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ABSTRACT

In recent years the importance of natural capital in the life of all species on our planet is gaining
increasing importance. The main implementation approach suggested to obtain environmental accounting, for a
policy of sustainable production and consumption is: Life Cycle Thinking with its operational tool: Life Cycle
Assessment, able to calculate environmental indicators and to accompany, the companies in a sustainable
transition of production and consumption. In the study, the LCA, was applied to a polyester product, with the
aim to identify environmental indicators and advise the company on how to made innovation, in an
environmentally friendly manner.

Key words: LCA, polyester, textile, environmental impact, environmental indicators.
INTRODUCTION

The production system developed by men is in stark contrast to the protection of
the ecosystem as it is based on the exploitation of limited resources. Much work has been
done in the direction of sustainable development, with the use of the green economy, and
now we are moving towards the concept of circular economy, however more efforts are
needed. The green and circular thinking should guide development in SMEs, green
circular management models and businesses that must encourage consumers towards
more sustainable lifestyles [7]. SMEs need support to optimize its products through an
eco-friendly design that will lead to a competitive advantage [7]. The following work
applies the LCA to a company in the textile sector. This sector consists mainly of SME:s,
and in recent years has suffered a general drop in production. Despite the stagnant
markets, the resilience of the sector is still considerable, there are many companies that
try to adapt to changing market conditions, being able to control costs, make production
more flexible since the answers uncertain markets. The document in question provides
information on the textile industry and the industrial processes used (in particular the
preparation of fibers, yarn pre-treatment, and finishing). It provides data and
information on emissions pollutants from processes and consumption of resources. The
analysis of production cycles performed with the LCA method can create indicators to
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assess the critical points of the cycle, and be able to make improvements and thus
innovation. The results of an LCA study can be used for communication and marketing
[8]. The company object of our study, it is geographically located in the South Italy. L
'Stretch Apulia produces more than 40 years home textiles, for a domestic market and
they exports to about 20 countries worldwide. The textile fibers are various, the main
types of yarns used are: cotton, polypropylene, nylon, viscose, polyester colored or
flocks. The company chose a product on which to make the LCA: a fabric made from
100% PET with a small amount of polypropylene (PP) coupled to confer some physical-
mechanical characteristics.

MATERIAL AND METHODS

ISO has recognized through 14040 series of standards, the validity of the model
LCA defined as a tool for "compilation and evaluation throughout the life cycle of the
flows in and out, and the potential environmental impacts, of a product system "and
recommended that this type of assessment to companies who wish to adopt an
Environmental Management System. the ISO 14040 series is completed, with some
technical reports which constitute valuable support for the implementation of standards:
ISO/TR 14049 which shows examples of inventory analysis according to the ISO 14041,
ISO/TR 14047 which contains examples of assessment of impacts, and for the
interpretation of results ISO/TR 14048 defines the data format for the presentation of the
study results [13][14][15]. So this is an analysis tool relatively young. For the SETAC
instead its definition is objective process of evaluation of environmental burdens
associated with a product, process or activity by identifying and quantifying energy,
materials used and wastes released into the environment, for assess the environmental
impact, and thereby realize the opportunities for environmental improvement [10]. The
assessment includes the entire life cycle of the product, process or activity, which
includes the extraction and processing of raw materials, manufacturing, transportation,
distribution, use, re-use, recycling and final disposal. In summary, the assessment of the
life cycle is structured as a matrix input output that, on the lines, lists all the factors of
impact on the environment (such as air emissions, the raw materials consumed, waste
water, waste products, etc.) and, on the columns, listing all phases and sub-phases
(extraction and transport of raw materials, production and transport of intermediate
products, production, transportation, distribution, use, reuse and disposal of the product/
service analyzed) that make up the cycle life [1]. Each cell of this matrix shows the
contribution of individual stages in the formation of a given factor environmental impact.
In this way we highlight the "weak points" (stages with greater impact) and the "strong
points", from an environmental point of view [2].

