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Background

Overheating

Urban Heat Island effect :Cities
demonstrate higher temperatures than
rural areas.
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Definition

v | o 4

Variables Thermal Indices Methods
Perception

Outdoor Thermal Comfort

Q

Aesthetics
influence
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Thermal Comfort : A state
of mind that expresses
satisfaction with the
thermal environment.

]

"=

—

11



v/

Variables
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Direct radiation

3

4

Air Temperature

Humidity

Wind Velocity & Direction

Solar Radiation

~~= Mean Radiant Temperature
oy
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Built environment

(AR)

* Aspect ratio

* Neighborhood Geometry

 Water bodies
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 Surface Properties
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Thermal
Perception

Thermal Perception is
subjective and different for
~ every individual.

Influenced by:

* Personal characteristics
Physiological
acclimatization
Behavioral adaptation
Psychological adaptation
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d

Thermal
Perception

Thermal Sensation Vote

(TSV):

Very Cold (-3)
Cold (-2)

Cool (-1)

I=
et

Slightly Cool

]

Comfortable (0)

Slightly Warm

Subjective perception: Warm (+1)
* Clothing Factor

' i 4 4
* Activity level . == i
* Persondl char?cterlshcs K4l Very Hot (+3)
* Thermal history M
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Indices

Thermal comfort indices: COMFA model, (ETU), (ITS), MENEX
model, (PT), (SET*), (OUT_SET*), (PET), (PMV), (UTCI).

Empirical indices: (ASV), (TS),(TSV), (MOCI).

Indices based on linear equations: (AT), (DI}, (ESI),(PSI),
(ET),(H), (H1), (PE), (RSI),(WBGT), (WCl)
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Climate

Microclimate

Human

Gr
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Indices

Thermal comfort indices: COMFA, medel; (ETU), (ITS), MENEX
model, (PT), (SET*), (OUT_SET*); (PET), (PMV), (UTCI).

\

--T_‘

Empirical indices: (ASV), (TS),(TSV), (|MOCI).

Indices based on linear equations: (

(ET),(H), (HI), (PE), (RSI),(WBGT), (

A

T), (DI), (ESI) ,(PSI),
Cl)
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Very Cold (-3)

Comfortable (0)

Slightly Warm

Very Hot (+3)

SEL(:C)

17-30

30-34

34-37

>37

|-

Indices

Thermal comfort |nd|ces COMFA,meeIeI—(ETU) (ITS), MENEX

TS ~OUTSEF*), (PET), ‘(PMV), (UTCI).

— - —

Empirical indices: (ASY), (TS),(TSV), (MOCI).

Indices based on linear equations: (AT), (DI}, (ESI),(PSI),
(ET),(H), (H1), (PE), (RSI),(WBGT), (WCI)
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Qualitative Methods:

* Open-ended Questionnaires
* Interviews
* Focus Groups

* Workshops

* Mapping and visualization

Methods

Quantitative Methods: B  Mixed Methods

* Temperature and
Meteorological Measurements

* Thermal Indices

» Comfort Surveys

* Statistical Analysis

* Numerical Simulations

19
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Aesthetics
influence

Thermal Perception

Perceived Aesthetic Quality

Psychological Adaptation:
*  Naturalness

* Expectations

» Experience duration

* Perceived control

*  Environmental stimulation

20



Facade influence on OTC

Quantitative Methods

(a) ——— Reference models
WI0EW 1020 EW 10430 EW 10740 EW 10450 EV
20010 NS 30°10 NS 1010 NS 5010 NS
’ ° o <’ o &
1010 NESW  10°20 NESW  10%30 NE-SW 1040 NESW 10450 NE-SW
(d) :
Nx‘.nh 2040 NWSE 30010 NWsE A0MONWSE S0F10 NWSE

Emissivity

Color

Albedo

Roughness

Vertical Greenery

Specific heat capacity

Orientation

Window to wall ratio

Location

Shading devices

Type of glazing

Facade
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Problem Statement

Lack of effective tools and methodologies for
evaluating subjective experiences related to

facade influence on Outdoor Thermal Comfort.
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Research Question

How can a multi-domain mixed-method approach be
implemented to assess the influence of facades on outdoor
thermal comfort?
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Research Question

* How can a multi-domain mixed-method approach be
implemented to assess the influence of facades on outdoor
thermal comfort?

