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1. SCOPE OF WORK

The Buzzi & Buzzi company (also known as BUZZI), specialized in lighting, based in Milan,
intends to evaluate the "carbon footprint” of the innovative photocatalytic and antibacterial
material named AIRCORAL+. To this end, Prof. Marchetti together with Dr. Leporini and Prof.
Corvaro, conducted a life cycle analysis in order to study the environmental impact (specifically the
"carbon footprint™) of the industrial process, comparing it with two different scenarios, the
market standard (hereinafter named ‘MARKET STANDARD?’) and a previous photocatalytic
material made by BUZZI (hereinafter named ‘TRADITIONAL BUZZY’).

As AIRCORAL+ is in the pre-industrial phase, the results of the LCA analysis can be used to
evaluate effects in terms of carbon footprint before being placed on the market.

An input / output databases to be used for the LCA analysis of the 3 materials (market standard,
traditional BUZZI and AIRCORAL+) has been used. It was decided to neglect the logistics (also

internal) and to consider the exit gate of the BUZZI company as the border of the system.

The applied methods are internationally recognized and are:

- IPCC 2007 100a (V1.1 Characterization) — The Intergovernmental Panel on Climate
Change www.ipcc.ch was established by the United Nations Environment Programme
(UNEP) and the World Meteorological Organization (WMO)

- IMPACT 2002+ (V2.05): The Life Cycle Impact Assessment methodology IMPACT
2002+ suggests a feasible implementation of a combined midpoint/damage approach. These
combinations link all types of Life Cycle Inventory (LCI) results, the elementary flows and
other interventions, throughout the 14 midpoint categories summed up to four damage
categories.

New concepts and methods have been developed within IMPACT 2002+ for the
comparative assessment of human toxicity and eco-toxicity. Human Damage Factors are
calculated for carcinogens and non-carcinogens, employing intake fractions, best estimates
of dose-response slope factors, as well as severities. The transfer of contaminants into the
human food is no more based on consumption surveys, but accounts for agricultural and
livestock production levels. Indoor and outdoor air emissions are compared and the
intermittent character of rainfall is considered. Both human toxicity and ecotoxicity effect

factors are based on mean responses rather than on conservative assumptions.


http://www.ipcc.ch/
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Other midpoint categories are adapted from existing characterizing methods (Eco-Indicator
99 and CML 2001). All midpoint scores are expressed in units of a reference substance and
related to the four damage categories human health, ecosystem quality, climate change, and
resources.

Normalisation are carried out either at midpoint or at damage level and the IMPACT 2002+

method presently provides characterisation factors for different LCI-results.

2. INPUT DATA

Data related to the three different products to analyze are reported in the following tables.

2.1 MARKET STANDARD
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Functional 1YIN LAMP
UNIT: .
Material / Component Quantity [kg] | Notes
Calcium hydroxide 0,1 At room temperature it appears as a white and

odorless solid. It is an irritant compound.

Sodium nitrate 0,08 Sodium nitrate is the sodium salt of nitric acid,
It is a harmful, irritating compound. Because of
its high oxygen content it has oxidative
properties.

Silicon oxide 0,4 Because of its microparticles it has a risk of
inhalation toxicity.

Zirconium oxide 0,03 The main use of zirconia is in the manufacture
of ceramics, but there are many other uses
including the protective coating on titanium
dioxide pigment particles. Irritating to
inhalation and skin.

H20 0,3

Hydrogen peroxide 0,28 Reactive oxygenated forms; may irritate the
respiratory tract. Corrosive, it can cause skin
burns.

Calcium sulphate beta 0,5

Ceramic powder 0,2

Led 1led-78 Strongly improved in BETTAIR-LAMP lamps in

Im/W respect with standard lamps.

Cables 30cm

Metal parts - galvanized 160 g

steel

Mechanical components | 60g The same used in BETTAIR-LAMP lamp.

Block of polystyrene to 1000 g A packing method using digged polystyrene

be digged to adapt to was used.

final product form
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Input Output By-product | Energy kWh /
materials materials | / waste sources STANDARD
(fuel,
electric
energy,
biomass..)
Calcium Dry mix - Electricity | 0,075
sulphate
beta +
marble
powder
Silicon oxide | Dry mix - Electricity | 0,025
Sodium Dry mix - Electricity | 0,008333333
nitrate
Calcium Dry mix - Electricity | 0,016666667
oxide
Zirconium Dry mix - Electricity | 0,008333333
oxide
H20 + Hydrogen | - Electricity | by hand - 8
hydrogen peroxide minutes/12
peroxide - liquid lamps
Hydrogen Wet mix | - Electricity | 0,025
peroxide -
liquid
H20 +silver | Silver- - Electricity | 0,033333333
liquid
H20 + zinc Wet mix | - Electricity | 0,041666667
oxide
Wet mix Molded - Electricity | 0,05
lamp
body
Molded lamp | Dried Steam - 500 | Electricity | 0,411428571
body lamp g
body
Dried lamp Final - Electricity
body lamp
body
Leds, cables, | Electrical | Electrical Electricity | 0,083333333
metal parts system components
and scraps
mechanical (cables,
components metal, etc.)
Lamp body + | Lamp - Electricity | 0,083333333
electrical
system
Lamp body + | Lamp - Electricity | 0,083333333

electrical
system
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2.2 TRADITIONAL BUZZI PROCESS