According to ISO 14040 and LCA is divided into four iteratively related phases:
1. Goal and scope definition (described in ISO 14041:1998)
2. Inventory analysis (described in ISO 14041:1998)
3. Life cycle impact assessment (described in ISO 14042:2000)
4. Life cycle interpretation (described in ISO 14043:2000)
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The work procedure for LCA can be broken down into seven steps:

1. Analysis of the case to identify significant issues: the case material is browsed
and analyzed with focus on the final target audience and the purpose of the
study.

2. Definition of the goal and scope for the case: this step includes documentation
of the definitions of the goal and scope.

3. Inventory: the need of data and documentation is identified. The data is
collected, validated and documented.

4. Preparation and calculation of the inventory profile in the case: data is related to
the functional unit. System boundaries can be refined.

5. Compilation of the results into the ISO/TS 14048 data documentation format:
document the product system and each included unit process. Document the
modeling and validation and supply administrative information.

6. Impact assessment: A full impact assessment includes classification,
characterization and weighting.

7. Interpretation: Interpret the results with the focus defined in the goal and scope.

Goal and scope definitions

The purpose of this study is to increase knowledge of the environmental impacts
associated with a textile product made from 100% PET yarn, with a low percentage of
Polyethylene (PP). The product is used to manufacture the outer cover of the mattress. In
the data base are not present in many data on the processes in the textile of PET, since
the raw material has emerged in recent years, and also, the machinery, and the
technology typically used in the processes, has made significant improvements in recent
years. From the environmental point of view, process improvement would lead to an
error of assessment of environmental loads when used outdated data, for example a
report of the German Textile Machinery Manufacturers [20] argues that, there was a
15% improvement energy efficiency in the last 10 years. In this case the company's
technology is modern 2008- 2010. Even the international literature relating to the textile
sector show often outdated data. With the LCA we will analyze the life cycle of the
product from cradle to grave, for obtain environmental indicators, and provide useful
recommendations to the decision-making process. The choices between alternatives will
lead to environmental improvements with the help of eco-design and innovation for the
production of sustainable products with a gain of market competitiveness. The questions
answered by the study are : The most significant pollutants in what process do they
form? Which activities of the life cycle of the product contribute most to its overall
environmental impact? Between two products with a similar function but different raw
material, which is more impactful?

Functional unit

It was chosen as a functional unit: 1 kg of fabric 100% polyester (PET or poly-
ethylene-phthalate) which is obtained by using a Jacquard frame, with a wire 167 Denier
and a density of fabric 15 picks, coupled with polypropylene (PP).Its function is

3
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coverage for a used mattress for 10 years and landfill disposal at end of life. The quantity
1 kg, corresponding to the functional unit required by EC legislation in the application of
LCA to textile products to obtain the Ecolabel [8]. On the product will conduct a study
on the environmental impacts of all stages and particular attention is paid to pollutants
such as' carbon dioxide, VOCs, formaldehyde, and water resources. Afterwards we
make another step, one comparison will made between the processes, to see which of
them is the most impacting one. At the end, we change the raw material and we calculate
the environmental impacts and the related indicators, switching from a synthetic material
PET to natural material Cotton.

Inventory analysis

This stage involves the creation of a list of all components of the life cycle of
the fabric in PET which fall within the limits of a defined system. There are four main
steps: assumptions and system boundaries, cut off and allocation; creating a flowchart;
collection of data (Input Material Products and secondary products solid waste, air
emissions and water); the calculation the emissions amount in relation to the functional
unit. The LCI (Life Cycle Inventory) results, provides a detailed list of all the resources,
waste and pollutants of the overall system, that is, of all phases of the life cycle of the
product.

