2.1 Goal and method

The life cycle assessment (LCA) model developed seeks to
identify the main types of environmental impact throughout
the life cycle of a thermal insulation panel. The study is
focused on polyester nonwovens produced by an Italian
company. The products are manufactured using recycled
raw materials, recovered and upgraded in-house, thanks to
vertically integrated processes. The production of polyester
starts with the recycling of post-consumer PET bottles
which are sorted, washed, and reduced to flakes. The flakes
are then processed for the production of fiber or directly in
the spun bond process. The main goal of the LCA is to

define the energy and environmental profile of the finished
products, which is a nonwoven made of 100% polyester,
thereof about 75% of recycled PET and 25% of thermo-
bonding virgin PET, excluding packaging.

The analysis is carried out according to the LCA
standard, series UNI EN ISO 14040 (2006); 14044
(2006), and 21930 (2007).

The reasons to use LCA arose from the need to have a
precise process accounting and to highlight potential
improvements that could be used in order to increase the
environmental, energy and economic efficiency and overall
effectiveness of the processes. In addition, the purpose was
to quantify the environmental advantages deriving from the
use of recycled raw material.

The scenario analysis for the end of life is described in
the Electronic Supplementary Material 1.

2.2 The raw materials: waste PET

PET is considered one of the most innovative technical plastics
of the last two decades (Navarro et al. 2008). PET is mainly
used as packaging material. Its most important application is
the production of food containers using the injection-blowing
process. In view of its widespread use, the market is now
presenting significant amounts of PET waste products.

In this case study, waste PET is collected by organizations
dedicated to waste management, which sort Italian and

Elements Unit Quantity per
1 kg of flakes

Elements Unit Quantity per
1 kg of flakes

PET bottles kg 1.278 Additives for waste
water treatment

kg 0.014

Caustic Soda kg 0.001 Water kg 5.794

Surfactant kg 0.015 Diesel l 0.006

Floating kg 0.009 Heat kWh 0.576

Several additives kg 0.048 Electricity kWh 0.356

Waste Water to WWT kg 0.006 Transports km 0.024

Waste kg 0.280

Table 2 The inventory data per
1 kg of Flakes

WWTwastewater treatment plant

Table 3 The inventory data per 1 kg of recycled PET fiber

Elements Unit Quantity for 1 kg of fiber

Flakes kg 1.008

Water kg 0.419

Heat kWh 0.334

Electricity kWh 0.922

Natural Gas m3 0.031

Finish oil kg 0.004

Waste kg 0.018

Table 4 Aggregated inventory data for 1 kg of thermal insulation
panel and for the functional unit

Elements Unit Quantity for 1 kg of
thermal insulation
panel

Quantity
for 1 f.u.

Internal recycled fiber kg 0.25 0.266

PET virgin fiber kg 0.208 0.222

External recycled fiber kg 0.375 0.399

Packaging kg 0.19 0.202

Electricity kWh 0.226 0.241

Natural gas m3 0.046 0.049

Transport km 0.286 0.305
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European plastic wastes. In Italy there are 40 selected sites, 80
recycling plants, and 25 energy recovery plants. After careful
selection of plastic waste by type and polymer, the bottles are
pressed into bales weighing between 300 and 600 kg and
shipped to industrial plants for recovery.

2.3 The functional unit, the system boundary and data quality

According to the standard ISO 14044 the functional unit is
defined as the reference unit through which a system
performance is quantified in an LCA. The functional unit in
this case is the mass of insulation material needed to grant a
thermal resistance of 1 m2K/W with a panel with an area of
1 m2. Given the insulation properties of the polyester panels
with density of 30 kg/m3 analyzed in the study, the functional
unit corresponds to an insulation panel of 1.065 kg (Table 1).

