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Abstract

The history of the Kurdistan region of northern Iraq is complex, however it was established as an
autonomous region (Kurdistan-lrag) in 1991, since when it has flourished in stark contrast to the
remainder of Irag and Syria. The capital of Kurdistan is the historic city of Erbil one of the most ancient
cities in the world (with at least 4000 years of history). In recent times, the city has expanded
dramatically after 2003, in a series of concentric rings around the central ancient Citadel, to
accommodate Kurds from both Kurdistan-lraq and the returning diaspora. This rapid urban expansion
has turned its back on the traditional design principles of the ancient Citadel which was designed to
work in harmony with the hot dry climate; organic designs of narrow, winding streets designed around
the needs of the pedestrian. Instead this organic morphology has been replaced by grid-iron planning,
with street widths designed to accommodate motor vehicles. The alignment of these grid-iron street
patterns has been driven by geometry rather than referencing urban micro climatic needs.

The main aim of this research is to investigate the impact of urban form and shading on the urban
micro climate and the indoor air temperature of dwellings in the new (post 2003) developments of
Erbil. To achieve these aims two methods were used: The prediction of the urban micro climate used
ENVImet, a numerical climate simulation program. The indoor air temperatures were predicted using
the building energy simulation software IES Virtual Environments (IES-VE). The climate modelling
compared traditional and grid-iron morphologies and demonstrated that the traditional morphology
produced lower external air temperatures. For the modern grid-iron morphologies, higher wind
speeds in the urban canyons were achieved when the prevailing wind from the South West flowed
through a canyon grid aligned North-South and East-West. Shading by both trees and wire mesh was
modelled. Both reduce the external mean radiant temperature, but have little impact on the external
air temperature. Moreover, the wire mesh shading did not reduce the urban wind speeds, but the tree
shading did reduce urban wind speeds.

When shading buildings, the reduction in indoor air temperature was small; whilst the shading mesh
reduced solar gain it also reduced night-time losses to the clear night sky, yielding a small reduction
in indoor air temperature. However, when purposeful night-time ventilation was modelled, the
reduction in indoor air temperature was significant. By combining building shading (reducing solar
gain) and night time purpose ventilation (increasing nigh-time cooling) allows greater freedom in
facade design. This permits modern house design to have a similar thermal performance to the
traditional house design. The study has developed a novel method to simulate efficiently wire mesh
shading both for urban micro climates and buildings. It has shown how the modern grid-iron urban
morphology can be adapted to provide improved micro climates and how individual houses can be
designed to benefit from these changed micro climates. For the future, it is recommended that full
scale testing of whole housing shading be undertaken and how this shading can be adapted to reflect
the local identity of the region.
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Chapter 1 The Introduction



1.0 Introduction

During the 19" and 20" centuries, there was a systematic migration from rural areas to towns
and cities caused by the mechanisation of farming practices and the industrialisation of
economies. As towns and cities grew, it became apparent that these urban conurbations were
modifying their climates compared to rural areas. This was caused by a decrease in urban wind
speeds, good surface drainage (which reduced the water budget close to the surface) and high
absorption of solar energy by concrete and asphalt, the so called Urban Heat Island (De
Schiller, Bentley et al. 2006). Based on the Intergovernmental Panel on Climate Change
(IPCC), the Earth’s surface air temperature has increased by 0.74C° in the last 100
years, (Figure 1.1) (Solomon, 2007). The increase in air and surface temperatures in urban
areas has had a negative impact on the comfort of individuals and consequently
total energy consumption, especially in hot regions (Akbari and Konopacki 2004). To control
higher air and surface temperatures, more and more buildings will need to be air conditioned,
and the world is moving to a point where the energy needed to cool the inhabitants of
buildings will exceed the energy needed to heat them. The current estimate is that this will
occur in 2060, but in Iraq and Kurdistan, more than 50% of the summer peak energy is
consumed by air conditioning. In summer time, residents use air conditioning everywhere, at
home, work, and even in cars. In the EU over the next 15 years, energy used for cooling will

rise by 72%, whilst the energy used for heating will fall by 30% (Haywood and Schulz 2007).
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The need for this study arose from my practical design work in Kurdistan, where numerous
clients approach me asking for housing designs that were liveable in all year round. What was
happening is that during the summer months the upper storey of residential accommodation
was abandoned as being too hot, with the ground floor providing the only living space. As
many of the houses had multigenerational occupancy, this was a cause of conflict and discord.
The provision of mechanical cooling was limited by the lack of electrical energy during the

summer months. This lack of electrical energy could be partially rectified by local diesel
generators, which are both noisy and polluting. What I felt necessary, but lacked the knowledge

was an understanding of how urban development, urban microclimate and building design
could work together to mitigate this problem.

To reduce this high demand for energy, we need to rethink current urban design and
individual buildings toward sustainability, and propose new building strategies which require
less cooling during the summer. In other words, we need to reduce the impact of the urban

microclimate on the energy consumption of buildings.

1.2 Research background

The first attempt to study the urban microclimate and urban heat islands (UHI) was by Howard in
1818 (Miles, 2008), who compared the artificial excess of heat in London with other cities in the UK
(Oke 1973). However, for cities in hot/dry climate regions, the air temperature in summer, especially
in the morning, is lower in urban areas compared with rural areas, and this phenomenon is called

an urban cool island (UCI) (Gartland 2012) (Figure 1.2 and Figure 1.3). UHIs and UCls
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Figure 1.2: Temperature difference of (a) heat island intensity, Aug.13-14, (b) cool island intensity,
Aug.11. (Shigeta, Ohashi et al. 2009)
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Figure 1.3: Temperature distribution. (a) Urban heat island in nighttime, 2300 JST, Aug. 13, (b) Urban
cool island. (Shigeta, Ohashi et al. 2009)

are mainly affected by urban geometry, the thermal properties of the surfaces exposed to sun
radiation, and anthropogenic heat outcomes (Oke 2002). Recent research has focused on
outdoor thermal comfort by investigating the urban microclimate outdoors, with an emphasis
on extending the period of time that individuals can spend outdoors. A consequence of this was
that less time was spent indoors, and so less artificial cooling was needed (Thomas 2006). In
Thomas’s research, based in Isfahan, Iran, two urban areas were considered, the old Jolfa
neighbourhood and the new Mardavay] neighbourhood. In the former, comfort levels
were within the comfort zone for both the warm and cold seasons, whilst in the latter comfort
was only achieved in the cold season. This enabled individuals to spend more time
outside buildings in the old, organic, Jolfa neighbourhood. Other researchers have
investigated the impact of urbanisation on land surface temperature by means of satellite

thermal imaging.

Recent research has investigated the relationships between indoor and outdoor climate,
through the evolution of the influence of the external urban microclimate on the indoor
building environment. Studies have found that increasing the satisfaction of outdoor
thermal comfort will reduce the energy demand for indoor cooling systems (Rijal,
Tuohy et al. 2007). Satisfaction with the outdoor urban climate through occupancy
encourages people to spend more time in outdoor urban areas, as there is less heat absorption
by buildings in urban areas, and residents are less dependent on air conditioning systems,

thus lowering energy demands.
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The key point is that the research will investigate the thermal performance integration of urban

morphology and buildings. However, although many studies have investigated either the

Figure 1.4: Iraq map showing Kurdistan Region, Erbil and main cities. Source: http://asorblog.org

impact of urban morphology or building design on energy consumption, very few have taken

a holistic approach and studied the interaction of morphology and the built form.

1.3 Statement of the research problem

This study proposes Iraqi Kurdistan as its study area (Figure 1.4). In 1991, Iraqi Kurds formed
an autonomous state after Saddam Hussein’s regime lost control over the Kurdistan region
following the First Gulf War. This autonomy has allowed Iraqi Kurdistan to flourish politically,
culturally, and economically (Alkmuhtar 2016). As a historic city, Erbil is now the capital, and
it has expanded dramatically since 2003. This expansion has come at a cost, both culturally and
environmentally (Ibrahim, Mushatat et al. 2015). Poor planning of infrastructure and
architectural design have resulted in the loss of cultural identity in this historic city, with new

urban and building designs being heavily influenced by Western thinking (Nooraddin 2012).



One of the issues here is that the principles of urban and building design in the hot/dry climate
of Kurdistan Iraq have been ignored. Bornberg (2006) noted that both American and European
design style were imported without any knowledge of the thinking that underpins this form of
town planning and architecture. The architects and engineers built without any consideration
of environment, and used cheap or poor materials such as hollow concrete blocks, which are
hot in summer and cool in winter, with high heat transmission (Bornberg, Tayfor et al. 2006).

The buildings and housing projects were built with no energy or environmental analysis,
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Figure 1.5 : Kurdistan Regional Government electricity demands by city, and
end-use sectors

basically because this has not been required by local authorities during the design and

construction approval stages (Akram, Ismail et al. 2016).

Figure 1.5 shows that the electricity demand in Erbil City (hereafter referred to as Erbil) is 40%
(2,932,615 GWh) of the total demand in the Kurdistan region’s cities, compared to Dohuk and
Sulaymaniyah (1,793,482 GWh and 2,565,065 GWh, respectfully). The electricity master plan
(2009) reported that this demand will grow annually by 7.7% until 2020. In addition, the total
demand for electricity has risen gradually from 2,800 MW in 2011, 3,100 MW in 2012, 6,000
MW in 2016, and may reach 10,000 MW by 2020. More importantly, the housing sector now
represents 54%, rising to 60% in 2020 of total energy demand compared to other sectors, such
as industry, commerce and agriculture (Figure 1.5). This means that the housing sector is the

dominant energy consumer in Erbil and any reduction in this sector will be significant.

To achieve comfort in these new housing buildings, imported building services are required,
primarily to cool these designs. Operating the air conditioning plant requires electricity, but
poor urban planning of infrastructure and the lack of central generating capacity has forced
building owners to resort to private, diesel-generated power, and noise and pollution from these

generators further degrades the environment.
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The main aim of this research is to investigate the impact of the urban form and shading on the

urban microclimate and indoor dry bulb temperature.

To prevent the city spiralling out of control, the reintroduction of well-known design principles
for a hot/dry climate needs to be achieved. Therefore, the output of this research will
demonstrate how a local urban microclimate can be more adaptive environmentally to designs
products. The research covers the environmental factors of urban and building scale which play
a role in reducing the energy consumption of residential buildings in Erbil. In addition, the

study provides a detailed understanding of city climate, a regulatory framework for urban

development, urban morphologies, and mitigation strategies for urban areas and buildings.




1.4 The importance of Erbil as a case study

The proposed research could be undertaken in any developing city in a hot/dry climate, but
Erbil offers a unique opportunity. From 1991 to 2003, there was no development in the city,
which meant that it stagnated. Post-2003 Erbil is the only city in the region that has expanding
exponentially, and this rate of growth is and has been poorly managed (Alkmuhtar 2016).
Despite the existence of a radial master plan (Dar al handasa master plan) giving an overview
of the city’s future, the plan lacks content (Figure 1.6). Many of the city’s residents live in sub-
standard housing, in housing developments with poor service provision (Akram, Ismail et al.
2016). The only coordinated developments taking place are aimed at affluent members of
Kurdish society and do not represent the needs of the bulk of the population (Rakib 2006). To
prevent what is the oldest continuously inhabited city in the world from becoming a
development disaster, there is need to design housing development to work with the
microclimate and for an improvement in the quality of dwelling design. Here, the phrase quality

of design refers to both the visual and performance aspects of these designs.

This study chose Erbil as a case study because of its unique importance historically,
architecturally, and climatically. Erbil used to be a sustainable city (Erbil was designed to
reduce the impact of climate.) before the new expansion of the last century. As just a citadel,
people lived inside it and used the surrounding land for farming. The city has witnessed a rapid
expansion of both population and building development, and so its size has become 2,000 times

larger compared with 70 years ago (Khayat). Other important values of Erbil are:

1. Historical and cultural value, As the oldest city in the world, the core of Erbil is elevated

30m above ground level over layers and layers of civilisations (UNESCO 2009).

2. Erbil’s citadel is located in the centre of the city. The first development happened in the
south part of the citadel (Bazar, Arrab, Tajeel, and Khanaga), in the same organic urban
pattern. Remaining developments have followed Western principles of urban design
(Akram, Ismail et al. 2016). This caused a split in the urbanisation of the city between its
traditional urban fabric and a modern, newly built society. The result of this development
was a master plan that quickly spiralled out of control, with no clear vision for the future
of the city.

3. The urban structure of the city is binary, combining traditional and modern fabric in
different styles of buildings and streets. The majority of the traditional buildings were

single storey dwellings built of mud, clay, plaster and timber roofs. In contrast, the new
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developments are multi-floored buildings of concrete, steel, aluminium, and glass. Using
these non-traditional building materials has resulted in different cooling and heat loads
compared to traditional materials.

Climatic value: the city is an inland development, removed from any large body of water.
Previous research undertaken on the benefits of organic versus grid iron morphologies have
all been located close to the sea, in Dubai, Abadan, and Fez (Ali-Toudert and Mayer 2006,
Johansson 2006, Charabi and Bakhit 2011, Dalman 2012, Radhi, Fikry et al. 2013, Taleb
and Abu-Hijleh 2013). The results of this research cannot therefore be applied to Erbil.

. Building environment has become the main factor differentiating the traditional and
modern parts of city, and it has become increasingly difficult to find an architectural
language for the modern construction and renewal process in the recent past. Thus, there is
dissatisfaction with the new building process, which has made the city become less
sustainable than in the past.

One of the main factors that affect urban microclimate is green area, and Erbil has only
4.6% of green spaces in its total area (Naqashbandi 2016).

The city is compact, although it has witnessed a rapid expansion, if compared with other
European or African cities with a similar sized population.

The previous master plans and studies (master plans 1984, and 1994) of the city failed to
answer the needs of the local environment, society, commerce, and the new industrial
situation as a capital city (Akram, Ismail et al. 2016).

There is a lack of a coherent framework or vision, to adapt to the new developments of the
city and its expansion needs (Nooraddin 2012). Uncontrolled economic activities coupled
with land demands, building, and infrastructure have all challenged the planning

authorities.



1.5 The gap in knowledge

I.

Old and new morphologies have been compared in terms of modifying local urban
microclimate, and a few studies have compared different morphologies to test the UHI
effect and its mitigation (Ali-Toudert and Mayer 2006; Johansson 2006; Charabi and
Bakhit 2011; Dalman 2012; Radhi, Fikry et al. 2013; Taleb and Abu-Hijleh 2013;
(Bakarman and Chang 2015, Bokaie, Zarkesh et al. 2016) (Rasul, Balzter et al. 2015),
but have not investigated how interventions in the urban fabric can further modify the

microclimate.

Recent research has discussed the ‘inter building effect’, or how the urban morphology
interacts with the building design, but only considered shading (Pisello, Taylor et al.
2012, Bakarman and Chang 2015) (Pisello, Castaldo et al. 2014). In this research, both
shading and building design will be investigated to determine their impact on building

microclimate.
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1.6 Aim of the research
The main aim of this research is to investigate the impact of the urban form and shading on the
urban microclimate and indoor dry bulb temperature. To achieve this aim, the following steps

are needed:

1. Establishing the extent of building regulation and control of recent urban developments of
Erbil.

2. Understanding Erbil’s local climate and investigation of the methodologies that could be
employed to alter the urban climate of the grid iron morphology.

3. Modelling the thermal performance of dwelling designs in a hot dry climate in these

modified urban climates.

This research is divided into four phases, as shown in Table 1.1.

Table 1-1: Research phases structure

Research Phase Phase Concept

Phase 1 Literature and preliminary studies

Phase 2 Urban planning and regulations of Erbil

Urban design process. Government and private housing projects

Phase 3 Urban microclimate modelling

ENVI-met-Validation-Mitigation-Shading mesh

Phase 4 Building Simulation modelling-IES-VE-Shading mesh model-Validation
HTB2- Mitigation, shading mesh, interior design, ventilation and fagade opening

arca

Table 1.2 shows each phase’s aims, objectives and related research questions

Table 1-2: Research aims, objectives and research questions

Phase 1: Literature and preliminary studies

This phase aims to identify the gap in knowledge in microclimate and building energy studies

Objective

1.1 To understand the climate of Erbil

1.2 To understand the urban development of Erbil

1.3 Review tools to model urban microclimate
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1.4 Review tools to model individual building

Phase 2: Urban planning and regulation of Erbil

This phase aims to a detailed understanding of the regulatory framework that currently

underpins the urban development of Erbil (urban planning and regulations of Erbil).

Objective

Research question

To understand the urban development process

Erbil

To understand the regulatory framework of

current urban development of Erbil

2.1 How is urban planning and development in

Erbil executed?

Phase 3: Urban microclimate modelling

This phase aims to understanding Erbil’s local climate and investigation of the methodologies that

could be employed to alter the urban climate of the grid iron morphology

Objective

Research question

To understand the urban microclimate of Erbil

To model and validate the urban microclimate of

Erbil

3.1 How can the wurban microclimate be

modelled and validated?

To modify the urban microclimate of the local

urban area.

To understand the impact of shading on urban

microclimate

3.2 What is the impact of wurban design

interventions on urban microclimate (air

temperature, wind speed and MRT)?

Phase 4: Building simulation modelling

Modelling the thermal performance of a typical house in a hot dry climate in these

modified urban climates

Objective

Research question

To understand the impact of shading mesh on

typical dwellings performance.

4.1 Does IES-VE simulate shading mesh and

how can the proposed model be validated?

To understand the impact of shading mesh,
thermal mass and ventilation on air temperature,

to allow greater freedom in design

4.2 How does the shading mesh and the dwelling
design work together to reduce the indoor air

temperature.
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1.7 Research methodology

Local urban microclimate studies are characterised by understanding the relationship between
urban form and its immediate environment. These studies mainly depend on the location of the
studied climatic zone, as well as the well-being of people indoors or outdoors. Ittelson (1978)
concluded that a good methodology and data collection must be based on the nature of the
research problem. The present study used a multidisciplinary methodology which combines
different methods to respond to the research aim. Therefore, the data collection includes local
climatic data, a semi-structured interview, and numerical modelling on urban areas, and
housing projects case studies. The present study divides the research methodology according

to the research phase, as below:

Phase 1: Literature and preliminary studies

1. Previous study
2. Photography (thermal satellite images)

Phase 2: Erbil urban planning development

1. Semi-structured interview
2. Previous studies and government documents
3. Case study analysis (government and private housing projects)

Phase 3: Urban microclimate

1. Analysing climate data (four local weather stations)
Validate urban microclimate (two case studies in high and medium urban density
areas)

3. Employ climate modelling software (ENVI-met), to mitigate urban microclimate

Phase 4: Individual building modification

1. Simplification approach to model shading
2. Validate the Building simulation, IES-VE model
3. Employ IES-VE to manipulate individual housing units

13



1.8 Scope and limitation

Erbil urban development

This part of the study took an overview of residential developments between the 2003—-2014 in
Erbil. This residential development is divided in two parts: government and private housing
projects. The data were generated from semi-structured interviews and government documents
to redraw the urban design process (UDP) of housing projects. In addition, eight case studies
were used to investigate and understand the UDP and environmental considerations during the

design and implementation these projects.

The limitation of this part was just covering the urban expansion of the city from an urban
design point of view only, such as urban morphology, construction materials, and level of
infrastructure in selected housing projects as case studies. The social and economic aspects of
the city’s expansion are outside the limit of this study, as are other types of developments such

as in industry and agriculture, health and tourism projects.

1.9 Urban microclimate modelling

The local urban microclimate is very complicated and difficult to control, so this study
investigated factors that had the most influence on the local urban microclimate. The study
proposes modification of the urban microclimate for a unique environment specified as a
hot/dry climate distant from any water body. Urban and rural areas were climatically analysed
to determine the most important factors that can help manipulate the local urban microclimate,
for example, air temperature, wind speed, and solar radiation. Any improvement in these
factors may lead to improvements in the urban microclimate. This study evaluates the urban
microclimate through manipulating the geometry and design strategies without consideration
of other factors in the urban microclimate, such as air pollution,' noise control, and the
anthropogenic heat effect on alerting local urban microclimate.

The study model and validation process of the urban microclimate was carried out in July,
because this month represents typical summer in Erbil. Summer months weather data sets were
taken from four different urban areas to represent Erbil. The urban microclimate condition of
other seasons was not considered because the energy demands in summer are greater, and the

cooling load is more than heating loads during the yearly cycle.

! Erbil and Kurdistan in general have high demands for energy, and the government can only generate 48% of
the total required. Thus, people depend on private diesel generators to fill the shortage of electricity and this
causes air pollution.

14



This study had planned to collect weather data in situ to represent the local urban microclimate,
but the security condition of the city and Newcastle University policy on safety prevented this.
Instead, weather data were obtained from other sources, which were rearranged and analysed
systematically to understand the local urban microclimate of city. These weather stations were
used to represent high, medium, and low urban densities, and they represent the different
microclimate conditions of the city: north (rural), central (traditional morphology), south (grid-
iron morphology), and the airport. One of the limitations of using climate modelling (ENVI-
met) is that only a discrete part of the city can be modelled. This then requires boundary
conditions to be set at the perimeter of the modelled urban area and climate variables predicted
close to these boundaries will be very dependent on the conditions set.

1.9.1 Building simulation modelling

Residential housing and individual housing units were selected as a prototype to represent
housing in Erbil, and therefore flat and apartments were not considered. The local urban
microclimate conditions of Erbil were used as the main boundary conditions of the model. This
manipulation modelling addresses housing units during the summer time only, because as
stated there is a high energy demand for cooling loads more than other seasons. The modelled
strategies were limited to environmental strategies that may help to reduce the indoor air
temperature. This includes the environmental aspects of housing design, while the social (local

identity) and economic design preferences were not considered.

The prototype house is within the limited neighbourhood scale of ten attached houses in total.
In addition, this prototype housing unit follows the building regulations of Erbil in terms of
construction materiality (hollow concrete blocks, and reinforcement concrete), setbacks,

orientation, and design preferences.
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1.10 Research Structure

The present study contains nine chapters, divided into four phases (Figure 1.7). The first chapter
is the introduction, research problem, aim and key methods used. Chapter 2 is the literature
review. Chapter 3 identifies the thesis methodology and how these models were validated.
Chapter 4 outlines the urban regulatory framework of Erbil urban design and planning process.
Chapters 5 and 6 are concerned with urban microclimate modelling and manipulation of the
local urban microclimate. Chapters 7 and 8 detail the building energy modelling and
manipulation of indoor air temperature through appropriate design strategies. The last chapter

(9) highlights the key findings of the study, and presents final conclusions and future work.

1.10.1 Phase 1: Literature and preliminary studies

This phase is divided into four sections: Erbil climate, history of Erbil’s development, Urban
Microclimate Modelling, and Building Energy Modelling. In each section, a comprehensive
review of the literature is presented to identify the gap in knowledge regarding: the urban
development process in the city, local urban microclimate, and coupling strategies between urban
microclimate effects on building thermal performance in hot/dry climate cities. The important
feature of this phase is to present the research problem, objectives, and methods in a
comparative chronological order to justify the case study position in terms of urban planning,

and to select suitable simulation models for urban and building scale.

1.10.2 Phase 2: Erbil urban planning development

This phase aims to identify the current urban planning process in government and private
housing projects. Chapter 4 reports on the semi-structured interviews and other sources of data
to establish the urban design process in the city. This includes a detailed analysis of housing
projects designed by means of case studies. Government and private housing projects are
compared in terms of urban design, their construction process, and other related requirements,
in order to understand the local environmental process during the design and construction of

the housing projects.
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1.10.3 Phase 3: Urban microclimate

This phase aims to understand and modify local urban microclimate. This includes: local urban
numerical modelling, the validation process, and the manipulating urban microclimate. ENVI-
met will be used to simulate the current urban morphologies of traditional and modern Erbil.
The validation process compares high and medium urban morphologies using two sources of
weather data from the central and southern weather stations. The final section of this phase
employs urban design strategies to improve and modify the local urban microclimate of Erbil.
These mitigation strategies are an attempt to improve urban microclimate elements such as air

temperature, wind speed, and mean radiant temperature.

1.10.4 Phase 4: Individual building modification

This phase attempts to integrate the urban microclimate and the single building scale. The aim
is to modify the typical house design’s thermal performance and consequently reduce the
cooling load during summer time. In Chapter 7 the modelling of the shading mesh is presented
and validated. Chapter 8 focuses on shading modelling using Building simulation IES-VE
model. This model is employed to explore the effect of shading on indoor air temperature.
Chapter 9 discusses the research and presents further building simulations were natural
ventilation via window opening was modelled, together with shading for a typical house
constructed from local materials. Chapter 10 includes the key findings and important

recommendation for future work for designers and urban planners.
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Chapter 2 Literature review
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2.1 Introduction

This chapter shows the theoretical background of the present study in four phases: Phase 1 is a
review of Erbil’s climate, Phase 2 is related to urban development in Erbil, Phase 3 investigates
urban microclimate modelling, whilst Phase 4 will discuss Building Energy Modelling (BEM).
The aim of this chapter is to understand the principles of urban microclimate and identify the
gap in knowledge, Erbil’s urban design process, and microclimate mitigation for the urban and

building scale.

2.2 Climate Erbil, Kurdistan-Iraq

This section presents a general overview of the current climate and environmental condition of
Erbil in Kurdistan-Iraq, starting with the geographical location and climatic conditions of
Kurdistan generally, and Erbil in particular. The climatic conditions of the city in this study are
presented in three main parts; air temperature and wind speed; land use in the city; and satellite
measurements of land surface temperature (LST). The latter is used to explain the urban surface
temperature distribution pattern of the city, and its relation to the urban microclimate of current
urban developments. The outcome of this section will be a general understanding of the urban
microclimate and climate conditions of the city, as used to select case studies for validation
purposes. In addition, this analysis helps build an understanding of the weather data location
used in Chapter 5 for urban microclimate mitigation. This includes climatic input data for
computer Fluid Dynamic modelling in ENVI-met, which in turn is used as the output to build
a proposed weather data file (WDF) for the local urban microclimate. This file is used as the

data source for analysis in Chapters 5—8 with the IES-VE program.
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2.3 Erbil History

2.3.1 Narratives of historic development

Kurds are one of the oldest peoples in the Middle East, as descendants of a mixture of Indo-
European immigrants who settled in Kurdistan thousands of years ago. In the 20th century,
"Britain and France abruptly divided the Middle East without regard to ethnicity, and the
historical boundaries of where local people dwelt. The affected countries were Palestine
(modern day Israel), Syria, Iraq, and Iran. Being on a border, Kurdistan was divided into four
main parts totalling 190,000 Square miles split between Turkey (43%), Iran (31%), Iraq (18%)
and Syria (6%) (Coban, 2013; Izady, 2015; Meho, 1997) (Figure 2.1 and Figure 2.2).

-
E@* Black Sea

ARMENIA
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Caspian
Sea
Kobane
IRAN
150km IRAQ
150 mile  Source: CIA ® Kurdish inhabited area

Figure 2.1: Kurdistan was divided principally between Turkey, Iran, Iraq and Syria.
After this division, Kurdistan faced military invasion, attacks, and destruction, which damaged

Kurdistan socially, culturally, and economically, as well as by land division. This was the
foundation of the political instability that has lasted for almost hundred years. In the last decade
of the 20th century, one part of Kurdistan (Iraqi Kurdistan) has started to re-establish Kurdish

identity, and Kurdistan has become a distinct, autonomous region once again.

Iraqi Kurdistan is the only part of the original Kurdistan which is an independent region,

of which Erbil is the capital (Izady, 2015) (Figure 2.3). Erbil was

! Treaty of Sévres and treaty of Lausanne
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founded in the 5™ millennium BC, and
thus represents one of the earliest
examples of urban civilisation in the
world. The city had military and
administrative functions, and the urban
core in the heart of Erbil was a single
settlement  fortified unit (Akram,

Ismail, & Franco, 2016). This unique

urban settlement developed over time

Kurdistan Autonomus region (KRG)

Boundaries

in an irregular oval shape on many |9~
o -V

layers of archaeological ruins of | = ;
Figure 2.2: Iraqi Kurdistan

historical urbanisation (Figure 2.3).
The citadel rises layers over layer of civilisations. It now rise 30m over the city level and has

an area of ¢.102,000m? (Abbas, 2017) (Figure 2.3).

2.3.2 Urban development of the Erbil citadel

The citadel of Erbil is considered the core of the city’s urban development throughout history.
The city had unique architectural features, and strong social and economic forces which helped
its gradual population increase. The citadel is considered a unique part of the urban identity of
Kurdish people, in terms of representing their lifestyle. As well as being a residential urban
area, it is characterised as the main economic and military centre. The urban form and location
of the citadel reflect its importance, high above the surrounding urban areas, which are shaped
as concentric rings in a radial axis around the citadel (Figure 2.4). As the core of the
morphological development of Erbil, the evidence shows that the city had four important

stages:

1. Citadel as the city — all the city’s population lived inside the Citadel boundary, and so it was
the only residential area of the city and all social activity concerned a small community inside

its walls (Figure 2.4-Stage one);
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Figure 2.3: Erbil Citadel (Qala). Source: (Al-Jameel, Al-Yaqoobi et al. 2012).

2. Citadel as neighbourhood —which dominate new urban areas surrounding the citadel (Figure
2.4— Stage two). In this stage new organic urban development growth occurred in the south just

outside of the Citadel;

3. Citadel as a landmark of urban character — in contrast to the new urban areas outside the
citadel, the citadel remained a unique community inside modern grid-iron urban developments

(Figure 2.4— Stage three);

4. Citadel as a historic land mark — the KRG2 and UNESCO3 announced that the Citadel was
a World Heritage Site, and Erbil started to develop outside the citadel as a result of increasing
population, deteriorating buildings, and a lack of infrastructure (Bornberg, Tayfor, & Jaimes,
2006). These factors collectively encouraged the local planners to develop and build in new

urban areas outside the citadel walls (Figure 2.4— Stage four).

There have been changes to the citadel’s urban form, such as opening an axial road between
the north and south gates in 1958, and building a new entrance in 1979 (Figure 2.17). For the
citadel still consider as a social, associative and identity values for local people in Kurdistan.
This is because the Citadel’s location within the modern city and its historical role in the city’s

development over multiple archaeological layers of civilisations (Figure 2.4).

2 Kurdistan Government Region, Iraq.
3 The United Nations Educational, Scientific and Cultural Organisation.
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Figure 2.4: Urban development of the Erbil citadel.
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2.3.3 Urban transformation of Erbil city

Erbil has witnessed a significant historical and architectural transformation but, even though it
has expanded over the past decades, the citadel and most historical urban areas remain well-
preserved. This is in contrast to the local building environment and city identity, which have
been significantly affected by socio-economics and geo-politics. The flexible master plan
(central-radial), following a period of economic and political stability, contributed to a gradual
expansion before 2003, and a rapid expansion after 2003 (Bornberg et al., 2006). The urban

transformation of city can be divided into five periods (Figure 2.5):

1. The pre-industrial city before 1900 (Ottoman period)
The citadel was surrounded by fortifications to protect the city from attack. The
architectural features of this period were fortified walls, including towers and gates, with

limited urban areas outside the fortified walls.

Erbil 1970 Master Plan of Erbil 1995

Figure 2.5: Erbil urban development from 1200 to 2007

2. Early modernity 1900-1940 (pre-modern period)
This period of the city is categorised by new architectural and urban aspects. The expansion
of the urban areas outside the citadel is comprised of compact blocks of buildings with one
or two floors. The streets were narrow and organic, but adapted to modern transport
systems. The residential urban areas included compact blocks and courtyards buildings
constructed with traditional or modern building materials. The size of openings was small

and traditional ways of environmental adaptation were used.
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3. Post-modern city and materialism (1940-1980)
In this period, the urban areas expanded as a result of a population increase and social
movement from rural areas to the city. The architecture and urban planning of this period
was affected by European planning, and the residential blocks around the city centre (the
organic fabric) expanded with modern buildings of more than three floors. Modern styles
and building materials were used which transformed the building style from traditional
(small spaces) to modern house with larger spans using concrete and steel. Courtyards,
compactness, and small openings (the traditional style of building) gradually vanished in

this period.

First stage
Second stage
Third stage

Fourth Stage

Fifth Stage

Figure 2.6: Erbil housing development stages throughout history.
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4. The autonomous city (1980-2003)
This period was mainly affected by the impact of the First Gulf War and economic
sanctions after 1991. These events provoked enormous immigration from rural areas to the
city and the rise of informal and suburban settlements. Traditional building techniques and
classical builders largely vanished and building relapsed into a post-modern style. The
architecture and development was limited and of poor quality. The city showed a confused
image of architectural characteristics in urban development that used planning, which
started with informal development and infrastructure provided by the local authorities
(Figure 2.6).

5. The neo-liberal economic city (since 2003)
After 2003, the Kurdistan region and Erbil city especially witnessed unexpected social and

economic movement with large investment in building development and oil extraction

(Akram, Franco, & Ismail, 2016). The Western style dominated buildings and residential

[ —— ",

Figure 2.7: The neo-liberal economic city, after 2003
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blocks, and urban areas became divided between wealthy and middle income districts, with

the appearance of exclusive compounds (Figure 2.7).

2.4. Erbil City Planning

The city, dominated by the citadel, represented traditional urban development before the 20™
century, beginning with the core of the citadel 30m above the city (Figure 2.8). However, the
first developments outside the citadel were not a planned expansion, but a response to high
density urban development inside the citadel. The two districts with a vernacular architectural
style are called the citadel and buffer zone A. This includes the citadel, Mustawfi, Arab, Bazar,
Khanaga, and Tajil (Figure 2.8). These areas have historic urban fabric and heritage buildings

that give the area a sense of place.

s
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Figure 2.8: Erbil Citadel and Buffer Zone A

These urban areas mostly expanded before 1920, and after this the city further expanded and
a new master plan was designed by international companies contracted by the central Iraqi

government, without the participation of local city representatives. The city then developed

and expanded based on the master plans below.
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1. The first Master Plan, proposed and drawn by Grot: Architect P.W.D. — 1932

This proposal master plan include grid-iron roads for the first time and 33,330 house plots in
the North West part of the city (Figure 2.9). However, this master plan was not fully
implemented and is considered the first attempt to apply grid-iron morphology.

Jewivs ;':-‘5:

ERBIL: LAY-OUT FLAN & TOWN LEXTENIKWY
FOR 300~330 HOUSE PLOTY o 600~ 1000 METRES SQUARE
SCHEME VL [FRALHAY 1HAS TERMINGE STATION, ]
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Figure 2.9: The first master plan proposal for Erbil city expansion 1932. Source: Iraqi National
Archive, Baghdad, Gort Architects.

2. Second Master Plan by Doxiadis — 1951

Erbil’s population increased from 12,000 to 30,400 and Iraq in general witnessed social
and technical development. This happened due to large migration from rural areas to cities,
and shifting land use around the city. The new development needed a new master plan for

the future development of Erbil, and so a new one was proposed by the Doxiadis group and
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Figure 2.10: The second master plan proposal by DOXIADIS for Erbil expansion
1951 Source: Doxiadis,DOX-QA92 (1958p.73).

approved by the Iraqi government, to be directly implemented (Al-Hashimi, 2016). This
master plan was mainly about building roads, and the proposal also included ring roads
around the citadel and diagonal roads
cutting across the organic fabric of the

city (Figure 2.10).

In this proposal, the 30* m and 40° m ring
roads were proposed to connect with old
roads to assist traffic circulation and connect

the bazaar area to other districts. In addition,

it proposed new roads to connect the city to —

—— Mlilitary Installations

rkuk

H4  Ralwav Ene P
Figure 2.11: The main Road to connect the city with
other Kurdistan cities.

4 Main Ring roads in Erbil city
5 Main Ring roads in Erbil city
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other parts of the Kurdistan region, such as Kirkuk, Mosul, Koisanjac, and Duhuk through
Shaqlawa (Figure 2.11)

3. The third master plan of the Central Ministry of Planning (Baghdad) — 1977

This proposed master plan of Erbil city was started in 1977 by the centralised Ministry, and
finished in 1984 by the Directorate General of Physical Planning in Baghdad. This master plan
was not supported by any scientific approach, such as a comprehensive analysis of social
participation, and so the resulting plans and road layouts had no relationship to the physical or
social needs of the population of Erbil. In addition, the proposed master plan designed by the
central government in Baghdad was without any consideration of the local heritage value of
the city (Akram, Ismail, & Franco, 2015). Rassam (2009) concluded that this master plan was
unsuccessful because it did not involve Erbil local authorities and social desires, and so it failed
to meet the real needs of the city. In addition, there was a lack of experienced planners. This

initial master plan was still being used until 1994 (Figure 2.12).

1951
1968

1975

Figure 2.12: Urban development from 1950 to 1980.

The Kurdistan Regional Government was established after the First Gulf War of 1991, and
because of freedom and migration from other parts of Kurdistan, the city became the capital
city of the Kurdistan region (Sabr, 2016). Due to the lack of appropriate urban planning to meet

the increased population requirements, the need for a new master plan had become urgent.

3. The fourth master plan by the Kurdistan Council, Erbil — 1994

The KRG was established in 1991, and the Ministry of Municipality became responsible for

urban planning, while the Ministry of Construction and Housing is responsible for the planning
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and implementation of the master plan (Akram et al., 2015). The fast growth in the economy,
the return of displacement Kurds before 1991, and the increase in land prices led to rapid formal
and informal growth in residential, commercial, and industrial development in Erbil (Ammar,
2006). However, the lack of skills and experience in the planning authority resulted in poor

implementation of the master plan (Figure 2.13).

This master plan of Erbil was also limited by the lack of consideration of social, economic, and
environmental aspects, coupled with limited knowledge of new urban planning trends and
management approaches (Ayoob

Khaleel & Ibrahim, 2010). The

third and fourth master plans (1984 e

e
g

and 1994) lacked a clear vision of
the city’s development, and had
inadequate urban planning policies
and frameworks for the upcoming : ™~
city (Bornberg et al., 2006). In r

addition, no objectives and

priorities were defined in that A\ -
period, especially for the city Y 1F

: . . — =
centre ~ with its  traditional | =T o

morphology, and this needed to be
) ) Figure 2.13: Master plan of Erbil city 1994

addressed with an appropriate plan

consistent with the future development of the city (Ammar, 2006). Although the masterplan
was envisioned to be active until 2015, the plan did not correspond to the current situation or
adapt to the capital city’s role (KRG, 2013). As the municipal councils lacked experience,
urban management became the responsibility of the community. Moreover, the master plan
was unsuccessful because of a number of issues, such as the lack of: housing in poor urban

areas, infrastructure, health services, and a poorly maintained physical environment (R. I.

Ibrahim, Mushatat, & Abdelmonem, 2015).

4. The fifth master plan by the Jordanian engineering consultancy, Dar Al Handasa —
2006
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As a result of the lack of appropriate urban planning, the city had expanded until 2005
without any urban policy framework to allow the new developments to be integrated with the

old fabric of Erbil, both environmentally and visually (KRG, 2013).

Ly

Figure 2.14: Erbil recent master plan designed by Dar Al-Handasa. Source: KRG (2009)

The government was forced to re-design the master plan to control the ongoing expansion
required, and so the Erbil master plan was designed by Dar Al Handasa (a Jordanian
engineering consultancy); this is the final master plan that will be effective until 2030
(Akram, Ismail et al. 2015).The Jordanian engineering consultancy’s plan shows a series of
concentric circulation roads. The concept proposed extensions to the city for more than 30
km in all directions (Figure 2.14). The plan was based on idea of the so-called “Bull’s eye”,
with the citadel in the inner circle and the rest the radial growth of the city (Dar, 2016). Dar

Al Handasa summarised the seven objectives for Erbil’s master plan as follows:

Restructuring dilapidated areas;

Conserving significant and heritage buildings;
Providing a network of urban spaces;
Creating quality urban routes;

Encouraging new business and development;
Developing tourism in the city;

Providing adequate infrastructure in the city.

Nk LD =

The urban form in Erbil, even with the new proposed plan, still follows a concentric radial
layout. This projected future plan starts with the circle of the citadel and the rest of the radial
growth is like ripples in water. It is likely that the huge growth of Erbil would have direct
consequences on the future of the citadel, which is a factor in the proposed conservation plan

which cannot be ignored (Figure 2.14).
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This master plan has been proposed without the consideration of social, economic, and
environmental aspects. In addition, there is limited knowledge within the planning authorities
of information technology and management approaches, and a lack of the multidisciplinary

experience required for planning an important city like Erbil.

