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Abstract

Cities in the Middle East and Northfrica, like cities in other parts of the world, are experienc-
ing an unprecedented wave of urbanizatis per the UN 2014 report, the world population in the
urban areas will increase from 54% to 66% by 2050. The speed of growth brings out a great chal-
lenge for all those involved in the design, planning, construciod,management of the built envi-
ronment in order to provide sustainable and livable cities for all pedjhie.challenge of this de-
velopment is how to control sustainability in all aspedtthe city life. The challenges are also so
diverse that sustaining cities will not be possible without external multidisciplinary interventions.
The complex process of city transformation has to take into consideration problematic topics con-
nected to a keer quality of life for the citizens, green solutions for the reduction of the CO2 levels
and in this research, also strategies of mitigating urban heat islands as a way of contributing in a di-
rect and indirect way to a better quality of lif&]

The cooling loads of buildings in Abu Dhabi can be redumgdollowing different strategies.

Some of them areeducating the community on the benefits of energy saving, replacing non
efficient energy management systems with innovative ones, and indirectly by proposing strategies
to mitigate the heat islan@he speed of urban growth in Abu Dhabi brings about a great challenge

to all the professionals involved in its design, planning and cgi&in. The citizens are also indi-

rectly involved in the expansion of the city. Abu Dhabi has a hot, arid climate with fresh winter and
very hot and humid summer, therefore building in this city requires a deeper analysis and expertise.
The downtown aredeveloped without carefully considering factors contributing to the increase of
the Urban Heat Island (UHI) levels. UHI is characterized by higher values of air temperature com-
pared to rural areas. The relative humidity may increase at different tinfes déy creating short

term urban moisture islands. The main contributors to this effect are: the radiation trapped in the
urban canyon, the thermal properties of the buildings and the streets, the anthropogenic heat emitted
from the traffic, AC waste heakjection in the canyon etc. Among the different UHI mitigation
strategies: such as cool roof, cool facades, innovative pavement and asphalt materials, shading trees
etc., the urban shading devices combined with the one of the above strategies is stmgqtard
innovative approach. The aim of this research is to show that such proposed strategy not only im-
proves the Physiological Equivalent Temperature (PET), but also improves the urban microclimate,
therefore reducing the cooling load of the buildings.

The outdoor thermal comfort (in this research represented by PET) is an important parameter to
measure the quality of life in a metropolitan city such as Abu Dhabi. The energy used in buildings
worldwide can reach 40%. In UAE 80% of the annual elegtrannhsumption goes to the buildings
and 70% of the peak electricity demand can be traced back to cooling. The highest range of the
cooling load is between the timeline of 1200.00.[2][3][4][5]

Considering the above, the proposed mitigation strategies have a crucial role in the city devel-
opment plan. Five main district typologies from the downtown area where the UHI effect is more
significant are takemto consideration. Among these five areas, the focus of the Computational
Fluid Dynamics (CFD) models are: the nmide/high rise district and the villa district. The particu-
lar selection of these two zones is due to the information gathered (buildiren@inonment prop-
erties), the site access, and the representative typology of the district (the largest number of districts
in Abu Dhabi are falling into these categories). According to the area of focus (outdoor thermal
comfort or building cooling load}Yhere are different softwares used in this research. Mainly, CFD
tools such as ENVinet and others (numerical, python language) like Grasshopper (that uses Ener-
gy Plus for its simulations) are used. Having already had a coupled model that combines the env
ronmental conditions with the building energy consumption, the methodology followed here is by
using a decoupled model. Meaning, analyzing the outdoor surrounding environment separately and
bringing the results as an input for the building cooling lodcLitation.
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Making small interventions in each district can bring about a considerable improvement in the
quality of life of the citizens, outdoor comfort and cooling load reduction. By implementing a pro-
posed strategy that combines shading, vegetatiow@widnaterials, the city can reach its goals to-
ward the Abu Dhabi 2030 sustainability pl§).
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Chapter 1: Introduction
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1. Introduction

1.1Background and motivation

In many cases, different cities have been subjecteddoaiications and revitalizations.

The requalification of different parts of thaty suggests urban modifications of certain areas, con-
struction of new community structures, readapting old structures, etc. The revitalization of a city
has to do with interventions at a neighborhood scale such as modifying the landscape, the facades
of the buildings, integrating the local community in improving the social life, etc. The background
study below is one of many case studies that helps in defining this research project as a continuous
work in improving cities in terms of outdoor thermal comyf quality of life, and energy saving of

the buildings as an indirect positive impact. The Urban Heat Island Effect is a phenomenon that
contributes to increasing the cooling load. Improving the UHI mitigation strategies in an hot arid
climate is a steploser to the UAE future sustainable plans.

The case of Multan Cityfigure 1)[7] was an inspiration and a reference point for this research.
Evaluating the revitalizatiofrom a social, economic and environmental points of view has brought
into light the various problems that such a rich cultural city has. Finding solutions with the integra-
tion of the local community makes this project achieve higher points in termstaihsipgdity. This
project starts with a historical analysis of the city to highlight the value of the intervention. The city
has a rich architectural background. The buildings have characteristic details that can be found only
in this city. Its urban planng is very specific and different from the surrounding cities, defined by
low-rise buildings. There are many religious buildings between the walls of this old city, which
makes it very attractive to visitors from around the world. The main areas whéoedhkfe takes
place are the bazaar, the jewelry shops, the ceramic industry, the textiles, etc. Parallel to this ap-
proach, Abu Dhabi was initially developed in the coastal area and from there it was expanded into
the desert. The main local activitieem pearl hunting and fishing. So we can say that culturally
there is a parallelism between the two cities in a way, but then a very different way of developing.

Figurel: Multan, the walled city[227]

As part of the revitalization of Multan City, an analysis was done for the improvemém of
outdoor thermal comfort and strategies of improving the cooling load of the buildings. As a result
of this analysis, vegetation was discovered to be the best strategy to improve the outdoor comfort
due to evapotranspiration of the plants and this cbeldchieved by creating a green dense canopy.

The analysis was done with ENYfiet. Another proposal was to connect the green areas with
green paths, again with the aim of improving the outdoor comfort. To this end, wind and solar stress,
foliage maintenace, irrigation system and cost, and types of trees were carefully studied and pro-
posed. Another approach of this research to improve the outdoor air temperatures is to add tents and

ABC PhD Doctorate program in Architecture Built environment and Construction engineeringag.9



POLITECNICO DI MILANO

create shades above the pathways as high as possible, but with aluswgitl hot block the air
movement, with very low solar absorbance, a very high solar reflectance index and a very low solar
transmittance. This kind of tent should avoic
that by placing these tentsarehe buildings, it can improve the cooling load and decrease the tem-
peratures below them by 10 degrf#is.

On the otler hand, a parallelism can be made for Abu Dhabi, but since the urban planning pat-
tern is quite different, the appliance of the shading devices in different district typologies has a dif-
ferent impact. The streets of Abu Dhabi are wide and have a minimuras3on each side. This
points out the excessive anthropogenic heat released in the canyon. And as it will be shown in the
coming chapters, the trees in such a hot, arid climate are comparable to the effect of the shading de-
vices. These devices can redtive temperatures and improve the microclimate of the caf§pn.

The shading devices are an important mitigation strategy. With the development of CFD tools,
there is plenty of space to test and to searctihfe best result. In this study, there was a double
analysis with CFDsoftwareand Grasshoppeto define the shape of the devidé®][11]. The SC
Stream software was used taiopze the shading device used in one of the districts (mentioned in
chapter 4). The wind speed value seemed to influence the UHI more than the nebulosity. UHI value
was really affected by the wind when its speed exceeded 3 m/s, an observation conglispeat w
vious studies.

Another important research related to this topic is the one done in Basel. In this study, the cool-
ing and the heating loads were considered: the radiation exchange between neighboring buildings,
the urban heat island (UHI) effeatéthe reduced convective heat transfer due to wind sheltering.
This study was conducted for three different building types: a New, an Old and a Retrofitted Build-
ing. It was found that the space cooling demand for all building types was higher, and 8pdé
heating demand was lower for buildings in a street canyon configuration than for the same stand
alone building. Neglecting the UHI effect leads to an important underestimation of the cooling de-
mand. The local microclimate is crucial in defining thdl effect and the cooling loadgl.2][13]

Furthermore, there are different studies in oeales of the effect of UHI on the cooling load. An
important input for such calculation is the weather file. Bueno developed a tool that gives us a
weather file based on the rural conditions. In this case, it takes into consideration the UHI effect in
increasing the temperatures b8 2legrees according to the geographical location. On the other side
there are studies done in real cafb$]

One of them was done in Tokyo. Basically, this research shows that the heating load in the pique
time decreases due the UHI effeleiere is another approach of the effect of such a phenomenon.
Previous researches showed that the urban neighborhood has an impact in the building cooling sys-
tem. An analysis with CFD programs made it possible to calculate the best position to install the
primary and secondary HVAC system in order to reduce the anthropogenic heat emitted in the can-
yon[15].

