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Executive Summary

This report completes the previous study and inyasons provided regarding comparative analysis
between PVD, SiOx plasma deposition and Chromiweatedplating processes and includes the study done

to obtain Oleophobic and Hydrophobic propertiestéatiles applications

According to the WP3 objectives, the purpose of 8tudy is to quantify energy, resources consumptio
and emissions to the environment resulting fronfeacycle analysis comparing plasma technologigs wi
respect to traditional wet processes applied o different textile substrates: PET and mixed PEd a
Cotton. The general scope of this study is to compéiernative technologies for surface functicsadion

and to analyse how the origin and type of energlyiaput materials employed in each process affeet t
overall environmental burden evaluation. For tieigson, the analysis includes a preliminary assedsohe
traditional processes comparable to the plasmahntdogy for the functional output of the production
system, whereas characterized by different phystrainical properties and different process perfoicea
with respect to the other innovative solutions. fiEvienot explicitly mentioned, this report followthe
indications provided by ISO standards 1404X serlédgs analysis does not address socio-economic and

aesthetic issues.
The main characteristics of the study can be sumathas follow:

- most of the data used during the model implementatire primary, that means that have been
collected on site by using ad hoc questionnairesat is, customised questionnaires realised by
Environment Park (EP). Secondary data, obtainediaitgbases, previous analysis or published report,
have been used with regard to the production aflidet of energy carriers (electricity, natural gas
etc.) and to the production and delivery of all rmaterials entering the production plants.

— mass and energy balances have been calculatedifajiohe general principles of ISO 14040;

— the comparison between the three coating techresdogith different energy mixes analysed has to be
considered as a first order approximation result;

- the software Boustead Model V1 was used as caionlatodel and as the main source of secondary
data.

The report contains:

the main hypotheses adopted in the study;

the main energy and environmental results;

the significance and limits of the results;

the suggested investigations for a possible fulerelopment of the study.

1 www.boustead-consulting.co.uk
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1. Traditional and plasma technologiesto obtain hydrophobic
and oleophobic properties

This report completes the previous document reggrttie LCA comparative analysis and includes the

results obtained from the study of different tedbgis for textile surface functionalisation.
The following case study has been considered fallgw CA parameters:

« Comparative LCA Analysis between traditional andspha processes for PET textile substrates to

obtain oleophobic properties.

1.1 TRADITIONAL AND PLASMA TECHNOLOGIESFOR OLEOPHOBIC PROPERTIESON
PET SUBSTRATES

This comparative study analyses the traditional grldsma technology for a PET substrate

functionalisation.

Traditional technology includes an initial wetfsce cleaning process (de-oiling) and a seconeématal

wet process that activates the surface mainly utiogo-resin compounds.

Plasma technology is based on a first surface clesining process followed by an atmospheric plasma
process using fluorinated gases. Unfortunately degarding a plasma process for the cleaning laeoi
steps are still not available and therefore it hasn described a wet process that precedes thecsurf

activation plasma step.
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2. Scope of the Sudy

FUNCTIONAL UNIT

System boundaries and Functional Unit (F.U) de@initis extremely important in order to have a valid

comparative study.

The F.U that has been chosen is 1 kg of treatedriahtDue to the fact that the two different sudsts
(PET and PET + Cotton) have that cannot be comdparderms of surface morphology and chemico-
physical characteristics, it has been decided atoycout specific analysis for each substrate, qisia a
reference an invariant quantity: mass. Choosintasas unit as F.U. ensures that whatever the prigess
has been always considered the same quantity @frialaeliminating the surface dependence to iptess
shrinking or enlargement after the treatment. ustalso be considered that the mass differenéereband

after the surface treatment can be considereddgligjiée.