2.5 Erbil Housing

Erbil city has a rich history of construction and housing design. Housing demands increased as
the socio-economic status of the city grew, and with immigration from other parts of Iraq into
Kurdistan generally and Erbil specifically. Housing shortages started after 1991 as a result of
sanctions. Different housing providers have been instigated in response to growing housing
demands. UN-HABITAT (2010) classified housing needs into three types of units: multi-story
housing, single storey houses, and single-family housing. This problem of housing and
urbanisation is not new, as it started in the last century as a result of city expansion and
increasing population. In 1975 Alahami found that Erbil city and urbanisation was suffering

from four issues:

Population and socio-economic expansion;
Rapid expansion;

Housing needs;

Social problems and public facilities shortage.

s

In Kurdistan, Iraq, housing needs led to a change in the landscape of major cities. Housing
projects reshaped and transformed the layout of the city after 2003 and changed the identity of
urban development. On one hand, the housing project in the Kurdistan region represents 42.9%
of total investment and 44.51 % of investment lands, which cost more than $6.5 billion. On the
other hand, housing demands are still considered a critical issue in the region because of the

rapid expansion and migration from rural areas to the city.

Moreover, the housing sector was ignored by the central government in Baghdad for a long
time in terms of regulations and a lack of clear housing strategy (1921-1991). This led to
increased demand and a shortage of affordable housing for young families. After oil extraction
and global architecture movements in the region, Erbil has witnessed an extraordinarily rapid
expansion, represent by the increasing number of neighbourhoods. In 1950, the number of
neighbourhoods in the city was just eight, but in 2012 this number had increased dramatically
to 82. Such growth in the urban area is ten times that of the last 60 years, and most of this

expansion happened after 2003.
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Erbil’s housing projects are associated with a negative impact on potential users due to the lack
of government policies, poor infrastructure, the lack of qualified construction companies, the
use of untested construction techniques, and the cost of housing units. Rassam and Dezayi
(2006) found that Erbil is suffering from environmental degradation. The poor land
management and rapid expansion of the city created major challenges, including informal
housing, lack of sufficient roads to health and educational facilities, poor services, and a lack

of infrastructure (Chilmeran, Amman et al. 2006).

2.6. Housing Typology

There are eight types of housing in Erbil, classified by the characteristics of residential
morphology. Characteristic features are plot size, infrastructure elements, roads, public
services and facilities, density of urban area, and built-up area averages. The typology of houses
is:

Historic core of city (city centre);

Courtyard houses (citadel and surrounding areas);

Subdivision with small attached housing plots;

Subdivision with large housing, attached or detached;

Informal settlement;

Mixed use houses (commercial and residential);

Unfinished peripheral subdivision (> 50% built-up area);

Incomplete peripheral subdivision (< 50% built-up area);

A S A R e

High rise apartment buildings.

Every housing type refers to a type of residential urban morphology rather than to a specific
building type (individual house). Some of these types of houses are difficult to categorise in
terms of their housing features, but instead all neighbourhoods can be analysed as a whole.
This section explains the housing types in Erbil according to their urban planning characteristic

features; the classification of each type includes five characteristics, as below:
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Table 2.1 Housing types in Erbil according to their urban planning characteristics Source
(www.humanitarianlibrary.org)

Type 1: Historic core of city (city centre)

Development Process: The city originally
developed from the citadel, which represents the
social, heritage, and culture of the city. The buffer
zone has special planning and urban regulations
which is differed with rest of city.

Layout Fabric: The street and road pattern is
irregular and organic, similar to most old cities in
the Middle East

Housing Units: Compact and attached houses with
one to two floors

Urban Density: High dense urban area of around
40 units in one hectare

Level of Infrastructure: Poor infrastructure in the
past, and medium or appropriate services more
recently

Type 2: Courtyard houses (citadel and surrounding areas)

Development  Process: Roads and streets
systematically divided to adapt to new
transportation, while plots are informally
subdivided and follow the same style as the citadel
pattern

Layout: Streets are wide with irregular
development within individual blocks

Housing Units: Plots with irregular shape, and
houses are a mixture of traditional courtyard
houses and modern commercial buildings on the
main roads

Urban Density: High density urban area with 30 to
35 units in one hectare

Level of Infrastructure: Roads paved and all houses
access the national grid (water, and electricity)

Type 3: Subdivision with small, attached housing
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Development Process: Blocks planned into roads
and attached houses by inexperienced planners

Layout: Housing blocks in a grid-iron pattern

Housing Units: Plots systematically subdivided
into small attached units. Housing units mostly
without courtyards

Urban Density: High density, approximately 35
housing units per hectare

Level of Infrastructure: Urban area provided and
connected with general grids of city infrastructure

semi-detached housing

Development Process: Blocks planned into roads
and attached houses

Layout: Housing blocks in a grid-iron pattern

Housing Units: Plots systematically subdivided
into small attached units. Housing units without
courtyards

Urban Density: High density, approximately 35
housing units per hectare

Level of Infrastructure: Urban area provided and
connected with general grids of city infrastructure

Type 5: Informal settlement

Development Process: Blocks not planned by
planners and divided into roads and attached
houses

Layout: Housing blocks in an irregular pattern

Housing Units: Plots not systematically subdivided
into small attached units

Urban Density: High density, approximately 50
housing units per hectare

Level of Infrastructure: Urban areas lack
infrastructure, but after 2003 connected with
general infrastructure

Type 6: Mixed use houses (commercial and residential)
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Housing blocks

[ Commercial blocks

Development Process: Blocks divided into
commercial units on the main roads and housing
units at the back

Layout: Housing blocks in a grid-iron pattern

Housing Units: Plots systematically subdivided
into large plots on the main roads and small
attached units

Urban Density: Medium density, approximately 30
units per hectare

Level of Infrastructure: Urban areas connected
with general infrastructure.

Type 7: Unfinished peripheral subdivision (> 50% build-up area)

Development  Process: Blocks divided into
housing blocks, as either attached or detached
houses

Layout: Grid-iron morphology

Housing Units: Plots systematically subdivided
into large plots on the main roads and small
attached units

Urban Density: Medium density, approximately 20
units per hectare

Level of Infrastructure: Urban areas connected
with general infrastructure and services

Type 8: Incomplete periphe

ral subdivision (< 50% build- up area)

Development Process: Planned blocks divided into
housing blocks and roads

Layout: Grid-iron pattern

Housing Units: Plots systematically subdivided
into small attached units

Urban Density: Low density, approximately 5 to
10 units per hectare

Level of Infrastructure: Urban areas have unpaved
roads and are not connected with government
infrastructure
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Development Process: Built by the government
before 1991 or a private company after 2003

Layout: Housing blocks in a grid-iron or variable
pattern

Housing Units: Plots systematically subdivided
into large plots on the main roads and primarily
medium or high rise apartment buildings

Urban Density: High density, approximately 50
units per hectare

Level of Infrastructure: Urban area connected with
general infrastructure

2.6.1 Kurdistan Climate
Kurdistan was divided by France and England after the First World War between four
countries. Geographically, Kurdistan has borders with three countries: Syria in the West, Iran

in the East, and Turkey in the North. It is now an autonomous part of Iraq. This study focuses

Irag map of Képpen climate classification

WWarm desert climate (BWh)
Warm semi-arid climate (BSh)

Cold semi-arid climate (BSk)

Mod;terranean continental climate (Dsb)

Figure 2.15: Iraq and Kurdistan Koppen climate zones.
Source: https://chronicle.fanack.com/iraq/geography.

on the Iraqi-Kurdistan Region, which has three provinces Erbil, Slemani, and Duhok. The area
of Kurdistan-Iraq is about 40,000 km2 (Husami, 2007a) (Figure 2.2). Kurdistan’s mountains
are about 2,400 metres high on average, and the highest mountain peak is Halgurd at 3,660 m.
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Precipitation — Mean daily maximum Hot days — Mean daily minimum
Cold nights

Figure 2.16: Average rainfall in Erbil is lowest in June, with an average of
0 mm and highest in January at 112 mm . Source (climate-data.org).

Average annual rainfall for the region is 375-724 mm. Generally, the climate is semi-arid

continental, which is hot and dry in summer, and cold and wet in winter (Figure 2.15).

June—September are considered the summer months, during which the mean air temperatures
are 39-43 °C but regularly reach 50 °C and above (Hameed, 2017). Spring is very short and
lasts for only one or two months, with a mean air temperature of 25-32 °C. Autumn is also dry
and mild and has a mean air temperature of 24-29 °C in October, but is slightly cooler in
November. The Kurdistan winter is mild except in the mountains, were the maximum average
air temperature is 7—-13 °C and the minimum average is 2—7 °C (meteoblue, 2016) (Figure

2.16).

Kurdistan is located between in the sunny belt of 34°42° and 37°22° latitude, and is
geographically described as having high solar energy potential. The annual average sunshine
is 1,803 kWh/m2/year or 4.94 kWh/m2/day on the horizontal (Al-Jameel, Al-Yaqoobi, &

Sulaiman).

2.6.2 The Climate of Erbil

a. Air Temperature

Erbil is located to the north of Iraq and lies between 36°08” to 36°14°N, and 43°57’ to 44°
03’E. The climate of Erbil according to Kdppen’s climate classification is a semi-arid
(Figure 2.15), which is hot/dry in summer and cool/rainy in winter (Rasul, Balzter, &
Smith, 2015). In the driest and wettest months in Erbil, rainfall is 0-112 mm. The average

annual temperature of Erbil is 26.0°C with annual rainfall of 386 mm
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(Abdulkareem, 2012). The summer months experience hot and dry weather with low relative
humidity as a result of no rain in the summer months. June—August are the hottest months and
the air temperature usually reaches 49°C. There is normally rain from December to

May (Figure 2.16 and Figure 2.17).

Table 2.2: Average air temperature and annual rainfall per month in Erbil. Source: climate-data.org
Month Jan | Feb | Mar | Apr | May | Jun |Jul | Aug |Sep | Oct | Nov | Dec
Rain (mm) | 112 |98 [90 (69 |26 |0 0 0 0 12 |56 |80
Average C | 7.4 |88 [124 (175|242 |29.8|33.4|33.2|29.0(225|15.0]9.1
Max C 12.4 1 14.1 | 18.1 | 24.0 | 31.5 | 38.1 | 42.0 | 41.9 | 37.9 | 30.6 | 21.2 | 14.4
Min C 24 136 |67 |11.1]16.6 |21.5]249|245|20.1|145|89 |39
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Figure 2.17: Erbil’s average air temperature is 33.4 °C and July is the hottest month of the year.
January has the lowest average temperature of the year at 7.4 °C. Source: climate-data.org

Table 2.2 shows the climate data for each month. The data presents the rainfall average in
millimetres, and maximum and minimum air temperature in Celsius, as sourced from airport
data (low urban density). Figure 2.18 shows the air temperature for the weather station
located in the central area of the city (high urban density). The maximum average air

temperature is 38.0 °C and the minimum 25.7 C.
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B. Wind speed in Erbil

The Kurdistan climate is under the influence of Mediterranean anticyclones and the sub-

tropical pressure belt. The wind moves from the south west to the north. When the southerly

wind blows, it generates dust storms, which also cause the air temperature to rise over 45°C.

However, in winter the wind is cold and influenced by Mediterranean cyclones moving from

east to north east. The region is also influenced by Arabian Sea cyclones that move northwards.

Moreover, the air mass that comes from the polar region down to the Persian Gulfis very cold

and can decrease the air temperature in the region significantly.

Average monthly wind speed for Erbil Airport is above two metres per second and varies

between 4.34 m/s and 7.8 m/s, but the maximum wind speed is different in winter and summer;

the maximum value in May and the minimum in January are shown in Table 2.3

(Husami, 2007) (Figure 2.18).

Table 2.3: Annual average wind speed in Erbil. Source: Husami (2007)

Figure 2.18: Average annual wind speed in Erbil. Source: www.meteoblue.com.
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Figure 2.19: Wind speed for Erbil (June, July and August)
Figure. 2.19 shows Erbil Airport’s monthly wind speeds, which are high from December to

April, but calm winds from June to October. Similar to air temperature, the wind speed

in urban areas is influenced by urban density.

Figure 2.19 shows the wind speed for the central weather station (high urban density) and
the maximum average wind speed is 2.8 m/s and minimum 1 m/s.
This shows the impact of urban N

NNW 3000 NNE
density on wind speed, as the

buildings in urban areas act as M 20 ‘u
obstacles to wind flow, leading to

WNW ENE
a drop from 5.0-6.0 m/s to 1-2 e ~

m/s, as shown in Figure

2.19. Figure 2.20. This wind rose

v

4
shows how many hours per
year the wind blows from o =
the indicated direction.

swW S5E
Generally, the wind blows
from the south west to north = - =
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Figure 2.20: Average annual wind direction for Erbil. Source
www.meteoblue.com.
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2.6.3 Land use and urbanisation of Erbil

In the last decade, several studies have been undertaken on Erbil’s urban development, and
these have revealed that built-up area in the city represent 39%. Vegetation covers only 8% of
the remainder of open land, as the city has a radius of 10 km and encompassed there is a large
amount of land yet to be developed (G. R. F. Ibrahim, 2013). The importance of green and
blue spaces in urban areas has been recognised for many years as climate modifiers
(Gunawardena, Wells, & Kershaw, 2017). Most of these urban areas became residential after
2003. Urbanisation is represented in yellow and it is more concentrated in the city centre (the
citadel), expanding in all directions (Figure 2.21). Open areas are mainly located outside the

city and are represented in blue, and comprise about 47% of the total land of the studied area.

Erbil city 2014

Build up area

Figure 2.21: Urban development of Erbil.

The urban development of built-up areas is not in balance with vegetation or green areas. This
urban development reflects a negative impact on the urban microclimate of the city and outdoor

thermal comfort of occupants (R. I. Ibrahim et al., 2015). The city can be divided historically
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speaking into two types: the historical urban morphology located in the city centre, and the
modern development located outward of the centre as a series of ring roads and radial urban

blocks.

The urban features and geographic landscape of Erbil, and the ratio of urbanisation to
vegetation (green area), make the city an ideal case study on the impact of urban geometry on
the mitigation of the urban microclimate. In doing so, the impact of different urban morphology
on the local urban microclimate can be identified, so that we can also consider how energy

(cooling load) can be reduced in a hot dry climate city such as Erbil.

2.6.4 Erbil: Land Surface Temperature (LST)

Urbanisation characteristics such as urban geometry, build-up density, surface albedo,
vegetation, and building materials impact directly on urban land surface temperature and air
temperatures in the local urban microclimate. In temperate and sub-tropical climates, the
urbanisation causes a Surface Urban Heat Island (SUHI) as a result of urban expansion (T. R.
Oke, 1987). In hot and arid cities, urban expansion can cause Urban Cool Islands (UCL) due
to the built-up areas having lower surface temperatures compared with the open areas
surrounding the city (Taleb & Abu-Hijleh, 2013). Satellite thermal images can be used to study
the surface temperature of urban areas and investigate the impact of solar radiation on the local
urban microclimate. From the 1970s, thermal satellite imaging began to be used to study UHI
for cities (Carlson, Augustine, & Boland, 1977; Price, 1979; Rao, 1972). In the period 1970—
1980, researchers studied UHI using satellite thermal images measurements under clear sky
conditions only. This method was applied with small cities to measure the differences between
rural and urban areas (Matson, Mcclain, McGinnis Jr, & Pritchard, 1978). Recent studies using

satellite thermal images to investigate UHI have had four objectives:

1. To study and analyse building geometry and landscape features impact on UHI (Nichol,
1996);

2. To study thermal comfort and urban planning (Gémez, Tamarit, & Jabaloyes, 2001;
Scherer, Fehrenbach, Beha, & Parlow, 1999);

3. To simulate city air temperature and wind speed configurations (Herbert, Johnson, &
Arnfield, 1998).

4. To study Surface Urban Cool Islands (SUCI) in hot/dry climate cities (Lazzarini,
Marpu, & Ghedira, 2013).
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Chapter 2 - Literature review

Figure 2.22: Land surface temperature and thermal infrared radiometer image for Erbil from Landsat

TIRS on 19th July 2013. Source of image (Rasul, Balzter, & Smith, 2015)
Studies carried out in hot/dry climate cities have concluded that urban areas recorded a lower
surface temperature compared to rural areas, because of soil moisture within urban areas
(evaporation) and the shading effect of buildings, which reduces solar radiation intensity. In
this regard, a study used land surface temperature and a thermal infrared radiometer image for
Erbil to investigate the impact of UHI in 2013. The study concluded significant thermal
environment differences between urban areas and the surroundings rural areas. The surface

temperature 10 km from the centre of Erbil was 50.1-54 °C while at the city centre it was 46.1—
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50.0°C (Figure 2.22). This image may be useful to predict and determine the

urban microclimate of Erbil, as shown below:
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Figure 2.23: Tajeel district is an organic urban area with a surface temperature higher than most grid-
iron urban areas with a surface urban temperature.

1. Distance from the city centre: This includes prediction of the organic and grid-iron
morphologies Land Surface Temperature (LST) of city, and may be related to wind speed,
starting with high values in rural areas and decreasing toward the city centre. Other factors
may also be influential, however, as (Alznafer, 2014) has concluded, for example a direct
relationship between LST and the population density of the individual urban locations.
Alznafer found that the LST of compact urban areas in the core of city (organic
morphology) are higher than other, less compact locations with grid-iron morphology. This
corresponds with the present study, for example the city centre in Tajeel district has an
organic urban morphology with LST 46.2°C, while a grid-iron urban area, such as
Komary, had surface urban temperatures of 42.1-46.0°C (Figure 2. 23). This
difference in land surface temperature may reflect the high urban density and high

population density of the centre as opposed to the more open grid-iron developments.
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Figure 2.24: Lower surface temperature for S.A part than Erbil International Airport.

2. Land cover and land use characteristics. Surface albedo and the thermal capacity of the
surface materials (Kwarteng & Small, 2005). For example, S. A Park6, which contains
large areas of park land and open water, records lower land surface temperature than the
airport areas (Figure 2.24 and 2.25). The ST in S.A Park was between 34-38 ‘C compared
to the airport, which was between 5458 C.

Figure 2.25: Naz has low density urban areas which recorded higher ST compared to the high density
urban areas of Ainkawa. Source of left image (Rasul, Balzter, & Smith, 2015)

S.A. Park: Sami Abdulrahman Park located in western part of Erbil with 200 hectares area. In 2006
constructed on Saddam Hussein’s 5" Corps Army military base. The park include two lakes, a rose garden and
other activates.
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3. Urban Density: Low density urban areas recorded higher LST compared to high density

urban areas, regardless of their distance from the city centre. For example, the Ainkawa

district recorded a lower ST than Naz C (Figure2.26). From this study and the analysis

of Erbil Satellite images, we can conclude that Erbil, as other cities in hot/dry climate

zones, experiences a Surface Urban Cool Island in summer time. The urbanisation

areas have lower LST compared to rural areas. In addition, urban land cover and urban

characteristics do not necessarily cause urban Land Surface Temperature variation,

although there are other factors such as wind speed, direct solar radiation, and shading

which might cause variation in LST, and consequently variation in the wurban

microclimate of specific urban areas.

2.7 Urban energy balance

The main source of the Earth’s energy is the sun. The radiation which the sun emits is divided

into three components: ultraviolet, visible, and near infrared light. Most of the sun’s radiation

is absorbed by the Earth’s surface, while the rest is reflected by clouds and particles in the air.

More than half of the solar radiation which is near infrared is stored on the surface, while the

remainder is reflected into the surrounding atmosphere. The stored heat on the Earth’s surface,
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Q* + QF = QH + QE + AQS + AQA

Figure 2.26: Schematic section (A) and 3D presentation (B) of urban surface energy balance. Sources:
(A) Erell et al., (2011), (B) Santamouris (2001b)

as well as evaporation, helps to maintain the energy balance of the Earth (Figure 2.26).

The concept of energy balance is from the first law of thermodynamics, which states that

“Energy can neither be created nor destroyed, only converted from one form to another”.

Energy input = Energy output + change in stored energy
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The energy balance in the urban pattern is more complex because the urban areas have more
than one source for heating up the canyons, such as heat radiation and other sources of heat as

a result of human activity. The equation below describes the heat balance in urban areas.
Q*+ QF = QH+QE+AQS+ AQA

Where Q* is the solar radiation, QF anthropogenic heat, QH+QE, sensible and latent heat.

Moreover, AQS the radiation from urban surfaces that is transferred through the air and AQA
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Figure 2.27: Urban boundary layer and development of urban canopy layer. Source: Erell, Pearlmutter et
al. (2012).

is the net store heat flux. To understand how this energy balance works and affects an urban
microclimate, the following section explains important factors pertaining to the urban

microclimate.

2.7.1 Urban microclimate

To study the urban environment and design, it is important to understand the scale and factors

as regards an urban microclimate. Microclimate is a part of the urban canopy-layer (UCL),

which is the lowest part of the urban atmosphere (Erell, Pearlmutter, & Williamson, 2012)

(Figure 2.26 and Figure 2.27). There are different layers that interact to produce an

urban microclimate, as described below:

1. Urban boundary layer: defined as the entire amount of air above the city affected by city
surfaces and all the activity which happens inside the city (Figure 2.27)
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2. Mixed layer: this layer is on the upper part of an urban boundary layer and is not influenced

by urban surfaces (Figure 2.27)

3. Surface layer: this layer is located above buildings at four to five times the height of the
buildings (Figure 2.28).

4. Roughness sub-layer: this layer, also known as the layer of transition between the very

homogeneous layer which is the surface . .-. - _:... A _.._b
layer, and the layer affected by buildings of —/—’1—- Rouginess"" -
different heights, green areas, and open Y _—v — 5 Sfifr

spaces of different dimensions (Figure i 5 '=' E‘
2.28). X

Figure 2.28: Urban canopy layer. Source:
http://co2montreal.blogspot.com/2010/10/princi
ples-of-urban-meteorology-re.html

5. Urban canopy layer: This is defined as the
lowest layer of the urban atmosphere,

starting from the ground of the urban area to the level of the building’s height (Figure 2.28).

6. A microclimate can be defined as “the climate that prevails at the micro-scale level”. It is
established within any urban space as a result of the high inhomogeneity of the urban

canopy layer (Erell et al., 2012).

The differences in air temperature, wind speed, radiation balance and other climatic indicators
create a unique microclimate for any given urban area. Climatic properties are determined by
the urban and regional environment and physical nature of the existing surroundings. The
design parameters, such as the thermal capacity of building materials, open space dimensions,
and landscape and vegetation, all serve to modify the climate at this scale (Jeong et al., 2015).
These factors have an effect on outdoor thermal comfort and building’s energy loads (Taleb &

Abu-Hijleh, 2013).

2.8 Wind and urban microclimate

The wind comprises two factors that mainly affect urban geometry: velocity and pattern of
wind flow. In urban areas, wind speed and its patterns are more affected by buildings and land
topography (surface roughness). Charabi (2011) studied a UHI in Muscat, Oman, and found
that the mountains surrounding Muscat reduce the wind speed and ventilation rate, so the urban

areas heat up in the centre of the city where the morphology is compact and organic.
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Natural surfaces reduce wind speed. However, rougher surfaces from urban geometry reduce
the speed of the wind further. Hence, the ground surfaces in urban areas have a substantial
impact on the performance of the wind system above it. The impact of ground texture will
change the wind speed and boundary layer of the wind above the ground.

Understanding wind patterns and air movement in urban areas is the primary concern of urban
planners and researchers so as to enable them to compare and measure thermal comfort,
ventilation, and energy consumption of buildings. Wind speed is considered an important factor
that affects outdoor thermal comfort. The second most important factor after shading is wind
speed.

Physiological equivalent temperature (PET) is a human biometeorological parameter that
describes the thermal perception of an individual. It is defined as the air temperature at which,
in a typical indoor setting (without wind and solar radiation), the heat budget of the human
body is balanced with the same core and skin temperature as under the complex outdoor
conditions to be assessed (Hoppe 1999). The typical indoor setting is an indoor room, with
windspeed (v)=0.1 , vapour pressure (VP)=12 hPa and mean radiant temperature equal to the
air temperature . For calculating the physiological parameters PET makes use of the Munich
energy balance model for individuals (MEMI) (Kriiger, Rossi et al. 2017).

The Psychological Evaluate Temperature (PET) index decreases by 3.5°C with an increase in
wind speed from 1m/s to 2m/s (Andreou, 2013). Wind speed also affects the urban planning of
a city. The temperature in a city may change from one specific zone to another as the
conformation of the city assists the wind speed and its circulation. Golany (1996) discussed the
urban design morphology and thermal performance of a city. These results show that urban
morphology in a city directly affects wind speed. The result shows that wind movement on a
city scale depends on morphological elements such as morphology designs, orientation, and
the shape of roads within a city. Golany (1996) concluded that the urban form of each region
or district contributes to making a city cooler or hotter (UHI, UCI).

Finally, traditional organic urban morphology with deep canyons contributes to reducing wind
speed, which has a positive impact on urban microclimates in winter. In contrast, the lower
wind speed during summer nights will cause discomfort for pedestrians as a result of heat
emission from buildings. In summer, the wind speed is low although the canyon has a high
aspect ratio (high/width) which reduces the air temperature. In contrast, studies conducted by
Taleb (2012) found that in summer the air temperature in urban morphologies is primarily

dependent on urban configuration more than wind speed. He argues that wind speed in highly
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structured mForphologies records higher values in comparison to organic morphologies. The

study concluded that wind behaviour is manipulated within urban configurations.

2.8.1 Wind speed and urban canyon aspect ratio

Wind speed is primarily affected by urban canyon geometry. The aspect ratio between height
and width (H/W) and sky view factor is the main measurement to identify urban
geometry (Figure 2.29). The canyon direction can be with or opposite to the direction of the
wind. Oke (1988) divided the aspect ratio for urban canyons into three types and explained its

relationship with wind speed as follows:

1. Isolated roughness flow if the aspect ratio is H/'W >0.05
2. Weak interference flow if the aspect ratio is 0.5 <H/W>0.65
3. Skimming wind flow if the aspect ratio is H/'W >0.65.
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Figure 2.29: Wind flow pattern over and within urban canyons, and (b), threshold lines
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While the H/W ratio contributes to the surface roughness of urban areas, the canyon length to
width ratio (L/W) contributes to the flow along the canyon and the transition from one specific
regime to another when both L/W and H/W interact. Wind flow compared to canyon

direction can consist of four separate possibilities, as outlined below (Figure 2.30):

1. Parallel canyons, when both canyons are open to the wind direction
2. Perpendicular canyons with wind direction

3. Angled canyons with wind direction
4

Perpendicular (deep canyons).
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Canyon form and direction have an important impact on wind speed and solar radiation in hot
dry/dry climates. Thus, it is important for urban planners to consider these factors before urban
design. In addition, mitigating an urban microclimate has a direct impact on the thermal

performance of a building and consequently energy consumption (Erell et al., 2012).
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Figure 2.30: Secondary wind flow patterns with respect to the primary flow directions above

2.9 Urban morphology and energy consumption

Urban microclimate is influenced by urban form and geometry. The urban microclimate
surrounding the building will affect the performance of the cooling and heating systems of that
building. Ratii (2005) explains four factors that directly affect single building energy
performance: urban geometry, building design, system efficiency, and occupant behaviour. In
hot climate regions, many passive and active design strategies can be used to release heat gain
naturally or mechanically (Edussuriya, Chan, & Ye, 2011). Zhao (2011) studied 11 urban
morphologies to determine the relationship between urban planning and climate indicators. The
research found that green cover ratio in tropical climates is the most influential factor on the

urban thermal environment, together with other factors illustrated below (Table 2.4).

Table 2.4 Important factors relating to urban planning indicators

Significant factors relating to urban climate
1 | Urban structure Dimensions of the buildings and the spaces between them, street
widths and spacing

2 | Urban cover Building form, paved, vegetated, bare soil and water

3 | Urban fabric Construction and natural materials of urban areas

4 | Urban Heat, water and pollutants due to human activity
metabolism

Urban morphology has a positive and negative impact on human health, thermal comfort, social
life, and energy consumption (C. Zhao, Fu, Liu, & Fu, 2011). For example, (Ai & Mak, 2015)
and Okile (2010) categorised publications in this field into three main groups, as explained

below (Table 2.5).
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Table 2.5: Research groups categorised by Ai & Mak, 2015 and Okile (2010).

Groups Research type | Factors or Variables Authors (year)
Human Application of passive | (Ali-Toudert & Mayer, 2007;
thermal heating, cooling, | Apndreou, 2013; Balslev,
comifort Vent%latlf)n , and Potchter, & Matzarakis, 2015;
daylighting strategies i
‘ Brent C Hedquist & Anthony J
g‘rrzlp Brazel, 2014; E. L. Kriiger,
Minella, & Rasia, 2011; Lin,
Matzarakis, & Hwang, 2010;
W. Yang, Wong, & Jusuf,
2013)
Solar energy | Utilising the sun’s | (F. Bourbia & H. B. Awbi, 2004b;
radiation to sustain the | Compagnon, 2004; Johansson,
Second huge solar resource | 2006; Lin et al., 2010; Martinelli,
Group available within cities | Lin, & Matzarakis, 2015; Nastaran,
2013; Upreti, Wang, & Yang, 2017;
van Esch, Looman, & de Bruin-
Hordijk, 2012)
Urbanisation Application of | (Ruksana, 2014; Santamouris,
impact on city | strategies to minimise | 2014; Shahidan, Jones, Gwilliam,
microclimate | UHIs, such as wind | & Salleh, 2012; Sharmin &
Third flow between buildings, | Steemers, 2019; Taleb & Abu-
group green roofs and the | Hijleh, 2013; van Esch et al., 2012;
effect of vegetation on | Wong et al., 2011; C. Zhao et al.,
microclimate 2011; Q. Zhao, Sailor, & Wentz,
2018)

Urban geometry is related to direct solar radiation and solar gain. Givoni studied the structure
of a city and how it changes the local microclimate. He established that total regional climate
is not solely modified by the exposure of buildings to solar radiation, but that the structure of
a city and neighbourhoods of buildings modify the local microclimate. Ratti found after
examining six urban patterns that courtyard configuration responds better to environmental
variables. The variables that directly affect urban pattern are surface to volume ratio, shadow
density, daylight distribution, and sky view factor (Ratti, Baker, & Steemers, 2005).

The critical factors for the urban courtyard are: courtyard layout, thermal mass and surface
reflectance. The interior elements of the courtyard interact positively with the urban
microclimate, making this type of urban pattern the best form of land use. Ramona (2013)

studied thermal comfort in low cost housing units in a hot-dry climate. She found that low cost
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housing units used higher amounts of energy in comparison to average housing units because

of the characteristics related to design, construction, and occupants’ behaviour.

2.10 Urban microclimate in hot arid regions compared to other climatic regions
In cities with a hot dry climate including mid and high latitudes, UHI has a negative impact on
human health, comfort, and heat stress. In addition, these negative impacts cause high energy
consumption (air conditioning), water use, and air pollution. Therefore, mitigation of an urban
microclimate has a positive impact on human health and the economy.

The important features of hot dry climates are: high diurnal air temperature (high solar
radiation), low humidity (low moisture availability), low wind speed and a lack of vegetation.
This causes significant air temperature fluctuation in some regions, from 50°C during the
daytime to 20 C, or possibly lower, during the night. Moreover, in high latitude regions, high
seasonal temperature variations happen during summer and winter. In Kurdistan, the air
temperature reaches 53 °C or 54C in summer, while in winter it drops to zero and negative
values. In hot, dry climate regions, climatic strategies have been implemented to minimise

climatic stress (Table 2.6).

Table 2.6: Climatic strategies in a hot dry climate

Climatic issues Importance Proposed strategies | Studies
Reduce solar gain Minimise heat stress to | Narrow streets (Akbari, Pomerantz,
reduce or avoid air | Shade devices & Taha, 2001; Baker
conditioning operation | High-albedo et al., 2002; Kumar
time. materials & Kaushik, 2005;
Add trees Shashua-Bar &
Green roofs Hoffman, 2002; Q.

Zhao et al., 2018)
Maximise solar gain | Minimise the indoor | Control the heat | (Brazel & Martin,

in winter air temperature | storage capacity of | 1997; Rizwan,
variations building materials | Dennis, & Chunho,

2008)
Increase the extent of | Balance radiation net | Extent of | (Bonan, 2000)
evaporation at the ground surface | evaporation (Grimmond & Oke,

by increasing the | reducing the non- | 1995; Kong et al,
extent of evaporation | permeable surfaces | 2016; Middel et al.,

Designing irrigated | 2012; Middel,
greenbelts Chhetri, & Quay,
2015)
Minimise wind | Avoid extreme | Compact geometry | (Andreou & Axarli,
exposure conditions and reduce | and short walking | 2012; Taleb & Abu-
thermal stress distances. Hijleh, 2013; van
Correct  canyons | Esch et al., 2012)
direction
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Studying urban microclimates in hot arid regions is different to some extent compared to other
regional climates. Hot and dry climates have specific issues that are unique and considered the
most important variables regarding urban microclimates compared to other regional climates,
such as tropical and semi-arid regions. Moreover, different methodologies have been employed
to examine climate islands in these regions; some researchers have used thermal infrared (TIR)
images to analyse thermal urban behaviour by examining LST, and compared the temperature
in both urban and rural areas (Rasul, Balzter, & Smith, 2016; Tran, Uchihama, Ochi, &
Yasuoka, 2006), while other researchers used field measurements to examine and determine
urban microclimate (Akbari et al., 2001; Chow & Brazel, 2012; Jeong et al., 2015; Eduardo L.
Kriiger, 2015; Lin et al., 2010).

A further study in a hot and dry climate was conducted by Kwarteng (2005), who compared
cities from a hot climatic region with cities in a cold region. Kwarteng used remotely sensed
thermal images from Landsat ETM+ to examine the energy fluxes on the urban surfaces. The
study connected multispectral imagery and thermal images to determine the thermal patterns
of urban surfaces and evaluate the vegetation effect on LST. The study found that vegetation
has a strong influence on urban and suburban heat islands. The study also shows that areas
surrounding Kuwait City had higher surface land temperatures compared to residential areas,
as there was an absence of vegetation in the rural areas. The higher surface temperature in the
desert, in contrast to the urban area, is as a result of the lack of vegetation, as well as bare and
dry soil compared to overshadowing by manmade elements in city. Additionally, higher surface
temperatures were observed in residential and industrial areas in New York compared with

rural areas around the city.

Table 2.7 Urban microclimate studies and findings

Authors Methodology | Case study | Factor Findings
scale

Kwarteng Thermal Thermal Urbanisation | Area surrounding Kuwait
(2005) infrared  and | patterns of urban City has a higher surface

TIR images surfaces temperature compared to the

residential area

Moohammed | Field Old and new | Urban density | Traditional morphology is
Wasim Yahia | measurements | morphology and solar | more comfortable than
& Erik impact on | radiation modern urban morphology
Johansson outdoor thermal
(2012) comfort
Johansson Field Compare Urban 6-10k difference between
(2006) measurements | between shallow | geometry both canyons
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and deep street
canyons
Kriiger, Field Compare Urban Urban geometry has an
Minella et al. | measurements | between geometry impact on human thermal
(2011) and numerical | different street comfort
modelling canyons
Lin, Field Compare Urban High SVF causes discomfort
Matzarakis et | measurements | between 6 | geometry in summer and low SVF
al. (2010) different urban cause discomfort in winter
locations
Naveed and | Field Two  different | Effect of | Solar  radiation  causes
Brown (2015) | measurements | outdoor spaces. | surface discomfort in hot dry
and numerical | Garden and hard | material  of | climate urban areas
modelling surface landscape on
courtyard UHI
houses

The urban geometry and landscape materiality (bare
soil, vegetation, concrete, etc.) has a great impact on
the microclimate of urban areas. In addition, geometry
and landscape can vary locally by changing the
climate of the regions. This study focuses on urban
microclimates in a hot and dry city. The literature so
far comprises of only limited studies regarding Erbil’s
microclimate, so the subsequent section (Section 2.7)
extensively describes the research conducted in Erbil

by Rasul (2015).

2.11 Microclimate in Urban Canyons

Urban microclimate can be studied through the
architectural elements at an urban canyon level. An
urban canyon can be defined as a “linear space such
as a street which is bounded on both sides by vertical

elements such as walls of adjacent buildings”
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Figure 2.31: Urban canyon and its
geometrical descriptors and sky view
factor (SVF) as a function of canyon
aspect ratio (H/W).

(Evyatar, 2010). The advantage of modelling the urban canyon is to predict the urban area with
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different surface materials (streets and walls) as one unit with a specific environment at ground

level. Evyatar (2010) discusses three factors controlling the microclimate of canyons:
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Figure 2.33: Schematic view of a

Figure 2.32: Geometric parameters for calculating the rectangular courtyard-type space showing
SVF from a point on the ground in plaza-type space (a) 1t geon.letrlc descriptors and (b)
at a given distance from one continuous wall and (b) at approximated SVFs

the centre point of a circular space

1. The Height-Width (H/W) ratio or aspect ratio. This model represents the sectional outline
of an urban canyon. It is described as the average of a vertical building surface to the
average width of a street (wall to wall distance) (Figure 2.32).

2. Canyon axis orientation represents the direction of the canyon to (N-S-E-W) or (NW-SE-
NE-SW). It is the angle between a straight line running north-south and the second line
running the length of the street (Figure 2.33).

3. The sky view factor (SVF) is the relationship between the H/W ratio. This can be described
as the cross-section of a canyon and sky dome that can be seen by any surface from a
specific point on the surface (Figure 2.33).

One of the important features of urban microclimate studies is the relationship between SVF

and aspect ratio (H/W) on air temperature (Montavez, 2012). Ratti (2003) studied the effect of

SVF and H/W aspect ratio on thermal comfort at an urban canyon level. The study concludes

that during the day lower sky view factors had a positive impact on pedestrian thermal comfort

in high H/W ratios.
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Figure 2.34: Urban canyon and its geometrical descriptors and sky view factor (SVF) as a function
of canyon aspect ratio (H/W)

Sky view factor can be used to measure the UHI effect, which is the main indicator of the
difference in air temperature between urban and rural areas (Ratti, 2003). However, other
researchers have studied the SVF with street geometry factors, such as location and orientation,
to examine the environmental aspects of urban canyon and air temperature (Ali, 2004). In a
similar way, Bourbia and Boucheriba (2009)

considered the effect of street design in semi- .

arid climates on an urban microclimate. The S S p—

results of the study confirmed that higher -REPRESENTATIVE

aspect ratio (H/W) generates low air " cLOSED®
-"'\KJITUME )
temperatures in semi-arid climates. It is -

recommended that the SVF of an urban design ‘ l | (CANYON)

is decreased because it plays an important role
in mitigating the urban microclimate effect.
Other studies have investigated the impact of
. , —
sky view factor on a UHI (Montavez, REPRESENTATIVE UGCL
Rodriguez, & Jiménez, 2000; Unger, 2004). Figure 2.35: Model layout as viewed from
above (plan view) and along a cross-section

Mills (1997) simulated the impact of the urban drawn through the UCL. Source: Mills (1997)

canopy layer (UCL) on urban boundary layer (UBL). A computer simulation was used to
60



represent the thermal stresses of building configurations in different configuration structures.
The natural heating of buildings was measured through daily sun exposure on structures. Sky
view factor was used to assess cooling structures to compare different groups of building
structures at various times of the year. The study concludes that the density of buildings has
a significant impact on UCL/UBL interactions (Figure 2.35).

Charabi (2011) examined canopy-level UHIs in Muscat, Oman. The result of the study reveals
that a UHI occurs during the night-time, especially in summer, 6 to 7 hours after the sun sets.
This is because the local urban microclimate is distinguished by wind speed, high human
activity, high density of buildings, and roads (Figure 2.34). The city is surrounded by
mountains which cause the core of the city to be heated. The mountains isolate the cold breeze
from the sea during the daytime and the warm air is trapped in the compact urban area of old

Muscat.

2.12 Urban microclimate and urban geometry
Urban geometry is an important factor that affects the urban microclimate, particularly in cities

with a hot dry climate. This topic and how it might modify the local urban microclimate has

L.JR\[ el

Figure 2.36: Site maps of some study locations. Source: Shashua-Bar (2004)

been extensively studied. In general, an urban microclimate changes from different places in
the same city because of various urban patterns (urban geometry) within the same environment.

The local urban microclimate can be described as a specific environment that may change by
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changing the wurban geometry. Shashua-Bar and Hoffman (2000) examined the
interrelationships between urban geometry and urban microclimate (Figure 2.36). The

research represents urban geometry as the ratios (H/W), wooded area, and trees shading
cover. Eleven different urban morphologies were studied using the analytical green
CTTC7 model. The research compared urban site temperatures with metrological stations in
open places. The study concluded that there was a 4K air temperature difference between
wooded areas and open areas in hot, humid climatic regions. The cooling effect by
surrounding sites with trees has become stronger in cities that have higher air temperatures.
Certain researchers have explored the effect of urban form on microclimate by way of an
analytical study of field measurements of different urban morphologies in the same city. Taleb
(2012) measured the air temperature in two different urban geometries (traditional and grid-
iron morphologies) in Dubai to represent the effect of different urban morphology form on
altering the microclimate within the same city. The study determined that the wind speed in
traditional morphology is lower than grid-iron, although air temperature records lower values.
This is because the lower solar radiation in traditional morphology is a result of limited opening
areas and the sky view factor.