Sub-questions:
* 1. What is outdoor thermal comfort and how is it affected by the built
environment? - (/}@

* 2. What are the tools, workflows, and current methods to measure
OTC?

l

* 3. How can empirical and computational methods be combined to | S
assess Outdoor Thermal Comfort (OTC)? S

* 4. How does facade influence urban inhabitants’ thermal perception? e

5. To what extent can the perceptual aesthetics of facades influence
pedestrians’ perception of the thermal environment? o

* Design Question: What facade design solutions can be used to
effectively mitigate the overheating and improve outdoor thermal
comfort for pedestrians in Acquabella district?
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Research Methodology

v ,

v

Workshop | Online Survey Climate Data Landscape |

o Multidomain mapping
of worst and best points
o Material thermal

ARPA weather stalion

o Digital terrain model
o Neighborhood Configuration

Morphology

evaluation

J

I ' :
i Preliminary Analysis ] 3
[ Focus Area in Acquabella ] . €
( O
Area with the worst Geometric Model ] o
environmental quality. Q
1 |
v
[ User Profiles J
OTC Simulations
ENVi-met software
¥
' Thermal Walk | Field Measurements i} ------ { Outdoor Thermal Comfort Evaluation (PET) ] o
(=
I Analyzing the results & Compare with habitants’ Thermal Perception Vote I -2'
¥ o
- . o)
[ Decision Matrix ] g

|
v v v

[ Application J[ Visualization ] [ Conclusion J

|| Objective Parameters
' 25
D Subjective Parameters



Research
Framework

OTC
Workflow

Results

Discussion
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Case study: Milan
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Case study: Milan thermal comfort

SUMMER

[/ /

(/)T T

L]/

[ [/

7 [/

100
% Compact midrise LCZ 2

. 80
e
Eﬁ l'g fg Dense mix of 3-9 storey
NI '|~ 30 buildings and few or no trees.
i u |§ 122 Land cover mostly paved.
0 0 Stone, brick, tile and concrete
e cggol Athens construction materials.

Neither cool nor warm ghessaloniki

Sheffield
Fribourg
Kassel

* Current green canopy of Milan is just 7 % of the urban area. That's well below northern
European cities like Germany's Frankfurt at 21.5 % or Amsterdam at nearly 21 %.

* Climate: mid-latitude, four-season humid subtropical climate (Cfa)
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Case study: Acquabella district
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Research
Framework

Case Study

Results

Discussion
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OTC Workflow

'

A

V

o Multi-domain mapping
of worst and best points
© Material thermol
evaluation

Workshop | Online Survey

!

[ Focus Area in Acquabella ]

Area with the worst
environmental quality.

|

Climate Data

ARPA weather stakion

Landscape | Morphology

o Digital terrain model
o Neighborhood Configuration

Thermal Walk | Field Measurements ‘

¥
[ User Profiles ]

!

OTC Simulations

ENVimet software

¥

{ Outdoor Thermal Comfort Evaluation (PET) ]

I Analyzing the results & Compare with habitants’ Thermal Perception Vote I

¥

[

Decision Matrix

¥
Preliminary Analysis )
T S
[ |w)
Geometric Model g.
T
(o]
c
<
S
o
g
] :

v

[ Application ][ Visualization ] [ Conclusion }

- Objective Parameters
Subjective Parameters
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Workshop
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OTC Workflow

'

A

V

o Multi-domain mapping
of worst and best points
© Material thermol
evaluation

Workshop | Online Survey

!

[ Focus Area in Acquabella ]

Area with the worst
environmental quality.

|

Climate Data

ARPA weather stakion

Landscape | Morphology

o Digital terrain model
o Neighborhood Configuration

Thermal Walk | Field Measurements ‘

¥
[ User Profiles ]

!

OTC Simulations

ENVimet software

¥

{ Outdoor Thermal Comfort Evaluation (PET) ]

I Analyzing the results & Compare with habitants’ Thermal Perception Vote I

¥

[

Decision Matrix

¥
Preliminary Analysis )
T S
[ |w)
Geometric Model g.
T
(o]
c
<
S
o
g
] :

v

[ Application ][ Visualization ] [ Conclusion }

- Objective Parameters
Subjective Parameters
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Long-term Survey

Frequency/ Duration

Behavior

In the map below, mark 1 to 2 public places where you feel UNCOMFORTABLE during hot
summer days in Acquabella in terms of temperature. (Move the pin close to the location -
PASS question if there are not any)

I 1 NN 1 é = :
Y i ; ; ~ Sant al
! (@] 2ghin| Birreja ) Ty
Google Maps : b | g
TTULCE OUIUTL IVIG) - 5| E o ) ArSen ci ,|d| | &
. O SNNAPiazzalSusa) S'mona,(;:l '!.Tb ) D
! '®) X o nadIKwWy evoupaTy ®)
1 ) (o) y =
. =1
B Aumai Mark -t@ |
- Q R —
W ateo ( I Argonne () , g
<] A 0
4 A S ; “l o pan
vagg
- (@) R
)|NE%>T' ? \ 40 MCIMarket |
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ospjtal Pefrucctyere Boncp HO I =
e £io 1 olla Milzh b ~ @ FijActivggvmano
|° g e Kopjwr ZUVTOPEDGELS MANKTpoAoyiloy ©2024 As&ousvuxupm Google OpoiXpnong Avagopa cPAkpaTog xaptn
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OTC Workflow

v ,

V

Landscape |

Workshop | Online Survey Climate Data

o Multi-domain mapping
of worst and best points
© Material thermol

ARPA weather stakion o Digital terrain

o Neighborhood Configuration

Morphology

model

evaluation

l l
; Preliminary Analysis
[ Focus Area in Acquabella ] .
Area with the worst Geometric Model
environmental quality.
I J

¥
[ User Profiles ]

!