SYSTEM BOUNDARIES

The studied system contains the cleaning proce@e®iling or de-sizing) and the functionalisation

treatment to achieve the desired property. Enviemtal burdens caused by the production of the
substrates, or machinery and tools used duringptiboeesses have not been taken into account. The
following flow chart represents the system bourgkartonsidered as well as the material and energy

exchange with the outer environment. (see fig 2.1)

Cleaning Treatment
raw material  Energy 1 Raw material ~ Energy 2
Untreated . Lhgof
Cleaning pre Traditional or functionalised
Surface L e ———
process Plasma process surface
U U System
Emissions 1 Emissions 2 boundaries

Fig 2.1. System boundaries simplified scheme
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The software used for the LCA computations is Bea$ V. This software calculates a single outplieta
that includes the values for total process emiss{integrating emissions 1 and 2), a single dughle

containing the values that stand for the overadrgn consumptions (integrating what it has beettavrias
energy 1 and energy 2) and edit a single tableitichtdes all the raw materials quantities usethawhole

process (adding the consumptions for the cleaniagomcess and the functionalisation process).

FURTHER CONSIDERATIONS

One of the main difficulties that man come acrosslevcarrying out LCA analysis is data availability
accuracy and precision.. This is because this prbjgs as additional priority the confidentiality the data
employed so that any of the processes values cdmassociated to its provider. Most of the proegss
described use materials and chemical compositiah dhe restricted and its composition is protedigd
patents. In this case and in order to go forwarth vlie analysis it has been decided to set specific
hypotheses about general chemical compositiondad@ifor computation. These reference compounds

are assumed to have equivalent performanceseéect to the reference ones.

In addition, the LCA software used for the analydisary, despite its completeness, does not dorath

the specified chemical compounds used in theseepses. For instance, it has been particularljcdliffto

find data regarding GFand similar PFC gases that are used as precumspissma processes as these gases
are not included as a possible input material ind@ad library, (commonly these gases are a bydptaxf
several industrial processes, but they are not@epl as input raw materials). In order to cope hils
situation, it has been decided to add these gassgy contribution to the total Gross Energy Resnent
(GER) of the whole process.

All these hypothesis and critical issues are furéxplained in the next paragraphs regarding eamtess.
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3. LifeCyclelnventory

The Inventory analysis provides a catalogue anatification of the energy and material used as sl
environmental releases associated with the prosdss@ided in the system boundaries. The chapter is

organised in three main sections:

1. Data collection: it gives an overview about method, hypothesescahwilation procedures;
2. Dataquality requirements: definition of primary and secondary input data

3. Inventory results: it gives a complete overview of results.

3.1 DATA COLLECTION

In this paragraph it is important to put in eviderthat each energy and mass flow of the plantdbbas

allocated according to the established Functitimat, 1 kg of treated surface.

3.2 DATA QUALITY REQUIREMENTS

As previously specified, data and information usetdCA studies can be divided into two main catéggyr

primary dataandsecondary data

1. Primary dataare data collected directly from the partner'stabntions and, therefore, guarantee
an high level of accuracy. Data regarding the msde obtain oleophobic layers on PET substrates
are shown in figures 3.1-3.2. Data regarding tloegss to obtain oleophobic layers on PET+ cotton
substrates are shown in figures 3.3-3.4. Data déygthe process to obtain hydrophobic layers on
PET+ cotton substrates are shown in figures 3.5-3.6

2. Secondary datare data obtained from databases, other previaastied out analysis or published
reports. As far as the production of fuels, rawemats and transports in terms of energy, resources
consumption and emissions to the environment areeroed, data come from the Boustead