The majority of researchers have proved that built form, vegetation, water body, and human
activity change or influence urban microclimates, and, moreover, increase or decrease the air
temperature in that urban microclimate. Bourbia (2010) examined different urban patterns
which had different forms and levels of complexity and near water bodies. The aim of the
research was to investigate the effect of different urban microclimate factors on the level of
outdoor thermal comfort. This research found that people are more comfortable with increased

evapotranspiration by trees than increased air flow (Bourbia & Boucheriba, 2010). However,
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Figure 2.37: Site maps showing positions and canyons of the study. Source: Bourbia and Boucheriba
(2010).

7 CTTC model: cluster thermal time constant.
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people’s acceptance of thermal comfort did not change with changes in airflow at high levels
of air temperature. This means that the peak air temperature for summer days between 12:00
to 18:00 was not affected by changing wind speed. Ratti (2003) argued that the main variables
of urban geometry that affect urban microclimate include: daylight accessibility to an urban
canyon, surface to volume ratio, shadow area and sky view factor. The result of Ratti’s research
determined that thermal performance increased positively with surface volume ratio. Bourbia
and Boucheriba (2010) discussed the urban geometry effect on solar incoming and long wave
outing radiation. Solar radiation has a greater impact on streets and the surrounding
environment in semi-arid climates. The study measured solar radiation (absorption and
emission) through H/W aspects and sky view factor (SVF) with canyon orientation defined
by its long axis (Figure 2.37). The research concluded that the difference in temperature of 3—
6°C between uban areas and mral environment is a result of the solar radiation that
enters the canyon.

Urban morphology has a significant impact on defining the differences in air temperature in an
urban microclimate. This topic is extensively discussed in hot dry regions as the variation in
air temperature between day and night is considerable. Solar radiation plays a crucial role in
determining local microclimate in these urban areas. This variation depends on urban elements,
such as urban surface materials, urban form, and urban greenery (Wong et al., 2011).
Additional studies in relation to the impact of solar radiation on an urban microclimate have
compared the traditional morphology (old city) with modern morphology (new development).
These types of studies depend on the positive® urban element of traditional urban morphology
compared to modern morphology (Andreou, 2014; F. Bourbia & H. Awbi, 2004; Johansson,
2006; Morad & Ismail, 2017). Most of these studies ascertained that traditional morphology
performs better thermally than modern morphology because of low solar radiation penetration
into urban canyons. Mohammed (2015) found that the air temperature in shallow canyons
(modern morphology) is warmer by 5-15% compared to narrow canyons (traditional
morphology). Talep (2012) compared organic and structured urban morphology in the
summertime in the UAE. The results indicated that organic morphology records lower air
temperatures compared to the structured configurations. Traditional morphology is
recommended not only because it performs better thermally, but it is a more sustainable

configuration in terms of social and alture representation. Generally, it can be seen that

8 The positive urban elements include reducing solar penetration of urban areas by eliminating H/W ratios, using
sustainable construction materials for building, and small fagade windows and openings.
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traditional urban morphologies perform better thermally, because traditional urban morphology
is more sustainable than modern urban morphology, and the traditional form is designed to
adapt to the local urban microclimate. Thermal comfort in traditional canyons is more
acceptable than grid-iron (Johansson, 2012). Furthermore, the improved microclimate

conditions in summertime will reduce energy demands in buildings.

2.13 Urban Heat Islands (UHI)’

Luke Howard initially described a UHI in 1818. It is one of the most important topics with
respect to urban climate and considerable research has been completed on this subject (Erell et
al., 2012). The topic of UHIs has been well studied and become the focus of architects,
engineers, urban designers, and climatologists. This phenomenon is defined under certain
weather conditions. UHIs involve significant differences in air temperature between a city and
rural areas (Tim R. Oke, 1973). Literature on UHI mainly investigates the important factors
relating to them. However, due to the complexity of UHI factors, it is challenging to control all
the factors in one study. Thus, the most important factors that have been considered regarding
each climate zone, for example the UHI factors for a hot, dry climate, are different to a UHI
for hot and humid climates. Taled (2012) argued that urban configuration is one of the most
important factors affecting air temperature variation, while Bokaie (2016) reported that
vegetation and plantation is the most important factor of UHI. Generally, UHI can increase the
temperature of a city by 2-5°C (T. R. Oke, 1987). A UHI causes differences in air temperature
that reach 12°C in the evening time (EPA, 2009). Che-Ani (2009) and Taleb (2013) divided

the factors affecting UHI into two categories:

1. Metrological factors, such as wind speed, orientation, relative humidity and cloud cover
2. Urban parameters, such as density, built-up area, sky view factor, building materials

and urban structure.

Demand for cooling energy increases in summer with the peak temperature reaching 49°C in
Erbil (Rasul et al., 2015). Higher air temperatures increase energy demands for cooling load.
This demand can exceed grid capacity, resulting in local diesel powered generators being used
which produce harmful emissions and increase ground level ozone (Okeil, 2010). Oke (1982)
reported that an important factor affecting microclimate is sky view factor (SVF), which has a

parallel relationship with heat loss, where narrow streets have lower heat loss.

% later in the chapter a more detailed discussion of Urban Heat Islands will be given
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Other factors affect microclimate wind flow between urban blocks. Wind flow is affected by
the surface roughness of urban buildings and textures, and hence creates lower wind speeds in
high density urban areas. In addition, vegetation is also another factor of microclimate due to
the level of evaporation produced by plants. (Okie 2010) reviewed factors that affect the

microclimate in an urban area (Table 2.8):

Table 2.8: Factors that affect an urban microclimate

Factors affecting urban microclimate

1 Surfaces Surface materials | Pavements, Asphalt, Dark Paints, Dark Plaster, Dark
Cladding, Bricks and Concrete
2 Industry Plants and Electricity Power Stations
Anthropogenic | Transportation Cars and Public Transportation
Heat Building The amount of energy absorbed or emitted by buildings
Temperature into an urban environment
3 ] Evaporation The amount of evapotranspiration which is produced by
Vegetation green area in urban morphology
4 . Width of street | The amount of solar energy and solar radiation to urban
Sky view factor
canyons facades
5 Roughness of | Density of buildings or urban blocks to overall site area
Lower urban O
. building
wind speeds .
aerodynamics

In contrast, hot, arid regions, urbanisation and man-made modifications, buildings, and green
areas may cause Urban Cooling Islands (UCI) (Santamouris, 2014). This phenomenon can be
seen in city centres compared with surrounding rural areas during the summertime (Rasul,
Balzter et al., 2015). The researcher found that ‘built form, green areas and water bodies, all
influence the urban microclimate and lower the air temperature’. Other researchers have
established that wind speed is associated with a UHI (Unger, 2004). Morris and Simmond
(2001) ascertained that UHI variation can be reduced by 0.14 °C if the wind speed is increased
by 1m/s. Ratti (2003) studied the major variables of a UHI relating to urban microclimate which
have a significant impact on urban air temperature, for instance SVF, surface to volume ratio,
shadow densities, and day lighting. These factors have an impact on thermal comfort, urban air

temperature and, finally, building energy consumption.

2.14 Types of Urban Heat Island UHI

UHIs can be observed and measured using two scales: firstly, by way of the temperature of the
urban surfaces, in this case called surface heat islands, or by the atmosphere layer scale above
the city, known as an atmospheric heat island. This classification is based on several categories,
such as degree of homogeneity, urban intensity, temporal behaviour, and location of city
(Gartland, 2008). The UHI is fundamentally generated as a result of the interaction between

various physical processes. Both types of UHI have different properties and are not necessarily
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generated at the same time or location (Oke, 1982). Chudnovsky (2004) argues that urban
microclimate primarily depends on urban structure energy balance, which is dependent on
urban layer properties. Thermal urban properties are determined by surface materials, sky view
factor, and urban density. Both types of UHI are similar in terms of LST and how the air
temperature changes between different layers of the atmosphere. A UHI causes a change in
sensible heat and transfers the hot air from irradiated locations to shadow areas and lower air

temperature zones by means of convection.

2.14.1 Urban Surface Heat Island (USHI)

This type of UHI forms when the urban surface temperature inside a city is higher than sub-
urban and rural areas. This type of UHI commonly occurs when the urban areas are surrounded
by moist soil and vegetated areas. Surface UHIs occur during the daytime rather than at night
due to the solar radiation. However, the heat island phenomenon is opposite in hot and dry
cities, where the urban areas are surrounded by desert or dry soil, and the urban surfaces
temperature is lower than bare soil outside the city (Rasul et al., 2015). Weng (2004) described
an urban surface heat island USHI as a variation in the air temperature of horizontal surfaces
in urban areas, such as roofs, streets, pavements and green plot areas. From 1970, researchers
have used remote sensing data, which can be represented as thermal satellite images or thermal
infrared TIR. The satellites are used to obtain TIR data are TM/ETM+,10 MODIS, 11 TIMS12
etc. These types of images are used to study and analyse the horizontal surfaces of any part of
a city that appears in satellite images. The remote sensed satellite images are commonly used
by researchers to study the microclimate of an urban area. Recent studies employed this
technique because it has the ability to study a large area of a city. However, this technology
has a few limitations associated with difficulties in measuring the amount of thermal energy
that may be emitted by different urban surface materials. Table 2.9 shows the number of studies

and different techniques using the satellite imaging process to predict and measure UHI.

Table 2.9 : Different factors and methods to measure USHI

Author Technique Most effective factors | Climatic zone
used

(Tran et al., 2006) Remote Land distribution and | Tropical climate
sensing urbanisation

(Weng, Lu, & Schubring, | Remote Vegetation Tropical climate

10 TM (Thematic Mapper) on board Landsat-5. ETM+ (Enhanced Thematic Mapper Plus) on board Landsat-7
' MODIS (Moderate Resolution Imaging Spectroradiometer) is an extensive program using sensors on two
satellites that each provide complete daily coverage of the Earth.

12" An airborne Daedalus scanner operated by NASA
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2004) sensing

(Rasul et al., 2017) Remote Land use/land cover Hot dry climate
Sensing

(Rasul et al., 2016) Remote Vegetation and moisture | Hot dry climate
Sensing

(Haashemi, Weng, | Remote Land distribution and | Semi-arid climate

Darvishi, & Alavipanah, | Sensing urbanisation

2016)

The results from these studies identified that there are two types of Surface UHI: Hot Surface
UHI and Cool Surface UHI. This primarily depends on climate zone and urbanisation. In hot
and semi-arid climates during summer, the surface air temperature is lower than in rural areas,

while in tropical climate zones, the urban area is hotter than in rural areas.

2.14.2 Atmospheric UHI

An atmospheric UHI can be defined as an increase in air temperature in urban areas more than
rural areas surrounding a city. The general effect of this type of UHI appears after the sun sets
directly, when the temperature reaches its maximum during the night. The heat mass exchange
between the urban surface structures and the outdoor microclimate happens when air
temperature in the surrounding buildings is lower than the external surfaces of urban structures.
As a result of different variables in the urban structure in the same atmospheric environment,

atmospheric UHI are divided as shown below.
a. Canopy Layer Heat Island (CLHI)

b. Boundary Layer Heat Island (BLHI)

2.14.3 Boundary Layer Heat Island (BLHI)

Oke (1976) found that the principal divide between both types of UHI is the difference in the
main variables associated with the urban locations, geometry, intensity, orientation, physical
and temporal characteristics of each urban area. Different techniques and instruments can be
used to measure the impact of these types. Although UHIs are studied and observed primarily
in the day time, this phenomenon can be observed at night, as well as in low latitude cities with
a high level of heat flux produced as anthropogenic heat (Rasul et al., 2016).

BLHI can be defined as the layer of hot air that extends between a building’s roof to a height
of one km during the daytime. Moreover, this layer will shrink at night to 100m above the
roofs. This air creates a dome of homogenous air that changes with changes in the air

temperature of the canopy layer, which is directly located under this layer. Situ measurements
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and special tools can be used to study this phenomenon, such as tethered balloons and aircraft

(Timothy R Oke, 1976).

2.14.4 Canopy Layer Heat Island (CLHI)

CLHI refers to a scale layer between the ground surface levels to the average height of a
building in an urban pattern. The air between buildings is affected by various factors including
vegetation, surface materials, urban geometry and density, as well as human activities.
These different factors cause different canopy air heating, for instance a canyon with a
prevailing wind direction typically cools more than a perpendicular canyon because the wind
continuously releases the hot air (Balslev et al., 2015). This phenomenon can be measured
through fixed or portable weather stations. The latter are fixed on a car and weather data
can be collected regularly to investigate UHIs between city centres and rural areas
(Brent C Hedquist & Anthony J Brazel, 2014). The majority of researchers have studied
the urban microclimate, which is a combination of the effect of canopy and boundary
heat islands (Ali-Toudert & Mayer, 2006; Andreou, 2013; Bakarman & Chang, 2015).
Bourbia and Awbi (2004) used field measurements with a shading simulation program
(ShadowPack PC code v.2), as the methodology. The study analysed canyon geometry by
measuring SVF and canyon aspect ratio H/W. They noticed that H/W aspect and canyon
orientation had a greater effect on solar shading and the urban microclimate. The beneficial
relationship between urban geometry and urban microclimate is helpful in generating
urban design guidelines and eliminating energy consumption regarding housing projects.
Table 2.10 summarises all of the additional papers that have been reviewed, creating a wide
range of climates with a brief summary of their results. For hot dry climates the canyon
geometry, solar access and shading were important climate factors and ENVI-met was

widely used as a simulation tool.
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Table 2.10 : Summary of additional papers reviewed creating a wide range of climates including a brief summary of their results

Author Variables Regions Microclimate Factors | Methods Results
(E. L. Kriiger | SVF, orientation and | Subtropical Evaluate street | ENVI-Met, field | Urban geometry has an impact on outdoor
etal., 2011) winds climate geometry on ambient | measurement, thermal comfort and air pollution
temperature comfort survey
Moohammed | Physiologically Hot and dry | Old and new | Comprehensive Traditional morphology with deep canyons is
Wasim Yahia | equivalent climate morphology effects on | micrometeorological | more comfortable in summer than modern
& Erik | temperature (PET) outdoor thermal comfort | measurements urban morphology, as a result of the lack of
Johansson, outdoor standard combined with | shade.
(2012) effective questionnaires Conversely, residential areas and parks in
temperature modern morphology are more comfortable in
winter due to more solar access
Moohammed | Street design as | Hot and dry | Detached or attached | Software ENVI-met | Canyon aspect ratio H/W, orientation and
Wasim Yahia | regards climate street canyons vegetation has a great influence on thermal
& Erik | aspect ratio w/h 1. Ground surface comfort in attached street canyon. Street with
Johansson, -Orientation temperature detached buildings; vegetation has a strong
(2010) -Trees 2. Thermal comfort influence on surface temperature and weak
interaction with orientation
Adeb Qaid & | H/W ratio in a | Hot humid | Examined symmetrical | Software ENVI-met | Changing street aspects W/H and street
Dilshan R. | symmetrical street climate and low symmetrical orientation act positively and negatively on
Ossen (2014) | Different orientation street which  offers urban microclimates. The aspect ratio of 0.8-2
Wind flow conflict properties reduces the morning microclimate and UHI,
Solar radiation during the day and at while an aspect ratio of 2-0.8 reduces air
Building height night temperature by 4.7°C and surface temperature
by 10 to 14°C
Naveed M, | 1. Air temperature Hot dry city Air temperature and | Simulate  thermal | The research studied microclimate
Robert D. | 2. Humidity humidity in both spaces | sensation  through | characteristics in two different outdoor spaces
Brown (2015) | 3. Solar radiation was similar the energy budget Shalimar Garden, and hard-surface courtyard
model COMFA houses. The study showed the same air
temperature and air velocity in both places, but
the solar radiation in the courtyard houses was
much higher than in Shalimar Garden, which is
considered the main factor of discomfort
(Andreou & | Air and surface | Tropical Main microclimate | Analyse the effect of | The study compared two urban sites: traditional
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Axarli, 2012) | temperature, air | climate parameters that affect | parameters such as | and contemporary. The study observed no
humidity and air urban canyon are street | urban layout, street | significant difference in air temperature of
velocity geometry, street | geometry and | street canyons with different orientations within

orientation and  the | orientation on urban | each site, both in summer and winter. Street
effect of trees, | canyon microclimate | orientation does not affect air temperature
horizontal surface | using the Green

albedo, wind speed and | Canyon tool

direction

(Andreou, Street geometry, | Tropical Thermal comfort | Different Outdoor thermal comfort conditions in

2013) orientation,  wind | climate analysis characteristics in | traditional environments with a compact layout
speed, surface Physiologically terms of wurban | are more favourable in the climatic zone
albedo and trees equivalent temperature | density, examined, compared to conditions in typical

(PET) and Rayman v.1.2 | layout, and materials | contemporary settlements
tool. Experimental | (street geometry)
measurements

Nastaran Street geometry Street design on the | Urban morphology | The study determined that street geometry H/'W

Shishegar (H/'W  ratio) and urban microclimate and density, the | and orientation are the key factors to providing

(2013) orientation on properties of urban | a pleasant microclimate at a pedestrian level in
airflow and solar surfaces urban canyons
access in an urban and vegetation cover
canyon

(van Esch et | 1. Street width and | Temperate 1. Design parameters | Trigonometric Solar access and passive solar heat on design

al., 2012) orientation. maritime (roof shape and building | equations (sun’s | parameters examined and analysed for
2. Building design envelope design) on | position in sky and | individual houses to assess the relationship
parameters (roof solar access to canopy. | geometry of canyon | between indoor and outdoor thermal conditions
shape and building 2. Heat demand and
envelop design on solar heat gain s
solar access calculated with the aid

of TRNSYS

(Balslev et | Shade and wind | Mediterranean | Psychological Shade or wind speed | This study established that streets that are

al., 2015) velocity on thermal | climate Equivalent Temperature | effect outdoor | orientated east-west experience double heat

sensation, H/W ratio

PET

thermal sensation

stress compared to north-south ones in summer.
In winter, a higher H/W ratio can increase cold
thermal sensation by 10°C PET on the EW and
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NS direction as a result of shading. Finally, the
research found that solar radiation has more
effect on thermal sonication than wind velocity
in summer and winter. north-south orientated in
Tel-Aviv provide a greater microclimate
(Balslev et al., 2015)

(Brent C. | Outdoor thermal | Hot and dry | Output data from ENVI- | Mean radiant | This research studied 3 sites in Phoenix,
Hedquist & | comfort in a | climate met model temperature and | Arizona and measured the data output from
Anthony  J. | relationship with predicted mean vote | ENVI-met model. The results indicate in
Brazel, 2014) | UHI outcomes summer that UHI in a city centre is effective at
night, and in the morning it is comfortable (cool
island), whilst it is less comfortable from
midday to evening time. In surrounding areas,
the degree of comfort contrasts; discomfort
during the daytime and comfortable at night.
The surface heat can decrease dramatically by
increasing tree, vegetation and structure
shading and increasing outdoor thermal
comfort. The conclusion of this study agreed
with other studies regarding hot and arid cities
(Martinelli et | Daily shading | Mediterranean | PET, RayMan model PET wvalues were | The research concluded that minimum PET
al., 2015) pattern, climate significantly lower | difference for the same locations was 2°C at
SVF outdoor in shaded areas 18:00, while the maximum difference was 7°C

thermal comfort at 11:00
(Ali-Toudert Height-to-width Hot and dry Physiologically ENVI-met to study | Study conducted in a hot dry climate. The study
& Mayer, | ratio equivalent temperature | different h/w ratio to | discussed urban canyons with different H/'W
2006) Solar orientation (PET). The research | different solar | (i.e. H/W=0.5, 1, 2 and 4) and various solar
attempted to design new | orientation and | orientations (i.e. E-W, N-S, NE-SW and NW-
canyons based on two | numerical SE) toward better thermal comfort at a street
factors: H/W ratio and | simulation level using PET. The result of this study reveals

solar radiation. Time
and purpose of canyon
usage also influence
design choices

that PET comfort level depends mainly on H/W
aspects and canyon radiation. The study
concluded that combining urban frequentation
time usage and street usage can strongly
mitigate heat stress
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(W. Yang et | Sun sensation and | Tropical 2036 effective | Comparative The study determined that the acceptable
al., 2013) solar radiation climate questionnaire responses | analysis between | operative temperature range was 26.3-31.7 °C
outdoor and indoor | in outdoor urban spaces. Sun radiation and sun
thermal sensations sensation is the most influential factor
concerning human outdoor comfort. The study
concluded that humans may expect higher
temperatures in outdoor spaces compared with

the same temperatures for indoor spaces
(Johansson, Urban geometry Hot and dry | Urban geometry on | PET index The result of this study shows a 6 to 10k
2006)) compared shallow | climates outdoor thermal comfort difference between both canyons. The deep
and deep street and its microclimate. canyons have an acceptable level of comfort,
canyons Deep canyons cooler while shallow canyons are extremely
than shallow in summer uncomfortable. In winter, solar access to
shallow canyons produces more comfort. The
study found that a compact urban design with
deep canyons is preferable to shallow canyons.
However, in winter, the canyon should be wider

for solar access

(Lin et al,|SVF Hot and humid | 12 field experiments to | PET thermal index | The result reveals that high SVF causes
2010) air temperature, | regions analyse outdoor thermal | RayMan model discomfort in summer and low SVF produces
relative  humidity, conditions and discomfort in winter. Moreover, the research
wind speed and solar metrological data for a concludes that shading an area with trees and
radiation 10 year period buildings is important in hot summer. Outdoor
space should avoid extensive shading in winter
(F. Bourbia & | Solar radiation, size | Hot dry | The interrelation | Size and proportion | The result of this study reveals that air
H. B. Awbi, | and proportion of | climate between canyon | of open spaces has | temperature is different compared to surface
2004a) open spaces geometry and solar | an enormous impact | temperature. Surface temperature principally
Part 1 H/W on ground radiation on solar access depends on street geometry and sky view factor.
surface There is a strong correlation between surface
Orientations temperature with both street geometry and sky

view factor in a hot dry climate
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2.15 Microclimate in Erbil

Erbil has a hot and dry climate during the summer, when rural surfaces absorb heat more than
in urban areas. The dry and large barren surface area which surrounds the city produces higher
surface temperatures (Figure 2.38). Land surface temperatures are mitigated by increasing
evaporation and shading effects on the land (House-Peters & Chang, 2011; Rasul et al., 2016;

Weng et al., 2004), but this occurs in urban areas more than those surrounding the city. Rasul
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Figure 2.38: Map of Iraq, the Kurdistan Region and true colour Landsat of the study area.

(2015) examined the land surface temperature and surface urban cool island, and established
that the land surface temperature is mainly affected by a high bareness index and green areas.
Six satellite images were taken during the daytime to illustrate the surface urban cool island
(SUCI) effect on Erbil. The thermal satellite images were used to identify land surface
temperature (LST) and land use/cover (LULC), vegetation, green areas and water bodies. The
study indicates that new developing open spaces and low density urban areas around the city
are hotter than the city centre (Figure 2.38). The results reveal that during the daytime the
residential urban areas recorded the lowest LST compared to rural areas (3.5 to 4.6 C).
Moreover, surface wetness (water bodies) is the main factor affecting urban cool islands and
not vegetation cover (Rasul et al., 2015). The study also identified the maximum, mean, and

minimum LST of Erbil, as shown in Table 2.11
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Table 2.11: The max and min LST

Land surface temperature | City centre Buffer zone 10 km surrounding city
Maximum °C 53.5 58.1
Mean °C 46.2 50.1
Minimum °C 34.1 37.6

The study similarly assessed LST and Surface Urban Heat Island Intensity (SUHII) by

calculating zonal statistics, concluding that water bodies have lower LST (41.1 C) compared

to other hotter areas at the airport and on barren land (Table 2.12). In addition, the open green

areas (trees and grass) recorded a medium LST higher than the water bodies and lower than

the barren lands (Figure 2.39).

Variation of LST in Districts of Erbil
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Figure 2.39: Different air temperatures in all districts in Erbil. Source: Rasul, 2015

Table 2.12: Different high, low and mean LST for different zones in Erbil. Source: Rasul, 2015

Highest surface

Zones Lowest LST Mean LST
temperature

Lake 1 and Lake 2 (Figure 2.38) 40.22 °C £ 1.59 °C

Airport o o

(outside the city) 53.11°C £2.6 °C

Barren Lands 46.67°C £ 1.54°C

North and South Industrial areas 2227(:; é: :|2:‘1|.65 4SC

Dense Trees 42.8+191°C

Grass

43.86 +2.46°C

Table 2.13 shows the zonal LST analysis which indicates that its lowest value is in the old

districts (high density), inside the 60m ring road, except for the city centre, Erbil citadel, with

47.4 +0.93 °C, as well as the modern part (low density) of the city, comprising Zagroz in the
north (49.83 £0.93°C) and Sarbasty to the west of the city (48.54 + 1.04 °C). The maximum
LST was recorded at Zagros (49.83 + 0.9 °C) and Turq (48.92+1.16 °C), whereas the lowest
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Chapter 2 - Literature review

LST was recorded in Sami Abdulrahman Park (43.43+2.06 °C), Rizgari 1 (44.32+0.31°C) and
Azadi 2 (44.47+0.44°C). Finally, the mean LST was stable and close to the city’s
average temperature; Rasty (46.29+1.31°C) and Taajeel (46.34+0.83°C) (Table 2.13). (See
Figure 2.40) for location of districts in Erbil).

Figure 2.40: Samples of selected LULC with true colour Landsat OLI. Source: Rasul, 2015.
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Table 2.13: Different LST in different districts in Erbil. Source: Rasul, 2015

Districts Image reference | LST
Erbil Citadel 1 47.4+0.93 °C
Zagroz 2 49.83 £0.93°C
Sarbasty 3 48.54 £1.04 °C
Turq 4 48.92+1.16 °C
Sami Abdulrahman | 5 43.43+2.06 °C
Park
Rizgari 1 6 44.32+40.31°C
Azadi 2 7 44.47+0.44°C
Rasty 8 46.29+1.31 °C
Taajeel 9 46.34+0.83°C
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Figure 2.41: Samples of selected LULC with true colour Landsat OLI. Source: Rasul, 2015

The study indicates that in daytime in summer, especially in the morning, the average surface
temperature in the city of built-up areas is lower compared to 10km outside the city boundary
(Rasul et al., 2015). The Surface Cool Land Urban Island Intensity SCUII for the city centre
ranges between 3.5-4.6°C. As a result of the findings and conclusion of this study (Rasul), the
satellite thermal images identify that the LST in the city centre is lower than in rural
areas (Figure 2.41), although the findings depend on the regional scale. Moreover, this
study is essential to predict the general idea about the effect of build-up and urbanisation

on Erbil’s microclimate.

2.16 Urban microclimate modelling

The idea of using urban microclimate models to examine the correlation effects of urban design
and urban microclimate in urban areas is relatively new. Historically, urban microclimate
studies used in situ measurements, but recent developments in computer software can be used
to assess and simulate urban microclimates. Urban microclimate modelling is important
because it helps to reduce microclimate issues which affect not just thermal comfort but also

human health and building energy consumption. To eliminate the impact of rapid urbanisation
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and the UHI effect, most studies use urban microclimate modelling. These include urban
factors, for instance vegetation, ground, and the surfaces of buildings, as well as microclimate
parameters such as air temperature, relative humidity, wind flow, solar radiation and
evaporation. Microclimate modelling allows the study of urban factors and urban
microclimate parameters in one simulation package (Figure 2.42).

Additionally, the main advantage of modelling urban microclimates is that it allows different
scenarios to be used and compared to the base case scenario (Blocken, 2015; Kanda, 2007). In
addition, the model build-up is based on the information on specific points of the studied area
(the site), while the simulation output provides information on any point in the computational
domain (Blocken, 2014; Moonen, Defraeye, Dorer, Blocken, & Carmeliet, 2012; Rizwan et al.,
2008).

Urban Design Ventilation , Ground
or and
UHI mitigation Building Surfaces
X X Interactive effects
Urban Microclimate
Models _J between Buildings
=Air Temperiure,
i - * Relative Humidity,
P Evaporation
«Solar Radiation

Figure 2.42: The urban microclimate model starting from UHI and measurements

G Mills 2009) divided the history of urban microclimate studies into six specific periods based

on the urban microclimate research methodologies shown below:

1. First period, latter 1900s: This period gave descriptions of the urban effects on
microclimate using conventional meteorological equipment such as (thermometers,
hygrometers, etc).

2. Second period, latter 1960s: Urban microclimate was measured by means of process
variables such as (heat exchange, turbulence and radiation). In addition, statistical methods
were used to document results.

3. Third period, latter 1970s: For the first time, computer modelling techniques were used to
predict urban microclimates. In addition, conventional (micro) meteorological was applied

to model urban climates. Urban surfaces, scale, and urban effects were also defined.
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4. Fourth period, latter 1980s: Urban microclimates were measured by the adoption of
experimental approaches. Important urban forms were determined such as canyons instead
of streets, and limited scale was used for models and direct measurements.

5. Fifth period, latter 1990s: The interaction between urban geometry and microclimate effect
was studied using organised field projects.

6. Sixth period, latter 2000s: New realistic urban microclimate models were developed. Novel

models and techniques were employed to study and analyse urban microclimate features.

In recent years, a wide range of models and simulations have been employed to study urban
microclimate. Most important is the distinction between Computational Fluid Dynamics (CFD)
and Energy Balance Models (EBM). Toparlar, Blocken, Maiheu, and Van Heijst (2017)
demonstrated that CFD offers two advantages compared to EBM from the viewpoint of urban

microclimates, as shown below:

1. CFD simulation coupling between wind speeds, air temperature and humidity.

2. CFD offers detailed analysis and representation of air flow comprising a smaller scale
(building and human scale). However, CFD requires a high level of urban geometry
representation, significant flow variables and powerful computing systems (Blocken,

2015; Moonen et al., 2012).

Distance < 200 km <100 m

Figure 2.43: Horizontal dimension and representation of climate modelling scales

The scale is essential to determine the type of computational simulations, given that each model
has limited boundary conditions. There are different scales in relation to studying urban
microclimates ranging from mesoscale < 200 km to indoor scale < 10 metres (Figure 2.43).

The CFD modelling of urban microclimates can provide comprehensive information on air
flow around buildings and other obstacles in that particular environment. the urban

microclimate model using CFD parameters (i.e. air turbulence, energy balance) with
thermodynamic processes evaluates the urban microclimate effect on ground level, walls, roofs

and plants. In addition, CFD simulations are employed to study urban microclimates and can
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be used to investigate wind flow around buildings, thermal and wind comfort at the pedestrian

level, pollution and air quality, and rain and snow drifts, in addition to other topics.

Listed below are seven microclimate models that can be used for predicting urban

microclimates.

Table 2.14: Microclimate methods ENVI-met simulation program as used by different researchers

Microclimate models

which estimates energy
fluxes at  different
scales. Simulates the
energy flow of the
building in an urban
area. Effective
radiation model. Can
model the interaction

between building
environment variables,
such as  reflected
radiation between

buildings and surfaces,
and complex mutual
solar shading

No | Models Developed Parameters measured | Results of significant studies
by
1 ENVI-met Prof. M. | Simulate surfaces of | Wong et al. (2011). Studied the
Bruse urban  environments | impact of greenery using satellite
Mainz with resolution 0.5— | images, field measurements and
University 10m and provide 250 | ENVI-met. The result of the study
grids. Based on fluid | was the high impact of greenery on
dynamic and | ambient  temperatures. Fahmy
thermodynamic laws. | (2009) investigated leaf area index
Using micro to local | (LAI) comparing two streets using
scale ENVI-met to mitigate UHI. The
result was a 0.1 to 0.3k reduction in
both cases using ENVI-met. Thus,
ENVI-met provides better
evaluation than similar simulation
programs
2 | CTTC M.E. Predict urban | Shashua (2001) studied 11 sites and
Hofman temperatures through | found a 0.5k difference when urban
urban geometry areas were with or without trees and
increasing albedo from 0.5 to 0.7.
The cooling increased by 4.5 K in
streets and courtyards
3 PHOENICS | CHAM Fluid flow, heat mass, | Dimondi and Nikolopoulou (2003)
CFD company chemical reaction, | found that every 100m’> of
consumption vegetation reduces the temperature
engineering equipment | by 1 K
4 | CitySim Pro | Kaemco Large scale building | (Walter & Kéampf, 2015). In this
2016 energy simulation tool | study, CitySim was used to calculate

annual energy consumption and
peak load for a building on the
campus of the Swiss Federal
Institute of Technology Lausanne
(EPFL).

(Coccolo, Mauree, Kiampf, &
Scartezzini, 2016). The study aimed
to build up a database platform for a
sustainable city and  human
wellbeing. This study combined
CityGML and Energy ADE to
obtain integration of outdoor
thermal comfort with a building
energy simulation database.
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Autodesk
Thermal
CFD

Autodesk
2016

Uses Finite Element
Methods (FEM) and
CFD to calculate urban
environmental indices
such as thermal
comfort

(Naboni, Coccolo, Meloni, &
Scartezzini, 2018), compared four
CFD simulations to estimate and
calculate  urban  microclimate
models in terms of computation
time without compromising quality
of output.

Grasshopper
plug-ins
Honeybee/
Ladybug

Mostapha
and  Chris
2012

Grasshopper plug-ins
are used for weather
data, solar radiation,
and other climatic
analysis. It connects
Grasshopper to energy
simulation engines
such as EnergyPlus and
RADIANCE

(Calcerano & Martinelli, 2016).
This  study coupled genetic
algorithms, parametric design and
dynamic simulations to optimise the
location of trees. The result showed
that optimising tree location can
reduce summer energy consumption
by 11%.

(Santos, Afshari, Norford, & Mao,
2018) This study used EnergyPlus
and Rhino (Grasshopper, Honeybee
and Ladybug plug-ins) to calculate
the UHI in the UAE

OpenFOAM,
Ansys Fluent
and

‘Saturne’

Developed
for
mechanical
engineering
applications

CFD programs that can
be used for analysis of
air flow in urban areas.
These simulations
depend on BSM such
as CitySim,
EnergyPlus and
TRNSYS to simulate
the boundary
conditions of urban
microclimate

(Y. Yang et al., 2019). Ansys Fluent
was used in this study to
demonstrate the UHI impact on air
temperature. (Kubilay, Derome, &
Carmeliet, 2018). In this study,
OpenFOAM was employed to study
the impact of rain on air flow in
urban  canyons. (Kadaverugu,
Sharma, Matli, & Biniwale, 2019)
used Code-Saturne to investigate the
impact of urban landscape on air
quality
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There are a limited number of computer programs that can simultaneously model urban
microclimate physical phenomena. Table 2.14 shows some of the CFD models that can
simulate urban microclimates. These models are different in terms of resolution and physical
and temporal bases. In addition, some models are complex and require a high level of
computational skill to run (G. Mills, 1997). In contrast, some models are too simple in terms
of microclimate outputs, such as CTTC (Liang, Meng, He, Ren, & Li, 2018). ENVI-met is the
most appropriate software seen so far to model urban microclimates because it combines fluid
and thermodynamic models to simulate solar radiation, exchange processes relating to heat and
vapour, exchange at vegetation, bioclimatology and pollutant dispersion (Allegrini et al.,
2015). Moreover, ENVI-met has a user-friendly interface and requires limited input data to
generate detailed output data on urban microclimates. ENVI-met is one of the CFD and three-

dimensional numerical models designed specifically to study and analyse the micro interaction




between urban design and microclimates. This model is considered one of the best models to
calculate the fluid dynamics parameters of wind and turbulence in relation to thermodynamic
processes which happen on the ground, walls, roofs or vegetation surfaces. The model’s
resolution is between 0.5—10 metres, which allows the model to simulate complex urban forms
and various vegetation types. ENVI-met is a prognostic model based on thermodynamic and
fluid dynamic laws (Ali-Toudert & Mayer, 2006; Erell et al., 2012). This enables the model to
calculate the heat exchange process between wind flow and the surface air temperature; wind
turbulence with vegetation parameters (Chen & Ng, 2012). The high capability of the program
offers the simulation and prediction of the impact of urban geometry on modifying urban
microclimates for specific urban areas within a daily cycle. This urban microclimate model is
widely used to study urban microclimates in different climate zones and for calculating the
interrelationship between urban design features and microclimate elements (Calcerano &
Martinelli, 2016; Chow & Brazel, 2012; Huttner, Bruse, & Dostal, 2008; Lin et al., 2010).

In this section, we compare and evaluate 19 studies in different climate regions to select
appropriate numerical software to model the urban microclimates in Erbil. In each study, we
present microclimate factors, regional climate and application of numerical software. Studying
their findings and microclimate factors reveals that ENVI-met is more appropriate in the
simulation of urban microclimates. In the present study, ENVI-met is considered the most

appropriate model to model and predict urban microclimate of Erbil.
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2.17 Building Energy Modelling

Building energy consumption has generally increased significantly recently, and this has
contributed to global warming and rising environmental pollution. Building Energy Modelling
(BEM) is an important way to achieve and evaluate a building’s energy saving from an early
stage in the design process (Al-Homoud, 2001). In addition, it allows the designer to evaluate
the impact of environmental factors on building performance, in order to offer optimised
building design. Building energy models are used to measure a building’s energy consumption
or predict the total energy that will be used for cooling and heating systems. These models
combine most of the factors that affect energy consumption, such as the building’s location,
geometry, construction materials, lighting and equipment, air conditioning systems, and daily

operational patterns.

As well as measuring a building’s energy efficiency via energy models, these programs are
also useful for mitigating urban heat islands by evaluating the effect of urban heat island
strategies, such as green roofs, tree shading, and ground cool paving around buildings. There
are more than 400 computer applications to study the building energy performance (Maile,
Fischer, & Bazjanac, 2007). According to (Dong, Lam, Huang, & Dobbs, 2007; Gao, Koch, &
Wu, 2019), the main BEM tools can be classified into two groups,

as below: l

1. Calculation engines developed by the US Department of Energy ||

(DOE), such as EnergyPlus, Autodesk Green Building Studio,
Design Builder, and eQUEST

© )
Q = Q
2. Calculation engines developed in-house using software such as :::;,- g F: o
Trace 700 and IES Virtual Environmental (IES-VE). s =
L)
The capability of BEM mainly depends on the input data and
Output file(s)
simulation engine, which directly influence the model’s output.
Most of the research investigating BEM tools can be divided into l

three categories: 1. the capability of BES tools; 2. results reporting

and validation (accuracy); and 3. user interface and limitations of Figure 2.44: General
structure of Building

BES (Crawley, Hand, Kummert, & Griffith, 2008; Gao et al., 2019; Energy Modelling tools

Maile, Fischer, Haymaker, & Bazjanac, 2010).

The general structure of BEM tools covers input and output data, and the simulation engine, as

shown in Figure 2.44. The model’s engine (e.g. IES-VE) employs input data to define the
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simulation format and write output files, while the Graphical User Interface generates from the

input, engine and output data a format file which illustrates the results graphically (Maile et al.,

2007). Table 2.15 shows the input and output data ((Bahar, Pere, Landrieu, & Nicolle, 2013;

Gao et al., 2019).

Table 2.15: The input and output data of Building Energy Modelling tools

Type Input data Output data
Building 1. Weather data, operating schedules, | 1. Thermal performance
Energy building geometry, internal loads, assessment of building or
Modelling thermal zones, HVAC systems, spaces
tools components and simulation-specific | 2. Total or time-based building
parameters energy and utility costs
2. Input data generated by BES tools | 3. Lifecycle estimation of the

(generated automatically without
users’ recreation)

energy costs for a specific
building or any space inside it

Although BEM has been developed for decades and is widely applied in building design,

construction, and operation, and for research purposes, it has limitations as described below:

1.

produce;

changes to model settings;

design) to start the simulation and generate the model;

The high cost of BEM simulation, due to the output data being labour and time intensive to

Results only reliable under specific circumstances; output data not easily changed with

The requirement that BEM needs an architectural and mechanical design (fundamental

“The issue of time-consumption of traditional BEM makes its results always lag in time

behind the timing of design decision making’’ (Bazjanac, 2008);

point of view instead of the original data resources;

6. The difficulty of preparing input data for simulation.

The lack of consistency when preparing building geometry, which depends on the user’s

BEM has recently become an acceptable practical method for architectural design and building

energy performance. On one hand, BEM tools have become a requirement for building design

applications in order to determine cost and operation performance analysis. On the other hand,

the achievement of accurate results with BEM simulation tools depends on input data, and the

software program’s capability, advantages, and drawbacks. For example, to gain accurate
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results, significant time and expertise are needed to model the building’s geometry, HVAC

system, internal loads, and construction materials (Yezioro, Dong, & Leite, 2008).

