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ABSTRACT

SIMULATION-ASSISTED URBAN MICROCLIMATE EVALUATION
OF VERTICAL GREENERY ON HOUSING DESIGN MORPHOLOGY

IN TIRANA, ALBANIA

Goga, Re
M.Sc.,Department oArchitecture
SupervisorProf. Dr. Sokol Dervishi

Co supervisorDr. Ina Dervishi

Greenery use in buildings has become a trend and a topic of discussions amongst
the built environment community and abroad. One of the major elements affecting the
dispersion of modern environmentally friendly building envelopes is the need to better

the performance of the targeted buildings.

With cityscapes expanding both horizontally and vertically, green washed
buildings seem to appear more often on the scene of recently permitted buildings even
though the evidence to back up their claims on envirorshpetformance lack strong
backing from scientific studies. Agesult,the early design evaluation process on these
large parts of urban fabric is critical. While many studies have analyzed and evaluated,
different scenarios that consist of different égpof greenery use there is a gap in
literature regardingvhethergreenwashing relates to outdoor thermal comfort, and if so,
how much of an impact it has. This paper will attempt to answer this question by
analyzing a real case scenario, using simulation®btain data on two different
optimization scenarios that follow greenwashing techniques based on literature. The
goal of this paper is to guide and assist planners in Tirana and other cities with similar

climate circumstances to make the right decsihen planning new neighborhoods.



Keywords:morphology, thermal comfortpurtyards macroscale microscalejmpact,
optimization, sustainable, eartyesign, planning, UTCI



ABSTRAKT

VLERESIMI | PROJEKTIMIT NE FAZE TE HERSHMEPER
KOMFORTIN TERMIK TE JASHTEMQE OFRON GJELBERIMI
VERTIKAL NE TIRANE, SHQIPERI

Goga Ra
Master Shkencor, Departamenti i Arkitektures
UdhéheqgésiProf. Dr. SokoDervishi

Bashké udhé&heqéBr. Ina Dervishi

Pérfshirja e gjelbérimit horizontal dhe vertikal né ndertim tashmé éshte njé
tendencé e spikatur arkitektonike globale. Njé nga elementét kryesoré qé ka ndikuar né
shpérndarjen e kétij stili t& veshjes sé teave ka géné dhe mbetet nevoja pér té rritur
performancén termike dhe energjitike té ndertesave dhe uljen e ndikimeve negative té
kétyre té fundit né mjedis.

Zgjerimi urban i qyteteve né aspektin vertikal si dhe até horizontal ka |€né
gjithmon e mé shugnvend per aplikimim e modeleve té ndryshme té gjelbérimit edhe
pse né shumé raste mungojné evidencat shkencore té cilat vértetojné ndikimin pozitiv
té ndértesave té gjelbéruara né mjedis. Pér kété arsye analizimi i hershém, prej fazés sé
projektimit t& haésirave urbane té cilat kané pjesé té tyre ndértesa té gjelbéruara éshté
kritik dhe tejet i nevojshém. Ndérsa shumé studime kané vlerésuar dhe analizuar skenare
té ndryhsme té pérdorimit té gjelbérimit si pjesé e veshjes sé jashtme té ndértesave,
ekzistonnjé boshllék né literaturé lidhur me korrelacionin e mundshém midis komfortit
termik té jashtém dhe ndértesave té gjelbéruara. Ky studim do té pérpiget ti pérgjigjet
késaj pyetje duke analizuar njé zoné urbane ekzistuese né Tirané&, ku do té provohen dhe
mé pas analizohen performancat termike té dy llojeve té gjelbérimit né ndértesa, atij
vertikal dhe horizontal. Duke pérdorur programe té avancuara simulimi do té analizohet

komforti termik i jashtém ne shkallé mikro dhe makro per zonén urbane té zgjedhur.



Qéllimi 1 kétij punimi éshté té udhézojé planifikuesit né Tirané dhe gytete té tjera me
rrethana té ngjashme klimatike pér t'i ndihmuar ata té marrin vendimet e duhura kur

planifikojné lagje té reja né té cilat mund té pérdoret gjelbérimi si pjesé e ntdértim

Fjalét kyce:morfologji, komfort termikpborre € brendshme, shk&imacro, shkak
micro, impakt, optimizim,géndrueshréri né aspekt mjedisoprojektimi herském,
planifikim urban UTCI
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CHAPTER 1

INTRODUCTION

1.1 Overview

The issue of population density umban areas has been a subject of significant
concern in urban planning since the f2ith century, and its importance has continued
to grow over time. Urbanization witnessed a notable upsurge between 1990 and 2015,
with the proportion of individuals residy in urban areas rising from 43% to 54%. It is
projected that there will be a sustained increase, with a potential attainment of 80% by
the year 2050. The significant influx of individuals towards urban areas has occurred
due to various factors and haserged as a crucial determinant in the formation of cities
(Al-Kodmany & Ali, 2018). The number of megacities, defined as cities with a
population exceeding 10,000, has also witnessed a notable surge. In 1990, the number
of cities falling under this categpwas limited to one, whereas it is projected that by
2025, the count will increase to approximately 30. The proliferation of megacities
globally is a matter of concern, particularly in light of projections indicating that their
populace may escalate frd0,000 to 50,000, owing to an annual increase of 80 million
individuals in the global population (Adodmany & Ali, 2013).

The rapid expansion of cities vertically and horizontally has led to a vast number
of issues impacting human life. Some of thesadssare directly correlated with the
built environments thermal performance. Even though major advancements have been
made in the field of building energy and thermal comfort in building scale but on the
other hand very little to no assessments have ba€le on large scale regarding outdoor

human comfort.



1.2 Motivation & Background

According to the United Nations, one of the primary concerns of the built
environment, particularly in vast urban fabrics, is energy poverty. Many individuals are
deprived of energy and encounter difficulty in maintaining a sufficient degree of thermal
comfort in their homes as energy expenses rise and energy services become
inaccessible. Furthermore, energy poverty contributes to additional problems such as
poor ar quality, a lack of essential amenities, and socioeconomic inequities. As a result,
addressing energy poverty is critical in order to enhance quality of life and reduce

energy consumption in urban areas.

A number of studies have been conducted to exathmdéBalkan Peninsula's
energy poverty, a region that has been severely afflicted by the issue. These studies have
centered on residential building energy efficiency, energy poverty indicators, and the
impact of energy poverty on daily life. According testady conducted in Albania,
energy poverty is a majassue, with nearly 70% of families having difficulty sustaining
appropriate thermal comfort. Additionally, the study found that energy poverty is
particularly widespread in rural areas and amongitfmeme households. Overall, these
studies indicate that addressing energy poverty in the region is critical to provide access

to energy services and enhance the thermal comfodrpeahce of large urbaabrics.

Addressing global environmental control issigesnperative fohumanity. Our
impact on the environment has risen significantly as the world's population has grown
and our technical power has increased. Climate change, biodiversity loss, and poor
qualityurban living conditions are all serious envingentalissues that must be

addressetb preserve a sustainable and healthy environment for future generations.

Sustainable urban design and performdmaged design are essential for a
variety of reasons, both on a global s@ald withinregionaland naibnal scales.
Worldwide, the built environment has a tremendous impact with regard to the
environment and the welleing of urban residents. The building and design of cities
has the capacity to contribute to or alleviatironmental and social issuesgch as

climate change, air pollution, and socioeconomic inequality.

There isgreat emphasis on sustainability in the built environment in Europe. The

European Union has put initiatives placeto encourage sustainable building



techniques, such as the EgyerPerformance of Buildings Directive (EPBD) and the
Nearly Zero Energy Buildings (NZEB) criteria. These regulations establish criteria for

building energy efficiency and promote the use of renewable energy sources.

The Balkans peninsula is also promotsuggtainability in the built environment.
Nations such as Serbia and Bosnia and Herzegovina have enacted national building
codes that specify norms for energy efficiency and the use of renewable energy in
buildings. Furthermore, several Balkan cities, idahg Belgradeand Sarajevo, have
developedneasures to improve the sustainability of the built environimehtding the
use of sustainable materialse promotion of green spacesid the implementation of

energyefficient building technologies.

Another notable projecin the promotion of sustainability in the built
environment is the European Union's taxonomy. The taxonomy is a categorization
system that seeks to provide a uniform and transparent framework for assessing the
environmental performance o€@omic activities such as building construction and
operation. The taxonomy comprises criteria for assessing the environmental
implications of various operations and serves as a reference for investors and

policymakers interested in promoting sustaingioéetices.

Overall, sustainable urban design and performdnased design are critical for
tackling an array of environmental and socioeconomic challenges. It is possible to
designcities that are livable and sustainable by considering the influence btitlhe
environment on the environment and the vbeling of people. The European Union's
taxonomy is a significant endeavor in this area, offering a framework for evaluating the
environmental performance of economic activities and supporting sustainattiegs

in the built environment.

Environmental control becomes considerably more crucial on a city scale. Cities
are getting more densely inhabited as urbanization progresses, and their environmental
challenges are becomimgcreasingly complex. Becausd high levels of energy
consumption and air pollution, urban heat islands are turning into a cogjoern in
many cities. Mitigating techniques, such as increasing vegetation cover, planting street
trees and green roofs, along with creating urban weg|dral’e been proposed to solve
this issue. Furthermore, built infrastructure such as cool pavemeligstiveor cool

roofs, and smart development can decrease energy use while simultaneously improving



air quality. These measures have been proven int§mestudies and articles to lower
air temperature by up to-®C in some instances, as well as reduce energy usage,

enhance air quality, and minimize stemater runoff.

Additionally, thermal comfort, both indoor and outdoor, is an important factor in
urban environments. Buildings should be designed and constructed considering
energyefficiency to maintain sufficierthermal comfort. Ventilation, insulation, and
shading are all critical components of eneefficient buildings because they minimize
the anount of energy required for heating and cooling while also improving interior air
quality. Cities may create healthier and sustainable environments for their residents by

implementing these measures.

On the other hand, energy efficiency is a key compoothbbth urban scale
optimization and performandeased design. Energgfficient buildings and urban areas
can assist imlecreasing the city's overall energy consumption, resulting in financial
savings for inhabitants and companies as well as a reducttbe urban area's carbon

footprint.

A comprehensive approach to larggale urban fabric performance has been
utilized in only a few instances (Abdollahzadeh & Biloria, 2022), and no research has
addressed these concerns withdbmplete inclusion of imgctful factors. This study

was driven by a void in comprehensive scientific research.

1.3 Thesis objective

There is a void in the research about the effects of particular climatic settings on
energy and thermal performance, despite the fact that buidinelope materials and
greenery are significant contributors to building energy performance and human and
thermal comfort. As a result, the current study intends to determine the climatic effect
on the early energy evaluation of the morphology of resiaesttuctures in the twenty
first century in Southeastern Europe, an area with a high degree of climatic variability.
Through simulations, the influence of buildingprphologyand vegetation othermal
outdoor comfortnay be assessed and utilized as parameters and design guides for both

new and existing homes in Southeast Europe and in places with climate patterns



comparable to those in the study region. Both better thermal comfort for the residents

and financial gainfor the local governments or private organizations are guaranteed.

1.4 Organization of the thesis

The structure of this thesis is organized into 6 chapters. The introduction,
overview, and objective of the thesis are presented in the first chaptbe $ed¢ond
chapter, the literature review and studies related to this paper are presented. Chapter 3
presents the method used to conduct the study. In the fourth chapter, the results are
illustrated and then discussed. The fifth chapter consists of optiomgaand

comparisons. Conclusions and references are immersed in the final sixth chapter.



CHAPTER 2

LITERATURE REVIEW

2.1 Theoretical background

2.1.1. Environmental comfort

Environmental comfort is a critical component of residential building design and
construction. Indoor environmental parameters tigmaperature, humidity, and air
quality can have considerable impact on inhabitants' health and productivity,
according to atudy published in the journal "Building and Environment" (Jia et al.,
2022). A different study, published in "Indoor Air" (Fisk, 2018) indicated that poor
indoor air quality might cause a plethafahealth problems, including headaches

andrespiratory isues.

Furthermore, according to a study published in "Energy Reports" (Zoure &
Genovese, 2023haturalventilation can be an efficient technique to enhance indoor
air quality while reducing the demand for mechanical heating and cooling systems.
Green roaf can also assist minimizing the urban heat island effect and increase
thermal comfort in residential buildings, according to a study published in "Building
and Environment " (Wang et al., 2022) Shading devices camial$o the reduction
of solar heagain andboost thermal comfort in residential buildings. (Diellado et
al., 2023)

These studies show the significanceingiorporating indoor environmental
factors in the design and construction of residential buildimgetter occupants' health

andproductivity.

2.1.2 Courtyards

Courtyards have displayed a considerable impact on the energy consumption,

human comfort, and thermal comfort of residential buildings. According to a study



published in "Frontiers of Architectural Research" (Tabadkani et al., 2022), courtyards
can help mmimize solar heat gain, resulting in reduced consumption of energy for
cooling. Another research indicated that courtyards can assist in promoting natural
ventilation in residential buildings, reducing energy consumption, and improving indoor
air quality.(Zhu et al., 2023)

In addition, according to a study published in "Sustainable Cities and Society"
(Lizana et al., 2022), courtyards can assish@neasinghermal comfort by providing
shade and minimizing the urban heat island effect. The overall theoméort of the
indoor environment can also be increased by courtyards. Courtyard oriented design
contributes to higher levels of indoor and outdoor huroamfort. (Leng et al.,
2020)Lastly, by promoting passive solar design and minimizing the needdbanieal
heating and cooling systems, courtyards can raidoce energy consumption. (Biz
Mellado et al., 2023)

Ultimately, these studies show that courtyards can have a considerable influence
on the energy usage, human comfort, and thermal comfort afergsl buildings.
Courtyards can assist in energy use redudiiorencouraging natural ventilation,
lowering solar heat gain, and promoting passive solar design. They can also increase
thermal comfort by shading and minimizing the urban heat island effecthermore,
by offering visual and auditory ties to nature, courtyards can promote human comfort.
According to the studies, incorporating courtyards into the design of residential
buildings can serve as method to increase energy efficiency and thditguaf the

indoor environment.