System boundaries, hypothesis, cut off

The System boundaries are from the cradle to the grave. In general the
processes considered for the study are: the production of resin: polymerization; processes
for the preparation of the yarn: spinning, twisting, texturing; processes weaving
preparation: warping, dyeing; weaving; finishing; Packaging; use; End of life: disposal
in landfill. We make a cutoff for data less than 1% to exclude processes and input or
output in accordance with the ISO 14040 section 4.2.3.3[13]. The technology is
considered modern, (2008 -2013). From the spatial point of view, geographically the
production of the fiber and the polyester yarn is carried out in China, the preparation of
the yarn for weaving and the steps of dyeing and warping are carried out in Northern
Italy and the steps of weaving, finishing, packaging distribution in southern Italy. The
distribution and the use is supposed to happen in Europe, and disposal in Italy. Were
considered only the packaging of raw materials and the finished product (cardboard,
polyethylene film), because the others would not have made a contribution to the final
result (threshold below 0.5%) [10]. Energy Mix: for processes located in Europe, the
data of the energy mix were derived from the database Ecoinvent, while the Chinese mix
data were taken from industry experts in China and from the literature [11][4][21]. Are
considered the transport of raw materials and other additives, and semi-finished products
used in the process. The transport of raw materials has been considered as the distance
between the store provider or place of production and the company. The means of
transport are truck and ship. For the distribution is considered an average distance in
Europe. For disposal an average distance of 400 m* from the house of the consumer at
the point of land filling. The phase of use in this case is to low impact because there are
no maintenance, and is not expected use of water or chemicals for washing. The period

4
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of use of 10 years is obtained from an average life of the mattresses, the data obtained by
the experts of the sector [6]. For the allocation, there are no secondary output products
and the process has one only function. There is only a part of tissue discarded at the end
of the weaving stage , this is called swarf, and is recycled totally.

Flowchart PET Fabric production

The flowchart in Fig. N. 1 describes all stages of production of PET fabric
product, from cradle to grave. The flow chart Fig. N. 2 shows in detail the processes that
occur in China: the production of polyester fibers, and processes for producing the PET
yarn.

Data sources

The data are hierarchically divided into three categories. The first are of the
direct data collected in companies and by industry experts, the second from the data
collected by existing international literature and finally a when there is no data to process
itself used the database Ecoinvent 2.0 [5].

PET fabric processes

PET fiber production

The polymers used in artificial fiber PET are formed by a chemical reaction: the
polymerization. For the continuous manufacture of polyester fibers, 1 ' terephathalic acid
and ethylene glycol are first passed through the primary and secondary esterifies to form
the monomer [18]. the process used require the use of solvents, The IPPC regulations
2003 reports that the value of VOC emissions during the polymerization and production
of polyester fibers must not exceed 1.2 g / kg of produced polyester resin. The
production of PET requires the use of catalysts such as antimony oxide or antimony
acetate. Therefore antimony is present as a residue in the polyester. The content of
antimony in polyester fibers commercial shall not exceed 260 ppm [6].
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Flow diagram polyester fabric

Figure 1. Flowchart of the cradle to the grave of a Polyester fabric product of Apulia
Stretch, personal processing.

PET yarn production: Spinning, Twisting and Texturing

The Spinning, refers to the process of formation of the wire from the polymer.
The fibers are formed by forcing a fluid or viscous polymer solution through small
orifices of a die and immediately solidify or precipitate the resulting filamemnts. For the
polyester, the different processes of melting and spinning commercial are classified
according to the degree of molecular orientation in the fiber, this operation increases the
crystalline of the fiber, modifying the mechanical properties. VOC emissions associated
with the fiber spinning filament appears to be the most significant, with 10.3 g / kg to the
value indicated BAT [6]. Twisting process gives a fiber bundle cohesion is necessary to
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obtain the resistance values required for textile processing. The twist is obtained by
rotating a beam of parallel fibers, around its own axis. Texturing is a processing step that
is applied to the synthetic yarn, to produce more flexibility, softness, appearance and
characteristics similar to the natural ones. This is achieved in many ways, ultimately
making with a thermal and mechanical deformation of the individual filaments and
varying their spatial arrangement( Fig. N 3).

Figure 2. flow diagram of PET fiber production and yarn
PET production, personal processing
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Warp yarn production: warping

The preparation of the threads for weaving includes two processes. This process
is used to prepare the warp yarns. The yarns initially settle on large spools or cones,
which are placed on a rack. The warp yarns are then carried out, and pass through a
solution of oils, waxes, and other additives used in conjunction with sizing agents to
increase the softness and flexibility of the yarn. These substances form a coating that
protects the wire against the barb or | 'abrasion during weaving [9].