(Mostafavi, Farzinmoghadam, & Hoque, 2015) state the different characteristics that should be

taken into account when selecting a modelling tool from the available options, as below:

1. Usability model interface, which plays an essential role in good communication and
information management between input and output data;

2. The model’s capability to simulate the design framework, as integrated between detailed
and complex building components with building geometry;

3. BEM interoperability and integration of the modelling procedure and building design
process;

4. Theuser’s requirements for the expected results (output data) in terms of details and format;

5. The level of output accuracy of the modelling procedure, by means of validation, as a main
factor in selecting BSM for research or practice design purposes (Judkoff, Wortman,

O'doherty, & Burch, 2008).

In addition to the above points, the accuracy of input data plays an important role in producing
accurate output data. The input data are collected by the user (user responsibility), such as the
building geometry, climatic data, and other missing data (dimension, and materiality). One
important point that has to be raised here is that the weather data stored in the software’s library
should be efficient and strategic. This is because it employs historical weather data from the
weather station nearest the building, and does not represent the exact urban microclimate
around the building being simulated. To overcome this inaccuracy, detailed analysis of the
urban microclimate around the simulated building is needed to generate new weather data that
is more representative of the urban microclimate around the building. This assertion contradicts
(Mostafavi et al., 2015), who report that “Although the microclimate around the building being
analysed may not be reflected by the stored weather data files, unless an extreme microclimate

exists, these data files are generally sufficient”.

In the present study, a number of BEMs were analysed to evaluate their performance, the
parameters measured, and their significant results. Table 2.16 shows common building energy

models.
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Table 2.16: Common microclimate methods used in research

Building Energy Models
Models | Developed by Parameters measured Results of Significant Studies
DOE-2 | US Department | Energy consumption Akberi and Konopacki (2005)
of Energy found that 75% of the energy
that could be saved comes
from cool roofs and tree shade
Energy | US Department | Thermal and visual comfort | (Ballarini, De Luca,
Plus of Energy and | measured to nZEB target. Re- | Paragamyan, Pellegrino, &
the  Lawrence | assessment of HVAC and | Corrado, 2019) found
Berkeley lighting significant improvements in
Laboratory thermal performance, in terms
of energy savings (- 37% of
heating loads) and thermal
comfort
TAS US Department | Evaluating thermal analysis of | Yu and Wong (2007). The
of Energy buildings. Optimisation, | research showed that 10% of
energy and comfort | cooling loads can be saved
performance when the building is
surrounded by green areas
such as park
HTB2 | Cardiff Evaluating building energy, | Li et al. (2007). Seasonal data
University and energy demands for | were used to provide
buildings in both design and | integration of the urban
occupancy period. Level of | microclimate and building
fabric, ventilation, solar gain, | energy model
shading, occupancy, ground
surfaces and outdoor
environment
DIVA | US Department | Interaction between lighting | (Alhagla, Mansour, &
of Energy and HVAC system to reduce | Elbassuoni, 2019) found a
energy consumption balance between natural
lighting and solar heat reduced
energy consumption
IES-VE | IES-VE Indoor: (Skelhorn, Lindley, &
company o Levermore, 2016) found that
1. Building CNCIEY | 2.7% of total cooling load can
calculation

be reduced by adding four
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2. Human action on building | trees to the north and four to
energy consumption the south side of a building;

(Al Amoodi & Azar, 2018)
found that the human actions
can lead up to a +25%
variation in average energy
consumption levels

Outdoor: (Ghaffarianhoseini, Berardi,
Ghaffarianhoseini, & Al-

L SuI?C?St to assess  solar Obaidi, 2019). Investigate the
radiation

2. MicroFlo (CFD) to
simulate wind speed and
turbulence model

thermal comfort. The study
concluded that shading and
ventilation strategies can
achieve outdoor thermal
comfort

The selection and suggestion of a BEM for simulation and analysis depends on certain

variables, such as: the model’s capability; how frequently the model will be used for

simulation; user experience and profession (architect, engineer, developer etc.); the computer

and system’s ability (hardware to run the model); running time required by the model to provide

accurate results; and other variables, such as the model’s capability of connecting with other

software e.g. 3D programs.

From Table 2 and the literature provided, the IES-VE was selected for the building scale

simulation for this study, because it has advantages over the other simulation, given below:

1.

A user-friendly interface, which is easy to learn for an architecture user; other models such
as Energy Plus are more often used by engineers;

Virtually free for students and academic researchers. The software provides high quality
data in terms of building materials and mechanical systems;

Large weather data files for various cities in the world;

Updated and modified weather data using special software developed by IES-VE;
Suitable for indoor and outdoor modelling as an effective research tool, for example using

SunCast to determine the shading effect on the indoor environment (Skelhorn et al., 2016).
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2.17.1 Integrated Environmental Solutions—Virtual Environment (IES-VE)

IES-VE is a computer fluid dynamic (CFD) model that is commonly used in BEM simulation.
The model is well known as a significant practical information management tool. It is easy to
learn, and the output data can be represented visually without enormous effort. This model can
be used by architects because it also provides numerical data and schedules. As an information
management tool, it gives an accurate simulation of the base case and responds well to other
scenarios in a very short time, so that the quality of the simulation results can be examined

quickly.

In addition, the model has a graphical interface and a large number of ready to use building
materials that respond to user preferences, and it is easy to add new construction materials. The
model engine can integrate various thermal information and performance in a short time, which
gives the model the capability to be used as a research analysis tool in the early and post design
stages (Attia, Beltran, De Herde, & Hensen, 2009). Figure 2.46 Shows the IES-VE engine and
how the model integrates different sources of information to produce new information or
output. The model can simulate solar radiation, airflow and climatic features, such as wind

orientation and turbulence. In addition, it can be used to calculate energy costs and other

Energy & Carbon

Value/Cost

BREEAM & LEED
California Building Regs

Title 24
gbXML / IFC/ Revit / SketchUp

Figure 2.45: Integrated environmental solutions—virtual environment (IES-VE) engine

strategies, such as energy and low-carbon strategy, and provide report documents such as
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BREEAM, and LEED. This research used HTB2 as a validation process through a direct
comparison between IES-VE and HTB2 results.

2.18 Summary and conclusion of the literature review

This chapter presented an overview of the literature on Erbil’s urban development and urban
microclimate factors and modelling. The chapter was divided into four sections: Section 1
reviewed Erbil’s climate; Section 2 is related to urban development in Erbil before 2003;
Section 3 investigates urban microclimate modelling; and Section 4 discussed Building Energy

Modelling (BEM).

The first section gave an overview of Erbil’s climate and an analysis of urban microclimate
factors: air temperature, wind speed for Kurdistan generally, and Erbil especially. In addition,
satellite thermal imaging was critically reviewed to understand the urban characteristics

(surface materiality and greenery) and Land Surface Temperature variation.

Based on previous literature, and analysing the local microclimate factors and thermal satellite
images, the study concludes that Erbil experiences a Surface Urban Cool Island in summer
time. This means that urbanised areas (high density) have lower LST compared to rural areas
(low density) during daytime. In addition, urban LST variations may contribute to urbanisation

and microclimate factors such as air temperature (T°), wind speed (WS), and solar radiation.

The second section covers the process of urban development of the city. This comprises the
history of Erbil urban development, from a small castle to the third largest city in Iraq. This
section reviews urban planning transformation from traditional to modern, and the master plans
of the city from 1920 to 2006. Housing typology and associated problems are also briefly
discussed. Before 1991, the urban development of the city was controlled by central
government from Baghdad, and thus the urban development was designed without any
consideration for the local identity of the Kurdish people. Moreover, urban development in
Erbil experienced rapid expansion after 2003 as a result of geopolitics and socio-economic
stability. The literature review concludes that the urban design process for housing projects in

Erbil has not been studied well, and nor has how this process deals with the urban microclimate.

The third section reviews the local urban microclimate features and urban microclimate
models. The urban microclimate in hot/dry climate cities is fundamentally different to other
climate regions (tropical and humid). Moreover, solar radiation plays a crucial role in

determining local microclimate in hot/dry urban areas. The literature shows that urban
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microclimate can be modified by eliminating direct solar radiation (DSR), provide water bodies
(fountains) and increase green areas. Urban and canyon geometry has been employed to
eliminate DSR and reduce the sky view factor SVF. The narrow canyons (low SVF) and
vegetation (evaporation) can reduce SVF and consequently air temperature, and improve

thermal comfort for pedestrians during summer time.

In addition, urban microclimate modelling was also justified in this section. There are a limited
number of computer programs that can simultaneously model urban microclimate, such as
ENVI-met, CTTC, PHOENICS CFD, CitySim Pro, and Autodesk Thermal etc. Based on a
critical evaluation of 19 studies undertaken in different climate regions, an appropriate
numerical software was selected to model the urban microclimate in Erbil. In each study,
microclimate factors, climate zone and the application of numerical software were present. This
study concludes that ENVI-met is the appropriate research tool to model and predict the local

urban microclimate of Erbil.

The fourth section discussed and evaluated Building Energy Modelling (BEM) types. BEM is
a substantial technique to achieve and evaluate a building’s energy saving from an early stage
in the design process. The general structure of BEM tools covers input, output data, and the
simulation engine. In this section, several BEMs were investigated (DOE-2, Energy Plus, TAS,
DIVA, HTB2, IES-VE) to evaluate their performance, the parameters measured, and their
significant results. The study concludes that IES-VE has advantages over the other BES
because it has a user-friendly interface, is virtually free for students and academic researchers,
provides its own weather data files, is capable of modifying weather data, and is appropriate

for indoor and outdoor modelling as an effective research tool.

This chapter concludes that there is a lack of studies in regards to the how and why new
residential developments in Erbil city impact on the urban microclimate. Further, how

interventions into these residential developments influence the urban microclimate and how
external shading will interact with both the urban microclimate and residential buildings. The
main aim of this research is to investigate the impact of the urban form and shading on the

urban microclimate and indoor dry bulb temperature.
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3.1Introduction

The energy consumption in residential building is considered as a main sector of the
final energy use in Erbil city (KRG 2012). This research is an open (inductive) study to
clearly establish the link between the urban form and its microclimate and how
interventions in the urban form can alter the microclimate. In turn the microclimate will
impact on the internal building air temperature. Two parametric analyses will be
undertaken, the first uses climate simulation software to model the urban microclimate

and show how interventions alter this microclimate.

3.2 Over view of the research approach

The main methodology used was quantitative, comprising of two parametric studies
one covering the modification of the microclimate and the second the modelling of a

shaded dwelling

To understand the development of Ebril (Figure 3.1) a qualitative approach was used
to inform the quantitative methods used. In addition, it helps to provide the study with

additional information which could not be provide by the quantitative part of the study.

—— — =

Figure 3.1: Erbil master plan, designed by Dar Al-Handasa
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Based on the above, the study employed both methods (Qualitative and Quantitative) in order
to respond to the objectives, as set out by this study in chapter 1. The qualitative research
method was utilised to understand the pattern of urban development in Erbil via analysing
government documents, maps, and images of Erbil. In addition, the qualitative research method
was employed in collecting data about the urban housing design process in Erbil after 2003 by
semi-structured interviews. Lastly, the quantitative method employed for the numerical
modelling of local urban microclimate and individual building energy modelling. In the

subsequent sections of this chapter the detailed description of each of the research methods
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Figure 3.2: Thesis Structure — phases 1, 2, 3 and 4

employed for this study will be given. In view of the research method mentioned here,

Figure 3.2 summaries how they are were utilised in this study.
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3.3 The rational of using the methodology

The majority of this study depends on quantitative methods to achieve its aims. Two
quantitative methods are used in this research: the first model’s the residential urban
microclimate and the second models individual buildings experiencing the microclimate.
Qualitative methods were used as a secondary part of the study and were employed in
responding to the aims, objectives and research questions arising in Chapter 1. The three
qualitative research methods were used; semi-structured interviews, government documents

(including maps and images), and housing development case studies.

The semi-structured interviews were used to investigate and understand the frame work of the
process of urban design in Erbil city, for both Government and Private projects. This was done
by collecting information during the interviews with urban planners and designers. The rational
for the use of semi-structured interviews is based on the idea of collecting data about the topic
from the main practitioners as there is very limited literature on this topic. Erbil urban housing
design is a new topic, especially the Private Housing projects which only started after an
Investment law was established 2006. In addition, the Government Projects were designed
centrally from Baghdad before 1991 and after 2003 only local planners and designers could
design the urban areas independently. These facts and lack of experience leads to limited
studies and the lack of a clear frame work, for housing urban design in the city. The other
reason for using semi structured interviews in this study was to provide information about Case
Studies that were used in Chapter 4. This helps to understand the projects and explore the
advantage and drawbacks of projects. The key benefit of this method is to obtain the data (the
process of urban design) from the urban designers’ point of view. This method is extensively

described in section 3.4.

The Government documents (e.g. maps and images) were collected from government
institutions. This method was used to provide additional data to understand the urban design
process and to define the design frame work. In addition, the maps and documents were used

to analyse the eight chosen case studies.

The case studies were used to demonstrate the level of environmental design used in the urban

design. Four representative case studies were selected from the two urban design approaches.
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3.4 Description of process used to collect and analyse data in respect of the qualitative
research method utilised in this study.

The first part of the qualitative research method in this study reviewed literature in order to
understand the history of urban development in Erbil. This included a review of the climate of
Kurdistan in general and Erbil climate in specific. In addition, the review includes urban
development and master plans of Erbil from 1920 to 2014. As well, the review covers the

followings area listed below:

a. Master plan of Erbil from Ministry of Municipality and Tourism.
b. Buffer zone master plan from Ministry of Municipality and Tourism.

c. GIS information (Erbil Expansion) from Erbil Governorate.

The second part of part qualitative

Ministry of Municipalities and Tourism

method is concerned with the urban

housing design process in Erbil after § Sl City Council Erbil Governorate

]
2003 by semi-structure interviews and g

€ Head of Department of Investment
case StUdieS The prOCCSS Of the Semi- — Municipalities Urban planning Department
structured interview is described below. ¢

Semi-structure
Interview

3.4.1 Samples

,

Planning and

Semi-structured interviews were carried

. . . Urban Design
out with some government officials in
: Standards and
2017. The study includes 15 respondents guidiines
in seven government institutes in Erbil. Design

requirements

These respondents were chosen as they

Evnironmental
consideration

Process of urban housing design

are responsible for urban and housing

design projects. The institutes are
o o ) Figure 3.3: The interview structure
Ministry of Municipalities and Tourism,
Local Municipality Department No 4, City Council, Erbil Governorate, Head of
Municipalities, Department of Urban Planning and Investment Department, Figure 3.3. The

15 respondents are architects with their details provided in the Table 3.1.
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Table 0.1: Personnel interviewed, their positions and departments

NO | Names Position Place Type of meeting
1 Architect Head of | Erbil Governorate Semi-structure
Architecture office interview
2 Architect Manager Department  of  Urban | General
planning of Erbil discussion
3 Architect Head of Housing | Municipality —Department | Semi-Structure
approval Erbil No 4 interview
Department
4 Architect Design Leader of | Ministry of Municipalities | Semi-Structure
planning office and Tourism interview
5 Architecture | Manager of Buffer | General Director of | General
zone (Erbil) planning and follow-up. | discussion about
Ministry of municipality | buffer zone.
and Tourism
6 Architecture | Manager of GIS | Erbil Governorate Collecting maps
centre (Erbil) and GIS
information
7 Architect Urban Services | Place: Head of | Semi-Structure
Designer Municipalities of Erbil interview
8 Architect Urban Services | Place: Head of | Semi-Structure
Designer Municipalities of Erbil interview
9 Architect Senior Architect at | Head of Municipalities of | Semi-Structure
Approval Erbil interview
department
10 | Architect Urban Designer Head of Municipalities of | Semi-Structure
Erbil interview
11 | Architect Architect in | Investment of Kurdistan | Semi-Structure
Investment of | Department interview
Kurdistan
Department
12 | Architect Head of Design | Head of Municipalities of | Semi-Structure
Department Erbil interview
13 | Architect The Manager of | Head of Municipalities of | Semi-Structure
Design Department | Erbil interview
14 | Senior The Manager of | Investment of Kurdistan | Semi-Structure
Architect Design Department interview
15 | Senior Urban Designer City council Semi-Structure
Architect interview

3.4.2 The contents of semi-structured interview

The key questions in the semi-structured interview focused on four areas. These areas are;

planning and urban design process, Urban design Standards and Guidelines of Erbil, Urban

Design Requirements and Environmental consideration during design process in Erbil. See
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Appendix A and B for more details of the key question used to carry out the semi-structured in

the study.
3.4.3 Protocol of the semi-structured interview

The 15 respondents were interviewed after a preliminary meeting with each one of them prior
to the beginning of the semi-structured interviews. At each interview, I meet them in their
offices during work hours. The interviews varied in time duration between 1 hour to 3 hours.
During each interview, I recorded the key responses of the interviewees with a pen and paper.
The interview was done in Kurdish Sorani language. After each interview, I gave a vote of
thanks. Because of the political situation in Kurdistan it was not possible to contact the

respondents to confirm the contents of the interviews.
3.4.4 Analysis the data from the semi-structure interview.

The first steps utilised for analysing the data from the semi-structured interview was the
translation of the key responses of the interviewees from Kurdish Sorani language to English
language. The data concerning the responses of the interviewees was translated by paper and
pen and stored on a computer before they were analysed. Afterwards, the data from the semi
structured interviews were analysed based on content analysis with the results reported in

chapter 4.

3.5 The urban Housing project case studies

In addition to the semi-structured interview described above, case studies of Government and
Private housing projects in Erbil were carried out. A schematic of the methodology is given in
Figure 3.3. Resent Urban Housing Design (UHD) were used as case studies to understand the
application of the UHD process and analysis of planning style for new urban developments
in the city after 2003. Moreover, they were used to show a overview on urban design practice
in Erbil and how these projects reflect the local architecture features and environmental
strategies. Both government and private housing projects were selected to balance the
different planning and development processes. UHD projects are mainly designed by the
government sector, which is represented by the Head of Municipalities designers and the
Director General of Physical Planning of Erbil. For the private sector, projects are designed by
architectural consultancies or by the developer’s architect(s). Eight case studies were select
for both types (i.e four for government and four for private), Figure 3.6. This was done by

comparing eight case studies for both urban housing types Government and Private projects.
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In each case study the basic information about the project were identified such as location, area,

housing types, green area, building materials and others (See Chapter 4).

The criteria were used to select these projects, the first criterion was that they were
representative of the development approach, and the second was that sufficient data could be
collected to analyse them. The other criteria for selecting the case studies is provided in chapter

4 section 4.6, Figure 3.4 Shows the criteria that we used to select the projects.

Rapid
Expansion

Erbil Transformation of
design Urban
process Morphology

Environmental
Requirements

Architecture
Identity (Al)

Figure 3.4: The relationship between the design process and associated problems

Furthermore, the housing projects were analysed by identifying their similarities and
differences from urban planning process point of view following the criteria in chapter 4
section 4.9. The data used for the analysing the case studies obtained from the designer of
project, Head of municipalities of Erbil and investment department of Erbil. The data is in the

form of maps, drawings and images for both government and private housing projects.
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The Case Studies
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Figure 3.5: The Government and Private Case Studies.
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Figure 3.6:Erbil urban development methodology and the source of information

3.6 Climate Data for Erbil

The quantitative phases of the research, as depicted in Figure 3.2, starts with the weather
observations in Erbil. The original methodology to be undertaken here was for there to be an
extended site visit to Erbil during which in situ weather measurements were to be made, in both
the organic urban morphology and the modern grid-iron morphology. However the geo-
political situation in Kurdistan at the time, in particular the presence of ISIS some 50 km from
Erbil, prevented extended visits. The University prevented both staff and students from
travelling to Kurdistan. An alternative strategy was therefore devised, whereby existing

weather stations were located and the data from these stations sourced.
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3.6.1 Weather data stations in Erbil

Data from four weather stations in Erbil city were investigated: northern, airport, central, and
southern weather data stations (Figure 3.7). The easiest weather station to obtain data from
was the airport station situated to the north west of the city, which was available online;
however, airport weather stations tend not to predict accurately the weather of their

associated city. They are usually located way from urban conurbations in open

-
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=
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Weather data
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L ’
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Figure 3.7: location of all weather stations; North, Central, Airport and South.

areas with large areas of unshaded concrete or asphalt, resulting in higher wind speed and lower
air temperatures. This study required weather data from stations located in urban area within
Erbil itself. Eventually, weather stations were located belonging to the Ministry of Agriculture,
which collected data every 15 minutes. Data was obtained for three years 2014, 2015 and 2016.
The four locations used in this study are: Aynkawa in the north, airport weather data in the

north-west, Komary is 2km distant from the city centre, and Zhyan district in the south of the

100



Chapter 3 The Methodology

city (Figure 3.7). The location of each source of weather data and other details are described as

below:
3.6.2 Northern Weather Station

The Northern Weather Data station (NWD) is located in the northern part of Erbil (latitude
36.24 and longitude 43.99). The location has a low density urban area and is used for
developing crops and agricultural purposes. The station is located in an open area and
surrounded only on one side, with a few buildings, and the rest is agricultural fields. Originally,
the station was isolated from Erbil, but as the city has expanded in the 21st century, the station

is now on the edge of the city (Figure 3.7).
3.6.3 Airport Weather Station

The Airport Weather Data station (AWD) is located to the north-west of Erbil (latitude 36.22
and longitude 43.96). The location is within a low density urban area and the data is used for
aviation purposes and metrological observation. The station is located inside the airport area,
which is located outside the city (Figure 3.7). The urban density of the airport and the
surrounding area is considered very low and does not represent the Erbil urban microclimate

environment.

3.6.4 Central Weather Station

The Central Weather Data station (CWD) is located in the south-east part of Erbil near the city
centre (Erbil citadel) (latitude 36.17 and longitude 44.01) (Figure 3.7). The location is within
a high density urban area and the data are used for agricultural studies and research. The station
is surrounded by traditional urban morphology to the north, a few open green areas to the east
and west, and a high density residential urban area to the south and north-east. In general, the

location of the station is the best case to represent the real urban microclimate of Erbil.
3.6.5 South weather data station

The Southern Weather Data station (SWD) is located in southern part of Erbil (latitude 36.11
and longitude 43.01). The location is considered a medium density urban area. As with the
weather station located in the north of the city, this was once in a rural location but, as Figure
3.7 shows, the urban spread of Erbil has encroached on to its location. Further information
concerning the weather data sets for Northern, Central and Southern weather stations is given

in Appendix E.
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3.7 The quality of the weather data

The weather data stations locations are surrounded by varying urban areas densities. Northern,
Airport and Southern Stations are surrounded by very low or medium urban density compared
to the Central Weather Station, which is located in high urban population area. The reliability
of data can be seen through minor differences of data for all four stations, but the South Station

data came with systematic error related to day-night timing and was corrected.

The Northern, Central and Southern Weather data stations were originally installed by a US
company using modern sensors and data loggers. Temperature, wind speed, relative humidity,
air pressure, rainfall, and specific humidity and soil temperature profile were measured. The

measurement interval used was every 15 minutes between 2013-2016.

Table 3.2 shows a typical header from the weather data file, with the units used from
measurement, air temperature is recorded in degrees centigrade along with the maximum and
minimum temperatures, relative humidity is recorded as a percentage, air or barometric
pressure is recorded in milli-bars, wind speed and gust speed is recorded in m/s and direction
in degrees, solar radiation in kW/m2 and total solar energy in MJ/m2, soil temperature in

degrees centigrade and finally rainfall in mm.

Table 0.2: The weather data header package
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Figure 3.8 shows a plot of average air temperature taken for July 2015 for all four weather
stations. The Northern, Central and Southern stations record roughly similar temperatures
patterns throughout the month, but they do not correspond directly and this is a reflection of
the different urban context of the weather stations. The fourth weather stations, the one located
at the airport, shows a marked difference to those located in urban areas, and reflects the

difficulty of using airport data to characterise urban microclimates.

Average Air Temperature in July 2015
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Figure 3.8: Average air temperature for Northern, Central, Airport and Southern stations

Figure 3.9 shows the average wind speed over the summer months of June, July and August
2015. The obvious observation here is the difference between the average wind speeds from
the CWS with its high urban density, compared to those from the more open aspects of the
other weather stations. This difference in wind speeds from urban to rural and semi developed
areas is to be expected, as the surface roughness (referred to as the von Karman surface
roughness in fluid flow) is much greater in urban than rural areas. This greater surface
roughness acts as a drag on wind speeds relatively close to the surface. What is unexpected is
the degree of reduction: conventional expectation would see wind speeds reduced by 20-30%.

Here, the reduction is of the order of 80%. In descriptive terms, the wind speeds outside the
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high density urban area would be termed, according to the Beaufort Scale, as a light breeze,
whilst the description for the central urban area would be bordering on calm. This may explain
the degree of reduction in wind speeds at the CWS; because the wind speeds are low outside
the city centre, the friction offered by the city centre has a greater deceleration on wind speed

than would be expected.

Average Wind Speed Summer 2015
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Figure 3.9: Average wind speed in June, July and August for Northern, Central and Southern stations

Further information concerning the measurement instruments and their accuracy used at the

Northern, Central and Southern weather stations is given in Appendix D and F.
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3.8 The quantitative method utilised in this study
The next stage of the quantitative phase is the modelling and validation of the urban

microclimate.

ENVI-met simulation program is used to shape and define a microclimate model that matches
real and local microclimates of Erbil city. To build a microclimate model which matches the
reality of an urban environment is very difficult and complex process. ENVI-met programme
is relatively modern and used by majority of researcher in this field. In addition, ENVI-met is
not a well establish programme, but a research tool and the output data needs to be interpreted.
ENVI-met is an analytic piece of software. Fundamentally, the model geometry incorporates
air flow, heat (energy) balance and climate simulation with consideration of physical
geography of location in order to predicate the urban climate. In this study two variables from
the model simulation will be extracted, wind speed and air temperature and compared to the
measured data from the weather stations located in Erbil. To compare the predicted with the
observed (measured) values two methods will be used, Firstly by direct comparison between
observed and modelled air temperatures in two urban areas of Erbil city, a qualified approach.
Secondly, a quantified approach, based on systematic and unsystematic errors proposed by

(Willmott 1982).

The study used an ENVI-met model to simulate microclimate model of modern urban area in
a hot dry city. The simulation was difficult to control input data related to model simulation,
such as relative humidity and soil moisture availability. The model was run for 96 hours to
check the performance of software, the run takes 15 days to complete and the out-put was not
accurate. This was caused by continuous heating energy input into the model, which caused
the model to heat gradually day after day and there was no convergence. Hence the following

issues were identified as problems during simulation:

1. Running time, to model 96 hours the model was need 15 days computer run time.
2. Input data, the model results is very sensitive to the input data.
3. The model heats up on a daily basis, with no convergence to a solution
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Figure 3.10: The schematic of the validation process.

organic form.

The second area was new proposed grid iron development close to the Southern weather
station, Figure 3.7. Figure 3.11 show the organic and grid iron morphologies modelled, the
image on the left is the urban development around the central weather station, while on

the right is a proposed development adjacent to the Southern weather station.

The direct comparison correlation approach plot measured and predicted values and
then calculates the correlation between the two sets of data. This comparison approach
establishes a linear relationship between the measured and observed values. The closer the
gradient of the regression line is to 1, the axis intercept is to zero and the regression
coefficient approaches 1, the better the agreement. Of these three elements the regression
coefficient provides the best indicator of agreement, whilst the others indicate systematic

€Iror.
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Figure 3.11: High and Medium urban density of Erbil were used to validate the climate model

The Willmott methodology defines the systematic and unsystematic errors between observed
and predicted values and the index of agreement. Systematic errors can be thought of as a

constant or proportional variant between observed and predicted, whilst the unsystematic

errors may be considered as either unpredictable fluctuations in the measurements made by the
instruments at the weather stations and/or inconsistences’ in the computer code or algorithms.
The index of agreement was developed by Willmott to yield a standardised measure of the
degree of error between observed and predicted values and varies between 0 and 1. A value
approaching 1 indicates good agreement, whilst a value approaching 0 indicates no agreement.

Figure 3.10 shows the schematic of the validation process.

Equation 1. MBE is Mean Bias Error, N is the number of cases, P is model predicated data, (O)

observed data

n
Mean Bias Error = N1 Z(Pi - 0i)
i=1

The mean bias error is a measure of the overall systematic (bias) error.

Equation 2. Average ‘’noise’’ or unbiased difference.

Average “noise” or unbiased difference. (sd?) = (n —1)™! » (Pi — Oi — MBE)"2

n
i=1
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Equation 3. Root Mean Square Error

n
Root Mean Square Error = N1 Z](Pi — 00)"2]%5
i=1

Root Mean Square Error is a measure of with the deviation from the true value.

Equation 4. Mean Absolute Error

n
Mean Absolute Error = N~1 Z IPi — 0i |

=1
The mean absolute error measures how near a predication is to the measured value.
sd? = MSE — (P — 0°)?

P~ and O™ the standard deviation of the predicated variable (Sp) and standard deviation of the
observed variables (So), Pi™= a+bOi, where (a) and (b) intercept from slop of the latest — square

regression.

Equation 5. Index of agreement’” between modelled and predicted data

n

n
Index of Agreementd =1 — | E (pi — oi)"Z/Z( IPi | — 10i I)"Z)
i=1

i=1
0<d<1

The index of agreement (d) is a standardised measure of the model prediction error, a value of

©’1 ¢’ indicates a perfect agreement while a value of ’0 ©> would express no agreement.

To evaluate the accuracy of the ENVI-met model, a comparison made between its predication
(modelled) and the measured weather data obtained from the local urban weather station (the
observed value). The previously mentioned statistical parameters calculated according to
Willmott (1982). The model “’explain’’ the major traits of the measured weather data, but the
Root Mean Square Error influenced by ’Systematic’” and ’Unsystematic’’ errors and

proportions of there that contribute to the Error.

A “’good’’ model could be defined as one were the Systematic error approaches zero and the
unsystematic error approaches the Root mean Square Error (Kong, Sun et al. 2016). Willmott

proposed that the systematic error described by
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n
Mean Square Error systematic = N1 Z(PA i—0i)2
i=1

And the Unsystematic Error by

n
Mean Square Error unSystematic = N~1 Z(Pi — P7i)2
i=1
By taking the Square root of both MSEs and MSE,_these differences can be redacted to the

units of temperature.

In parallel with the process of obtaining the weather data and the validation exercise, a study
was undertaken to investigate how the ENVI-met models for a Traditional and Grid Iron urban
morphologies perform. Both models used identical weather data so that any differences in
prediction would be the result of morphologies. Figure 3.12 shows the organic morphology

used on the left and an idealised grid iron morphology on the right.

Figure 3.12: Organic and grid iron morphologies

Once the validation exercises were completed and familiarity gained with using the ENVI-met
software a series of climate mitigation strategies were employed on a proposed grid iron
development. These strategies included rotation of the urban development in relationship to

the prevailing wind direction, altering canyon geometries and increasing both the number and
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size of urban open spaces. The overall aim of these mitigation strategies was to increase wind
speed in the urban environment (increases natural ventilation) and reducing air temperature to

aid thermal comfort and reduce cooling energy consumption.

In a hot dry climate, shade is an important consideration, so the next part of the methodology
was to investigate how tree cover of open spaces impacts on the climate of these spaces. The
provision of vegetation in ENVI-met is relatively straight forward, the program offers various
potions to model the tree canopy. However in a hot dry climate, the availability of water to
irrigate a substantial tree canopy is a problem, to resolve this other methods of shading will be

explored.

ENVI-met version 4.0 has a new modelling technique to simulate a building element. This
includes elements which are not connected with a building form and are introduced as ‘’single
walls’’. These single walls are building elements that not an integral part of a building, i.e. they
are not part of the closed surface of the building. Single walls can best be described as elements
that allow more accurately to recreate (simulate) building obstacles such as; small external

walls, awnings or any structures that do not fill a whole grid cell.

The single walls have some physical properties as normal walls would have. For example, they

Figure 3.13: ENVI-met model showing single walls features.

are solid obstacle in terms of air flow but have no thermal properties. The main differences
between the single walls and normal walls are; single walls can be horizontally modelled, with
limited thickness, the very thin, not insulated, have low heat transfer coefficients and the air

temperature is homogenously distribute across them.
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In this study ENVI-met single walls have been used for modelling shading meshes. The
difficulties with shading mesh modelling are that they have specific thermal properties which
cannot be easily simulated. Shading meshes are extremely thin, less than one millimetre and
horizontally laid out as shown in Figure 3.13. These single walls shading mesh have some

corresponding physical properties which are highlighted below;

1. They allow radiation to be transmitted through the mesh.

2. They are thin with low thermal insulation (low heat transfer coefficient).
3. Not thermally integral with main model surfaces.

Shade mesh in this model interacts with solar longwave and shortwave radiation fluxes,
reflections and re-radiates thermal energy during day and night time. In this study the shading
mesh transmission is set to 50 % to allow natural lighting to enter open spaces during day

time.

The next stage of the research, as shown in Figure 3.2, was to use a building simulation
package to model an individual dwelling located in a modern grid iron urban plan. The
simulation package chose was IES-VE, it was selected as this package was well validated
and support was available within the School. All building simulation programs need a
weather data input file, three possible files were identified, the first option was a synthetic
weather file generated by IES-VE. This file was compiled from several years of weather data
to produce a ‘representative year’. The second option was to generate a weather file using
ENVI-met and the third option was to use one of the local weather stations to produce a
suitable file. The three files were compared graphically and the obvious file to use was the

third option, the local weather station data (See chapter 7 section 7.1 to 7.3).

The next step was to incorporate a horizontal shading mesh over a simple building, this
required investigation of scale, shading coefficient and geometry (See chapter 7 section 7.4 to
7.7). This started by modelling the mesh relatively coarsely as a checker board, and
gradually refining to smaller elements. The mesh was placed over a simple box, five sides of
the bow were heavily insulated to create an almost adiabatic boundary, with the top modelled
as a typical flat roof of the region. The energy falling on the roof was measured together

with computational time. This allowed an optimal solution to be obtained.

111



Chapter 3 The Methodology

Once a successful method of incorporation a horizontal mesh into the model was achieved, a
process by which validation of the approach was needed. Ideally the model should be validated
against experimental measurements, but these experiments were beyond the scope and
resources of this study. An alternative strategy was evolved were by a second building
simulation program, HBT2, was used to simulate an identical simple building and by
comparing the results a judgement can be made over the validity of the IES model (See chapter
7 section 7.7). This follows the well-established practice in Physics were two unrelated
methods are used to measure a value of a parameter and if those two methods’ agree, then there
is an increased level of confidence that the value measured is correct. Figure 3.14 shows the

schematic of this process.
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Figure 3.14: Schematic form the methodology of Shading Mesh Modelling process using both IES and
HTB2 simulation model.

Having then established the validity of the modelling approach, the research could then proceed

to model a prototype dwelling and explore the impact of shading has on this design. Building
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simulation models often focus on just one building but in reality building are rarely isolated
and interact with their neighbours’. Hence the modelling of this prototype dwelling in the
context of an urban block in a grid iron formation will be explored (See chapter 7 section 7.8
to 7.11). This phase of the analysis will be concluded by a parametric study of the effects of

exposing the prototype dwelling to different shading coefficients.

The final part of the research will explore a series of design strategies that would work with
the shading mesh to reduce air temperature inside the proposed dwelling designs (Figure 3.15).
These design strategies’ centred on using night time ventilation to cool the interior of the

prototype dwelling (See chapter 8).

|ES Model

Y
Single and ' Housing Block -
Attached Individual Building Arrangement ¢ Orientation »—
Houses " Scenarios =

\

Y
House with and without
Different (1 Shading Meshes |
Orientations /
1 I
\ Y Y
Ventilation Shading 8 Types of
Strategies Coefficient Houses Design
|
l
Y | Y Y

{ 24h Open { 24h Closed ] {Nightﬁmeopening Best design

Profile Profile Profile 21:00 to 6:00 ] g Scenario
l | ‘ l
Y

Y
Openable area Facade
ratio opening size
onclusion

¥ 3

-
-

Figure 3.15: The process of prototype dwelling simulation structure using IES-VE model.
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4.1 Introduction

The emphasis of the chapter is the presentation of the case studies of Government and Private
Projects this starts with the criteria for selecting the case studies. To balance the research four case
studies were selected for the two development routes. For each case study, its location is declared,
followed by the main features of the project and then a brief review of any environmental

1.e. Microclimate considerations. For the Private projects additional comments were made about
the appropriateness of the housing design for a hot dry climate. The chapter concludes by
making a comparison between the Government and Private projects, and gives a direction for the

subsequent chapters.

The purpose of Chapter 4 is to explain the context of the urban development of Erbil and how this
influences the numerical modelling that will be detailed in later chapters. We begin with this

quotation:

We have a book about the rules for investment in Kurdistan, but nobody refers to that. The works
here is just temporal. For example, every manager has his own strategy to follow. In addition,
every architect has his understanding of what the regulations are or how the act of investment
should be followed. For that reason, to design any project we do not have any environmental
standards or specific requirements, we are designing and we do not know what we are doing, it
may work or may not be aligned with our environment (Senior Manager in KRG Investment Board,

interviewed in 2017).

This quotation goes to the heart of the problem facing development in Erbil and the whole of
Kurdistan, the lack of design guidance to produce a sustainable urban development in a hot dry

climate.

This chapter uses three sources of information to identify the requirements of Urban Planning and
Urban Development in Erbil after 1991. Semi-structured interviews with local government
employees, government documentation (Appendix B), and Urban Housing Design (UHD)

examples were used as research tools to draw the framework of the chapter.

Any urban design, new construction, or building renovation in the city requires formal
documentation (Appendix C), which is used as an initial approval for starting the construction
process (building approval). Head of Municipalities (HME) or Kurdistan Government documents
(Formal documents) and maps are used to describe the formal building requirements used by the

Investment Department and local municipalities for any construction and development projects.
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Maps and other documents were used to collect information about the Master Plan history of the
city and its urban expansion since 1991. UHD samples were used as case studies to understand the

application of their process (Figure 3.6).
4.2 Erbil and Urban Design Process

A shortage of housing was the main problem for Iraqi cities from the 1980s until 2003. To
combat this, in 2004 the Kurdistan government issued a five-year housing strategy to build 31,000
housing units, with 15,000 units in the city centre as multi-storey housing buildings. The first
stage started with 1,000 housing units in Erbil, but only 400 units were completed due to
the lack of infrastructure and construction materials. To overcome this issue, new legislation
was enacted in 2006 to create two agencies for urban development. Together with these
agencies, a new Master Plan of Erbil was issued up to 2030 for future development to follow
(Figure 4.5). These new agencies for urban development, were Government or Private Company
led, as certified in an in-depth interview with the Head of Design Department in Head of
Municipalities of Erbil (AMMI105-11). The Master Plan divides the lands around the city into
three main zones: industrial, residential, and greenbelt. Any housing projects after 2006 must
follow the Master Plan of the city, run by the Ministry of Municipality (Figure 4.2).
Therefore, any developments regarding the housing sector must follow the Master Plan and

will be designed either by the government or private sector (Figure 4.1 and Figure 4.5).

LEGEND :

I First Stage
[ Second Stage
[] Third Stage

[ Fifth Stage
[ sixth Stage

Figure 4.1: The stages of Erbil’s development: HCECR, 2007
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i g

Figure 4.2: The six municipalities of Erbil: HCECR, 2007

(Reported from municipality interviews) To understand urban development in Erbil after 2003, the

timeline of the urban design process will be explained in different steps for both the government

/\.9@5- Ly 'JP‘ :
Figure 4.3. Informal housing, Badawa, Erbil

and private sector. There are similarities and differences between the urban design process for the
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government and Private projects. There are four steps in the procedure for both types of projects;
the fourth step is where they differ, as Figure 4.4 shows. The Government route is concerned
with land ownership, design and infrastructure of the urban form, providing building
plots for individuals to have designed and constructed housing. Whilst the private route
follows the Government route but also designs and constructs the housing on the plots, a

turnkey approach. The details of the common steps will be discussed in the next section.

4.2.1 Step one: Master Plan Approval

Step 1 Step 2 Step 3 Step 4
Urb : 1. Government
rban Master : Projects
. Land Site i Desgin
De?lgn » A £ | ™| Acquistion[ ™ |investigation ™| : Proposal :
Projects pprova 1 i 2. Private
.......................... Projscis

Figure 4.4: Similar Steps in Any Urban Design Housing Project Process in Erbil

The Master Plan department in the Ministry of Municipality of Erbil (MME) manages the
master plan of the city (MOMT 2018), and any urban planning development projects
within the city need approval from the Master Plan department (Figure 4.5). The department
aligns proposed development projects with the master plan and land use policies: reported by
a senior architect managing the approval department in the HME (AFM106-II). After

approval, land acquisition is the second step in the urban design process.
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Figure 4.5: Erbil master plan until 2030
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4.2.2 Step two: Land Acquisition

The acquisition of land for new developments which are located mainly outside urban areas of
Erbil city starts with the Head of Municipalities (HME)! in the city. These lands are typically
agricultural lands belonging to farmers and private owners. This was clarified after an interview

with an architect at the design department at the head of the municipalities of Erbil:

Typically, the land belongs to private owners, and the HME changes the
land ownership to the Government property by compensation the original
(land) owner through the 15 % of the land area (in total). After the
acquisition of the land by the government, the urban design process starts
either by the government staff or private design companies. The proposal
design will be reviewed later on by the Urban Planning Department before

the final approval.