OTC Simulations

oo indu|

ENVimet software

¥

=

Thermal Walk | Field Measurements

—————— { Outdoor Thermal Comfort Evaluation (PET) ]

I Analyzing the results & Compare with habitants’ Thermal Perception Vote I

¥
[ Decision Matrix ]

v
[ Application ][ Visualization ] [ Conclusion }

- Objective Parameters
Subjective Parameters

pjoq ndino
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Std. Dev. =3.401
62

Mean =31.23
N

12
10

36

perature
A

Maximum_tem
Highest minimum Tair of the options

03/08/2023
Average hottest day of 2023

Simulation day:
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Sat
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Wed
01.03

Wed
01.02

Sun

Model: NEMSGLOBAL, 2023-01-01 / 2024-01-01 (366 days)
01.01

45.46°N, 9.19°E (122 m asl)

Milan

Climatic data / simulation day
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Weather data

\genzia Regionale per la Protezione dell'’Ambiente

LOMBARDIA

Aeronoutica
% Militare
Y 1. - Comando
¥ ? “ 1" Regione

¢ Aerea

"
. <=4
&~
w 3
-
R
)
z
"h
L]
- . W
. Dateo

=
&
o
&
X
2
)
&
<

18

m
* r
Via Luigi Manglagall , v an
" "
r L "
- 1w
" -
" L L] "
L
Via Vigilio Inama *> a Enr
S <
2 & 4
» - o
2 G -
3 o ”»
& [ 2] 4 Vis
] g1 E® 2
S 'l P
o 3 2 7
x 3
B W B "
&
. I & — B
el S y Bea ‘
v ) Viazz
1a Beatc ? e v
Fe + <
: A3 ) of elli s
Colomt g < m
L3 < s A 5
» z
3 w ¢ 4 % s
& P - 3 & o
HE g £ : : ;
3 v 5 8 3 -4
* b1 o o 013 5
= ) A
' [+
L
. \EY
< A, 2
3
- &3 b - a Fr
e s MaleArgonoe, s, JowTEBTSSSSTSSS
o
- & ¥ o
‘§ ' . Por (] n ] it
i SUSE SSassscssliSAMAMASARASANSAARARSAAN IRamasan Argonne .
~ ‘g .o, Susa - _Viale Argonne n < 9 5 - An
1 < e B e Hoem e o NN Y
i t » 0 )
g & “
& X
2 »
&

Arpa Lombardia (regional

agency for environmental

protection):

* 10 sensors in Citta Studi
area

* Hourly measurements for
wind velocity and direction,
global radiation, relative
humidity, air temperature

CAMS(Copernicus

Atmosphere Monitoring

Service) :

* Radiation data (every 10
minutes)
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OTC Workflow

v ] v

Workshop | Online Survey Climate Data

o Multi-domain mapping
of worst and best points

ARPA weather stakion

Landscape | Morphology

o Digital terrain model
o Neighborhood Configuration

o Material thermel
evaluation

] , *
) Preliminary Analysis ]
[ Focus Area in Acquabella ] .
o
Area with the worst Geometric Model
environmental quality.
I J

!

[ User Profiles J

p4o( 4ndu|

OTC Simulations -

ENVimet software

¥

Thermal Walk | Field Measurements

—————— { Outdoor Thermal Comfort Evaluation (PET) ]

I Analyzing the results & Compare with habitants’ Thermal Perception Vote I

¥
[ Decision Matrix ]

[ Application ][ Visualization ] [ Concl:sion }

- Objective Parameters
Subjective Parameters

pjoq ndino
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Modeling in Envi-met/ Fixed variables

Bl Asphalt for street
[1 Concrete pavement grey for pavements
[ Cellar- default soil profile underneath a
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Woall Database setup

Material

Stucco

Limestone

Brick

Plaster

Color

Bright

Bright

Red

Dark

Database-ID: [0100C3]

Name: Concrete: hollow block
Color: s
Parameter Value
Default Thickness 0.30000
Absorption 0.70000
Transmission 0.00000
Reflection 0.30000
Emissivity 0.20000
Specific Heat 840.00000
Thermal Conductivity 0.86000
Density 930.00000
Extra ID 0
Thermal Specific
Conductivity Heat
(W-m1.KT) Capacity
(4/lkg °C)
0.8 850
1.5 900
2.0 750
1.0 1000