The four hours following sunset are essential in the UHI formation. In the study done in Nantes,
the authors came out with the results that for such analysis, the number of sensors all ower the cit
must be higher in order to have a better result. The size and the shape of the elementary areas de-
fined for geographical analysis have been chosen arbitrarily. A comparative analysis using several
territory partitioning methods might be performed in ordeidentify the one which gives the best
results[16].

The uses of the sensors is crucial in evaluating the effect of the UHI in the urban areas. Another
study is the one done in Hong Koridis city endures a high air temperature from late May to early
September. A hot period from raMay to midSeptember has been included into the summertime
statistical calculation in this section. Based on the analysis of 25 clear d2yOkias) and 106
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partly cloudy days (F Oktas) in the hot period (from mMay to midSeptember) from 2002 to
2012 (incomplete observation has been excluded), the results below were noted:

1 Diurnal range of intraurban and urbarural thermal differences were smallerpartly
cloudy days than that in clear days.

1 Under clear sky condition, both inttaban and urbarural thermal differences increased
during night and reached peak at early morning before sunrise.

1 Under partly cloudy conditions, UHI intensity rose dbaer rate compared to clear sky
conditions while intraurban air temperature differences remained at a constant level
from 20:00 to 6:00 next day mornifij7]

The CFD softwares have limitations in terms of thale of the model that is being analyzed.
The bigger models have the need for a larger computational scale that is time consuming. The more
detailed the grid is the more the model will take time to give results and the different tests that need
to be donewill not make it possible for a full analysis to be done. This is also related to the detail-
ing of a certain area, as sometimes, some sections of the canyon have to be reviewdd&]losely.

Furthermore, depending on the geometry of the district, CFD softwares such as COMSOL and
ENVI-met can be used in the design phase of an urban planning prdjecirffow between the
buildings can be seen in the postprocessor. There is a risk of inaccurate results if the scale of the
model is simplified more than the real conditions. The lack of details can modify the results of a re-
al wind flow and therefore gerzmoderate conclusions. The boundary conditions must also be de-
fined properly based on real dimensions as, in certain CFD tools such asri&ti\there is a pos-
sibility of overestimation of the mean radiant temperafiig¢{20]

The analysis at a district level has been a challenge due to the limitationsdifdarent soft-
wares. There have been improvements in certain CFD tools such as SCstream, however, factors like
time consumption, the need for an initial knowledge, and cost limits the results and the analysis.
The district study helps in understanding htihwe different building heights, their geometry, the
street distance, and the several building typology interact with each other and therefore suggest the
changes and possible spaces of improvement. A neighbor scale analysis helps in understanding how
the aitdoor thermal comfort can be improved by taking different measurements. In the Middle
Eastdos specific hot ari fl]jcl i mates, such analy

There are several studies done in the Middle Eastern region regarding the improvement of the
microclimate, mainly through the landscape, however, there is no deep historical study of the an-
cient cities and the relatidm the modern cities. The analysis of how the urban space evolved ac-
cording to the society evolution and the market needs has place for improvement. The modern cities
of the region such as Dubai, Doha, Abu Dhabi, Muscat, Kuwait, Manama etc., are stitiggro
therefore, there is a strong need of microclimate change study and site measurement campaign.
Every urban development plan has an impact to the local climate and microclimate and has the po-
tential to improve or decrease the air flow, air qualitytexinperatures, relative humidity, mean ra-
diant temperature, outdoor thermal comfort g2][23]

The initial measurements of site conditions create a base of the model that is closer to the reality.
Creating this background along with having strong computational skills and using the equac
tions is crucial for the accuracy of results that will be obtained. The real case studies have a reduced
scale. There are sporadic examples of projects in the Middle East that contribute to the improve-
ment of the microclimatd24] however, there is no official measurement campaign in the main cit-
ies of the gulf region in the last 20 years ddittdevelopment. Measuring the air temperature, rela-
tive humidity, wind speed, the solar irradiance etc., with the aim of calibrating and validating the
CFD models, as well as tracking the microclimate changes has not been done yet in the city of Abu
Dhabi These measurements can be done in several levels and in several different districts in order
to have a full picture of the microclimate changes in the main island of Abu Dhabi. Such a cam-
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paign is also needed to monitor the impact of the anthropogericeteased in the canyon from

the AC units and the traffic. The site measurements are also needed to define the outdoor thermal
comfort values. Part of this research is to conduct such campaign in order to create CFD models
closer to the reality.

1.2 Scopeand methodobgy

The Research Field concerns the urban planning in new cities and the strategies for the mitiga-
tion of the Urban Heat Island Effect. The interesting and new side of the research is the connection
between the Urban Design Fixtures and th&gdtion of the UHI, all these being connected to the
sustainability of the city in terms of energy saving and a higher quality of life. From one side there
is an analysis on how the UHI affects the Cooling of the buildings and on the other side, as analys
on how to mitigate UHI with smart and sustainable solutions.

This topic is connected to several disciplines. First of all, in order to evaluate where the urban
planning stands today, it is necessary to take an overview of the past steps. Sinceshelyase
situated in the Middle East, the research takes another interesting path thanks to the different cul-
tures, societies, architecture and construction technology. Analyzing the past in the different ele-
ments connected to the research topic can ighpethe evolution pathway and bring into perspec-
tive the positive, energy efficient solutions used for centuries.

Beside the first part that is theoretical, the research has a considerable amount of site monitoring
as it is connected to the outdoor thereamfort and energetic analysis as a way of measuring the
effectiveness of such proposed solutions. Furthermore, a comparison between planned and applied
project with a critical mindset will bring out important definitions to be taken into consideration i
the future steps, such as assistance to a government entity for future urban areas.

Middle Eastern countries have emerging economies which are on their way to defining a modern
identity. With such a fast development, countries such as UAE, Qatar, OmlarairB Kuwalit,

Yemen and more must be placed under a strict control system of construction in order to avoid a
non-sustainable growth from economic, social and environmental points of view.

The Middle Eastern Cities have had a rapid development in téromnstruction with few pos-
sibilities to make the necessary tests before applying. The case study taken into consideration will
make a difference in this critical analysis. The Main Island of Abu Dhabi has had a growth that did
not take into consideratianany aspects contributing to the increase of the UHI levels.

There must be interventions in order to make the city more sustainable, such as: cool roof, inno-
vative pavement materials, shading trees and urban shading fixtures, which are some of the main
UHI mitigation strategies.

Technically, analyzing such proposals takes a long time, but with new softwares it can be possi-
ble to monitor the suggested intervention. The scope of this research is to analyze the impact of the
proposed UHI mitigating strategi@s decreasing the air temperature, improving the outdoor ther-
mal comfort, and reducing the cooling load of the buildings. In this research, the most important
part of the analysis is the comparison between the past and the present in order to showdwhere an
what can be improved so that the desired thermal comfort conditions are achieved. The aim is to
start an analysis from the history of the Ancient Islamic Cities. Many lessons can be learned from
the past in terms of the urban planning and architectine sdlutions that came out from the local
experience and the adaptation to the difficult climate conditions made this city sustainable from the
social, economic, and most importantly, environmental approach. Their similar characteristics in
terms of streepattern and urban solutions bring out planning guidelines to the cities of tomorrow.
The analysis of the urban forms and the urban development of the city is crubmltwerstand-
ing of the shapes and the type of the suggested strategy. In terdmesnoéthodology, the steps will
follow a timeline: the history of the development of the cities in the region, the development of Abu
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Dhabi, the UHI phenomena, the proposed mitigation strategy, the CFD models, the Measurement
campaign, the results and camgibns. The steps have a practical interaction and they fuse together
at certain points. The design and pragasf mitigation strategies cant be developed without a

full picture of the past sustainable solutionsthe region. The CFD models et be ealistic

without the site measurements.