The process includes changing the ownership of the land to government ownership via
compensation, which is usually in the range of 15% of the cost of the proposed land to be

acquired for new developments.

4.2.3 Step Three: Site Investigation

The Head of Municipality of Erbil (HME) includes the departments of Urban Design, GIS, and
Building Design. Typically, the HME sends an architecture and engineering team to survey the
proposed site in collaboration with the GIS department. The physical dimensions and
orientation for the proposed land will be investigated and then submitted to the Design Team
to start the proposal for urban design. This investigation will refer to any existing building or
any informal housing settlements (Figure 4.3). Primary site investigation helps designers to
avoid clashes between the design proposal and the actual site (reported by an architect

at the design department at the HME).

4.2.4 Step Four: Design Proposal
After the land ownership is changed to government property and the physical dimension has
been investigated by the GIS department, the process of the urban housing design project starts

with the government or private designers. The government designers are represented by

! Head of Municipalities: Is the main directorate and responsible of eight local municipalities of Erbil. Its
include 20 departments such as planning and follow up, GIS, Law, Building licensing approval, Industrial,
Traffics and roads, and other departments.
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Figure 4.6: The process of urban design Government and Private projects

architects employed by the HME, and the private designers are represented either by architects
from private construction companies or consultancies. Both sectors have a different approach
to UDH projects. The design proposal mainly consists of a site plan of the housing project in
which the lands for housing plots and services are identifiable. The Government and Private

approaches are outlined in the following sections (Figure 4.6).

4.3 Government projects

In the majority of cases, the local government is responsible for providing housing units for
communities; thus, the HME architects design housing projects to meet the housing needs of
the new population. The UDH starts with a proposal for the site plan as discussed before. The
government distributes housing plots among local citizens. Housing units are designed with

the participation of the government and communities. The site plan is designed by HME
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architects, while the housing units” are designed and constructed by either the plot owners or
self-employed architects, Consultation companies are employed by the plot owners. Services
and public spaces are designed by the Building Design Department (BDD) as a part of the
HME (reported by an architect at the design department at the HME). The Urban Design
Department uses the master plan to initiate new housing projects. A committee of designers is
then activated to start the design proposal, including different government departments, as
follows: Ministry of Municipality, Ministry of Planning, General Directorate of Urban
Planning, and the City Council.

eDesign

. eApproved
o Prop95a| General Review & HME Plans
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Municipaliti . f Urb - o eApproved
es of Erbil unit plots oPIUr. o the design Municiplity building
. aning roposal Community
-:ﬁ;v:‘gt:sds prop permision

Figure 4.7: Government urban design projects

The site plan proposal design by HME and is sent to the General Directorate of Urban Planning
to review all architectural and planning requirements before final approval (as certified in an
in-depth interview with the Head of Design Department in HME). The first approval of the
Urban Design Housing proposal is sent to the City Council®, and is made available for internal
comment for 30 days to obtain feedback from the local community. After the legal time
period, the project design is ready to implement (Figure 4.7).

Figure 4.8 shows the urban design stages from the proposal design stage to the land
registration to the individual owners. The end point here is the provision of serviced
plots and other community buildings, schools, hospitals etc. At no point in this urban design
process is there and consideration of the impact of the design on the microclimate and

no control on the environmental design of the houses to be constructed.

2 Housing unit: The private residential construction needs advance approval from local municipality. The
specific guideline for housing unit designed by HME and implement by local municipalities. This include
information about building requirements (height of each floor, internal open spaces, and setbacks (Appendix C).
3 The City Council is made up of 17 members from various Kurdistan political parties, each serving a four-year
term (Nagy 2006).
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Figure 4.8: The process for government urban design projects
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4.4 Private projects

Since 2006, the housing sector has been the most active investment sector and backbone of the
Erbil economy. Housing projects are managed by the Kurdistan Investment Board (KIB) and
implemented by local and international companies (Costantini 2013). In this section, we
discuss the process of Private Urban Design Housing projects (PUDH) and the requirements
associated with the housing project investment in Erbil. The process of PUDH projects is
similar to government UDH projects in the earlier stages. However, the process of the former
also contains the implementation stage. PUDH projects follow a different approach to
government UDH projects after the initial stages. The main difference between government
and private urban design housing projects is the construction stage, as government projects
divide the land into housing plots and provide infrastructure for new housing blocks, while

private housing projects focus on the design and construction of the housing units (Figure 4.9).
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Figure 4.9: Process for private urban housing projects

The process of Private UDH starts by an announcement for the construction a housing projects
from Kurdistan Investment Board up to new Master Plan of Erbil (Figure 4.10). International
and local construction companies apply for the projects. Private UDH projects start from the
design stage and continue until the project finishes. Most urban project investment is for
housing projects, as there is a high demand for housing units. To understand the process of
private UDH projects, this study reviewed government documents and used semi-structured
interviews to shed light on the urban design process and its requirements in Erbil after 2003.

The requirements for all Private UDH projects are similar, and follow the stages below:

a. Submission of the investment application. In this stage, the formal documents are
required for the investment company.

b. Eligibility Assessment: The project’s benefits to the public are assessed.

c. Land application and detailed planning: At this stage, the investor company’s
documentation is assessed, such as previous work experience, financial resources, project

plan and preliminary design proposal of the site plan.
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d. Licencing Assessment: After the acquisition of land and approval of the first proposal
design, detailed designs are checked, such as the detailed site plan showing the design
elements, land use and open spaces (green area) ratio, road networks, and detail design of
housing types.

e. Construction: This step uses the final design (design sets) approved by investment staff to
construct the urban housing project. Three main bodies involved in this step are the
investment department team, a local company, and an independent consultancy (activated
in 2011), who review and report on the building process.

f. Operation: This step considers the economic impact of the project and job creation.

The PUDH process starts with the proposed design of the investment company, who applies to
the Investment Department to review all architectural and planning requirements before final
approval. The process includes two stages of approval design. The first approval, is of the site
plan during the Land application and detailed planning stage. The preliminary site plan is
required to introduce the zoning and land use of the project. This site plan represents the
concept of the project and introduction of the urban project, without details of the housing units

or infrastructure and services.

The second stage of approval concerns the Licencing Assessment, which requires a detailed
design of the site plan, the housing units, and all the services and infrastructure design for the
proposed housing project. The detailed design includes detailed design sets for the
architectural, construction, mechanical, and electrical designs of the project. Figure 4.11
shows both the urban design stages and the housing construction, from proposal design
stage to individual registration of housing ownership. In contrast to the Government projects
the private projects do include some elements of environmental design of the

housing units but little consideration of the urban microclimate in the urban design.
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4.5 Case studies in Erbil Urban Areas
The case studies are focused on projects designed after 2003 by the government and private

sector.

1. Government projects

2. Private projects.

4.5.1 Criteria for selecting the case study

Rapid
Expansion

Erbil Transformation
design of Urban

process Morphology

Environmental
Requirements

Architecture
Identity (Al)

Figure 4.12: The relationship between the design process and associated problems

The criteria for selecting the case studies depended on four main issues mainly affecting the
change in the city’s urban physical environment: rapid expansion (RE) experienced in Erbil
after 2003 in terms of the huge expansion of urban area; the transformation of the city’s
morphology (MF), environment requirements (ER); and architecture identity (Al) (Figure
4.12). Before 2003, the UDHPs in the city were mainly designed by government officers
responsible for the process of urban design and distribution of plots. After 2006, it became
possible for them to be designed by the government or investment companies. The high demand
for housing, geopolitics, and socioeconomic factors helped the rapid expansion process in the
city. Government projects were proposed as an attempt by the local government to respond to
the high housing demands for new families, mainly represented by government employees.
These projects focus on increasing plot numbers that can benefits more families, reported in an
interview with a senior architect at the HME. The density and land use of the site plan is
proposed by the design team in the Erbil Head of Municipalities and reviewed by the
Department of Urban Planning and City Council before being distributed to the target people.
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However, the private projects’ design and construction process is done by investment

companies to target new buyers. The site plan of private projects can be less dense in terms of

housing plots. Either attached or detached, different sizes housing plots can be seen in private

projects to attract families with different incomes.

Moreover, the main differences between these two types of project are that government projects

provide plots and basic infrastructure, such as roads, water, and electricity, while investment

projects can be described as a continuous process from the design stage to construction of

housing units. This includes the design and construction processes.

The criteria for selecting case studies for both projects can be briefly described as:

1.

Rapid Expansion: The new housing projects built after 2003 caused rapid expansion and
changed the local urban microclimate of city. This expansion may be the main factor to
highlight in the framework of this chapter, in terms of analysing some recent cases of UDH
projects proposed by government and investment companies. Government-designed
projects were proposed and implemented by the Ministry of the Municipality of Erbil, while
the investment projects for housing designed and implemented by the private sector were
through the Kurdistan Investment Board.

Transformation Urban Morphology (TUM). The city witnessed a transformation of
urban form from traditional to grid-iron morphology. The citadel and surrounding urban
areas (Arab and Bazaar) are a traditional urban form, while any development after 1920 is
considered a grid-iron form. New developments follow X and Y axes without any
consideration of the city’s history.

Environmental Requirements (ER): Erbil is a hot dry climate and any urban development
should adapt to the city’s climate in both winter and summer. Thus, if the city is developed
without consideration of the local urban environment, high energy consumption will be
needed.

These case studies are used to analyse the new development in consideration of the
environmental requirement and the level of adaptation to the local microclimate. The
analysis is limited to the planning strategies and arrangement of the site plan.
Architecture Identity (AI): The local architecture identity of Erbil can be seen in the old
city urban areas. The citadel and surrounding urban areas represent the Kurdish identity in
terms of the architectural features on both the building and urban scales. The building plans,

openings, locations, materials, and arrangements are similar and represent the long history
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of the development process over hundreds of years. However, new developments lack the
local architecture identity (Al-Shwani 2011), because they are mostly influenced by
western architects and urban planners. New building plans, materials, and construction

techniques have been used which have led to chaos and confusion in the architectural style
(Ibrahim 2015).

Any case studies from the old traditional urban areas were not selected because they cannot be
adapt to modern lifestyle and new ways of transportation in the city. Therefore, all case study
samples are represented through those urban housing projects that may have caused the rapid
expansion of the city and changed the local urban environment since 2003. Four samples were
selected as case studies to represent government UDH projects designed by government
employees, and four samples of private UDH projects were chosen to represent the private

sector case studies designed and constructed by investment companies (Figure 4-13).
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Figure 4.13: The criteria of selecting case studies and project samples for government and private
projects

129



4.6 Government Project Case Studies

4.6.1 Baxlwu Manira

This project is located in the south west of Erbil and has an area of 34,604,600m? situated
between two main ring roads at 100m and 120m* (Figure 4-14). The main design concept of
this project is opening spaces and green area, but high plot numbers have been used in the most
recent projects in the city to cover the high demand for housing. The project covers a large area
of open land which has been developed for the first time. A grid of road access connect the
project with a main radial roads of Erbil and basic level of services provide to design to reduce
the daily journey to city for basic needs of occupation. The project is mixed land use - between

residential, commercial buildings® and other services buildings.
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Figure 4.14: Baxlwu Manira project located in the south west of Erbil city

The services that project cover are commercial, health, religious, sports, educational, green
area, and multi-story parking area. The site plan designed to cover the most essential services

for occupancy in which they can adopt the project with its local services.

4100m and 120m: These are ring roads names which describe width in some case. The first ring road is 30m (30
m width) around the citadel, the second ring road 60m (60m width), the third ring road is 40m (40m width), the
forth ring road is 100 m (100m width), and the fifth ring road is 120m (120m width).

5 commercial buildings: Retail
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Chapter 4 Urban planning and regulations of Erbil city
The main features of the project are:

e The site plan has mixed residential and commercial land use, as well as services.

e The commercial buildings are proposed to be 12 floors located in the centre of project,
while the residential areas are on the boundary and of only two floors (Figure 4.15).

e The green area ratio is more than 30%, which is the minimum requirement of new urban

developments in the city (Figure 4.15-C).

e The housing blocks have different orientations and every four blocks there is a central green
area (Figure 4.15-A).

e Each block has two rows of housing and only one side faces the green area, while the back
facade faces the opposite blocks. The green area is not equally distributed between the
blocks (Figure 4.15-B).

e The green area is not distributed in a regular way and is designed to fill the shape (Figure
4.15-C).
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Figure 4.15: Baxlwu Maira site plan — government-designed case study 1

4.6.1.1 Baxlwu Manira Climatic conditions/observations

From Figures 4.15 and 4.16, the plans of the project, and the semi-structured interview with
the designer, it was clear that the Baxlwu Manira project was not designed to consider the
local environmental features of Erbil. However, the project has more green areas than other
housing projects in Erbil (both government and private). The project did not consider the

housing
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block’s orientation towards the city’s prevailing wind direction, and the blocks are designed
to fill the spaces between the main roads (Figure 4.15). This type of project is designed to
meet the increased housing demand and provided initial infrastructure (water and
electricity). The designer attempted to increase the green areas and open spaces between the
housing blocks and large parks in the middle of the project. The open green area can be used
as an environmental strategy to manipulate the local urban microclimate (Tsoka, 2018), but
this needs research and simulation of the proposal design before the construction stage. In
so doing, well designed green areas can reduce the impact of the urban microclimate on the

housing units.

4.6.2 Grad Sor
The area of this project is 12,598,973m?. The architectural concept of the project is

mixed between commercial® and residential buildings, and the commercial blocks

surround the housing blocks (see Figure 4.16-B). The commercial blocks are located on both

EaEmssEmEEEnEEEE,

% AN B \"x'\_.'-'.,'
B Commer [l Services
Bl Green area River

Figure 4.16: Grad Sor site plan — government design case study 2

cial

¢ Commercial: Retail and offices.
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and vertical axes (main roads) of the site plan. Similarly, the housing blocks follow the two
orientations vertical and horizontal axes and each group of blocks create a green core in
the medial (Figure 4.16-A). The project includes other service areas for education, social

needs, and other services.

The design has one shape of residential block (Figure 4.16-A), repeated in both directions
with a similar shape and dimension. The commercial plots are different sizes positioned on
the main roads and surrounded by green areas to reduce the mass ratio compared to the open

spaces in the project.
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Figure 4.17: Part of Grad Sor site plan — commercial area surrounded by green areas

The main features of the project are:

e The site plan has mixed housing and commercial blocks, and open green areas (Figure
4.16-B).

e Each commercial building is surrounded by green area to increase green and open spaces
(Figure 4.17) Each housing block unit faces an open green area, and the idea of designer
was to increase green area and open spaces so that each housing unit would have plenty of
green area equally.

e The site plan was designed without any consideration of environmental requirements, such
as solar radiation and wind origin (as noted in an interview with the designer).

e The orientation of green spaces follows the housing block grids (X and Y axis).
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The orientation of both housing blocks and green areas follows the highway that surrounds
the site (Figure 4.18-A).

The natural element (the old river) of the site was taken as a design element to increase the
open space (Figure 4.18-B).

The streets are divided horizontally and vertically across the site plan of the project without
any consideration of privilege wind direction and solar radiation (Figure 4.18).

The residential block is only one standard shape that is repeated throughout the site plan,
except for the location where natural elements appear, such as the river or borderline of the
project land (Figure 4.18A and B).

Each group of residential blocks has a similar services area that follows the same sequence

of repetition as a standard block (Figure 4.18-B).

The main road divides the project horizontally and vertically into two equal parts with a

series of grid-iron roads parallel to the main roads that surround the site (Figure 4.18-A).

A - ||B

Figure 4.18: Grad Sor site plan — the residential block is one, repeated shape throughout the site
4.6.2.1 Grad Sor Climatic conditions/observations

Wind speed and block orientation may reduce the dry-bulb temperature (DT) of the outdoor

urban areas if employed scientifically. Increased wind velocity between the canyons may work

by convective heat removal. This helps to reduce DT and improve thermal comfort for outdoor

urban areas (Lee, Mayer et al. 2019). In addition, the orientation of residential blocks may help

to reduce both the amount of solar radiation falling on the canyon surfaces, and the energy
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consumption of buildings through reduced air conditions during summer time (Perini, et
al. 2017). From the Figures 4.16-4.18, the plans of the project, and a semi-structured
interview with the designer, the project had no environmental features except for increased
green area and open spaces (to reduce the built-up ratio). The green area and open spaces
made no significant difference in terms of heat reduction, because the design proposal

was not simulated and analysed to address environmental solutions for the local urban

microclimate of the city.

4.6.3 Gadjutiar
This project is located in the north of Erbil in an area 16,853,888 m?2 (see Figure 4.19). The

project is divided into three main axes, the vertical (X), horizontal (Y), and rotation axis by 45°
from the north (Figure 4.19). The project is surrounded by a ring road 120m from the north
side (Figure 4.19). This main road, like most main roads in Erbil, has a commercial function.

Therefore, the main roads of the project have commercial blocks and other public services,

while the residential blocks are located in the centre of blocks.
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Figure 4.19: Gadjutiar site plan — the position of the project on Erbil’s site plan
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| .
' Commercial

Figure 4.20: Gadjutiar site plan — government design case study 3, area 16,853,888 m’

In general, the housing blocks are surrounded by commercial blocks and other service
buildings. Most residential blocks are oriented to east and west, and about 20% of the blocks

are oriented toward 45° from the north (Figure 4.20).
4

t - -
AN -

:

Figure 4.21: Gadjutiar site plan — the main axis of project

The main features of project are:

e The site plan mainly follows a grid-iron structure, with the streets directed to the north and

south or east and west (Figure 4.21).
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e The green areas have TEBAITK
a similar direction as
the residential
blocks and are not
equally  separated
between the blocks
(Figure 4.20).

e The commercial

plots are located on

the main roads at 20
Figure 4.22: Gadjutiar site plan — the old main roads crossing the project

to 50m widths, while

the residential canyon is just 10 and 12m (Figure 4.20).

e The services and public buildings are located on the main roads and the residential blocks
are located in the centre of the residential blocks (Figure 4.20).

o The residential blocks are represented by one shape of block, which is repeated throughout
the site (Figure 4.23).

e The residential housing blocks include three types of plot (250, 350, 450, 500, 600 and
850 and 1000 m?). The plots of 250, 450, 500, and 600 m? are located toward east-west,
while the other plots are rotated 45 from the north. The commercial and services plots are
of different shapes and areas (Figure 4.25).

e The vertical axis divides the project area to two parts and around 30% is rotated 45 from
the north axis. This was planned to adapt to the two old roads (Bairka) which connect
Erbil to the Bairka district and then Erbil to Mosul and Duhok province (Figure 4.22).

&
5

Figure 4.23: Gadjutiar site plan — the main direction of residential blocks (East-West) in the project
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Figure 4.24: Gadjutiar site plan — the old main roads crossing the project

e The site plan has high density residential areas with limited green, open spaces. The

commercial blocks and public services ratio is greater than residential areas (Figure 4.24).

e The canyons between residential blocks are 12m width, while the main roads range from

15 to 50m width (Figure 4.24).

Figure 4.25: Gadjutiar site plan — the site plan land use

4.7.3.1 Gadjutiar Climatic conditions/observations

From Figures 4.21-4.25, the plans of the project, and the semi-structured interview, the
Gadjutiar project was not designed to consider local environmental features. The urban
planners and designers used Iraqi urban planning standards and some international styles

of urban planning to produce this product.
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Therefore, the site plan is divided horizontally and vertically without any consideration for
the local identity of the city or any other factors, such as the topography of the land. The old
roads and boundary lines of the project are reflected in the site plan division. This can be

clearly seen in the network of roads in the southern part of the project (Figure 4.21).

The ratio of open, green areas is limited and not separated equally between the residential urban
areas. The horizontal and vertical axes of the blocks help to act as a channel to increase wind
speed in parallel canyons, which may reduce the air temperature during summer time.
In addition, the south facade gains less radiation. In spite of well-known simple features
of environmental principles for urban design and urban planning, this project did not consider
sun radiation and other environmental principles. The orientation of the majority of the

residential blocks does not face south, which is the best facade direction (Figure 4.25).

The best direction for the residential blocks is the direction which is not parallel to the city’s
prevailing wind, but 255 from the north. This helps to remove the heat mass from the canyon
during summer time, especially at night time. The prevailing wind direction of Kurdistan is
move from the west, south-west to north (Husami 2007). Thus, the site plan is in the best
position regarding wind direction, because the prevailing wind will distribute equally
between the horizontal and vertical blocks. The best equal distribution of wind in both
directions in the vertical and horizontal canyons will have a limited impact on the local
microclimate, because wind speed in the urban area in Erbil is very low, estimated at between
0.55-1.0 m/s. The site plan for the project was not designed to cope with the
environmental features of a hot dry climate city such as Erbil; instead, it was designed to
meet the high shortage of housing units and high demand for housing and commercial plots

in the city.

The site plan for the project was not designed to cope with the environmental features of a hot
dry climate city such as Erbil; instead, it was designed to meet the high shortage of

housing units and high demand for housing and commercial plots in the city.
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4.6.4 Rashkin

This project is located in the north-west of Erbil in an area of 486,050 m?. The plot is located
between two ring roads at 60 and 100m and lies around 4km to the north-west of Erbil citadel
(Figure 4.26). In this case study, the designer was provided with limited information about the
plot from the master plan department, as shown in Figure 4.26. The plot was proposed as a
complex of luxury hotels, but this type of project is in high demand because tourism in the city
attracts many tourists from the middle and south of Iraq. The plot is located in between two
high ways which are easy to access from the rest of the city and which are also close to the

city airport from the north side of the plot (Figure 4.26).

In addition, green area was proposed to surround the plot from the outside of the ring road
100m, as shown in Figure 4.26. The green area was proposed to increase outdoor air quality,
because of sound pollution from the airport sound and air pollution from the main road (Figure

4.41).
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Figure 4.26: Rashkin site plan — the location of project in the city site plan
Erbil government is in charge of the urban design process of the land and it then distributes the

land to investors to build hotels and other services. The land use of the plot is a complex of
hotel buildings up to the master plan of the city. The design team in the Head of Municipalities
of Erbil was chosen to design this plot. After urban planning by the design team, the small plots

receive investment from local and international investment companies.

140



Chapter 4 Urban planning and regulations of Erbil city

(IIIIIIIIII'-!II_III

Solnoge s i
HED folsie | .
. ~— Airport
o oS eglies
1h

AN e . ...
L]

A ek
~ s4lue  Rashkir

-

Figure 4.27: Rashkin site plan — the. locati.on ;f tl-le project and City Airport
The first proposal for the plot design was influenced by the surrounding green belt (Figure
4.28-A). The plot is divided by 50% open green space and 50% building blocks, which
include: 11 hotel buildings plots, service buildings plots, and a petrol station. The decision
makers did not accept the first proposal design because of the high demand for plots and

the expensive price of commercial plots in the city.

. Green area
. Hotel buildings

. Service buildings
[l Exist Buildings

A- Architecture first proposal

Figure 4.28: Rashkin site plan- Government design case study-4.
The first proposal was not accepted by the Head of Municipalities of Erbil. Therefore, the

designer redesigned the second proposal with more plots and reduced the green areas in
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response to the high demand for commercial plots around the city (Figure 4.29-B). Green belt

was reduced in this location to increase plot numbers.

[ ] Existing buildings
I Hotel Buildings
| Shopping centre

[ Restaurant
B Petrol station

B- Architecture Second proposal B- Architecture Second proposal

Figure 4.29: Rashkin site plan — government designed case study 4

The main features of the project are:

e The site plan is mixed commercial and investment projects (hotels and offices), as well as
services (Figure 4.29).

e The commercial buildings were proposed to be 12 floors located in the centre of project,
while hotel building plots were located on the boundary of the project.

e The green areas ratio was more than 50% in the first proposal design, and around 20% in
the second, even though the minimum requirement for new urban developments is 30%.

e The blocks have a different orientation and most blocks have a central green area (Figure
4.29-B).

4.6.4.1 Rashkin Climatic conditions/observations

From Figures 4.27-4.29, the design options, and the semi-structured interview with the
designer, the project was not designed to consider environmental features. The influence
of western architecture is clear from the grid-iron street pattern. The blocks are divided
up by the surrounding main roads in the first design option, while the second option is a
more detailed design with a mix of green areas and building blocks to reduce building
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green, open spaces. However, the first option was designed with more green area and open
spaces, but the second mixed buildings and green, open spaces. This mixture may have a
sensible effect on solar radiation during summer time by providing evaporative water and
reduce air temperature. Wind speed and block orientation were not taken into account in the
design process, even though they may have a minimum impact on DT because of the wind
velocity, which is 0.55 to 0.6m/s. Nevertheless, this kind of proposal needs a simulation before
final approval to address the environmental impact of the design on the local environment of

the city.

4.7 Private Project Case Studies

Private projects represent more than 50% of modern developments in Erbil. Most of the
projects were built by local and international companies as investment projects in Erbil after
2003. In this chapter, some projects are presented and compared with government housing
projects to determine the similarities and differences of urban design criteria in these projects,

and investigate the urban planning design elements and issues for private housing projects.

4.7.1 Italian City 1
This project is located in the west of the city and has an area of 386,400 m? (Figure 4.30).

Italian City 1’s position is 3km west of the citadel. It is considered one of the most famous
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Figure 4.30: Italian City 1 — the location of the project in the city site plan
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private housing projects that was designed and built through investment by private company
for first time in Erbil (Figure 4.30). The Italian City was designed and constructed by a local
company called Hemn Group Companies in 2008 (Figure 4.31). The city consists of attached

and detached housing types, services, and facilities, as below:

Figure 4.31: Italian City 1 site plan — local and international investment project 1

1. Housing types — Four types can be seen in this project, labelled A, B, C, and D (Figure
4.35). Where possible two images are shown, the designers’ intent and its actual
construction. The designers’ tend to decorate their images with greenery (Figure 4.33).

Italian City 1 — Site plan,
semi-organic shape site
plan with single main
entrance

:Erl:(ll I(F;tadil site I-)tl::n —.thel road. netthfork Single main HE: : ;:;

ooks like a tree wi . a single main entrance | _ o | == I HIHES

for safety and security reasons. RIRIIEIRRIARNINS. (RRRERRNE
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Figure 4.32: Italian City 1 — architectural concept, and the similarity between both site plans
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2. Facilities and services, such as schools, supermarkets, public parks, and administration and
office buildings, showing a high level of infrastructure compared to other local and
government housing projects.

3. The site plan design represents a modern style which appeared after 2003 in the city. Most
of the housing projects are grid-iron shape and contain just two axes, X and Y. This project
was an attempt to design in different way to government projects, as the rigid grid-iron
form was loosened and the housing style was intended to appeal to residents from overseas.
The percentage of open space and green area ratio is limited compared to the buildings
area. The minimum green area should not be less than 30% of total site area, so each house
has its own garden and the large green area outside the houses used a road shoulder (Figure

4.33)

Figure 4.33: Italian City 1 — houses have their own gardens, and the large green area
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House Typs Private villa: 35 units with 600 m?
Figure 4.34: Italian City 1 four types of individual houses A, B, C and D

146



The architecture and urban planning design concept developed from a tree shape that started
with the main entrance axis and separated into side branches, right and left. The main axis
divided the grid of houses into two and separated the residential and public zones into the shape

of a tree. The idea of a tree shape has an historical architectural background in Erbil’s citadel,

Figure 4.35. Italian City 1: types of individual housing units A, B, and C and D

Housing Plots Number of houses Area of Plots Housing Type Colour
Private Villas 35 Not regular Detached

House type A 263 320 m? Semi-detached

House Type B | 155 250 m? Attached

House Type C | 39 140 m? Semi-detached

House Type D 194 200 m? Semi-detached

in the main entrance of the city and upregulated network of narrow allies that lead to closed
branches (Figure 4.32). The Italian City 1 project reflects the idea of a tree and branches to
connect housing units and separate them with a core area, which includes service buildings
and offices. The design attempts to break down modern grid-iron morphology through the

main axes and curved branches on both sides of the project.

There are 659 housing units classified up to the plot area, and finishing material quality. The
total area of the project is 386,400 m?, which represents a housing area of 183,671.65 m?, public
green area of 17,740 m?, roads and pavements of 147,070.35 m?, and a services area of 15,809
m?. Other building areas such as administration offices, motels, restaurants, and commercial

areas represent 25,466 m>.
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The project was designed in cooperation with the
Hemn group and Italian companies. The housing
units are designed to reflect western houses
(Italian houses). The building materials and
construction used Italian technics of construction
(Parow 2017). Isolation building materials and
precast hollow core concrete slabs were used for

the ceilings (Figure 4.36).

The main features of the project are: Figure 4.36: Italian City 1: ceiling materials
(precast concrete)
e The site plan contains five types of housing

unit and different average sizes of plot area.

e Each housing block building is surrounded by green area to increase green and open spaces
(Figure 4.35).

e Most housing block units face each other and there is a high density of buildings; the idea
of the designer was to increase green area through linear curved shapes of green areas
placed vertically between horizontal housing blocks.

e The site plan was designed without consideration of the local environment, such as solar
radiation and wind originations, but the housing units were designed to resist summer heat

and winter cold through high quality building materials (Parow 2017).

Figure 4.37: Italian City 1: zonal types of individual housing units A, B, C and D
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e The walls and ceilings are constructed with high insulation material for heat and sound.
The exterior walls are covered with 500mm thick expanded polystyrene (EPS) (Parow
2017).

e The orientation of the housing blocks and green areas does not follow the (X and Y axes)
and boundary line roads like other housing projects (Figure 4.37).

e The residential block is not just one standard shape repeated throughout the site plan, but
instead works as a system of road networks using cul-de-sacs to control traffic. The project
may have considered certain environmental factors in terms of the housing units using

insulation materials, but the project did not use urban planning environmental strategies.

4.7.1.1 Italy city 1 Climatic conditions/observations

From Figures 4.32—4.37, the design site plan, images, and the semi-structured interview with
the project manager of the construction company (Hemn Group), it is clear that the project
was designed to consider some environmental features. The construction materials and
building procedure used Italian techniques of construction. This includes insulating building
materials and precast hollow core concrete slabs being used for the ceilings (1% and 2™ floors),
while the third floor (truss ceiling) was added to reflect western architecture features (Figure
4.34). This can reduce direct solar radiation to the second floor ceiling and reduce thermal

mass.

The influence of western architecture is clear from the housing unit’s design (truss
ceiling), while the grid-iron and street pattern is an attempt to design differently to most
government projects, as the rigid grid-iron form was loosened. The site design attempts to
break down the modern style of grid-iron morphology through the main axes and curved
branches on both sides of the project. The open, green spaces are limited, but have been well
designed and maintained until now (Figure 4.33). Each housing unit has its own garden,
which can help to reduce the direct solar gain falling on surfaces and increase outdoor
thermal comfort. Neither wind or air temperature effects were considered during the design
of the project, even though insulating materials are used. This type of project needs an
environmental simulation modelling process before implementation the project to minimise

heat gain during day time and maximise heat loss at night time.
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4.7.2 English Village

The project is located in the west of the city and has an area of 278,014 m2. The English
Village’s position is 3.2 km west of the citadel (Figure 4.38), and it is another well-known
private housing project designed and built by private companies. It was built at a time when

the housing project was one of the earlier projects in the city (Figure 4.39). Designed and
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Figure 4.38: English Village — the location of the project in the city site plan
constructed by a local company called Hawler and British property development company J.M.
Jones and Sons in 2006, the city consists of 420 identical detached villas with services and

facilities. The green area represents around 30% of the total project area.
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Figure 4.39: English Village site plan — local and international investment project 2
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Figure 4.40: (A) The site plan of English Village and one type of individual villa (B, C, D and F)
showing there is no fence between the villas. (G, and H) the supermarket at the project site

The site plan design represents an English design style influenced by a design company based
in the UK (J.M. Jones and Sons). Most of the housing projects in Erbil are grid-iron style with
just two axes, X and Y. This project attempted to reflect the English lifestyle and design using
a disrupted street grid, which would help to attract investors and families to buy these villas.
The style of the houses and road network is different from other housing project patterns and

the local patterns of the old city in the city centre (the citadel). The planning style is western,
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which separates equal open green areas between housing blocks. The road networks do not
rigidly follow X and Y grids, as the government designed projects do. The percentage of open
spaces and the green area ratio are acceptable compared to the buildings area ratio. The
minimum green area should not be less than 30% for residential projects, and this project has

an open green ratio represent of around 30% of the total project area (Figure 4.39).

The architecture and urban planning design concept was developed from constructing a secure
residential environment, starting with the main entrance axis and separating into right and left
side branches. The main axes divided the block of houses into two equal parts with similar
housing units and blocks. The English Village housing project reflects the idea of the western
style in terms of housing blocks, open spaces, road networks, and building design and
architecture style. The houses are separated from the street via a soft fence (greenery), and

this is unique among the other housing projects in Erbil (Figure 4.39).

The main features of project are:

e The site plan contains only one type of housing unit and only one plot size, unlike other
projects, which have at least two plot sizes.

e Each housing unit (villa) is surrounded by a green area to increase green and open spaces.

e Most housing villas face each other, depending on the road network, and the idea of the
designer was to increase the green area by connecting housing units and roads via green
areas (greenery fence) (Figure 4.40).

e Although the site plan was designed without consideration of the local environment, such
as solar radiation and wind originations, the villas were designed to resist local environment
through high quality building materials.

e The orientation of the housing blocks and green areas does not follow the X and Y axes
and boundary line roads, like other housing projects (Figure 4.39).

e The residential blocks are not one standard shape repeated throughout the site plan, but it
works as a system that has one, two, four, six, eight, and ten villa plots (Figure 4.41).

e The project considered the environmental factors in terms of the housing units by using
high quality materials, and also used some urban planning strategies such as open space

and green areas.
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4.7.2.1 English village Climatic conditions/observations

This project reflect the western style in term of urban planning and housing unit (Figure 4.40).
This happen because two main reason; firstly to attract investors and high class families to buy
these villas, and secondly it’s designed by J.M. Jones and Sons design company based in the
UK. The project mainly constructed with high quality materials and using a disrupted street
grid instated of grid-iron morphology. The housing unit surrounded by green area and used
truss ceiling. The project mainly not designed based on local environmental consideration, but
it has high percentage of green area compare to government projects. This type of projects
needs environmental urban consideration and calculating total energy demands for each
housing unit. This help to employ the local environmental strategies during construction and

after construction process.

Figure 4.41: English Village housing unit type
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4.7.3 Italian City 2

This project is located in the north east of the city and has an area of 750,000 m* (Figure 4.42).
Italian City 2’s position is 6.53 km west of the citadel. As in Italian City 1, this project is a
well-known private housing project designed and built with the investment of a private
local company (Figure 4.42). The Italian City-2 designed and constructed by local company,
Hemn Group Companies. The company invested in two housing projects, Italian Cities 1
and 2, the project consists of 1,561 housing units on the 120 ring road, which is a newly

built ring road. The housing units have plot sizes of 200 m?, 240 m?, and 320 m?.
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Figure 4.42: Italian City 2 — the location of the project in the city site plan

The project started in 2012 and was finished in 2015. Moreover, the project location
distinguishes itself compared to other residential projects, as it is directly positioned on the
120m ring road. This position provides easy access to any location in the city and a direct
connection to the city centre via the 120 ring road and Shaqlawa Road from the north of the

city (Figure 4.43).
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Figure 4.43: Italian City 2 site plan — local and international investment project 2

The project is surrounded by four roads and green belt from the main entrance side (Figure
4.44). In contrast with Italian City 1, the site plan of this project divides the housing blocks
into vertical and horizontal objects (Figure 4.44). Most type A houses have 320 m2 or more
and are located at the beginning of blocks, as the variable area of plots is caused by irregular
shapes, while house types B and C are located in the middle of the project. Type A houses are
located on the wider 15m street, and types B and C are on narrow 12m streets (Figure 4.44).
The project has a high density building ratio (650,000 m?) and a low density of green and open
spaces (100,000 m?).

__:________--—-lz'o'_m_- [ . - B Houses Type () \_\—\—-____
Figure 4.44: Site plan of Italian City 2 — housing unit types A, B and C
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The city consists of attached and detached housing types, and services and facilities, as below:

Housing Plots | Number of Houses | Area of Plots | Housing Type Colour
House Type A | 569 320 m? Detached housing

House Type B | 657 240 m? Attached housing

House Type C | 323 200 m? Attached housing

Green Area +- 100,000 m?

Services 21,022 m?

House type C, 200 m*>

Figure 4.45: House types A, B, and C, Italian City 2
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The main features of the project are:

The site plan contains three types of housing units and different average plot areas (Figure
4.46).

Some housing blocks are surrounded by green areas to increase green and open spaces
(Figure 4.44).

Most housing blocks face each other, resulting in a high density of buildings (Figure 4.46).
The designer’s idea was to provide green areas adjacent to the ring road at the entrance to
the project (Figure 4.45).

The site plan was designed without consideration of the local environment, such as solar
radiation and wind originations. The design blocks rotate in different directions
horizontally and vertically.

The design of the project was made with due consideration of the topography of the site,
i.e. (the site plan respected the difference in the topographical levels of the land) (Figure
4.46).

Branch

1005 1 K6 (1037 (1008

g7 | 9FT (978 |9V

W

Figure 4.46: House types A, B, and C, Italian City 2 — blocks built facing each other

The walls and ceilings are constructed with high insulation material to minimise heat and
sound penetration. The exterior walls are covered with 50mm thick expanded polystyrene
(EPS).

The orientation of the housing blocks and the green areas follows the X and Y axes and
boundary lines of roads, as in other housing projects (Figure 4.44).

The streets divide the site plan into housing plots and a network of roads without any
consideration of the prevailing wind direction or solar radiation. The site plan is designed

as physical objects rather than environmental features (Figure 4.43).
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Figure 4.48: Italian City 2 — the consideration of the
used for irrigation site’s topography
e The residential block is not only one standard shape repeated throughout the site plan, but
works as a system of network roads horizontally and vertically, with only one cul-de-sac

(Figure 4.46).

Water treatment

Figure 4.49: Italian City 2 — Power station and water treatment plant on the project
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e The project considered the environmental features in terms of housing units (building scale)
by using insulation materials. In addition, the project used urban planning scale
environmental strategies, such as for water treatment (Figure 4.49), and the electrical power
plant. The waste water is divided into two types, heavy and light waste water; the light
waste water from domestic usage is recycled to irrigate the green areas, of around 100,000
m? (Figure 4.47).

e The project design has attempted to adapt to the local urban environment in terms of the
geographical topography of the site, the reduction of heat gains and losses (insulation
materials), and by the provision of a local power station and water treatment plant (Figure

4.48).

4.7.3.1 Italy city 2 Climatic conditions/observations

From the design site plan, images, and semi-structured interview with the project manager of
the construction company Hemn Group (Parow 2017), it is clear that this project considered
environmental features in terms of housing units (building scale) and urban environmental
strategies. This includes high insulation material to minimise heat and sound penetration’,
water treatment, the local electrical power plant, and recycling waste water for

irrigation (Figure 4.49). The project is considered one of the best in Erbil in terms of
environmental features, but these environmental features are individual attempts and not

based on specific research or a standard for Erbil or the region.

These types of projects need more environmental strategies, such as microclimate adaptation
to housing block orientation. Microclimate simulation for an urban housing project before the
construction stage is important to reduce the energy demand for each housing unit and project

as well.

7 Hemn Group has a factory to produce the ready-to-use polystyrene building materials (EPS panels). This
building material can be used for walls, roofs and partitions. The factory uses Italian systems and machinery
which meet European standards. EPS panels is easy to install for construction, economic, high thermal energy
saving, and sound insulator. (www.hemngroup.com)
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4.7.4 Mass City

The project is located in the north east of the city and has an area of 1,054,720 m?. Mass city
is 8 km north east of the citadel (Figure 4.50). Like Italian City 1 and Italian City 2, this project
is a well-known private housing project designed and built using private investment (Figure
4.50), and is a joint venture between local and international companies, the Trillium Group and
Mass Group (Abu Hamad 2014). As a Trillium Group project, Mass City has 5,000 residential
housing units in the north east of the city on the main road from Salah Addin to Shaglawa. The

project contains 11 house prototypes divided into five zones. The first zone is 400 villas started
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Figure 4.50: Mass City — the location of project in the city site plan and citadel
in 2013, and which were supposed to be finished in 2017 on a budget of $1 billion. The project’s
concept maintains the local architecture of the city through using similar architectural features
in its housing facades. In addition, the project used high quality materials and

provided infrastructure services to the site (Figure 4.51).
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4.7.4.1 Project Concept
The project is surrounded by green areas from all directions, which help to reduce sand storms
during the dry season. The design utilises the natural land topography to site the housing blocks,

green areas and open spaces, and this correct land management means the blocks are integrated

Figure 4.51: Mass City — local and international investment project 3

with other facilities in the project, such as green areas and public services (Abu Hamad 2014).
The modern and western architectural style can be seen to a limited extent, as the housing block

arrangements and wide roads contrast with the historic and local architecture of Erbil (Figure

161



4.51). However, individual housing units are a mixture of modern and traditional styles
(Figure 4.52). The building materials and construction process used a modern method, but
the local identity can be seen in the building fagcades. The designer borrowed architecture

elements from houses in Erbil citadel and re-used them in housing facades (Figure 4.52).