2.1.3 Albedo materials

The usage of albedo materials in residential urban areas may have significant
effects on residential building energy consumption and thermal comfort. According to
astudy published in "SustainaliBties and Energy" (Lope€abeza et al., 2022), using
high albedo materials can minimize solar heat gain, resulting in reduced
energyconsumption for cooling. Another research published in "Solar Energy"
(Enriquez et al., 2017) indicated that using albeddterials catessen the urban heat

island effect, improving thermal comfort in residential structurestuély published in



AEner gy and Bui | theutligaton ofalb®doenkateridlecdn assista t
lowering pollutants in the air and increagiindoor air quality. (Taha et al., 1997)

These research findings illustrate that the usage of albedo materials in residential
urban areas may result in significant impacts on residential building energy
consumption and thermal comfort. Albedo mater@@sminimize solar heat gain, the
urban heat island effect, and increas#oor air quality, all of which can reduce energy
consumption and increase thermal comfort. The research implies that using albedo
materials could create a more sustainable envirabhraed boost community well

being.

2.1.4 Greeneryusage inurban scale

The incorporation of various forms of greenarp urban residential bloclksan
have a substantial influence on energy consumption and otitdhmor thermal
comfort. According to atudy published in the journal "Energy and Buildings" (Vox et
al., 2022), the use of vegetation and trees canrhelmnize solar heat gain, resulting
in lower energy usage for cooling. A second study published in "Applied Thermal
Engineering" (Mazzeo &l., 2022) indicated that using green roofs can heipmize

the urban heat island effect, improving thermal comfort in residential buildings.

Moreover, according to a study published in "Urban Forestry & Urban Greenery"
(Ysebaert et al., 2021), the usagk green walls can enhance indoor air quality
by decreasing pollutants and increasing the amount of freshLastly,the use of
different kinds of greenery lowers tkaergy consumption of residential buildings,

notably in terms of heating and coolif{§eyam, 2019)

These studies show that incorporating various forms of greenery into urban
residential blockgan have significant positivenpacts on energy usage and outdoor
indoor thermal comfort. The use of trees, green roofs, green walls, and otb&tioeg
can aid in the reduction of solar heat gain, the reduction of the urban heat island effect,
the improvement of indoor air quality, and the promotion of a more sustainable
environment. Furthermore, thesearch show that using vegetation in urbamdesntial

blocks alsgpromotes community webeing.



2.1.5 UTCI

The Universal Thermal Climate Index (UTCI) is a key instrument for assessing
thermal comfort and forecasting thermal stress. According to the scientific literature,
the UTCI has its origindrom an approach proposed over 15 years ago by the
International Society of Biometeorology (ISB) Commission (Zare et al., 2018), and has
since been recognized as a standard for monitoring thermal stress in the European Union
(ISO 7933:2004).The UTCI is aomplete thermal condition indicator that takes into
account the combined influence of air temperature, humidity, wind speed, and radiation
as well as physiological data such as skin and core temperature, garment insulation, and
metabolic rate (Jendritzkyt e@l., 2011). This indicator is critical in the design and
optimization of building and urban area performance, particularly in the context of

climate change.

Prior to the establishment of the UTCI, other indices such as the Predicted Mean
Vote (PMV) or tke Physiological Equivalent Temperature (PET) were routinely
employed for measuring thermal comfort. However, these indices fail to account for the
effect of radiation, which can have a substantial impact on thermal sensation and stress.
Furthermore, theyail to account for individual physiologic responses, which might
result in varied amounts of thermal stress for individuals exposed to comparable

environmental conditions.

Several studies have shown the value of includli@! in the design and
planning ofbuildings and urban areas. (Gomez et al., 2018), for example, demonstrated
how the UTCI may be utilized to optimize the design of outdoor areas such as pedestrian

zones or public squares through incorporating shade and cooling elements.

The UTCI is a vial instrument for analyzing thermal stress and enhancing
building and urban design. Its introduction has greatly enhancathtleestanding of
thermal comfort and stress, and its use in design can result in more sustainable and

comfortable environments.

UTC I = a4(Ta, -TA)ysTa VP, Tmrt



2.2Previously related studies

Scientific literature has been assessed in order to establish a more accurate
predictive framework for early design performance evaluations of largeresalential

urban fabrics.

2.2. 1. AStudying impact of infrastruct
microclimate: Integrated multiparameter analysis usingOpen-FOAM 0

This study adopts a compelling and meticulous method to analyzing the
influence of infrastructure evelopment on urban microclimates. The authors
conducteccomprehensive multiparameter research of the microclimate changes
produced by infrastructure development using a numerical simulation tool
(OpenFOAM). The study's findings are noteworthy as theyigeonmportant insights
into the complicated links between urban infrastructure and microclimate. The authors
provedthe capability of modeling microclimate changes using the simulation
capabilities oOpenFOAM and identified many important factors that actp
microclimate in urban areas. The findings reveal that infrastructure development can
influence air temperature, relative humidity, and wind velocity, as well as the urban heat
island effect. The simplistic portrayal of urban geometry and the simutatestricted
scope are two of the study's limitations. The authors also highlighted the necessity for

additional confirmation of the findings through field measurements.

2.2.2. NAssessing the impact of ur be

demandbycoup i ng CFD and buil ding perforn

This study presents a novel technique to assessing the influence of urban
microclimate on building energy consumption. The authors investigated the association
between urban microclimate and buildiegergy consumption using a combined
technique of Computational Fluid Dynamics (CFD) and building performance

simulation.

The findings of this study are notable as they offer significant insight into the

complex links between urban microclimate and buildemgrgy consumption. The

10



authors have shown that the coupled technique is successful in properly predicting
building energy demand and have identified numerous key variables that impact
building energy demand in urban areas. The findings indicate thaturthen

microclimate has a substantial influence on building energy demand and that the

building envelope and HVAC systems are critical in managing building energy demand.

The study's limitations include the reduced representation of urban
morphologyand buiding parameters, as well as the simulation's limited scope. The
authorshighlightthe necessity for additional confirmation of the findings through field

measurements.

2. 2. 3. ADetail ed investigation of Ve
means of comptational fluid dynamics (CFD) in a tropical urban

environmentao

In this thorough study the authors examine how greenery affects the microclimate
in tropical urban areas using simulations of the environment both with and without
greenery to measure its impache authors employed Computational Fluid Dynamics
(CFD) for analysis.

This study's findings are noteworthy and give important insights into the function
of greenery in determining the microclimate of tropical urban areas. The authors
established the vidlity of utilizing CFD to simulate microclimate and greenery
impacts, as well as identifying multiple important variables that influence
microclimate in tropical urban areas. The findings indicate that vegetation has a
considerable impact on air temperaturelative humidity, and wind velocity, as well

as the urban heat island effect.

The simplifiedportrayal of urban geometry and vegetation factors, as well as the
simulation's limited scope, are some of the study's limitations. The authors also
highlightthe necessity for additional confirmation of the findings through field

measurements.

11



2.2.4. AUrban microclimate-and ener ¢

objective parametric urban design approach for dense subtropical
citieso
This study delivers a new anglétbe relationship between urban microclimate
and energy consumption in dense subtropical cities. The authors @esert:

objective parametric urban design technique that optimizes urban tesigh on the

tradeoff betweermicroclimate and energy ceamption.

The results of this researchgsundbreaking as they offer important insights
into the relationshifpetween urban microclimate and energy consumption. The authors
proved the efficacy of the multibjective parametric urban design approach in
optimizing urban design based on a tradfiebetween microclimate and energy usage.
The findings reveal that urban design has a considerable impact on the microclimate
and energy consumption of dense subtropical cities, and that an optimal urban design

may efficiently manage the tradeff between the two objectives.

The simplifiedportrayal of urban geometry and the simulation's limited scope,
are two of the study's limitations.

2.2.5. Al mpact of wurban morphol ogy

building energyload s . 0

This study provides a thorough examination of the effects of urban morphology
on urban microclimate and building energy loads. The authors assessed the influence of
urban morphology on microclimate and building energy loads using computational fluid
dynamics (CFD) simulations.

The authors have shown that CFD models may be used to examine the impact of
urban morphology on microclimate and building energy loads, and they have identified
many crucial elements that influence thegeractions. The authors of this study stated
the following parameters:

Building height and density: Building height and density may influence wind
patterns and shading effects in the urban environment, affecting the microclimate and

building energy loads

12



Building orientation: The orientation of a building may alter the quantity of solar
radiation it receives, which affects its energy loads.

Street geometry: The geometry of the street network, including street width and
intersection design, can influensgind patterns and air movement in the urban

environment, hence influencing microclimate and building energy loads.

Vegetation: The presence of greenery in the urban area may influence
microclimate through shading, cooling, and affecting wind patterns,hwihidurn

influences building energy loads.

Land use patterns: The distribution of residential, commercial, and industrial
areas, for example, can have an influence on the microclimate and building energy loads

in the urban environment.

However, there areertain limitations that must be recognized. To begin, the
simulations' portrayal of urban geometry is simplified, which may impair the accuracy
of the results. The simplified depiction of urban morphology may result in an
oversimplification of the compléty of reatworld urban environments, which may have
an influence on the conclusions validity. Also, the simulation scope limits the
generalizability of the results. To validate the findings, laggaile investigations and

more advanced models are reqdire

Furthermore, the authors emphasized the necessity for additional confirmation
of the data using field measurements. To verify the correctness and validity of the

results, CFD simulation results should be confirmed usingwedt measurements.

226.AAnal yzing i mpacts of wurban morph
density on outdoor microclimate for tropical cities: A review and a

framework proposal for future resear

This papeprovides a thorough examination of the effects of urban
morphologicalvariablesand density on outdoor microclimate in tropical cities. The
authors reviewed previous research and found critical elements that determine the link
between urban morphological variables, density, and outdoor microclimate in tropical

cities.

13



This study's findings are important for comprehending the intricacies of the
interactions between urban morphological variables, density, and outdoor microclimate
in tropical cities. The authors have provided a framework for future study that will
examine partular urban morphological variablaad their influence on outdoor

microclimate in tropical cities.

The limitations of this study include the limited scope of the literature review to
studies conducted in tropical cities, which may limit the generalipaldithe results
to other regions. Furthermore, the authors do not consider the influence of other critical
factors, such as vegetation and land use patterns, on outdoor microclimate in tropical
cities.

Ultimately, the authors have supplied useful infaiora about the effects of
urban morphological variablesd density on outdoor microclimate in tropical cities.
The approach established for future research provides a foundation for future studies
that might expand on the current study's results and sgldsdimitations. Researchers
and urban planners are encouraged to explore the suggested framework and concentrate
on specific urban morphological variabkesd their influence on outdoor microclimate

in tropical cities.

2.2. 7. Al mp a c terials bn urbanfcdnyomr albedo,®utdoa t

and i ndoor mi crocl i mates. 0

The paper examines the effect of reflectivaterials on urban canyon albedo
and urban microclimate by usimgimerical simulationsThe findings suggest that using
reflectivematerials in upan canyons may significantly increase albedo, reducing the

urban heat island effect and improving the overall microclimate.

This study, however, has many limitations. The simulations employed idealized
conditions that may not adequately reflect the iatiies of realvorld urban areas. The
authors also did not take into account the influence of diffeegons or times of day,

which might have a substantial impact on the results.

The study offers insight into the effectkreflectivematerials on urbananyon
albedo and microclimate. The findings imply that using reflecheg¢erials might

significantly enhance the microclimate of urban areas. Further study, however, is

14



required to better understand the intricacies of the interactions between reflecting

materials, albedo, and microclimate in rearld urban environments.

2. 2. 8. ARAssessing | ocal heat stress

sensing and pedestrian perception in urban microclimate simalt i on s 0

The influence of urban microclimate oochl heat stress and air quality is
examined in this study. The authors measure the microclimate in urban environments

using a mix of remote sensing data and pedestrian perception.

The study's findings provided insight into the connections between urban
microclimate, heat stress, and air quality. The study's utilization of remote sensing and
pedestrian perception data allowed for a more complete comprehension of urban
microclimates. The findings indicate that urban microclimate has a considerable
influenceon local heat stress and air quality, emphasizing the necessity of taking these

elements into account when planning and designing cities.

However, the study has certain limitatiombe authors simulated the
microclimate using a simplified model, which magt adequately depict the complex
interactions between the environment, buildings, and people irwoeld urban
contexts. Furthermore, the utilization of remote sensing and pedestrian perception data

may be prone to measurement error and biases, affeébi accuracy of the results.

The authors preseah approach for future studies to expand on the current
study's findings and address its limitations. To fully comprehend the intricacies of the
connections between urban microclimate, heat stress, raquadity in realworld urban

environments additional research is required.

