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Spanish research coordinated project based on the
hypothesis that optimized materials, like chromogenic smart
materials for urban surfaces can provide efficient solutions to
the Urban heat Island (UHI) effect.

mateMAD Concept Multidisciplinary approach for the systematic analysis of
representative case studies of vulnerable areas of the city
of Madrid. The goal is to generate:

« knowledge about the impact of urban materials on the
habitability and sustainability of cities

« areliable proposal to improve the quality of the outdoor
environment, the energy demand and the well-being of the
iInhabitants through the substitution of outdoor surface materials

BOJA POLITECNICA
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SP1/SP2/5pP3
Selection of areas for
case studies

+ Performance of current materials
= Performance/durability of potential

mateMAD Concept SP1 mateials foroptimizatior
CHARACTERIZATION 11 - Suitability of materials for
urban applications

IETcc-CSIC
Activities performed under three subprojects: o MateMAD
. E:;jn:;?c::uﬂipﬂﬁr':;::rrwffeqnn:alit? Optimized urban materials
SP2 +  Evaluation of citizens' response m;g;?;ﬁ]ng: 2:5;?‘1
. . . MONITORING 12-Di is outd Characterization in th
- Subproject 1 (SP1). Characterization of condiion, Cizens stmul e CiVedid
ETSAM-UPM + Current status diagnosis
u rb an m ater | al S. +  Improvement meifsures
roposal
+ Validated simulation workflow . Eﬂuﬂidimensional database
« Effect of materials’ substitution + Map of urban finishes
- S u b prOJ eCt 2 (S P2) . M oni to rn g Of M GggaNG 13- putdaor enuironment_ ) mﬁg:lnﬁrle?ﬂr?trigﬁgm o
environmental parameters. CIEMAT  Crdenssemment ¢

- Subproject 3 (SP3), named
URBAN therCOM. Modelling outdoor
thermal comfort and energy demand in urban areas.
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MEASURE, CALIBRATION
AND SIMULATION
STRATEGY

The first step assess the of vulnerability within the city, on those aspects related to
Climate Change, discomfort

The second details thermo-optical (TO) characterization of a wide range of surface
urban materials: in-situ, laboratory

The third step monitors at four levels: neighbourhood, case study areas, outdoor
tests, and citizens

The fourth provides a modelling strategy to evaluate mutual relations amongst
relevant urban factors building energy performance and outdoor thermal comfort

The final step prepares a complete and justified proposal for the substitution of

surface materials in the case studies based on the results obtained from previous

steps. And assess the environmental impact of the materials along their life cycle
LCA

SP1
CHARACTERIZATION

SP2
MONITORING

SP3
MODELLING

WP1, CASE STUDIES: vulnerable areas identification, neighborhood materials mapping and

1.1.City scale
1.2.Neighb. Scale

WP2. THERMO-OPTICAL
CHARACTERIZATION OF
URBAN MATERIALS..

2.1, In sity
2.2. lab PR
2.3. 0Utdoor @it

critical areas selection

1.3. Selection of CS

WP3. MONITORING OF
URBAN AREAS AND THE
STIMULI OF ENVIRONMENT
IN CITIZENS

3.1.Neighb

3.2. Drones O———

« 3.3, CS and Prototype

3.4, Citycens

WP4. MODELLING OF
SELECTED URBAN AREAS
(CS)

4.1.Development

s 4.2 Validation
v 4.3, Simulation

WPS. EVALUATION AND PROPOSAL FOR THE SUBSTITUTION OF SURFACE MATERIALS

5.1. Multidimensional

S5.2.5tmuli

v
5.5. Proposal

5.3.Simulation
5.4.LCA 3
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HOMOGENEOUS URBAN ZONES

HUZs Classes B_DL. Double Long Low-rise Blocks (121)

B B_HC. Historical Centre Blocks (66) I B_DH. Double Long High-rise Blocks (39)
B_HE. Historical Extension Blocks (125) MM B_SL. Single Long Low-rise Blocks (385)

BIB_CA. Collective Attached Blocks (117) MM B_SH. Single Tower High-rise Blocks (109)

M B_SC. Semi-Open Collective Blocks (380) M H_DS. Detached / Semi-detached Houses (59)
I H_TR. Terraced / Row Houses (105)

Land Cover type
Residential Area Green Area

Severity of urban
vulnerability

SELECTION OF
NEIGHBORHOODS

Classified HUZs Representativeness

el L.?

ntage of

Energy poverty
index

Perce
HUZs Pixels [% ]

27 vulnerable neighborhoods
affected simultaneously by
problems of energy poverty and
high intensity of the urban heat
island

From: Helena Lépez Moreno (UiE3, CIEMAT)

HUZ (Homogeneous Urban

UHI intensity Zones) METHODOLOGY

day+night
* Objective: facilitate the
energy analysis of residential
buildings.

From: IETcc-CSIC. Paper presented to PLEA2022



MODELLING OF
SELECTED URBAN AREAS

An ad-hoc developed BPS tool which enables

to appropriately simulate the simulation of indoor
and outdoor thermal field through an integrated i
approach, Grasshopper (GH) based digital workflow
by means of add-ons Droagonfly, HoneyBee and

LadyBug.
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MODELLING OF
SELECTED URBAN AREAS

The timestep-by-timestep simulation

approach allows the variation of the thermo-
optical properties of the TC material within the
simulation runtime itself, which in turn implies
precisely considering the thermal inertia of
the building and its effects on the energy
demands for heating and cooling

Webinar. Microclimatic Change and Envelopes — 27-28th April 2023



Conclusions &
Future Work

The preliminary results are used to test the simulation strategy of TC materials and are
presented in the perspective of extending the developed BPS to be applied to the

evaluation of this problem generally and to be more seamlessly integrated into the design
process.

Future work and further investigation is needed to test and validate the strategy and the
general digital workflow with real cases studies of Madrid through the information that
will be acquired throughout the duration of the mateMad project.

Webinar. Microclimatic Change and Envelopes — 27-28th April 2023



A comprehensive strategy for modelling urban material for thermally
liviable cities. URBAN therCOM Project

Emanuela Giancola

THANK YOU

OFf0)
E%ﬂp
Grants PID2020-114873RA-C33 iﬁ. oo P )\,

funded by ‘" DEESPANA  DECIENCIA

CIE X
a E INNOVACION o
ESTATAL DE
INVESIIGACION

Webinar. Microclimatic Change and Envelopes — 27-28th April 2023



LRRRRRE|

Instltute of Architectural Technology, The Royal Damsh Academy
UNSWV aw,. : — -~ P | W/




Present Positions

Environmental Sustainability Module - SOS School of Sustainability - with Mario Cucinella
Since 2021

Associate Professor of Sustainable Design. Institute of Architectural Technology
The Royal Danish Academy. Since 2010 (half time since 2022)

Associate Professor of Climate Change and Regenerative Architecture. UNIPR
Since 2021

Adjunct Professor, University of New South Wales
March 2023 to October

Visiting Professor, Architectural and science researcher at CBE UC Berkeley, College Of Environmental Design
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2022
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A 2015
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2012
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SOM Sustainable Design Specialist at SOM (Skidmore Owings and Merrill, Llp)
2006 — 2010
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IPCC 6th Assessment Report

Efforts to halt catastrophic climate change are being held back by
"inertia' in the built environment sector

Engineers, Architects and urban planners should really look at
rethinking the way they work...

...they need to develop a new vocabulary and more climate change
specific solutions


https://www.dezeen.com/tag/climate-change/

Scales to “rethink” Envelopes of Climate Change.
Key Words

Regional Climate Change

Microclimate

Microclimatic Cities

Building Form

Facade design

Facade Interfaces

Energy Flows

Indoor

Indoor Microclimate

Ecological Living Layers

Computing



Climate Change

CBE tool climate panel (with Turrini and prof. Schiavon)
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CBE tool climate panel (with Turrini and prof. Schiavon)
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Climate Change

CBE tool climate panel (with Turrini and prof. Schiavon)
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_..Gotemburg Climate Adaptation Plan.

ith Antonello di Nﬂﬁifo, Graziano Marchesini,fﬁohias Amlov

" Potential Air Temperature (°C)
ea’l - Building: Temperature of building (inside) (°C)




i

effects
N\

15 18 20 23 25 28 30 33 35




Air Pollution

Parametric Modelling
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Indoor buildings temperature
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Facade as an Outdoor and Indoor Climate Giver
Copenhagen (with Angel Perez)
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Facade as an Outdoor and Indoor Climate Giver. Systematic Studies

Thermal Emittance (0.1 - 0.9) Solar Reflectance (0.1 - 0.9)
with F. Fiorito

Summer design week
Winter design week
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BareCanyon - Top view TileCanyon - Top view
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Living Layers'
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What is the correct formulation of a climate change strategy?