Weft, yarn dyed: deyng

There are several types you process used to fix the color on the yarns. the
process considered in the case study is the Thermosol. the dyeing process shown a series
of wash tubs in which you use a lot of water. the ratio is about 1: 100 by volume with the
yarn. The dyeing operation is among the stages that a higher environmental impact of the
chain due to the large amount of water and energy and chemicals used. [17][19].
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The Fig. N. 4, show the frame used for the analyzed product of 'Apulia Stretch
in working phase. The frame requires a high amount of electrical energy, this is one of
the critical point of the process. Technical consumption of a frame is about 9 Kw/h for
the tape loom, and 19 Kw/h for air loom.

Figure 4. Looms APULIA Stretch

PET fabric finished: finishing

In the case of the product analyzed, the finishing stage is called laminating. The
fabric coming out from the frame wrapped on a tube, is placed under the laminating
machine, and passes on a rotating drum kept at a high temperature together with a non-
woven polypropylene (PP). As binder we using a powder in PET. With the heat around
(120 degrees) and the slight pressure the various parts are joined in a single fabric that is
rewound on another tube. This process requires a large amount of electricity(Fig. N. 5)

PET fabric: storage, use

The fabric is located on a large roll and must be prepared for sale in the
measures of linear meters, required by the customer. A little machine: cuts, creates rolls
and packages the fabric. The machine through the heat heat-seals the roll with a
polyethylene film. It needs electricity, about 6 Kw/h. For use process, we considering
the average length of a mattress 10 years. This stage is a low environmental impact,
since maintenance is not carried out, the product is not washed so not on water or
chemicals.
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Figure 5. Finishing machine, Apulia Stretch

PET fabric disposed

It is considered disposal, 100% of polyester fabric in the landfill. For transport,
we set an average distance of 400 km from the consumer to the landfill. The process data
are taken from the database Ecoinvent [5].

Impact Assessment (LCIA)

After you have completed the LCI, the next step is the evaluation of the impacts
of the life cycle (LCIA). To do this you use the methods of assessment, in this study the
LCI data are processed with two method: ReCiPe, and Ecological Footprint.

RESULTS AND DISCUSSION

From evaluation of the LCI inventory, you obtain a series pollutants flows.
From the list of elementary streams we extrapolate the quantitative data obtained for
some substances considered most significant by the standards of the textile industry, and
water consumption is calculated as a resource, because the latter has a strategic
importance to the latest directives of the European community. In the following graph
Fig. N. 6, it is shown the concentrations of carbon dioxide (CO2), formaldehyde and
volatile organic compounds(VOC) and the liters of water used. These substances are:
quantified for each process in the life cycle of the product.

It is observed that: the amount of water used is much greater in the process of
dyeing yarn PET, corresponds to 69.6% of the total water used in the entire system of
product analyzed. In addition, there is 14.2% for the production phase of the fiber and the
yarn and the 10. 6% for the weaving stage. The process that produces the largest amount of
CO2 is the production of the fiber and yarn PET that in our study have been associated
together, as they are made by the same Chinese company, it has 60.5% of the total.
Subsequently, there is the weaving process with 13.5% and that of the warping with 12%
[3]1[4]. Formaldehyde is known to be a typical emission of the processes of dyeing and
finishing, as confirmed by the results. They are 58.8% of the total resulting from the dyeing

10
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phase, and 40.1% of the finishing [6].The volatile organic compounds (VOC) are more
present in the production phase of the fiber and yarn PET accounting for 90.1%.

100%
Disposal Landfill
80% - Use
W Storage Distrib.
60%
m Finishing
40% W Weaving
20% W Dyeing
m Warping
0%

M Fiber Yarn Prod.
H20 (I) CO2 (Kg) Form(mg) VOCs (g

Figure 6. Inventory results, elementary flows: water, CO2, Formaldehyde, VOC

With the Recipe method we calculate the environmental impacts and by
aggregating, we get the environmental damage indicators. Please remember that they are
three: Damage to human health, Damage to ecosystems, Damage to the availability of
resources, end total.

