Integration of TiO, coating into facade elements of historical
buildings in Athens for air purification purposes
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INTRODUCTION

Problem: Air pollution and its negative effects

Primary and secondary air pollutants
Different sources and types

e Adverse effects on the Environment | Health | Built Europe _Greece ‘ _Thens
Environment

e Many abatement strategies for its reduction

ozone sulfur trioxide ammonium

photochemical smog nitric acid sulfuric acid particulates

Need for: plane
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9 Selec'“on Of O Speciﬁc Iocqfion 6’ carbon monoxide sulfur dioxide ammonia
o e . . . .. sunlight nitric oxide nitrogen dioxide articulates
-  Focus on building industry and its reduction policies - : i
-  Focus on historical building stock + + + + + i + +
->  Study of TiO, as a promising air purification strategy - . -* b
é i 1l ¢ B
A\ - —
Fire Volcano Agriculture City and houses Oil tanks Factory Transport Ship

_Type and sources of air pollutants
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Problem statement: Why are TiO, coatings not widely used ' l : ol \T[‘, A
. . . . 2 \ » "‘T‘ —~
in the building industry? ﬁ'ﬂ v
Lack of prefabricated units/products ®
Lack of technical knowledge
High cost

Lots of maintenance

Degradation of durability of coating

Degradation of photocatalytic activity of coating
Reduction of NOx abatement removal from facades

Need for:

-  Enhancement of durability and photocatalytic activity
-  Promotion of widespread application



WIDESPREAD APPLICATION
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What is meant by “widespread application”?
What would make this happen?

TiO, can't be applied in the same way in all historical buildings
Variety in typologies
Limitations (administrative, aesthetical, financial, ownership)

Prefabricated system doesn’t work for all the cases
Noft feasible for all the historical stock

Need for a different approach regarding “widespread
application”

Creation of different levels of application

Division of facade into its components and

Decision on which level of application will be applied on each
facade component (criterio needed)

building
stock
[ \

non-
historical

historical

!—‘ﬁ

before war post war

1950 1960 1970 1980

Richard Wodlitsch, Plural. Public and Privat f the Polvkatoikia in Athens,
Doctorate, TU Berlin 2009, pages. 74-75


https://www.deutsche-digitale-bibliothek.de/binary/5A426XMJVJVHR2IISCQ2WVBAZSBL72ZQ/full/1.pdf

OBJECTIVE T RESEARCH QUESTION

Materials Facade Climate



DESIGN GOAL

How can a TiO, coating be
integrated differently on the
various components of a
facade, in order to find wider
application on facades of
existing historical buildings in
Athens and to contribute to the
NOx removal in the proximity of
its application?

MATERIAL

FACADE B.STOCK

CLIMATE

SUB-OBJECTIVES

RELEVANT QUESTION

To determine the factors that influence | How do the environment and the substrate

the photocatalytic activity of the TiO,
coatings, in terms of environment and
materials and to define the aspects that
can lead to an enhancement of
photocatalysis over time

influence the successful photocatalytic
performance of TiO, fagade coatings over
time?

To specify the parameters that hinder a | What are the parameters that hinder a

widespread application of TiO, coatings | widespread

on fagade products and to define
possible factors or scenarios that can
facilitate a more extensive use of them

To determine the NOx removal
efficiency of various photocatalytic
products used on different substrates
and environmental conditions and to
define their effectiveness in a potential
application on different facade elements

To define the aspects that facilitate
or hinder a direct or/and indirect
application of surface treatments on
the facades of existing buildings with
historical value in Athens

application of photocatalytic
coatings on facade products and which are
the factors able to facilitate a more extensive
use of them in the facade industry by creating
different levels of TiO, application?

What is the NOx removal efficiency of certain
photocatalytic products and what is their
potential effectiveness, when used as a

| reference for a certain level (1%) of TiO,

To come up with different geometries of |

a chosen facade element that facilitate

the photocatalytic performance of TiO,

coatings and to test their efficiency,
considering the given design criteria

To simulate the performance of the
final TiO,-coated fagade product re-
garding NOx abatement in the vicinity
of the building and to compare the re-
sults with the situation prior to the
intervention (without TiO, and only by
applying TiO, at the 1+ |evel)

application on different facade components?