Functional UNIT: 1 YIN LAMP

Material / Quantity | Notes

component | [kg]

Zinc oxide 0,05 It is almost completely insoluble in water but is very soluble in
acidic or alkaline solutions. Dangerous for the environment
and especially for aquatic organism.

Calcium 0,04 At room temperature it appears as a white and odorless solid.

Hydroxide It is an irritant compound.

Sodium 0,07 Sodium nitrate is the sodium salt of nitric acid, It is a harmful,

nitrate irritating compound. Because of its high oxygen content it has
oxidative properties.

Silicon 0,05 Because of its microparticles it has a risk of inhalation toxicity.

oxide

(silicio)

Zirconium 0,2 The main use of zirconia is in the manufacture of ceramics,

oxide but there are many other uses including the protective coating
on titanium dioxide pigment particles. Irritating to inhalation
and skin.

H20 0,40 I/kg

Hydrogen 50 ml litro | Reactive oxygenated forms; may irritate the respiratory tract.

peroxide (volume al | Corrosive, it can cause skin burns.

2%)

Calcium 0,24 low quality standard calcium sulphate

sulphate

beta

Titanium 0,05 spray painting applied at the finishing process step

dioxide

finish

painting

PRIMER 5ml Isopropylidenedicyclohexanol applied at the

finish Metilisobutilchetone finishing process

similar Xilene step

EPSIL 00S: Metanol T

composition Dibutilestagnolaurato

Marble 0,35

powder

Led lled-78 | Strongly improved in AIRCORAL+ lamps in respect with

Im/W standard lamps.

Cables 30 cm

Metal parts | 160 g

- galvanized

steel
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Input materials Output By-product/ | Energy
materials | waste sources
(fuel,
electric
energy,
biomass..)
Calcium sulphate Dry mix - Electricity 0,075
beta + marble
powder
Silicon oxide Dry mix - Electricity 0,025
Sodium nitrate Dry mix - Electricity 0,008333333
Calcium oxide Dry mix - Electricity 0,016666667
Zirconium oxide Dry mix - Electricity 0,008333333
H20 + hydrogen Hydrogen |- Electricity by hand - 8
peroxide peroxide - minutes/12
liquid lamps
Hydrogen peroxide - | Wet mix - Electricity 0,025
liquid
H20 + silver Silver - - Electricity 0,033333333
liquid
H20 + zinc oxide Wet mix - Electricity 0,041666667
Wet mix Molded - Electricity 0,05
lamp body
Molded lamp body | Dried lamp | Steam - 500 g | Electricity 0,411428571
body
Dried lamp body Final lamp | - Electricity by hand - 90
body minutes/12
lamps
Painting with mix of | Final lamp Electricity 0,12
water and tinanium | body
Spray coating for Final lamp Electricity 0,8
titanium fixing body
Leds, cables, metal Electrical Electrical Electricity 0,083333333
parts and system components
mechanical scraps
components (cables,
metal, etc.)
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2.3 AIRCORAL +

‘ Functional UNIT: 1 YIN LAMP

Material / quantity notes

component [ke]

Titanium dioxide 0,06 NoX reduction, increasing performance

(ANATASE) in bulk (not as spray), no waste,high

capacity antipollution

Calcium sulfate 0,70 increasing performance agoinst old

hemihydrate (ALFA) process with calcium beta

Calcium sulfate 0,10

dihydrate

Silver 0,1 ml solution in distilled water 1%

Marble powder 0,12

Water 0,283 litri water saving

High efficiencyleds | 1led-130 | Strongly improved in AIRCORAL + lamps
Im/W in respect with standard lamps.