The data are considered on an annual basis for the year
2009. The case study geographical boundaries are located
in Italy and consist of two production plants. As for the
technological boundaries, four aspects are analyzed:

1 The plants for the differented waste collection and selection;
2 The bottles recycling plant;
3 The fiber production lines;
4 The finished product nonwovens lines (Fig. 1).

The environmental impacts have been assessed starting
from the production of raw materials all the way to the end-
product manufacturing, according to a cradle-to-gate
approach. The analysis includes: extraction and production
of raw materials, manufacturing of semi-finished goods,
manufacturing of components (caustic soda, floating,
surface-active, etc.), manufacturing of resources for pack-
aging (PE bags, labels, PE film), process of post-consumer
PET bottles collection and selection, transport from the
suppliers of semi-finished goods and of consumables to the
conveyance of waste to recovery, transport of post-
consumer PET bottles from the selection centers to the
factory, packaging, and manufacturing processes for the
production (from bottles storage and warehousing to the
formation of rolls or panels and their storage).

The use phase is not included in the results, because the
impacts are similar for all insulation materials (Schmidt et
al. 2004). In addition, the correct insulation of buildings
allows considerable energy savings, which in short time
compensate the environmental impact of the manufacturing
process, independently of the material used.

The use phase and the end-of-life management have been
considered in the sensitivity analysis because it is impossible
to outline a realistic reference scenario with appropriate data.

To have univocal environmental information, in order to
support decisions about the use of eco-sustainable materials,
impact categories have been analyzed coherently with the
production process illustrated in Fig. 1. For the production of
polyester thermal insulation panels, the material flow (from
PET bottles post-consumer) follows three processing phases:

1 Bottles recycling department;
2 Fiber spinning department;
3 Thermobonded nonwoven department.

The wastewater treatment plant inside the production site
is included within the system boundaries. In the energy
balance, the energy feedstock contained in plastic bottles
was included and considered as energy from waste,
therefore as renewable resource.

The data collection has been performed on site,
analyzed, and completed with the direct involvement of

Fig. 2 Energy consumption in
MJeq per functional unit

Table 5 Energy source in MJeq per functional unit

Source MJeq/fu

Renewable Biomass 2.675

Hydro 0.675

Wind 0.044

Solar 0.001

Waste 33.710

Non renewable Coal 4.420

Oil 19.554

Uranium 4.404

Natural gas 18.242

Total 83.723
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mangers responsible of the different plant departments. The
analysis uses the database SimaPro ver. 7.2 (Pre 2010):
Ecoinvent 2010. The contribution of the generic data to the
final results is below 8% for each impact category.

A big portion of heat and electricity is produced by a
cogeneration plant fuelled with natural gas. The characteristics of
the specific energy system are described in the next paragraph.

In the case of raw materials supplied from abroad,
reference is made to the European mix or the energy mix of
the country of origin.

As for the transport, we considered all transports from
suppliers, internal transports for material handling, and
transports to the waste treatment plants.

2.4 Allocation and cut-off

The inputs are allocated on the various production steps
according to defined procedures. Where possible, the
allocation is avoided or at least follows a procedure based
on the mass and economic criteria, except where the energy
sources break down, according to the loads of each plant.
Allocation should reflect the physical relationship between
the environmental burdens imposed, and the functions
delivered by the system (UNI EN ISO 14044 2006).

A cut-off criterion has been established with the
maximum level of detail. The processes contributing for
less than 1% of the total environmental impact for each
impact category have been omitted from the inventory (ex:
labels, big bags for waste, etc.).

2.5 The data collection

2.5.1 The energy system

The cogeneration plant is installed inside the production
site. The plant is designed for simultaneous production of
electricity and thermal energy in the form of superheated
steam, hot water, and overheated water. The cogeneration
system consists of an otto-cycle combustion engine fed
with methane gas and produces 5,054 kWe of electric
power (see Electronic Supplementary Material 2).

2.5.2 The bottles recycling plant

The bottles feeding the recycling plant for the production of
PET flakes are supplied by the plastic sorting centers.