2.2.9. AMi croclimate and human c¢omf
histor i ¢c urban quartero

The influence of urban microclimate on human comfort in a historic urban
guarteris exanined in this research. The authors provide a case study of a specific urban

guarter, assessing the microclimate and its impact on human comfort through the use of

several environmental factors such as temperature, wind, and sun radiation.
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Thestudy's findings highlighthe significance of addressing microclimate in the
planning and desigof historic urban districts. The findings imply that microclimate has
a substantial impacn human comfort in these environments, emphasizing the need of

corsidering microclimatavhile preserving and revitalizing histoticban districts.

However, the study had limitations. The authors concentrated on a single case
study, which may not adequately reflect the complexities of microclimate in other
historicurbandistricts. Furthermore, the study relied on numerical models, which may
not accurately represent the r@airld microclimate and its impact on human comfort

in historic urban districts.

The study highlightshe significance of addressing microclimatehia planning
and desigrof historic urban districts. The authors have offered an approach for future
studies to expand on the current study's findings and adtirdigsitations. Additional
research is needed to fully comprehend the complexity of micratgdiand its influence

on human comfort in historic urban districts.

2.2.11. AUrban building enErong3 and

ctygeng ati on to dynamic simulations. O

This paper examines the link between urban building energy consumption and
microclimate, as well as providesmethodology for modeling the intricate interplay
between these factors. The authors investigate the impact of several 3D city models, as
well as the use of dynamic simulations, on urban microclimate and consumption of

energy.

The study provides a comprehensive assessment of prior research on the subject,
emphasizing the limits and constraints of traditional building energy and microclimate
models. To provide a more accurate and thorough assessment of urban microclimate
and eergy consumption, the authors present a novel technique that blends 3D city

models, dynamic simulations, and building energy consumption models.

The study's findings indicate that the suggested framework may offer useful
insights into the link between wb building energy consumption and microclimate,
which can help guide urban planning and design decisions. The research also

emphasizes the need of considetimg dynamic character of urban landscapes, as well

16



as the need for multidisciplinary methods tthacorporate numerous models and

simulations.

However, the study's scope is restricted, and the findings need be confirmed in
reatworld case studies. Furthermore, the authors did not particularly address data
collectionand processing challenges, whiclayrbe a significant restriction in large

scale urban modeling and simulation initiatives.

The authors propose an effective framework for modeling urban building energy
and microclimate that takes the intricacies and dynamics of urban environments
consderation. Future research should, however, focus on confirming the findings in

realworld case studies and navigating data collection and processing challenges.

2.2.12. AExperi ment al Study of Ur bes

Canyons with Various Aspe¢  Rati os. 0

Thisstudy examinethe link between urban microclimate and street canyon
aspect ratios. A physical scale model was utilized in the study to examine the effects of
aspect ratio on outdoor microclimate variables such as air temperature, relative

humidity, and air velocity.

According to the study, street canyon aspect ratios have significant impacts on
urban microclimate, with higher aspect ratios resulting in greater air temperatures, lower
relative humidity, and higher air velocity. These findingmphasize the need of
including aspect ratios into urban planning in order to improve outdoor microclimate

conditions.

The use of a sma#icale physical model, which may not adequately depict the
entire spectrum of complexity and interactions in-weaild urban environments, is one
of the study's limitations. Furthermore, the study examined only a restricted set of
microclimate variables and ignored additional factors that might influence urban

microclimate, such as urban heat island effects and huniaityac

The study offers important insights into the impact of street canyon aspect ratios
on urban microclimate and emphasizes the need for additional research to better

understand the intricate interplay between urban designmicroclimate. Future

17



resarch should examinadditional microclimate variablesd apply the findings to

realworld urban contexts, according to the authors.

2.3Aim and Originality

The studies listed above show that there is a link between the morphology of
urbansettlements and regional microclimate conditions, as well as the amount of energy
utilized. However, a study of various optimization scenarios and large scale outdoor
urban performance would be a valuable addition to the existing information. The gaps

in the literature that this topic covers are detailed below.

There have been no previous studies that have simulated different models of

optimization within the same built environment morphological scene.

To date, there has been no scholarly investigationwziad on outdoor spaces
of significant scale in residential areas that were designed in the early stages. Previous
research, exemplified by Zhou et al. (2022), has conducted an examination and analysis
of diverse neighborhoods with differing densities]thia-unbuilt surface area, building
heights, and other relevant factors. The study conducted by M et al. (2020) explores the
effects of proposed morphology. However, rather than proposing alternative building
shapes and arrangements, the study focusasaiyzing various H/W ratio factors. At
the present time, there has been no academic study conducted on the effects of vertical
or horizontal greenery in regions with a Mediterranean climate. There is a dearth of
research on the effects of green facadesuildings in the Mediterranean climate, both
in terms of morphology and on a larger scale. Consequently, the objective of this paper
is to initiate a broader investigation into the assessment of early stage design, given the
widespread adoption of greegeas a prevailing global phenomenon. The issue of
population growth is a matter of global concern, and numerous urban studies have been
conducted in countries that have been grappling with this challenge for a considerable
period. In contrast, it is notewty that the issue of urban heat island effect has only
emerged in developing nations like Albania and several Mediterranean climate
countries in recent times. The primary objective of this research is to furnish planners
with a comprehensive frameworkrfgelecting the optimal morphology layout and

greening type that aligns with the specific climatic conditions prevalent in the region.
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CHAPTER 3

METHODOLOGY

3.1 Overview

The microclimate and thermal comfort of a city are significantly impacted by
high-rise constructions due their nature. Given that these buildings have a significant
influence on one another, their impact is significantly increased when taking into
account whole communities containing these structures. This research's primary goal is
to determine the effect of courtyard neighborhood morphology on outdoor thermal
comfort. Figure 1provides an illustration of the approach framework employed in this
investication. Selecting a residential urban area is the first stage in the procedure, after
which it will be computemodeledandsimulated The data will then be analyzed and
evaluated in order to provide a set of recommendations for future planners on how to
consider the impact of urban residential areas mixed with courtyard morphological

designs on outdoor thermal comfort.
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Figure 1. Methodology framework of the research

3.2 Climatic context

Comprehending the pivotal function aificroclimate in the performance of
buildings and the broader built environment is of utmost significance. The term
microclimate pertains to the specific climatic conditions that are present in a restricted
geographical region, such as a building or aloiteck. The environmental factors that
can affect the welbeing and satisfaction of individuals within a building may
encompass variables such as temperature, humidity, wind, and other related conditions.
The incorporation of microclimate analysis is actaliaspect in the design of buildings
and urban environments, as it plays a pivotal role in ensuring optimal levels of comfort,

health, and energy efficiency.
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The evaluation of thermal comfort in both outdoor and indoor environments can
be effectively coducted by considering the correlation between microclimate and
Universal Thermal Climate Index (UTCI). This correlation holds considerable
significance in this regard. The Universal Thermal Climate Index (UTCI) is a
comprehensive metric utilized for evalungy the effects of weather and environmental
factors on the thermal comfort of human beings. The Unified Thermal Climate Index
(UTCI) is utilized by architects and building designers to forecast and assess the thermal
conditions in various microclimatey lgauging the collective impact of air temperature,
humidity, wind speed, and radiation on the human body. This data can be utilized to
create architectural structures that offer maximum thermal satisfaction to inhabitants,

while simultaneously curbing ergy usage and mitigating ecological repercussions.

It is essential to comprehend microclimate and how it relates to UTCI when
developing healthy and sustainable structures and urban settings. Architects and
designers may construct pleasant, en&fjigient, and ecologically friendly buildings
by taking into account microclimate considerations. Architects may also make sure that
the structures they create will suit the demands of the people who will inhabit them,
enhancing their quality of life and genevalibeing. This is done by employing UTCI
to assess thermal comfort.

The capital of Albania, Tirana, has hot, dry summers and cold, rainy winters due
to its Mediterranean climate. Compared to other coastal cities, the city is 110 meters
above sea level, widh results in milder temperatures and lower humidity (Pervazi,
Krgiku, & Mahmutaj, 2021). The World Meteorological Organization reports that the
average annual air temperature in Tirana is 16.2°C, with July being the hottest month
and January being the Idest (World Meteorological Organization, n.d.). In the
summer, temperatures may rise as high as 35°C, while in the winter, they can fall as low
as 0°C.

Tirana's relative humidity is typically approximately 75%, with winter months
seeing the greatest legddecause of more precipitation (Kr¢iku, Pervazi, & Mahmutaj,
2021). The city gets 1,148 mm of precipitation on average every year, with July being
the driest month with just 32 mm of precipitation and December being the wettest with
202 mm (World Meteoralgical Organization, n.d.).
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A thermal inversion is produced by the city's valley position and mountainous
surroundings, which may trap air pollutants and worsen the city's air quality (EPA, n.d.).
In addition, because to its location in a seisraame, the city is vulnerable to
earthquakes. Buildings in Tirana need to be built to resist earthquakes since this might

affect how well they conduct heat and how efficiently they use energy (Rugova &
Brahaj, 2020).

In conclusion, Tirana's microclimate chateristics provide particular
difficulties for urban designers and architects. In order to design structures and urban
settings that are safe, pleasant, and sustainable, it is crucial to comprehend the numerical

data relating to air temperature, humidipyecipitation, and seismic activity.
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3.3 Case study selection

In order to perform any relevant analysis regarding urban thermal comfort and
urban thermal performance the case study selection had to be performed in depth.
During this phase a number of potential case studies came up but only the recently built,

affordd | e residential, | arge urban fabric of

3.3.1 Site selection

The chosen site is placed in a recently developed area of Tirana, Albania. The
aim is to evaluate the effects of morphology, greenery, orientation, depth, and facade
finishing of recently developed urban residential areas. To better understand the effects
of the contributors above in the urban outdoor environment and their impact on

Universal thermal comfort indicator.

Figure 3. Site location
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3.3.2Site description

Mangalem 21, designed by OMA Studio, is a mixisg development located in
the historic district of Mangalem in Tirana, Albania. The project was designed by the
Dutch architect Rem Koolhaas and his team with the aim of creating a contemporary
intervention within the historic fabric of the city while celebrating the area's rich cultural
heritage. The design was inspired by the traditional architecture of the Mangal

district, which features narrow streets and clogelgked buildings.

Figure 4. Mangalem 21 urban area site

The Mangalem 21 concept is described as a collection of several linked
structures, each with an own personalityguped around a number of core courtyards.
The structures are designed to create outside areas. Residential units and certain
commercial areas are included in the specified space division. The site's entiug built
area is more than 108,000 m2. This afteaseparated between a residential,

retail/lcommercial, and an underground parking sp@ibestrated inTable 1)



Tablel. Functional area distributions on site

Residential tot. area 97601m?2

Commercial tot. area 11084m?2

Underground parking tot. area 10140m?2
The outdoor area of this site is vast

area consists of thirtthreedifferent courtyards as illustrated &igure 5.

Figure 5. Mangalem 21's outdoor areas/ courtyards

These courtyards show a variety of differences in morphological indicators but
the primary characteristic we have focused on when conducting the divistbrs

25



research is enclosure. The courtyards are dividedtwo tables as seen below where
the enclosed courtyards are shownTaible 2and the norenclosed one are shown on
Table 4

Table2. Fully enclosed courtyard visualizatidPigne Axo, Section)

C0o1
Cco4
Co7
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C28

C29

To perform a detailed analysis on the morphology of the built environment where
these courtyards asgtuatedsome morphology indicators were calculated as shown on
Table 3

Table3. Courtyards morphology indicators

x(m) | y(m) | Avg. h (m) | Courtyard area (m?) | Facade area (m?)
Co1 19 11 14.8 209 754
Cco4 19 20 21.3 380 1797
Co06 21 21 19.0 441 942
Cco7 21 21 27.3 441 2371
Cl1 21 21 25.8 462 2189
Ci14 22 22 23.8 352 1551
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Ci7 | 22 22 20.5 352 1716
C23 | 22 18 26.3 396 2221
C27 | 40 40 22.3 1080 3064
C28 13 13 26.8 208 1481
C29 | 24 24 28.8 432 2415

Todistinguish and relate the performance of all outdoor area within the site, semi
open and open courtyards morphological indicators are taken into consideration. An

example of some of the semi open and fully open courtyards is illustrafieatbtan4

Table4. Nonenclosed Courtyards illustrations (Plafeo, Section)
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C13

C15
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Table5. Nonenclosed Courtyards morphology indicators

x(m) | y(m) | Avg. h (m) | Courtyard area (m?) | Facade aream?)
C02 26 17 16.0 442 1220
C03 | 25 22 20.0 550 1384
C05 20 22 23.3 440 1498
C08 22 22 22.7 462 1597
co9 | 13 13 18.0 169 556
C10 19 23 25.0 437 1384
C12 12 22 26.5 264 822
C13 22 16 23.7 352 1276
C15 22 25 19.5 550 1074
C1l6 18 16 19.5 288 1330
C18 9 17 22.0 153 936
C19 18 10 18.7 180 923
C20 22 16 21.7 352 1224
Cc21 8 22 23.3 176 1333
C22 6 12 17.3 72 431
C24 28 16 18.3 448 1202
C25 9 16 18.7 144 700

34



C26 14 24 23.5 336 811
C30 | 16 16 19.7 256 921
C31 | 24 16 26.7 384 1368
C32 20 11 24.7 220 894
C33 | 15 8 23.0 120 574

The courtyards are individually analyzed and the whdban fabric is computer
modeled and simulated via ENYfiet simulation software.