How can the values embedded in a historic
building be taken into account when deciding
for an intervention using TiO,?

How to design a fagade element capable of
enhancing the photocatalytic activity of TiO,
coatings by considering the given design
criteria and respecting the historical
value/image of a building at the same time?

What is the impact of the final TiO,-coated
fagade on the NOx levels in the vicinity of the
building, onto which is applied and what are
the results yielded by the comparison with
the pollution levels prior to the intervention
(without TiO, and only by applying TiO, at the
1%t level)?

METHOD

RESEARCH

RESEARCH

+
EVALUATION

RESEARCH

+

EVALUATION

RESEARCH

+

EVALUATION

DESIGN

AL

SIMULATIONS
+

(EXPERIMENTS)

RESEARCH
+

CALCULATIONS

+

SIMULATIONS

RESULT

verview and assessment o e factors
I overvi d t of the fact
| that influence the photocatalytic activity of

| the TiO, coatings, in terms of
environment and materials via case
studies, research and comparative

evaluation of their effect on its improvement

Overview of parameters that both hinder
and facilitate the application of TiO,
coatings via case studies and research,
evaluation of possible factors (related with
cost, maintenance, durability) that can
promote a more extensive use of them and
creation of different TiO, application levels

Overview of the NOx removal efficiency of
certain photocatalytic products used on
different substrates via case studies and
experimental data and calculation of NOx
reduction of a chosen case study by their
theoretical application

Overview of the different values used in
heritage to assess the importance of a
facade component, creation of a matrix for
a chosen case study to show how this
system works and classification of the
components based on their value

Different proposals/designs of a specific
facade element and comparative evaluation
of their efficiency considering the specific
| design criteria (surface roughness, surface
I enlargement, wind flow, solar irradiation)

Calculation of NOx emissions in the
vicinity of the building (urban street
| canyon) before (without TiO, and 1¢! level)
and after the design of the final fagade
product (2" level) with the help of tested
models and softwares as well as
comparative assessment of the product's
| efficiency in regard to NOx pollution levels




THEORETICAL WORK
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TiO, types and properties
Photocatalysis and environmental conditions
e UV-Aradiation
(10 W/m?as min_,_ )
e Southern orientation
(direct solar irradiation)
e Certain RH levels (10%-50%)
e Low flow rates for increased wind residence time
Influence of substrate material
e Cementitious
e Non-cementitious
Case studies results for cementitious mixtures
e  Material’'s high porosity | Large surface area
e Type, ratio, particle size of aggregates
e TiO, content
Pros and Cons of TiO, coating application
Considerable design aspects
e Technical | Design | Economic | Environmental | Social | Legal




THEORETICAL WORK

1920, neoclassicism

Student housing
1965, modernism
Condominium Georgopoulou
1926, modernism

Patission 167 i
ca. 1980

-~
Villa Drakopoulou
late 19" century 1
Condominium Giannoulatou

Air pollution | Air pollutants | Negative effects <
Climatological factors @ e
Morphological factors

Types of urban street canyons and wind flows
Selection of a specific urban street canyon
Air pollution levels and trends in Patission Avenue -

S Patission 175
[ ] NO | N02 I OS ﬁ modernism

o
e Buildings typologies @ Patission 150
. . . ca. 2010
e Storeys | Style | Materials | Ownership | Function
Patission 85 '
l 1950, neoclassicism ‘
Maria Kallas House

AQ?“ 1925, eclecticism Condominium Patission and Hayden
l], losonidou House _ &Y 1928, Art nouveau
' 1915, neoburoque'

Casa d'ltalia d, Polytechnium [II9%
early 20", neoclassicim 1862-1876, neoclassicism =

Patission Avenue

Patission 265
ca. 1920, eclecticism




3 LEVELS OF INTERVENTION

1t level

Application

Small

2" ]evel

3dlevel

Replacement

Big
’ intervention

intervention ¥

‘7

application of TiO,
coating on the existing
facade surfaces,
not addition of new
components

P

modifications,
replacements,
additions of facade
components,
partial changes

types of
intervention

|

<
replacement of
existing facade,
complete
prefabrication and/or

addition of new
components

addition/ shelter covering

extension of alley/loggia
elements

sun shading

second skin
systems

addition of balcony
floors alterations



I LEVEL

Why focusing on the 2" level of intervention?