To quantify the contribution of the selection plants, it is
necessary to consider the energy input of the plastic sorting
equipment. For the mechanical/manual sorting and packaging
of 1 ton of input plastic, the plant consumes 43 kWh of
electricity and 3.5 l of diesel (Blengini et al. 2007). After the
sorting, 59% of the input plastic is sent to the recycling
plants and the 66% is PET. The input of the sorting plants is
composed of 25% of rejects per 1 ton of output product.
Then 22.27 kWh are needed to produce 0.39 tons of output
PET bottles. For 1 ton of output PET bottles, there is an
electricity consumption of 57.1 kWh. By using the same
procedure, we calculated that the selection plant consumes
4.65 l of diesel per ton of post-consumer PET bottles.

Impact category Unit 1 kg of recycled
PET flakes

1 kg of recycle
PET fiber

1 kg of thermal
insulation panel

Global warming
potential (GWP100)

kg CO2 eq 0.365 0.901 1.675

Ozone layer depletion
(ODP)

mg CFC-11 eq 0.000 0.000 0.000

Photochemical oxidation g C2H4 eq 0.000 0.001 0.001

Acidification kg SO2 eq 0.001 0.002 0.005

Eutrophication gPO4—eq 0.000 0.001 0.002

Table 6 Impact assessment of
the each phase

Table 7 Impact assessment of the each phase per f.u.

Processes Global warming potential
(GWP100) in kg CO2 eq

Ozone layer depletion
(ODP) in mg CFC-11 eq

Photo-chemical
oxidation in g C2H4 eq

Acidification
in kg SO2eq

Eutro-phication
in gPO4—eq

1 f.u. of thermal insulation 1.783 0.205 1.492 0.006 2.190

Internal recycled fiber 0.240 0.044 0.152 0.000 0.162

External recycled fiber 0.472 0.059 0.216 0.002 0.615

PET virgin fiber 0.725 0.040 0.641 0.002 0.979

Packaging 0.074 0.002 0.219 0.000 0.072

Transports 0.016 0.019 0.164 0.001 0.199

Electricity 0.141 0.016 0.065 0.001 0.148

Natural gas 0.115 0.025 0.035 0.000 0.000
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PET bottles of European and Italian selection plants are
sent daily to the company warehouse with trucks of 18 tons.
The energy consumption of the selection plants refers to the
European energy mix. The additives used in the recycling
department are detergents, caustic soda, chips separation
floating, and surfactant. The water is used both in liquid
and vapor state, the latter is considered as an output of the
system. The primary outputs of this phase are polyester
flakes while the secondary outputs are PET dust and PE
chips which are sold to other recycling companies.

The recycling plant sends the effluents to the internal
wastewater treatment plant. The chemical treatment is
accomplished through the addition of reagents and flocculants
and the sludge is treated with filter press. The water is filtered
through activated carbon and then sent to a waste treatment
company outside. Per 1 m3 of wastewater, the internal water
treatment plant cuts down the percentage of COD by 92%.

The inventory for the production of 1 kg of recycled
PET flakes is illustrated in Table 2.

It is important to note how much waste PET is purchased
from foreign countries. In fact, only the 14% of the total
PET bottles comes from the Italian selection plants, because
of low quantities available and of high pressure on costs.
This has consequences on transport impacts of the recycled
materials.

2.5.3 The spinning department

The PET flakes are pneumatically transferred to the fiber
spinning lines, where they are firstly dried and then sent to
an extruder. The melted polymer is filtered in the spinnerets
and then the fiber is cooled. A solution of finish oil is then
used to make the fiber workable.

The inventory for the production of 1 kg of recycled
PET fiber is illustrated in Table 3.