Degeneration / Regeneration / Architectural
Problem Statement Design Proposal

Mitigation Adaptation
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Let’s be in touch!

instagram:
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or email:
emanuele.naboni@gmail.com
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= Ambiguous Spaces
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B From Inside to Outside: Views 2600203 —
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Connecting micro-microclimates
and energy performance

Victoria Patricia Lopez-Cabeza, PhD. Universidad de Sevilla
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INTRODUCTION

e Courtyards can be key elements in passive conditioning of buildings in
hot climates.

* Monitoring results show a significant reduction of the outdoor
temperature in courtyards.

* The effect of the microclimate of courtyards is not usually considered in
building design.

Factors that impact the performance of the courtyard
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-
-
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COURTYARD PERFORMANCE

Average temperature increase outside - courtyard | Average day of a week

Thermal GAP (")
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Fig. 4. TG representation contrasting all the courtyards temperatures versus the outdoor ones.

C. Rivera-Gémez, E. Diz-Mellado, C. Galan-Marin, V. Lopez-Cabeza, Tempering potential-based evaluation of the courtyard microclimate as a combined function of aspect ratio and
outdoor temperature, Sustainable Cities and Society. 51 (2019) 101740. https://doi.org/10.1016/j.scs.2019.101740.




COURTYARD COMFORT

EN 16798 ASHRAES5 PET EN 16798 ASHRAES5 PET EN 16798 ASHRAES55 PET
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Figure 16. Percentage of comfort hours EN 16798 vs ASHRAE 55.

E. Diz-Mellado, M. Nikolopoulou, V.P. Lopez-Cabeza, C. Rivera-Gémez, C. Galan-Marin, Cross-evaluation of thermal comfort in semi-outdoor spaces according to geometry in
Southern Spain, Urban Climate. 49 (2023) 101491. https://doi.org/10.1016/J.UCLIM.2023.101491.




INTRODUCTION

Thermal Delta (TD)O ENERGY SIMULATION TOOLS:
Toutdoor - Tcourtyard =TD ( C) NO THERMAL DELTA

0
8

a) b) c)

Thermodynamic effects in courtyards. CFD simulation. a) Stratification. b) Convection. c) Flow What is considered by most
patterns from the effect of wind. Adapted from Rojas, Galdn-Marin and Ferndndez-Nieto, 2012. energy simulation tools.



PREVIOUS STUDIES
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J. Lizana, V.P. Lopez-Cabeza, R. Renaldi, E. Diz-mellado, C. Rivera-Gomez, C. Galan-Marin, Integrating courtyard microclimate in building performance simulation to mitigate extreme
urban heat impacts, Sustainable Cities and Society. (2021) 103590. https://doi.org/10.1016/j.s¢s.2021.103590.




PREVIOUS STUDIES
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J. Lizana, V.P. Lopez-Cabeza, R. Renaldi, E. Diz-mellado, C. Rivera-Gomez, C. Galan-Marin, Integrating courtyard microclimate in building performance simulation to mitigate extreme
urban heat impacts, Sustainable Cities and Society. (2021) 103590. https://doi.org/10.1016/j.scs.2021.103590.




PREVIOUS STUDIES
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F.J. Sanchez de la Flor, A. Ruiz-Pardo, E. Diz-Mellado, C. Rivera-Gémez, C. Galan-Marin, Assessing the impact of courtyards in cooling energy demand in buildings, Journal of Cleaner
Production. 320 (2021) 128742. https://doi.org/10.1016/j.jclepro.2021.128742.




ENERGY-SAVINGS POTENTIAL OF COURTYARDS
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GIS model of courtyard dimensions in the city center of Cordoba.
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shade and unshaded.

E. Diz-Mellado, V.P. Lépez-Cabeza, J. Roa-Fernandez, C. Rivera-Gomez, C. Galan-Marin, Energy-saving and thermal comfort potential of vernacular urban block porosity shading,

Sustainable Cities and Society. 89 (2023) 104325. https://doi.org/10.1016/j.scs.2022.104325.




CFD STUDIES

a) Case 1. Residential. South-west fagade and perspective.

b) Case 2. School. South-east fagade and perspective.

15m S ° . L =

c) Case 3. Residential. South fagade and perspective.

e Sensor position

R? RMSE (°C)
Case 1 Outdoor 0.99 0.77
Courtyard 0.84 3.35
Case 2 Outdoor 0.99 0.73
Courtyard 0.88 2.92
Case 3 Outdoor 0.99 0.82
Courtyard 0.93 1.52

06/08 Air Temperature. Case 1. Residential.
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b. Case 2, School (3

Case 3. Residential
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V.P. Lépez-Cabeza, C. Galdn-Marin, C. Rivera-Gémez, J. Roa-Fernandez, Courtyard microclimate ENVI-met outputs deviation from the experimental data, Building and Environment.
144 (2018) 129-141. https://doi.org/10.1016/].buildenv.2018.08.013.




HYBRID WORKFLOWS

1. MONITORING 2. SIMULATION 4 THERMAL COMFORT
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Ladybug Tools Workflow RMSEs

V.P. Lopez-Cabeza, E. Diz-Mellado, C. Rivera-Gémez, C. Galan-Marin, H.W. Samuelson, Thermal comfort modelling and empirical validation of predicted air temperature in hot-
summer Mediterranean courtyards, Journal of Building Performance Simulation. 15 (2022) 39-61. https://doi.org/10.1080/19401493.2021.2001571.




HYBRID WORKFLOWS

X = sensor position Case 1. Monitoring and Simulation Results. Case 2. Monitoring and Simulation Results.
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b) Case 3. Monitoring and Simulation Results.
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Table 6. Quantitative evaluation of the simulation’s performance for the courtyard temperature <
out 2 34
put. 5
E 32
AR R? MAPE (%)  RMSE(°C)  RMSEu(°C)  RMSEs(°C) g
£
ENVI-met simulation Casel 09 096 6.85 261 3.96 142 g 30
Case 2 1.5 0.92 8.74 3.46 5.54 2.20 28
Case3 4.6 0.84 14.38 5.22 6.76 1.66
Ladybug Tools simulation ~ Case1 0.9  0.94 3.81 137 241 112 26 Outdoor Temperature
Case2 1.5 0.73 5.07 2.00 2.4 0.96 24 Courtya rd Temperature
Case3 46 078 755 229 309 103 29 ——— ENVI-met Simulated Courtyard Temperature
Legend: Best result of each parameter between the two simulations Ladybug Tools Simulated Courtyard Temperature
20
Worst result of each parameter between the two simulations 0:00 6:00 12:00 18:00 0:00

V.P. Lopez-Cabeza, E. Diz-Mellado, C. Rivera-Gémez, C. Galan-Marin, H.W. Samuelson, Thermal comfort modelling and empirical validation of predicted air temperature in hot-
summer Mediterranean courtyards, Journal of Building Performance Simulation. 15 (2022) 39-61. https://doi.org/10.1080/19401493.2021.2001571.




SHADING DEVICE
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Courtyard Mean Temperature = Thermal Delta Courtyard Mean Temperature = Thermal Delta
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Monitored Outdoor and Courtyard Dry Bulb Temperature on the selected days.

V.P. Lopez-Cabeza, E. Diz-Mellado, C.A. Rivera-Gémez, C. Galan-Marin, Shade and Thermal Comfort in Courtyards: Experimental Versus Simulation Results, Buildings. 12 (2022) 1961.
https://doi.org/10.3390/BUILDINGS12111961.




SHADING DEVICE

8:00 h 12:00 h 20:00 h

UTCI (°C)

No shading

35.00<
34.00

Mean UTCI value: 32.6 °C Mean UTCI value: 34.2 °C
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33.00

32.00
31.00
30.00
29.00
28.00
27.00
26.00
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UTCl values at 1.5 m height in the courtyard at different hours from the Ladybug Simulation Workflow.

V.P. Lopez-Cabeza, E. Diz-Mellado, C.A. Rivera-Gomez, C. Galan-Marin, Shade and Thermal Comfort in Courtyards: Experimental Versus Simulation Results, Buildings. 12 (2022) 1961.
https://doi.org/10.3390/BUILDINGS12111961.




THERMAL INERTIA AND VENTILATION

On site view of the Case Study.
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Cross section through the courtyard.

V.P. Lopez-Cabeza, C. Rivera-Gémez, J. Roa-Fernandez, M. Hernandez-Valencia, R. Herrera-Limones, Effect of thermal inertia and natural ventilation on user comfort in courtyards
under warm summer conditions, Building and Environment. 228 (2023) 109812. https://doi.org/10.1016/j.buildenv.2022.109812.




THERMAL INERTIA AND VENTILATION

a) Air temperature b) Mean Radiant Temperature c) UTCI
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V.P. Lopez-Cabeza, C. Rivera-Gémez, J. Roa-Fernandez, M. Hernandez-Valencia, R. Herrera-Limones, Effect of thermal inertia and natural ventilation on user comfort in courtyards
under warm summer conditions, Building and Environment. 228 (2023) 109812. https://doi.org/10.1016/j.buildenv.2022.109812.




