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wyicteco What is LCA?

Definition

“FROM CRADLE TO GRAVE” OR “FROM CRADLE TO CRADLE"

F = W R 00:-Cng ;, /-\ —
r = — = ]| Galvanizing
Second production Product production )

I I ] (ex . lamination) (ex . Steel pile for Transport

or for illumination)
w}i‘i\ First production
=] (Ex. primary

% I Steel production)

SENS R Use phase and
T2 Raw material extraction / Utility maintenance
= : - L 2 A
——_ . % hnd
-
% Possible recycle

LCA is a technique for assesssing the environmental aspects and potential impacts
associated with a product/process, by compiling an inventory  of relevant inputs
and outputs of a product system, evaluating the potential environmental
Impacts associated with those inputs and outputs, interpreting the results in
relations to the objectives of the study.
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IP for SMEs
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wyicteco What is LCA?

WHAT DOES IT MEAN ENVIRONMENTAL BURDEN?

The manufacturing industry requires inputs of raw materials and fuels for the
generation of useful products.

At the same time outputs of waste material in the form of air emissions,
water emissions and solid waste are also genarated.

IP for SMEs

Additional inputs of raw materials and fuels and outputs of waste materials may
be associated with a product during its lifetime, even when disposed of at the
end of its useful life.

The term environmental burden is a catch-all expression
used to describe these inputs and outputs
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IP for SMEs

What is LCA?

The structure

ISO 14041
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IP for SMEs

What is LCA?

The different phase

Goal and scope definition : in order to
define the scope and the goal of an LCA
study, firstly it is necessary to define the

Functional Unit (F.U.) and the system

allocation factor for the environmental
performance of the product system. This

reference is necessary to ensure compatibility B —

of LCA results.
Definition of the system boundaries

Impact

V LIFE CYCLE FRAMEWORK

Definition of the functional unit : is the _—

Assessment

Z 0 -4 >» 4 m=X TV O mMmAZ —

\ |
Inventory (LCI) which involves data y 4
collection and calculation procedures to

guantify relevant inputs (raw materials and
fuels) and output (liquid, solid air wastes) of a
product system.
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IP for SMEs

What is LCA?

The different phase

Life cycle impact assessment (LCIA) , aimed at
evaluating the significance of potential
environmental impacts using the results of the life
cycle inventory analysis.

The main and international recognized
indicators are:

Global Warming Potential (GWP)
Acidification Potential (AP)
Eutrophication Potential (EP)

Photochemical Ozone Creation
Potential (POCP)
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What is LCA?

Glossary of the Life Cycle Impact Assessment (LCIA)

Global Warming Potential in 100 years (GWP  ,4,): index used to
measure the global warming, that is the phenomenon, whereby CO2
In the atmosphere, along with others compounds, absorbs infra-red
radiation emitted from the Earth’s surface giving rise to an increase in
temperature. In others words, GWP is the measure, based on
concentration and on exposition time, of the potential contribute that a
substance causes to greenhouse effect as to that caused by the
same weight of CO2. The standardisation of global warming is made
reporting the amounts of the inventoried substances to g of CO2-
equivalents.

IP for SMEs

Acidification Potential (AP): index used to measure the acidification
Impact into the atmosphere and water courses caused by the release
of hydrogen ions. The standardisation of acidification is made
reporting the amounts of the inventoried substances to g of
H*equivalents.

Eutrophication Potential (EP): index used to measure the nutrient
enrichment (eutrophication), which in turn may result in algal blooms,
caused by the release of sulphur nitrogen, phosphorous and
degradable organic substances into the atmosphere and water
courses. The standardisation of eutrophication is made reporting the
amounts of the inventoried substances to g of O,equivalents.
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What is LCA?

Glossary of the Life Cycle Impact Assessment (LCIA)

Ozone Depletion Potential (ODP): index used to measure
the breakdown of the stratospheric ozone layer, which should
protect from ultraviolet radiation, caused by the emissions of
reactive substances mainly originated from
Chlorofluorocarbons (CFC). The standardization of Ozone
depletion is made reporting the amounts of the inventoried
substances to g of CFC-11-equivalents.u

IP for SMEs

Photochemical Ozone Creation Potential (POCP):  index
used to measure the forming of ozone, dangerous if it is in
direct contact with men, caused by the interaction between
the emissions of the oil combustion (mainly, hydrocarbons
not burned and SOx) with sun light. The standardization of
photochemical ozone creation is made reporting the amounts
of the inventoried substances to g of C2H4-equivalents.

Other keywords
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Energy mix: the balance between various sources of energy
in primary energy consumption (i.e. France vs ltaly)
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wyicteco What is LCA?

The different phase

Interpretation and improvement
in which the findings from the
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= inventory analysis and the impact
E K LIFE CYCLE FRAMEWORK "\ assessment are combined together
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What is LCA?

Scheme

[ 1

In '
puts.(e?n_ergy, raw materials, Product
semi-finished products,...)

Considered system
(activity, product
or service)

Outputs (emissions to air, to water,
waste, by-products, ...)