2.5.4 The thermobonded nonwoven department

The finished panels for thermal and acoustic insulations of
building contain both recycled and virgin PET. The virgin PET,
is thermobonding and low-melting. The fiber is then processed
in a carding machine and the resulting panels are thermally
fixed thanks to the presence of low melting polymers. The
thermobonding fiber is bought from Korea and transported by
cargo boat. To assess the impacts of the fiber from Korea, we
analyzed the Korean energy mix (EIA 2004).

The manufacturing process of the thermobonding low-
melting virgin PET is supposed to be similar to the fiber
spinning lines of the company, the only difference is the use
of virgin rather than recycled PET. A portion of recycled
PET fiber comes from other Italian suppliers and calcu-
lations are based on the Italian energy mix.

The inventory for the production of 1 kg of thermal
insulation panel is illustrated in Table 4.

2.5.5 Use phase and end of life

The use phase for the thermal insulation of walls and
rooftops is connected to the lifetime of the building where
the polyester panels are installed. The functional unit
concept also encompasses attributes such as durability,
stability, maintenance and replacement. Murphy and Norton
(2008) define the time horizon at 60 years in the UK,
Schmidt et al. (2004) and Krähling et al. at 50 years, AKPU
(2002) at 25 years. In this study, the time horizon for the
assessment is assumed at an average duration of buildings
for 60 years. Afterwards, it is assumed that the building is
demolished or substantially renovated, so that the insulation

Fig. 3 GWP 100 (kgCO2eq) of thermal insulation panel produced
with fiber partially and totally recycled internally at the same
production site

Impact category Units 1 f.u. thermal insulation
(recycled PET)

1 f.u. thermal insulation
(virgin PET)

Reduction
(%)

Global warming
(GWP100)

kg CO2 eq 1.783 3.278 46

Ozone layer
depletion (ODP)

kg CFC-11 eq 0.000 0.000 9

Photochemical
oxidation

kg C2H4 eq 0.001 0.003 54

Acidification kg SO2 eq 0.005 0.011 49

Eutrophication gPO4—eq 0.002 0.004 52

Table 8 Reduction of environ-
mental impacts of recycled PET
versus virgin granules of PET
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material is sent to waste treatment after this period of
service. The time horizon of 25 and 50 years is assessed in
the second part of this study.

3 Results

3.1 Life cycle impact assessment

Figure 2 summarizes the energy consumption (electricity,
methane gas, diesel, and thermal energy) in each step of the
manufacturing process. As shown, the fiber-spinning phase
requires more electric energy.

The use of energy resources in the whole life cycle is shown
in Table 5. The feedstock energy in post-consumer PET bottles
was considered as renewable energy (energy by waste). In this
case, the feedstock energy is about 33 MJ/kg of PET.

In this section, we assess the whole environmental impact
of this activity and we transfer the results of life inventory in
terms of contributions to the studied impact categories. This
study uses the CML2 baseline 2000 as impact assessment
method. Vidal et al. (2007) states that starting from 2003
several LCA studies of polymers have been published. In
spite of the great methodological differences found among
them, greenhouse effect (IPCC 2001) in kgCO2eq/uf. Ozone
Depletion Potentials (Solomon and Albritton 1992) in
gCFC−11eq. acidification (Huijbregts 1999) in gSO2eq.

eutrophication (Heijungs et al. 1992) in gPO4—eq are
nevertheless always selected as relevant impact categories.

The first analysis assesses the environmental impact of
1 kg of recycled PET flakes, 1 kg of recycled PET fiber and
1 kg of thermal insulation panel. Table 6 shows the very
low impact of recycled PET flakes that replace virgin PET
in the production of recycled products. The recycled PET
bottle transports represents only the 6% of the GWP per
1 kg of PET flakes, whereas the additives influence over the
20% in the same impact category.

The second analysis explores the impact value of the
thermal insulation panel; the data for functional unit are
summarized in Table 7. The PET virgin fiber is the highest
contribute because this process uses amorphous PET. In the
GWP impact category, the transport by cargo of the Korean
fiber influences for more than 65% all impacts of the
transport process.