THERMAL INERTIA AND VENTILATION

a) Air temperature
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a) Ventilated courtyard

Wind flow pattern in a cross-section of the courtyard in the wind

direction at 16.00 hours.
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V.P. Lopez-Cabeza, C. Rivera-Gémez, J. Roa-Fernandez, M. Hernandez-Valencia, R. Herrera-Limones, Effect of thermal inertia and natural ventilation on user comfort in courtyards

under warm summer conditions, Building and Environment. 228 (2023) 109812. https://doi.org/10.1016/j.buildenv.2022.109812.




COUPLING COURTYARD SIMULATION WORKFLOW WITH ENERGY CERTIFICATION TOOL
RHINOCEROS AND

GRASSHOPPER
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COUPLING COURTYARD SIMULATION WORKFLOW WITH ENERGY CERTIFICATION TOOL
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COUPLING COURTYARD SIMULATION WORKFLOW WITH ENERGY CERTIFICATION TOOL
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CONCLUSIONS

* Microclimates generated in the outdoor spaces of buildings influence the energy demand and
thermal comfort of users.

 The simulation of the microclimate of these spaces is not possible using the traditional energy
simulation tools for buildings.

* Hybrid workflows connecting different kind of simulations are a suitable approach.

* |t is still essential to enable better accessibility to the professional sector to promote a better
climate change adaptation of the built environment

 The connection of a CFD-BES hybrid simulation workflow and an existing BES tool required for
regulations compliance is proposed and tested.

* The effect of the microclimate in a courtyard is quantified.
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Urban microclimate
integrated
Building energy modeling

neither “Simple” nor “Complex”...
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To understand -
1. Why is integrated simulation required?

2. What are the methods available for integration? (In-brief)

3. How are integration approaches neither simple nor complex?



Buildings operation

Fossil fuel-based energy
generation

Annual Energy Consumption stake

Global  Today,
Warming City population
nearly
56%
World population

By 2050,

City population
nearly
70%
World population



BEM - benefits & limitations
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Urban microclimate impact

Previous studies have shown that pGR RIS IR0 SK= 12 wa A0 (o) il s L= in b i Pgy I
if the urban context and climate are not considered, fRESZIERPIO X0 P

) I TRt iiety, and several degrees for indoor air temperature for non-air-
conditioned spaces in summer.

- Lauzet N. et al., How building energy models consider the local climate in an urban context — A review.
Renewable and Sustainable Energy Reviews 2019;116



Classification of approaches
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Representative data Surface-specific data




Representative data

Monitored
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! Point-in-location !
: or Weather

Averaged file

Sitmulated

i Building s |
: energy
: simulation —

Which point(s) data
represent the microclimate?

Can the representative data
in the weather file help BEM
tools account for varying
heat flux around the
building?



Heat transfer in urban context

1. Convective heat transfer is a
function of wind speed, air
temperature & temperature
of the building surface 5

1. Wind speed changes with
height*

2.  Wind speed and direction
varies with building form
and urban context 2

.

1Gui C, Yan D, Hong T, Xiao C, Guo S, Tao Y. Vertical meteorological patterns and their impact on the energy demand of tall buildings. Energy Build 2021;232:110624

2Brozovsky J, Radivojevic J, Simonsen A. Assessing the impact of urban microclimate on building energy demand by coupling CFD and building performance simulation. Journal of Building Engineering 2022;55:104681.

3 Colucci C, Mauri L, Grignaffini S, Romagna M, Cedola L, Kanna R. Influence of the facades convective heat transfer coefficients on the thermal energy demand for an urban street canyon building. Energy Procedia 2017;126:10—7
4 Hadavi M, Pasdarshahri H. Investigating effects of urban configuration and density on urban climate and building systems energy consumption. Journal of Building Engineering 2021;44:102710

5 Liu J, Heidarinejad M, Nikkho SK, Mattise NW, Srebric J. Quantifying impacts of urban microclimate on a building energy consumption-a case study. Sustainability (Switzerland) 2019;11

==

Contextual shade and

shadows are not uniform
Surrounding hot or cold surfaces l \‘

—

can induce or absorb heat
Jlux in building surface 34



Default & custom BEM

Local outdoor air temperature

Variation in outdoor air temperature is calculated using the U.S. Standard Atmosphere (1976). Ac-
cording to this model, the relationship between air temperature and altitude in a given layer of the
atmosphere is:
T.=T,+ L(H.,— Hy) (3.70)
where
T. = air temperature at altitude z
T, = air temperature at the base of the layer, i.e., ground level for the troposphere
L = air temperature gradient, equal to —0.0065 K/m in the troposphere
H, = offset equal to zero for the troposphere
H, = geopotential altitude.
The variable H. is defined by:

**EnergyPlus Engineering Reference (2022), U. S. Department of Energy, DOE

External Longwave radiation

The ground surface temperature is assumed to be the same as the air temperature.
forms of the radiative heat transfer coefficients are shown here.

The final

eok, 'led(rniu- T T”1”) o re
Rer gnd = JTM”. _‘IT(“_{. (vﬂ.bb)
0 Fy B(T, ; — T4,)
J ok = sur sky 3.67
trisky Ts‘m'f - Ts‘ky ( )
coFy, (1 —B3) (T , —T%
h;-_m',- — ky ( / ) ( surf mi) (368)

It‘surf - :ruir

Local outdoor wind speed

In Chapter 16 of the Handbook of Fundamentals (ASHRAE 2005), the wind speed measured at a
meteorological station is extrapolated to other altitudes with the equation:

¢ Umet ,

V. = ‘ ()m(*l 2\ ¥

‘2 — VYmet| 7 <
~met O

(3.73)




Surface—specific data e

* No current approach

...................................................................................................... : accounted for all heat transfer
Urban climate model modes.
J' + There are only one-way
: ﬁ coup]ing approaches devised.
i Climate variables

* The physical process
adopted by UCMs to assess
: heat flux from buildings is

E L L R LT (R L e R EE P TR LR EEYS
.

: not equal to the estimate by the
Coefficients BEM.
l  CFD-based UCMs are
SR AR computationally expensive.
--------- Building energy model «— . . .
-. e Co-simulation requires

programming skill

Coupling | Chaining




1. Wind pressure coefficient
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Coffee break

We will return at 12.40
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Urban Microclimate:
Ongoing projects

Carmen Galan-Marin. Professor at E.T.S. Arquitectura. Universidad de Sevilla. cgalan@us.es
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RISK OF THE POPULATION

DUE TO THE INCREASE IN
HEAT WAVES IN SPAIN
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https://fundacionmatrix.es/riesgo-de-la-poblacion-por-aumento-de-las-olas-de-calor-en-espana/
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Machine Learning-based forecasting
model for integrated assessment of
thermal resilience using Urban Thermal
Comfort Algorithms.



UTHECA

Currently there is no integrated and harmonized outdoor thermal comfort
index

Drawbacks:

1.

The most frequent indices (UTCl and PET) do not consider the subjective perception of
comfort.

UTCI and PET do not adequately describe the subjective perception of thermal comfort.
As a complex system, there is no global tool for assessing thermal comfort.

It is not possible to optimize thermal resilience conditions due to undefined or inaccurate
ranges of thermal comfort.

It is not possible to discriminate the thermal comfort range for the population segments
more sensitive to thermal stress.

Cross-analyses cannot be performed to determine specific comfort conditions according to
the attributes of one, or more, population segments.

Urban interventions to improve climate resilience follow partial, incomplete and / or wrong
guidelines



UTHECA

Urban
components

Microclimatic Personal
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UTHECA

Motivation of the Project

This project aims to improve urban thermal resilience in a Climate Change
context by developing ML-based models to accurately predict the subjective
perception of comfort and its interactions with the climatic and built
environments in order to generate better intervention strategies oriented to
adaptation and improvement of outdoor public spaces. In addition, the
inclusion of Subproject 2 will allow the use of topological data analysis for the
attribute data input and management, enabling optimization of model
evaluation algorithmes.
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MAUHAUS

Aim of the Project

To contribute to the climate adaptation challenges of our cities from a
multi-scale, comprehensive and innovative approach, promoting urban
public policies that are capable of identifying risk areas and incorporating

proposals that guarantee their resilience to the effects of climate change,
contrasting their technical and social viability:.



MAUHAUS

Pro p058| A Holistic, hybrid and multiscale perspective that contemplates the
dimension of the problem from a quantitative approach (different
urban scales and their microclimatic patterns) and qualitative
ones (climate vulnerability, thermal comfort, social habits,
functionality and habitability).

A Identify public spaces with a high viability of climate adequacy
within cities, spaces of opportunity or potential Urban Cool Islands,
which can serve as climatic and social laboratories have to
iIncorporate new evaluation mechanisms that facilitate the
identification of strategies.

d Systematize the instrumental nature of the results of the study
that must materialize in tools to help decision-making in the field
of public administration.