3.4 Computatioral simulation

3.4.1. Software description

For the purpose oforecasting air temperature, humidity, and the Universal
Thermal Climate Index (UTCI), Envi Met is a piece of software. The program simulates
the intricate connections between environmental parameters using -adtjag
algorithms and modeling approachesabling precise forecasting of how changes in
climate or land use can affect these variables. The program has a simple interface that
makes it simple to enter environmental data and isfusedly and simple to use. For
environmental scientists tryingo t understand how climate change and other
environmental factors are affecting these vital variables, it can provide very precise
forecasts of air temperature, humidity, and UTCI at various places and periods. For
environmental scientists who want to makesevchoices and advance their work
significantly, Envi Met is an essential tool. It has strong visualization features that make
it possible to analyze complicated data sets quickly and easily and spot patterns and
trends. Envi Met can assist in forecastagtemperature, humidity, and UTCI, which
is useful for researching the effects of climate change on regional ecosystems,
evaluating the efficacy of land use regulations, or trying to better understand the intricate

connections between environmental paeters.Envi Met simulations produce data
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through the use of a complex giidsed modeling system that takes into account a wide
range of environmental factors. The software divides the modeling area into a grid of

cells, each of which represents a speddtation in the modeled environment.

Each cell is characterized by a set of environmental parameters, such as
topography, land cover, and meteorological data. These parameters are used to simulate
the interactions between various environmental factorsluding solar radiation,

atmospheric conditions, and moisture content.

The accuracy of Envi Met's simulations is due in part to the software's ability to
take into account the unique characteristics of each individual cell. By modeling each
cell as a diseete entity, Envi Met is able to accurately simulate the complex interactions
between different environmental factors at a fine scale, resulting in highly detailed and

accurate predictions of air temperature, humidity, and UTCI.

The complexity of Envi Met' modeling system also allows for the simulation of
a wide range of environmental scenarios. By inputting different environmental
parameters and land use scenarios, researchers can simulate the impacts of climate
change, urbanization, and other environrakfatctors on airamperature, humidity, and
UTCI.

The Envi Met simulation software simulation Scenario is illustratédgare 6.

Where the buildings, the topography and site characteristics are inputted.

Figure 6. lllustrates the site buildings, and the cell like structure of the model
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3.4.2. Software data input

In order to perform the simulatiotinrough Envi Met, a set of input data is
required. The built environment part of t
of Envi Met. Since the chosen site is positioned in a sloppy terrain area, the topography
of the site i s demp,oratneodt htehrr opuagrht fioMont he E

After completing these steps, the simulation package requires a set of weather
i nput par ameters. These paramealredos Wietlki
AEngui ded t he micr oaméetensare eom@inedtogetteawithtieer p a
completed model into &IMX-file where the specific forcing for the simulation is
chosen as well as the specific date. As mentioned above, in order to analyze the thermal
performance and Universal thermal comfort itlee date chosen for the simulation is
the hottest day of the year 2022 in Tirana Albania, respectively the seventeenth of July
2022.

3.4.3 Software data output

After the simulation is completed the outputs of the simulation can be read and
visualizedt hr ough ALeonar doo, a n ot Bvenrthougmtlhee g r at
out put data is easily visualized through
and our interedfys on the outdoor areas within the recently constructed Mangalem 21
neighborhood, the output data is run through a python script in order to calculate average
values of UTCI for every courtyard during every hour of the day. An example of the

python script can be seen belowkigure 7.
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from shapely.ge ometry import Point, Polygon

import  csv

fileName =  "New Simulation 23.00.01 13.07.csv" #duhet ndryshuar sipas file ge deshiron te analizosh (file duhet bere upload me pare)
file = open (fileName, ")

data= list (csv.reader( file , delimiter= ")

file .close()

#listen me poshte e ndryshon sipas deshires, mjafton ge koordinatat e kulmeve te poligonit te jepen ne menyre ciklike
Cl=[( 112, 34),( 124, 340),( 124, 42),( 112, 42)]

C2=[( 100, 46),( 88, 46),( 80, 50),( 100, 50)]

C3=[( 112, 62),( 128, 62),( 112, 74),( 124, 74)]

ca=[( 92, 82),( 96, 82),( 96, 94),( 92, 94)]

C5=[( 132, 98),( 144, 98),( 144, 86),( 132, 78)]

ce=[( 76, 102),( 80, 102),( 80, 118),( 76, 118)]

C7=[( 108, 102),( 124, 104),( 124, 118),( 108, 118)]

c8=[( 152, 122),( 172, 122),( 172, 106),( 152, 106)]

co=[( 60, 118),( 72, 118),( 72, 138)]

C10=[( 92, 138),( 100, 138),( 100, 122),( 94, 122)]

Cll=[( 128, 126),( 148, 126),( 148, 138),( 128, 138)]

Cl2=[( 172, 126),( 172, 142),( 184, 142)]

C13=[( 108, 146),( 120, 146),( 120, 150),( 108, 150)]

Cl4=[( 152, 150),( 164, 150),( 164, 162),( 152, 162)]

C15=[( 192, 162),( 204, 174),( 208, 178),( 208, 182),( 216, 182),( 224, 174),( 228, 170),( 228, 166),( 224, 162)]
c16=[( 236, 166),( 232, 170),( 232, 178),( 236, 182),( 240, 166)]

C17=[( 124, 170),( 144, 170),( 144, 162),( 124, 162)]

C18=[( 168, 166),( 180, 166),( 176, 174),( 168, 174)]

Cl9=[( 148, 182),( 148, 198),( 164, 186),( 164, 182)]

C20=[( 196, 206),( 208, 194),( 212, 198),( 212, 202),( 208, 206),( 208, 210)]

C21=[( 232, 190),( 236, 190),( 236, 194),( 240, 198),( 232, 202),( 224, 202),( 224, 198)]
C22=[( 260, 202),( 264, 202),( 264, 206),( 260, 206)]

C23=[( 224, 218),( 228, 218),( 228, 222),( 236, 230),( 236, 234),( 228, 242),( 220, 234),( 220, 222)]
C24=[( 268, 214),( 288, 214),( 288, 226),( 268, 226)]

C25=[( 260, 230),( 264, 230),( 264, 242),( 256, 242)]

C26=[( 252, 246),( 236, 254),( 244, 254),( 244, 258),( 252, 258)]

C27=[( 268, 246),( 284, 246),( 296, 258),( 296, 262),( 304, 262),( 304, 282),( 296, 290), (292, 290),( 276, 274),( 268, 270)]

C28=[( 252, 270),( 264, 270),( 264, 278),( 260, 282),( 256, 282),( 252, 278)]

C29=[( 264, 290),( 280, 306),( 280, 310),( 276, 314),( 276, 318),( 268, 318),( 252, 302)]
C30=[( 316, 278),( 320, 278),( 324, 282),( 324, 290),( 320, 286),( 316, 282)]

Cc31=[( 288, 298),( 292, 298),( 308, 314),( 296, 314),( 288, 306)]

C32=[( 268, 334),( 276, 326),( 284, 334),( 284, 338),( 280, 306)]

C33=[( 292, 330),( 292, 334),( 300, 334),( 300, 322)]

#lista e shapes (me poshte) duhet te jete ne perputhje me listen e poligoneve percaktuar me lart

shapes = [C1, C2, C3, C4, C5, C6, C7, C8, C9, C10, C11, C12, C13, C14, C15, C16, C17, C18, C19, C20, C21, C22, C23, C24, C25, C26, C27,
C28, C29, C30, C31, C32, C33]

#lista e shapeNames d uhet te jete ne perputhje me listen e poligoneve me lart (emrat vihen sipas deshires)

shapeNames=[ "C1',"C2", "C3", "C4", "C5", "ce6", "C7", "C8", "Cc9", "Cci0", "Cc11", "C12", "C13", "Ci4", "C15", "Ci6", "C17", "C1i8",

"C19%, "C20", "C21", "C22, "C23", “Co4", "C25'. "C26", "C27", "C28", "C29", "C30", "C31", "C32", "C33"]
polygons = [Polygon(sh) for sh in shapes]
sums=[ O for sh in shapes]

counts=[ 0 for sh in shapes]
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countslrregular = [ 0 for sh in shapes]

irregularPoints = [[] for sh in shapes]
totalPoints = [ 0 for sh in shapes]
for  lineNum, item in enumerate (data[ 1:]):

for i,p in enumerate (polygons):
if  p.covers(Point( float (item[ 2]), float (item[ 3]))):
totalPoints[i] += 1

if float (item[ 4])> -100:

sumsfi] += float (tem[ 4])
countsli] += 1
else :

irregularPointsli].append((lineNum,item))

countslrregularfi] += 1
averages = [s/c if cl= 0else 0 for sc in zip (sums,counts)]
outputFileName = "Results -" +fileName[: - 4]+ ".txt"
outputFile = open (outputFileName, "w")
outputFile.write( "Shape" .ljust(  15)+ "Average" .ljust(  25)+ "Total Points" Ajust(
outputFile.write( 100*"-"+"\n")
for n, avg, total, count in  zip (shapeNames, averages, totalPoints, counts):
outputFile.write(n.ljust( 15)+ str (avg).ljust( 25)+ str (total).ljust( 25)+ str (count) +
outputFile.write( "\'n\n")
for n,irr in zip (shapeNames, irregularPoints):
outputFile.write( "Irregular points for shape " +n+ (" + str (len (irr))  +" points) \n")

for item in irr:
outputFile.write( str (item)+ “\n")
outputFile.write( "\'n\n")
outputFile.close()
print ("OUTPUT FILE™ +outputFileName+ ™IS SUCCESSFULLY GENERATED." )

print  ("CHECK THE FOLDER SECTION IN THE LEFT." )

25)+ "Regular Points (used for evaluation)

"\n")

Figure 7. lllustrates the site python script used to obtain average values within courtyards

Each courtyard i
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cells of each courtyard are integrated within the python scrij. Sknipt then outputs

average UTCI data regarding each courtyard on every hour of the day.
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CHAPTER 4

RESULTS AND

DISCUSSIONS

4.1 0verview
In this rubric, the UTCI values of every outdoor atiestrated and evaluated on
a micro and macro scale

Since UTCI is a value obtained by a formula that combines air temperature,
relative humidity, wind speed and mean radiant temperature all togghlysiological

comfort of the human bodyg the factor of evaluation.

uTcCl = a(Ta,Ta*9a VP, (Equatant)

UTCI °C range
<-40 -27 -13 0 9 26 32 38 >46

strong moderate slight no thermal | moderate strong | very strong
cold stress | cold stress | cold stress | stress heat stress | heat stress | heat stress

Stress Category

Figure 8. UTCI thermal stress categorization

The thermal stress classiition is displayed ifigure 48 where the ideal zone
with no thermal stress is shown betweea @nd 26e C
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4.2 Micro scale

Providing an understanding of the overall universal thermal comfort indicator by
regarding the whole outdoor area as onedugfoor space would provide a skewed
opinion on influencig f actors within each courtyard
this a deeper and more in detail analysis is provided in the form of a micro scale

examination.

4.2.1 Courtyard 01
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Figure 9. Graphical illustration of UTCI performance of Courtyard 01

Figure9 illustrates the values of UTCI through the 24 hours of the simulation. It is
clear that the hottest perceived temperatures occur during 13:00 and 14:00. The graph
on Figure 9 also shows aonsistent decrease in UTCI from 16:00 until 20:00.
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4.2.2 Courtyard 02
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Figure 10. Graphical illustration of UTCI performance of Courtyard 02

Figure 10 illustrates the values of UTCI through the 24 hours of the simulation
within courtyard AC020. 1t is clear that
13:00, 14:00, and 15:00. The graphkigure 10 also shows a consistent decrease in
UTCI from 1700 until 20:00.

The value of UT CI remains al most stead
09:00 until 11:00.
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4.2.3 Courtyard 03
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Figure 11 Graphical illustration of UTCI performance of Courtyard 03
Figure 11 illustrates the values of UTCI through the 24 hours of the simulation
within courtyard AC030. It is clear that

13:00. The graph oRigure 11 also shows a consistent decrease in UTCI from 14:00
until 20:00.

The maximum value of UTCI of this Courtyard3s7 . 7e C and t hi s
achieves this value only at 13:00.

4.2.4 Courtyard 04

Figure 12 illustrates the values of UTCI through the 24 hours of the simulation
within courtyard @ CO0ldnwovaldeh of TCEtduning the/feast d  d i
hours of the day, respectively from 00:00 until 06:00 where the values of UTCI begin a
steady increase reaching the Figargl2almom v al
shows a consistent decrease in UTCI from 14:00 8&tD0 where UTCI values drop
to 24.7¢ C.
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Figure 12 Graphical illustration of UTCI performance of Courtyard 04

4.2.5 Courtyard 05
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Figure 13 Graphical illustration of UTCI performance®©@burtyard 05
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07:00 until 09:00 values of Universtlermalcomfortindexshow a constant increase,

reaching

14:

4.2.6 Courtyard 06
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c /
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34.8eC

The highest valuewithin this courtyard are obtained during 12:00, 13:00 and

00 where

Figure 14. Graphical illustration of UTCI performance of Courtyard 06
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4.2.7 Courtyard 07
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Figure 15. Graphical illustration of UTCI performance of Courtyard 07

Figure 15 illustrates the values of UTCI through the 24 hours of the simulation
wi t hi

n courtyard

ACO7 0. Thotf YTClduwringrtheyfirstr d  d i

hours of the day, respectively from 00:00 until 06:00 where the values of UTCI begin a

steady increase

reachi

ng

t he maxi mum val

Figure 15 also shows a consistent decrease in UTCI from 15:00 until 20:00 where UTCI

values drop to 25.6 C.

being 13:00 and an average of 28.&

This courtyard displays a maximum UTCI value of 38.6€ w i hottest holare

4.2.8 Courtyard 08

throughout this day.