» 3 - g.. L

i
e u | i
e
Albedo/ Density
Reflectivity % (kg/m3)
66 2275
25 2550
30 1900
30 1070

Default Concrete
Default Insulation

Finishing: here reported
Travertine (3 cm)

Other finishings used:
Granite (3 cm), Light
Plaster (2 cm), Dark
Plaster (2 cm), Red
Brick (5 cm), Terracotta
Tiles (2 cm)

Absorption %

65

35

68

45

Emissivity

0.94

0.96

0.92

0.86
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Modeling in Envi-met

- >
S —
| ~3
1.1m I

- s _| Receptors:

= * Placed in 21 buildings’ facades

- * Measuring in average height of a standing person's center
e of gravity (1.1m)

b x5 * Measuring atmospheric, surface/flux, and soil data

> * Data every 10 minutes of the simulation
29
285
28
275

27

265
00.00.01 04.00.01 0©08.00.01 12.00.01 16.00.01 20.00.01




OTC Workflow

v

A

V

evaluation

Workshop | Online Survey

o Multidomain mapping
of worst and best points
© Material thermol

Climate Data Landscape |

ARPA weather stakion o Digital terrain

o Neighborhood Configuration

Morphology

model

] , *
} Preliminary Analysis ]
[ Focus Area in Acquabella ] .
o
Area with the worst Geometric Model
environmental quality.

|

J

Thermal Walk | Field Measurements

!

[ User Profiles J

!

OTC Simulations

p4o( 4ndu|

ENVimet software

¥

i { Outdoor Thermal Comfort Evaluation (PET) ]

l Analyzing the results & Compare with habitants’ Thermal Perception Vote I

¥
[ Decision Matrix ]

[ Application J[ Visualization ] [ Concl:sion }

- Objective Parameters
Subjective Parameters

pjoq ndino
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Thermal walk - Steps
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* Onssite survey distribution for PET assessment that will record:
* Personal characteristics of participants
* Thermal perception of the facades
* Participant’s thermal comfort level
* Participant's aesthetic perception

* Participatory thermal walk:

* Members of the local community
(Cistal)

* Portable sensors during the walk
(field measurements)

* 22 June
* 10 stops
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OTC Workflow
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A

V

o Multi-domain mapping
of worst and best points
© Material thermol
evaluation

Workshop | Online Survey

!

[ Focus Area in Acquabella ]

Area with the worst
environmental quality.

|

Climate Data

ARPA weather stakion

Landscape | Morphology

o Digital terrain model
o Neighborhood Configuration

Thermal Walk | Field Measurements ‘

¥
[ User Profiles ]

!

OTC Simulations

ENVimet software

¥

{ Outdoor Thermal Comfort Evaluation (PET) ]

I Analyzing the results & Compare with habitants’ Thermal Perception Vote I

¥

[

Decision Matrix

¥
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T S
[ |w)
Geometric Model g.
T
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[ Application ][ Visualization ] [ Conclusion }

- Objective Parameters
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Workshop | Multi-domain analysis

Votes in QGIS:

POINTS FOR
ENVIRONMENTAL
QUALITY
ACQUABELLA

Location: Acquabella
district, Milan, ltaly

Legend

Points on acoustic quality
Points on thermal quality
Points on visual quality

Points on air quality °

[ ]

Basemap: OpenStreetMap
Projection: EPSG:3035 -
ETRS89
/ LAEA Europe

Authors: Alessandra Luna Navarro, Eleni Chatzi
Nestoros, Pablo Martinez Alcaraz

0 100 200m

0

100 200m

= W

0 100 200m

0

=

100 200m

Legend
Acoustic votes

<=1

| o 2

3
>3

Aesthetic votes

C1<=1
B 2
N3
4
M4

Air votes

[ 1<=1
]2
3
N 4

>4

Thermal votes

<=1
/2
il 3
N >3
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Workshop | Multi-domain analysis

Filtering by:

-

Thermal Votes

Aesthetic
perception

Frequency &
importance
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Workshop | Multi-domain analysis
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Legend

Weighted_Negative_Votes
Band 1 (Gray)

[ ] <= 3.4000

[ 13.4000 - 6.8000

[ 16.8000 - 10.2000
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Focus area

: AR '-ﬁ TR ) T e

- > 1 P & 0

I ﬂiﬂ-D“n E“—S

Q@E % :
5 m

it

T e

B%U D@ 0 100 200m

A

Via Beato Angelico:

* Bad environmental quality votes

* Concentrated thermal votes

* Wide street, uniform (AR) & orientation
* Few to none vegetation

* Variety in building Materials & heights
* Street high in traffic / pedestrians
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Focus area