Model_V and refer to Europe energy mix.
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Sequestering agent: 4.5 g
Sodium Carbonate: 18 g
Surfac.tant: 99 Energy : Fluoro resins: 37 g Energy :
Water: 33.91 Natural gas :16.2 MJ Acetic Acid: 18 g  Natural gas: 6.12MJ
Electricity : 0.144MJ Water: 1.3 | Electricity :0.36 MJ
Untreated PET De-oiling | Traditional Chemical |_ kg treated PET
surface E—> Oleophoby treatment
Emissions:
Emissions: VOC: 2.150g
COD: 12.8 g 02 COD: 4.4 g O2
BOD :3g 02 BOD: 19 02
Solids: 2.9 g
Fig 3.1. Traditional oleophobic process on PETpdified scheme
Energy :
9y Fluoro compounds: 3.93 g Energy :
Detergent: 5g Natural gas : 4.15 MJ He :4.46¢ Electricity : 0.375 MJ
Water: 5 kg Electricity :0.196 MJ
Untreated PET De-oiling Plasma oleophobic 1kg
‘ -0l ——— rocess -
surface P Treated PET
Emissions:
Emissions: PM10: 0.714 mg
COD: 1.75 g 02 Fluorocarbon :3.77 g
BOD: 0.12g O2 He: 4.46 g
Solids: 0.065 g Unrecuperable solid
Total Phosphorus: 0.026 g wastes: 6.019 g
Total Nitrogen: 0.087 g
Fig 3.2. Plasma oleophobic process on PET simedli§icheme
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4. Inventory Results

The results of the LCA, as usual, are split in@tiio following categories:

1. Energy results: energy consumption for each functional unit @ab4.1-2, 4.7-8,4.13-14);

2. Environmental results: natural resources consumption, air emissiongahissions and solid

wastes for each functional unit (tables 4.3-6, ®2%.15-18)

4.1 GENERAL HYPOTHESIS

LCA Analysis has been carried out taking into actdbe following general hypothesis:

Computation software Boustead V (last updating 2004

Energy consumption values regarding electricityen&een considered taking into account the
Europe energy mix

Natural gas consumptions have been consideredgtakio account the general Italy mix

All the results are referred to the establishedfional unit (1 F.U)

This analysis contains the results coming from daé regarding the inputs and outputs of the
process system and does not consider the conomzutcoming from the production of the

substrates or the production of the machinery eygaldor each technology.

Specific hypothesis concerning each single castysite explained accordingly.

4.2 CASE STUDY 1 RESULTS- OLEOPHOBY ON PET SUBSTRATES

In addition to the general hypothesis previouslgadé&ed in chapter 4.1, the following assumptidmsve

been made for the traditional process:

Energy contribution coming from the use of a fluoesin during the activation traditional process
has been neglected. This value has been added totéh GER applying 19 MJ/ kd)(concerning

to the approximate value found in literature fag groduction of 1 kg of fluoro compounds. In this
case, considering the total amount of substancd ims¢his process, the energy contribution is
equitable to 0.703 MJ/ kg of treated PET , valwa tias been added to the total GER.

Results are reported in table 4.1.
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Fuel tfype [MJ/ | Production | Process | Transport | Feedstock | _ energy
Ul energy enegy energy energy
Electricity 1 1 0 0 2
Fuel 0 0 0 0 0
Other 1 22 0 0 23
TOTAL > >3 0 0 25+0.703

Table 4.1. Energy requirements (GER) for traditlai@ophobic process on PET (values in MJ/f.u.)

In addition to the general hypothesis previouslgadibed, the following assumptions have been mémte

the innovative plasma process:

Helium gas has been treated as Oxygen. In facerkegy contribution of Helium gas production
used in the process has been calculated considiengquivalent Oxygen production, since most
of the industrial processes for Helium and Oxygeadpction are based on the same fraction
distillation technology and energy consumptionnalagous.

This hypothesis does not apply (and therefore duas influence) the environment impact
assessment as Helium is an inert gas.

HDFDA and HDFD compounds (both used as fluoro-rgsia as raw material) have been treated
as a generic PFC gas. The energy contribution a@isebeen calculated and added to the total
GER applying 19 MJ/ kg®( concerning to the approximate value found ieréiture for the
production of 1 kg of fluoro-compounds. In this €asonsidering the total amount of substance
used in this process, equal to 0.00393 kg, theggnawntribution is equitable to 0.077 MJ/ kg of
treated PET , value that has been added to tHeGER.