MAUHAUS

Objetives
1. CITY

2. MICROCLIMATE

3. CITIZENS

4. MANAGEMENT

Value the importance of urban porosity through its analysis and climate
contextualization in order to determine a priority zoning and obtain case studies
(through GIS and study of seasonal climatic severity for outdoor urban spaces)

Evaluate UHI of the selected cities by determining the possibilities of mitigation of
excess urban heat at local scale (micro and meso scales) considering the
characteristics of the macro scale (remote sensing systems, aerial thermography,
conventional, intra-urban and in situ meteorological stations or field work will be
used; to validate simulation results).

ldentify the impact of the climate of public space on the citizens, defining the
concept of climate vulnerability (social, functional and thermal comfort studies:
census data, urban information and questionnaires on the perception of thermal
comfort).

Develop decision-support tools that facilitate the choice of effective and viable
action proposals at the urban scale that mitigate the risk of overheating. Guides
will be generated for the identification of priority areas, optimization of existing
infrastructures, hierarchization of areas to intervene and selection of specific
strategies. Tools based totally or partially on machine learning are mainly proposed.
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MAUHAUS

Aerial Thermography
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URBATHERM

Tperatura de superficie (Sevilla),a 5 m de aura
anivel de calle, del 6 de agosto de 2022 a las 14:00, (| M
] obtenida mediante el satélite Landsat 8 TIRS.
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de Andalucia | yvivienda

URBATERM

US.22-07
2022-2024

Climate Resilience and Perception of
Comfort: Potential Overheating Risk
Urban Zoning in Andalusian cities.

Consejeria de Fomento, Articulacion
del Territorio y Vivienda.
Junta de Andalucia.



URBATHERM

Aim of the Project

The project aims to analyze the thermal profile of Andalusian cities

determining both risk areas and the possibilities of mitigating excess urban
heat at the local level.

It is also intended to identify the urban characteristics that determine the
impact of public space on the perception of thermal stress of the citizen,

considering parameters of adaptive comfort and climate vulnerability
through functional studies.

It is also proposed to value the importance of urban morphology through its
analysis and climatic contextualization in order to determine a climatic
categorization and zoning.



URBATHERM

|dentify areas of thermal
risk due to the
persistence of excessive
temperatures and locate
public spaces with a
high viability of climatic
adequacy within cities,

spaces of opportunity or
potential Urban Cool
Islands.

Catedra Confort
Climatico
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Ayuntamiento de
Sevilla / US







Creating a set of urban weather files
from a monitoring campaign
Recent experience and future prospects
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The example of the Urban Weather Generator (Bueno et al. 2013)

Verdical Diffusion Model (VDM) Urban Boundary Layer Model (UBLM)
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vertical diffusion model:

urban boundary layer model;

heat diffusion model calculates vertical profile energy balance for the control volume
of air T above the weather station calculates air T above urban canopy layer
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Rural Station Model (RSM) Urban Canopy and Building Energy Model (UC-BEM) |
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Miguel Nufiez Peiré (UPM)
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Creating

Source: Mao & Nordford (2021); urbanmicroclimate.scripts.mit.edu

set of urban weather files from a monitoring campaign. Recent experience and future prospects



https://urbanmicroclimate.scripts.mit.edu/uwg.php

Alternative approach to weather files morphing

PHYSICAL SYSTEM NUMERICAL MORPHING

Output morphed
meteorological data

Physical phenomena

Input
boundary conditions and
physical description

Credits illustrations: Oke et al. (2017)

Miguel Nufiez Peiré (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects



Alternative approach to weather files morphing

PHYSICAL SYSTEM NUMERICAL MORPHING EMPIRICAL MORPHING
Output morphed Output morphed
meteorological data meteorological data

Inputs and outputs

Physical phenomena

Input Input
boundary conditions and boundary conditions
physical description

Credits illustrations: Oke et al. (2017)

Miguel Nufiez Peiré (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects



Why empirical morphing

1. More and better access to data. Information coming from satellites and land-based networks.

2. Improved data contextualisation. Metadata, urban climate classification schemes and source area definitions

3. Improved Quality Assessment and Quality Control procedures. WMO, specific procedures for CWS,...

4. More and better modelling tools. Artificial Intelligence

Miguel Nufiez Peiré (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects



Designed workflow
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Miguel NUfez Peird (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects



Monitoring campaigns

Mobile measurements Fixed measurements
UCL traverses UCL network

Y 0 15 3 6 9 12
Source: NUfiez-Peird et al. (2017; 2021a)

Miguel Nufiez Peird (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects



Annual evolution of urban heat: 01 — Embajadores

Average daily intensity
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Maximum daily intensity
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Temp. (°C)

Temp. ("C)

Temp. (°C)

Data morphing: Context of standard data availability (12 months)
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Aproximacion: Datos disponibles

» Extraction of Typical Meteorological Year
ISO 15927-4:2005

Complementary data from OWS

winet [
ot & [
Ctouctiness [

Morphed data for each urban site

Temp _
RH D
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
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Case study: city of Madrid, Spain

Increased winter severity
=
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Source: NUnez-Peird et al. (2022)
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Heating energy demand

Higher winter severity
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Source: NUfez-Peird et al. (2022)
Miguel Nufiez Peiré (UPM) Creating set of urban weather files from a monitoring campaign. Recent experience and future prospects



Cooling energy demand

Zone alll
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Source: NUfez-Peird et al. (2022)
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Heating energy demand per building
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Zone alll Zone dll
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40
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Source: NUfez-Peird et al. (2022)
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Cooling energy demand per building
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Source: NUfez-Peird et al. (2022)
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Cooling energy demand per floor
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Future prospects and next steps

1. Limited representativity of the morphed weather files. Approach the microclimatic scale.

Site 15 SAN DIEGO Calle del Monte Perdido, 82. 28053 Madrid
Urba context g

o 3
0 05 1 15

0 50 100 150

03 Palos de Moguer

07 Castellana SITE DESCRIPTION Sky View Factor in summer

16 Horcajo District: 13 - Puente de Vallecas
17 Pueplo Nuevo Neigbourh.: 132 - San Dicgo
18 Canillas Lal: 40393 TLong: -3.667

19 Los Angeles
901 Barajas

903 Cuatro Vientos
905 El Goloso

LCZ: 02 - Compact midrise
SVF summer/winter: 0.6/0.6
Aspect ratio: 1.1

LAND COVER

Climate zones Building s.{:: 48%

- alll Impervious s.f.: 45%
- all Pervious s.f.: 7%
‘Typical buildings height: 11 m _ s N
- bINI Typical tree height: 5 m [ Building s.f. [ Impervious s.f.
- bIT Davenport roughness class: 7 [ Pervious s.f. - Height (storeys)
Traffic density: 2/10 Sensor location Sky View Factor in winter
- oIt Heat pumps to street: 0.30 \
[ Typical road materials: Asphalt
Typical wall materials: Bricks
L d @ 1%
B i1 O s%>e<10% SENSOR DESCRIPTION
_ dl © £<5% Mast type: Streetlight
Sensor height: 6 m
K Radiation shield: Yes
0 0 2 4 6 Mechanical ventilation: Yes

Parameters: D. b. temperature (°C)
Relative humidity (%)

Source: NUfez-Peird et al. (2021a; 2022)
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Future prospects and next steps . EPIU Getafe 6 This pojctiscoinanced by

the European Regional Development Fund
Hogares saludables e through the Urban Innovative Actions Initiative
POVERTY

EUROPEAN UNION
erpnan gl St ot

1. Limited representativity of the morphed weather files. Approach the microclimatic scale. EPIU Project (2019 — 2023)
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- * Gateway
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°
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O o5 1 2 * Mobile site
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1. Limited representativity of the morphed weather files. Approach the microclimatic scale. EPIU Project (2019 — 2023)
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1. Limited representativity of the morphed weather files. Approach the microclimatic scale. EPIU Project (2019 — 2023)
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Future prospects and next steps . EPIU Getafe 6 This pojctiscoinanced by

the European Regional Development Fund
Hogares saludables e through the Urban Innovative Actions Initiative
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1. Limited representativity of the morphed weather files. Approach the microclimatic scale. EPIU Project (2019 — 2023)
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Future prospects and next steps

9
GOBIERNC MINISTERIO
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ESTATAL DE
INVESTIGACION

1. Limited representativity of the morphed weather files. Approach the microclimatic scale. MATEMAD Project (2021-2024)
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Funded by
the European Union

Future prospects and next steps
BUILDSPACE

2. Limited replicability of the morphed weather files. Standardisation and scalability. BUILDSPACE Project (2023-2026)

BUILDSPACE APPLICATIONS BUILDSPACE CORE PLATFORM

CONSTRUCTION, RENOVATION &
MONITORING
(Building level)

ANALYSIS, FORECAST &
RESILIENCE
(City level)

USER MANAGEMENT

DATA DISCOVERY

DT Exposure to SE3: Built Environment Climate
city layer Scenarios DATA FEDERATION LAYER

SE1: Digital Twin Generation
SE4: Urban Heat Analysis and

Resilience

CORE AND EXTERNAL SERVICES LAYER

SE2: Digital Twin Enrichment

SE5: Urban Flood Analysis and External data repositories, IoT data, etc.