Figure 16 illustrates the values of UTCI through the 24 hours of the simulation
wi t hi

n courtyard

ARnCO080. Th

i's courtyard di

hours of the day, respectively from 00:00 until 04:00 where the values of UTCI begin a

steay

ncrease

reachi
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shows a consistent decrease in UTCI from 14:00 until 20:00 where UTCI values drop

to 24.8¢ C.
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This courtyard registers the highest UTCI value at 13:00 hour with a respective
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Figure 16. Graphical illustration of UTQberformance of Courtyard 08
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4.2.9 Courtyard 09
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Figure 17. Graphical illustration of UTCI performance of Courtyard 09

This courtyard di splFygyresl/ibustrateslaaongtanti e s\
UTClI performance from 00: 00 wunti/l 04:00
07:00until 12:00 values of Universal thermal comfort index show a constant increase,

reaching average temperatures of 37.1eC

The highest values within this courtyard are obtained during 12:00 and 13:00
where UTCI reaches a mak9amubhT@lal uel wds 3¢
averageof284 C t hroughout this day.
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4.2.10 Courtyard 10
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Figure 18. Graphical illustration of UTCI performance of Courtyard 10
Figure 18 illustrates the values of UTCI through the 24 hours ofsthaulation
within coorfThwasdcivGitdyard displays | ow v

hours of the day, respectively from 00:00 until 06:00 where the values of UTCI begin a
steady increaseeaching the maximum value of 384C a't 13: 00 hour.
Figure 18 also shows a consistent decreaddTCI from 1300 until 20:@ where UTCI
values drop to 25.2 C.

This courtyard displys a maximum UTCl value of 384C wi t h t he hot
being 13:00 and an average of 28.@C t hr oughout t hi s day.

42.11 Courtyard 11

This courtyard di splFgyreslilustrateslaaondgtanti e s\
UTCI performance from 00:00 untibMO0 where the UTCI increases by .& . From
06:00 until 0900 values of Universal thermal comfort index show a constant increase,

reaching average temperatures2#3e C :@0tIn FHy@e 19the graph shows a steady
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o 25.

di spl a

decrease in UTCI from 15:00 to 20:00 wa&JTCI values drop from 368 C t
e C.
The highest values within this courtyard are obtained during 1®06where
UTCI reaches a maximum value of 3@ C. 116 CUTCI v al ues
284e C t hroughout this day.
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Figure 19. Graphical illustration of UTCI performance of Courtyard 11
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4.2.12 Courtyard 12
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Figure 20. Graphical illustration of UTCI performance of Courtyard 12

Figure 20 illustrates the values of UTCI through the 24 hours of the simulation
within courtyard AC120. This courtyard di
hours of the day, respectively from 00:00 urdiiGD where the values of UTCI begin a
steady increaseeaching the maximum value of 38 a't 13: 00 hour.
Figure20also shows a consistent decrease in UTCI from 13:00 untid 2¢h@re UTCI
values drop to 25.¢ C.

This courtyard displys a maximum UTCl value of 380C wi t h t he hot
being 13:00 and an average of28.C t hr oughout thi s day.
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4.2.13 Courtyard 13
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Figure 21 Graphical illustration of UTCI performance of Courtyard 13

Figure 21 illustrates the values of UTCI through the 24 hours of the simulation

wi t hin

courtyard

AC130. Thi s

courtyard

di

hours of the day, respectively from 00:00 until 05:00 where the values of UTCI begin a

steady increase e ac hi ng

t he maxi

mum Vv

al ue

of

39.

graph onFigure 21 also shows a consistent decrease in UTCI from 16:00 until 20:00

where UTCI values drop to 25¢3C .

This courtyard displays a maximum UTClvalue of 3.8 wi t h thodr e

being 13:00 and an average of 28.&

4.2.14 Courtyard 14

t hroughout

t his

day.

hot

Figure 22 illustrates the values of UTCI through the 24 hours of the simulation

wi t hin

courtyard

NCl40. Thi s

courtyard

di

hoursof the day, respectively from 00:00 until 06:00 where the values of UTCI begin a

steady

ncrease

reaching
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graph onFigure 22 also shows a consistent decrease in UTCI from 14:00 until 20:00
where UTCI values drop to 25¢3C .

This courtyard displays a maximum UTClvalueof 3.6 wi t h t he hot
being 14:00 and an average of 288 t hr oughout thi s day.
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Figure 22 Graphical illustration of UTCI performance of Courtyard 14
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4.2.15 Courtyard 15
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Figure 23 Graphical illustration of UTCI performance of Courtyard 15

Within courtyard AC15dmi T @umvalf ue&sl. Bg
ma x i mum odsdispl@edéng-igure 23. The maximum values of Universal
thermal comfort index are obtained at 12:00. The average UTCI average value
throughout this day of AC060 is 28. 7¢eC.
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4.2.16 Courtyard 16
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Figure 24. Graphical illustration of UTCI performance of Courtyard 16

Courtyard AC160 displays a very disti
through this dayFigure 24 illustrates a decreasing pattern in UTCI values from hour
00:00 until 04:00 where the first change of index is visible with an increase @f@.2

From 06:00 the average UTCI values of this courtyard display a steady increase
until 09:00. The highest value of UTCI within this courtyar@87e C, mar ki ng 1
as the hottest hour within the simulated day. From 13:00 onwards there is a decrease in
UTCI, the most significant being the one from 16:00 to 17:00.

Within the simulated day courtyard fAcCl
13:00 and the lowest UTCI kee at 03:00. The average Universal thermal comfort index
through the simul a¢e@d day for AC1l60 i s 2
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4.2.17 Courtyard 17

Within courtyard AC170 UTCI val ues va
maxi mum of 3 8. 8ngigureaZs Thd maxipmunawalaed of Universal
thermal comfort index are obtained at 14:00. The average UTCI average val
throughout tohis @8y 8@fC.AC17
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Figure 25. Graphical illustration of UTCI performance of Courtyard 17

4.2.18 Courtyard 18

This courtyard di s plFgyres26ilustrateslaaondgtanti e s\
UTCI performance from 00:00 until®O 00 wher e t he UTCI i ncre
04:00 until 0700 values of Universal thermal comfort index show a constantase,
reaching average temperatures@f8 C a00. InBigure 26the graph shows a steady
decrease in UTCI from 15:00 to 20:00 where UT@&lues drop from 32 e Go 25.1
e C.
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The highest values within this courtyard are obtained during 1®00where
UTCI reaches a maximum value of 3@ C. 80i CUTCI val ues displ a
29.1eC throughout this day.
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Figure 26. Graphical illustration of UTCI performance of Courtyard 18

4.2.19 Courtyard 19

Figure 27 illustrates the values of UTCI through the 24 hours of the simulation
within courtyard AC190. This courtyard di
hours of the day, respectively from 00:00 until 04:00 where the values of UTCI begin a
steady increasereachy t he maxi mum value of Figule. 8e C
27 also shows a consistent decrease in UTCI from 17:00 until 20:00 where UTCI values
dropto 25. C.

This courtyard displays a maximum UTClvalueof 3.8 wi t h t he hot
being14:00 and an average of 2&9C t hr oughout thi s day.
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Figure 27. Graphical illustration of UTCI performance of Courtyard 19

4.2.20 Courtyard 20
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Figure 28. Graphical illustration of UTQberformance of Courtyard 20

Figure 28 illustrates the values of UTCI through the 24 hours of the simulation
within courtyard AC200. This courtyard di
hours of the day, respectively from 00:00 until 06:00 wheredhees of UTCI begin a
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steady increase reaching the maxi mum val
Figure 28 also shows a consistent decrease in UTCI frdrQLuntil 20:00 where UTCI
values drop to 282.e C.

This courtyard displays a maximum UTGllue of 38 e C wi t h t he hott es
14:00 and an average of 28&5C t hr oughout this day.

4.2.21 Courtyard 21
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Figure 29. Graphical illustration of UTCI performance of Courtyard 21

This courtyard di splFgyresXilustrateslaaondgtanti e s\
UTClI performance from 00: 00 wunti/l 05:00
06:00 until 09:00 values of Universal thermal comfort index show a constant increase,
reachinpver age temper at urFigwe2othie graph shews &steady 0 9
decrease in UTCI from 15:00 to 20:00 where UTCI values drop frome8&8 t o 2 5. Z
e C.

The highest values within this courtyard are obtained during 13:00 hour where
UTCIlr eaches a maxi munlov adTuCel ovfal3u8.s3 de G.p | fC
284e C throughout this day.
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4.2.22 Courtyard 22
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Figure 30. Graphical illustration of UTCI performance of Courtyard 22

Within courtyaldegsiCapy UTCobmva mini mu
maxi mum of 3 8. 3 ¢iGurea8® Thd maximumawaleed of Umversal
thermal comfort index are obtained from 14:00 until 16:00. The average UTCI average
value throughout this day of AC060 is 28.
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4.2.23 Courtyard 23
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Figure 31 Graphical illustration of UTCI performance of Courtyard 23

This courtyard di splFgyres3libustrateslaaondgtanti e s\
UTCI performance from 00:00 until 05:00 where the UTChcr eases by 1.1
06:00 until 09:00 values of Universal thermal comfort index show a constant increase,
reaching avexge temperaturesof 3@ C at Bigure8lthegraphrshows a steady
decrease in UTCI from@l00 to 20:00 where UTCI valuesapr from 3.8 ¢ Go 24.9
e C.

The highest values within this courtyard are obtained durdn@0lhour where
UTCI reaches a maximum value 6f.8e C. 230 CUTCI val ues displ a
286eC throughout this day.
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4.2.24 Courtyard 24
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Figure 32 Graphical illustration of UTCI performance of Courtyard 24

Within courtyard AC240 UTCI val ues va
maxi mum of 38. 3 &iQureald Thd maximuna waleesd of &Jniversal
thermal comfort index are obtained at 14:00. The average UTCI average value
throughout thi9s 1k&ly of AC240 i s 2

4.2.25 Courtyard 25

Courtyard AC250 displays a very disti
through this dayFigure 3 illustrates a decreasing pattern in UTCI values from hour
00:00 until 04:00. From 05:00 the average UTCI values ofdbistyard display a
steady increase until 11:00. The highest value of UTCI within this courtyard ig 38.1
marking 14:00 as the hottest hour within the simulated day. From 15:00 onwards there

is a decrease in UTCI, the most significant being the one I&60 to 19:00.
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Figure 33 Graphical illustration of UTCI performance of Courtyard 25

Within the simulated day courtyard AC2
14:00 and the lowest UTCI value at 03:00. The average Uaivbiermal comfort index
through the simul a¢ed day for AC250 i s 2

4.2.26 Courtyard 26

This courtyard displ ays BigumBillestrates i es v
a constant UTCI performance from 00:00 until 04:00 where the UTCI increases by
1. 8eC. From 04: 00 wuntil 09: 00 values of
constant i ncrease, reaching aWViguredthe t e mp
graph shows a steady decrease in UTCI from 14:00 to 20:00 where UTCI values drop
from382e C t ®C25. 1

The highest values within this courtyard are obtained during 13:00 hour where
UTCl reaches a maximum value of eB@.off eC.
285e C throughout this day.
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Figure 34. Graphical illustration of UTCI performance of Courtyard 26

4.2.27 Courtyard 27

Wi

ma X i

thin courtyard AC150

UTClI

val ues

mum of 38. 6 &iQureeBS Thd maximunawalaed of &mversal

thermal comfort index are obtained at 12:00. The average UTCI average value

t hro

ughout this day of

64

ACO060

S

28. 7eC.

V @



C27

40

35

30

c/

25

20

15

L I e I e T e e 2 T e I = I s T e T = U e T e T s T s T s T s T s D s T e T e I e D e I
S5 90900 mMoo9 8909595899588 98 538909
O O O ©O O OO O O O O O OO oo oo oo o o o o o
SS9 96mM 3585555855559 55869958 99
O o4 N M &  ©O I~ 0 OO0 O 4 N M < I © ™~ 0 00 O 4 N M
O O O O 0O 00 0o o o oo +d +d A «+d A4 4 4 o 1 4 N N N N

UTCI Base Scenario

Figure 35. Graphical illustration of UTCI performance of Courtyard 27

4.2.28 Courtyard 28

This courtyard di s pdFgyres36ikustrateslaaondgtanti e s\
UTCI performance from 00:00 until 04:00 where the UTCI increasex2gy C . From
06:00 until 12:00 values of Universal thermal comfort index show a constantsecrea

reaching average temperatures of 36 ¢ GB0& t 1

The highest values within this courtyard are obtained during 13:00 where UTCI
reaches a maximumvalueof35 e C. AC0906 UTCI valeee€s di s
throughout this day.
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Figure 36. Graphical illustration of UTCI performance of Courtyard 28

4.2.29 Courtyard 29
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Figure 37. Graphical illustration of UTCI performance of Courtyard 29

66



Figure 37 illustrates the values of UTCI throlughe 24 hours of the simulation within
courtyard fAC290. It is clear that the hot
and 14:00. The grapdn Figure 37 also shows a consistent decrease in UTCI from

16:00 until 20:00.

The highest values within thicourtyard are obtained during 14:00 where UTCI
reaches a maximum value of 37.6 eCeCACO09Cc

throughout this day.