For the type of product thermal insulation used in this LCA
study, the virgin fiber is not replaceable with recycled fiber
because it has a low melting point (it melts at a temperature
lower than the recycled PET fibers) and it is used for the
thermal bonding of the panels. But if the recycled PET fiber
would be produced at the same site and not purchased from
external suppliers, the impact could improve, as illustrated in
Fig. 3. The saving in the GWP100 would be equal to 65%,
reduction mainly due to the elimination of transports (the
impact of the different energy mix is negligible).

Fig. 4 Saved primary energy in MJeq (right) and avoided CO2eq emissions in kgCO2eq (left) for different thickness in centimeters

Impact
category

Global warming
potential (GWP100)

Acidification Photochemical
oxidation

Eutrophication GER

Unit kg CO2eq kg SO2 eq kg C2H4 gPO4—eq MJeq

Polyester panel 1.783 0.005 0.00134 0.00202 83.720

EPS 3.405 0.023 0.00179 0.003 90.496

Kenaf 3.170 0.027 0.00220 0.002 59.700

Stone wool 1.456 0.012 0.00462 0.001184 24.627

Polyurethane
insulation

4.224 0.014 0.00221 0.00144 89.088

Table 9 Environmental com-
parison of insulation materials
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If these results are compared with the environmental
impacts generated by producing the same panels from
virgin fiber, a remarkable lower impact of recycled PET for
each category can be noticed. The inventory data are
included in SimaPro, as provided by PlasticsEurope. The
comparative study takes into account the fact that the
quality of the secondary material may be worse than that of
the primary material (Rigamonti 2009). The bibliography
study uses a substitution ratio of 1:0.81, which reflects the
difference between the market value of the primary polymer
and that of the secondary polymer. But in this study, we use
a substitution ratio of 1:0.96, whereas the quality of the
final product (virgin PET or recycled PET) is the same
except for the presence of hard plastic waste (rejection of
the spinning stage) in quantities equal to 0.0376 kg.
Furthermore, it was assumed that all the virgin fiber
production is Korean. The percentage reduction of envi-
ronmental impacts of recycled PET versus virgin granules
of PET can be seen in Table 8. The reduction derives from
the change of raw material (the production process is the
same) and from transports.

3.2 Recycling PET: quality and quantity

Mechanical impurities represent the main issue affecting
quality in the recycling stream (PET-Recycling Forum
2006). Recycled materials are increasingly introduced into
manufacturing processes, which were originally designed
for virgin raw materials only. Therefore efficient sorting,
separation, and cleaning processes become very important
to grant high quality recycled polyester. The success of any
recycling concept is hidden in the efficiency of purification
and decontamination during processing and to the neces-
sary or desired extent. Generally, the following applies: the
sooner foreign substances are removed in the process, and
the more thoroughly this is done, the more efficient is the
process (see other information in the Electronic Supple-
mentary Material 3).

3.3 Sensitivity analysis for the use phase

Since the insulation panel is installed by hand and does not
require maintenance when it is incorporated in the wall,
installation and maintenance are neglected.

Regarding the use phase it is possible to highlight the
following considerations:

– The technical performance of the material is essentially
its thermal resistance;

– The lifetime of the thermal insulation coincides with
that of the structure which is used.

Then for the use phase it is important to estimate the
primary energy saving and the avoided CO2eq emissions
during the operation time (see Electronic Supplementary
Material 4).

Figure 4 shows the avoided CO2eq for the different
thicknesses of the thermal insulation material. The graph
shows the situation for 25 years: the situation in a single
year would not be reasonable because it does not take into
account of the life of insulation, because the impact of the
production of insulation is generated in the first year, but
the benefit is obtained especially in the following years.