= -

Figure 4.52: Mass City — pr(;totype housing units
There are 16 housing prototypes depending on plot areas of 240m?, 320m?, 600m? and 1000m?>
rather than the quality of the construction (Mass city 2019). Similar construction materials and
techniques were used for all villa types, and these are targeted at medium and luxury home
buyers. The villas are semi-detached and detached with building areas of 240-700m?. The
project includes other non-residential developments such as cafes and restaurants, a hospital,
shopping malls, a school, and two towers with 30 floors. The design and construction process

of this project was different from other projects in Erbil, as shown below:
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1. Site adaptation

The project started with a site survey and geotechnical services to consider the natural and
environmental elements of the site. The project is outside Erbil towards the north east of the
city and the site is distinguished by hills and valleys, which were not flattened or filled in during
the design process; these natural features were integrated in the design without any effect on

the occupants’ safety and privacy.
2. Construction Materials

High quality materials were used to construct the housing units, such as external insulation
cavity brick walls and an insulated roofing system to reduce heat transfer in the hot summer.

This helps to reduce heat gain during summer and heat loss in winter.
3. Concept of the Design

Local architecture details were employed though the repetition of the traditional fagade

elements borrowed from Erbil citadel houses (Figure 4.52).
4. Infrastructure

The project provided a high level of infrastructure for all housing units. These services include
road networks, water supply, a reservoir and pump station, a sewage network, a water treatment
plant, waste management, a storm management system, electrical works, firefighting, an IT

network, and a security, safety and control system.

The main features of the project are:

e The site plan contains four types of plot and 16 prototype housing units (Figure 4.52).
e The housing blocks are surrounded by open green area to increase green and open spaces

(Figure 4.51).

e Most housing block units face each other and there is a low density of building (Figure
4.52). The idea of the designer was to increase the green areas and open spaces (Figure

4.52).
e The site plan was designed without consideration of the local environment, such as solar
radiation and wind origination. The design blocks are rotated in different directions and

axes depending on the natural features of the site.
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e The design of the project was made with due consideration of the topography of the site,
i.e. the site plan respected the differences in the topographical levels of the land (Figure
4.52).

e The walls and ceilings are constructed with high insulation material for heat and sound
protection. The exterior walls are 240mm masonry brick covered with S0mm thick EPS.

e The orientation of housing blocks and green areas does not follow the X and Y axes and
boundary line roads as in other housing projects (Figure 4.52), but does follow the natural
features of the site.

e The residential blocks are not just one standard shape repeated throughout the site plan, but
work as a system of network roads following the natural features of the site.

e The project considered the environmental features in terms of housing units at the building
scale by using insulating materials. In addition, the project used urban planning scale
environmental strategies, such as water treatment and an external electrical power plant of
2500 kw.

e The project attempted to adapt to the local urban environment in terms of the geographical
topography of site, reduction of heat gain and loss of housing insulation materials, open

green areas, blue areas (fountains), and high quality infrastructure services.

4.7.4.2 Mass city Climatic conditions/observations

From the design site plan, images, and semi-structured interview, the project considered the
environmental features for both urban and housing unit scale. This includes adaptation of the
site plan to the natural topography of the land, and high quality infrastructure (road network,
recycling wastewater, and waste management) (Abu Hamad 2014). In addition, the housing
unit reflects Erbil’s traditional housing features in terms of fagade only, while

building materials are modern (reinforced concrete) (Figure 4.52). In term of adaptation
with local environment, the project consider one of the best project in Erbil city compare to
government and other private projects. In addition, the project employed many
environmental strategies during design and implantation process, but these strategies are not
depend on specific research or design expertise (Microclimate wind and air temperature).
These type of project needs intensive research and simulation on both scales (Urban and
Building) to estimate the total energy consumption and how environmental strategies can

reduce the cooling energy during the summer and heating energy during winter.
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4.8 Comparison between Government and Private Projects

This section compares private and government projects in Erbil. These two types of housing
projects are similar in some ways, but have major differences. Mainly, the government projects
are concerned with the division land and provision of initial infrastructure (roads, water, and
electricity). The housing units (plots) were designed by the occupant (self-design and built) or
self-employed architects, which results in an urban fabric of different styles of housing units in
terms of shape, size, design elements, and finishing materials. These types of project cannot be
controlled by the government and the plot owner has as a high degree of flexibility of design
preferences (plans and fagades), social and psychological preferences, economic preferences,
building techniques and materiality (Omer, 2018), and construction time limit. Most of these
government projects for housing units have local authority approval (i.e. a building licence),
which is assessed by the local municipality based on the building requirements (see Appendix
C). The government’s building licence is a requirement based on basic urban planning
guidance, such as setbacks, open space sizes, and the height of housing units, without any

consideration of the architecture details relating to the building environment or local

architecture identity (design elements).

Figure 4.53: Government housing project in Erbil city, different housing design, height and
building materials
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Therefore, government project housing units are different in terms of design, architecture
elements, and fagades, and can be described as raw housing without a specific identity or unity
of appearance (Figure 4.53). On the other hand, the private housing projects can be described
as a more systematic process of design and construction (See section 4.8). The housing units in
private projects are designed and constructed by consultant offices or private architecture
companies, and this resulted in a unified style of housing unit in terms of design (plans and
facade) and construction materials. Private housing projects are controlled by three working
bodies; the Investment Department, Consultant Office, and the investor company, all of which
help to unify the housing project in terms of the design approach, building technique, and
construction time. Private housing projects have a different approach to designing housing units
as described in the previous sections, and all housing project designs must be approved before
any construction process starts (KRG Investment Board, 2017). Although the process of
approval of private projects does not include the building environment and local architecture
identity elements during the process of the design, project approval, or project construction,
the housing units are more unified than the government projects regarding the design, facades,

building materials, and infrastructure (Figure 4.54).
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Figure 4.54: Private housing project in Erbil, with similar housing design, height, and building
materials
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Table 4.1 contrasts the similarities and differences of private and government housing projects

designed after 2003 in Erbil.

Table 4.1: Government and private projects in Erbil

Criteria

Government Projects

Private Projects

Process of Design

e Covers
stage

site plan design

¢ Distributing lands and plots
and main services (zoning
design)

Covers both the site plan design
detail  design
construction stage

and for
Distribution of lands and detail
design for all buildings and
integrated infrastructure

systematic process)
e No maintenance plan for the
future

e Design by mostly | ¢ Design by private construction

government staff company or consultant office
Implementation e Does not include | ¢ Includes the construction stage
construction  stage (not (systematic process of design,

construction, and operation)
Maintenance plan for the future

Design Elements

e The housing units are
different in the design and
construction materials used

The housing units are united in
the design and construction
materials used

Project Time | ¢ There is no time limit for | ¢ The time limit for finishing the
Limit finishing the project. Each project is considered and
housing unit starts and controlled by the Investment
finishes independently Department
Urban Design | ¢ Highly influenced by | Highly influenced by modern and
Elements modern and  western | western planning (Italian City 1,
planning (grid-iron | and 2), and there are attempts to
morphology) have the design fit into the local
identity (Mass City)
Open Space to|e Housing units’ green areas | ¢ Controlled by the Investment
Buildings Ratio not controlled by Department and  designers
government and designers (open spaces and green areas >
(no guidance) 30%)
Individual e Not controlled by local | e Controlled by the Investment
Housing  Design authorities and Department and has similar
Elements municipalities (various plans and fagades.
plans and facades)
Construction e Not controlled by | ¢ Controlled by the Investment
Materials government and  local Department
authorities
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e Various types of materials | ¢ Specific type of building

have been used depending materials used or may vary
on economic, social and depending on housing type in
psychological preferences the project (no guidance)

(no guidance)

Infrastructure ¢ Basic infrastructure e Integrated infrastructure is
required by the Investment
department before the
construction process

e No basic infrastructure used | © Water treatment plants and

in some government power stations can be seen in
projects some private projects (Italian
City 2)

Table 4.1 above shows that both private and government projects have similarities and
differences in the design and construction process. The main differences between both types of
project are that government projects focus on the division of housing plots (the zoning plan)
and may provide the initial infrastructure (water and electricity), but the private projects are
concerned with the systematic design and construction process of the housing units and
providing an acceptable level of infrastructure compared to the government projects (water
treatment plants and power stations). However, both types of projects used grid-iron
morphology and a western approach in the design of the site plan. The main similarity for both
government and private projects is the lack of or limit to the environmental approach or local
microclimate consideration during the design and construction process at both urban and
building scales. Missing government regulations and guidance on housing projects for both
government and private projects led to a lack of control over the buildings, urban environment,

and application of environmental strategies.

4.9 Conclusion

This chapter describes and analyses the housing projects built in Erbil after 2003. Three types
of resources were used: semi-structured interviews, government documents, and case studies.
Two types of housing projects were used as case studies, government and private, to show the
similarities and differences between housing projects in terms of the application of the process

of design and construction.
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These projects demonstrated some similar steps in terms of the urban design process, such as
land acquisition and the master plan approval stage, although they have different approaches
in the urban design and approval process. For instance, the private projects included a
construction step while the government Projects focused only on the design of the site plan and

distribution of the housing plots.

Housing project designs in Erbil have mainly been influenced by western urban design
approaches (grid-iron) without any consideration of the local architectural identity. The
alignment of grid-iron morphology has been driven by geometry rather than local urban

microclimate needs.

This chapter has shown that consideration of the microclimate was not employed during both
the urban design and housing construction process. Although the private projects attempted to
employ local architectural elements in Mass City, used environmental elements such as water
treatment plants and power stations in Italian City 2, and used insulation building materials in
Italian Cities 1 and 2, these attempts were individual efforts without government guidance or
practical research to address the building environment problems during the design and

construction process of housing projects.

As Erbil has experienced rapid urban expansion, the absence of government environmental
regulations and guidance has led to the urban fabric being exposed to the harsh climate,
especially during the summer months. Therefore, in the next chapter of this study, the research
simulates and predicts climatic variables in the modern grid-iron housing block pattern to
address the local microclimate issues of the urban design in the city. An ENVI-met simulation

is used to identify the wind speed, orientation, and air temperature between the buildings.
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5.1 Introduction

Erbil witnessed rapid expansion after 2003 as a result of socio-economic and geo-political
factors. The urban area in the city developed by way of government and private housing
projects. However, the developments were designed and constructed without consideration for
the local urban microclimate or local design features that were used in the historical
architecture of the city. The aim of this chapter is to investigate the urban microclimate of
modern urban morphology and strategies to reduce the impact of outdoor urban microclimate
on open spaces which surround buildings. The first section of this chapter determines and
Analyses four weather data stations. These weather data stations are located in various urban
density areas: low, medium, high and rural areas. Air temperature, Wind speed and Relative
humidity were compared and analysed. These data were used as input data to simulate the local
urban microclimate of the city using ENVI-met. The second section validates the ENVI-met
model. This study chose two case studies in high and medium density urban areas for the
validation process. The validation process in this study used two methods; specifically, a direct
comparison between measured and modelled air temperature, and Willmott’s methodology
(Index of agreement). The third section pertains to the microclimate modelling of traditional
and modern morphologies. Air temperature and wind speed were compared as a result of the
simulations. Subsequently, wind speeds for a modern urban area using three scenarios of wind
direction 180, 225 and 270 from the North were modelled. This simulation aims to understand

the wind behaviour in open spaces and urban canyons.
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5.2 Weather data stations in Erbil city.

Data from four weather stations in Erbil were investigated,
airport, central and south weather data stations (Figire 5.1). These weather stations are located
in different densities of urban development, representing lightly developed, minimal
development, heavy development and medium development, respectively. The weather
data stations belong to the Ministry of Agriculture, which collects data every 15
minutes, except for the airport weather data which is obtained from an online source. The
accuracy of the weather data and its location is important to evaluating the local
microclimates using ENVI-met. Therefore, this research compares four sources of data to

simulate the base case scenario. The location of each weather data source and other details

are shown in chapter 3 section 3.6.
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Figure 5.1: Four Weather Data Station locations in Erbil City
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Chapter 5 Urban Microclimate Validation

5.2.1 North weather data station

: Arth Weather

~ data Station

Figure 5.2: North Weather Data Station in Erbil City

The north weather data (NWD) is located in a low density urban area used for crops and
agricultural purposes. The station is located in an open area surrounded by a few buildings

and agricultural fields (Figure 5.2).
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5.2.2 Airport Weather Data Station

=

Figure 5.3: Airport Weather Data Station in Erbil City

The station is located inside the airport area, on the edge of the city (Figure 5.3). The urban
density at the airport and surrounding area is considered low. Therefore, the station is
important for air navigation, but does not represent Erbil’s urban microclimate

environment.
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5.2.3 Central weather data station

=

Figure 5.4: Central Weather Data Station in Erbil City

This station is situated within a high density urban area. The data are used for
agricultural studies and other research (Figure 5.4). CWD is located in a well-established
urban area near the city centre, surrounded by traditional urban morphology in the north, a
few open green areas in the east and west, and high density residential urban areas in the
south and north-east. In general, the location of the station represents the real urban

microclimate of Erbil (Figure 5.3).
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5.2.4 South Weather Data Station

L

( South Weathér
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Figure 5.5: South Weather Data Station in Erbil City

The location is considered a medium density urban area and the data are used to serve

agricultural crops in the south of the city (Figure 5.5).
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5.2.5 The quality of data and locality in urban context of Erbil

The reliability of data can be seen through minor differences pertaining to data in all four
stations. However, the south station data came with systematic errors related to day-night
timing, and hence were corrected!. The three weather data stations (south, central and north)
were originally installed by a company from the US using modern sensors and data loggers.
No information is available about sensors or the company that installed the airport weather
station. Air temperature, wind speed, relative humidity, air pressure, rainfall, specific humidity,
and soil temperature were measured. The measurement interval used was every 15 minutes for
the hot summer months of June and July for the four years between 2013-2016 (Table

5-1).June and July is peak summertime, when the air temperature reaches 44 °C.

! The correction needed was to adjust to data collection time such that the maximum day time temperature
occurred at the same time as the Northern and Central weather stations.

177



Table 5-1: shows the weather data package.

TOAS CR10 CR1 2889 CR1000. CPU:ERRA @ 8149 MIN_

00 000 Std.06 S002.CR1 15
TIMES REC ID Prog Batt Vo AirTC AirTC  AirTC R BP_ WS m ws gust ws gust Win  SIrkW  SIrMJ  SoilT10_ Rain_m
TAMP ORD ram It Min _Max _Min H mbar s Avg _Max _TMx dDir _Avg _Tot C_Avg m_Tot
TS RN Volts Deg C DegC DegC % Milli meters/second Degr kW/m MJ/m DegC mm
bars ees { {
Smp Smp Min Smp Max Min S S Avg Max TMx Smp Avg Tot Avg Tot
m M
P P

The symbols for weather data package explained in detail in appendix J. These data are used as input data for ENVI-met program to propose new
design scenarios that may modify both air temperature and wind speed in urban areas of a city with a hot/dry climate. For this reason, this section
will interpret three climate elements in Erbil and compare all four stations. Regarding the four weather stations, three weather measurements will
be presented.

1. Air temperature

2. Relative humidity
3. Wind speed.
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5.3 Microclimate Measurement:

In this section, daily average air temperature (Ta), relative humidity (RH), and wind speed
(WS) are presented for the summer of 2015. In addition, summaries of monthly Ta, RH and
WS were compared for all stations. This section analyses weather data to understand and

choose appropriate input data to represent the local urban microclimate of the city.
5.3.1 Air Temperature

These data was obtained from measurement points (Figure 5.1.). (Figure 5.2 to Figure
5.3), in four different urban densities (very low, medium and high) in Erbil (Figure 5.5).
The data reveal that there are differences in average air temperature between the
northern, central and southern weather stations compared to the airport weather station
(Figure 5.6), which is positioned in a very low density urban area. These differences in Ta
between locations could be because the urban density varies between locations, and the
central weather station is surrounded by a high density urban area in contrast to the north and

south weather stations.

The maximum daily Ta was 40.21 °C at the weather station in the north, while the

minimum Ta was 27.15 °C for the airport weather station (Figure 5.6).

The data from the airport weather station were in poor agreement with other stations
and recorded a lower average Ta for the month of July. This could have occurred because the
other three weather stations have similar sensors for collecting data or the local microclimate
of the airport weather station includes a very low urban area compared to the other three
stations (high, medium and low). The airport weather data represents the microclimate of
Erbil Airport only and might require correction factors when used as input data to represent
the local urban microclimate (Bourikas, James et al. 2016). From this viewpoint, average

hourly, daily and monthly data for all weather stations data were analysed.

In terms of the impact of Built-up Area (BUA) on urban microclimate within different urban
densities, hourly air temperatures (Tah) were analysed (Figure 5.6). The data in Figure
5.6 show average Tah for all four weather stations from 00:00 to 23:00. The airport and
northern weather stations have similar day profiles, reflecting low urban developments,
while the southern and central weather stations have similar day profiles reflecting

higher urban developments.
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The maximum air temperature was 45.88 °C at 16:00 at the northern weather station, while the
minimum air temperature recorded was 22.7 °C at the northern weather station; the central and
south weather stations had similar values for air temperature (Figure 5.6). Many studies have
been completed on the effect of Urban Heat Islands and how urban areas are hotter than rural
areas. The airport weather station recorded almost similar patterns to other stations during
daytime, while during the night it recorded lower Ta (Figure 5.6). This may possibly be related
to urban density and the effect of the heat mass of the buildings, as a similar pattern was also

displayed for the northern weather station, reflecting the low urban densities at this location.

Table 5-2: Maximum and minimum air temperatures in July 2015 for the four stations

North Central South Airport
Max- Tah 45.88 °C 44.32 °C 43.88 °C 49.5°C
Min- Tah 22.7°C 29.13 °C 27.98 °C 17.2°C
ATah 23.18 15.19 15.9 323

The maximum hourly air temperature difference (ATah) was 32.3 °C, recorded at the airport
weather station with very low urban density. This difference represents how the radiation

energy from the sun increases the air temperature in urban areas during daytime compared to
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Figure 5.6: Average air temperature for Northern, Central, Airport and Southern stations

night time (Table 5-2). This variation in air temperature was observed to be less at the central
and southern weather stations for 24 hours (Figure 5.5), because an urban area microclimate
is slightly cooler during daytime owing to shaded areas from urban elements and higher
relative humidity. This result corresponds with Denise (2015), who assessed the micro

scale cooling effect of vegetation in urban environments (Duarte, Shinzato
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et al. 2015) and (Chatzidimitriou and Yannas 2015). As would be expected, different
temperatures were recorded by all four weather stations. To explore these differences further,
the measurement error needs to be declared. As the error in measurement of the northern,
central and southern weather stations is known, comment can be made on the significances of

the differences between individual measurements from these stations

Table 5-3: Hourly average, maximum and minimum air temperatures for four weather stations
1 July 2015

Time Ta °C North Ta °C Central Ta °C South Ta °C airport
Station Station Station Station

00:00 27.5 34.47 34.92 24.4
01:00 28.27 33.44 32.35 28
02:00 26.39 31.48 32.31 27
03:00 23.98 30.66 30.92 26
04:00 22.81 30.19 29.6 25.1
05:00 22.7 29.13 27.98 24.8
06:00 23.51 30.22 28.18 243
07:00 30.62 31.89 28.58 26
08:00 33.35 34.22 28.49 29.4
09:00 37.23 34.88 32.53 33.1
10:00 39.86 38.56 34.75 38.6
11:00 41.53 39.81 38.58 42.5
12:00 43.22 41.86 40.11 41.5
13:00 44.4 42.98 41.46 41.8
14:00 45.11 43.89 42.45 42.2
15:00 45.55 44.29 42.78 42.8
16:00 45.88 44.32 43.11 423
17:00 44.81 43.43 43.6 41.8
18:00 43.46 42.63 43.88 41.1
19:00 41.14 41.07 43.83 39.7
20:00 38.71 39.18 43.18 32.8
21:00 34.24 384 41.13 27
22:00 32.93 36.8 38.24 25.6
23:00 30.53 36.02 35.66 24.8
Average 3532 37.24 36.61 33.03
Mix 45.88 44.32 43.88 42.8
Min 22.7 29.13 27.98 243
ATah 23.18 15.19 15.9 18.5
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At peak air temperatures, the sensors error is £ 0.65k (for 45°C). When comparing two sensors
with an error associated with the measurements, a root mean square approach is used (Pentz
1988). When comparing these temperatures, the comparative error will be V2 x 0.65 = 0.92k.
In other words, if the temperature difference is equal to or less than the error differences, we

can confirm that both sensors are recording the same temperature.

The maximum hourly average air temperatures (Table 5-3), for the northern, central and
southern weather stations were 45.88°C, 44.32°C and 43.83°C, respectively. Statistically, the
central and southern weather stations recorded the same temperatures. However, the northern
station is recording statistically higher temperatures than the central and southern stations. The
difference in temperature is 1.56 and 2.05K. When examining the minimum temperatures,
wider variations in temperature are observed. However, the error of the individual sensors is

temperature dependent and a different comparative error needs to be calculated.

The minimum temperatures for the northern, airport, central and southern weather stations are
22.7°C, 24.3°C, 29.13°C and 27.98°C, respectively (Table 5-3). The differences in minimum
air temperature exceed the 0.7 K (the error at 27 C) value so there is confidence that the weather

stations are recording different minimum air temperatures.

The denser urban areas have higher temperatures than the less dense urban areas, with the
central weather station recording the highest minimum temperature, reflecting its surrounding
urban densities. This demonstrates the Urban Heat Island (UHI) effect, where the more

developed locations, central and southern, do not cool to the same extent as the rural northern
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Figure 5.7: Average wind speed in June, July and August for Northern, Central and Southern
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and airport stations (Figure 5.6). It can also be observed that, in the early morning, the southern

weather station indicates a significantly lower temperature than the central station (Table 5-3).

From the point of view of microclimate, the average air temperature between 12:00 and 18:00
is less affected by urban density (Table 5-3). Figure 5.6 shows that differences in ATah
generally decrease during the daytime and increase during the night. The maximum ATah
between the northern and central stations was 9.02 K at 06:00 before sunrise, while the

minimum was 1.36 K at 12:00 when the angle of the sun becomes more vertical.

5.3.2 Wind Speed
Local urban microclimates are influenced by alterations in wind patterns, wind direction and
speed. High density urban morphology reduces wind speed and increases air temperature
around buildings due to the heating energy trapped between the urban areas. Measurements of
wind speed at all stations in Erbil are shown in Figure 5.7. The central weather station with
high density urban areas recorded wind speeds of less than 1m/s, while the southern weather
station displayed the next lowest, with medium density urban areas compared with the northern
and airport weather stations. Wind speed is higher in rural areas or suburban areas — 3 to 4 m/s
compared to 0.2 to 0.8 m/s in the city centre. Figure 5.7 shows average wind speed from June
to August for Erbil. Wind speed affects Ta significantly, and this phenomenon can be seen

more during the night compared to daytime. Air temperatures at the northern and airport

Average Air Temperature, RH % and Wind Speed For Summer

2015
45.00 40.21
40.00 3784 EL 36.85
35.00 31.08
@ 3000 26.36 26.06 28.25
=
5 e p8s 18.82
2 2000 15.34 =
< 15.00 65 !
10.00 5.0 |
3.6 4.2
5.00 83 pa 0. 993 66 % 40 52 57
0.00 =
Ws
o,
L Rit% m;"s Centra CRetI;tsfa s Rt m,!s Alr or ;::' jr
North North Centra South South P P Airpor
North | | South t

| t
= MAXIUM 37.84 26.36 5.08 38.88 26.06 0.99 40.21 28.25 3.63 36.85 31.08 4.26
= MINIMUM 28.19 11.02 2.00 30.12 520 033 2960 9.43 1.23 2555 6.25 1.69
Differences 9.65 1534 3.08 8.75 20.86 0.66 10.61  18.82 2.40 11.30 24.82 257

Figure 5.8: Average Air temperature, Relative Humidity and Wind speed in June, July and
August 2015 for Northern, Central and Southern stations

187



stations are lower than the central and southern stations, with the wind speeds noticeably higher

at the northern and airport stations (Figure 5.8).

Figure 5.8 shows the average monthly maximum, minimum and difference in air temperature,
relative humidity and wind speed for all locations during June, July and August for Erbil. The
average wind speed at the northern weather station recorded the highest level with 5.08 m/s,
whereas the lowest level was 0.33 m/s documented at the central weather station. The average
wind speeds recorded at the southern and airport weather stations were 3.63 and 4.26 m/s,
respectfully. The average maximum air temperature at the southern and central weather stations
recorded 40.21 and 38.88°C compared to the northern and airport weather stations, which
recorded 37.84 and 36.85 C.

Regarding the three urban weather stations, the general pattern is for the wind speed to
increase during daylight hours and decrease after sunset (Figure 5.8). The airport wind speed
suddenly drops at 09:00 and then rapidly increases and exhibits the same phenomenon at
21:00. This change at 09:00 and 21:00 may have been caused by external not weather-related
interactions. These results indicate that urban microclimate and air temperature depend on
wind speed, corresponding with Morris and Simmonds’ study on UHI. This found that an
increase in wind speed of 1 m/s reduced the UHI variation by 0.14°C (Morris, Simmonds et

al. 2001).

Wind speed reduces the air temperature in the morning and night time, but this reduction was
not considerable from 12:00 to 18:00 for all locations. Wind speed at the airport weather
station does not follow a similar pattern to other weather stations. During daytime and
night time Figure 5.8, shows the wind speeds for all four weather stations. The basic pattern
is low wind speed during the night, which increases during the day. However, the high
urban density surrounding the central weather station significantly reduces the daytime

Increase.
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5.3.3 Relative Humidity

Concerning average relative humidity, the weather stations recorded different figures, with a
maximum of 31.08% and 28.25%, respectively, for the airport and southern stations. The
northern and central weather stations have a similar average in relation to RH with 26.36 and
26.08%, respectfully, as the temperature falls Relative humidity reduces during daytime with
increasing air temperature and increases during the night. The relative humidity values do

not vary much from station to station as shown in figure 5.9.

Average Wind Speed in 01/07/2015 for Northern, Central, Airport
and Southern station
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Figure 5.9 Hourly average wind speed in 1st of July 2015 for Northern, Central and Southern
stations.
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5.4 Summary of weather data for June, July and August 2015

5.4.1 Air temperature

Central and southern weather stations are comparable in terms of air temperature, while there
is a significant difference between these weather stations and the weather station located to the

north of Erbil (Figure 5.10).

During the hottest part of the day, the two weather stations (southern and central) recorded
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Figure 5.10 The maximum and minimum air temperatures for North, Central and South weather
stations in June, July and August 2015.

similar air temperatures, while the northern and airport stations differed. In the early mornings
and evenings, there was a significant difference in air temperature between all four weather

stations (Figure 5.10).

In relation to the central weather station, located within a high density urban configuration, the
solar energy is stored in the urban fabric and this moderates the air temperature, especially
during the evening and earlier morning (Table 5-3). The northern weather station is located
within a low density urban area (Figure 5.10), and may be considered a rural area. Here, the air
temperature falls to below 30°C at night and increases to 45°C at peak daytime (Figure
5.10). This phenomenon is typical for desert climate rural areas. The air temperature at
the southern weather station, whose urban density lies between the central and northern

weather stations, closely follows the central weather station.
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In terms of the urban locations and the relationship between the data for all sites, the weather
stations recorded different values. For simulation reasons, the central and Southern weather
stations were chosen to compare and evaluate results from the ENVI-met predictions because
of two factors. Firstly, the central station with high urban density and southern station located
in medium urban areas which moderates urban air temperature especially during night-time.

Secondly, the validation case studies located withen the high and meduim density urban areas.
5.4.2 Relative Humidity

The maximum relative humidity (RH) at the central and southern weather stations recorded
similar values; they have high and medium urban densities. The northern weather station
recorded higher RH during all the summer months (Figure 5.11). The maximum RH between
all locations was 68.8%, 48.42%, 46.24% and 45.67% for airport, northern, central and
southern locations, respectively (Table 5-4). On 22" August 2015, the airport weather station
recorded a maximum RH of 68.8%, with an average of 34.37%. This is similar to the northern
station. This high level of RH may be related to rain falling on that specific day, because on
the days before, and on, August 22", 63.0% was recorded (Figure 5.11). The northern
weather station is located close to green areas with trees (Figure 5.1), which help to increase
the RH and decrease air temperature by evapotranspiration during the daytime. These green
areas work as an urban park and produce shaded places during daytime. In addition,
green areas help to change the balance of urban surface energy by absorbing latent energy

and reducing soil heat storage (Takebayashi and Moriyama 2009, Hsieh, Jan et al. 2016).

Table 5-4: Average, maximum and minimum relative humidity for four weather
stations (Summer 2015)

Average Airport South Central North
RH % RH % RH % RH %

Max Min | Max Min Max Min Max Min
3437 | 6.98 | 26.58 937 | 26.27 8.88 | 34.49 8.14

Max during all summertime 68.8 | 12.6 | 45.67 17.63 | 46.24 14.75 | 48.42 13.98
Min during all summertime 10.7 32| 13.26 3437 | 14.32 3.856 20.1 3.357
Differences all summertime 58.1 94| 3241 | 14.193 | 3192 | 10.894 | 2832 | 10.623
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Max and Min Relative Humity in June, July and August
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Figure 5.11: The maximum and minimum Relative humidity for North, Central and South station
in June, July and August 2015.
Southern and central weather stations recorded relatively lower RH (17.63% and 14.75%),

because of large masses of concrete in these urban areas (high and medium urban density).
Short wave radiation direct from the sun increases urban surface temperatures and generates a
reduction in RH. The maximum RH was recorded at the airport station, whereas the minimum
RH were 3.2%, 3.35%, 3.41% and 3.85% for the airport, north, south and central weather

stations. There is little variation in the minimum RH values (Table 5-4).

Similar to air temperature, the airport and northern weather stations recorded averages in RH
almost similar at 34.37% and 34.49%, while the southern and central stations documented
26.58% and 26.27%, respectively. This confirms how urban microclimate variables change for

different locations within a similar city and how the density of the urban areas affects the

average RH in a city with a hot/dry climate.

5.4.3 Wind Speed

Wind speed and direction were measured at all three locations continuously using Campbell
sensor 5106, at a height of 2metres. Figure 5.12 shows daily maximum and minimum wind
speeds at the Northern, Central and Southern weathers stations. The maximum wind speed

recorded was 11.6 m/s at the Northern weather station, while the minimum wind speed was
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between 0.00 to 0.33 m/s at Central weather station. Commonly, wind speed in Centre of Erbil
city are very low compare to Airport, Northern and Southern parts of the city reflecting the

density of central urban area (Table 5-5).

Table 5-5: Average, maximum and minimum wind speed for four weather stations (Summer
2015)

Airport | Central | North | South
Max 7.46 351 | 11.60 | 6.58
Min 0.10 0.00 0.00 | 0.00
Average 3.78 0.55 5.8 2.83

In general, regarding summer 2015, the average maximum wind speed ranged between 1.27 to
11.60 m/s for the northern weather station, medium wind speed range for the southern weather

station 1.7 to 10.01 m/s and for the central weather station, lowest wind speed ranged between
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Figure 5.12: The maximum and minimum Wind Speed for North, Central and South station in
June, July and August 2015

1.53 to 3.05 m/s for all three summer months (Figure 5.12).

The prevailing wind direction for Erbil is from the south-west primarily and west partially.
Regarding the northern weather station, located in a low density urban area, wind speeds will
be at maximum value during all the summer months. The southern weather station, in the south-
west of the city in a medium density urban area, recorded an average 2.83 m/s. The central
weather station had the lowest wind speeds with an average 0.55 m/s during summer as regards

the high urban density (Table 5-5).
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From analysing the four weather stations in different locations of the city (northern, airport,
central and southern) and presenting the data hourly, daily and monthly for three microclimate
variables (wind speed, air temperature and relative humidity), the urban microclimate is
moderated by urban density in different ways. For example, wind speeds in rural and suburban
areas recorded higher levels compared to the city centre with high urban density during day

and night times.

The results reveal that each specific location has its own urban microclimate. The airport and
northern weather stations are almost the same (low urban density), while the southern and
central weather stations (high and medium urban density) recorded similar variables when
compared. As previously mentioned in Section 5.4.1, for simulation reasons and the use of
ENVI-met, the central and southern weather stations were chosen as the initial input data and
to evaluate the modelled variable prediction. The central and southern weather stations
represents an urban microclimate for high and meduim urban morphologies in Erbil because
of two factors. The central weather station is located in a high density urban area, and the
Southern weather station is located in a medium to low urban density. The area around the
central weather station is a mature site and unlikely to see further development, whist area

around the southern weather station is being developed.
5.5 Climate Simulation

The methodology of the thesis mainly contains four phases: collection and analysis of
local urban weather data, local urban microclimate modification, individual building
modification. In this phase of the study, the ENVI-met numerical simulation program was
used to shape and define a microclimate model that matches the real microclimate of
Erbil by means of validation; however, building such a microclimate model is very
difficult and complex. The ENVI-met programme is relatively modern and used by the
majority of researchers in this field. In addition, ENVI-met is not a well-established
programme, but a research tool that requires interpretation of the output data. ENVI-met is
analytical software. Fundamentally, the model geometry incorporates air flow, heat balance
and climate simulation with consideration of the physical geography of a location in order to
predict urban climates. This study will simulate wind speed and air temperature in an urban
morphology and validate this against data observed in an urban area of Erbil (using central
and southern weather data). To validate air temperature, the research proposed by Willmott

(1982) based on systematic and unsystematic errors will be used.
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The study used an ENVI-met model to simulate the microclimate model of a modern urban
area in a hot/dry city. It was difficult to control input data related to the model simulation, such
as relative humidity and soil moisture availability. The model was run for 96 hours to check
the performance of the software; it took 15 days to run and the output was imprecise. This is
because of the continuing input of heating energy into the model, which caused the model to
gradually heat up. The microclimate model (ENVI-met) experienced various problems during

the simulation such as:

1. Running time: to model 96 hours, the model needed 15 days
2. Input data: the model result changes enormously with small changes of input data
3. The model heats up gradually. For these reasons, the model must be validated with

observed data from an urban area (central weather data).

As the program is primarily a research tool, it does require time to build expertise in using the
software. Numerous problems were encountered and many false starts made, and so help and

advice was sought from other users outside the UK, and by accessing a user forum database.
5.6 ENVI-met

ENVI-met is a three dimensional program that simulates and analyses urban microclimate
environments. The typical resolution of the ENVI-met microclimate model is 0.5 metres to 10
metres (Huttner, Bruse et al. 2008). It uses fluid dynamic fundamental laws to calculate the
dynamic of the microclimate of urban areas during day and night (Huttner 2012). This study
selected ENVI-met 4.1.0 to simulate the urban microclimate model, developed by Bruse in
2010. ENVI-met simulates soil, surfaces and vegetation within an urban scale canopy layer
(Chow and Brazel 2012), and can accurately simulate the physics of atmospheric boundary
layers of any urban area around the world (Bruse 2004). Simulation is normally between 24—
48h, with ten seconds as the maximum time step. The model can also present the energy balance
for all types of urban surfaces, for example buildings and plants. ENVI-met can simulate the
interactions between urban elements such as weather, soil, plant and buildings on an urban
scale (Bruse 2004). Every single structure or building, vegetation, and soil layers can be
simulated. These properties enable ENVI-met to be the ‘perfect tool’ for researchers and
designers for both planning and urban design processes. ENVI-met contains the following sub-

models (Huttner 2012):

1. 1 D boundary model represents the boundary conditions between 0 to high 2500m

2. 3 D atmospheric model signifies building structures and plants
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3. 3D/1D soil model represents soil temperature and moisture content in different layers.

The program calculates interaction between urban elements (weather data, soil, vegetation and
building materials) on a microscale level, and has been well studied and validated by different
researchers around the world. ENVI-met is good as a research tool to predict local urban

microclimates and simulate future mitigations during the design process.

It must be emphasised that ENVI-met is a research tool that is under development and is
updated regularly, and has some limitations which inhibit the accuracy of the prediction

process. The major limitations of the program are shown in the list below:
1. Turbulence

ENVI-met has a tendency to overestimate the turbulent production of the flow around
buildings. The local exchange coefficient (k) and the diffusion coefficients (€) used by ENVI-
met can be responsible for high acceleration or deceleration of the wind flow. There is some
research on mitigation of k-&, but these modifications need reprograming in ENVI-met, which
is not applicable or causes lower k near the stagnation points. In addition, Hong Jin (2017)
observed that if the initial wind speed (input data of wind speed) is lower than 2m/s, the
program perfectly matches the measured wind, while if the initial wind speed is higher than

2m/s, the modelled wind speed is slightly higher than the measured wind speed.
2. Radiation

The ENVI-met program is the only program that simulates all three radiation elements together
(analysis tools to calculate distribution of short-wave direct, diffuse and reflected solar
radiation), although this calculation does not perfectly simulate radiation fluxes. Firstly, the
program considers both upward and downward diffuse radiation as similar. Secondly, plants
appear not to be influenced by Short Wave Diffuse Radiation (SWDR) in terms of absorption
and creation. Thirdly, Short Wave Radiation generated via the ground and plants is not
considered. Finally, average instead of individual surface temperature is used to estimate
objects (surfaces and plants). This leads to an overestimation of colder surfaces and

underestimation of warmer surfaces.
3. Soil model
The programme cannot simulate the irrigation process relating to soil and plants.

4. Fair Weather Model
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The program cannot simulate environment below freezing point or conditions where
precipitation exists. Many studies have validated the ENVI-met outputs. For example, Samaali
et al. (2007) simulated a radiative model using ENVI-met. In addition, using the ENVI-met
program requires the user to have some background knowledge concerning the program’s
limitations and atmospheric physics to be able to assess the quality of results and run the model

efficiently.

The unique abilities of the program have encouraged a large number of researchers to assess
and validate results to produce new hypothetical scenarios for urban designs and the future
development of cities. So far, ENVI-met is one of the only free available programmes that can

numerically simulate the urban microclimate with this range of accuracy.

5.7 Erbil City Climate Simulation
According to the literature review, microclimate researchers have made use of two approaches

to study the UHI effect:

a. The first approach is termed ‘observational approaches’. These types of studies use data
from in situ measurements, remote sensing, and wind-tunnels to measure outdoor
microclimates

b. The second approach is known as the ‘Simulation approach’ and employs

Computational Fluid Dynamics (CFD).

This study used the second approach to simulate an urban microclimate and compared the
modelled data with observed data by means of validation. In addition, this approach can
compare any relevant or irrelevant variables to produce new scenarios. However, the main
disadvantage in relation to simulation is the application of several simplifications to model a
complex urban microclimate dependent on fluid dynamic calculations. Therefore, an
understanding of building physics and ‘careful validation’ is essential. Building a microclimate
model that matches the real environment is very complex. Fundamentally, the geometry of the
model incorporates air flow, heat balance and climate simulation in consideration of the

physical geography of a location in order to predict urban climates.

This study simulates and validates air temperature in two urban morphologies® (high and
medium density). The study validates the model in two ways: through direct comparison

between observed and modelled air temperatures in two urban areas of Erbil (central and

2 Urban morphologies: Housing urban area well discussed in chapter 4.
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southern weather data stations); and, analyses based on systematic and unsystematic errors
between observed and predicted air temperatures as proposed by Willmott (1982). The model
was run for 96 hours (4 days), and the simulation took 15 days to run. The first 24 hours is
discounted as this allows the initial conditions to be worked through. The second 24 hour period
was used for analysis. Running the program saw a gradual heating up of the microclimate, so
after 48 hours the results were erroneous and not used. The ENVI-met input data should be
well studied and analysed prior to use, because the programme is designed to simulate local
urban microclimate using initial input data (a specific area in the city). During this research
time, we found that using airport data (airport weather stations) does not represent all of the
city’s urban microclimate or a specific case study area. For this reason, the input data should

be taken from inside the study area and not weather stations outside the city.