Apply | Modify | Replace
More options than Apply

Apply and Replace offer ‘easiest’ solutions |
Modiify:certain limitations (real life scenario) codiing
. application
More representative: some parts can be replaced and some
other they can’t
More interesting and feasible: | don't have to change more
things than | need to change
Conservation: minimal interventions, try to keep what's there and
if | can't, then I replace it

modifications

prefab
system



OBJECTIVE
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Assumption

Link fo theoretical work
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Test

Comparative Evaluation



FACADE

glazing

frame

cornice

@
=

blinds

sun shading

balcony

¥ ¥

structure




WHLCH 15 THE CRITERION TO DETERMINE THE T10, APPLICATION LEVEL



WHLCH 15 THE CRITERION TO DETERMINE THE T10, APPLICATION LEVEL
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Aspect of
Value



ASPECT OF VALUE

further division of
the exterior skin

fffff



ASPECT OF VALUE

Intervention
High ,

value ¥

Istop 2nd
-" level

=

application of TiO,
coating on existing
surfaces,
focus on micro geometry

Low .

Intervention

value ¥

—

=

application of TiO,
coating on proposed
geometries,
focus on macro geometry

2nd
level



CASE STUDY: VALIDATION

East facade

L

South Southeast facade

2 main facades with different orientation

Corner building with Southern facade in a
pedestrian street

Eastern facade facing main avenue

Patission 69 &
Enianos,
Athens

1910-1915

4

French neobaroque
Neoclassicism

General
Confederation
of Greek Workers

East facade
South facade

Residency
Hotel | Hospital
Offices

Already renovated
once

In situ construction
No prefabrication

Concrete in situ

Brick wallls

Single glazing
Wooden frames
Wooden blinds

Marble
Metal

Marble

Stone
Marble



DECISION MAKING

Why focusing on that building?

e It represents the majority of the existing building stock
It is representative in terms of style (repetitive rhythm of
windows, decorative elements, color palette)

e It is an apt example of the most common used
materials (concrete, bricks + mortar, wood, plaster)

e |t also has exira unique elements (outdoor staircases, S —
ornoTe decor) _East facade 1 _East facade 2 _South facade 1

e |t is more likely for a residential building to turn into

offices and not the other way around

It is already renovated once (approved alterations)

No need for radical renovation works (preserved)
e Itis afeasible choice, given the fact that the building is

currently in use o
e [tis a corner building with both East and South facades Batusrode

Glazing

L—
=
\—0|
I i

|

|

Window frame

Balcony

Stairs

Ol

Door

Lesene

Structure + filing

_South facade 2



DECISION MAKING

Why changing something in the building?

e Government’'s target: energy upgrade of 12%-15% of
national building stock until 2030 (600.000 buildings)

e Legislation that financially supports complete restoration,
facade preservation or cleaning in the framework of
‘Preserve’ programme

e Climate faces radical changes in recent years —

unpleasant urban and working environments
e Increase in air pollution levels, especially in main avenues
with direct exposure to pollutants Energy efficiency rafing

e Renovation took place over 40 vyears ago —
certain parts may need restoration or enhancement.

e Some elements constitute a large percentage of the total
facade surface (21%) —

possible enhancement with TiO, coating may upgrade its
performance significantly



https://avaazdo.s3.amazonaws.com/f4e90d82130202811931f93985c7693b.png
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QUALITATIVE DIVISION OF CHOSEN FACADE
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QUANTITATIVE DIVISION OF CHOSEN FACADE