The graph Fig. N. 7 shows the results. The production of fiber and yarn PET step
is the most impactful, considering the damage on the human health, on the quality of the
ecosystem and the use of resources. Its contribution on the overall impact of the product
system is 74.4%. Subsequently, the critical phases is disposing of fiber PET in landfills. It
accounts for 7.1% of it. At follow, the phase of yarn dyeing PET with 7%, finishing 6.7%,
the preparation of warp for weaving 2.6%, then, the weaving jacquard looms with 1.4%
and finally the packaging and distribution with 0.8%. The use phase of the product could
also be eliminated from the study because it is insignificant, as its percentage is zero.
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Figure 7. Comparison of environmental damage indicators ReCiPe for each process

11



Eco-Ist’17, Ecological Truth, 12-15 June 2017. Hotel “BREZA”, Vrnjacka Banja, Serbia

Comparison between two row material: cotton end PET

In this phase of the study two products were compared obtained with two
different materials: cotton (CO) a natural fiber and polyester (PET), a synthetic fiber.
The methods used for the impact assessment are the ReCiPe and the Ecological
Footprint. The graphs in Fig. N.8 show the comparison between the enwironmental
indicators of the product Cotton and the product PET, considering all the midpoint
indicators of the ReCiPe method. It is possible to notice at first glance that the product
in cotton is generally more impactful.
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Figure 8. Impact result PET Fiber and Cotton Fiber, Method ReCiPe midpoint

In the following graph, the results obtained with the ReCiPe method
aggregating indicators, are shown: human health, resource consumption, and quality of
the ecosystem and their total value. As you can see from the graphs, the cotton fabric has
higher values in eco points for the quality of the ecosystem and human health, while for
the use of the resources Polyester has a higher score, due to the use of natural gas and in
the oil phase polymerization and fiber production. The total of the indicators, shows that
polyester fabric is however less impactful than cotton, because the second one requires a
series of chemical products for the cultivation of the natural resource and for the
treatments of the crude fiber (Fig. N. 9) and (Fig. N. 10) [16].
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Figure 9 and 10.Comparison PET fabric and Cotton Fabric, ReCiPe endpoint indicators
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With the Ecological Footprint method, we calculate the indicators clearly
showing land consumption in square meters of land. The product based on cotton has a
high impact clearly due to the extended used for cultivation, while square meters of land
relative to CO2 are almost similar. Considering the total also in this case the polyester
fabric is less impactful. Fig. N. 11.
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Figure 11. Ecological footprint indicators: comparing PET Fabric to Cotton Fabric.

A summary of the results leads us to the following considerations: the water
resource is used more in the dyeing process, we they can recommend to buy, a dope
dyed yarn made from a polymer that is colored in the extrusion phase and formation of
the yarn to reduce the use of water.

With regard to the CO2, the process that produces the largest amount is the
production of the fiber and yarn PET. It is important to remember that this takes place in
China. They may advise you to buy the yarn from a country that use energy mix, less
polluting.

As for the formaldehyde, dyeing and finishing processes are to be kept under
control and for VOC production, the phase of fiber and yarn are important. This means
that if in the future the company will certify its product with an Ecolabel [8] it will need
to give more attention to these phases.

Finally, if you vary the raw material, comparing Cotton to PET, the latter is less
impactful. This is due to the need of soil and water and chemicals for the cultivation of
the natural resource and for the treatment of raw fiber. So even if the polyester is
obtained from non-renewable resources from these results and from data obtained in the
fiber production worldwide is convenient to continue to use this raw material.

CONCLUSION

In general it is recommend that the industry abandon the strategy based only on
resource consumption and embrace that of resource saving and innovation. As for the
company case study: it is recommended to change the technology of the dyeing yarn
where possible, as the consumption of water resources could then be drastically reduced.
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Another critical point is the production of fiber and polyester yarn. The contribution of
these processes on the total impact is 74.4%. IT is not convenient to change fiber
because the cotton is even more impactful than polyester. What we generally recommend
is to try to recycle the product. This would alleviate the use of virgin material avoiding
impacts occurring during the production of fiber and yarn PET. Recycling activities are
present on the Italian territory, but they are more developed for clothing. For home
textiles and in this specific case, are not very used. Government policies should
encourage recycling in this area. Another option is to use polyester from recycled PET
bottles, but that requires improvements for what concerns the mechanical and physical
aspect. In the future, fit is possible encourage studies on alternative raw materials, such
as waste products of corn processing or the fibers obtained from molasses (waste of
sugar production).
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