Due to the lack of specific data concerning the position of the exhaust gas, it has been
necessary to calculate the emission quantity 3/’Kg of finished PET and consider it as a generic
PFC compound. This generic PFC is considered byBthestead model as a gas that does not
contribute to the GWP. Such a strong hypothesisbeilargely discussed further on. The value of
the emission (3.77 g/F.U.) has been calculatedhgakito account the thickness of the substance
deposited on the surface (10 nm) and the averagsfispiveight of a generic PFC gas (1.63 kg/l)
PM10 emission values have been considered takingactount the worst case, so it is considering

the maximum value permitted by the EEC directive80/EEC ) equal to a 4Qug/n?

Results are reported in table 4.2.
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Fuel type[MJ/ | Production rocess ransport eedstock | L. energy

f.u.] energy enegy energy energy

Electricity 1 1 0 0 2
Fuel 0 0 0 0 0
Other 0 “ 0 0 4

AL 2 5 0 0 7+0.077

Table 4.2Energy requirements (GER) for plasma oleophobicgse on PET (values in MJ/f.u.)

Data regarding the raw material consumptions aactthissions are reported in the tables 4.3-4.5.

Rew material (mg/F.U) O{e‘ophoby Oleophoby Plasma
traditional PET PET
Bauxite 0 50
Sodium chloride (NacCl) 27900 1083
Fe 24 8
Pb 0 0
Limestone (CaCO3) 19029 15
Ni 0 0
Rutile 0 0
S (elemental) 0 749
Dolomite 0 0
Cr 0 0
02 0 4600
N2 2 225
Air 2 12590
Olivine 0 0
Iron/steel scrap 0 0
TOTAL 47000 19322
Water (total) (1) 35 S)

Table 4.3. Raw material consumption for oleophgracesses on PET (data in mg/F.U)
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Substances Oleophoby Oleophoby Plasma
traditional PET PET
dust (PM10) 1060 218
CO 1785 421
CO2 1388492 342863
SOX as SO2 758 689
NOX as NO2 2906 0
HCI 9 0
HF 0 779
hydrocarbons 1245 10
organics 0 0
metals 0 317
CH4 12081 0
perfluorocarbons (PFC
0 3770

not specified else

Table 4.4. Air emissions for Oleophobic processe®ET(data in mg/F.U)
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Substances Oleophoby traditional | Oleophoby Plasma
PET PET
COoD 17200 1751
BOD 4000 126
Na+ 27 29
acid as H+ 0 0
NH4+ 0 0
Cl- 28 40
suspended solids 4694 77
hydrocarbons 0 0
phenols 0 0
dissolved solids 19 15

Table 4.5. Water emissions for Oleophobic processePET(data in mg/F.U)

Substances

Oleophoby Oleophoby Plasma
traditional PET PET
Unspecified refuse 100 6096
Mineral waste 1716 45
Slags & ash 1485 1711

Table 4.6. Refuses for Oleophobic processes or(d#Ed in mg/F.U)
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S.Impact Assessment

According to ISO 14042, the general framework ef #ssessment phase is composed of several mandatory
elements that convert Inventory results into emvinental indicators. For this analysis the followingpact
categories are considered (such characterizatataraare also recognized by the system for Enwiental
Product Declarations — EPD):

= Greenhouse effect (global warming);

= Acidification;

= Photochemical ozone formation (Photo-smog);
= Eutrophication;

The values concerning each of the above factoredoh process have been summarise in the table belo
(table 5.1):

Plasma Oleophaobic PET 04 1.22 0.19 0.26

Traditional Oleophobic PET 1.67 2.36 2.81 0.76

Table 5.1. Impact assessment parameters
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6. Final Consderations

As a general rule, plasma innovative processes adower environmental impact compared to tradélon
ones to obtain the same surface functionality. Thiproven by the obtained values of the overdllage
indicators prescribed by the 1ISO1404X norms amdrsarised in the tables previously presentetas to

be noticed that in some cases resulting datadifBer of one order of magnitude as fitre total energy
consumption represented by the GER results: plgsmeesses GER value is definitely lower than its

corresponding value obtained for traditional tneets.

