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Goal & Scope

» Environmental impacts comparison:
- Conventional vs Photocatalytic paint Application End-of-Life

* Cradle-to-Gate & Cradle-to-Grave approach

Inventory
« Data were collected from VITEX, FORTH, HNA, PEDL and literature sl 2o t =2
» Choice of software (openLCA) and database (PEFs) ‘ N
Impact Assessment Interpretation
» Choice of LCIA (PEF) to conduct all related calculations and analysis freves ofresults

Results Interpretation
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Software and Database

* OpenlLCA software:

A free and professional approach to Life Cycle Assessment
Compliant to ISO 14040 and 14044.
Completely Open Source

Version 1.11.0

* Features include:

Fast and flexible import and export

OpenLCA Nexus — source for 27 databases and more than 40 LCIA
methods

Own data quality systems can be defined by the user
Automatic and graphical creation of product systems

Statistical analysis tools

The open source software for sustainability assessment.
For modeling the life cycle of things.
Licenced under the Mozilla Public Licence 2.0.

Created and maintained since 2006 by GreenDelta, Berlin

1.11.0 (Windows 64 bit)

Developed by GreenDelta
GmbH in the frame of the
European Single Market for
Green Products initiative

Environmental Footprint
secondary data for openLCA
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Cradle-to-Gate approach | Production

Raw materials data

separation

of TiO2-based

powder e Distilled water
washing
5
negative
tests
positive

tests

Titanium oxysulfate 2.85kg
NH3 solution (NH4OH) 4.28 kg
Distilled water 37.1kg
Iron acetate 15¢g
TCM-1 1 kg

** Paint = VITEX
* Powder »> FORTH

broken into fine
powder (e.g. by
milling or grinding

annealing

Raw materials / Water / Energy / Fuel

Z
<|7_ LIFE
Photocatalytic paint Y%
TiO2 — 100% solids (proxy) 1.95
/ Fhotocatalytic TIO2 20
/ Tap water (proxy) 39.6166
4
Copolymer dispersion Vinyl Acetate 3.01
(VAM) and
Vinyl Versatate (VEOVA)
— 5086 In water
Cakcinm carbonate grommded 3341
— 1002 solids (proxy)
Dispersing agent — 100% solids 0.15
Defoamer — 100% solids 017
CIT/MIT 0.0014
Benzisothiazolnone (BIT) 0.042
— 100% solids
Monoefirylene glycol 0.89
Amino methyl propanol, 0.01
95% i waler
Celllose thickener 0.73
Paints additive 0.02
- 100% solids (generic proxy)
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Cradle-to-Gate approach | Production

100% 0.25
280%
60% 0.20
40%
20% 0.15
0.10
‘E‘Gp .
0.05
I
. —
Baseline paint Photocatalytic paint
I ~cidification [ Climate change Eutrophication marine |l Eutrophication, freshwater
&8 I Eutrophication, terrestrial [ lonising radiation, human health [ Land use
I Bascline paint [ Photocatalytic paint I ©O:zone depletion [ Particulate Matter Photochemical ozone formation - human health

I Resource use, fossils [ Resource use, minerals and metals

Relative bar chart:

Midpoint impacts of producing 1tn of paint Single score analysis
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Cradle-to-Gate approach | Production

MnO; sol Ti(IV) solution

13% Raw materials (wihout powder)

21% Powder (without NH3 solution)

62% NH3 solution

m Package mEnergy mWater = Transport m Raw materials (wihout powder) mPowder (without NH3 solution) m NH3 solution Titanium oxysulfafe 2.85kg
;7_
< NH3 solution (NH4QH) 4.28 kg
*;
Distilled water 37.1kg
——pesitive-
testS Tron acetate 15g
. . . H H L broken Into fine TCM-1 1k
Process contribution in photocatalytic paint’s powr (0. by 8 g
ngorg img

production life cycle

annealing
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Cradle-to-Grave approach | Application