Independent variables

R-R.2.2. 2.2 .2 2 R -l

Building Height
Surface properties , age of building & roughness
Shading devices from facade (explain later why

balconies don't affect pedestrians)
Width of the street (Aspect ratio)
SVF (sky view factor)

Neighborhood geometrical configuration

Pavement material

Orientation
Shading devices external

. Traffic- heavy or not

. Ratio pavement over car pavement

. Building type: residential, commercial (glass% in

ground floor)

. Aesthetic satisfaction

Perceived thermal sensation associated with the
image

Dependent variables

1. Thermal perception: TSV
2. Thermal environment e.g. PET
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Preliminary analysis :Neighborhood Configuration

Section of the street

[

T I—U_U_U—I

Wi

L nnnnmnetro

Qrientation

E-W

E-W

E-W

SVF %

33.30

30.30

45.60

Aspect ratio H/W

Asymmetrical
~1.07

Asymmetrical
~0.43

Asymmetrical
~0.73

Study on balconies:

SVF:

93.16

83.84

74.53

65.21

55.90

46.58

37.26

27.95

18.63

9.32

0.00
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Preliminary analysis: Building Codes

[ —J ' d @ {— o | Y | = A Lo B | @ ) . T :
g | ’D] § c Via Can.P orlanini Via Carlo F 7 ;i
g ' % . |
3 2 - L »
T 5 | | _ t =
| & ¢ ;! 'Eﬂ ;"EZ:“M :
| g | | N 'I'H o ““'“““=
=) : ] m - =
@ elne| - | Sl ® .
Via GiovanniAntonio-Amadeo '
" " e o o oo o | -
] | l r L . \ u M
@ — B H j= . i
L o : o oy
. - A - E h.l 010z
LS - ||m-¢|pow
L l < T r - Fog § .' :::; angeico_| bvbld‘
— < L < ; Y ' ;
< Hi | € ~ [f 4 l1!f' EFQ' =
. o @ -
et S L | i==" O ~- -
o =
o sy | I > I o | . | ]
Buildin Height Class Facade Construction type Layers U-Value Building Type
gD (m) material (W/m*2K) o
A1 17.19  1921- Stucco  Stone masonry striped 1.61 Non-Residential  —
1945 with bricks H | g i M D ff,"“_ .
F1 22.78  1876- Brick Hollow-case masonry with 0.59 Residential j,' % - o=
1990 perforated bricks medium ‘ H
level of insulation ‘ -
Gy m
D2 31.40 1946- Brick Solid break masonry - 1.48 Shop o S

1960 ‘l ‘



OTC Workflow

' ,

V

Climate Data Landscape |

Workshop | Online Survey

o Multi-domain mapping
of worst and best points
© Material thermol

ARPA weather stakion o Digital terrain

o Neighborhood Configuration

Morphology

model

evaluation

] , *
) Preliminary Analysis ]
[ Focus Area in Acquabella ] .
o
Area with the worst Geometric Model
environmental quality.
I J

¥
[ User Profiles ]

!

OTC Simulations

oo indu|

ENVimet software

¥

=

Thermal Walk | Field Measurements

—————— { Outdoor Thermal Comfort Evaluation (PET) ]

I Analyzing the results & Compare with habitants’ Thermal Perception Vote I

¥
[ Decision Matrix ]

v
[ Application ][ Visualization ] [ Conclusion }

- Objective Parameters
Subjective Parameters

pjoq ndino

53



Survey -Demographics & user profiles

O<20 . B Female [ several times a d:
W 20-40 ender B Male Howoften W Once a day

= ;g-eo [ Non binar [ Rarely often
<

OEm=E
Q

§g~'§%

833



Survey - Clusters

Acquabella
Heatmap of bad
environmental
quality votes -

survey
Location: Acquabella
district, Milan, Italy

Legend

Weighted_survey_bad_votes
Band 1 (Gray)

[ 1<=9.1857

[ 19.1857 - 18.3714

[ 118.3714 - 27.5571

[T 27.5571 - 36.7429

[ 36.7429 - 45.9286

I 45.9286 - 55.1143

I > 55.1143

Basemap: OpenStreetMap
Projection: EPSG:3035 -
ETRS89

/ LAEA Europe

Authors: Alessandra Luna Navarro, Eleni Chatzi
Nestoros, Pablo Martinez Alcaraz
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Survey - Clusters

Acquabella
Heatmap of
Aesthetic votes -
survey

Location: Acquabella
district, Milan, Italy

Legend

Survey_aesthetic_votes
Band 1 (Gray)
0.0000
1.0000
2.0000

[ 3.0000

[ 4.0000

[ 5.0000

I 6.0000

I 7.0000

Basemap: OpenStreetMap
Projection: EPSG:3035 -

ETRS89
/ LAEA Europe

Authors: Alessandra Luna Novarro, Eleni Chatzi
N

0

100 200 m

Pahln Martinez Alearaz

Acquabella
Heatmap of
Thermal votes -
survey

Location: Acquabella
district, Milan, Italy

Legend
Survey_thermal_votes
Band 1 (Gray)
<= 0.0000

1.0000 - 2.0000

2.0000 - 4.0000

4.0000 - 6.0000
[ 6.0000 - 8.0000
[ 8.0000 - 10.0000
I 10.0000 - 12.0000
I 12.0000 - 14.0000
I 14.0000 - 16.0000
Bl > 16.0000