1.30utline

This thesis consists of 7 chapters. In the chapter 2, there is an overview of the urban planning
development in UAE. Chapter 3 covers the two types of proposed shading devices. The thesis main
chaptersare 4 and 5, where the models work and the validation process are discussed. In the chapter
6, the results of the research are shown. Chapter 7 covers the application field of the research and
the calculation of the cost.
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Chapter 2: UHI phenomena, mitigation strategies and local applications
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2. UHI phenomenamitigation strategiesand local applications

2.1 UHI Phenomena

The Heat Island is a phenomenon created in the urban areas due to construction of the cities. The
materials used for the streets, gaents, building facades, and rooftops absorb the heat from the
direct solar radiation and release it during the night causing an increase in the air temperatures in
some cases by more than 2°C. This depends also on the type of the city, the climat&\ofttiee
traffic, etc.[25][26]

The urban canopy characteristic defines the level of the heat island effect. The connection be-
tween the height of the buildings and the width of the streets defines the amount of heat trapped into
the calyon. There are several different strategies applied in the urban canyons that minimize this ef-
fect. The orientation of the urban canyon toward the wind direction also has an impact on mitigat-
ing the UHI effect. By analyzing all the factors that cause tHé phenomena in a city, it can be
possible to implement the right mitigation strategies. This is defined by the geographical position,
the climate, and the soeeronomic situation of the plag27][28][29]

The UHI phenomena can be prevented at some levée afrban planning phase of a neighbor-
hood by selecting the optimized street size, amount of greens, building height and type of materials.
The surface temperature can also show and be associated to the UHI Phenomena in the cities. Sev-
eral studies showigjher surface temperature in the urban areas than the rural ones. Several studies
have been done on the spatial distribution of the UHI. Different cities have different configurations.
Analyzing the different configurations of UHI helps the decision makexie the right approvals.
[30][31]

The urban form and development defines the typologies of the strategies applied in a city. The
design of the streets, the space dedicated to open parking and underground parking, and the build-
ing orientation are connected to the UHI phenomena and éssiity. According to a research con-
ducted in Atlanta, Georgia, the singlemily residential buildings have a bigger impact on the UHI
phenomena than the high rise buildings in a high density [8&a.

Before proposing any UHI mitigation strategy, it is very important to uraledtshe behavior of
the urban canyon during different periods of the year. In the Mediterranean climate, the effect of the
heat island in summer time has a direct effect on the outdoor thermal comfort and energy consump-
tion of the buildings. A study done iAthens shows the different variations of the UHI during the
summer season in several locations. A network of 25 fixed temperature sensors showed that the dif-
ference in temperature of the selected areas of the city reachd@3°C.

The UH phenomenon has an important role in hot climates. It contributes to increasing the cool-
ing load of the buildings and it decreases the outdoor thermal comfort values. The heat entrapped in
the urban canyon increases the air temperatures, therefore imgrgegsneed of cooling inside the
buildings composing this canyon. The increase in air temperature in such climates where the air
temperature in spring can reach 35°C increases the level of discomfort in the outdoor thermal com-
fort chart.[34] [35]

Phoenix, in Arizona has implementediateresting policy that will help the city meet its targets
of 2030 in reducing the UHI phenomenon. The hot arid climate of the city contributes to the crea-
tion of the UHI. The local institutions together with the local community cooperated in implement-
ing the policies that were suggested and approved. The shape of the network in a certain urban area
is connected to the wind flow and the natural ventilation of the city. The study of the wind direction
and the different strategies to improve it, or in soames, to stop it has an impact on the UHI phe-
nomenon. In Phoenix, the rapid growth of the city increased the traffic therefore increasing the an-
thropogenic heat contributing to the UHI effd86][37]
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The study of the strategies that can have a positive effect in mitigating the UHI is related to spe-
cific CFD modelling. For calibrated models, having a database with site conditions makes them
morerealistic and the tests done in the laboratory are closer to the reality. The site measurements
are an initial support in order to have more reliable models and results. It is shown that the UHI in-
tensity is connected to the geometry of the buildingsesthey contribute in regulating the leng
wave radiative heat loss. The geometry of the canyon defines the relation between the size of the
city and the UHI intensity[38]

2.2UHI mitigation strategies overniew

There are several strategies applied in different cities with a different urban context and different
urban climate. There are many ongoing studies in emerging countries trying to improve the micro-
climate. The main applied strategies are: cool pavesneobl asphalt, cool fagade, urban trees,
green walls, green roofs etc. Their effects vary from one region to another depending on the local
climate and developmeri89][40]

Some other samples of how cool roofs, trees and shading can be used as strategies to mitigate the
UHI are the ones applied in Phoenix, Arizona. With the aim of reducing the air temperature by 0.4
0.5 in an average neighborhoarhke, the municipality of Phoenix requested an increase of the trees
from 10% to 25% by 2030 and an implementation of the cool roofs. The results showed that the
outdoor thermal comfort can be improved by several degrees. It would also decrease thmeair tem
atures by 2°C under the shading. The type of the vegetation and the irrigation system are part of this
research and they play an important role in the evapotranspiration pebLi36]

Several studies were conducted to analyze the effect of the vegetation in reducing the UHI effect
in the cities. The vegetation typology and index defines the magnitude of surface and air tempera-
ture reduction in the areas where they were applied. Due to the evapotranspiration process, the
leaves of the trees cool down the air passing through them. They alsosirades in the streets,
reducing the area of the pavement and asphalt exposed to the short solar rggiqtion.

Alternative solutions such as the exden of Sierpinski forest show that synthetic materials
based on the natural design of the trees can help in reducing the surface temperature by at least 10
degrees compared to the air temperature, and in the full shade a differene@0ofi@grees. The
study shows the experiment in few common areas around the buildings in Japan. However the re-
sults are significant considering the effect of a 3D synthetic mat@isl.

From the site experiments, the cool roof and the cool pavements redstefgoe temperature
by 1520 degrees, improving in this way not only the air temperature but also the outdoor thermal
comfort. In this study, the urban shading device is an alternative proposal for the reduction of the
thermal stress in a street canyonorirthe developed model, it is shown that in this canyon the
thermal stress is reduced by the application of canopy shadi#jg.

The surface area temperature is reducedtaltiee shade created from the vegetation planted in
the city. Different types of vegetation have different impacts in reducing the surface temperature.

Furthermore, the reduction of the surface and air temperatures because of the use of vegetation
improvesthe outdoor thermal comfort and consequently improves the human [dé&dlth

As amitigation strategy, the vegetation can be applied at the ground level, on the vertical facade
of the buildings, or on the rooftops. There are many studies analyzing the temperature decrease
from the use of the vegetation on the rooftops. The climatensceal factor as its connected to the
maintenance. In order for a strategy to be efficient and sustainable, the cost of maintenance is an
important factor. Analyzing the different mitigation strategies brings out the limitations in each one
in differentlocations and climate conditions, buildings and street propedigl$46][47]

The Mediterranean region is quite problematic in terms of Heat Island Phenomena. From the
several researches, the main strategies to intervene in such a climate are the cool surfaces and the
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shading trees. This kinds of solutions were historically adgh such climates but a deeper scien-

tific analysis was done only in the last decades. The cool materials reflect back the biggest amount
of direct solar radiation. There have been many trials in different climates which proved that the
cool paints are qte efficient in facades and roofto[j48][49] [50]

2.3Regional applications

The UHI phenomenon is well known in different parts of the developed countries, but it is still in
the initial steps at the emerging countries such as the Middle Eastern countries. The rapid urban
growth has overpassed many lessons learned from the histbigusban planning.

There are efforts from local and central governments to improve the microclimate in young cities
such as Abu Dhabi, Dubai, Doha, Bahrain etc. The main strategies proposed from the local legisla-
tion are the cool surfaces. Deeper studnesst be done to analyze the effect of such a strategy in
this kind of hot arid climate. There are several ongoing studies in the region such as in Egypt and
Tel Aviv, with the scope of analyzing the urban canyon and how to improve the city urban condi-
tions. The local climate makes this kind of intervention crucial and very important as it has a direct
i mpact on the peopleds heal {5hb52and on the redu

The UHI phenomenon was also studied in Madinah, Saudi Arabia. The city is located in the gulf
region and has similar climate conditions to Abu Dhabi. In the study, it was showtheHhatest
development of the city increased the UHI value. Several tests done in FLUEN (CFD software
based on the Reynolds Averaged Navier Stokes approach) show that the orientation of the streets
and the relation with the wind direction can improve thtloor thermal comfort by decreasing the
air temperature by 2°C. This CFD model can also define the air pollution, the wind comfort and
thermal comfor{34]

The landscape modification and distribution in different areas in the city of Doha were analyzed.
The distance from the seaside impacts the wind flow of a certain area. The landscape combined
with the wind flowcan improve the outdoor thermal comfort in this hot, arid climate city and in
similar cities around the region. It is adviced to maintain the first coastline of buildings at a certain
height in order to let the wind flow go through the inner areas dithg22]

The hot, arid countries have very specific weatheddmns with summer air temperatures that
can reach 50°C, therefore the built environment has a strong impact on increasing the air tempera-
tures within the city. In the UAE, Abu Dhabi is mainly concentrated in the main island while Dubai
has a linear delopment. The building characteristic and the landscape vegetation are the main fac-
tors in mitigating the heat island effect in certain parts of the[@i8y.