Cables 30 cm

Metal parts - 160 g

galvanized steel

Mechanical 60g

components

Self-expanding 600 g Saving volume of material that occupies

packaging -
polyethylene

storage space and sometimes goes
obsolete.
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Input materials Output By-product | Energy kWh
materials [ waste sources
(fuel,
electric
energy,
biomass..)
Titanium dioxide Dry mix - Electricity 0,075
(ANATASE) , calcium
sulfate hemihydrate
(ALFA), calcium
sulfate dihydrate,
iron hydroxide,
marble powder,

water
H20 Wet mix - Electricity 0,025
Wet mix Molded - Electricity 0,008333333

lamp body

Molded lamp body Dried lamp | Steam - 500 | Electricity 0,1152

body g
Dried lamp body finallamp |- Electricity By hand - 90
body minutes/12
lamps
Leds, cables, metal Electrical Electrical Electricity 0,083333333
parts and mechanical | system components
components scraps
(cables,
metal, etc.)
Lamp body + Lamp - Electricity 0,083333333

electrical system

10
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3. LCARESULTS

3.1 MARKET STANDARD RESULTS

The following figures and tables show the LCA results obtained in terms of kg COZ2eq (with the
method IPCC 2007 100a) and impact categories (with the method IMPACT 2002+) for the
industrial process of the MARKET STANDARD material.
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Figure 1: kg CO2 eq for Market standard process; Method IPCC 2007 100a (V1.1 Characterization)

lmpact-category Unit Total Assembly EIecth’city

IPCC GWP 100a kg CO2eq ».5 37.6 192

Table 1: TOTAL kg CO2eq Market standard process

11
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Figure 2: Impact Categories; Method IMPACT 2002+ (V2.05)

Impact category Unit Total Assembly Electricity
CaronogEns kg CEHIC 8g 0.553 0,582 20803
i Gnggers kg T ey 0613 N 0000382
Respr gty Pdgarsds kg M. 5 eg 0,037 0.073 QI35
Tnnigng radiaton B C-14 ex L.51E3 1.51E3 0.2
Cizone layer depleton kg CFC-1leq 0, (0 165 0, (0 185 6239
Rlaspirafory orgarics kg CG e 0. 02 0.0 0000299
Aquabec erosmaty kg TEG water £ 5501 ,5581 154
Terrestrial ecohoaoaty kg TEG sod 537 535 0.885
Terrestrial acd frastn kg 502 eq 0. 56 0451 QLo0s0L
Lo conupabion 71 210 .. F Rt 0. 153 0.182 QL0 54
Agualic acidfication kg 302 eq 0.178 Q.17 0. DS
Apuatid eulr opfecatnn kg PO Pm 00035 0.00285 3, FHE-T
Global warming kg (02 e 3.6 kP L9
Mon-renewable energy M) primary a1 ] L\
Minersl exirachon M) surplus B.5% B.6% 0000118

Table 2: Impact Categories Market standard process
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3.2 BUZZI TRADITIONAL RESULTS

The following figures and tables show the LCA results obtained in terms of kg COZ2eq (with the
method IPCC 2007 100a) and impact categories (with the method IMPACT 2002+) for the

industrial process of the BUZZI standard material.
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Figure 3: kg CO2eq for the BUZZI standard process; Method IPCC 2007 100a (V1.1

Characterization)

Impact category Unit Total Assembly Electricity (1)

POC GWP 2008 g C02eg 24 376 36

Table 3: TOTAL kg CO2eq for the BUZZI standard process
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Figure 4: Impact Categories of the BUZZI standard process; Method IMPACT 2002+ (V2.05)

Table 4: Impact Categories of the BUZZI standard process

14

Impact category Unit Total Assembly Electricity (1)
Caronogens kg E330 g a.ra L8R3 fuaraz
FON-CEnOnDgETs kg C33eg 0.633 QLE33 000 15
Respiralony imonganics kg PM2.5eq 0.0383 o.03m D.D00HA]
Tonizng rackaton EgC-14@eq 1.55E3 1.5523 0543
Orone Lapes cepietion kg CFC-110q 0.000185 0.000135 1178
Riesg atr y Orgarecs kg C2 & 0.0271 0.0266 0.000467
At ecntonoty kg TEG water 7.06E3 7.053 664
Terrestnial ecotmoty kg TEG 20 63 63 166
Terrestrial sodjrutn kg 502 e 8.513 6.504 0.00538
Land scoupsbon m2org. arabie 0.18% 0.184 o012
Aguatic acdificabion kys02eq Q.17 Q. 1Fr o011
Agua B sutrophecation kg PO F4m 0.00289 Q.D0Zas TLIEF
Glcbal warming kg COZ e %.4 29 3.58
P+ e able mregy M) primary 517 615 2.58
Mines o xtration M] surplus 8.68 5.68 0.00022
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3.3 AIRCORAL + RESULTS

The following figures and tables show the LCA results obtained in terms of kg COZ2eq (with the
method IPCC 2007 100a) and impact categories (with the method IMPACT 2002+) for the
industrial process of the AIRCORAL+ material.