Hellenic Naval Academy case study — Teaching rooms

HNA data

Comparing two teaching rooms
First > Painted with the conventional paint
Second - Painted with the photocatalytic paint

PEDL data

Energy saving rate was based on simulations, correlating
ventilation rate and photocatalysis:

- 3-4.7% -> Average value of 3.85% was used

Literature

Assumption via a 2014 strategy report of the Greek Ministry of
Environment, Energy and Climate Change:

- Electricity consumption data of different building types
and climatic zones
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Cradle-to-Grave approach | Application

HNA case study
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Midpoint impacts % relative change
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Room 218 (Baseline)

I Acidification |l Climate change

I Eutrophication, terrestrial

-3.62%

\

Room 217 (Photocatalytic)

Eutrophication marine |l Eutrophication, freshwater
P lonising radiation, human health [ Land use

Photochemical ozone formation - human health

B O:zone depletion [l Particulate Matter

I Resource use, fossils [l Resource use, minerals and metals

Single score analysis
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Depollution modelling

» Generally, the CFD methodology includes specific steps.

»In the frame of the Life Visions project the methodology for CFD modelling in indoor

environments that will be followed includes 12 steps.
»The steps that will be followed are:

v'Initially the flow and the dispersion problem is formulated.

v'The geometry and the flow domain is modelled. T v bomdaemmar |
| | \ - .
. ]
S'AYH N — ) g &?élfsture ouﬁtlet)
- . Floor (wal)
:‘-_}Ctlflgcitvinlet) :T:J-_ / ?\?élg’éiiiy inlet) I“
9,"7'-3 "'l"s'.o'H' o ——

Side boundary (symmetry) "~y
——— J

21H
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Depollution modelling

v' A series of simulations are performed for scenario assessment purposes

v’ Post-processing of the simulation is performed to get the results

Scaled Residuals MNov 03, 2U|5
ANSYS Fluent 15.0 (3d, dp, pbns, rke)

1733 1.0210e-04 4.0322e-05 2.4633e-05 2.0541e-05 2.1506e-04% 3.5804e-04 2.2355e-01 1.1497e«01 1.1254e-
1?34 1 0258 ﬂll 03!2 05 2.4643e-05 2.0537e 05 21533 Bh 35926 -0y 223&0 M 1 1503 01 1 1379 q
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iur i iy - 1 i y-uvelocity =z ue]unity k epsilnn cm—1 inl!tfand*oll -ass Flo
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v’ Comparisons of numerical and experimental results are performed for V&V purposes
v If needed, repetition of the process is performed to examine sensitivities

v’ Documentation of the findings is finally performed
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Examine the efficiency of the paint

Preliminary model simulations for model
evaluation were performed initially in two
demonstration houses:

One coated with a baseline paint and one
with the photocatalytic paint

Two radiation scenarios:
« natural light only
 both natural and artificial light

Measurements in both houses were
conducted and measurement results were
compared to model output

Depollution modelling

r

* CFD modelling methodology
will be applied in the real-life
case study of the Hellenic Naval
Academy (HNA)

IFE
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epollution modellin

2. Quality assurance

’b ICEM CFD 16.0: DEMO_HQUSES - x _ N
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Depollution modelling — Demo house results

Table 1. Measured and numerically estimated NO; removal for the two radiation scenanos

- : Removal (%) Uger
Pollutant | Radiation scenario Meacured Modelling (cm )
Natural light 61.7 70 0.028
PR
NO, Hamrﬂ artificial 701 g5 0.034
light

 Both scenarios indicate a very high removal of NOx
» Good agreement with measurements

» For both scenarios modelling results seem to overestimate
removal rates by 10% (natural light) to 15% (natural +
artificial light)

« The fan operation is causing a very intense mixing inside
the demonstration houses, rapidly accumulating Nox-rich
air masses towards the treated walls

NO,
Ikg/m*]

4.9E-04

4.0E-04

3.1E-04

2.2E-04

1.2E-04
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NO, [kg/m?]

l 4.9E-04
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Thank you for your attention!
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