4.2.30 Courtyard 30
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Figure 38. Graphical illustration of UTQberformance of Courtyard 30

Courtyard AC300 displays a very disti
through this dayFigure 3 illustrates a decreasing pattern in UTCI values from hour
00:00 until 04:00. From 04:00 the average UTCI values of thistyamar display a
steady increase until 11:00. The highest value of UTCI within this courtyard ig 38.3
marking 14:00 as the hottest hour within the simulated day. From 15:00 onwards there
is a decrease in UTCI, the most significant being the one fro@® 18:19:00.
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Within the simulated day courtyard fC3
14:00 and the lowest UTCI value at 03:00. The average Universal thermal comfort index
through the simul a¢e@d day for AC300 i s 2

4.2.31 Courtyard 31
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Figure 39. Graphical illustration of UTCI performance of Courtyard 31

Figure 3 illustrates the values of UTCI through the 24 hours of the simulation
within courtyard AC310. This courtyard di
hours of the day, respectively from 00:00 until 04:00 where the values of UTCI begin a
steady increase eachi ng the maxi mum Vv &ibwed9atsd 37 .
shows a consistent decrease in UTCI from 16:00 until 20:00 where UTCI values drop
to 24.9¢ C.

This courtyard registers the highest UTCI value at 14:00 hour with a respective
val ue G.fTheaverage UECI value within this courtyard throughout the day is
28.3e C.
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4.2.32 Courtyard 32

Within courtyard AC320 UTCI val ues va
maxi mum of 36. 6¢eC. The maxi mufontindexlra es o f
obtained from 12:00 until 15:00 as illustratedrogure 40. The average UTCI average
value throughout this day of AC320 is 28.
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Figure 40. Graphical illustration of UTCI performance of Courtyard 32
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4.2.33 Courtyard 33
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Figure 41 Graphical illustration of UTCI performance of Courtyard 33
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Figure 42 Graphical illustration of max UT@erformance of all courtyards

all courtyards. As it is shown, UTCI values range from 6@

Figure £ illustrates thalifferences between maximum values of UTCI with
t ®C39.5

n

order

t o

di stinguish

a

cor rdetHheat i

ar e

on

built area morphology, some of the morphological indicators are observed as showcased

below.
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Figure 43 Graphical illustration of surface area morphological indicator

H Area

Figure 43 shows the visual representation of all ¢gards areas and through

observations it is clear that there is no evident correlation between courtyard area and

UTCI.

x/y Indicator
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Figure 44. Graphical illustration of courtyard width over length morphological indicator
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Figure 4 shows a visual representation in ligeph form of the width over
length morphological indicator. It is visible that there is no direct correlation between

the UTCI and the width over length morphological indicator.

Courtyard Facade Area
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Figure 45.Graphical illustration of courtyard facade area morphological indicator

Figure 46 shows a visual representation in kgeaph form of the facade area
morphological indicator. It is visible that there is a partial correlation between the fully
enclosed codyards facade area to the respective UTCI values. This correlasions
visiblet hr ough courtyards AC0406, AC060, ACO7
AC270 and AC290
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Figure 46. Graphical illustration of courtyas/erage depth morphological indicator

Figure 46 shows a visual representation in hgeph form of the facade area
morphological indicator. It is visible that there is a correlation between the courtyards
average depth to the respective UTCI values. This correlations is visible throughout all

courtyads.
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Figure 47. Graphical illustration of courtyard fagade area over site area morphological indicator

Figure 47 shows a visual representation of the facade area over site area
morphological indicator. It is visible that theeea correlation between the courtyards
average depth to the respective UTCI values. This correlations is visible throughout all

courtyards. This correlation is visible throughout all fully enclosed courtyards.

On a macro scale it is important to evaluhie overall performance in UTCI of

every outdoor area on the maximum obtained values and on an average during the day.

As it is evident orFigure £ the maximum values of UTCI throughout all of the
outdoor areas within the site fluctuate betwee@35 38 d5 eC. Thi s mea
thermal stress varies between moderate heat stress to strong heat stress.

Figure 4 on theother hand illustrates the average UTCI performance of all
outdoor areas of the site. It is evident that throughout this day the average value of UTCI
within Mangalem 21, varies between@8 amge®€. 2 When referring t
stress categorizatiah is evident that throughout the simulated day the average sized
human would experience on average moderate or higher heat stress during all times of

the day.
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Figure 48 Graphical illustration of max. UTCI performance ofcalirtyards
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Figure 49. Graphical illustration of average UTCI performance of all courtyards
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CHAPTER 5

OPTIMIZATION

5.1 Overview

To provide a better performing outdoor space, the UTCI of the analyzed outdoor
spaces should fall within the rage of @n
for the maximum and average values of UTCI to be lower. Hence this need, two
different ogimization scenarios are proposed and evaluated.

Both optimization scenarios do not interfere with the building morphology or the
siteds morphol ogi cal attributes. The fir
installing facade greenery. The secaognario consists amplementation of a green
roof along every building roof within the siés illustrated oifrigure 50.

Figure 50. Graphical illustration of optimization scenarios

These two scenarios were modeled andukated in the same way the base
scenario was and the data obtained by these two simulations went through the same
collection and extrapolation process as the initial simulation data.

To obtaina better understanding of the change in UTCI levels on bdtmiaption

cases, the results are examined in a micro scale and a macro scale.
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5.2 Microscale

The UTCI values are examined regarding each courtyard individually to acquire
a better understanding on the differences in performance of each optimizatiaroscena
Courtyards are | abeled as ACnhno for the pt
are | abeled as fAs2 optimizedo f oforthehe gr

green roof scenario.
5.2.1 Courtyard 01

Tablet6UTCI performance differences between

Name Image Di fference (e

Avg. UTCI di ff
CO01 s2 optimized

Max. UTCl diff.= 2. 41

Avg. UTCI diff. =0.11e C
C01 s3 optimized

Max. UTCI diff. =1.17¢ C

Table6 andFigure 51 illustratethe comparison dboth optimization scenarios
wi t hin c¢oulfAsiyisshavn &oeve the difference in UTCI from the base
model during the hottest hour of the day onthe greenfatad® opt i mieLed 0 i
while the difference of average UTCI from the base/current state model is Z66
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The other optimization scenario displays a difference in UTCI during the hottest
hourofthedayof 1.1 C and a di f f er e neg @hesediffaenags UTC
in UTCI can be better observed Bigure 51.
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Figure5.Gr aphi cal il lustration of\opt

5.2.2 Courtyard 02

Table7.UTCl performancel i f f er ences bet ween optimizat

Name Image Di fference (e

Avg. UTCI diff
C02 s2 optimized

Max. UTCI diff. = 1.63e C
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Avg. UTCI diff

C02 s3 optimized
Max. UTCI diff. =1.41e C

Table7 andFigure 2 illustrate the comparison d@oth optimization scenarios
wi t hi n c o u iThe yaarnmkntigh€ltaBove. indicates that the UTCI deviation
from the baseline model on the green fa-
hour of the daywhereas the average UTCI deviation from the current state model is
2. 06TheeC.al ternative optimization scenaric
during the hour of highest temperature,

These differences in UTCI can be better observeigure 32.
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Figure52Gr aphi cal il lustration of opt
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5.2.3 Courtyard 03

Table8. UTCl performancel i f f er ences bet ween optimizat

Name Image Di fference (e

Avg. UTCI diff. =2.8e C
C03 s2 optimized

Max. UTCI diff. =1.78¢e C

NG

Avg. UTCI diff. = 0.@e C
C03 s3 optimized
Max. UTCI diff. =1.18¢ C

Table8 andFigure 53 illustrate the comparison d¥oth optimization scenarios
within co3rtWwasrdtAiC® shown above the
mod el during the hottest hour of 78ehC,

while thedifference of average UTCI from the base/current state modeldg 20The

di f
day

second optimization scenario exhibits a disparity in UTCI values during the peak hour

of the day amounting to 1.18 eC, Thesed

differencedn UTCI can be better observed Bigure 53.
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Figure53 Gr aphi cal il lustration of opt

5.2.4 Courtyard 04

Table9. UTCI performance differences between optimizationsceg i os on A C0 4 ¢

Name Image Di fference (e

c4

Avg. UTCI diff. = 1.77¢ C
C04 s2 optimized

Max. UTCI diff. =2.01e C
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Avg. UTCI diff. =1.31e C
C04 s3 optimized

Max. UTCI diff. =0.61e C

Table9 and Figure @ depict acomparison between two optimization scenarios
in courtyard "C04:"As it is shown above the difference in UTCI from the base model
during the hottest hour of thg0ld€y whil &
the difference of average UTCI from the base/current state mode¥7se CThe
alternative optimizain scenari o exhibits a variation
hour of the day and an aVhesediffeeencesin@TClId i f f

can be better observed Bigure 54.
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5.2.5 Courtyard 05

TablelOUTCI performance differences between

Name Image Di fference (e

Avg. UTCI diff
C05s2 optimized

Max. UTCI diff. = 2.05e C

Avg. UTCI diff. =1.31¢ C

C05 s3 optimized
Max. UTCI diff. =0.61e C

Table10 andFigure 55 illustrate the comparison tbth optimization scenarios
within courtyard fACO0 5dfferenéesn UTEI framsthe bdsed wn &
mo d e | during the hottest hour of teh@®, day
while the difference of average UTCI from the base/current state model is CHie
other optimization scenario displays a different UTCI during the hottest hour of the
day of0.61le C and a di ff er 4.8le &€These diffarenges in UTTCC| o f

can be better observed Bigure 55.
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Figure 55. Graphical illustration of optimization UTCI performanc o f A CO

5.2.6 Courtyard 06

TablelLUTCI performance differences bet ween

Name Image Di fference (e

ce

Avg. UTCI diff. =2.05¢ C
C06 s2 optimized

Max. UTCI diff. =1.51e C

Cc6

Avg. UTCI diff. =0.66e C

C06 s3 optimized
Max. UTCI diff. = 0.01e C
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Table11 andFigure 56 illustrate the comparison tbth optimization scenarios
wi t hi n ¢ o u Thefarententidn€dodéta illustrates that the UTCI deviation
from the baseno d e | on the green fa-ade "s2 opti:!
the day, whereas the average UTCI devi at
The alternative optimization scenari o ex
duringthepak hour of the day and an dhesr age
differences in UTCI can be better observed-aure 56.

C06

40

35

930

}—25 v/,;&

) 4

20 ”.*"\x\//
15HHHHH@HHHH\—!HHHHHH\—!\—!\—!HH\—{\—{
e e e e e e T T T B B I I
O O O O O O O 0O O O O O O O O O O oo o o o o o o
O O O O O O O O O O O O O o 0o o oo o o o o o
S dad Ot O N BN O dN™MF WO N~N®BOO S o N O
O O O O O O O O 0O d A A oA o o A o o 4 N N N N
UTCI Base Scenaries— UTCI Green Facade Scenafie¢— UTCI Green Roof Scenario

Figure56.Gr aphi cal il lustration of opt

5.2.7Courtyard 07

Tablel2UTCI performance di fferences bet ween

Name Image Di fference (e
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Avg. UTCI diff
C07 s2 optimized

Max. UTCI diff. = 1.56e C

Avg. UTCI diff

C07 s3 optimized
Max. UTCI diff. =0.02e C

Table12 andFigure 57 illustrate the comparison tbth optimization scenarios
within courtyard AC0O70. As it is shown &
model duringthdt ot t est hour of the day on etChe gr
while the difference of average UTCI from the base/current state model is CB3
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof 002e C and a di f f er en & €These differenges in UTCC | of
can be better observed Bigure 57.
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5.2.8 Courtyard 08

Tablel3UT CI

Name

hi cal

I lustration of opt

performance differences

Image

Di fference

bet ween

(e

C08s2 optimized

CO08 s3 optimized

Avg. UTCI diff. =2.24e C

Max. UTCI diff. =2.11e C

Avg. UTCI diff. =034e C

Max. UTCI diff. =0.0Le C
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Table13 andFigure 58 illustrate the comparison tbth optimization scenarios
within courtyard AC080. As it i's shown &
mod el during the hottest hour of2llehCG day
while the difference of average UTCI from the base/current state madti2dis Crhe
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof0de C and a di f f er e ®e CThese differengeniUTCT C | of

can be better observed Bigure 58.

40
35
930 x/A
F 25 W4
20“‘\4\,J/
15HHHHH@HHHHHHHHHHHHH\—!HHHH
e e e T R R T I I I
O O O O O OO0 O 0O O O 0O OO0 OO0 00O OO oo o oo o o
R B e e e R e I e e e e I
O d N MO & ¥ ©O I~ 00 0O O 1 N M T WO OO0 O 4N M
O O 0O 0O 000000 ddddd d d d 4N NN N
UTCI Base Scenario —»— UTCI Green Fagade Scenario
UTCI Green Roof Scenario
Figure58 Gr aphi cal il lustration of opt

5.2.9 Courtyard 09

Table14. UTCI performance differences between optimizationscg i os on A CO0 9

Name Image Di fference (e
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Av g. UTcCl di ff
C09 2 optimized

Max. UTCI diff. =2.15¢ C

Av g. UTCl di ff

C09 s3 optimized

Max. UTCI diff. =0.01e C

Table14 andFigure 59 illustrate the comparison dbth optimization scenarios
within courtyard AC090. As it i's shown &
mo d e | during the hottest hour of tehG day
while the difference overage UTCI from the base/current state model isel.6Ihe
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof 0.0le C and a di ff er en e«&These diflerenges in UTICC | of
can be better obsem@nFigure 59.
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5.2.10 Courtyard 10

Tablel1l5andFigure 60illustrate the comparison tibth optimization scenarios
within courtyard AC100. As it is shown &
model during the hottest hour ofl6beh@®, day
while the difference of average UTCI from the base/custie model i2.02e CThe
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof 0.0le C and a di f f er e8&e &€These difierenges in UTICC | of

can be better observed Bigure 60.