5.8 Validation the Microclimate model
To create a digital model representation of Erbil’s microclimate, the ENVI-met simulation

program was used. Moreover, two case studies were used to validate this model. Most studies
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Figure 5.13: ENVI-met model validation
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have validated the ENVI-met model through direct comparison between modelled and
measured air temperature, while other studies employed root mean square error (RMSE) and
index of agreement (d). In this study, the validation process of the environmental model used
both methods to carefully validate the simulations. Figure 5.13 shows the process of validation
for both case studies, and the comparison approach plots measured, predicted and then

calculated the correlation between the two sets of data.

The Willmott methodology defines the systematic and unsystematic errors and index of
agreement. Systematic errors can be thought of as a constant or proportioned variant between
observed and predicted, whilst the unsystematic errors may be considered as unpredictable
fluctuations in measurement by the instruments used at the weather stations and inconsistencies
in computer code or algorithms. The index of agreement developed by Willmott (1981) is a
standardised measure of the degree of error between the predicted and observed values and
varies between 0 and 1. A value approaching 1 indicates good agreement, whilst a value

approaching 0 indicates no agreement.
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Figure 5.14: Position of the case studies in Erbil
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Air temperature was modelled in two different locations as shown in Figure 5.14. The first
located is in a high density urban development near the city centre, while the second located is

in the south of city is a medium density urban development (Figure 5.14).

For any ENVI-met model, the user needs the initial input data to create a configuration file and
(initial metrological conditions). To precisely model the local urban area, this study used two

different sets of initial data taken from south and central weather stations (Figure 5.14).

5.8.1 Case Studyl- Tradition Urban Morphology (High density)

This case study is located in the central part of Erbil (36.17° N, 44.01° E). The area of study
is 1200m x 1200m, which is a mixed urban area with open green areas. The location has high
density traditional urban form and modern developments, such as the stadium in the north-
west. The streets between residential blocks are 10 to 12 metres wide, with widths of 15 metres
for the main streets and 30 to 40 metres for the ring roads. The blocks are directed toward the
centre of the city (citadel)
(Figure 5.15).
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The central weather station is
located in the northern part of
the simulated area, as shown in
Figure 5.15. The site is located
between two ring roads of 60

metres and 40 metres. The

1200 m
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residential blocks are divided

horizontally and vertically or
rotated 45 from the north. Open
green areas can be seen in
various sizes and shapes
between housing blocks (Figure
5-15). The two main open green Figure 5.15: Case Study 1 urban configuration. Red circle

spaces are the stadium, which is  represent Central Weather Station

north of the weather station, and the park, which is east of it (Figure 5.15).

By simulating this site, we can predict the local urban environment for areas around the city
centre with high density urban development and use high quality measured data collected from

inside the simulated urban area as initial data (input data) (
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Table 5-6). Figure 5.16 has the ENVI-met physical model on the left with an aerial view of
the area to the right.

Table 5-6: ENVI-met input data for case study 1.

Parameter Units Values
Initial air temperature ce 33.62
Wind speed m/s 0.55
Wind direction 0 from the north and 180 from the | 225°
south
Relative humidity at a 2m height % 15.4
Specific humidity at top of model 2000m g/kg 4
Maximum air temperature at 15:00 Cc° 40.15
Minimum air temperature at 05:00 Cce 26.27
Soil temperature at a depth of (K)
5. 00to5cm 311.23
8. 20to50cm 306.07
3. 50to 200 cm 300.77
8. Below 200 cm 298.81
Building fabric used in ENVI-me model
Urban blocks
Materials Reflectivity Emissivity Height
Walls layers (From inside to outside)
4. Gypsum (2 cm) 6.40 m
3. Hollow concrete blocks (20 cm) 0.73 0.9
8. Cement rendering (2 cm) 0.35 0.9
Roofs layers (from top to bottom)
4. Concrete tiles (10 cm) 0.5 0.9
3. Fine soil (10 to 15 cm) 0.53 0.89 +6.40 m
8. Reinforcement concrete (20 cm) 0.8 0.91
Pavements types
4. Road Asphalt 0.19 0.9 1 02m
3. Concentrate pavement 0.29 0.9
8. Green areas (grass) 0.26 0.9
Shading mesh
Shade mesh 0.4 0.07 +7.0m
Building Properties
Parameter Units Values
Inside Temperature K 297
Heat Transmission Walls W/m?K 0.74
Heat Transmission Roofs W/m2K 0.67
Albedo Walls 0.3
Albedo Roofs 0.15
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Figure 5.16: Case Study 1 Illustrates the ENVI-met physical model on the left with an aerial view
of the area to the right

5.8.2 Microclimate model evaluation of Case Study 1
This section evaluates air temperature prediction accuracy by comparing data from the central
station (measured data) with the ENVI-met results (modelled data) for 01/07/2015 (Figure
5.17). The maximum air temperature at the central station was 40.12°C recorded at 16:00 over
an 18 hour observation period, while the maximum air temperature for the ENVI-met model
temperature was 39.54°C (Figure 5.17) recorded at 15:00 for the observation period.

Compare between measured and simulated air temperature using
ENVI-met.
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Figure 5.17: Modelled and measured air temperature for Case Study 1
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In general, other researchers have established that the ENVI-met model underestimates the
minimum and maximum air temperatures (Chow, 2012). To evaluate the accuracy of the
modelled air temperature, we used Willmott’s (1982) methodology, as discussed previously

(see the Methodology chapter).

Figure 5.18 plots the measured against the predicted air temperature. The correlation is 0.8735,
which indicates strong agreement between measured and predicted air temperature. The value
of Mean Bias Error (MBE),® Mean Average Error (MAE)* and RMSE® were acceptable with
low magnitudes (0.79, 1.45, and 2.58), respectively. The RMSE Root mean square error
Systematic (RMSEs)® and Unsystematic (RMSEu) is given with a lower magnitude for the
latter (Figure 5.18).

Evaluation of ENVI-met model in 18 hours
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Figure 5.18: Correlation and index of agreement for modelled and measured air temperature
in 18 hours

31. If the absolute value is not taken (the signs of the errors are not removed), the average error becomes the mean
Base Error (MBE) and is usually intended to measure the average model bias, as positive and negative values can
cancel each other, resulting in a lower prediction of error.

4 The Mean Absolute Magnitude Error (MAE) measures the average magnitude of its error in a set of predictions
without considering their Root Mean Square Error.

5 The RMSE is a quadratic scoring rule that also measures its average magnitude of the error.

6 The Root Mean Square Error has two components: specifically a systematic element, which is consistent with
deviation between predicted and observed,. The second element of the RMSE is unsystematic errors, produced by
the predictive process and measurement of the observation. A low RMSEu value is desirable.
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For more specific results regarding the validation process, this study evaluates daytime (08:00

to 17:00) at the specific station (Figure 5.19). Previous studies have indicated that ENVI-met

overestimates and underestimates microclimate data. For this study, daytime modelled data is

the core of this study, and therefore daytime air temperature was evaluated for both case

studies.
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Figure 5.19: Modelled and measured air temperature for Case Study 1 during daytime hours

The correlation for the daytime prediction yielded a much closer relationship between

measured and predicted. For daytime simulation, the values of Mean Bias Error (MBE), Mean

Average Error (MAE) and (RMSE) were more acceptable and with lower magnitudes than the
18h simulation. MBA, MAE and RMSE were 1.05, 1.62, and 1.98, respectively. The Root
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Figure 5.20: Shows the correlation and index of agreement for modelled and measured air
temperatures during daytime hours only
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mean square error Systematic RMSEs was 2.52 and Unsystematic (RMSEu 1.09, with a lower
magnitude for the former than the prediction of 18 hours (Figure 5.20).

Table 5-7: ENVI-met validation for case study 1 using ENVI-met program (day time and 24
houses)

For both the 18 hour simulation and day-time (08:00 to 17:00) simulation, the ENVI-met (P)
modelled data exhibited generally ‘good agreement’ in contrast to observed data for the central
station (O), both correlations (r*=0.87) for 18 hours and (r*= 0.92) for daytime (08:00 to 17:00).
In addition, the index of agreement (d= 0.89) and (d= 0.99) for both 18 hours and the daytime
period is good (

Table 5-7). The index of agreement (d) is 0.89 and 0.99 indicates that the ENVI-met model
captured measured data well (air temperature) during the 18 hour period and very well during
the daytime (08:00—17:00). The 18 hour simulation comprises a large Systematic Root Mean
Square Error (RMSEs) at 2.58 compared to daytime of 2.52.

For the 18 hour case simulation, modelled air temperature at a height of 2m underestimated
afternoon (15:00 to 21:00) and overestimated night-time and early morning. The model showed
better agreement during daytime simulation with limited over and underestimation. Day time
(08:00 to 17:00) simulation has limited overestimation and this becomes less as the model

continues to run into the afternoon, until the model equals simulated air temperature at 15:00.

Validation Air temperature results (ENVI-met) compare to Central station
variables | 18 hours | Day time (08:00 to 17:00)

1 | Average ENVI-met predication P 36.46 37.56

2 | Average Observed (measured) data | O 35.62 36.50

3 | Correlation r? 0.87 0.92

4 | Mean bias error MBE 0.79 1.66

5 | Mean average error MAE 1.45 1.66

6 | systematic Root mean square error RMSEs | 2.58 2.52

7 | Unsystematic Root mean square error | RMSEu | 1.12 1.09

8 | Index of agreement ’ d 0.89 0.99

In the late afternoon, the model starts to underestimate the observed air temperature (Figure

5.19). The model showed underestimation during daily peak temperature and overestimation
at night-time, because it (ENVI-met) cannot predict the thermal mass phenomenon at night and

during the early morning. These results correspond with a study completed in Phoenix,

7 Index of agreement proposed by Willmott measures the overall accuracy of the prediction process and ranges
between 0 and 1, with 0 being poor predictions and 1 excellent predictions.
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Arizona, which found an overestimation of results after midnight and early
morning. Furthermore, regarding underestimation, the results obtained in Phoenix are
partially in agreement with the result of this study, which found that ENVI-met
underestimated afternoon to midnight (Chow, 2012).

Chow (2012) modelled two urban areas of Phoenix, Arizona. One of these areas bordered
a large recreational park. The park influenced the weather station but was outside the
modelled area and had no influence on the prediction. The other modelled area had no
external influences and achieved satisfactory agreements. The results generally
overestimated the night and underestimated daytime air temperature modelled using ENVI-

met.

ENVI-met overestimation of air temperature during night-time and early morning might
be because of the limited ability of ENVI-met to model the heat storage of individual
buildings. Moreover, indoor air temperature is equal to all the buildings in the ENVI-met
model and this temperature is constant throughout the simulation period. In addition, the one
dimension soil model used by the ENVI-met model cannot cope with horizontal heat
transfer within the ground because that underestimation might have occurred during late

afternoon (Figure 5.19).

5.8.3 Case Study 2: Modern Urban Morphology (medium urban density)
This case study is located in the southern part of Erbil (36.2063° N, 44.0089° E). The area
of study is 1200m x 900m which contains three types of buildings: commercial, residential
and public services (Figure 5.21 - A). The study uses a residential area as the main
target. As showed in the most case studies in chapter 4 and for this case study, the local
streets have 12 metre widths between residential blocks and 15 metre widths for the main

streets (Figure 5.21 - B).
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1200 m

Figure 5.21: Case study area to the south of the city centre

The case study area is considered a modern urban development. The urban area was designed
by local architects and planners employed by Erbil’s Governor (government projects®). The
design is based on poor urban planning guidelines issued in Baghdad in 1967 (see Chapter 4),
which divided the area into a grid of individual blocks and each block into a variety of 200m?
plot arrangements (Figure 5.21-A). Street alignment is north-south, east-west without any

concern for climatic and environmental approaches (Figure 5.21-B).

The southern weather station is located to the south of the simulated area, as shown in (Figure
5.22). The site is located on ring road 100m. It consists of open green areas of various sizes
randomly distributed between housing blocks. The main open spaces are situated in the
northern part and other green areas distributed across the location (Figure 5.21-A). By

simulating this site, we can predict local urban environments for modern urban areas far away

8 Government projects: This type of housing projects well described in chapter 4.
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from the city centre. The site has medium urban density development and measured data from

the southern weather station located near the simulated urban area will be used (Figure 5.22).
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Figure 5.22: Southern Weather Data Station locations in Erbil City

This case study will be used to address the model the urban microclimate of this part of the city

and analyse it .
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Table 5-8: ENVI-met input data for Case Study 2

Parameter Units Values
Initial air temperature Cce 36.33
Wind speed m/s 3.00
Wind direction 0 from the north and 180 from the south | 225°
Relative humidity at a 2m height % 14.5
Specific humidity at top of the model 2000m g/kg 5
Maximum air temperature at 15:00 (O 41.41
Minimum air temperature at 05:00 Cc° 22.18
Soil temperature to a depth of (K)
9. 00to5cm 311.23
10. 20 to 50 cm 306.07
11. 50 to 200 cm 300.77
12. Below 200 cm 298.81

[ JResident «
I Green
.| Commer
[ |General

Figure 5.23: Real urban plan and configuration model using ENVI-met (left), Zhyan

district area on the right
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5.8.4 Microclimate model evaluation for Case Study 2
This section evaluates the accuracy of air temperature prediction for Case Study 2 with medium
dense urban development by comparing data from the southern weather station (measured data)
with ENVI-met results (modelled data) for 1 July 2015 (Figure 5.24). The maximum air
temperature at the southern station was 41.41°C recorded at 17:00 during a 24 hours
observation period, while the maximum air temperature for ENVI-met modelled air

temperature was 39.13°C at 15:00 (Figure 5.24).

Comparsion between Measured and Modelled Air Temperature
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Figure 5.24: Case Study 2. Modelled and measured air temperatures for Case Study 2

In general, Chow (2012) and other researchers have established that the ENVI-met air
temperature model underestimates or overestimates the minimum and maximum temperatures
depending on time of day. To evaluate the accuracy of modelled air temperature we used
Willmott’s (1982) methodology, which uses systematic and unsystematic root mean square
(RMSEU/RMSEU). ENVI-met 4 was used to model medium urban density (Case Study 2), as
shown in Figure 5.23 with input data taken from the southern weather station, as indicated in

Table 5-8.

Figure 5.25 plots the measured air temperature against predicted for the 24 hours period and
yields a correlation coefficient of 0.7901. The values of Mean Bias Error (MBE), Mean
Average Error (MAE) and RMSE were acceptable and had low magnitudes (2.94, 4.34, and
5.29), respectively. The Root Mean Square Error Systematic (RMSEs) was 5.05 and RMSEu

1.72, giving a lower magnitude for the former, as desired (Figure 5.25).
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Evaluation of ENVI-met Model during 18 hours
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Figure 5.25: Correlation and index of agreement for modelled and measured air temperature
for 18 hours

This study also evaluated the daytime (08:00 to 17:00) validation for Case Study 2 using the

southern weather station.

Comparision between ENVI-met Modelled Temperature and South Station
data observed data during day time (8:00 to 17:00)
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Figure 5.26: Case Study 2. Shows the Modelled and Measured air temperature during daytime
(7:00 to 18:00)

For daytime air temperature (08:00 to 17:00), the maximum air temperature at the southern
station was 41.36°C recorded at 15:00 for the daytime hours observation period, while the
maximum air temperature for the ENVI-met modelled air temperature was 39.13°C (Figure

5.26) at the same time. Figure 5.27 shows the relationship between measured and modelled for
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the daytime period and is similar to the first case study, where the correlation coefficient

increased to 0.8523.

For daytime simulation (ENVI-met), the values of Mean Bias Error (MBE), Mean Average
Error (MAE) and RMSE were more acceptable with lower magnitudes than the 24 h simulation
(southern Case Study 2). MBE, MAE and RMSE were 2.14, 0.79 and 2.80, respectively. The
Root Mean Square Error Systematic (RMSEs) was 2.68 and Unsystematic (RMSEu) 0.45. A
lower magnitude for the former is desired and shows an improvement on the day time

prediction (Figure 5.27).

Evaluation of ENVI-met Model for day time hours ( 8:00 to 17:00)
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Figure 5.27: correlation and index of agreement for modelled and measured air temperature
during daytime (07:00 to 18:00) — Case Study 2

In relation to Case Study Two, both the 24 hours simulation and daytime simulation (08:00 to
17:00) and the ENVI-met (P) modelled data showed generally ‘acceptable agreement’ compare
to observed data in southern station (O), both correlation (r* = 0.79) for 24 hours and (r>= 0.85)
for daytime (08:00 to 17:00). In addition, the index of agreement is (d= 0.78) and (d= 0.99) for
both the 18 and daytime period, respectively (Table 5-9).

The index of agreement (d) is 0.79 and 0.99 indicates that the ENVI-met model is capturing
measured data (air temperature) during the daytime better than the 24hours simulation. In both
cases, (d) is considered to be well representative of the case studies. The 24 hours simulation

had a higher Systematic Root Mean Square Error 5.05 compared to day time of 2.68.
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Table 5-9: ENVI-met validation for Case Study 2 using the ENVI-met program (daytime and 24
hours)

Validation of air temperature results (ENVI-met) compared to the south weather station
Variables | 18 hours | Day time (08:00 to
17:00)

1 | Average ENVI-met predication P 33.81 37.28

2 | Average Observed (measured) data 0 30.99 36.28

3 | Correlation r? 0.79 0.85

4 | Mean bias error MBE 2.94 0.79

5 | Mean average error MAE 4.34 2.14

6 | Systematic Root Mean Square Error | RMSEs | 5.05 2.68

7 | Unsystematic Root Mean Square | RMSEu | 1.72 0.45

Error
8 | Index of agreement d 0.78 0.99

Simulation Case Study 2 with medium urban development for 24 hours, using ENVI-met to
model air temperature at a height of 2m, reveals that modelled air temperature was
underestimated during the afternoon from (15:00 to 21:00) and overestimated at night and from
early morning to afternoon (Figure 5.24). This result corresponds with the study undertaken in
Phoenix, which found overestimated results after midnight and early morning. The model
showed underestimation during daily peak temperature which starts at 13:00 and reached a
peak at 17:00, the hottest time during the 24 hours period. This underestimation decreases with
sunset. After sunset the overestimation starts at night and increases gradually to reach its peak
in the early morning (06:00) and converges to disappear at noon (Figure 5.24). This
overestimation of the air temperature occurs because the ENVI-met model cannot predict the
thermal mass phenomenon at the night-time and early morning. In real environments, urban
elements absorb heat energy during the daytime and release this heat after sunset until a balance
is reached. Moreover, air temperature drops from midnight to sunrise (in summertime). ENVI-
met cannot correctly model this phenomenon. Additionally, regarding underestimation, the
Phoenix results are partially in agreement with the results of this study, as they found that the
ENVI-met model results underestimated the period from afternoon to midnight. The limitation

of this study is daytime during summer months only.

The ENVI-met air temperature model confirmed a better agreement during daytime simulation

(08:00 to 17:00) with limited over and underestimation compared to the 24 hours simulation.

In addition, Middel (2013) explained that the ENVI-met overestimation during night-time and

early morning regarding air temperature might be because of the incapability of ENVI-met to
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incorporate veering winds (wind speed and wind direction). Even though the ENVI-met
configuration file takes into account wind speed and direction, this remain stable during the
simulation process. The warm or cool atmosphere caused by thermal wind systems is not
considered by the ENVI-met model. Thus, the thermal wind phenomenon that warms or cools

the local environment us not considered by ENVI-met.

5.9 Summary of the validation process

In this study, two cases were evaluated and validated: the central and southern case studies.
The main differences are local microclimate and urban development densities. Central Case
Study 1 (traditional) investigates the microclimate of a high urban density area close to Erbil
citadel, while the southern Case Study 2 (modern) represents existing and future medium urban
development of the city between the ring roads® (150m and 200m) (Figure 5.14).The simulation
employed ENVI-met and was run for 96h. However, only the second 24h were used due to
software limitations in the first 24h of the simulation. The results show that the central Case
Study 1 has a better index of agreement than the southern Case Study 2. In addition, both case
studies represent a ‘good agreement’ between modelled and measured (observed) air
temperature using a direct comparison with microclimate data from the weather stations, using
Willmott’s methodology (Willmott 1982). The validation process for the microclimate
simulation involved overestimation and underestimation of modelled data compared to
observed data from site. This discrepancy might be a systematic or unsystematic error.
Moreover, ENVI-met can cause other discrepancies as a result of the limitation of the program
to model all microclimate elements. Thermal mass, heat storage, soil and air temperature, wind
veer and thermal wind system etc. are not thoroughly simulated by ENVI-met and are beyond
the capability of the program. The results of the validation are compared with the observed
temperatures and other studies which used a similar approach within similar urban
microclimate regions, such as the study conducted in Phoenix, Arizona, which has a

microclimate that is similar (hot/dry).

In conclusion, the validation of this study concerning different urban developments in Erbil
was considered adequate. In general, microclimate elements, such as the air temperatures of
both case studies, were well captured in the simulation and showed a high index of agreement
(d). The results of the validation show good agreement during daytime rather than the 18h/24h

simulation. Starting with the validated model, this research employed southern Case Study 2

° Ring roads 100m and 150m: These roads are disrobed in chapter 4 and we showed how these roads have an
impact of current development of Erbil.
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as a base case to produce other design scenarios, with the aim of enhancing the local urban

microclimate around residential buildings in Erbil.
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6.1 Introduction
In Chapter 5 the modelling of the urban micro climate using ENVI-met was investigated and
validation undertaken. In this chapter, ENVI-met will be used to investigate the impact of

different urban morphologies on the urban climate. Four studies will be performed.

The first study will compare a modern grid-iron to a traditional urban morphology. For the
grid-iron morphology, the more road structure would allow greater air movement but provide
less shade. Whist the traditional morphology will restrict air movement but will have better

utilisation of shade.

The second study will investigate the effect of prevailing wind direction has on a wind speeds
within a grid-iron morphology. Here a proposed development, (Section 5.8.3), was selected,
this development was scheduled to be constructed in the Southern part of Ebril, close to the
Southern weather station) (Figure 6.13). The grid-iron morphology is aligned with the rad
pattern, North- South and East-West. Three wind directions were chosen, winds from the
South, South-West and the West. These directions can be mirrored or translated to represent

wind directions from all the cardinal points.

The third study takes the grid-iron urban morphology studied in the previous section and
investigates a series of design interventions that could be made in the urban grid. The urban
grid was divided into three zones, but only one zone was subjected to these interventions. This
allowed the study of the impact of an intervention on the adjacent zones to be made. Three
interventions were undertaken, the first increased the number of open spaces, the second
increased the East-West canyon widths and the third intervention, placed green areas around
the housing blocks. The aim of these interventions was to minimise air temperature around
buildings and maximise wind speeds within the urban grid. By reducing the air temperature
around buildings, the heat gain would be reduced, thus reducing the amount of additional
cooling required. Maximising wind speeds helps to promote ventilation and this again will

reduce the additional cooling load that maybe required.

In the final study, the impact of shading will be investigated. In a hot, dry climate, shade either

by vegetation or man-made devices is a well-established principle to reduce direct.
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6.2 Compare between Grid-iron and Tradition urban Morphology.

Note: At the time of undertaking this part of the study in 2016, the original intention was to
travel to Erbil to measure climate data. Due to security reasons, this plan was not executed.
The sourcing of climate data used in the previous researches was problematic and time
consuming. To gain experience in using ENVI-met, the airport climate data were used, and
these included higher wind speed compared to the more urban-based weather stations described

previously.

This section of study was not repeated after validation, because it take long time to re-simulate.
This part of study was undertaken to gain experience with the model, and the higher wind speed

were used because it was the only climate data available at that time.

This part of study is not in chronological order with previous part of study. The findings of this
section are qualitatively correct, but quantitatively is slightly different. It is used to get familiar
with the urban microclimate and using the model proess. This scenarios was not repeated after
validation, because it is a comparison study and the magnitude of wind speed can be changed,

but the relationship between the morphologies (Grid-iron and Tradition) are valid.

This section compares two scenarios from urban areas in Erbil using ENVI-met. The simulation
is concerned with residential block areas in two different urban morphologies (traditional and
grid-iron). The proposed grid-iron morphology comprises plot areas of 200m? and 10m canyon
widths (Figure 6.1). The site contains residential blocks and attached houses. Each block has
26 housing units, comprising two floor buildings with 6 metre high units. The houses are open
at the front only, while the other three directions are attached to other units. The construction
materials for building consist of hollow concrete blocks (40cm x 20cm x 20cm) for walls and
reinforced concrete slabs for ceilings. The street is covered by a layer of asphalt. The air
temperature was measured for both scenarios at six positions (east-west and north-south) at a

height of 1.8 metres Figure 6.4.

“The water and vegetation factors are eliminated by excluding them from the simulation
models. This is to ensure that factor of urban configuration is strictly the influencing factor of

urban microclimate temperature variation’’(Taleb and Abu-Hijleh 2013).
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Figure 6.1: The residential blocks, 200 m? plot area and 10m canyon widths

The traditional morphology has different plot areas that are more or less than 200m? and
different canyon widths, typically less than 5Sm. The investigated site is a high density
residential block with attached houses (Figure 6.2). Most of the houses have one floor in
general, 4 metres high, whilst the housing units’ have courtyards surrounded by rooms. The
houses are open to the central courtyard connected by an entrance only. The construction
materials are bricks for load bearing walls (24cm x 12cm x 8cm) and wood or steel (I Section),

with bricks for the ceiling. The streets are covered with concrete or bricks.
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Figure 6.2: The residential blocks of traditional urban morphology, with different plot areas and
canyon widths

ENVI-met was used to simulate both case studies with input data shown in Table 6-1.

Figure 6.3: The ENVI-met model and samples for all scenarios for both traditional and Modern
urban morphologies
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Table 6-1 : ENVI-met input data for both modern and traditional urban morphology cases

Parameter Units Values

Initial air temperature (O 33.62

Wind speed m/s 0.55

Wind direction 0 from the north and 180 from the | 225°

south

Relative humidity at a 2m height % 15.4

Specific humidity at top of model 2000m g/kg 4

Maximum air temperature at 15:00 Cce° 40.15

Minimum air temperature at 05:00 (O 26.27

Soil temperature at a depth of (K)

1. 00to5cm 311.23

2. 20to 50 cm 306.07

3. 50t0200cm 300.77

4. Below 200 cm 298.81
Building fabric used in ENVI-me model

Urban blocks

Materials Reflectivity Emissivity | Height

Walls layers (From inside to outside)

1. Gypsum (2 cm) 6.40 m

2. Hollow concrete blocks (20 cm) 0.73 0.9

3. Cement rendering (2 cm) 0.35 0.9

Roofs layers (from top to bottom)

1. Concrete tiles (10 cm) 0.5 0.9

2. Fine soil (10 to 15 cm) 0.53 0.89 +6.40 m

3. Reinforcement concrete (20 cm) 0.8 0.91

Pavements types

1. Road Asphalt 0.19 0.9 L 02m

2. Concentrate pavement 0.29 0.9

3. Green areas (grass) 0.26 0.9

Shading mesh

Shade mesh 0.4 0.07 +7.0m

Building Properties

Parameter Units Values

Inside Temperature K 297

Heat Transmission Walls W/m?K 0.74

Heat Transmission Roofs W/m?K 0.67

Albedo Walls 0.3

Albedo Roofs 0.15
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This section of the study compares the two urban morphologies (Figure 6.3). For research
purposes and further investigation on local urban microclimate, two variables were analysed:

air temperature (C°) and wind speed (WS m/s).
The proposed scenarios were divided into two sections to test the two variables:

1. Wind direction: Three wind directions (180, 270 and 225). This scenario is applied to both
traditional and modern morphologies (Figure 6.3).

2. Canyons widths: Three different widths (10 m, 15 m and 20 m) were applied to the modern
morphology only (Figure 6.3).

Note: Only one scenario' will be presented in this chapter. The rest of the data can be seen in
the Appendix I. Both studies will be presented as shown in Table 6-2. The simulation period
is 24 hours for 1% July, 2015. Wind direction applied is 225° from the north.

! This scenario comprises 225 wind direction and 10 m canyon widths for the modern morphology. The other
scenarios can be seen in the Appendix I.

Three cases of wind direction applied over a residential block for both traditional and modern morphology. The
modern morphology case also investigated three canyon widths 10m, 15m and 20m. The different wind directions
are 180, 270 and 225 from the north.

222



Table 6-2: ENVI-met outputs with data from two case studies traditional and grid-iron 1
ENVI-met Model | Properties of Morphology

Grid-iron canyons | 10m canyon width & 200m2 plot area

traditional canyons | Different width and different plot areas

In this section, two variables for the ENVI-met outputs for grid-iron and traditional
morphologies were investigated (air temperature and wind speed). The study was based on one
wind direction (225° from the north) and two environmental factors, specifically air
temperature TC® and wind speed WS (m/s). The section ends with a direct comparison between

traditional and grid-iron urban morphologies.

6.2.1 Grid-iron morphology

ENVI-met was employed to simulate the grid-iron (modern) morphology using the input data
presented in Table 6-3. The results include air temperature and wind speed measurements for
the grid-iron morphology at different times of the day, as shown in Table 12. The simulation
was run for 24 hours on 1% July, 2015. However, only four times during that 24 hours period

are presented.

Table 6-3: ENVI-met outputs data for Grid-Iron 1.

ENVI-met outputs | Wind Direction | Time of measurement Urban morphology
9:00 | 12:00 | 15:00 | 18:00 | Grid - iron

T°C 225° ° ° ° ° °

WS m/s 225° ° ° ° ° °

The sample is located in the east-west and north-

»

south canyons (see Figure 6.4). The east-west ¥*

samples were taken at three positions in the canyon:

Beginning (B), Centre (C) and at the End (E) of the |

H
>

>
<

canyon. The north-south samples were taken at the |

Top (P), Middle (M) and Bottom (BM) of the |

1]

canyon (Figure 6.4).

Figure 6.4: Shows the position of
Horizontal and Vertical sample positions
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6.2.1.1 Air temperature and wind speed for grid-iron morphology

Air temperature was simulated and obtained using ENVI-met as shown in Figure 6.5. The
results show air temperature for both the east-west and north-south canyon samples are similar
during the night, while the results are slightly different during the daytime. The maximum air
temperature is 41.40°C at 13:00 for the BM sample in the north-south canyons, while the
minimum air temperature is 33.3 'C at 04:00 for the BM sample. There are slight differences in
air temperature for the east-west and north-south canyons during the daytime for both samples,

as a result of different sun radiation falling onto the canyons.

Air Temperature for Modern scenario
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Figure 6.5: Air temperature for the east-west and north-south samples
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Figure 6.6: Air temperature using the ENVI-met simulation for the modern morphology at 09:00,

Figure 6.6 shows the air temperature for modern morphology with 10 metre canyon widths.
The results indicate that air temperature varies between day and night-time (Figure 6.6). The
air temperature between the east-west and north-south canyons has a similar colour distribution
at the four times, as shown in Figure 6.6. The air temperature of canyons does not alter between
the east-west and north-south canyons except for the 09:00 sample, where the top canyons
(north-south) recorded lower temperatures compared to the middle and lower canyons.
However, the other canyon samples are similar in air temperature during the day and night.

This may related to the boundary condition of model.
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The wind speed for the first case scenario? shows that the horizontal canyons recorded lower
wind speeds in contrast to the vertical canyons (Figure 6.7). Wind speeds for day and night-

time are similar, as shown in Figure 6.7. The vertical canyon samples are divided into three

A, 00 100,850

T T T T T T T T T
0.00 4000 BOO0 12000  160.00 20000 24000 28000 32000 360.00 40000

: _ * 23 Min: 137mfs
400 : : i _ 00 i : : | Mar392mfs

T T T T T T T T T
BOO0 12000 160.00 0000 24000 FS0.00  XEO.00  360.00  <00.00

18:00 21:00
Figure 6.7: Wind speed using ENVI-met for modern morphology at 09:00, 12:00, 15:00 and 21:00

parts (Top, Middle and Bottom) of the canyons. Wind speeds for the Top and Middle locations
were 2.64 m/s, while the Bottom canyon was relatively lower at a wind speed of 2.14 m/s,

whilst the boundary condition of the site recorded higher wind speeds of 3.66 m/s (Figure 6.7).

2 Modern morphology with 10m canyon width.
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6.2.2 Traditional morphology

ENVI-met was used to simulate the traditional morphology with the input data shown in Table
6-4. The results include air temperature and wind speed measurements for traditional
morphology at different times of the day, as shown in Table 6-4. The simulation was run for

24 hours on 1 July 2015, though they are presented only four times during that 24 hours period.

Table 6-4: ENVI-met outputs for Tradition morphology

ENVI-met outputs | Wind Direction | Time of measurement Urban morphology
9:00 | 12:00 | 15:00 | 18:00 | Tradition

T°C 225° ° ° ° ° °

WS m/s 225° ° ° ° ° °

The samples for the traditional scenario were taken from east-west and north-south (see Figure

6.8). The east-west samples were taken in three

places in the canyon, specifically Beginning (B),

Centre (C) and at the End (E) of canyon. The north- ﬁ%

south samples were taken at the Top (P), Middle (M) @%

and Bottom (BM) of the canyon (Figure 6.8). ) E%@
¥

¢
&\
i

IS

Figure 6.8: Illustrates the sample
positions of the horizontal and vertical
samples for the traditional scenarios

6.2.2.1 Air temperature and wind speed for Tradition morphology.

Air temperature simulated and obtained using ENVI-met is shown in Figure 6.9. The results
reveals that the air temperature for both (east-west and north-south) samples recorded similar
results (Figure 6.8). The maximum air temperature is 38.54 C at 14:00 for the E sample in
the east-west canyons, whereas the minimum air temperature is 29.79 C at 8:00 am in the C
sample. There are slight differences in air temperature for east-west and north-south canyon

samples during daytime, less than 1 C (Figure 6.9).
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Air Temperature - Tradition morphology
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6.9: Air temperature for east-west and north-south samples

Figure 6.10 shows the air temperature for the traditional morphology with different canyon
widths (less than 5 metres). The results explain that the air temperature varies between day and

night-time (Figure 6.9). The air temperature between the east-west and north-south canyons
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Figure 6.10: Air temperatures for the traditional morphology using the ENVI-met morphology
at 09:00, 12:00, 15:00 and 21:00
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recorded a similar range of temperatures (colour) at the four times, as shown in Figure 6.10.
Moreover, the air temperature of the canyons does not change with canyon direction (vertical
and horizontal) except for the 12:00 sample, where the middle canyons recorded higher air
temperatures compared to the canyons above and below the highlighted white box (Figure
6.11-B) the highlighted white box. However, the other canyon samples (09:00, 18:00 and

21:00) have similar air temperatures.

The wind speeds for the second case scenario® indicate that the horizontal canyons recorded
similar wind speeds in contrast to the vertical canyons (Figure 6.11). Wind speeds for day and
night samples were similar except in the middle of the canyons (Figure 6.11-B). The middle
canyons recorded 2.29 m/s (red colour) compared to other canyons 1.63 m/s (yellow colour).
In addition, three north-south canyons also recorded higher wind speed in comparison to the

east-west canyons (Figure 6.11 -C-18:00).
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Figure 6.11: Shows wind speed for tradition morphology at 9:00, 12:00, 18:00 and 21:00.

3 Traditional urban morphology with narrow width canyons (less than 5 metres).
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6.3 Comparisons traditional and modern morphologies
The ENVI-met model for both traditional and modern urban morphologies was simulated with

a similar configuration file (Table 6-1). The air temperature was measured for both scenarios

Air Temperature for Tradition and Modren urban morphology
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Figure 6.12: Shows air temperature for both tradition and modern morphology for horizontal
and vertical samples.

in six positions (east-west and north-south) at a height of 1.8 metres. The results demonstrate
that the air temperature for the modern morphology is higher than the traditional morphology
in both the east-west and north-south samples during the day and night. The maximum air
temperature is 41.40 C at 13:00 for the top position (north-south canyons), while the minimum
temperature for a similar scenario is 33.18 °C for the middle position (north-south samples).
The maximum air temperature for the traditional morphology is 38.54 °C at 14:00 at the end of

the east-west canyons, while the minimum temperature is 31.31 °C for a similar scenario.

Figure 6.12 shows that there is a difference of almost 2°C in each position between the
traditional and modern urban morphologies. The difference in air temperature (A TC) for the
modern east-west and north-south samples is more than the differences in air temperature (A
TC) for the traditional morphology. The different morphologies have little effect on wind

speed, although they do have an effect on air temperature.
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6.4 Wind direction simulation

In this section of the study, wind speed and its
direction were simulated by means of the CFD
program embedded within ENVI-met, using
input data from a weather station located in the
northern part of Erbil*. The aim of this set of
simulations is to understand wind speed
properties surrounding buildings and open-green
spaces for the modern® morphology in Erbil. To
achieve this aim, three wind direction scenarios

were proposed and analysed as below:

A. First scenario with 180° wind direction from
the north

B. Second scenario with 225° wind direction
from the north

C. Third scenario with 270° wind direction from

the north

Chapter 6 Urban Microclimate Modelling

Figure 6.13: Case study Scenario modelled
using ENVI-met.

In this simulation, wind direction was only changed to investigate wind speeds using ENVI-

met. In addition to wind speed, air temperatures were measured for the canyons before the

centre and after the open spaces (Figure 6.13).

4 The north weather data station is located in a rural area. Wind speed is higher than the city centre weather station.
For this set of simulations, we used a wind speed 4 m/s from the north weather station.

5 Modern morphology refers to any development of Erbil which does not follow organic morphology. For the case
study, this research used the proposed design and ran all simulation scenarios.
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6.4.1 First scenario with 180° wind direction from the North.

6.4.1.1 Air Temperature for First Scenario.
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Air temperatures were taken from the three points
as shown in Figure 6.14. The samples were taken at
a height of 1.8 metres, for three positions (before,

centre and after) in the open green space.

The results revealed that the maximum air
temperature is 42.68°C and the minimum air
temperature 28.97 C. Both maximum and minimum
air temperatures are for the centre of the open space.
This means after the open space is either hotter or
cooler than the canyons, depending on the time of

day (Figure 6.15).

T i LR ]

Figure 6.14: ENVI-met output showing
The air temperature in the centre of the open space wind speed for the first scenario, wind
. o direction 180° from the north

appears to be dependent either on the SVF, gaining

solar energy during the daytime and losing energy to the night sky during the evening. The
canyons either side of the open space are less influenced by solar gain and night-time losses or
the temperature in the centre of open space depends on orientating the open spaces, as the open
space aligns with the wind direction (Figure 6.14). The canyons either side are sheltered from

the prevailing wind and respond less to the diurnal variation of the air temperature.
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Figure 6.15: Air Temperatures for the first scenario when wind direction
is 180° from the North
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6.4.1.2 Wind Speed for the first scenario

Wind speed measured for three points Before, Centre and After the open space (Figure 6.16).

The results show that the north-south canyons work as a channel for the wind, with wind speeds

higher than other urban areas (Figure 6.16). The north-south canyons were predominately (red

colour) more than 2.57 m/s compared to the east-west canyons less than 0.3 m/s (blue and grey

colour) (Figure 6.14). The wind speed in this scenario can be explained further by means of the

points below:

1.

The north-south canyon is parallel to the wind direction and works as a channel for the
wind, with wind speeds higher than other urban areas (Figure 6.14).
Canyons with 15 metre (main

Wind Speed-First Scenario
roads) widths have higher wind

2.40
. . 220
speeds than those with widths  2.90
1.60
that are 10 metres wide (branch 149
1.00
roads), specifically canyons = §&3
0.40
which are perpendicular to the 939
2 8 8 2 8 B LGS LB RDE
wind direction (Figure 6.14). 5 B O © © & & ¥ © © o o
o o o o o o o o o o o o
Green and open spaces have WS Before (180) WS Center (180) WS After (180)

higher wind speeds compared Figure 6.16: Wind Speed for first scenario when wind
with the east-west canyons and direction is 180° from the North

are lower than the north-south canyons.

The two open spaces on the eastern part of the model have the largest values for wind speed,
as their direction corresponds with the wind direction 180° from the north (Figure 6.14).
East-west canyons recorded the lowest wind speed as they are perpendicular to the wind
direction (Figure 6.14).

Wind speeds around the buildings in urban canyons vary depending on canyon directions
and the width of the canyon. North-south canyons generally recorded higher wind speeds
than the open spaces, while the wind speeds in open spaces were higher than the east-west
canyons.

Wind speeds depend primarily on the urban environment and canyon characteristics. The
branch roads running in an east-west direction (shorter), generally start with higher wind

speeds, are lower in the middle, and become higher again when connecting with the north-

south canyons (Figure 6.14).
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8. Road junctions regularly record higher wind speeds and created a tunnel effect where dense

built-up areas remain in the wind’s shadow. The last canyon on the top north east part of
the model shows the lowest wind speed, where the flow chooses the shortest path to escape.
Wind shadow can be seen clearly on the edge of the model in all directions except north-

south. This occurs because the wind that comes from boundary conditions at high speed is

reduced by built-up urban features (Figure 6.16).