Resilience
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Funded by
the European Union

Future prospects and next steps

BUILDSPACE

2. Limited replicability of the morphed weather files. Standardisation and scalability. BUILDSPACE Project (2023-2026)

BUILDSPACE APPLICATIONS BUILDSPACE CORE PLATFORM

CONSTRUCTION, RENOVATION &
MONITORING
(Building level)

ANALYSIS, FORECAST &
RESTILIENCE
(City level)

USER MANAGEMENT

DATA DISCOVERY

DT Exposure to SE3: Built Environment Climate

city layer Scenarios DATA FEDERATION LAYER

SE1: Digital Twin Generation
SE4: Urban Heat Analysis and

Resilience

CORE AND EXTERNAL SERVICES LAYER

SE2: Digital Twin Enrichment

External data repositories, IoT data, etc.

SES: Urban Flood Analysis and
Resilience
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Funded by
the European Union

Future prospects and next steps
BUILDSPACE

2. Limited replicability of the morphed weather files. Standardisation and scalability. BUILDSPACE Project (2023-2026)
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Thank you!

Creating a set of urban weather files from a monitoring campaign

Recent experience and future prospects

Miguel Nuinez Peird
Postdoctoral Research Fellow
Universidad Politécnica de Madrid (UPM)

miguel.nunez@upm.es
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Micro-Climate
Change and
Envelopes

27-28 April 2023

weblink 27 https://attendee.gotowebinar.com/register/5553039925833124444
weblink 28 https://attendee.gotowebinar.com/register/7383370544312786009

Generating a temperate microclimate despite climate
change, implies understanding, modelling and
designing thought through thermodynamic processes.

Linking the mesoscale to envelopes, this seminar is
structured in thematic chaired sessions with keynote
speakers introducing their research and practice.

Organized by:

Emanuela Giancola
5 CIEMAT

Emanuele Naboni
‘; P UniPR, Royal Danish Academy , UNSW, UC Berkeley, SOS Mario Cucinella

Microclimate, Form and Surfaces

Impact of reflective materials on
outdoor and indoor microclimates

PhD Agnese Salvati

' UNIVERSITAT POLITECNICA
I DE CATALUNYA
BARCELONATECH

arquitectura, energia i medi ambient



PhD Thesis
The compact city in Mediterranean climate: heat island, urban morphology and sustainability

2021 - Current Lecturer
Department of Architectural Technology
Research group AIEM Architecture & Energy
Barcelona School of Architecture ETSAB
Polytechnic University of Catalonia UPC

2018 - 2021 Research fellow
Resource Efficient Future Cities, Institute of Energy Futures
Brunel University London, London, UK

2017 - 2018 Research Fellow
Low Carbon Building group
School of Architecture
Oxford Brookes University, Oxford, UK

2017 Postdoctoral researcher
School of Architecture
Universidad Catolica del Norte, Antofagasta, Chile

2016 Double PhD title
Sapienza University of Rome PhD programme in
Engineering-based Architecture and Urban
Polytechnic University of Catalonia PhD programme in
Architecture, Energy and Environment

https://futur.upc.edu/19013190


https://aie.upc.edu/en_US/

EPSRC Urban albedo computation in high latitude
s locations: An experimental approach

Aim of the project:

To investigate the impact of urban geometry and
materials on urban albedo and its impact on:
« outdoor thermal comfort
* building overheating risk

https:/ /research.kent.ac.uk/urbanalbedo/

Prof. Marialena Nikolopoulou (PI) Centre for , _ o ,
Dr Giridharan Renganathan (Col) nnt Architecture & Prof. Maria Kolokotroni (Col) - BT!JHElOt Prof. Bala Vaidhyanathan (Col) Loughborough
Dr Richard Watkins (Col) I( - Sustainable Dr Agnese Salvati (PDRA) Lnl\éjerSI y Dr Aashu Anshuman (PDRA) University
) School of Architecture | Environment (CASE) ¢ ondon

Dr Alkis Kotopouleas (PDRA



Kl
Urban albedo the ratio of the outgoing to the incoming

Kt shortwave radiation at the upper edge of the urban canopy
layer (roof level).

¢ Depends on:
SURFACES > solar reflectance of materials
FORM > Urban geometry
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Kl
Urban albedo the ratio of the outgoing to the incoming

Kt shortwave radiation at the upper edge of the urban canopy
layer (roof level).

¢ Depends on:
Ka - SURFACES > solar reflectance of materials
- FORM > Urban geometry

Kl
Kt
" NG L Low urban albedo value is responsible for:

A * intensifying the urban heat island
« Negative impact on outdoor thermal comfort
* Increasing overheating risk of urban buildings
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Methods

A residential area in
London is used as case
study

' In situ measurements

Physical model monitoring

Microclimate and building performance simulations



In situ measurements

Incoming and reflected radiation at different heights




Physical model monitoring

Incoming and reflected radiation at different heights

Brickwork Curtain wall Aluminium cladding
(73% bricks, 24% glass and 3% wood) (3m2on each side covering 40-44% of fagade) (3m?on each side covering 40-44% of fagade)

Changes on
facades

v

=" Gityon HIW = 1/161

Concrete paving Grass Snow
(82% tarmac & 18% paving) (82% grass & 18% paving)

Changes on
the horizontal

v
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Microclimate simulations (ENVImet)
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Microclimate simulations (ENVImet)

ENVImet performance

Vs site measurements

Overestimates reflected radiation at the Street level
Underestimates reflected radiation at the roof level

ENVI-met vs measured albedo

o Street level
A Second floor

x Eaves height

0.125
o 0.100 -
=
g °
3 o
o
w ® o X
A K1
0.075 - on LA x
%
Ay
g A
A X
& X
0.050 T T
0.050 0.075 0.100

Measured Value

0.125

160

Vs Scale Model measurements

POINT 1

/m2
[EEG Y
N B
o O

100

0
o

B
(@)

Reflected radiation (W/m2)
o
o

N
o O

0:00 6:00 12:00 18:00 0:00

Time
Measured reflected radiation (1)

ENVImet 4.4.6 BETA - Reflected
Radiation (1)

POINT 2

0:00 6:00 12:00 18:00 0:00

Time
Measured reflected radiation (2)

ENVImet 4.4.6 BETA -Reflected
Radiation (2)



Microclimate simulations (ENVImet)

Facades:

Changing facades’ reflectance

SR =0.19 (Tarmac and concrete paving)

SR = 0.05 (Glass) ~ 22% of the facade area

SR =0.32 -0.43 (bricks) ~ 50% + 0.56 (light-colour paint) ~ 45% +
0.08 - 0.2 (dark colour paint) ~ 5%

Reﬂective scenarios ........................................................................................................................................................................

Changing paving reflectance

Combined scenario

R_05 R 03

q
(]

R_O5_F_06-03 R_05_F_06-01

Colour legend:

SR=005 [ SR=01 [ SR=019 [ SR=03

SR=05 []SR=06 [ ] SR = as in baseline model

Impact of reflective scenarios on
urban canyon albedo

BC
F 06

F_06-03
F_06-01
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Microclimate simulations (ENVImet)
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Microclimate simulations (ENVImet)
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High reflectance roads increase urban albedo
and reduce air temperature in wide canyons

BUT

Also increase the mean radiant temperature,
with negative impact on outdoor thermal
comfort

Higher road reflectivity and lower facades
reflectivity in the bottom part would be the
best strategy for residential areas in London



Building overheating risk (EnergyPlus)

ENVImet model EnergyPlus model

ENVImet outputs are used to run EnergyPlus
simulations to assess the impact of reflective
scenarios on building indoor thermal conditions

16m

> Cool walls have a slight positive effect

> High reflectance on roads has a negative impact on indoor
operative temperatures, entailing some risk of increasing the
building cooling loads and heat stress.

SR Facades:
high
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Local UHI mitigation through
green roofs in mediterranean
environments
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UHI mitigation: which strategy for which
context?

UHI intensity depends on many factors: urban fabrics, geo-morphological conditions, macroclimatic emplacement
Similarly, mitigation strategies can be very different in effectiveness across contexts, and could include at least:

- Green infrastructure at street level

- Nature based solutions (blue, green) incorporated in buildings’ envelopes
- Cool materials for pavements, roofs, sometime facades

- Urban ventilation

- Geothermal cooling

- Urban blue spaces

- Interventions in urban fabrics



UHI mitigation: which strategy at which scale
of intervention?

UHI is a city phenomenon, tipically more intense in the center and quite depending on city size.

However, recent studies put in evidence that local spots (hot and cold) are always present and may be the key
concept to be considered in developing mitigation strategies.