In the UAE, the local government has developed initiatives to iweptbe current neighbor-
hoods with different rating systems and incentives. The Abu Dhabi 2030 is one of these initiatives
and an Estidama rating system is applied in the latest developing plans of the city with the aim of
having a sustainable city. The naneas expanding on the suburbs of the main island must have an
Estidama proposal. The local authorities have released an awareness campaign in building a sus-
tainable city since 201053][54][55]

Edidama is a rating system created to improve the main factors of sustainability in the UAE: the
environmental, economic, social and cultural factors. It influences the design, construction and op-
eration processes. It involves the project owners, the desslothe design teams and the residents.

This rating systenss was developed by the Urban Planning Council Abu Dhedbipart of the
UPC and Development review. Since 2010, all projects submitted to the municipality for approval
must have a report on thestidama Rating system of the project. Part of the Pearl Rating System
are:

1 Pearl Community Rating System,
1 Pearl Building Rating System,
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1 Pearl Villa Rating System,
1 Estidama PRS Construction Rating site Audit Protocol,
1 Temporary 1 Pearl Building andl¥ Program.

The first point refers to a community of not less than 1000 residents. It can include a district of
different types of building. It is mainly connected to the use of energy and water, waste minimiza-
tion and local material use. It aims to irape the supply chain of sustainable and recycled materi-
als and products.

Here are several manuals (Table 1) that help the design process, available in the UPC website.
They are mainly used by the design companies in the early design stages. Howevargthere
specifications on cool materials or analysis of the UHI phenomenon. A deeper analysis and guid-
ance in this phase would help the urban planners and architects define their design before starting
the detailing and authority approval procgS§]

Tablel: Manuals of Urban Planning Development in Abu Dhabi

Authority Manual Description
Urban Planning Council Abu Dhabi Urban Street | Street retrofit, generic description on
Design Manual the material, no specifications.
Urban Planning Council/Estidan] Abu Dhabi Realm Design | No description.
Manual
Abu Dhabi Municipality Roadway Design Manual | Detailed description on the pave-

ments desig andcharacteristicsNo
coolpavementamentioned

Urban Planning Council/AD 203| Abu Dhabi Community Fa-| Generic description on the design. N
cility Planning Standards | specifications on the materials.

Urban Planning Council/AD 203| NeighborhoodPlanning No specifications on the cool surfacg

Figure 2 shows the difference in the relative humidity between the rural and the urban data. As it
can be seen, the relative humidity is higher in the suburb in the morning and evening hours, while
during the hows 12.0019.00 it goes lower than the urban.

Figure 3shows the difference in temperature between the urban and the rural data. The rural
temperature is lower during the morning and evening time and higher fromI2@0 This was
an expected result doe the heat trapped into the urban canyon.

Figure 4 shows the anthropogenic heat schedule during the weekdays and over the weekend in
the city of Abu Dhabi. The study is based on average values of the five weekdays and the two
weekend days. The peak vaduere mainly in the morning and evening time. The values refer to E3
district, downtown Abu Dhabi, and the reference of the study are the satellite data.

Figure 5 shows the UHI phenomena in the spring season. The average difference is 1.5 °C. The
highest alues are at 6.00ah00am as expected, and the lowest values are at 14.00 hour. The ur-
ban and rural measurements in picturésrefer to the year 2016. The network of sensors installed
in Abu Dhabi is used also for the boundary conditions of EM¥t ast will be shown in the com-
ing chapters.
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Urban Heat Island
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Figure4: Heat Island phenomerma Abu Dhabi, spring seasoj228]
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Chapter 3: Urban Planning and Environmental Analysis
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3. Urban Planning and Environmental Analysis
3.1lIntroduction

The urban development of new cities is connected to the developméetsiidiety. The differ-
ent building types and architecture are connected to a specific phase that the society is at a certain
period of time. The street network, the different urban blocks, their types, their connection and the
principles of a sustainableedelopment are ongoing processes that tend to improve themselves.
There are different approaches in studying the building types and the urban forms in different cities.
This is connected to the history of development of the society, the geography, thiee dondi-
tions, the relation with the neighboring countries and the their influence into the local
climate[57][58][59]

The Middle Eastern cities are developing very fast. The biggest part of construction was made in
the last 7680 years. The public transportation has a crucial value in developing a sustainable city.
Two-four cars per family isn excessive number when calculated against the parking lots coverage
area in the city, the amount of asphalt area, the CO2 emissions, etc. Currently the local authorities
are working on improving the public transportat[64][60]

Several studies done at a mesds level analyzing the urban morphology, show a direct impact
between H/W and the energy consumption in the buildings. This is related to the different behaviors
of the canyon toward the solar radiation because of the orientation of the buildingsiandlthe
umes. The morphology of an urban area impacts mainly the outdoor thermal comfort and the health
of the citizeng61][62][63]

The design of the space between the buildings and the development of the public areas has a ma-
jor impact in improving the outdoor thermal comfort and the microclimate. The use of latzal-m
als and the correct orientation of the proposed structure can potentially bring an improvement in the
urban microclimate. The space between the buildings is connected to the sky view factor that is a
guantitative factor in defining the different dist morphologies[64][65] [66]

The urban form evolution, the heights of the buildings, their orientation, and the distance be-
tween them are connected to the solar energy at an urban scale. In such climates as the one in UAE,
the more dense thehan form, the more shaded the streets are and the more energy saving will be
obtained. However, the development of the cities is connected to the global cf@n{es][69]

The different urban analysis at a global scale show similarities in the urban forms and their im-
pact on air pollutions related to the transportation systand the construction speed. In the devel-
oping cities, the growing number of cars increase the air pollution compared to cities thatibave a
fined structure[70][71]

The careful planning of the residential blocks improves the life of the inhabitants. The careful
calculation of the solar access, thetural ventilation and the orientation of the buildings can im-
prove the health of the citizen in the indoor and outdoor area. The distance between the buildings
must be sufficient enough to help the natural ventilation process. Having passive systeras that
cool the building and reduce the energy spent in the air conditioning system is one of the main
points to consider before starting the plan of a distfic2][73]

The urban planning is strictly connected to the climate condibbnthe area where the devel-
opment takes place. In hot, arid climates the distance between the buildings are quite different from
cities in cold climates. The building orientation tends to avoid the sun and place the main areas to-
ward the north, the oppasihappens in the cold climate countries. The natural ventilation during
the winter season can improve the indoor conditions, but during the humid days of summer, there
are certain parameters to follow. In the desert areas, the building material setacsione done
according to the countryds condi[d]i7Tins i n orde
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3.2Urban Planning of Islamic Cities

The main points of this section are focused on the City Organization, Street Pattern, ldentifying
Buildings and Internal Open Recreative Areas.

City Organization

In order to understand the city organization the old city maps were studied. In the fayr citie
there is a similar urban distribution. The City organization understands the street pattern, the main
identifying Buildings, open recreative areas etc.