TablelsUTCI performance differences between

Name Image Di fference (e
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Avg. UTCI diff. =2.02e C
C105s2 optimized

Max. UTCI diff. =1.66¢e C

Avg. UTCI diff. = 082¢ C

C10s3 optimized
Max. UTCI diff. =0.01e C
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Figure60.Gr aphi cal il lustration of opt

5.2.11 Courtyard 11

Table 16 andFigure 61 depict a comparative analysis of the two optimization
scenarios in courtyard "C11". The results indicate that the UTCI differential between
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the base model and the green facade "s2 optimized" during the hottest hour of the day
Is 1.69 eC. Kger UF Gl differential tbdiweeen d@he base/current state

mod el and the af or e mentThe atermhtive aptenézationf a - a ¢
scenari o exhibits a marginal variation o
day, and an average differencefof 57 e C These ditfefe@cks. in UTCI can be

better observed oRigure 61.

TableleUTCI performance differences between

Name Image Difference (e

Avg. UTCId i f f .

1
=

C11s2 optimized

Max. UTCI diff. =1.69¢ C

Av g. UTCIl di ff

C11s3 optimized
Max. UTCI diff. =0.01e C
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5.2.12 Courtyard 12

Tablel7.UT CI

Name

performance

Image

di fferences

Di fference

bet ween

(e

C12s2 optimized

C12s3 optimized

c12

Avg. UTCI diff. =1.61e C

Max. UTCI diff. =2.15e C

Avg. UTCI diff. =0.21¢ C

Max. UTCI diff. =0.01e C
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Tablel17 andFigure 62 illustrate the comparison tbth optimization scenarios
within courtyard ACl20. As it i's shown &
model during the hottest hour of the daytoh e gr een f a- adee@s 2 of¢
while the difference of average UTCI from the base/current state model is CRie
other optimization scenario displays a difference in UTCI during the hottest hour of the
day of 0.0le C and a digfUTElofdRle €Thesa differences in UTCI

can be better observed Bigure 62.
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5.2.13 Courtyard 13

TablelBUTCI performance differences between

Name Image Di fference (e
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Av g. UTcCl di ff
C13s2 optimized

Max. UTCI diff. =1.29¢ C

a Avg. UTCIdif. =0 . 6 7 e (
C13s3 optimized .y
Max. UTCI diff. =0.01e C

Table18 andFigure 63 illustrate the comparison dbth optimization scenarios
within courtyard AC130. As it i's shown &
model during the hottest hour of the dayongheeen f a- ade AL ,opt i
while the difference of average UTCI from the base/current state model is TR
other optimization scenario displays a difference in UTCI during the hottest hour of the
day of 0.0le C and a di f T@E ofd.67¢ €Thesa diffearenges in UTCI
can be better observed Bigure 63.
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5.2.14Courtyard 14

Tablel9UTCIper f or mance

Name

Image

ustration of

di

fferences

Di fference

opt

bet ween

(e

C14s2 optimized

97

Avg. UTCI diff. = 189¢ C

Max. UTCI diff. =1.43¢ C

0 |



Avg. UTCI diff. = 096¢ C

> - ! i

C14s3 optimized
Max. UTCI diff. =0.72¢e C

Table19 andFigure 64 illustrate the comparison tbth optimization scenarios
within courtyard ACl140. As it is shown &
mo d el during the hottest hour ofl43%hCG day
while the difference of average UTCI from the base/custaie model i4.89¢ CThe
other optimization scenario displays a difference in UTCI duringpditiest hour of the
dayof 0.722 C and a di ff er e @6e &£Thesa diffarenges in UTICC| o f

can be better observed Bigure 64.
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5.2.15 Courtyard 15

Table20.UTCl performancel i f f er ences between optimiza

Name Image Di fference (e
o Avg. UTCI diff
C15s2 optimized \\L\ j/'f

Max. UTCI diff. =1.23e C

A Avg. UTCI diff

C15s3 optimized

Max. UTCI diff. = 0.01e C

Table20 andFigure 65 illustrate the comparison tibth optimization scenarios
within courtyard ACl1l50. As it i's shown &
model during the hottest hour of tehG day
while the diffeence of average UTCI from the base/current state model ig 206e
other optimization scenario displays a difference in UTCI during the hottest hour of the
day of 0.0le C a difference on avg. UTCI of 0.59 CThese differences in UTCI
can be better observed Bigure 65.
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5.2.16 Courtyard 16

Table21 UTCI performance differencesbesvea o pt i mi zati on scenar

Name Image Di fference (e

Avg. UTCI diff. = 1.97¢ C
C16s2 optimized

Max. UTCI diff. =2.43e C
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Avg. UTCI diff. =0.58¢ C

C165s3 optimized
Max. UTCI diff. =0.82¢ C

Table21 andFigure 66 illustrate the comparison dbth optimization scenarios
within courtyard AC160. As it is shown &
model during the hottest hour of the day ontregrn f a- ade fAs3e Gpti m
while the difference of average UTCI from thase/current state model is 1 TThe
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof0.82e C and a di f f er e e &€These differengeniUTCT C | of

can be better observed Bigure 66.
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5.2.17 Courtyard 17

Table22 andFigure 67 illustrate the comparison dbth optimizatiorscenarios
within courtyard ACl70. As it i's shown &
model during the hottest hour of tehG day
while the difference of average UTCI from the base/current state modeRis Crlhe
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof04le C and a di f f er en & €These differenges in UTCC | of
can be better observed Bigure 67.

Table22UTCI per formance di fferences between

Name Image Di fference (e

Avg. UTCI diff. = 1.99¢ C
C17 s2 optimized

Max. UTCI diff. =1.42¢ C

Avg. UTCI diff. =0.32¢e C

C17 s3 optimized
Max. UTCI diff. = 0.41e C
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Figure67.Gr aphi cal il lustration of opt

5.2.18 Courtyard 18

Table23 andFigure 68 illustrate the comparison dbth optimization scenarios
withmcourtyard fAC180. As it is shown above
model during the hottest hour of tehG day
while the difference of average UTCI from the base/current state modelis €42 T h e
other gtimization scenario displays a difference in UTCI during the hottest hour of the
dayof04le C and a differene€.omhaesevge. dUTCkreh
can be better observed Bigure 68.

Table23 UTCl performancedfer ences bet ween optimizati

Name Image Di fference (e
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C18s2 optimized

Avg. UTCl

di ff

Max. UTCI diff. = 1.95¢ C

Avg. UTCI

C18s3 optimized

di ff

Max. UTCI diff. =0.2e C
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5.2.19 Courtyard 19

Table24 andFigure 69 illustrate the comparison tibth optimization scenarios
within courtyard nC19dfferengesn UTEl framsthe bdsed wn &
model during the hottest hour of tehG day
while the difference of average UTCI from the base/current state modelis £Z32 T h e
other optimization scenario displays a differemc®&l TCI during the hottest hour of the
dayof0.5e C and a differeng@. ohhaveg.diUTfCér @r c
be better observed dtigure 69.

Table24. UTCI performance differences between optimization scenarios®a 9 0

Name Image Di fference (e

Avg. UTCI diff
C195s2 optimized

Max. UTCI diff. =1.27¢ C

Avg. UTCI di ff

C19s3 optimized
Max. UTCI diff. =0.5¢ C
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Figure69.Graphicai | | ustrati on of optimizat

5.2.20 Courtyard 20

Table25 andFigure 70illustrate the comparison tibth optimization scenarios
within courtyard AC200. As it is shown &
model duringthén ot t est hour of the day om7etChe gr
while the difference of average UTCI from thase/current state model is21C. Th e
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof 1.38e C and e oavd. Tk of 9% C. These differen

can be better observed Bigure 70.

Table25UTCI performance differences between

Name Image Di fference (e
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C205s2 optimized

C20s3 optimized

Avg. UTCI di

Max. UTCI diff. =1.37¢ C

Avg. UTCI diff. =0.91e C

Max. UTCI diff. =1.38e C
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5.2.21 Courtyard 21

Table26 andFigure 71illustrate the comparison tbth optimization scenarios
within courtyard AC210. As it i's shown &
model during the hottest hour of the day onthegre f a- ade fAs2eCpt i mi
while the difference of average UTCI from the base/current state model 2 T h e
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof 0.0le C and a differé&mMe&€. oTfhesvge. dUTCkrehn
can be better observed Bigure 71.

Table26 UTCI performance differences between

Name Image Di fference (e

Avg. UTCI di ff
C21s2 optimized

Max. UTCI diff. =2.21e C

P
"’>.>4 Avg. UTCI di ff
v

C215s3 optimized

Max. UTCI diff. = 0.01e C
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5.2.22 Courtyard 22

Table27 andFigure 72 illustrate the comparison tibth optimization scenarios
within courtyard AC220. As it i's shown &
model during the hottest hour of the day onthegre f a- ade fAs2e@pt i mi
while the differencef average UTCI from the base/current state modeBge C. T h e
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof0.5e C and e ordavgt UTEIrofl DB C. These di fferenci

be better obseed onFigure 72.



Table27UTCI performance di fferences between

Name Image

Di fference (e

c22

C22s2 optimized

C22s3 optimized

Avg.

UTClI

di ff

Max. UTCI diff. =1.95¢ C

Avg.

UTClI

di ff

Max. UTCI diff. =0.5¢ C
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5.2.23 Courtyard 23

Table28 andFigure 73 illustrate the comparison dbth optimization scenarios
within courtyard AC230. As it i's shown &
mod el during the hottest hour of tehG day
while the difference of averadJTCI from the base/current state model is 892. T h e
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof0.04e C and a differene€.omhaesvge. dUTCkreh
can be better observed Bigure 73.

Table2BUTCI performance differences between

Name Image Di fference (e

Avg. UTCI di ff
C23s2 optimized

Max. UTCI diff. =1.32e C

Avg. UTCI di ff
C23s3 optimized

Max. UTCI diff. =0.04e C

111



C23

40 -

35 //.w

30 por

= wr

F 25 a
Fgtse g 07

20
W

15HHHHH@HHHHHHHHHHHHHHHHHH
e e e e B B e I e e e e e = e
O O O O O OO0 O O O 0O 0O 0 00O 0O 00 0O OO O O o O
© Q0090 QMNMOQO0o0o0O0O009090909Q99QQQQoaQo
O d AN M T T OMN~MND0VDODO A NMSTLW OO O 4N M
O OO0 OO0 O0O00O0 ™ ™ A A 4NN N N
—»— UTCI Base Scenario —»— UTCI Green Fagade Scenario

UTCI Green Roof Scenario
Figure73Gr aphi cal il lustration of opt

5.2.24 Courtyard 24

Table29 andFigure 74 illustrate the comparison tibth optimization scenarios
within courtyard AC240. As it is shown &
mod el during the hottest hourmiafedtehGs sd aly.
while the difference overage UTCI from the base/current state modallide C. T h e
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayof 0.07e C and e oavd. UTEr ot 28 C. These differen
can be better obse@®nFigure 74.

Table29UTCI performance di fferences bet ween

Name Image Di fference (e

Avg. UTCI di ff
C24 s2 optimized

Max. UTCI diff. = 1.46e C
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Avg. UTCI diff. =0.29¢ C

C24s3 optimized
Max. UTCI diff. =0.07¢ C

C24

40
35

30 2

\

Title
Y

25

20

{

15

01.00.01
02.00.01

0

00.00.01

3.00.01
04.00.01
04.59.59
06.00.01
07.00.01
08.00.01
09.00.01
10.00.01
11.00.01
12.00.01
13.00.01
14.00.01
15.00.01
16.00.01
17.00.01
18.00.01
19.00.01
20.00.01
21.00.01
22.00.01
23.00.01

UTCI Base Scenariew— UTCI Green Facade Scenarie— UTCI Green Roof Scenario

Figure74.Gr aphi cal il lustration of opt

5.2.25 Courtyard 25

Table30andFigure 75 illustrate the comparison tibth optimization scenarios
within courtyard AC250. As it i's shown &
model during the hottest hour of the day onthegfean- ade fAs2 o@C€,j mi ze
while the difference of averagJTCI from thebase/current state model is2d& . T h e
other optimization scenario displays a difference in UTCI duringpétigest hour of the
dayof0.2% C and a differf@se€. omMmhasevge. dUTClkren

can be better observed Bigure 75.

Table30OUTCI performance differences between
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Name

Image

Di fference (e

C25s2 optimized

C25s3 optimized

Avg.

UTClI

di ff

Max. UTCI diff. =1.23¢ C

Avg.

UTClI

di ff

Max. UTCI diff. = 0.25¢ C
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5.2.26 Courtyard 26

Table31 andFigure 76 illustrate the comparison tibth optimization scenarios
within courtyard AC260. As it i's shown &
model during the hottest hour of the day on the green facade is €31 whi | e t
difference of average UTCI from thHEase/current state model is 247C . The oth
optimization scenario displays a difference in UTCI during the hottest hour of the day
of0.5eC and a differene€. omhasg. dUTCér efc®s
better observed dRigure 76.