Basemap: OpenStreetMap
Projection: EPSG:3035 -

ETRS89
1 LAEA Europe

Authors: Alessandra Luna Navarro, Eleni Chotzi
Nesoros, Poblo Martinez Akcoraz

PerceptionThermal

Very Hot
Warm
Neutral —>
54
Cool o 4
Very Unsatisfactory Unsatisfactory Neutral Satisfactory

PerceptionAesthetic



OTC Workflow

v ] v

Workshop | Online Survey Climate Data

o Multi-domain mapping
of worst and best points

ARPA weather stakion

Landscape | Morphology

o Digital terrain model
o Neighborhood Configuration

o Material thermel
evaluation

] , *
) Preliminary Analysis ]
[ Focus Area in Acquabella ] .
o
Area with the worst Geometric Model
environmental quality.
I J

!

[ User Profiles J

p4o( 4ndu|

OTC Simulations -

ENVimet software

¥

Thermal Walk | Field Measurements

—————— { Outdoor Thermal Comfort Evaluation (PET) ]

I Analyzing the results & Compare with habitants’ Thermal Perception Vote I

¥
[ Decision Matrix ]

[ Application ][ Visualization ] [ Concl:sion }

- Objective Parameters
Subjective Parameters

pjoq ndino
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Simulations

Simulations:
PET Comfortable range in Mediterranean countries 24.6-29.2 °C
4.00 AM all users in comfortable ranges

15.00 PM most thermally uncomfortable hour
15.00 PM highest Tair and Tmrt

below 33.25 °C

33.25t0 35.17 °C
35.17 to 37.08 °C
37.08 to 39.00 °C
39.00 to 40.92 °C
40.92 to 42.83 °C
42.83 to 44.75 °C
44.75 to 46.67 °C
46.67 to 48.58 °C
above 48.58 °C

| IR E
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Effect of user characteristics

Spearman’s rank correlation:

Date

User

Receptor

PET

Hours

Personal

characteristics

Clothing

Environmental

variables

Built
environment

variables

°C

-7.56 to
-6.54 to
-5.52 to
-4.50 to
-3.48 to
-2.46 to
-1.44to

RNRRRRACL

Min: -8.58 K
Max: 1.61 K

absolute difference PET*

|:| below -7.56 K

-6.54 K
-5.52 K
-4.50 K
-3.48 K
-2.46 K
-1.44K
-0.43 K
-0.43to0 0.59K
above 0.59 K

Gender

Age

Height

Weight

Clothing

Total Metabolic
rate(W)
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Impact of built environment parameters

Aspect ratio (AR)

i
|
|
|
|
|
|
|
. 0.07
|
SVF i -0.0:
! -0.2
Building Height (m) '
9 ; 0.4
= Point distance from I 06
veritcal streets (m) : I 0.8
; -1
|
|
\ /
« p
'S e
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Impact of built environment parameters

.......................
.= ~. - ~

R . . . ~ 7¢ . N,
Y Neighborhood configuration '« , Ground floor facade properties '
/ '\ . = .

| — \
(. ! 1
o ;! | 0.8
. = > Glass ; 0.6
'L percentage |
0.4
(. I
2N < |Aspectratio (AR) 1 ! Ribads 1 0.2
' I
) : : 0.07
. (I 1
' C | ! Absorption 1 -0.07
L ; 0.2
s ; 1| 1
Building Height (m) O x  [Emisivity B
! I
e Point distance from ! ; - | 0.6
veritcal streets (m) | erma 1
" > |Conductivity 0.8
I 1 | -1
P = Specific heat |
X capacity
| |
\ T I
\ / \ > Density /
~ 7 ‘\ . 7
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Impact of built environment parameters