‘ Eastern facade 1
\ material ground floor  floor 1 \floor 2 floor 3 ‘I‘Ioor 4 (higher) total m2 ‘ total %
glazing(dim*n) glass 6 23.22 18 171 64.32 20.09 oors S
fomes | | Moo | | cowor | | bincs | bobshods | soks
window frame wood 3 11.19 14.52 7.5 36.21 11.31 % e = 3
railing (glazing) metal 2.7 27 0.84 —_— :: "&f'f 5"3;"}“ :m; :32:7” : e
blinds wood 9 34.41 32.52 24.6 100.53 31.40 — —— i
[Fe= i) (e e ey () (e Fee
balconies - 3022 9.44 B e e
- tam | | 1 aam ;
metal metal 7.8 6.6 15.72 491
g | lsmtoe esene | | g bakones’ | door | corica
fmw TEw &n ™ Sam ¥
stone stone 12.08 14.50 4.53 e domes || g | coumes | bl | bostode | s
balustrade stone 1.26 1.26 0.39 glozing. structure lesene. raling boiconies. door comice
GROUND omt 104 mr - 27mt sstme
concrete + FLOOR fomes | Moo cobmrs | binds  bouode sl
lesene plaster 4.54 12.8 19.8 6.48 99.59 31.10 e T B e e e B
doors wood : . ‘ B | e Y e
stairs stone - - L — S - .
e _East facade facing the
structure concrete 10.4 21.2 24 18.8 4.8 79.2 24.74 main street canyon
filling bricks + mortar 14.84 18.85 16.8 18.73 7.51 76.73 23.97
concrete +
cornice plaster 5.51 12.33 21.32 16.758 6.53 62.45 19.50
columns stone - -
total facade (m2) 39.75 86.79 94.64 78.89 20.1 320.17

Division of East facade into its components: material | m? | position | %

e % — indicative factor for future steps
e  Material — influencing choice of TiO, product
e Division— important for upcoming heritage matrix



Facade components of chosen facade

Different values

No obvious

Typica single giazing
of that era, nol

In good conditicn [no

Probably cleaned,

od
distortions, era, cracks or breaks) repaired, insulated No dafo aboul the type of used glass
discoloraticns, something unique or or reploced during (float, coated toughenad, lominated)
changes n giass nolenger the first renovation module repeated in § and £
thickness tound/produced (no data) facodes, both hetzontaly and verticaly
Weoden frames with | Noto Woeden frame found Probably nsulated Probably cleaned, Wooden frames, not custom-made:
no decaysd of In many other during the first repaired, Insulated No dotc about the type of used wood
domoged ports ond | exemple ol buildings of the erc renovalion [not orreplaced during Identical module repeated in § and €
discolorations waldated] but the first renovation facodes. both herzontaly and vertically
architectural style defintely not inifiatly (no data)
of lechnique
Load baaring Not o Not a construction In good conditicn, Mw\nmdmmmm
k ique that is no maybe a future of different materials
with no obvious exomple of o longer found |unique), | ossessment for Nom about the type of used
structural gamage speciic but rother typicol potentiol repars or or whether
construction Tradifional in sifu construction method
technique of o : ) ‘with no unitised parts
cerlan era
Bricks ana mortar, Not o Not a constuction Probobly nsulated Bricks ond mortor filing, repeated on
with no sign of ique or type of curing the first the facodes with no prefabacated units
domp, greenery, exomple of o matercls no longer renovation [net No dote about the used materals
crocks efc, but speciic found [unique. valdated| but Non lood beoring elements. placed
staned with paints constuetion exfinet) definitely not initially tradifionally in sit
technique of o
certan era
Weoden binds with Typical green Geometry, design Adequate Cleoned, repared Wooden green biinds, mass-produced
mmdm wooden binds widely found in many ionality for sun No date about the used wood
domoge e Tound in marvy buildings [netunique) | protection Modules repeated in cimost all the
bulidings in Athens. In good conditicn [no ‘windows
tvat were buit in cracks, broken, Two piaces of binds, opening lo the
the late 20th missing, decayed outside |vertical ouds)
cenfury parts)
Metal end marble v Uni In good [ne ecned, re d Metdl and stone balconies of different
bolconies with no ‘exomple of nao elements, different croclsamtmg ‘ond repcinted depths ond patterns dong the focode
sigrs of decay, but baroque - paitemns even in the. parts), but not (meld ones| No daic about the vsed maoterials
staned with orchitecture (not some tocade propedy insuiated In situ construction, no prefabrication
orfand gos. many ¢ Dies in Non lood bearing elements
emissions Alhens)
Weoden doors, anga:;oﬂw In go&d'::nudnon [no Cleoned ond - Wwdmdo:‘:‘of*cgmm
propersy eleme patferns | cracl n, repaired during geomefties.
with no signs of missing. decayed first renavation wmcmmmmmcm
parts, discolorations)
but prebably not No data about the used waod
Insuated
Stains and Many cosmetic Unigue decarative In good conditicn Cleaned and Dacorotive elsments made of plostar
discolorations along | element of neo elements. probablyne | {possibly a few crocks, | repoired chring the. fourd in all the focades [above
the tacade height que {front} longer found missing ports. first renovation windows, under deep balcenies,
[exposure ta main ‘ond neoclossicism discoicrations) : horizontal division of focade's levels)
sheet] (back) No date about the used materics