In the case of Sanaa, the city starts from the central bazaar and expands toward the suburb. The
certer of the Islamic city is usually composed of the market place and the mosque. In other cases,
they are separated but still in a walking distance from each other. In the case of Isfahan, the mosque
and the bazaar are practically attached and from therditierent neighborhoods started growing
outwards. As can be seen in the case of Multan, the walled city, as well as in Fez, the walls that de-
fended the city are the ones to determine the limits of the growth. This type of expansion, of course,
is relatedto historical events as well as to the natural terrain conditions and to the concept of how
much land a city should cover. In the case of Fez, one of the main attractions of the city is the leath-
er el aboration circl es. hMWesbmrt df he ciy, lrudit hasran itn-h e ¢
portant economical rol¢76][8]

Street Pattern

The Street pattern is connected to the way the city expanded and to the terrain conditions. Sanaa
and the other three @t are characterized by narrow streets that are shaded during the day making
the outdoor conditions more comfortable for the citizens. In some areas of the city the streets are
parallel straight lines and in the border of the city they become curved the [tmits posed by the
surrounding wall. In the case of Isfahan, the square shape of the central mosque defines the shape
of the surrounding streets and then again they tend to curve to the limits of the city. Multan has
more fragmented street pattefiney start from different spots that might be mosques or parks, and
spread to the other centers. A similar street pattern is found in Fez. Of course the width of the
streets is also related to the absence of cars and several historical traditionsiriaun tiaetor was
to be protected from the sun. These four cities have similar weather conditions. This is a crucial fac-
tor that was used later on in the concept of Masdar City. An important point to be mentioned here is
the H/W value that defines the shdd® the sun exposed arep&][78]

Identifying Buildings

As mentioned earlier, all of these factors are connected together. The street pattern is strongly con-
nected to the identifying Buildings. In the case of Isfahan, the whole city is connected to the main
Mosque. Also the bazaar has an important value as an identifying building that identifies this city.
In this case, the bazaar is closed, as it is alsadanbsil. This is due not only to the climate condi-
tions, but also to the city culture. The unique architecture that allows for natural light and ventila-
tion gives this site a strong identifying characteristic. In the case of Multan, since it developed in
the same time, it has more than one Identifying Building. It has several equally important Mosques.
As for the city of Sanaa, the buildings themselves, with their special facade treatment are identify-
ing buildings. In this case also, the bazaar is a djst#hed center. In the case of Fez, the leather
elaboration circles are a strong identifying site of the city. All the main streets of the city lead to this
site.[79] [80]

Internal Open Recreative Areas

As for the recreational areasjch as parks or playgrounds, in this kind of cities, the concept is
slightly different. In Isfahan and Multan, there are several external parks around the city. In Isfahan
the central park within the territory of the main mosque is the main recreatentat. On the other
hand, Multan has smaller green areas, however they are important sites of the city that connect the
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streets to each other defining the street pattern. The city of Sanaa and Fez, are characterized by in-
ternal courtsThis architecturatharacteristic is connected with the culture of the city and with the
improvement of the natural ventilatioBmall ponds and green areas where people gather and have
recreational time characterizes the internal cd8a}{82][83].

The city center organization, the buildings composing the core of the city and the street view of
Sanaa, Isfahan, and Multan Walled City are shown in Table 2. The center of the city is very com-
pact. The buildings of each center are different in divtethey follow the same concept. They are
close to each other and they create shades in the streets.

The building treatment, the facades, and the architectural details of the four cities under study
from the region are shown in table 3. The buildingsegalty have 47 floors. Their facades are rich
in details, showing a particular style connected to the tradition of each country. The architectural
details most of the times have functional use, such as the mashrabiya window in Sanaa, or the struc-
ture of he tent above the shops in the ground floor in Multan Walled City.
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Table2: Urban Planning Analydi84][85][86][77][87][88][76][89]

UrbanPlanningAnalysis

City Centre Map | City Centre Analysis Street View

Sanaa Yemen

Multan Walled City Pakistan

The Bazar, Moolton-Clly
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Table3: Architectural Analysig80][90][79][91] [92][93][94][95]

Architectural Analysis

Building Characteristics

Facade Teatment

Architectural Details

Sanaa Yemen
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3.3 Urban Planning in UAE

Figure5: Abu Dhabi Map 1994 [4].

The city development

The first Masterplan that was proposed for the city of Abu Dhabi had a different concept from
what is applied today. The plan was proposed by Mr. John Harris (Great Britain) in 1962, four years
after the direserves were discovered. The plan was focused on organic development of the city
with curved streets that were embracing the historit gfathe Corniche area (FiguB. However,
this plan was not applied, but the concept of focusing the main lanasiothe historical area was
maintained. In 1967 the US#ained urban planner, Mr. Katsuhiko Takahashi (Japan) proposed a
new Masterplan with linear roads and a main spine Airport Road, that were leading towards the his-
torical area where the souk wasdted. This plan was based on a utility grid referring to the func-
tion as the main reason for such design. The main concern of the ruler of Abu Dhabi was the practi-
cal time to reach one point of the city from a certain location. This point was refledtesl Mtas-
terplan. Mr. Takahashi insisted on his concepts that were quite different from the ones developed in
the region. Despite that, this plan is the basis of the street grid in Abu Dhabi today (Figure 6).

The proposed plan from Mr. Takahashi was caroatlby Professor Abdulrahman Makhlouf
(Egypt) in 1968, a city planner recommended from the United Nations to the ruler of Abu Dhabi.
He kept the linear roads and redesigned the ]k

However the soukvas demolished in 2005, and in place of the old structure, the Central Market
was built by Fosters and Partners. Mr. Makhlouf developed the so called super blocks or districts
based on the Emirati or the gulf traditional neighborhoods (Figure 7).
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In eachdistrict there is a mosque where people gather to pray, there is a main lane where there
are shops and restaurant s, associated with t
evenings and talk about their day.

Each district is surrounded by higise commercial/residential buildings, and in the middle there
are villas or lowrise buildings. This scheme associates with the distribution of the houses in the old
neighborhoods where they are close to each other but far enough to have their pimccyhes
city was built in the years when cars was starting to be used in emirates, the streets between the
blocks have six lanes. They isolate the blocks from each other. This division has a parallelism with
the severhouse blocks divided from each otlethe old Emirati neighborhoods.

The ruler of Abu Dhabi in the years when this master plan took place, Sheikh Zayed AL Nahyan,
requested for the preservation of the mangrove and the keeping of the natural green areas. The new
blocks were supposed to levnternal parks, however, due to the rapid growth of the population all
the internal areas in the districts are used as parking lots.

The Abu Dhabi 2030 plan reshapes the districts by diminishing the number of cars and improv-
ing the public transportain.

Figure6: Boy and donkey inside the old Abu Dhabi poapprox. 1960A 1950s Abu Dhabi family stands
outside its traditional arish dwellinfR7]

The initial request wat® prepare a city plan for 50,000 people, but the urban planner insisted on
having one for 250,000 people with the possibility of expanding into Sadiyat and Reel Island. To-
day, the city has expanded into these areas and subsequent plans expand it @vewards the
desert.Dr Makhlouf estimated that 40 percent of the population would be working in services, 30
percent in industry and shipping and the remainder as merchants.

The main architectural buildings of the city are: the Courthouse (Abdul Rahralemaddf 1977),
the Cultural Foundation (TAC 1979), the Bus Terminal (Bulgarconsult A&E 1989), and the Munic-
ipality (Bulgarconsult A&E 1990). They represent a modernism move in the architecture of the city.
The aim is to keep them as representative buidofghe modern architecture in UAH.
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Figurer: Qasr AHosn Cast[89]

Located on Khalid bin Walid St. Abu Dhabi, Qasr al Hosn, the White Fort or old Fort, is the old-
estBuilding in Abu Dhabi (Figure ){ The original structure was constructed in 1793 as the official
residenceoAbu Dhabi 6s rulers, the Al Nahyan family
ble, the ancient fort, dating back to the time of Sheikh Saeed bin Tahnoon who ruled frem 1845
1855, and a new section added in 1936 by Sheikh Shakhbut bin Sultan, bfdtieetate Sheikh
Zayed bin Sultan Al Nahyan. Major renovations took place in 1983 and the whole Qasr Al Hosn
Cultural Quarter is undergoing a largeale redevelopment.

The United Arab Emirates covers a land area of approximately 83,000 km2, of idiEmir-
ate of Abu Dhabi makes up about 85%au Dhabi is the largest of the seven Emirates that com-
prise the United Arab Emirates, a nation founded by the late Sheikh Zayed bin Sultan al Nahyan in
1971. Abu Dhabi is the capital of the UAE and the nati@ealt of the Government. Since 1971,

Abu Dhabi has evolved from having no sealed roads and only a small number of permanent build-
ings to being one of the most important modern economic centers, both regionally and globally.
This rapid growth is attributea tthe wise vision of the late Sheikh Zayed bin Sultan Al Nahyan
who prudently invested the Emirateodos oil and
country and its people.