Table3LUTCI performance differences between

Name Image Di fference (e

'A." Avg. UTCI diff

Max. UTCI diff. =1.31e C

¢

C26 s2 optimized

&

Avg. UTCldiff.=0 . 14 e (

-

C265s3 optimized A

Max. UTCI diff. = 0.5e C
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5.2.27 Courtyard 27

Table32 andFigure 77 illustrate the comparison tibth optimization scenarios
withmcourtyard AC270. As it is shown above
model during the hottest hour of the day on theegrfacades 1.12 C, whil e t
difference of average UTCI from the base/current state mied2l26 e Cin the
alternative optimiation scenario, there is a difference in UTCI of 0.09 degrees Celsius
during the warmest hour of the day, and there is a difference in UTCI of 0.24 degrees

Celsius on averag@hese differences in UTCI can be better observeigure 77.
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Table32UTCI performance differences

Name

bet ween

Image Di fference (e

C27 s2 optimized

C275s3 optimized

Avg. UTCI diff. =0.24

Avg. UTCI diff. = 2.26e C

Max. UTCI diff. =1.12¢ C

e C

Max. UTCI diff. = 0.09¢ C
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5.2.28 Courtyard 28

Table33 andFigure 78 illustrate the comparison tibth optimization scenarios
within courtyard AHAC280. As it i's shown &
model during the hottest hour of tehG day
while the difference of averadJTCI from the base/current state modelis232. T h e
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayofl.2e C and a differeng@. ohhaveg.diUTfCér e@r c
be better observed dhgure 78.

Table33UTCI performance differences between

Name Image Di fference (e

Avg. UTCI diff
C285s2 optimized

Max. UTCI diff. = 1.26e C

Avg. UTCI di ff

C28s3 optimized
Max. UTCI diff. =1.2¢e C
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5.2.29 Courtyard 29

Table34 andFigure 79 illustrate the comparison tibth optimization scenarios
within courtyard AC2960. As it i's shown &
model during the hottest hour of the day onthe greerafal e s 2 opaC,mi z e ¢
while thedifference of average UTCI from the base/current state no@ddle C. T h e
other optimization scenario displays a difference in UTCI during the hottest hour of the
day of 1.2e C adiffdrenee onavg. UTClof0.42C. These differenc
be ketter observed oRigure 79.



Table34UT C |

Name Image

performance differences

bet ween

Di fference (e

c29

C295s2 optimized

C29s3 optimized

c29

Avg. UTCI diff. = 2.01e C

Max. UTCI diff. =1.4¢ C

Avg. UTCI diff. =0.42e C

Max. UTCI diff. =1.2¢ C
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5.2.30 Courtyard 30

Table35 andFigure 80illustrate the comparison tibth optimization scenarios
within courtyard AC300. As it i's shown &
model during the hottest hour of tehG day
while the difference of averadJTCI from the base/current state modelis20@. Th e
other optimization scenario displays a difference in UTCI during the hottest hour of the

dayof0.146 C and a differemrde dmeswg.diUTEIr emnfc
be better observed d¢hgure80.

Table35UTCI performance differences between

Name Image Di fference (e

) Avg. UTCI diff
. & C 4
C305s2 optimized \1 T

LV
Max. UTCI diff. =1.09¢ C

"-{\——.‘7@ Avg.UTCI diff.

Max. UTCI diff. = 0.14e C

C30s3 optimized
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5.2.29 Courtyard 29

Table36 andFigure 81illustrate the comparison dibth optimizatiorscenarios
within courtyard AC290. As it is shown &
mod el during the hottest hour of telCe day
while the difference of average UTCI from the base/current state modelis Z01 T h e
other optimization scenario displays a difference in UTCI during the hottest hour of the
dayofl1l.22 C and a differeng@. ohhaveg.diUfTICér @rn c
be better observed dtnigure 81.

Table36UTCI performance differences between
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Name Image

Di fference (e

C29 52 optimized

C29s3 optimized

c2g
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UTClI

di ff

Max. UTCI diff. =1.4¢ C

Avg. UTCl diff.=0. 42 e (

Max. UTCI diff. =1.2¢ C

Title

40

35

30

25

20

15
L s T e T e T e 22 T e I e I |
S 958989 maoo Qg
O O O O O OO O O o
S 338389 mag g9
O o N ) & I © I~ 0
O O O O O O o o o

09.00.01

C29

10.00.01
11.00.01
12.00.01
13.00.01
14.00.01
15.00.01
16.00.01

17.00.01
18.00.01
19.00.01

2
2

0.00.01
1.00.01

22.00.01

23.00.01

—3— UTCI Base Scenariew— UTCI Green Facade Scenarig— UTCI Green Roof Scenario

Figure8LGr ap hi c al

12

~
-

ustrat

on

of

opt



5.2.31 Courtyard 31

Table37 andFigure 82 illustrate the comparison tbth optimization scenarios
withihcourtyard AC310. As it is shown above
model during the hottest hour of the day onthegreerafal e fis2 opeCmi zed
while the difference of average UTCI from the base/current state nsa@@l@Be C. T h e
other gtimization scenario displays a difference in UTCI during the hottest hour of the
day of 0.1 e C adifférenae on avg. UTCI of 0.0¢ C. These differen
can be better observed Bigure 82,

Table37.UTCl performancedifer ences bet ween optimizati:

Name Image Di fference (e

Avg. UTCI diff. = 2.28e C
C31s2 optimized

Max. UTCI diff. = 0.86e C

Avg. UTCI diff. = 007¢ C

C31s3 optimized
Max. UTCI diff. =0.11e C
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5.2.32 Courtyard 32

Table38 andFigure 83illustrate the comparison dbth optimization scenarios
within courtyard fC3 2dfferenéesn UTEI framsthe bdsed wn &
model during the hottest hour of tehG day
while the difference of average UTCI from the base/current state modelis £T98 T h e
other optimization scenario displays a differemc®/ TCI during the hottest hour of the
dayof0.0% C and a differene€.omhaesevge. dUTCkreh
can be better observed Bigure 83.

12t



Table38 UTCI performance differences betweep t i mi zat i on

Name

Image

scenar.i

Di fference (e

C325s2 optimized

C32s3 optimized

C32

Avg.

UTClI

di ff

Max. UTCI diff. = 1.46¢ C

Avg.

UTClI

di ff

Max. UTCI diff. = 0.09¢ C
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5.2.33 Courtyard 33

Table39 andFigure 84 illustrate the comparison tibth optimization scenarios

within courtyard

mo d e | dur i

while the difference of average UTCI from the base/current state nisd2l&l7e C .

fi C 3 2differendesin UTEI framsthe bdsd wn 3

ng the hottest hour of i®shG. &8y
The

other optimization scenario displays a differemc®/ TCI during thehottest hour of the
day of 0.1 C adiffdrenee onavg. UTClof0.1dC. These di fferenc:
be better observed dhgure 84.

Table39. UTCI performance differences between optimizagiome nar i 0 s

Name

Image

Di fference

on

(e

C33 s2 optimized

C33 s3 optimized

Avg. UTCI diff. =2.77¢ C

Max. UTCI diff. = 0.58¢ C

Avg. UTCI diff. =011e C

Max. UTCI diff. =0.1e C
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4.3 Macroscale

In macro scale the comparison between each optimization scenario is conducted
parallel to oneanother, to determine how they perform. Twes a better understanding
towards the best performing scenario can be formed. This process consists of visualizing
the maximum UTCI performances well as the average UTCI performanafeeach
optimization scenarioTo better understand the benefits afleaptimization scenario
towards outdoor thermal stress, one last step was added where the proximity to the

borderline of the maximum value of nethermal stres¢seeFigure 85).
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Figure 85. Graphical illustration of maxJTCI performance of all scenarios

As illustrated orfigure & the optimization that provides the highest amount of
UTCI reduction from the present state UTCI values of the site is the green facade
optimization method (s2 optimized). The other optimizatiariant provides hardly any
benefit in UTCI. Taking this all into account, in the figure above it is evident that the
difference between the best performing optimization scenario and the maximal UTCI

value associated with no thermal strissBigh, a diference of 10.58 @ be precise.
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Figure 86. Graphical illustration of avg. UTCI performance of all scenarios

Figure & provides a different perspective on the performance of each
optimization scenario and the relations they poses regatitingurrent state scenario
and the maximal UTCI value associated with thermal stress. Throughout this
representation it is visible thtte green facade optimization scenario provides the best
benefits in UTCI.Figure & depicts that the average UTCI values of all hours of the
simulated day is closer to the maximal #oth e r ma | stress val ue

optimi zedo/ gr eemscefiado- ade optimi zati on
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Table40. UTCI performance differences between both optimization

Optimization Scenarios S2 optimization S3 optimization

Images

Avg. UTCI ber 1.5 0.28
Avg. max UTCI 2.09 0.53
UTCI benefit from baséb) 7.3% 1.9%

Table4Oillustrates the comparison of optimization scenanasacroscale. The
average UTCI benefit from optimization scenario with green facade ¢s @®%er than
the current state avg. UTCI, whereas the

that consists of green roofs being 0&2& ower t han the UTCI of 7

The differences in maximum UTCI value of both scenarios with regarceto th
current state one are 2.@9Gnd 0.53e Qespectively. This further reinforces the

deduction that the green facade optimization performs best out of the two.

During this 24h interval the benefit in UTCI of the green facade optimization
scenario standat 7.3%, a value 5.4% higher than that of the green roof optimization

scenario.

From the observations made throughout this evaluation, the green facade

optimization seems to have a more positive impact on UTCI.
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CHAPTER 6

CONCLUSIONS

6.1 Conclusions

This paper evaluatetie impact of large scale building fabric on outdoor thermal
comfort in three different scenarios where the morphological indicators remained
constant and two common ways of optimization through the useemical and
horizontal greenery. This paper presents a comprehensive analysis of simulations and
comparisons to determine the most effective optimization strategy for Tirana's climate
conditions. The data underwent analysis at both micro and macrosealds)
incorporating four distinct variables, namely air temperature, mean radiant temperature,
wind speed, and relative humidity. These variables are incorporated into a single
indicator, the UTCI.

In microscale it is concluded that the best performirtgrapation out of the two
is the green facade optimization for Tirana in terms of UTCI.

In macroscale the green facade optimization outperforms the green roof
optimization in terms of UTCIl. The comparison was done using the average and
maximal UTCI valueas wel | as the proximity to th
boundary. As2 optimizationd | owers the a
outdoor areas bg.09e €7.3%) and the average UTCI for the 24h by @28ompared
t o As3 o pThe pasentastudyoreveéals that the most notable associations
between Universal Thermal Climate Index (UTCI) in courtyards and built environment
indicators are the ratio of facade area to site area and the average depth of the courtyard.
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6.2 Recommendationsdr further research

In entirety, the results substantiate the influence of neighborhood morphology on
outdoor thermal comforfThe process of model development and analysis adheres to
pertinent scientific research and experimentation thatundergone scrutiny, while
considering the impact of building height, voids, and sh&peeral priority areas are

suggested for further exploration in the research.

1 Extending the researdh indoor thermal comfort and the enenggguirement®f
each buildng, to understand eachpt i mi zati onés i mpact i

as in urban scale.

1 Considering differenvarieties of vertical and horizontal greenéoyoptimize the

outdoor thermal comfort.

1 Using different programs like Dynamo for Revit in orderinvolve different
attributes within each optimization model utilizing the powers of genetic algorithms

for further research.

1 Considering daylight as a significant variable in the assessment process due to its

potential to significantly influence desigptimizations

As a conclusion, this research states once more that the early design stage, if it
is properly evaluated and analyzed can have significant impact in the outdoor thermal

comfort.
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APPENDIX

Figure 87 to Figure 90illustrate the 2D mapsf the base/current state scenario
regarding the potential air temperature, mean radiant temperature, wind speed and
relative humidityat 1400.
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Figure 87. Potential air temperature map for s1 base at 14:00
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Figure 88 Meanradiant temperature map for s1 base at 14:00
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Figure 1: New Simulation
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Figure 89. Wind speed map for s1 base at 14:00
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Figure 90. Relative humidity map for s1 base at 14:00

Figure 9l to Figure R illustrate the 2D maps of the egn roof scenario,
regarding the potential air temperature, wind speed and relative humidity at 14:00.



Figure 1: New Simulation
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Figure 91 Potential air temperature map for s3 green roof at 14:00

Figure 1: New Simulation
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Figure 92 Meanradiant temperature map for s3 green roof at 14:00
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Figure 1: New Simulation
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Figure 93 Mean radiant temperature map for s3 green roof at 14:00

Figure %A to Figure % illustrate the 2D maps of the green facade scenario,

regarding the potential air temperature, wind speed and relative humidity at 14:00.
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Figure 94. Potential air temperature map for s2 green facade at 14:00
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Figure 1: New Simulation
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Figure 95. Mean radiant temperature map for s2 green facade at 14:00
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Figure 96. Relative humidity map for s2 green facade at 14:00

Figure 97 to Figure D illustrate the 2D maps for thtaree scenarios UTCI at
14:00.
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Figure 1: New Simulation
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Figure 97. UTCI base model at 14:00
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Figure 98. UTCI green roof model at 14:00
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Figure 1: New Simulation
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Figure 99. UTCI green facade model at 14:00

Figure 100 to Figure 1Q. illustrate the process of acquiring precise data

regarding the morphology of courtyards via 3D photogrammetry.

Figure 10Q Courtyard 3D mesh illustration
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Figure 101 Courtyard 3D mesh illustration

Figure 1@ illustrates the process of 3d CFD (computer fluid dynamics) wind

examination.

Figure 102 Courtyard 3D wind movement illustration

14=