Heritage matrix for Eastern_Facade_1

Age value: building as an
organic object

Historical value: building as
representation of a precise
moment in history

Not intended comm. value: no
aim for a person’'s memory
embodiment

Use value: linked to functionality
and everyday use

New-ness value: evidence of
human intervention over
nature’s forces

Technical valve: linked to used
materials and construction
techniques

Low value
Medium value

High value



VALUE SCALE
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glazing

frame
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[E==T=—=T=— — —
structure filling blinds balcony door cornice

v

Subjective and not 100% objective
Relies upon designer's judgement
Unique for every different case study

v



CHOSEN FACADE COMPONENT




CHOSEN FACADE COMPONENT

Why focusing on the balconies?

Different potential design scenarios — enhancement of

coating’s photocatalytic activity
Direct exposure to main street

Extruded towards the main street — more chances to trap
and neutralize pollutants

Ease of modifications: external elements

Ease of redesign

Materials: stone + metal

gap/solid ratio: 7:311:1011:417:31 6:4

10 % of overall facade surface

(224 =
i =
-
L -
glazing frame structure balcony d comice
1 level
2 level

=]
1=
=

Facade : East_l 1South_l
Level 2412

Number : 2°3.13m 12313 m

Material : stone, probably marole in white, light grey colour

R

T T

obably marble in white, ight grey colour +
d metal raifng

on painted metal rail

cade : Soulh_2 (oig)

6m11°3.26m+ 14137 m
+ mefal railing painted with dark green paint



I’' LEVEL OF APPLICATION : ASSUMPTION

Key points

- 10% TiO, content in the paint — high NOx
removal levels

- Anatase form of TiO, — less effective
compared to the combination of both
anatase and rutile (Degussa P25)

- Codatings — high NOx removal levels —
direct contact with the air pollutants

Wood and metal subsirate

- Paints that contain P25 and in most cases 9
wt.% P25 — better performance

Alcohol based TiO, treatments > water

- Three layer treatments > one layer by 10%
However, the difference is not that big and
after a certain point, the % doesn't vary

- Coating, on top of the substrate > mixed in
- P25 > products that contain other forms of

Glozing ‘Window Binds. Door Raling Bolcony Bolcony Stolrs. Columns. Structure — Fling Comice Bolustrode
frame. (glazng] {metal] Imarbie}
Suface Area. 6432 321 10053 270 1572 1450 7920 7673 5245 126
- Glass substrate
Matarial Glass Wood Metal Marble Concrete Mixed or
coplied on
top

Procuct | Minerdl siicate pant freated StoPhotosan NOx white Water based TiO, sol Anatase (5% TO,) On top.

with 10% IO, 3.6+0.19 mg/em®
Noxremoval | 74% NO 75% NOx 16% photedegradation efficency. 20% NOx

27% NO, alter o yeor
Produet 2 Water-bosed styrene acryic | 9wh. % TiO,+ 9wl B P25 Waoterbased TO, suspension {1 wi%) | 40kg/m’of TO, on top layer Onitop

point freated with 10% 1O,
NOxremaval | 915 NO 30%-40% NOx 10% photedegradafion efficency. 76% NO