The first city core of Abu Dhabi was on the main island, close to thteytdch was also an im-
portant economic part. As the years passed by, due to economic growth, the city started to develop
within the island and then towards the desert. On the map of 1968, 1972, and 1978, this growth can
be seen within the island. Startifrgm 1980, the city started to expand towards the desert with an
initial industrial area. In 1990 and then 2015, the city went further into the southeast direction. Abu
Dhabi Main Island is organized into parallel streets, creating rectangular blockseritee of the
city can be considered to be the oldest building, Qasn Al Hosn. Later on, other central areas were
developed such as Al Wahda area (Tab%.4

This Proportion creates a low H/W value, leaving the streets and the pavements exposed to the
sun all day. Some of them are the malls. Due to the difficult climate conditions in the summer, the
closed shopping places became recognized sites of social interaction. This was also due to the re-
guirements of the population of Abu Dhabi.

Regarding the reeational areas such as external parks and play areas, the main island of Abu
Dhabi has a lot to offer, but when scaled down to the district level, there is still place for improve-
ment. This analysis will take place in the next paragraph. Regarding tdmgwiolumes and char-
acteristics, the main island has large buildings due to its scale. However, several districts can be
categorized, as their structures are similar to many others.

Downtown Abu Dhabi, there are many elements that can be identifieddilegpem the period
the buildings were built. An example is the structure of the main bus station that is visible to the eye.
Another one is the round windows in some of the older buildings. Even though their construction
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time is less than 50 years, theg grart of the history of the city, marking a certain decade and its
architectural trend within the city. The table below shows how the city expanded from Corniche
part, in the end of the main Island, towards the direction of Al Ain and Dubai.

Table4: Abu Dhabi Urban Planning Developmg@8] [99][100][101].

Abu Dhabi Urban Planning Development
Abu Dhabi 1955 Masterplan Presentation Abu Dhabi 1956

Abu Dhabi 1955 with Royal Palace visible

Abu Dhabi 1970 Abu Dhabi 1971

The city expansion

In an era of globalization, considering the ecosystem around a city is crucial. Planning according
to the local standards and respecting the regional climate should make the city sustainable.
[102][103][104]

Sustainability is strongly dependent on the decis@king process of a city couhoir respec-
tive institutions. In Abu Dhabi, beside the UREban Planning Council and the ADMbu Dhabi
Municipality there is also the Environment Agency that monitors the different projectsvalspro
and executions (Figure®. [102][54][105]

Masdar City is a good example of how the decision making process can sustdmable
neighborhoods. It is located in the suburbs of Abu Dhabi. The architecture is based on the old Ara-
bic Cities. The buildings are close to each other in order to create shading in the streets and improve
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the life of the citizens. The facade bktbuildings is based on the mashrabiya design and local ma-
terial selection. It is a real case study for the future expansion of the city, specified in the Abu Dha-
bi 2030 Plan[106]

The urban plannmin Europe has developed over many centuries. The different ages of the city
expansions are visible because of the building architecture and the typology. Abu Dhabi developed
over a very short period as mentioned above. Due to this rapid constructianthbeties try to
implement new technologies and softwares into the decision making process such as BIM. It Is used
generally in Dubai, but Abu Dhabi is also adaptingli®.7][108][104][109]

The Heat Island phenomenon connected to urban development plays a crucial role not only in
the reduction of the air temperature but also in the cooling load of the buildings andItheohea
the citizens. The more the area near the cities is urbanized the more the UHI phenomenon is present
and visible. There will be a dedicated topic on this subject in the following chapter. Such phenome-
na influence not only the life of the citizenst llso the cooling load of the building87]

In the development of Abu Dhabi, the authorities pay a great attention to the use dietleaitdif
materials such as the concrete, glass, insulation, street tiles etc., in order to reduce the negative ef-
fects the characteristics of the materials might bring in the development of tH&X0§{111][112]
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Table5: Abu Dhai Urban Planning Analysig.13]
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]

Figure8: Abu Dhabi City Urban Plan 2015L13]

L

Figure9: Abu Dhabi CityMap 2016.
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The local standards

Some of thetandards and Policies related to Urban Heat Island Effect and Mitigation Strategies
in UAE are: Leed Approach, Estidama Approach, Abu Dhabi Municipality Guidelines, and Urban
Planning Council Policies.

Abu Dhabi's Plan 2030 establishes a clear visiondstasnability as the foundation of any new
development occurring in the Emirate and capital city of Abu Dhabi. This commitment is a reflec-
tion of the values and ideals of our nation. The tenets of sustainable living in the Middle East are
the guiding force behind Estidama. More than just a sustainability program, Estidama is the sym-
bol of an inspired vision for governance and community development.

It promotes a new mindset for building a forward thinking global capital. To establish a distinc-
tive overarcing framework for measuring sustainability performance beyond the usual planning
and construction phases, UPC has worked with the team, guiding Estidama to ensure that sustaina-
bility is continually addressed through four jtefined angles: environmentaconomic, social
and cultural.

The purpose of Estidama is to create a new sustainability framework that will direct the current
course while allowing adaptation as new understandings evolve. By promoting a new sense of re-
sponsibility with Estidama, UPC oing beyond other sustainable development initiatives around
the world, by creating new tools, resources and procedures crucial to the 203(54gion.

3.4PET

Physiological equivalent temperatufeET) is an index that measures the thermal comfort of a
human body. It is defined to be as a standardized person with a work metabolism of 80W of light
activity, in additional to basic metabolism and 0.9 clo of heat resistance because of clothing. The
different levels of PET vary according to the levels of temperature into: very cold, cold, cool,
slightly cool, comfortable, slightly warm, warm, and hfit14][35]

Thereare several studies done on the outdoor thermal comfort and the conditions that improve
it. The urban design and the attention paid to the internal spaces is connected to such parameter.
The impact of the building environment is different in differeimaktes. There are several soft-
wares developed to improve such parameters such as RAYman, which is mainly used in this re-
search to process the air temperature, wind speed, relative humidity, and mean radiant temperature
measured in the real site downtownuAbhabi.(table 6)[115][35]

Other softwares used in calculating and simulatingPiBé& are : ENVAmet, Fluent etc. Despite
the defects that the software has in calculating the mean radiant temperature, the results of the PET
before and after an intervention are close to the real measured data. Several different studies show
the effect 6 the vegetation and shading. The PET can be decreased by several degrees in hot arid
climate. The wind analysis is also an important factor in these CFD softwares and impacts the PET
results[34] [116]

As regards a research conducted in Shanghai, an increase of 0.4 in the ground surface albedo
generally reduces the thermal comfort bY°® in PET. The #e canopy can reduce daytime PET
by up to 15°C if dense. The measurements are done in two different residential areas and the mod-
els are developed with EN\fhet. The effect of the vegetation has a bigger impact on reducing the
PET than the cool surfacgkl7]

The Green areas impact on the improvement of the outdoor thermal comfort is analyzed in the
city of Hong Kong. From the measurements taken, it is shown that the green roofs can reduce the
air temperatures of the digtt by 0.40.7 °C. This improves the outdoor thermal comfort and also
reduces the energy use of the buildings analyzed in this re$gagih.

Several studies focused on human behavior towards outdoor thermal conditions. The perception
of different people and their physiognomy is the one to define the personal outdoor thermal comfort.
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In a research done in Athens duringnsner, the use of architectural solutions to improve the OTC

by an average of 6% was shown. Another research done in Algeria during the summer season
showed that the PET under the trees in a canopy are several degrees lower than the same scenari
without trees. The air temperature could be reduced by 1[%10][120]

A study done in Fez, Morocco showed that the air temperattine inarrow streets of the city have

a difference of 6L0K from the shallow areas. This showed that during the summer the narrow areas

of the city were more comfortable for the inhabitants to walktable 6)121]

Table6: Physiological equivalent temperature (PET) ranges. Internal heat production 80W, heat transfer re-
sistance of the clothing 0.9 cl@5]

PET | Thermal perception Grade of physilogical stress
Very cold Extreme cold stress
4°C
Cold Strong cold stress
8°C
Cool Moderate cold stress
13°C
Slightly cool Slight cold stress
18°C
Comfortable No thermal stress
23°C
Slightly warm Slight heat stress
29°C
Warm Moderate heat stress
35°C
Hot Strong heat stress
41°C
Very hot Extreme heat stress

3.5The temperature stg

The outdoor thermal comfort is a parameter connected to the human health. Several studies have
been done on the impact that different outdoor measurements have on reducing the PET values.
However, few studies have been done on the impact that the difference of temperature from one en-
vironment to the other might cause to the human health. The @wmesteps have a higher im-
portance in extreme climates such as the summer in Abu Dhabi.