At different scales of analysis and intervention, different methodologies should be use



This presentation:

Green roofs as preferred mitigation strategy
Mediterranean environments: Barcelona and Valparaiso
Two scale of analysis: from the whole city to exposed sectors

Two very different tools: INVEST (case 1: Barcelona) and ENVIMET (case 2: Valparaiso)



Mediterranean climates

Following Koppen-Geiger classification,
Mediterranean climates are part of the
temperated climates and locates
between latitude 30 and 45 in both
hemispheres. This include the Pacific
coast of the American continent, the
Medierraenan Sea basin, and some small
parts of South Africa and Australia.

Urban form is quite different across
Mediterranean cities. In general, North
America, Australia and South Africa
present a more disperse urban structure,
while in Europe and South America a low
or medium urban density is priviledged.

Los Angeles

Valparaiso

Barcelona Rome
e @ " Beinut
Aigiers~ Athens ®







Strategy to mitigate UHI: green roofs

* Only high-density blocks have been considered
* 15% of roofs’ surface was occupied with green

* Albedo, evapotranspiration and run-off retention properties were
changed



uhi_results_base
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Results:

* Local effect: cooling capacity increases of 13% in blocks with green
roof intervention

* Almost no global effect: average UHI intensity for the whole city
remains the same

* If mitigation strategy relates to exposition, cooling capacity increased
in the target points (where UHI intensity and the number of citizens
exposed were high)

* Multy-risk mitigation strategy: runoff is also reduced in a 30% for
target blocks



Limitations:

* INVEST is a tool that simplify the calculation of cooling capacity by
using albedo and evatranspiration of vegetal surfaces as main
parameters

* No ventilation effect is considered, nor accurate radiation exchange is
accounted

* No 3D assessment of urban temperature is done
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Strategy to mitigate UHI: green roofs

* All roofs in the sectors have been considered
* 0-50-100% of roofs’ surface was occupied with green

* Albedo and evapotranspiration properties have been modeled in
Envi-met

e A set of simulations was conducted for summer and winter solstice at
different hours



Potential Air Temperature

below 22,10 °C

22.10 to 22.20 °C
22.20 to 22.30 °C
22.30 to 22.40 °C
22.40 to 22.50 °C
22.50 to 22,60 °C
22,60 to 22,70 °C
22.70 to 22.80 °C
22.80 to 22.90 °C
22.90 to 23.00 °C
23.00 to 23.10 °C
23.10 to 23.20 °C
23.20 to 23.30 °C
23.30 to 23.40 °C
23.40 to 23.50 °C
23.50 to 23.60 °C
23.60 to 23.70 °C
23.70 to 23.80 °C
23.80 to 23.90 °C
above 23.90 °C
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Advantages and limitations:

* Envi-met is a complete tool to simulate urban climate, however it is
time-consuming and the computational power the is needed to run
the simulations is high

* Air temperature vertical profile is obtained, allowing more informed
decisions on the specific benefit generated by each green roof
intervention

* Air circulation and precise long-wave radiation exchanges are
considered



Conclusions:

* Green roofs are important to reduce local UHI intensity in
Mediterranean climates

* Benefits should be accounted at different scales, using different tools
for different pouposes

* INVEST is very usefull to communicate the general improvement that
can be obtained by a diffuse intervention in buildings

* Envi-met is needed to specifically test the influence of green roofs in a
city sector, and should be used to design the interventions
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Urban shaderade
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Assumption

A cell blocking beam solar radiation during hour h would:

* shade the window reducing cooling energy use (if present).

* prevent solar gains increasing heating energy use (if present).
* increase electric lighting use (if present).

A cell absence would have the opposite effect.

n

Z(sfxbf)x(C—H—L)

h=1

CE, , (-) = effect of cell i on window w

h = relevant hours used for energy and solar beam simulations for each w
n = all the relevant hours

Sf = shading factor (0-1)

bf = beam factor (0-1)

C, H and L = simulated cooling, heating and electric lighting energy use

De Luca, F. and Sepulveda, A. 2023, Urban Shaderade. Building Space Analysis Method for Energy and Sunlight Consideration in Urban Environments. CAAD Futures 2023.



De Luca, F. and Sepulveda, A. 2023, Urban Shaderade. Building Space Analysis Method for Energy and Sunlight Consideration in Urban Environments. CAAD Futures 2023.
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Fulfilling EN 17037
Sunlight exposure

Not fulfilling EN 17037
Sunlight exposure

Energy Solar Envelope

Conceptual building mass

De Luca, F. and Sepulveda, A. 2023, Urban Shaderade. Building Space Analysis Method for Energy and Sunlight Consideration in Urban Environments. CAAD Futures 2023.



ESE (kWh/ym?)

300

250

[
o
o

50

Paris Athens
300

Tallinn
300

250 250

N

o

o
[
(=]
o

ESE (kWh/ym2)
[y
3

ESE (kWh/ym?)
&
o

=
[=]
o

(€3]
(=]

100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
Existing (kWh/ym?) Existing (kWh/ym?) Existing (kWh/ym?)

® Mixed buildings @ Office buildings ® Residential buildings

De Luca, F. and Sepulveda, A. 2023, Urban Shaderade. Building Space Analysis Method for Energy and Sunlight Consideration in Urban Environments. CAAD Futures 2023.






Future work

Improve usability and constructability of the conceptual building mass
Larger cells
Trade-offs between existing premises energy use reduction and new building massing uniformity

Performance analysis of the generated building mass

Outdoor environment
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Generating a temperate microclimate despite climate
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designing through thermodynamic processes.
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Cooling the City: Mitigation
of Heat Extremes through
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Climate change and Built environment

Introduction _—
Facet Building Street Canyon Urban units Built features ~ Greenand Urban climate Typical Climate
N . ; water phenomena horizontal scale'’
features length
scales
Climate change and Built Facet Roof, wall, road Leaf, lawn, Shadows, storage 10x10 m Micro
environment pond heat flux, dew and
frost patterns
Element Residential Tree Wake, stack plume 10x10 m Micro
building, high-
A R rise, warehouse
Canyon Street, canyon  Line of Cross-street 30 x Micro
street trees shading, canyon 200 m

or gardens, vortex, pedestrian
river, canal bioclimate,
courtyard climate

Block City block Park, wood, Climate of park, 0.5x Local
(bounded by storage factory cumulus 0.5 km
canyons with pond
interior
courtyards),
factory
Neighbourhood City centre, Greenbelt, Local 2x2km Local
or Local residential forest, lake, neighbourhood
Climate Zone (quarter), swamp climates, local
E industrial zone breezes, air
E pollution district
E City Built-up area Complete  Urban heat island, 25 x Meso
E urban smog dome, 25 km
: forest patterns of urban
E effects on humidity,
8 wind
10-100 m' Urban region City plus surrounding Urban ‘plume’, 100 x Meso
‘T’ countryside cloud and 100 km
1-100 10,000 1-1,000 precipitation
3 m? eap anomalies

Adapted from Oke et al., 2017
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Cooling the City: Mitigation
of Heat Extremes through
Adaptation Strategies for

Gimate* " Modeling scales and approaches

Introduction . . i .
_ Urban growth affects the atmospheric processes developing consequently distinct urban climates.
o ) YL I Urban climates range over different time and horizontal space scales.
Knowledge gaps &
Research questions Horizontal scales Detail of city representation Modelling & simulation approaches
Methodology
Preliminary results i. Global / regional 7 ;n?lfiﬁed vegetation canopy 20
. domain size  O(1000 to 100 km) ‘ , U PEOCERSES
Conclusions model resolution ~700 to 10 km z slab models o =0
Aps As
il. City generic street canyon ‘[
. b roof and street-canyon H
domain size O(/00 to 10 km) rocesses modelled
model resolution ~5 to 0.3 km p_ )
N\ single- / multi-layer canopy o = 0 —
models w

iii. Neighbourhood

domain size O(/0 to 0.1 km)
model resolution ~10to I m

complex urban canopies
building-induced processes
resolved

building-resolving simulations  OH #0

74

iv. Building
domain size O(/00 to 10 m)
model resolution ~4 to < I m

indoor / outdoor environments
coupled processes resolved

V)l
/7)) 7

indoor-resolving simulations

Hertwiq et al.. 2020
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Knowledge gaps & Research questions

Models at different scales provide a not detailed description of the built
environment.

Lack of studies that adopt advanced UCMs in
the EMME.

Identifying a tool that considers all the city’s
fluxes is challenging.

Cities parameterization in UCMs considers
very generally urban features.

www.cyi.ac.cy
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Gimate " Knowledge gaps & Research questions

Introduction

Modeling Approaches

Knowledge gaps &
Research questions

Methodology

Preliminary results

Conclusions . o
RQ.1 How can we better model the urban environment considering

environment. current and future climates?

Models at different scales provide a not detailed description of the built

Lack of studies that adopt advanced UCMs in RQ.1.1 Which are the most reliable modeling schemes for urban
the EMME. mesoscale simulations?