71% NO, after 1 hour
Procuct 3 Aerodsp® W740X, Iwh.% P25 Alcohol-besed TO, suspension {2 wi ) Aercdsp® W7 40X, um'useT-O; Mixed

anatose-N0, about 40 g/m’ - determined by

about 40 g/m? weighing

determined by weighing
Noxremoval | 15%-45% NOx S0%-90%, NOx 35% photodegradation officiency. 35%45% NOx

after | hour
Prockict 4 Thin Ti0, cooting 15 nm 9wt % TIO, + 9wt % PCS00 Single-ayer trectment of 0.20 @/m* TI0, | P25, Degussa 2% by cementifious. Mixed
materak weigh!
NOxremoval | 57%-71%NO, 30%-60% NOX 0% NO 17% NOX
Froduct 5 Averoge : 82.5% NO 9 wh. % PCS00 anatase Thvee-layer eatment of 0.60 g/m? TO, | P25, Degussa 5% by cementitous Mixed Sio ne su b sfrqfe
54%  NO, matenial weight
0% NG,
Nox removal 70%-90% NO S0%NO 25% NOx
Product & Evorik P25, StoColor Cimasen Average NOx : 45% NO P25, Evenik |28 TIO,} On top. bosed
NOxramoval 3.5% NOx 0% NOx
Prockct 7 Average NOx ; 3% NO, 925, Evorik (5% TO,) Ontop
Nox removal 30% NOx
Procuct 8 P25 spray coating (60 g/m?) On top h
NOx remaval 0% NOx
— e Concrete substrate
Nox removal 25% NOx
Produet 10 P25 spray coating Ontop
NOx remaval 45% NOx Tio
2
Average NOx : 78%  NO
35.78% NO,



ROADMA?
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Values
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ASSESSMENT OF PROPOSAL
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NOXx Efficiency Value Cost



DESIGN GUIDELINES FOR 2" AND 3™ LEVEL

gaps solid folding

Arrangement and manipulation of surface geometry

e Surface Area
e Increase — more sides | m?

e Geometry — against wind flow + sun 2 , P
e Higher amount of irradiation throughout day + ' s —
year
e Surface Roughness = W
e Nanolevel — material (experiments, experts) B Moo Maere
e  Micro level — micro geometry (cross section) } ’ B =t oo
e Macro level — macro geometry (design

oriented)



Objective

P ,.A N F 0 K ‘- H [ BA ,.(0 N I [S Mrestdence fime radretion exposore

Surface
manipulation
+
Orientation
manipulation

|

increase of maximum increase of
surface roughnesss exposure surface area
against sun
‘ and wind
s - u

micro macro surface 2D to 3D
scale scale enlargement geometries
|
Rhino
Grasshopper
Ladybug
Ansys
micro T 5
ge(ome.,y) Radiation Analysis

Hierarchization of
. L - < geometries’ efficiency
Wind Analysis based on the results

Hierarchization of
geometries’ efficiency
based on the results

Comsol
Multiphysics
(macro
geometry)
Comparison and
L - selection of the
NOx Analysis

optimum solution



DESIGN INSPIRATION

Design inspired by

Art of origami

Folded structures

2D — 3D geometries
Minimal geometries
original building
Inspired + based on design guidelines

blended with

Creation of depth

rotation
extension

Depth expansion

Rotation towards the wind

Medallion : Extension Tel Aviv Museum of Art

of Banco de Espana
Vo SV s
 am —_ A 4
e aam
— J LN =
—
Panel 0 Panel 1 Panel 212a
P N T T i g bt
- al_ ryyrrrYr - ®>
- al. a PN “A
ol A, da v~ ala PN
Panel 414a Panel 5 Panel 61 6a

Glass Pavilion, Cuenca,
Spain

- e an e 4

Panel 7

Rock Climbing Hall

proposal

g

Panel 3b 1 3¢


https://gr.pinterest.com/pin/557390891363231793/
https://gr.pinterest.com/pin/557390891363231793/
https://www.archilovers.com/projects/151942/gallery?1266778
https://www.archilovers.com/projects/151942/gallery?1266778
https://www.archilovers.com/projects/151942/gallery?1266778
https://aasarchitecture.com/2013/01/glass-pavilion-by-moneo-brock-studio.html/
https://aasarchitecture.com/2013/01/glass-pavilion-by-moneo-brock-studio.html/
https://aasarchitecture.com/2013/01/glass-pavilion-by-moneo-brock-studio.html/
https://www.archdaily.com/470579/new-wave-architecture-designs-rock-gym-for-polur?ad_medium=gallery
https://www.archdaily.com/470579/new-wave-architecture-designs-rock-gym-for-polur?ad_medium=gallery
https://www.archdaily.com/470579/new-wave-architecture-designs-rock-gym-for-polur?ad_medium=gallery
https://www.archdaily.com/470579/new-wave-architecture-designs-rock-gym-for-polur?ad_medium=gallery

ROADMA?