IP for SMEs

Eco-efficient activation for hyperfunctional sirfaces
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What is LCA?

Essential deliverables

To identify areas of interest , for example product contribution to<:|
greenhouse gas emission:

Inputs to efficiency program (fuels,waste, materials, ...)
Inputs to product design

To generate reliable and detailed information about inner use of
the company and for addressing customer queries. <:|

To provide a scientific basis to compare processes / products.

To facilitate a more flexibile response to a change in customer
product specifications

Inputs to product environmental communication  (EPD, <:|
Ecolabel,...)

To check if any new process developments involve real
improvements (simulation).
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What is LCA?

LCA needed in order to push innovative and
revolutionary processes (ACTECO prj.)

Brief definition

LCA objective : evaluate the enviromental and
energy burdens associated with a process,

product, or activity over the entire life cycle.
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Why LCA?

Data about production of cotton , wool and
man made fibres in 2002:

Total World production : 34.848.000 tonnes

Total Europe : 5.474.000 tonnes
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why LCA?

Focus on the following steps:

Dyeing

Printing

Finishing
use of chemical products or physical-mechanical treatments
(layers of coating, protection, and surface products) for:

softness, hand, water repellent and oil repellent properties,
special colouring or lustrous effects.
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why LCA?

Water and energy consumption

1kg of textile 50 kg ( 1lt) H,O

H,O0 @ 50-70 T

1kg of textile  About 3kWh energy
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Why LCA?

Estimated rough figures for standard
synthetic fibres textile processes:

1kg of textile = 50 kg H,O @ 50-70C

1 year world textile production
=940.000.000.000 liters of process water (polluted!)
=55.000.000.000 kWh consumed energy

1 year Europe textile production
=131.000.000.000 liters of process water (polluted!)
=8.000.000.000 kWh consumed energy
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why LCA?

value (Mm 3
water/TWh

energy)

ACTECO 2 " Training Day -Torino, 18 th April 2007




Why LCA?

Estimated rough figures for standard wool-
cotton fibres textile processes:

1kg of textile = 50 kg H,O @ 50-70C

1 year world textile production
=1.750.000.000.000 liters of process water (polluted!)
=102.000.000.000 kWh consumed energy

1 year Europe textile production
=275.000.000.000 liters of process water (polluted!)
=16.000.000.000 kWh consumed energy
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Why LCA?

value (Mm 3
water/TWh

energy)
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Why LCA?
Astonishing figures...

Figuring out: comparisons

1 year Europe textile production for heating/drying water

1T

60% of total textile industry energy in EU in 1 year

1T

about 10% of total DE industrial energy consumed in 1
year->wasted!
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Why LCA?
Astonishing figures...

Figuring out: comparisons

1 year World textile production for heating/drying water

1r

about total industrial energy consumed in DE in 1y ->wasted !
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Why LCA?
Astonishing figures...

1 year Europe textile production

—

Pollution and waste of about
1% of total domestic water in EU
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Why LCA?
Astonishing figures...

Figuring out: comparisons

1 year textile World production

—

S

Pollution and waste of about total CZ consumed
water in 1 year
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why LCA?
General process efficiency/output

Low-efficiency

effective built-in result on the final fabric keeps
only a small percentage of the used recipes

Output

Important quantity of wastes and consequent
emission of ecologic unfriendly effluents
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wWhy LCA?
Textile industry and environment

Dyeing and finishing fabrics is still today a
series of wetting and drying operations,
as It always has been, with a huge
consumption of water, energy,

chemical products (detergents, dye-
stuffs, resins, etc), investment in space
and heavy equipment
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LCA applied on surface
functionalisation processes

LCA analysis to compare traditional and
plasma-innovative technologies from an
environmetal point of view

Anti corrosion treatment on metal surfaces :
comparing PVD and SiOx deposition (innovative)
and traditional galvanic plating

Oleophobic/hydrophobic properties on PET
and PET +cotton textile surface: comparing
atmospheric plasma technology and traditional
process
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LCA applied on surface
functionalisation processes

15t Step: determine system boundaries

Raw materials

Energy
Um;unctionalised Functionalised
surtace | Traditional / Plasma | > surface
surface treatment

LCA SYSTEM
BOUNDARIES

Emissions
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LCA applied on surface
functionalisation processes

2 hd step: determine Functional Unit (F.U.)