RQ.1.2 Which are the most suitable and reliable tools for urban

Identifying a tool that considers all the city’s
microclimate simulations?

fluxes is challenging.

Cities parameterization in UCMs considers RQ.1.3 Can a detailed description of the built environment be used
very generally urban features. to tailor urban mesoscale simulations?
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Cooling the City: Mitigation
of Heat Extremes through
Adaptation Strategies for

Cities in a Semi-arid
Climate

Methodology

Methodology

Weather Research and Forecasting (WRF) model
Nested simulations:

- d01: Eastern Mediterranean and Middle East
(EMME) region - 12km horizontal resolution

- d02: Levant region - 4km horizontal resolution

- d03: Greater Nicosia - 1km horizontal resolution

Simulation period: 27.07.2021 - 05.08.2021

Land surface scheme: NoahMP (dynamical
vegetation option = ON)

Urban parameterization schemes:
Bulk - BEP - BEP/BEM 20°E 25°E 30°E 35°E 40°E 45°E

Convection permitting option = ON
Variables investigated: T2, T2MAX and T2MIN

www.cyi.ac.cy



Cooling the City: Mitigation
of Heat Extremes through
Adaptation Strategies for
Cities in a Semi-arid
Climate

Preliminary results

Preliminary results
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35.00
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Evergreen Forest
_- - Mixed Forest
. Closed Shrublands
Open Shrublands
- Grasslands
|
Croplands
. Urban and Built-Up
[ |
. . . . - Cropland/Nat. Veg. Mosaic
- . I Barren or Sparsely Vegetated
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I ] I
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Land use index for MODIS_MODIFIED IGBP_NOAH
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Preliminary results

35.20

Evergreen Forest

Mixed Forest

te}
9 .l
™
. Closed Shrublands

= Open Shrublands
0
K u

Grasslands
0
=}
0 Croplands
™

Cropland/Nat. Veg. Mosaic

I LCZ 3: Compact Low-rise
- .‘ T LCZ 6: Open Low-rise
I I I

33.40 33.45 33.50 33.20 33.25 33.30 33.35 33.40 33.45

35.00

Land use index for MODIS MODIFIED IGBP_ NOAH
Lz Cass implemented with LCZ classification

LCZ Classification(Koutroumanou Kontosi, K. 2022)
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Preliminary results
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Adaptation Strategies for
Cities in a Semi-arid

Gimet Preliminary results

Introduction

Modeling Approaches

45

Knowledge gaps &
Research questions

- Comparison of observed and simulated 3

Preliminary results temperature extremes during daytime ? -
Conclusions . g
- Model output of a grid box nearest o _
observing city center station s 7
I I I g- o _|
- Daily average time series 5 3
- All the schemes follow the same -
variation ”
© | —— Observed
© Bulk
— BEP
- Overall, Bulk, BEP, and BEP/BEM 3 BEP+BEM
underestimate the temperature 2 2 8 = £ 8 s = =

” l% Tuae Cyprus

INSTITUTE

www.cyi.ac.cy



Cooling the City: Mitigation
of Heat Extremes through
Adaptation Strategies for
Cities in a Semi-arid
Climate

Introduction

Modeling Approaches

Knowledge gaps &
Research questions

” l% Tue CypPrus
I INSTITUTE

GlI-TCC

i

Conclusions

The schemes adopted follow the variation of the observed temperatures.

BEP shows a counter-intuitive behavior with cooler temperatures over the city compared
to Bulk. Therefore this aspect needs to be investigated in more detail.

Overall, BEP/BEM is slightly hotter than the other models due to the share of heat
generated by a/c systems.

LCZs provide too general built environment features precisely to be used as widely
as possible. But real built environment data are required to represent specific areas’
behavior better.

Therefore collaboration between the community of atmospheric modelers and
urban/buildings modelers can help overcome fundamental gaps related to the lack of
data that affect a thorough representation of the effect of climate change in the
cities.
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Urban microclimate and climate change

Urban
Residential

Lale Afternoon Temperature

© heatisland.Ibl.go i e © heatisland. bl.govi

e Urban population is expected to increase

e Higher air temperatures in urban areas compared with surrounding areas
* Increased frequency and intensity of heat waves

e Urban population exposed to poor air quality levels

* Human morbidity and mortality increase due to climatic reasons
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Urban microclimate and climate change
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* Adaptation strategies need to be evaluated and implemented to reduce heat stress in the

outdoor built environment
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Urban microclimate and climate change
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* Adaptation strategies need to be evaluated and implemented to reduce heat stress in the

outdoor built environment
e Itis essential to understand the full complexity of urban microclimate
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Research objective

 Combine numerical and experimental techniques to investigate the impact of climate
change on urban microclimate in a real compact heterogeneous urban area
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Research objective

 Combine numerical and experimental techniques to investigate the impact of climate
change on urban microclimate in a real compact heterogeneous urban area

Case study area

-

o™ U e
p‘,\'h

“

-

e Cyprus, Nicosia old city center

* Compact heterogeneous area of 0.247 km?
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 The methodology includes using full-scale field measurements, reduced-scale wind-
tunnel measurements, and CFD simulations

Full-scale field Reduced-scale wind- Computational Fluid Dynamics
measurements tunnel experiments (CFD)
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Multi-scale field measurements

Research objective:
* Obtain and analyze multi-scale field measurements

Novelty:
* High resolution dataset for validation of CFD simulations



: : A | TI A0 Ko
1. Multi-scale field measurements [ | University of Cyprus TU/e

regional-scale city-scale neighb.-scale street-scale
(>100 or 200 km) (> 10 or 20 km) (>1 or 2 km) (> 100 or 200 m)
Radiosoundings Meteorological Aerial thermography Ground based
stations Mobile met. stations thermography

Thermocouples

10



1. Multi-scale field measurements

ITavernotmpio Kdrnpou /
University of Cyprus TU e

Main findings:

e Multi-scale field measurements given insights into
the complex urban microclimate

53
50

47

41

T(°Q)

38

35

32

29

26
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1. Multi-scale field measurements

Main findings:

e Multi-scale field measurements given insights into

the complex urban microclimate

* Microclimatic phenomena like katabatic winds and
sea breeze strongly affect the intensity of the UHI

w

Humidity (%)

" Y
’
70 ,’
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!
o /
[}
I
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]
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1
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.

Wind Speed (m/s)
'S

w

University of Cyprus
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CFD and wind-tunnel analysis for
outdoor urban ventilation

Research objective:
 Develop and validate a CFD model for predicting outdoor ventilation

Novelty:
* Detailed evaluation of RANS and LES for predicting outdoor ventilation in real urban area
* Introducing a new ventilation indicator for outdoor ventilation (air delay)
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Building and Environment 126 (2017) 355-372

Contents lists available at ScienceDirect = Building and
Environment

Building and Environment

journal homepage: www.elsevier.com/locate/buildenv

CFD and wind-tunnel analysis of outdoor ventilation in a real compact
heterogeneous urban area: Evaluation using “air delay”

@ CrossMark

Nestoras Antoniou™”", Hamid Montazeri™, Hans Wigo®, Marina K.-A. Neophytou",
Bert Blocken", Mats Sandberg*

Research objective:
 Develop and validate a CFD model for predicting outdoor ventilation

Novelty:
* Detailed evaluation of RANS and LES for predicting outdoor ventilation in real urban area
* Introducing a new ventilation indicator for outdoor ventilation (air delay)




2. CFD and wind-tunnel analysis of outdoor ventilation

Wind-tunnel measurements

o,
N

[Tavemotpio Kuripou
University of Cyprus

TU/e .

* Atmospheric boundary layer wind tunnel

* Testsection:3mx1.5m

* Measurements at 1261 points along 38
vertical lines

* Wind velocity and turbulence intensity

15



2. CFD and wind-tunnel analysis of outdoor ventilation

CFD simulations

[Tavemotpio Kuripou
University of Cyprus

TU/e .