Glve locatlon and address

Specify the facade orientation

* South t East | West — move on

« North — no point in applying
coating

Insert a technical drawing or an
Image to Identify dimensional (and
morphological) characteristics of
the facade and the surroundings

v

Specify:

+ Prevalling wind direction

« Mean Wind speed

+ Mean Relative Humidity (RH) levels
[winter, summer)

+ Mean UV Imadiance levels [winter,
summer)

* Mean NOx pollutant concentration

v

Divide the facade into its
components and specify:

om?

* Material of substrate

+ Position on the facade (floor]

v
Fill In the heritage malrix values
*
Assess the value, based on the NOx levels
results of the herltage matrix prior to any
regarding the different values inlervention
v
Use the 17 level of TIO, application
as an assumption for the NOx %
efficlency of each facade
component, based on the average
of certain
products
b 4
Radiation
Choose a scenario of 2™ or 3" level Analysls
of TIO, application for the chosen "
facade component(s) and: .
SN
1. Increase the surface area
Perform a Radlation Analysls to
classify the results of the proposed +
design s)
Wind
2. increase the surface roughness Analysls

Perform a Wind Analysis to classity
the results of the proposed designi(s)

sesseserstrsesstssstssesersttatrtine

Radiation
Analysls
+

Wind
Analysis

v

>

ot

NOx efficlency of 11O,
application

IEﬂ‘ecf on values

| Effect on cost

m’ of each facade
component based on the 1
level of TIO, application

Specify the NOx % efficiency
per m’

+

Assess the effect
of the proposed
design(s) on the
various  values
and the faclors
influencing them

Assess the effect
of the proposed
designis) on the
various aspects
of cost

Perform @ NOx Analysis for
the proposed design(s) that
ylelded the best results in the
Radiation Analysis (highest
radlation levels for the
chosen dates)

Assess the effect
of the proposed
design on the
various  values
and the factors
influencing them

Assess the effect
of the proposed
design(s) on the
various aspects
of cost

Perform @ NOx Analysis for
the proposed design{s) that
yielded the best results in the
Wind Analysls (highest
speeads for the chosen dales)

Assess the effect
of the proposed
designis) on the
various  values
and the factors
influencing them

Assess the effect
of the proposed
design(s) on the
various aspects
of cost

Perform @ NOx Analysis for
the proposed design(s) that
yielded the best results in
both Radlation and Wind
Analysis

Assess the effect
of the proposed
designis) on the
various  valves
and the factors
influencing them

Assess the effect
of the proposed
design(s) on the
various aspects

Decision



STEP L T RADTATION ANALYSIS

Goal: To find the configuration, which receives the highest
amount of solar irradiation throughout the year

e Analysis period: Equinox (21-03)
Summer Solstice (21-06)
Winter Solstice (21-12)
Summer period (June - August)
Winter period  (November - January)

e Desirable result: High levels of UV radiation in all 5
analysis periods

e Best performed panel — Panel 1

e Panels that move on to next level — Panel 1
Panel 3
Panel 3c
Panel 2a
Panel 2

0 0 0 0 0 0 0 0 0 [ 0 0 0 o 0

462.21 660.30 | 694.27 627.285 | 594.27 462.21 561.255 627.285 | 495.225 396.18 46221 | 495.225 528.24 564.66 462.21

0 [ | 0 0 0 0 0 ] 0 0 0 [ ] 0 0
145.17 | 24195 | 217.76 | 229.855 | 22507 | 18535 217.76 | 229.855 | 181.465 | 169.37 193.56 | 19356 | 205.66 19028 | 169.37

min velue Radiation values (kWh/m?) for all the
— panels for each analysis period

BEdE) GRS b
) belpg DG
e B Popd

: e bl ¢

. pehababe

Panel 1 for Summer Solstice (21-06)

® -



STEP 2 T WIND ANALYSIS

Wind Analysis results

Goal: To find the configuration, which results to the lowest T p——
wind speed values £
e Boundary conditions: Inlet Velocity = 20 m/s
(Overoge Wlnd Speed In AThenS) 0 i panel1 : panel 2 panel 2a panel 3 gpanelac :
3° North orientaton w0

e Desirable result: Low wind speed values —
Increased wind residence time on the panel —
Captivation and neutralization of pollutants A