The energy consumption relative to plasma treatrisemainly due to the electricity requirements dgri
the finishing process (direct energy), while a drfralction of the total energy consumption is doethe

during the cleaning process (de-sizing or de-ojliegiuirements. These pre-processes energy saurce i

The energy consumption has a direct influence ¢oGRVP value. This parameter is calculated taking in
account the amount of G@quivalent emitted in air during the whole procéssluding the production
processes to obtain raw materials and energy ptiodudhe energy sources, that is to say, the origin of
each type of energy for its production, transparl ananagement determines the value of the Global
Worming Potential (GWP).

As it was discussed in the previous report (WP3:-B),3he energy mix for electricity production heas

major influence on the GWP value, as the emissnb1@0O, vary enormously from one mix to another.

In this study it has been taking into account tlieoge energy mix, where more of the 61 % of thal to
electricity production is obtained from Fossil Fuer gas with an important emission of Cat
contributes to the greenhouse effect and thendd@WP.Using renewable energy sources in the plasma
process would certainly mean a visible further dasng in the GWP parameter even if using the same
quantity of direct energy. In that case, plasmaese technology would be even more cleaner although
already being the most environmental friendly tedbgy nowadays available for the surface

functionalisation processes taken into account.

As stated before, traditional process energy reqeénts is based not only in electricity consumptizut
also in using a significant amount of natural gagpleyed to heat the water for the wet processes Th

consumption determines the considerable increaeaissessed GWP value due to the&bissions.

Values regarding specific consumptions of raw niateand emissions of processes by-products haste be

also included for each study case.

As relevant data, it can be noticed that traditigmacesses have a water consumption definiteligdrighan
plasma process (for instance, for oleophoby funefisation on PET substrates water requirements are
seven time greater than for traditional procedsas for plasma process, wet processes employinlifr&s

per F.U). In addition to the water consumptiongs itnportant to observe the values relative tocthemical

Page 14 of 16 30th October 2006



*n-*x-
rActeco

*

and biological oxygen demand (COD and BOD), alwzigher for traditional processes and responsilie fo

the Eutrophication of local water systems.

Moreover, the highest need of water employed iditicmal processes cause that a lager amount adrwat
needs to be treated before being emitted in thea@maent. Depuration plants capable to neutralistha
polluted water coming from the production process @mpulsory, that is to say, manufacturers thkt s
use traditional wet processes are forced to inmesitese kind of installations by normative conistrghat
guarantee avoiding massive environmental localupoh; production plants equipped with these post-
process treatments involve consumption of extoagss energy to clean all the wasted water. Theygne
consumption employed to run such depuration postg®s units, as well as the energy and materials
employed to produce and install such post-procepsiration systems have not been included in tbhyst
Therefore this further source of environmental leard should be taken into account to set up a more
comprehensive balance between environmental impasessment of traditional and innovative solgtion
for surface functionalisation. The resulting cansences for the environment should be added tcethéts
previously found. Such considerations put in evigdenthat the present analysis is quite conservative
although results show already a net unbalancedtiitu for the two classes of compared processes

(traditional vs. innovative), favouring plasma salas as having an overall lower environmentaldetp

All the inspected issues are extremely importanbéotaken into account, above all if considering dr
regions scenario where the availability of waterdstricted, and where a suitable system to depuhat

wasted water has not yet been established .

A further comment regarding water consumption sthdnéd added taking into account that all these case
studies consider a wet cleaning process. Plasrhadéigy is nowadays capable to substitute wet ziagpi

or de-oiling process for innovative technologidseve the water consumption is almost reduced to. zer
Unfortunately, for this study data regarding plasiiemning process were still not available buggiresents

a further step to be introduced as a future mdnee@ analysis.

As far as air emissions are concerned, again thdtseshow that values that are found for plasnoagss
come from the production of electricity and notnfrdhe process itself, due to the fact that patiuta
substances emitted during the process are ne@lidtorthermore, pollutant emissions for plasma gsses
are in any case lower compared to traditional mscabove all for CO, CGand NQ. Dramatically lower

are PM10 emissions for plasma process.
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