* Dimensions based on best practice guidelines!2

* Geometry based on the reduced-scale model

* 13.4 million hexahedral cells

I Franke et al. (2007) 2 Tominaga et al. (2008)

16
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5
Main findings: A
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* RANS is less accurate than LES in predicting [ mee
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Main findings: T/t

1

 RANS is less accurate than LES in predicting
urban ventilation

* Areas with higher building height variability
are better ventilated

18



CFD simulation of urban
microclimate

Research objective:
 Develop and validate a CFD model for predicting urban microclimate

Novelty:
e Detailed evaluation of URANS for predicting urban microclimate in real urban area
e \Validation with high-resolution field measurements
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Sdence of the Total Environment 695 (2019) 133743

Contents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www.elsevier.com/locate/scitotenv

CFD simulation of urban microclimate: Validation using high-resolution L))
field measurements

Nestoras Antoniou ***, Hamid Montazeri ", Marina Neophytou ?, Bert Blocken <

Research objective:
 Develop and validate a CFD model for predicting urban microclimate

Novelty:
* Detailed evaluation of URANS for predicting urban microclimate in real urban area
* Validation with high-resolution field measurements
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9th of July 10 of July 11t of July 12t of July

Main findings: -

40

* URANS can accurately predict air and - ﬁMa/\

surface temperatures in real complex s 7
urban environments 10
‘oo N B
0 24 .48 72 96
Time (hour)
10 9t of July 10t of July 11t of July 12% of July
roszz
. ,
o]
E |exp. @
5 CFD @

0 24 " 48 72 96
Time (hour)
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Main findin gs: Aerial thermal image 53°C

51

49

* URANS can accurately predict air and
surface temperatures in real complex
urban environments

47
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Main findin gs: Aerial thermal image

* URANS can accurately predict air and
surface temperatures in real complex
urban environments

* Possible reasons for deviations
between CFD and measurements:
Geometrical and materials
simplifications on CFD model

23



Climate change impact on urban
microclimate

Research objective:
* Investigate the impact of climate change on urban microclimate

Novelty:
e Coupling of CFD simulations and numerical climate prediction models



4. Climate change impact on urban microclimate

Methodology:

[Tavemotpio Kuripou
University of Cyprus

TU/e .

Field
Measurements

Relative humidity

Numerical Climate
Prediction

CFD simulations

Air temperature

| comfort

1

Radiation
modeling

Wind speed

Mean radiant
temperature

Thermal

(UTCl)

25
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Main findings:

 Temperature increase could lead to
more than 3 times higher heat-related
mortality

—@— 2010 CFD —@— 2050 CFD

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hour)

—8—2010 CFD —@—2050 CFD

0 2 4 6 8 10 12 14 16 18 20 22 24

Time (hour)
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16:00 2010

A

0 40 80(m) A
S — N

Main findings:

 Temperature increase could lead to

more than 3 times higher heat-related
mortality

 UTCI is expected to increase especially

in the afternoon hours HEAT STRESS HEAT STRESS  HEAT STRESS  HEAT STRESS  HEAT STRESS
16:00 2050 1.8 4

- L ST
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AEAT STRESS AT STRES S S
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* Temperature increase could lead to e
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in the afternoon hours 19:00
100 -
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* The time period that “very strong heat g
o 60
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g 40
expected to double, leading to higher .
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Bridging Climate Change Modelling and Engineering Design
for Sustainable and Resilient Adaptation Solutions

Vahid M. Nik

Kavan Javanroodi

Lund University

The content and materials in this PowerPoint
presentation are the intellectual property of
the presenters. They are intended solely for the
use of the designated recipient for the purpose
of “Micro-Climate Change and Envelopes:
Understanding, Modelling, and Designing”
webinar on 27t April 2023 and should not be
copied, shared, or used for any other purpose
without explicit written consent from the
presenter. Unauthorized use or distribution of
this material is strictly prohibited.
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Climate extremes and shocks

How to prevent or slow down climate change? How to face climate change?
How to decrease future risks?

Impact Assessment of Climate Change



CMIP3 models, SRES scenarios

CMIP5 models, RCP scenarios
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R. Knutti and J. Sedlacek, ‘Robustness and
uncertainties in the new CMIP5 climate model
projections’, Nat. Clim. Change, vol. 3, no. 4, pp.
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There exist several models and plausible scenarios for future
climate and none of them is more valid than the other.
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Urban Energy

Systems
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Nik, V.M., Perera, A.T.D., Chen, D., “Towards climate resilient urban energy systems: A review”, National Science Review. doi.org/10.1093/nsr/nwaal34.

Vahid M. Nik & Kavan Javanroodi

UNIVERSITY
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Climate Change
Urban/Micro Climate

Multiple variables
' Multiple variables

Energy Systems Retrofitting &
Renewable Energy Integration Designing Buildings

User Behaviour/Comfort

W

Urban Comfort

LUND S .
UNIVERSITY Vahid M. Nik & Kavan Javanroodi



Climate Change
Mitigation

Engineering
Design/Assessment

Climate Modelling

Climate Change

Adaptation
Challenges

Climate uncertainties
Large data sets
Spatial and temporal resolutions

Suitable climate data sets

Suitable methods for assessment and analysis

Vahid M. Nik & Kavan Javanroodi

UNIVERSITY



We have developed novel methods/approaches:
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Representative Future Weather Data 11, 2
Impact Assessment (1-g

Energy System Design and Control (s
Urban/Micro-Climate Simulation s, s

Statistical and Uncertainty Analyses (3

Nik, VM, “Making energy simulation easier for future climate - Synthesizing typical and extreme weather data sets
out of regional climate models (RCMs)”, Applied Energy, vol. 177, pp. 204-226, Sep. 2016.

Nik, VM, “Application of typical and extreme weather data sets in the hygrothermal simulation of building
components for future climate — A case study for a wooden frame wall”, Energy and Buildings, vol. 154, pp. 30-45,
Nov. 2017.

Nik VM. Hygrothermal Simulations of Buildings Concerning Uncertainties of the Future Climate. PhD thesis. Chalmers
University of Technology, 2012.

Perera ATD, Nik VM, Wickramasinghe PU, Scartezzini J-L. Redefining energy system flexibility for distributed energy
system design. Appl Energy 2019;253:113572.

Javanroodi K, Nik VM, Giometto MG, Scartezzini J-L. Combining computational fluid dynamics and neural networks
to characterize microclimate extremes: Learning the complex interactions between meso-climate and urban
morphology. Sci Total Environ 2022;829:154223.

Nik VM, Moazami A. Using collective intelligence to enhance demand flexibility and climate resilience in urban areas.
Appl Energy 2021;281:116106.

Perera, A.T.D., Nik, V.M., Chen, D., Scartezzini, J.-L., Hong, T., “Quantifying the impacts of climate change and
extreme climate events on energy systems”, Nature Energy 2020;5:150-9.
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The interlinks between the climate model and the energy system model are not straightforward.
We developed a workflow to synthesize a pool of scenarios to link the climate model with the energy system model.

Scenarios represent extreme conditions
\_ for the robust part Y

Scenarios developed for

. renewable energy potential Synthesized scenarios represent
uncertainty and extreme events due
to climate variations and grid

E conditions
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Perera, A.T.D., Nik, V.M., Chen, D., Scartezzini, J.-L., Hong, T., “Quantifying the impacts of climate change and extreme climate events on energy systems”, Nature
Energy 2020;5:150-9. doi.org/10.1038/s41560-020-0558-0.
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b Temporal resolution
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We further developed the workflow to interlink energy models and climate models at the urban/micro-climate level.

d Impacts, adaptation, and vulnerability
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We link urban/micro-climate models with mesoscale climate models for building and urban energy system analysis.

Microclimate

Urban energy __|
systems

Urban area ——<

Urban climate

Javanroodi, K., Nik, V.M., “Interactions
between extreme climate and urban
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Climate, 2020; 31:100544.
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How do urban climate (UCM), microclimate (UMM) and Mesoscale climate data (Meso) affect
climate variable fluctuations and energy demand profiles?
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Linking Urban Morphology to climate variations at the microscale using historical data. The
impacts on cooling, heating demands as well as indoor temperature.
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Microclimate data is crucial during extreme climate events (e.g. heatwaves, cold snaps)
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We introduced CFD-NN to provide Extreme Microclimate for unseen urban morphologies

Step 4 Generating IUAs & Database of CFD simulations

Performance of CFD-NN for unseen Urban Morphology
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Mesoscale modelling of urban overheating
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Research questions that motivate my work:

How to simulate the two-way, city scale interactions between cities, citizens and the
urban atmosphere?

How to quantify the city scale impact of mitigation/adaptation measures, based on
the modification of the city characteristics, on thermal confort and building energy
consumption? How these measures affect air quality?



Mesoscale models

Spatial resolution of the order of 1km, domain size of 100 km, simulations from several

days to months. A
a4
)= .
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UCL How to model the effects of atmospheric features

induced by urban hetereogenities with such resolution?

A parameterization is needed.




Philosophy of the parametrizations:

real idealized

equivalent
-
-
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—

Advantage: every building behaves in the same way and also every street behaves in the same way. By
computing the fluxes for one building and for one street, the fluxes for the whole grid cell can be easily
estimated.




BEP-BEM

BEP (Building Effect Parameterization, Martilli et al. 2002) is the multilayer urban canopy paramterization coupled to a
Building Energy Model (BEM, Salamanca et al. 2010), embedded in WRE

BEM

Feedbacks between urban
climate/meteorology and
building energy consumption

A




Currently with the model we can represent different measurs like

Cool roofs Cool pavements Irrigated green roofs (grass) Roof top solar panels
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What can we do with the mesoscale model with the urban canopy parameterization?

Maps of meteorological variables
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What can we do with the mesoscale model with the urban canopy parameterization?

Madrid during a heat wave

Maps of heat stress .
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Future directions of (meso) scale atmospheric modelling of urban overheating

Building energy model

Roof-top Photovoltaic
panel model
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