During this period the human body makes changes to accommodate the new thermal conditions.
This adaptation phase causes body stress that has side effects on tongubean health
[122][123]and sometimes the multiple temperature steps might cause hypertgtéjion.

In A study done in Shanghai, the largefeliénce between the indoor and outdoor air tempera-
tures is connected to high risks of discomfort in the nervous system, digestive system, respiratory
system, skin and mucous membrah&24]

Xiong et al. (2015) studied different potential indicators connected to the effect of the tempera-
ture steps on human health and thermal comfort. These parameters, psychological and physiological
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(oral and skin temperaturdgpod oxygen saturation, respiration rate, hear rate, heart rate variabil-
ity) change due to the temperature step. They have variations depending on the intensity of this
change. According to this study, the desteps might be more serious than thestgys. [125]

The focus is on the thermal perception and skin temperature in different transient thermal envi-
ronments. Accordingo the study, about 45 minutes is needed for the skin temperature to become
steady after dowssteps. The human body has psychological and physiological adaptations to the
environment. The thermal sensations are subject to asymmetry and are signifesgetiyafter up
steps. The main parameters considered in this study are the thermal perception and the skin temper-
ature. Other studies show that the skin temperature and its variations have an impact on the thermal
sensation. The sefeported health symptes and fatigue after step changes are not studied as the
thermal comfort, however the authors concluded that perspiration, eyestrain, dizziness, accelerated
respiration and heart rate are sensitive-sgdbrted symptoms to the temperature step changes. Th
human subjective perception is also influenced by the temperature step. The human response is
asymmetric on the temperature steps of equal magnitude. According to this study, it takes longer for
the skin temperature to reach stability after a highermdagm d e of st eps, althot
use it directly for the predictioof thermal perception (Figure 10126]

Interference

Heat production
(vasoconstriction, shivering)
Controlled system

Thermal
regulation
center in
hypothalamus
control system

Deep body
temperature —>Body temperature
Controlled object Quitput variable

Set points

Heat dissipation
(vasodilation, sweating)
Controlled system

( Thermoreceptors
(peripheral thermoreceptor, central

thermoreceptor)

Feedback detector

FigurelQ: The temperature step effect on the human hdakR]

3.6Five Districts Analysis.

Five Districts Downtown Abu Dhabi.

The districts dowrdwn Abu Dhabi are parts of a larger district, but the comparison is done par-
tially on the smaller scale and partially on the larger scale. Each district can be seen as a scaled
down city. Some of the main characteristics of a city are integrated in thetglias smaller repre-
sentative units. While in the two districts from the main island, the center can be considered to be
the Mosque, there are no internal parks that can serve as centers for outdoor life. However, in the
first case, the street pattemilinear as well as in the other two cases.

The building characteristics vary from one district to the other. Some of the buildings in the dis-
tricts downtown Abu Dhabi, even those built at almost the same time, refer to the architecture of
old Emirati Neghborhoods. The facade of each building as showed in the views below is highly
energy efficient, contributing to the decrease of the cooling load. On the other side, each element
such as the mashrabiya, the proportions of the floors and the connectiaermeahe buildings
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gives to this block an identifying characteristic. The facades of the buildings in the other districts
downtown as showed in the side view are quite simple, without any identifying elements. Some of
the units change their use after begumstructed, making the district change its initial purpose of
mixed use. In the other two districts, some treatments of some balconies, few arcades and the rest of
the treatment is very basic.

Figure 11shows the location of the five districts taken iatodyThe villa district and the med
rise building district are located in the sides of the second half of the main island. The villa district
is affected by the wind coming from the east and thenms&l building district is affected from the
wind comingfrom the west side of the island. The three remaining districts are located downtown
where the built ups area is more den3de table 7 analyzes the district areas, pavement, green,
shading quantity etc. Meanwhile table 8 quantifies the facades of ildengs. Table 9 makes an
analysis of the space in each districtdmynting out the road system. Table 10 has pictures of each
district from the district center and the street view showing the distance between the buildings. Ta-
ble 11 has the cross sectioheach district showing the difference of height and the canyon section.
Table 12 has images from the site of the five districts focusing on the building typology and the ar-
chitectural details. These images are quite different in terms of culturaltydienthe ones shown
in the second chapter from different cities around the region.

Figurell: District location.
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Table7: Five districts characteristic.

Description District 1 District 2 District 3 District 4 | District 5
Typology Villas High Rise| Medium and] Medium| Villas and
Buildings High Rise Rise| High Rise
Buildings | Buildings.| Buildings.
No. of Buildings 68 48 70.00 81 69
Max Floor No. 4 49 20.00 5 22
Min Floor No. 1 9 5.00 3 3
Max. Border Dimensions(m) 414x289 464x328 582x331| 401x341 406x414
Total Area (m?) 120.000 151000 193000 136000 162000
Building Area (m?) 28.000 27.000 46.000 31.000 27.000
Building Area in % 23 18 24 23 17
Asphalt Area (m?) 27.000 85.000 93.000 52.000 95.000
Asphalt Area in % 23 56 48 38 59
Paved Area(m?) 63.000 38.000 53.000 52.000 39.000
Paved Area in % 53 25 27 38 24
Green Area(m?) 3963 NA NA 1783 NA
Green Area in % 3.31 NA NA 1.30 NA
Existing Shaded Area (n%) NA NA NA NA NA
Proposed Shaded Aredm?) NA NA NA NA NA
Existing No of Trees 151 NA 24.00 54 79
Proposed No of Trees NA NA NA NA NA
Table8: Five districts characteristi
Description District 1 District 2 District 3 District 4
Typology Villas | High Rise Build-| Medium and High Medium Rise
ings Rise Buibings Buildings.
Area of the fagcade(m?) 219.000 332.000 219.000 118.000
Total perimeter (m) 4.000 4.000 4.000 8.000
Average H(m) 44 70 44 14
Average A
(build area, m2) 415 568 666 394
W (m) 22 32 27 21
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Table9: Five districts street pattern.

URBAN PLANNING ANALYSIS-E3(scale 1: 500)
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Tablel0: Site observation, five districts.

Urban Planning Analysis

The district center \ Street view

District 1- Villas

se Buildings and Villas
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Tablell: Five districts Cross S&on.

District Section(scale 1:500)

District 1- Villas

District 27 High Rise Buildings

District 31 High Rise and MieRise Buildings

District 47 Mid-Rise Buildings

District 51 High Rise Buildings and Villas
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Tablel2: Five Districts architectural Analysis thru images.

ARCHITECTURAL ANALYSIS

BUILDING CHARACTERISTIC ‘ FACADE TREATEMENT ARCHITECTURAL DETAILS

District 1- Villas

District 27 High Rise Buildings
—
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Figurel2: Street network analysis
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Figurel4: Street network analysis.
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Tablel3: Current and Improved District @ditions

Current and Improved Conditions Plan

Current Conditions

Proposed Intervention

Solar Radiation Analysis
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Tablel4: Architectural Analysis E3

Architectural Analysis
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Figure 1214 shows a detailed plan of the space between the buildings and the street network in
black and white¢o understandhe differences better. Table $Bows the current and the improved
conditions of the five different districts. It also shows the solar radiation in these districts. It is an
analysis that is done to understand the areas that néedécshding and trees. Table has fa-

cade section of the district E3 from the main orientations. It shows the glass surface and the build-
ing height

Building Typology

The history of the use of prefabricated elements in residential buildings is very long and is
spread all over Europe, USA and Asia. The prefabricated buildings can be connected to the archi-
tectural evolution the industrial design development. Forty decades ago, the world felt the effects of
the first oil crisis. Since this time, there was a grgvoncern about energy efficiency questions,
climatic changes and environmental problem is3ure buildings in Abu Dhabi have different en-
ergy performance depending on the year of the construction and the materits trsegsonstruc-
tion (figure 15.