AR STEXS

- 3]

BN

r

=  Assembly ™= Electricity (2)

Figure 5: kg CO2eq for Buzzi & Buzzi AIRCORAL+; Method IPCC 2007 100a (V1.1 Characterization)

Impact category Unit Total Assembly Electricity ()

oo

[FOC GWF 100a kg COTeq .7 a9 0. 75

Table 5: TOTAL kg CO2eq for AIRCORAL+
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Figure 6: Impact Categories of AIRCORAL+; Method IMPACT 2002+ (V2.05)

Impact category Unit Total Assembly 'Electricity (2)
Cananogers g l'_"EI'I.'II'an 0.y 0385 .00422
Fon-caronogens e CHIC =g 0. 558 1. 588 0000157
Resprabory monganics: by P 8 g [ ) e o251 94505
Ioniong radiason g C-19 =3 L. 19€3 LI9EX 0.119
Jzone layer deplebon ey CFL-11eq 0000082 OO0 1 12 25889
REsprabory onganscs kg CH4eg a.0217 00215 0.000002
HAgua b eonboadaty g TEG water 5.EEZ EEE3 L.45
Ternnesraal ecoin ity g TEG 5ol 530 513 0.364
Tennes triaad ackd miri g 502 eg 0.358 [V 0.00205
Land esooupnation e 0. 156 0155 0.000223
Anguatic aodficabion w0 207 g 0,153 0153 0.000397
Auguabs dulrapreca Bon gy POk P 0,00305 000305 1.56E-7
Fhabal warmrsg ey CO2 ey 25 4.2 0. 785
Tt v s i g S praeary 445 445 0,566
Miner sl el achion LT T 7.53 1.3 4,83E-5

Table 6: Impact Categories of AIRCORAL+
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3.4 COMPARISON BETWEEN THE DIFFERENT PROCESSES

The results obtained in terms of CO2eq and impact categories for the three different cases have
been compared and in the following figures the results of the comparison is reported.

e Inred we indicate the values of the MARKET STANDARD
e In green the values of AIRCORAL+
e In yellow those of the TRADITIONAL BUZZI

sanunxshl

-

PC G e

_kg COZ eq M“kﬂ- kg CO2 eq v kg CO2eq
material ARCORAL+ tracitionsl Buzzi
material

Figure 7: kg CO2eq for the three processes analyzed

Impact category Unit Market material [AIRCORAL +  |Buzzi Traditional
PCL GWP 100a kg €02 e3 .5 5 T '

Table 7: TOTAL kg CO2eq for the three processes analyzed
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Figure 8: Impact categories for the three processes analyzed

_'Impacl category

Unit Market material
Carcrogens kg CH3 eg 0.532
- NGNS b CEHEC g 0612
ELEpar Sy Mo Ganel kg PM2. 5 g 0,037
Tonigng rackabon B C-14 g 1.51E3
Omone kayer deplebion g OFC-118qg 0000185
Resprainry organcs g C3deq 0.0282
Anuabc eooineaty g TEG water 5.5
Terrestrial ecoboodory h; TEG ol 5aF
Terresirial acdinutri kg 502 83 0,95
Lawned] oeoruap Bon MZ00g. ki 0. 153
Aguanc acdifcation kg 502 ey 017
Fuguatc eutrophec ben kg PO P 000255
Global vearmang kg CO2 &g 336
Fon-renayable arergy M primary 541
Mineral &xiracton [GHE-T = T B.&5

Table 8: Impact categories for the three processes analyzed
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3. CONCLUSIONS

The LCA of the three products analyzed, shows that the innovative material (AIRCORAL+) has

the lowest environmental impact.

The IPCC GWP 100a method highlights the lower emissions in terms of CO2eq for the

'AIRCORAL+" process as following summarized:

e 28.7 kg CO2eq of the AIRCORAL+ material process.
e 39.5 kg CO2eq of the MARKET STANDARD material process
e 41.2 kg CO2eq of the TRADITIONAL BUZZI process.

The results outline also that there is a considerable difference between AIRCORAL+ and the

competing solutions.

The Impact 2002+ method also highlights the benefits of AIRCORAL+ in the following four

macro areas of interest:

e 'Human resources';
e 'Damage to man';
e 'Environmental damage’;

e 'Climate impact’.

In all 15 items analyzed the 'AIRCORAL+' has a lower environmental impact. It is important to
notice that in the category 'Carcinogens’, AIRCORAL+ also shows a significant improvement.

19
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Over the last years, many processes for managing the end of life of thin film photovoltaic panels
have been proposed but only three of these are currently managed on an industrial scale and they
present a considerable use of thermal and chemical treatments. To offer the opportunity to make the

PV energy a “double-green” technology also the end-of-life managing process must be sustainable.
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