- T ~. ot i = _ ‘N
'« , Ground floor facade properties's /  Upper facade properties
Vo i Vo i '.
L Lo '
. ! PET !
P P! I 0.8
Pl ;! I
- S Glass Lo =< |uvalve : 0.6
| . percentage | . !
- o ; 0.4
Aspect rafio (AR} 1 : Albedo : : >  |Albedo ! 0.2
[ | 1
Lo | \ 0.07
V" I ! Absorption I >  |Absorption ! -0.07
P . I
. . : -0.2
Building Height (m) ! ! o ! L. !
;| > [Emissivity - Emissivity 0.4
1 . I 1
. Poinibdisiancafrom . - o . 0.6
! = lveritcal streets (m) ! : < Thermal 1 : ¢ Thermal !
. P Conductivity | | Conductivity | -0.8
| P! P! -
" Pl = Specific heat Pl - Specific heat |
. capacity . . capacity :
\ ;o ! I
\ / \ > Density / \ Density /
‘o . N s’ N 7
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OTC Workflow

v

A

V

evaluation

Workshop | Online Survey

o Multi-domain mapping
of worst and best points
© Material thermol

Climate Data Landscape |

ARPA weather stakion o Digital terrain

o Neighborhood Configuration

Morphology

model

] , *
) Preliminary Analysis ]
[ Focus Area in Acquabella ] .
o
Area with the worst Geometric Model
environmental quality.

|

J

Thermal Walk | Field Measurements

!

[ User Profiles J

!

OTC Simulations

p4o( 4ndu|

ENVimet software

¥

i { Outdoor Thermal Comfort Evaluation (PET) ]

I Analyzing the results & Compare with habitants’ Thermal Perception Vote I

¥
[ Decision Matrix ]

[ Application ][ Visualization ] [ Concl:sion }

- Objective Parameters
Subjective Parameters

pjoq ndino
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Thermal walk

Thermal Sensation Vote

(TSV):

Very Cold (-3)

Cold (-2)

Cool (-1)
Slightly Cool
Comfortable (0)
Slightly Warm
Warm (+1)

Hot (+2)

Very Hot (+3)
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Thermal walk

L, wm n Em E Em o mm o Emor Em r Em s Em E o Em R Em r R Em

/

Thermal Sensation Vote (TSV) . ]
. 0.8
Aesthetic Perception Vote (AesV) | 0.6
|
i 0.4
Surface Temperature .
; 0.2
|
Air Temperature , 0.07
i 0.0
Air Humidity .
. 0.2
|
Air Pressure ' -0.4
; 0.6
Sun exposure !
1 0.8
! -1

Perception of wind

\ >  Thermal Comfort /
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Thermal walk

L, wm n Em E Em o mm o Emor Em r Em s Em E o Em R Em r R Em @ o R o R o A R R N Em R R R R o,

e ~ - ~
, N Re N,
/ O o 0 / . \
. TSV & environmental conditions l. TSV & Ground Floor Materials:
=
- . m -
2 Lo N !
[ ! 1
Thermal Sensation Vote (TSV) . . ey |
. I ! 0.8
Aesthetic Perception Vote (AesV) | I R -Yolue ' 0.6
N Lo ;
i . e Glass I 0.4
>  Surface Temperature . Percentage :
Iy ! 0.2
(- I
> Air Temperature , ; Albedo | 0.07
I .
[ 1 -0.07
Air Humidity Lo Absorpion I
o . -0.2
[ !
> Air Pressure I | > |Emissivity I 0.4
' ! 0.6
1 | Thermal !
R el | : Cconductivity | -0.8
| .
Perception of wind : ; > Specific Heat : -1
P [ " |Capacity I
. (. !
\‘ >  Thermal Comfort ] ‘ >< |Density .’
\ — / N ’
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PET C

Thermal walk: PET

50.0

40.0

30.0

20.0

10.0

0.0

Gender: Female Age:>60

A2

C1

D2 Gl H1 n N J3 K2

Building

Warm
Slightly warm
Neutral
Slightly Cool

Cool

50.0

40.0

30.0

20.0

10.0

0.0

Gender: Male Age: >60

A2

B1

C1

/\

D2 G1 H1 1
Building

N

33

K2

Slightly warm

Neutral

Slightly Cool

Cool
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Objective & subjective data

| s | L
| | 1 i1 s di-d N
I | (i} ol 2 - & 5\
| < 2l 2N R
= : 2
= L ) L,-|=,!I P Eppel] | o2 - 15

A19E Ly 010
AMIRE Y
A 8 L 01t
Arl RE1ET

Potential Air Temperature
I below 29.36 °C
I 2936 to30.17 °C
[ 30.17t030.98 °C
[ 30.98t031.79°C
[ 31.79t032.59 °C
[] 32.59t033.40°C
[ 33.40t034.21°C
34.21 t0 35.02 °C

[ 35.02t035.83°C
[ above 35.83 °C

Min: 28.55 °C
Max: 36.63 °C

PET*

B below 33.25 °C

B 33.25t035.17 °C
[ 35.17t037.08 °C
[ 37.08t039.00 °C
] 39.00t040.92 °C
[ 40.92t042.83 °C
[ 42.83t044.75°C
44.75 to 46.67 °C
46.67 to 48.58 °C
above 48.58 °C

zz
g

g5 |
0w L

3
w
84

°C
L,

Mean Radiant Temp.
] below 28.65 °C
] 28.65t032.30°C
[ 3230t035.95°C
[ 35.95t039.50 °C

[ 39.59to43.24 °C
43.24 t0 46.89 °C

)

50.54 18 °C
54.18 to 57.83 °C
above 57.83 °C

Min: 2.