Metalic surfaces : F.U. = volume of the coating to
achieve the same functionality (e.g1 m2 x 1 mm )

Textile : F.U.= weight (e.g. 1 kg functionalised
surface)

Other applications: the F.U has been chosen
taking into account the process and the material to
be analysed
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LCA applied on surface
functionalisation processes

It is possible to choose the energy scenario where the
process is located. This choice implies differences on
the values of environmental burden parametres

Italy Mix | Europe Mix | France Mix
Coal 12% 27% 7%
Fuel 34% 8% 2%
Gas 34% 16% 1%
Hydroelectrics 10% 6% 7%
Nuclear 9% 39% 82%
Other sources 1% 2% 1%
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LCA applied on surface
functionalisation processes

HYPOTHESIS-1

LCA analysis has been carried out using Boustead
V model

Indirect energy for Natural Gas consumption have
been considered using Italy scenario

The analysis does not take into account the
production of the substrates, tools and machinery for
the process, nor industrial systems

The results regard the environmental point of view.
No budget considerations at that point.
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LCA applied on surface

functionalisation processes

HYPOTHESIS-2
For metalic surfaces- anti corrosion properties:

Comparing 3 different energy mix (Italy, France,
Europe)
F.U=1m?x1mm or 1m? x 3mm

For textile applications: oleophoby/hydrophoby
properties:

Energy contribution for PFC’s, as raw material
added to final results

PFC emissions treated as a PFC generic
compound with no GWP contribution
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Results within ACTECO project

GER results for metalic surfaces- anti corrosion properti es

Treatment GER [MJ/ f.u] Production Energy | Transpor | Feedstock Total
energy Use t energy energy energy

PVD - TiCN ltaly Mix 255 124 2 0 381

PVD - TiCN Europe Mix 248 124 2 1 375

PVD - TiCN France Mix 255 124 2 1 381

PVD- TiN Italy Mix 255 124 2 0 381

PVD- TiN Europe Mix 248 124 2 1 375

PVD- TiN France Mix 255 124 2 1 381

CrVI Galvanic coating Italy mix 187.3 115 2,5 0,9 306

CrVI Galvanic coating Europe mix 187,3 115 2,5 0,9 306

CrVI Galvanic coating France mix 182.3 115 2,5 0,9 300

SiOx plasma- Italy mix 607 348 6 41 1002

SiOx plasma- Europe mix 587 348 6 41 982

SiOx plasma-France mix 607 348 6 41 1002
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Results within ACTECO project

Different energy scenarios-different GWP

FRANCE MIX
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Results within ACTECO project

GER results for textile:oleophoby and hydrophoby propert les

Oleoph. traditional
2 23 0 0 25+0.703
Oleoph. plasma 2 5 0 0 7+0.077
Hydroph traditional 5 26 0 0 31
Hydroph traditional 10 8 0 0 19+2
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Results within ACTECO project

anti corrosion treatments

Environmental burden parametres metalic surfaces :

e GWP AP POPC EU

(kg CO2) (g eq SO2) (g C2H4) (g PO43-)
PVD - TiCN Italy Mix 23,53 276,79 32,75 8,76
PVD - TiCN Europe Mix 17,36 140,63 15,32 5,98
PVD - TiCN France Mix 4,19 38,88 7,45 1,71
PVD- TiN Italy Mix 23,39 245,47 32,38 8,71
PVD- TiN Europe Mix 17,22 139,32 14,95 5,93
PVD- TiN France Mix 4,05 37,6 7,08 1,66
CrVI Galvanic coating Italy mix 18.93 210.52 22.44 6.92
CrVI Galvanic coating Europe mix 14.38 110.13 9.59 4.86
CrVI Galvanic coating France mix 4.76 35.68 3.60 1.73
SiOx plasma- Italy mix 59,78 718,75 75,99 22,92
SiOx plasma- Europe mix 46,21 419,44 37,66 16,8
SiOx plasma-France mix 17,38 197,35 20,54 7,46

ACTECO 2 " Training Day -Torino, 18 th April 2007




Results within ACTECO project

Environmental burden parametres textile :

Oleophoby/Hydrophoby properties

GWP AP POPC EU
TREATMENT
(kg CO2) (g eq SO2) (g C2H4) (g PO43-)
Plasma Oleophoby PET 0.4 1,22 0,19 0,26
Traditional Oleophoby PET 167 236 281 076
Plasma Hydrophoby PET+Co 0,938 5 86 0,55 0,42
Traditional Hydrophoby PET+Co 205 594 4,13 4,16

ACTECO 2 " Training Day -Torino, 18 th April 2007




Results within ACTECO project

Plasma process general PFC emissions have
been considered as nonGWP contributors,
Specific analysis done to evaluate its contribution

for CF4 emissions

What would happen
if emission gas was
CF4?
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Results within ACTECO project

CF4 contributions to GWP
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Unspecified PFC 0 0,02375 0 0,938
CF4 5700 0,02375 135,375 136,313
140
’g 120
O 100 O CF4 gas GWP
S contribution
o 80 136
S 60 @ Unspecified PFC
= 40 gas GWP
% 0 contribution
o 20 00938 |0:938 2,05
0
Unspecified Plasma CF4 Traditional
PFC Plasma Process
Tretment
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CONCLUSIONS

Innovative plasma processes have an overall
lower environmental impact:

ess water consumption
ess raw material consumption

ess water/air emissions

It Is Important to declare exactly the chemical
composition of input and output material

The energy mix affects the GWP contribution of

the process significantly
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NEXT STEPS

Apply LCA comparative analysis to all ACTECO
applications to have an overall and complete view

The validity of the results depend on the
accurancy of the available input data: the more
detailed data- the more reliable results: sensitivity
analysis
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Thank you for
your attention!