Construction techniques are evolving with development of new materials. Prefabricated panels
are being increasingly used in residential buildings. There are a various reasons connected to this.
The sustainability in terms of wastage and management, aeténgy efficiency improvements in
the production and mounting phase make the use of prefabricated panels to increase in the emerging
countriesin the UAE construction market the life cycle of the materials is analyzed under the cre-
dentials of Estidama. Thrating system supervised from the UPC (Urban Planning Council) is con-
tribuiting into the recycling process of the buildings that are being demolished downtown Abu
Dhabi[127]

Construction waste is considered to be one of the main factors affecting the environment. Con-
struction waste is defined as the-fmpduct generated and removed from construction, renovation
and demolition workplces or sites of building and civil engineering structures. With the increasing
demands in implementing major infrastructural projects, together with many commercial building
and housing redevelopment programmes, a large amount of construction wastg igsrbeuced.
Existing works have proposed various waste management approaches. By the use of the prefabri-
cated panels, this waste is reduced significantly. The new technologies of production and mounting
make these panels to be energy efficient and sastiairirom the management point of view. It is
not only the trend or modernism, but also the requalification of a technology that vanished for many

years
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Figure 1: Year of Construction for Buildings

Figurel5: Year of Building Constructiofi.06]
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3.7Urban Microclimate

Urban planning is strictly related to the urban microclimate. The solar radi#te wind flow,
and the relative humidity can be modified depending on the typology of the buildings, their dimen-
sions, orientation, location and relation with the circulation and traffic, the landscape between the
buildings etc. The local climate can bedified by such interventions and the anthropogenic heat
released into the canyons of the different districts of thg T&§][129][130]

Since the first draft of an urban plan, the main points of reference are the north and south, and
the wind rose. This is in order to improve the relatof the citizens to orientation of the sun and
the wind flow to improve the natural ventilation. The size of the city and the density of the build-
ings have different impacts on the microclimate. In megacities, this relationship between the build
enviromment, internal parks, and traffic has a bigger impact on the microclimate changes.
[24][131][132]

There are several studies analyzing the orientation of the buildings in a certain urban environ-
ment in order to study the impact that they have on the microclimate. Simulations i&fidkion-
ship with CFD softwares include all the parameters that are considered in the real conditions.
[133][134][135]

The modification of the neroclimate can be detected also from the satellite images. The change
of the air temperatures and wind speed can be detected on high resolution maps. Several tools are
used to estimate these changes and predict the impact of different UHI mitigatiogiegratemi-
croclimate changgd.36][137]

Abu Dhabi Climate

A short introduction to the climate of Abu Dhabi:

The Emirate has hypearid climaic conditions, with hot and dry summers, and mild to warm
winters with meager, sporadic rains. The climate plays a central role in determining the evolution
and changes of the land surface. The topography of the Emirate is dominated by large sand dunes
that in certain places exceed 250m and are among the largest in the world, interspersed with sparse-
ly vegetated interdunal plains. Geologically, the Emirate of Abu Dhabi and adjacent areas have
beenrelatively stable ovemyith the oldest exposed rocks iretemirate occurring in Jebel Dhanna.

As a result of a rapidly expanding population and a consequent increase in the consumption of natu-
ral resources, the Emirate is facing environmental degradation. Soil, a vital part of the environment,
has a key role idifferent interactions, linking the atmosphere, water resources and land use. Pro-
tecting the activity of the soil to support agriculture, forestry, wildlife and other uses is an important
part of a wider effort to conserve the environment and to prometestiional economy.

A Dry Bulb (Db) Temperature

The temperature of Abu Dhabi Emirate noticeably fluctuates during the year. The monthly mean
Db temperatures have lowest values of188C in January and February and then rapidly rise be-
tween March to May. fie rise in temperature continues in May and June, but at a slower rate, to
reach the peaks of &B°C in July and August. The temperature then declines te22068C in
December. This distribution in temperature roughly exhibits the seasonal changeseittp De-
cember until mid March as the cold period (winter season) and the second half of June through Sep-
tember as the hot period (summer season). It also presents the two periods in between the winter
and summer, as the transitional periods of sprird) antumn respectively. The diurnal range is
smaller during the winter (9.6 to 12.5) and summer (11.0 to 14.9) while it reaches its peaks of 13 to
17.6 and 12.2 to 15.0 during the transitional periods of spring and autumn respectively. The highest
peakoccus i n May because of the occasional out br
flow. Comparing these values of the diurnal range with the annual range of the daily mean tempera-
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ture of 0.2 7.4°C leads to one of the hallmarks of the temperature ragithe tropics: in the trop-
ics, the diurnal range is great and the seasonality is reduced with rolemtified four seasons.
The noticeable fluctuations in the temperature can be attributed to the outbreaks of the cool north-
westerly (o60Sthamal 6)t eemndntedmasper sed with warm
pecially in winter. But in the newinter months, the contribution is mainly confined to the local
land-sea circulation and to the nature of the land surface. Theskmtireeze strongignpacts the
temperature regime of the area. The afternoon northwesterly sea breeze being cooler, ceases the
rapid rise of temperature, generally for places along the coastal fringe. Days with the highest record
of temperature along the coastal fringe ta@se when the sea breeze delays, leaving the very hot
land breeze from the Empty Quarter2 hours after &MT. This very short delay is enough for the
southeasterly land breeze to cause an abrupt temperature jump. In the interior area, out of the sea
breeze horizontal extent, the static weather systems and the intense surface heating of the sandy de-
sert keep summdime maximum temperature most often abo%éClas can be noted in figure 16
below. This figurepresents the monthly statistics of the extresraperatue. In this figure the
maximum temperature exceeds 45°C between April and September, and reaches near 50°C in June,
July and August in the southwest area. The extreme minimum temperatures occur during winter
nights after the weakening of the d@hamal wind.

Values of extreme minimum temperatures below 0°C are not strange, especially in the interior of
the southwest area, within the Empty Quarter, as the clear skies, combined with higher reflectivity
of the sandy surface increases the noctwoaling(figure 16.

Durinal Dry-Bulb Temperature Profiles
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Figurel6: Diurnal Dry-Bulb Temperature Profiléer the characteristic equinox and solstice days
2015: 20 March, 21 June, 23 September, 22 December).

ABC PhD Doctorate program in Architecture Built environment and Construction engineerimpzg 48



POLITECNICO DI MILANO

Relative Humidity

The daily mean of the relative humidity behaves similarly during most days of the year. The hu-
midity gradually increases a few hours after midday to reach values&d9%0It then declines to
35-50% by middayhours. The values during winter are 10% higher than those during summer.
Along the coastal strip, the values are higher than the inland area29fd@epending on the in-
tensity and depth of the afternoon sea breeze. An increase in humidity incredsekdhéhe tem-
perature (called Effective Temperature). Generally, the most intolerable weather condition periods
are those when the humidity is above 70% and temperature abov€igare€ 17).
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Figurel7: Diurnal RelativeHumidity Profilesfor the characteristic equinox and salstdays
(for 2015: 20 March, 21 June, 23 September, 22 December).

Sunshine and Solar Radiation

In the UAE, the longest dag the 21st of June and the shortest is 21st of December. On the 21st
of April and 22nd of September, the day and nights are equal. The monthly mean of the daily sun-
shine hours slightly differs from the astronomical day length (the time between sudrisenset),
because the sky is mostly cloud free and its effect on sunshine is very slight. The monthly mean of
the daily sunshine hours is similar all over the Emirate, and ranges between 8.4 hours in winter, to
11.6 hrs in summer. These values accumulattd sunshine hours of about 3,600 hours per year,
which is among the highest in the world. Referring to the climatic atlases published by the WMO,
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Wind Speed (m/s)

the Arabian Peninsula and the African desert are the two areas that receive the highest amount of
the inconing solar radiation.

Wind speed and direction

The several wind regimes that dominate the area are briefly discussed below. The statistical de-
scription of the wind direction and speed is giverrigure18. The selected stations were ADIA to
represent aaastal area, Al Ain as inland area, and Abubukhoush (ABK) offshore oilfield in the
west, for comparison. From these three wind roses, it is clear that NNW flow is the most prevailing
direction. The NNW represents about 47% for ABK, 36% for ADIA and 30%AfoAin. Also
Wind from quadrant two, around the South is remarkably noted in Al Ain as a direct effect of both
the Alkaus and the Southwest monsoons. The contribution from -Southeast breeze is, of
course, very small in Abulbukhoush, whilst fairly ¢aouting in ADIA. In general, the most pre-
vailing wind direction is from the northweditgure 1920).

Durinal Wind Speed Profiles
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Figure18: Diurnal Wind Speed Profile®r the characteristic equinox and solstice days (for 2015: 20 M
21 June, 23 September, 22 December).
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Figure1l9: Summerseason wind rose, 21 Decembizt March.
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Figure20: Winter season wind rose, 21 July21 September
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Chapter 4: The case study
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