2B
’S

.00 °C
8°C

Heatmap of negative thermal and
visual votes (Acquabella
clusters | survey):

* Significant discomfort in Blocks B,C,1,J.

* Alignment with high Tair, Tmrt and
PET zones from the simulations

* Compare with worst-rated buildings | Thermal walk

Building A2 B1 C1 D2 G1 H1 1 J1 J3 K2 Std.

Facade Devia-

tion
Thermal 3.38 2.87 3 3.25 4.38 5.13 4.3 4,57 3.63 4.57 1.559
Comfort 8

Aesthetics 3.57 5.13 2.88 3.50 4.13 5.13 47 214 438 4.29 1.853

Total 6.95 8 588 6.75 8.51 1026 9.1 6.71 8.01 8.86
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Perception of materials

Material Rank Tair Tair reduction Rank PET Index PETIndex Rank TSV Rank TSV
Tair reduction by high thermal PET reduction by reduction | | Thermal
by high mass & Tmrt by Tair Workshop  walk '
- What thermal sensation do you
radiative moderate . e .
. associate with this material?
properties albedo
Stucco 4 * 4 * 5 4
white
Stucco 3 * 5 * 6 2
grey
Plaster 10 10 3 7
white
Marble 2 * 2 * 1
white
Marble 1 * 1 * 2 1
cream : )
Concrete 5 * 8 7 - 8
white
Concrete 6 3 * 4 5
grey
Brick 8 8 8 3
cream 3 -
Brick red 7 6 4 6 M‘o)lto Freddo Neutro  Caldo ﬁ_
freddo caldo
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Decision matrix

Angelico

OTC in Via Beato

/
f

—? Urban configuration
\\\—4-/'
S
A ™
—" Building
N s

Block size (m)
L

-

— Aspect Ratio (AR)
o

/

L SVE

Building Height

SR

Building Material

| e000

NG

Acceptable rates

Upper Facade
e
/e e
Glass Percentage %
\ J

e A

N

Y S ¥

N

*-{ Ground Floor Facade

Physical
properties

()

; ——<| Albedo %
N o

Visual Properties =

N

y{ Emissivity —.
—

\ Thermal .

\ Properties |

Absorption

\

U-value

Thermal
Conductivity

@
=3y |
By |

N =
e

Specific Heat
Capacity

1
#
J

Density

4 Tmrt
J, PET

P Tmrt
™ PET

@ Bonferroni correction
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Design for Via Beato Angelico

Building Upper GF Facade Vegetation
code Facade
Al 1 Albedo ~ Albedo Greenery on

| Absorption | Emissivity
1 Specific Heat
Capacity

balconies
More trees

QO Survey & Thermal walk: Drastic changes in
buildings voted as ‘unattractive’ and
thermally ‘uncomfortable’, high thermal
mass

0] Simulations & Workshop : vivid and fresh

colors, moderate albedo
Simulations: moderate albedo, low
emissivity paints

Literature: Awnings & shading devices

0] Workshop & Survey: more vegetation on
balconies and street

0] Survey: permeable layers for horizontal
surfaces, replacement of parking-lot asphalt
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Evaluation of New design

PET Simulation : Original

9 Lu) T
-Elg

PET Slmulahon Design Proposal

Min: 31.33 °C
Max: 50.50 °C

Min: 30.17 °C
Max: 50.32 °C

below 33.25 °C

33:25106:35.17 °C
35.17 to 37.08 °C
37.08 to 39.00 °C
39.00 to 40.92 °C
40.92 to 42.83 °C
42.83 to 44.75 °C
44.75 to 46.67 °C
46.67 to 48.58 °C
above 48.58 °C



Mean PET °C

Evaluation of New design

Simulated PET

Original Simulation

s Design Proposal Simulation
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Research OTC
Framework Case Study Workflow Results
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Conclusions

To whom:
e Citizens
* Policy makers

* Urban planners

[ Workflow for OTC assessment }

P
<

What:

Materiality of facade
Neighborhood

configuration

Perceptual aesthetics

Obijective &
subjective thermal
sensation

v

How: Advantages:

* Participatory workshop .
* Online survey .
* Simulations .
* Statistical analysis .
* Decision matrix .
* Design proposal

* Thermal walk / Monitoring campaigns

Holistic Assessment
Community Engagement
Data-Driven Design
Replicability and Flexibility

Validation and Accuracy
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Limitations & Future research
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(L) Thank you

Questionse..



Workflow overview

perception:

_._.THERMAL WALK ____

SIMULATIONS

SURVEY

WORKSHOP
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