Triangular Meshing
Mesh size: 0,00002 m
Edge mesh size: 0,00002 m

— = flow domain
Transient state
Gravity: 9.8 m/s

groove Atmosphreric pressure: 1 atm

e Best performed panel — Panel 1

Laminar model

v No slip condition for grooves
inlet Specified shear for wall
Solution
e Panels that move on to next level — Panel 1 Inncizaion: o
Panel 0 (flat panel) R Tt

CFD model and set up parameters

A



mol/m*

x10*
10
8
20
6
B
4 6
4
2
0
o
° s 10 m ) 5 10 m

e Analysis period: Summer period (June - August) Comsol results for Panel 1 (left) and Panel 0 (right)
Winter period  (November - January)

STEP 3 INO, ANALYSIS

Goal: To find out whether Panel 1 (designed) performs better

than Panel O (flat panel) in terms of NOx removal
efficiency

NOX reduction | Winter NOx reduction | Summer

e Boundary conditions : Turbulent flow ) )
RH= 30% (summer) P e
60% (winter) el e
Wind speed=2 m/s T S
UV irradiance= 40 W/m? (summer)
5 W/m? (winter)
NO pollutant= 45 ug/m3 >

Scer
sce

e Best performed panel — Panel 1, although slight

reduction = ﬂ/
7% in winter -

11% in summer B




STEP 4 T COMPARTSON wrTh 1" LEVEL

Goal: To find out whether Panel 1 (designed) yields better NOx %
results than a flat surface coated with photocatalytic paint,
achieving 45% NOx reduction

e Analysis period: 100 hours

e Boundary conditions : Laminar flow
RH= 50%
NO feed rate=0.7 L/min at 1 ppmyv
=0.0084 kg/s
UV irradiance= 10 W/m?
1 ppm=1.23 mg/m?3=4.10e-5 mol/m?3

e Best performed panel — Panel 1 — 53 % NOx reduction
4.10e-5 mol/m?® — 2.20e-5 mol/m3

Selected photocatalytic paint

Laminar flow between parallel plates for designed
panel | Comsol setup

Results from paper for
photocatalytic paint




CONCLUSION FOR NOX EFFICTENCY

lST < 2ND




COMBINATION OF L' AND 2™ LEVEL

Goal: To find out which scenario yields better results in terms of NOx

efficiency

e Best performed scenario 1 — 15" level (glazing)

e Best performed scenario 2 — 2" level (designed balconies)

Scenario 1

+

2" level (rest)

+

15" level (rest)

Scenario 2

- Entire 100 Concrete | East (original) 45
(situation facade Metal
) prior to Stone
g intervention) Glass
1 Glazing 20 Glass East (original) 41.4
1 Entire 100 Concrete | East (original) 353
facade Metal
Stone
Glass
2 Balconies 15 Concrete NE 432
Flat panels
2 Balconies 17 Concrete NE 41.85
Designed
panels
1 Glazing 35 Glass East 39.6
(glazing) + + +
2 Balconies Concrete NE
(flat panels)
1 Glazing 37 Glass East 383
(glazing) + + +
2 Balconies Concrete NE
(designed
panels)
1 Entire 100 Concrete East 37.1
(entire facade Metal +
facade) Stone NE
2 Glass
(flat panels)
1 Entire 100 Concrete East 33
(entire facade Metal +
facade) Stone NE
2 Glass
(designed
panels)
1 Entire 100 Concrete East 30.35
(glazing) facade Metal +
2 Stone NE
(rest) Glass

Combinations of 1¥' and 2™ level



VALUE AND COST ASSESSMENT OF COMBINED SCENARIOS
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VALUE AND COST ASSESSMENT OF COMBINED SCENARIOS
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OVERALL ASSESSMENT

Value Cost

NOx Efficiency

Scenario 2

4




ASSESSMENT OF PROPOSAL

i

NOXx Efficiency Value Cost

v

Balance between the 3 factors

Combination of levels to achieve higher NOx efficiency
while respecting the building’s historical significance



Thank you for your attention