3.4 Comparative assessment

The life-cycle impacts of recycled PET panels have been
compared to the performances of products having the same
insulation function. The comparison has included various
typologies, as follows:

& Polystyrene EPS panel: combination of material and
processing module. The thermal conductivity of poly-
styrene EPS is 0,028 W/mK, the density is around
32 kg/m3 (Stiferite 2006);

& Kenaf–fiber insulation panel: insulation product based on
a nature fiber composite material. The assessed product is
a fiber reinforced composite made by kenaf vegetable
fibers which are incorporated in a polyester matrix. The
thermo-physical proprieties are λ equal to 0.038 W/mK,
density equal to 40 kg/m3 (Ardente et al 2008);

& Stone wool insulation: based on natural minerals and on
recycled post-production waste materials. Binder and
impregnation oil are added to achieve requested and
desired technical properties. The thermo-physical pro-
prieties are λ equal to 0.032 W/mK, density equal to
37 kg/m3 (Schmidt et al. 2004);

& Polyurethane insulation panels: they have the particu-
larity to be supplied with various types of facings
depending on the type of application and the required

Impact category GWP100 Acidification Photochemical oxidation Eutrophication GER

PET thermal insulation 2 1 1 3 3

EPS 4 4 2 5 5

Kenaf 3 5 3 4 2

Stone wool 1 2 5 1 1

Polyurethane foam 5 3 4 2 4

Table 10 Ranking of the five
product systems with respect to
different impacts (1=best, 5=
worst)
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insulation performance. The thermal conductivity in
0.030 W/mK, the density is 32 kg/m3 (PU EUROPE
2010).

The result is summarized in Table 9, according to the
functional unit.

It can be noted that:

& The ozone layer depletion is neglected for the impact
analysis because it has a low value;

& In the GWP100 category, stone wool has the best
performance and the high impact of the kenaf is due to
large energy consumption;

& The high impact of global energy requirement (GER)
for the EPS insulation is relative to the production of
EPS granule;

& The insulation products with plastic matrix have higher
GER value because they include the energy feedstock,
which can be recovered by incineration at the end of the
useful life of the insulation;

& The stone wool system consumes a relatively large
amount of fossil fuels in the production phase, but none
of the raw materials entering the system are demanding
in terms of non-renewable resources;

& The polyester thermal insulation is the best in almost all
impact categories. This demonstrates the positive
influence of the use of recycled PET in the production
process.

In Table 10, the five product systems have been ranked
according to their environmental performance.

By the results of the Table 10 the best are the PET
thermal insulation and Stone wool, followed by kenaf –
fiber, EPS and Polyurethane foam.

4 Conclusions

In this paper, an eco-profile of a thermal insulation panel
made of polyester fiber recycled from post-consumer PET
bottles has been defined. The energy and environmental
benefits associated with its use into residential buildings
have been assessed with a life cycle approach.

The results show that the use of waste PET involves a
significant reduction of the environmental impacts derived
from the employment of virgin PET while maintaining high
thermo-physic properties.

A reduction can be obtained with 100% recycled PET
into the manufacturing process or with the use of low
impact additives. The percentage increase of recovered PET
by separate collection in Italy would reduce the amount of
purchased waste PET from foreign countries and conse-
quently the amount of impacts derived from transports. The
virtuosity of the product is the use of thermobonding virgin
PET in place of acrylic resin.

Finally, the energy savings during the building
operating time are generally higher than the overall
energy consumption related to the production cycle. This
validates the fact that energy and environmental advan-
tages are related to the employment of thermal insulation
materials in buildings.

The adopted method, LCA, is useful to define the
environmental profile of the product, but it is important to
know that the environmental quality of the products does
not necessarily mean eco-efficiency of the product in the
building (Campioli et al. 2007). The performances of the
building and its components depend on climate, place, and
type of use. The performance of the components changes
depends on the role of the components in the building.
Therefore, to give value to the LCA methodology the
building sector we should start to insert the life cycle
analysis in the energy efficiency certification schemes
(ITACA 2009).
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