6.4.2 Second scenario with 225° wind direction from the north

6.4.2.1 Air temperatures for the second scenario

Air temperatures were taken from three points as
shown in Figure 6.13. The samples were taken at a
height of 1.8 metres for three positions (Before,
Centre and After) the open green space. The
maximum air temperature is 42.47°C and the
minimum 29.35 C. The maximum air temperature is
for canyons before the open space, while the
minimum air temperature is recorded for the centre
of the open space (Figure 6.18). Overall, the air

temperatures for the open space and canyons before
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and after the open space are similar. Moreover, the %77 .; —
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air temperature is not showing any difference during gpeed for the second scenario when wind

daytime and night-time for all points (similar range) direction is 225° from the North

(Figure 6.18).
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Figure 6.18: Air Temperature for the second scenario when wind
speed is 225° from the north

234



6.4.3 Wind speed for the second scenario

Wind speed was measured for the three points Before, Centre and After the open space (Figure
6.13). The results show that the north-south and east-west canyons work as a channel for the
wind (Figure 6.17). The north-south and east-west canyons coloured yellow and light green
(1.78 to 2.08 m/s) are similar to the open spaces (1.78 to 2.08 m/s). The wind speed in this

scenario is explained through the points below:

1. Wind speeds are generally distributed between urban areas better than the previous scenario
(wind directions 180°) from the north, for both canyons and open spaces.

2. Open spaces and canyons after the open space have slightly higher wind speeds compared
with the canyons before the open space (Figure 6.19).

3. Wind speeds recorded higher Vs Wind Speed-Second Scenario

values for the canyon with a 20m 2.

2
1.8

width and are lower for canyons

with a width of 10m, except for the 16
1.4

canyons with a 20m width on the 1

southern part of the model (Figure !

O O O O O R B B R B N N
B® 0 N 0w B WU N L W
S o © © © © © © © © ©o o
6.20). This occurs because of the c e e 2 9 o o 2 2 ©9 ©
e Before WS (m/s) WS Center (m/s) WS After (m/s)

wind shadow of higher buildings
) ) o Figure 6.19: Wind Speed for second scenario when
located in the wind flow direction.  wind direction is 225° from the North.

4. Wind speeds in this scenario are higher in the longer canyons. This means that the wind
speed in any canyon depends on
the features of the canyon and not
just the wind direction.

5. Wind speed is slightly lower on

road intersections owing to the

wind direction and as the canyon .’ o

orientation is not parallel to the wind flow — Main P Branch

(225), whereas in the middle of the  Figure 6.20: ENVI-met image shows wind speed for

. main roads and branch roads
canyon the wind flows

directionally along it (Figure 6.20).
6. In general, this scenario indicates that the north-south canyon records similar wind speeds
with east-west canyons and open space (Figure 6.19).

7. Wind speed in all urban areas (canyons and open spaces) is distributed equally.
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6.4.4 Third scenario with 270° wind

6.4.4.1 Air Temperature for third scenario (270 from the north).

Air temperatures were taken for the three
points, as shown in Figure 6.13. The
samples were taken at a height of 1.8 metres
for three positions (Before, Centre and

After) the open green space.

The results indicate that the maximum air
temperature is 43.66 ‘C and the minimum air
temperature is 29.06 C. Both maximum and
minimum air temperatures are for the
canyon before the open space (Figure 6.22).
Figure 6.22 shows the air temperatures at
the three measurement locations. The wind
direction is now parallel with the canyons,

whilst the temperature profiles are similar.
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6.4.4.2 Wind speed for third scenario (270 from the north).

Wind speed was measured for the three points Before, Centre and After the open space (Figure

6.13).

The results show that the east-west

canyon works as a channel for the wind  , 4

Wind Speed-Third Scenario

Figure 6.24, because they are parallel ;:2

to the wind direction. The ecast-west 2'3

canyons are red colour (2.57 m/s and i:g

above) compared to the open spaces, 1:3

coloured light green-yellow (lower ' S 22 9 8L 5B 58 B RDN

than 1.9 m/s) (Figure 6.23). The wind s s8s88888588S5

speed in this scenario can be explained =~~~ Before Ws (m/s) Center WS (m/s) After WS (m/s)

by means of the points below: Figure 6.23: Wind Speed for third scenario when wind

direction is 270° from the North.

1. The east-west canyons work as channels for the wind, with the wind speeds higher than
other urban areas (open spaces and north-south canyons) (Figure 6.21).

2. Canyons with 20m width (main roads) ‘
have very similar wind speeds as the
10m and 15m wide canyons depending
on wind direction (Figure 6.24).

3. Green and open spaces have higher wind
speeds compared to north-south canyons
and lower than the east-west canyons - i |
(Figure 6.24). sy FEast—West T North-South

4. The three open spaces on the eastern part Figure 6.24: Showing the differences between
of the model have the largest values for East-West and North-South canyons.
wind speed as their direction corresponds with the wind direction (Figure 6.21).

5. The open spaces (OS) are rectangular shapes located parallel to the wind, and this direction
recorded higher values in contrast to the other OS perpendicular to wind direction in this
scenario.

6. The three OS in the eastern part of the model (1, 2 and 3) have higher wind speed values

as their direction corresponds with the wind direction (Figure 6.24).
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7. Wind speeds around the buildings in the urban canyons vary, depending on canyon
directions. north-south canyons record the lowest wind speed as they are perpendicular to
the wind direction.

Wind speeds depend primarily on urban microclimate and canyon characteristics, and the
branch roads in east-west directions that are generally shorter start with higher wind speeds
compared to longer canyon (north-south) directions. Canyons perpendicular to the wind
direction have lower speeds in the middle and increase when connected with the east-west
canyons.

Road junctions regularly recorded higher wind speeds and created tunnel effects, whereas
high density built-up areas remained in wind shadows (Figure 6.24).

10. Wind shadow effects can be seen clearly on the edge of the model in all directions except

east-west. This occurs because the wind speeds that come from boundary conditions are

high and are reduced by built-up urban areas (Figure 6.21).

6.4.5 Comparisons between all scenarios for wind directions (180, 225 and 270)
from the north.

6.4.5.1 Air Temperature for all scenarios

Air temperatures for the nine samples are compared in Figure 6.25. The samples represent
the three wind direction scenarios (180, 225 and 270). The results confirm that the

maximum air temperature is 43.66 C and the minimum 28.97 C (Figure 6.26).
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Figure 6.25: Air temperature for all wind direction scenarios (180°, 225° and 270°) from the north
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The maximum air temperature recorded within the canyon is located before open spaces for
the 270 wind direction scenario, while the minimum air temperature was recorded for the
canyon that is located after the open space for the scenario with the 180 wind direction from
the north. The maximum (ATC) between daytime and night-time was 14.61°C and the
minimum was 10.49 ‘C Table 6-5.

Table 6-5: Compare between all seniors (180, 225, and 270)

Scenario 1: 180 Scenario 2: 225 Scenario 3: 270

Before | Centre | After | Before | Centre | After | Before | Centre | After
Max (C) | 41.63 |42.68 |41.58 | 42477 |42.14 |42.36 |43.66 |42.43 |42.76
Min (C) |30.26 |28.97 |31.09 |29.37 |29.35 |29.95 |29.06 |29.44 |30.00
ATC 11.37 | 13.71 10.49 | 13.11 12.80 | 12.41 | 14.61 13.00 | 12.76

The maximum difference in air temperature between scenarios was at 09:00 for the sample
located before open spaces for the 270" scenario and the canyon that is located after the open
spaces for the 18(0Fscenario. In general, canyons and open spaces for all three scenarios recorded
different values depending on the location and characteristics of the canyon. Overall, the air
temperature in the second scenario (225 °) recorded more stable patterns in terms of maximum

and minimum air temperature compared to the other two scenarios (180°and 270) (Table 6-5).

Air temperature at 12
noon (180°).

Air temperature at 12
noon (45°).

Air temperature at 12
noon (270°).
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Figure 6.26: Air temperature for all three scenarios (45°, 180°, and 270°).
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6.4.6 Wind speed for all scenarios

Wind speed (WS) for the nine samples is compared in Figure 6.27. The samples represent three
wind direction scenarios (180, 225 and 270). The results reveal that the maximum wind speed
is 2.55 m/s and the minimum wind speed is 0.01 m/s. The maximum wind speed was recorded
for the canyon located after the open space for the 270 wind direction scenario, while the
minimum wind speed was recorded for any canyons perpendicular to the wind direction for
both scenarios, 180'and 270, respectively. Generally, open spaces recorded average wind speed
values for all scenarios. WS for the first and third scenarios (180 and 270 recorded high WS
for canyons parallel to the wind direction and low WS values for canyons perpendicular to the
direction of the wind (Figure 6.27). The simulation result for all scenarios shows that the 225
wind direction is more stable for both north-south and east-west canyons. In addition, the open
spaces recorded an average level of wind speed for similar scenarios. WS for the 225 scenario
is distributed better for all urban areas compared to other scenarios. From the simulation results,
WS and air temperature are more stable for urban areas (canyons and open spaces) when wind

direction is 225 from the north.

Wind Speed for all scenarios
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Figure 6.27: Compare Wind Speed (WS) for all scenarios (180°, 225° and 270°) from the North.
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6.5 Proposed Design Interventions (Erbil Case Study)

The purpose of the urban design interventions in this study aims to decrease the air temperature

and increase the wind speeds in urban areas. Three different design scenarios were proposed

aiming to minimise air temperature and maximise wind speed in urban areas.

Air temperature and wind speed for each simulation were calculated for 1% July 2017. The three

design scenarios are described below:

1. Adding central open-green
areas (Figure 6.29 - A).

2. Increase width of east-west
canyons from 12 to 20m
(Figure 6.29 - B).

3. Adding individual open-green
areas between housing units
(Figure 6.29 - C).

In this section, the proposed design

scenarios are simulated and

analysed using the ENVI-met
program with wind direction 225°
from the North. The Designed
scenario was discussed in Section
5.5. This case study was selected

because:

1. It is the proposed design and
can be edited to enhance an
urban  microclimate using
simulation (Figure 6.28).

2. The case study location is in

EastZone3

1 South
D Residenti Zone 2

Commer

General \
Figure 6.28: Designed scenario, typical grid-iron urban
morphology for low rise residential buildings in Erbil

the southern part of Erbil with medium dense urban development. The location is on the

border line of new and existing developments which may help to predict the future

development of the urban microclimate outside Erbil’s existing urban area.

3. Typical urban morphology (grid-iron) (Figure 6.28). Most of the new developments in the

city will use a similar approach. This issue is explained in detail in Chapter 4.
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Chapter 6 Urban Microclimate Modelling

Three scenarios are compared with a Designed case study. The comparison will compare three

zones® in each scenario (Figure 6.29).

A

| | Real case studjr scenario Increase central open spaces

F |-“ Iiji; “llm
-— lll IIIIII
SiE: S EEe
llll- -I I I‘IIIIIII -Ill
t- _Hr ‘Illlll
e "I'I
-~ Illi= 1

||=||| NE I'm
B S Sin

Increase East-West canyons width Adding individual green areas between blocks

Figure 6.29: Designed case scenario and three proposed design interventions using ENVI-met

® The site plan was divided into three zones: 1, 2 and 3. Each zone was measured under similar environmental
conditions. However, the design intervention only took place in Zone 1. Figure.56.
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Real case study
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Figure 6.30: Shows the plan of work undertaken to investigate the impact of interventions
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The site plan in each scenario will be divided into three zones, numbered 1, Zone 2 and Zone
—3 (Figure 6.31). In each zone, six samples will be selected to measure air temperature (T) and
wind speed (WS). Both north-south and east-west
canyons will be considered. The Beginning,

Centre and End of each canyon will be measured.

Figure 6.30 illustrates the full investigation plan,
which is divided into two parts. The first part
covers the aforementioned scenarios, detailed in
blue in Figure 6.30. The second part to be
introduced in Section 5.17 investigates the use of
trees as shading devices in the open spaces,

detailed in pink (Figure 6.30).

6.5.1 Designed case study scenario

The case study is located in the southern part of | . . .
Figure 6.31: Designed Scenario, showing
Erbil. Air temperature samples were taken from the location of the samples within the zones
three points NS and EW in three positions, the Beginning, Centre and End of canyons. ENVI-
met was used to simulate all zones, as shown in Figure 6.31. All samples points were taken at
a height of 1.8 metres at the Beginning, Centre and End of canyons for the east-south canyons

and Top, Middle and Bottom for north-south canyons (Figure 6.31).

a. Air temperature and WS for east-west canyons (Designed case study).

Table 6-6: Air temperature and WS in the Designed Case Scenario for a horizontal canyon’ —
Zones 1,2 and 3

Designed case scenario®- east-west samples

Zone 1 Zone 2 Zone 3

T (C) WS (m/s) T (C) WS (m/s) T (C) WS (m/s)

Time
B C E B C E B C E B C E B C E B C E

09:00 | 40.7 | 39.6 | 402 | 1.6 | 1.9 | 1.9 | 38.6 | 38.7 | 387 | 1.4 | 20 | 1.8 | 381 | 382 | 383 | 1.5 | 2.1 | 2.0

12:00 | 425 | 41.7 | 413 | 1.6 | 1.9 | 1.9 | 41.1 | 412 | 412 | 14 | 1.9 | 1.8 | 409 | 41.1 | 41.2 | 1.5 | 2.1 | 2.0

15:00 | 42.8 | 423 | 421 | 1.5 [ 19 | 19 | 41.8 | 419 | 419 | 14 | 1.9 | 1.8 | 41.7 | 41.8 | 420 | 1.4 | 2.0 | 2.0

18:00 | 40.3 | 403 | 403 | 1.5 | 1.9 | 1.9 | 403 | 40.3 | 403 | 1.3 | 1.9 | 1.8 | 40.3 | 40.3 | 40.3 | 1.4 | 2.0 | 2.0

21:00 | 375 [ 37.6 | 37.7 | 1.5 | 1.9 | 1.9 | 37.8 | 37.8 | 379 | 1.3 | 1.9 | 1.7 | 37.8 | 37.8 | 379 | 1.4 | 2.0 | 2.0
00:00 | 33.8 | 341 | 343 | 15|18 | 18348349 1349 | 13|19 |17 ]346]346|348 ]| 14]20]20

" Horizontal and Vertical canyons mean East — west and North — South canyons respectively.
8T C: Air Temperature, WS (m/s) Wind Speed, B: Beginning of canyons, C: Centre of Canyons and E: End of
canyons
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Table 6-6 shows air temperature

(T'C) and wind speed (WS) for ,,,,

43.00

east-west canyons in Zones 1, 2 42.00 /\
41.00

and 3 and is graphically 2%

39.00

Air temperature for east-west samples

displayed in Figure 6.32 - Figure 300
36.00
6.34Figure 6.33. The site planis >
divided into three zones to  3r00
31.00

address the relationship between 3000

00:60
6S:€C

00:¢T
00:ST
00:8T
00:TC

zones and how changes in Zone

s 71-B (°C)  emm—72-B (°C) 73-B (°C) 71-C (°C) cmmmm——72-C (°C)
1 may have an impact on Zones 2 =~ === (0 1€ (°C) 22:E (°C) emmmm73-E(°C)

and 3. The samples demonstrated Figure 6.32: Air Temperature for the Horizontal samples for

all zones
Air Temperature (T) and Wind

Speed (WS) for the Designed case scenario with slight differences for all zones. The research

was simulated for 24 hours for

the Designed case study 00 Air Temperature for north-south Samples

. . 42.00
scenario, though only six sample 4100
40.00

times were analysed (09:00, 39.00

12:00, 15:00, 16:00, 21:00 and 2
midnight). The maximum air 200
33.00

temperature was recorded at 3200

15:00 (41.7C—42.8C), while %

[N
n

00:60
00:ST
00:8T
00:TC
6S€C

o
o
the minimum air temperature  e———z17(°c) w227 73T (%) Z1-M (°C) emmm=72-M (°C)
Z3-M (°C) eommm71-BT (°C) e 7?-BT (°C) es——73-BT (°C)

was recorded at midnight for all . . .
Figure 6.33: Air temperature for the Designed Case Scenario

zones (33.8'C-34.97C). Overall, for Vertical canyon —Zone 1, Zone 2 and Zone 3

there is a difference in air temperature between the zones during daytime, and this difference

decreased during night-time (Figure 6.33).

246



b. T and WS for north-south canyons (Designed case study).

Table 6-7: Air temperature and WS in the Designed Case Scenario for north-south canyon — Zones 1, 2 and 3

Designed case scenario’— north-south samples

Zone 1 Zone 2 Zone 3

T (C) WS (m/s) T (C) WS (m/s) T (C) WS (m/s)

T M BT | T M |BT | T M BT | T M |BT | T M BT | T M | BT
09:00 | 39.0 | 38.6 | 385 | 1.8 1 2.0 | 1.5 | 392 392|393 |14 |19 |14 |389|388 381 | 18] 19|15
12:00 | 41.5 | 412 | 410 | 1.8 [ 2.0 | 1.5 | 415 | 415 | 415 | 14 | 19| 14 | 414 | 413 | 409 [ 18 | 19 | 1.4
15:00 | 41.8 | 41.6 | 41.6 | 1.7 | 2.0 | 1.5 | 41.8 | 41.7 | 419 | 14 | 1.9 | 1.4 | 41.7 | 41.7 | 416 | 1.7 | 19 | 1.4
18:00 | 40.3 | 40.2 | 402 | 1.7 | 2.0 | 1.5 | 403 | 402 | 402 [ 1.4 | 1.9 | 1.3 | 403 | 403 [ 403 | 1.8 | 1.8 | 1.4
21:00 | 37.8 | 37.7 | 37.6 | 1.7 | 2.0 | 1.4 | 379 | 37.8 | 37.8 | 1.4 | 1.9 | 1.3 | 37.7 | 37.7 | 37.7 | 1.7 | 1.8 | 14
00:00 | 34.7 | 346 | 345 | 1.7 | 2.0 | 1.4 | 350 | 350 | 349 | 14 | 19 | 1.3 | 345|344 | 344 | 1.7 | 1.8 | 14

Time

Table 6-7 exhibits the air temperature (T C) and WS for the north-south canyons for zones 1, 2 and 3
and is graphically displayed in Figure 6.34. The samples reveal Air Temperature (T ‘C) and WS for the
Designed case scenario with a low difference for all zones (Figure 6.33 and Figure 6.34). The research
simulates 24 hours for the Designed case study scenario, although only six sample times were analysed
(09:00, 12:00, 15:00, 16:00, 21:00 and midnight) (Figure 6.33). The maximum air temperature was
recorded at 15:00 ranging between (41.6 'C—41.9 C), while the minimum air temperature was recorded
at midnight for all zones ranging between (34.4 ‘C-35°C). Zone 1 is a large built up area compared with
Zones 2 and 3. Moreover, air temperature (T C) and WS displayed a similar range for all zones. The
comparison between both east-west and north-south for all three zones for the Designed case scenario
exhibited slight differences for T (C) and WS (m/s) for the east-west samples during daytime and almost
similar air temperatures for the north-south samples. The subsequent set of simulations investigates new

design interventions to judge how these may affect air temperature and wind speed.

Wind Speed for Horizontal samples Wind Speed for Vertical Samples
2.50 2.50
200 e — 200
‘
o ——
1.50 1.50 —
1.00 1.00
0.50 0.50
0.00 0.00
2 N o & = 8 S 5 e o N S
8 8 8 3 S g g g : 2 5 g
B-Z1-H B-Z2-H B-Z3-H TV T-22-V T-23-V
e C-71-H — C-72-H am— C-73-H M-Z1-v M-Z2-V —\]-73-\
e e—F-72-H e F-73-H — 71V — 72V 73V

Figure 6.34 Wind speed for vertical and horizontal canyons (all zones).

T (‘C): Air Temperature, WS(m/s) Wind Speed, B: Beginning of canyons, C: Centre of Canyons and E: End of
canyons
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6.5.2 Adding central open-green areas (first
scenario)

The first design intervention increased the number of
central open-green spaces in the Designed site plan
(Figure 6.35). Two open-green spaces were added
aiming to enhance the urban microclimate of the city.
In this scenario, urban density is reduced by adding
central open-green areas. The aim of this simulation is
to investigate the effect of open-green areas on the
surrounding canyons and the effect of adding open-
green areas in other zones, as shown in Figure 6.35. In

this study, central open-green areas were added aiming

to reduce air temperature and increase wind speed.

Figure 6.35: Scenario 1: adding open
a. Air Temperature and Wind Speed green spaces to the Designed case

for east-west canyons (First Study
scenario)

Table 6-8 presents air temperature and wind speeds for all three zones for the first scenario. The

maximum air temperature is 43.00 C, whilst the minimum air temperature is 33.7 C.

Table 6-8: Air temperature and WS for the first scenario (adding central open green areas) for east-west
canyon samples

Adding central open green areas'’ —east-west samples
Zone 1 Zone 2 Zone 3
T(C) WS (m/s) T(C) WS (m/s) T(C) WS (m/s)

B C E B |C|E |B C E B |C|E |B C E B |C |E

09:00 | 41.0 | 39.6 | 389 | 1.5 | 1.9 | 19 | 386 | 387 | 387 | 14 | 2.0 | 1.8 | 38.7 | 384 | 383 | 2.1 | 2.1 | 2.0
12:00 | 429 | 41.7 | 413 | 1.4 | 1.9 | 1.9 | 41.1 | 412 | 412 | 14 | 19 | 1.8 | 413 | 41.2 | 412 | 2.0 | 2.1 | 2.0
15:00 | 43.0 | 423 | 421 | 14 [ 19 | 1.9 | 41.8 | 419 | 420 | 14 | 1.9 | 1.8 | 420 | 419 | 420 | 2.0 | 2.1 | 2.0
18:00 | 403 | 403 | 403 | 14 [ 1.9 | 1.9 | 403 | 403 | 403 | 1.3 | 1.9 | 1.8 | 403 | 403 | 403 | 2.0 | 2.1 | 2.0
21:00 | 374 | 376 | 37.7 | 1.3 | 19 | 19 | 37.8 | 378 | 379 | 1.3 | 1.9 | 1.7 | 378 | 37.8 | 379 | 2.0 | 2.1 | 2.0
00:00 | 33.7 | 341 | 343 | 1.3 | 1.8 | 1.8 | 348 | 349 | 349 | 13 | 1.9 | 1.7 | 346 | 347 | 348 | 1.9 | 2.1 | 2.0

Time

Table 6-8 shows air temperature (T C) and WS for east-west canyons in Zones 1, 2 and 3. The
samples showed that the Air Temperature (T) and WS for the first scenario (adding open-green
areas) with only small differences for all zones. The research simulated 24 hours for this
scenario, although only six samples times were analysed (09:00, 12:00, 15:00, 16:00, 21:00

and midnight) (Figure 6.36). The maximum air temperature was recorded at 15:00 and ranged

10T (*C): Air Temperature, WS(m/s) Wind Speed, B: Beginning of canyons, C: Centre of canyons and E: End of
canyons.
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between (43.0C to 41.9°C), while the Air Temperature - Horizontal samples
minimum air temperature recorded at 430
midnight for all zones ranged between 0.0
(33.77C t0 34.9°C). Zone 1 has a large built >3
up area compared with Zones 2 and 3 so 3500
open-green areas were added. The air 3.0

temperature (T C) for all zones showed a

00:60
00:CT
00:ST
00:8T
00:TC
00:00

similar temperature range with the

Z1-B (°C) Z2-B (°C) Z3-B (°C)
. .. em— 71-C (°C) 71-C (°C) a—71-C (°C)
exception of the Beginning sample for —1E (°C) —71E () —1E (°C)

Zone 1. This may be due to its proximity Figure 6.36: Air temperature for second scenario

to the boundary condition of the model. (adding open-green areas) — horizontal samples

The air temperature for this zone starts at 41.0 'C compared to Zones 2 and 3 between (38.6 C
and 38.7C), respectively. The sample at the Beginning of the east-west canyons exhibited
higher temperatures compared to other samples (Figure 6.36). The differences in air

temperature for this sample are greater during the daytime than at night.

Wind speed recorded a similar range for all zones between (1.3 m/s to 2.10 m/s). In general,
Zone 3 recorded higher wind speeds compared to Zones 1 and 2 for all three sample positions.

The difference is insignificant and does not influence air temperature, as shown in Table 6-8.

b. Air temperature and wind speed for north-south canyons (first scenario)
Table 6-9 compares air temperature and wind speed for the north-south canyons sample in the
three zones for the first scenario. The results show that the maximum air temperature is 42.5C,
while the minimum air temperature is 34.30 C.

Table 6-9: Air temperature and WS for the first scenario (adding central open-green areas) for
vertical canyon samples

Adding central open green areas —north-south samples

Zone 1 Zone 2 Zone 3

T (C) WS (m/s) T (C) WS (m/s) T (C) WS (m/s)

T M |BT|T [M|BT|T M |BT|T (M |BT|T M |BT | T [M | BT
09:00 | 40.0 | 39.8 | 388 | 1.6 | 1.8 14 1392 (392|393 |14 ]| 19| 20| 389 | 388|385 | 18|19 1.9
12:00 | 424 | 422 | 413 | 1.5 | 1.8 14 | 415 | 415 | 415 | 14 | 19| 20 | 414 | 413 | 412 | 1.8 | 1.9 1.9
15:00 | 423 | 425 | 420 | 1.5 | 1.7 14 | 418 | 41.7 | 419 | 1.4 | 1.9 | 2.0 | 41.7 | 418 | 418 | 1.7 | 1.8 1.8

18:00 | 40.2 | 40.1 | 40.1 | 14 | 1.7 1.3 |402 | 402|402 |14 | 19| 2.0 | 403 | 403|403 | 17| 18 1.9
21:00 | 37.7 | 375 | 37.6 | 1.4 | 1.7 13 |378 378 | 378 | 14 | 1.9 | 20 | 37.7 | 37.7 | 37.7 | 1.7 | 1.8 1.9
00:00 | 34.6 | 344 | 344 | 14 | 1.7 13 ] 350 (350|349 | 14 | 1.9 | 2.0 | 345 | 345 | 343 | 1.7 | 1.8 1.9

Time
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The north-south samples 2000 Air temperature for Vertical samples

revealed T and WS for the first 43.00

42.00
scenario with only small iégg /

39.00
38.00
37.00

6-9). The research simulated 24 35

35.00

hours for the first scenario, 34.00
33.00

although only six samples times *2%
are presented (09:00, 12:00, > ~ & B
15:00, 16:00, 21:00 and ec=z17(0) 71T (°0) 71T (0) 2-M (°C)

midnight) (Figure 6.37). The ZM () 78T () 738 () 38T ()

differences for all zones (Table

00:60
00:00

00:¢T
00:ST
00:8T
00:TC

N

2-M (°C)

Figure 6.37: Air temperature for the second scenario (adding

maximum T°C was recorded at .
open-green spaces) — Vertical samples

15:00 and ranged between

(42.5C to 41.7°C), while the minimum T C was recorded at midnight for all zones, ranging
from 34.30°C to 34.97C. Zone 1 has a large built up area compared to Zones 2 and 3.
Nevertheless, the T'C and WS recorded an almost similar range for all zones. WS for all zones

in these scenarios ranged between 1.43 m/s to 2.00 m/s (Table 6-9).

The sample at the Middle of the vertical canyons shows a higher temperature in Zone 1 in
contrast to other samples (Figure 6.37, yellow line). The difference in air temperature for both
samples is more during daytime than at night-time. This increase in air temperature of these
sample points may be related to the new open spaces added as a design intervention. Moreover,

the amount of solar radiation that enters these spaces is more than other zones.

The comparison between both the east-west and the north-south canyon samples for all three
zones in the first scenario (adding open-green spaces) shows a slight difference T (C) and WS
(m/s) for the east-west samples during daytime and an almost similar air temperature for the

north-south samples (Figure 6.37).
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6.5.3 Increasing east-west canyons widths
(second scenario)

The second design intervention increased the east-west
canyons from 10-20 metres, (Figure 6.38). All the main
east-west canyon (Zone 1) widths were increased to
enhance the urban microclimate. In this scenario, urban
microclimate was measured via T°C and WS. The aim of
this simulation is to investigate the effect of canyon width
on the canyon’s microclimate and surrounding canyons

and, moreover, to investigate the effect of changing

canyon widths on other zones, as shown in Figure 6.38. In _
this study, increasing the widths of east-west canyons  Figure 6.38: Shows Scenario 3,

. . . increasing East-West canyons
aims to reduce the air temperature and increase the WS. g y

a. Air Temperature and Wind Speed for Horizontal'! canyons (Second scenario)

Table 6-10 shows air temperature and wind speed for all three zones for the second scenario. The
maximum air temperature is 43 ‘C and the minimum air temperature is 33.5C. Table 19 shows the air
temperatures (T C) and wind speed (WS) for horizontal canyons (east-west) in all zones (Figure 6.38).
In general, the samples indicated that the T and WS for the second scenario (increasing east-west canyon
width) with only small differences for all zones. The research simulated 24 hours for this scenario,
though only six samples times are shown (09:00, 12:00, 15:00, 16:00, 21:00 and midnight) (Figure
6.39). The maximum air temperature was recorded at 15:00 with (43.0C to 41.9 C), while the minimum

air temperature was recorded at midnight for all zones with (33.5°C to 34.9C).

Table 6-10: Shows Air Temperature and WS for the second scenario (increasing east-west canyons) for
horizontal canyon samples

Increasing east-west canyons'? — horizontal sample

Zone 1 Zone 2 Zone 3

T (C) WS (m/s) T (C) WS (m/s) T (C) WS (m/s)

B C E B |[C|E |B C E B |C |E |B C E B [C |E
09:00 | 412 | 40.1 [ 39516 | 1.8 | 1.9 | 387 | 388 | 387 | 1.4 | 1.9 | 1.8 | 388 | 384 | 383 | 2.1 | 22 | 2.0
12:00 | 43.0 | 420 [ 41.7 | 1.6 | 1.8 | 1.9 | 41.1 | 412 | 412 | 14 | 1.9 | 1.8 | 414 | 412 | 41.2 | 2.0 | 22 | 2.0
15:00 | 43.0 | 423 | 422 | 1.6 | 1.8 | 1.9 | 41.8 | 419 | 419 | 1.4 | 19 | 1.8 | 419 | 419 | 42.0 | 2.0 | 2.1 | 2.0
18:00 | 40.2 | 40.1 [ 40.1 | 1.6 | 1.8 | 1.9 | 40.3 | 403 | 403 | 1.3 | 1.8 | 1.8 | 40.3 | 40.3 | 40.3 | 2.0 | 2.1 | 2.0
21:00 | 372 | 373 | 374 | 15| 1.8 | 1.8 | 378 | 378 | 378 | 1.3 | 1.8 | 1.8 | 37.8 | 37.8 | 379 | 2.0 | 2.1 | 2.0
00:00 | 335 1337|340 | 1.5 | 1.8 | 1.8 | 348 | 349|349 | 13 | 1.8 | 1.7 ]| 346 | 347 | 348 | 1.9 | 2.1 | 2.0

Time

! Horizontal and Vertical canyons mean East — west and North — South canyons respectively.
12(C): Air Temperature, WS(m/s) Wind Speed, B: Beginning of canyons, C: Centre of canyons and E: End of
canyons.
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The air temperature (TC) for all
zones recorded a similar range except Air Temperature - Horizontal samples
Zone 1, which is located at the — 4290
Beginning of the canyons before the 3300

open space (Figure 6.39). 35.00

The air temperature for Zone 1 starts =~ 3}

at 41.24°C compared to Zones 2 and 3700

3, between (38.67°C and 38.78C), 3 5 B 2 N S
8 8 8 8 8 8
respectively. The beginning of the
Z1-B (°C) 72-B (°C) Z3-B (°C) 71-C (°C) emmmmm7?-C (°C)
east-west canyons shows higher Z3-C (°C) w71 (C) emmm—72-E (*C) emmm—73-E (°C)

temperatures compared to other Figure 6.39: Air temperature for the second scenario —

horizontal samples
samples  (Figure  6.39). The

differences in air temperature for this sample are greater during the daytime than at night. This
abnormality as regards the air temperature of this sample point (Zone 1— Beginning east-west
canyon sample) may be related to the boundary condition of the model that may influence this
point, seeing as it is very close to the boundary condition. WS recorded a similar range for all
zones and ranged between 1.3 m/s to 2.2 m/s. In general, Zone 3 recorded higher wind speeds
compared to Zones 1 and 2 for all three sample positions. The difference is an insignificant

amount and does not influence air temperature, as shown in Table 6-10.

b. Air Temperature and Wind Speed for the north-south canyons (second scenario)

Table 6-11 compares air temperatures and wind speeds for all three zones for the second
scenario (increasing east-west canyons). The maximum air temperature range is 42.6 ‘C and the

minimum air temperature is 34.3 C.

Table 6-11: Shows T and WS for the second scenario for vertical canyon samples

Increasing east-west canyons —the north-south'’ sample
Zone 1 Zone 2 Zone 3
T(C) WS (m/s) T () WS (m/s) T(C) WS (m/s)
T M |[BT|T |M|BT|T M |BT|T |M|BT|T M |[BT|T | M| BT
09:00 | 40.0 | 399 | 389 | 1.6 | 1.8 1313921392 (393114 |19 14 | 389 | 388|385 ] 18 | 1.9 1.9

12:00 | 424 | 423 | 413 | 1.5 | 1.7 13 | 415414 414 14|19 14 | 414 | 413 | 412 | 1.8 | 1.9 1.8
15:00 | 423 | 42.6 | 420 | 1.5 | 1.7 13| 418 | 41.7 | 419 | 1.4 | 1.9 14 | 417 | 418 | 41.8 | 1.8 | 1.9 1.8
18:00 | 40.2 | 40.1 | 40.1 | 1.4 | 1.7 13 | 402 | 402 | 402 | 1.4 | 1.8 13 | 403 | 403 | 403 | 1.8 | 1.8 1.9
21:00 | 37.7 | 375 | 37.6 | 1.4 | 1.7 12| 378 | 37.8 | 37.8 | 1.4 | 1.8 13| 377 | 377|377 L.7 | 1.8 1.8
00:00 36 344|344 |14 ] 16 12 | 350 [ 350 [ 349 | 1.4 | 1.8 1.3 1345345343 | 1.7 | 1.8 1.9

Time

3T (C): Air Temperature, WS(m/s) Wind Speed, B: Beginning of canyons, C: Centre of canyons and E: End of
canyons. T= Top of the canyons, M= Middle of the canyons, BT= Bottom of the canyons.
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Table 6-11  illustrates the air Air Temperature for second scenario - Vertical

temperatures (T C) and wind speeds 200 samples
. 43.00
(WS) for the north-south canyons in 42.00 /
40.00
all zones (second scenario). The 325
37.00
36.00
samples revealed that T'C and WS for 3500
34.00
. 33.00
the second scenario have only small 3200
30.00
differences for all zones. The research 2399
27.00
was simulated for 24 hours for the 320
) . 3 5 & % N S
second scenario, but only six sample 8 8 8 8 8 8
e 71-T (°C) Z2-T (°C) Z3-T (°C)
times are shown (9:00, 12:00, 15:00, Z1-M (0) 22-M (0) 23-M (%)
e 71-BT (°C) e 77-BT (°C) e 73-BT (°C)

16:00, 21:00 and midnight) (Figure Figure 6.40: Air temperature for the second scenario —
6.40) vertical samples

Zone 1 recorded the highest air temperature at 15:00 and lowest air temperature at 00:00

compared to Zones 2 and 3, with a maximum air temperature difference of less than 2.0C.

The sample at the Beginning and Middle of the north-south canyons shows slightly higher
temperatures in Zone 1 compared to the other samples (Figure 6.40). The differences in air
temperature for both samples is greater during the daytime than at night. This higher air
temperature for these sample points may be related to the canyons (increasing east-west
canyons) that were added as a design intervention. Moreover, the amount of solar radiation that
enters into these canyons will be more than other zones as a result of increasing the width of
the canyons from 10-20 metres. This will allow solar radiation to enter the canyon during

daytime more than other zones.

The comparison between both east-west and north-south samples for all three zones in the
second scenario (increasing east-west canyons) shows slight differences in the T (C) and WS
(m/s) for the east-west samples during daytime and similar air temperatures for the north-south

samples.
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5.8.4 Adding Individual Open-Green areas (Third
Scenario)

The third design intervention is adding individual open-
green space between residential blocks (Figure 6.41).
The east-west canyons divided by adding individual
open-green spaces and canyons are shortened by half
their original length, aiming to enhance the urban
microclimate. In this scenario, the urban microclimate
was investigated by measuring the T 'C and WS. The aim
of this simulation is to investigate the effect of individual
open-green areas on the canyon’s microclimate and

surrounding canyons, in addition to the effect of this on

other zones, as shown in Figure 6.41. In this study, the
. . . Figure 6.41: Shows Scenario 3,
increase in open-green areas may reduce the air Adding Individual Open-Green

temperature and increase the WS. Areas
a. Air Temperature and Wind Speed for east-west canyons (third scenario)

Table 6-12 compares air temperature and wind speed for all three zones for the third scenario
(adding individual open-green areas). The maximum air temperature is 43.0°C and the
minimum air temperature is 33.7°C. Table 6-12 shows TC and WS for horizontal canyons

(east-west) in all three zones (Figure 6.41).

Table 6-12: Air temperature and WS for the third scenario (adding individual open-green areas)
for horizontal canyon samples

Adding Individual Open *~ Green areas — Horizontal Samples

Zone 1 Zone 2 Zone 3
T (C) WS (m/s) T (C) WS (m/s) T (C) WS (m/s)
B C E B C E B C E B C E B C E B C E
09:00 | 41.1 | 393 | 385 | 14 | 1.6 | 1.7 | 387 | 388 | 387 | 1.4 | 1.9 | 1.8 | 387 | 384 | 383 | 2.1 | 2.1 | 2.0
12:00 | 429 | 415 | 41.1 | 14 | 1.6 | 1.7 | 412 | 413 | 412 | 14 | 1.9 | 1.8 | 413 | 412 | 412 | 2.0 | 2.1 | 2.0
15:00 | 43.0 | 42.1 | 419 | 13 | 1.6 | 1.7 | 41.8 | 419 | 419 | 14 | 1.9 | 1.8 | 41.9 | 41.9 | 42.0 | 2.0 | 2.1 | 2.0
18:00 | 403 | 403 | 402 | 1.3 | 1.6 | 1.7 | 403 | 403 | 403 | 1.3 | 1.8 | 1.8 | 40.3 | 403 | 403 | 2.0 | 2.1 | 2.0
21:00 | 374 | 375|376 | 1.3 | 1.5 | 1.7 | 378 | 378 | 378 | 1.3 | 1.8 | 1.7 | 37.8 | 37.8 | 379 [ 2.0 | 2.1 | 2.0
00:00 | 33.7 | 340 [ 343 | 13 | 1.5 | 1.7 | 348 | 349 | 349 | 1.3 | 1.8 | 1.7 | 346 | 347 | 348 | 1.9 | 2.1 | 2.0

Time

14T (C): Air Temperature, WS(m/s) Wind Speed, B: Beginning of canyons, C: Centre of Canyons and E: End of
canyons
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In general, the samp les confirm that T'C and Air Temperature for the third scenario -

Horizontal samples

WS for the third scenario have the least
possible differences between all zones. The
research simulated 24 hours for this scenario,

but only six samples times were shown

(09:00, 12:00, 15:00, 16:00, 21:00 and

NINRNNWWWWWWWWWUW A SIS SN
VNONRLORNWANNNRDORNWE
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midnight) (Figure 6.42). The maximum air

) - i I~ N o
o N A *® e %
. 8 8 8 8 8 8
temperature was recorded at 15:00 with 718 708 738 71C e 2C
Z3-C Z1-E Z2-E Z3-E

(43.0C to 41.8°C), while the minimum air

Figure 6.42: Air Temperature for the third
temperature was recorded at midnight for all scenario- Horizontal samples
zones between (33.7°C to 34.9C) (Figure 6.42). The beginning of Zone 1 recorded higher
temperatures than the other samples. Once again, its location near the boundary may account

for this.

WS recorded a similar range for all zones between 1.3 m/s to 2.2 m/s. Similar to the second
scenario, Zone 3 recorded higher wind speeds in contrast to Zones 1 and 2. The difference is

slight and does not influence air temperature, as shown in Table 6-12.

b. Air Temperature and Wind Speed for the north-south canyons (third scenario)
Table 6-13 compares air temperatures and wind speeds for all vertical canyons in three zones
for the third scenario. The maximum air temperature is 42.4C and the minimum air
temperature is 34.3 C.

Table 6-13: Air temperature and wind speed for the third scenario (adding individual open-green
areas) for the north-south canyon samples

Adding Individual Open — Green Areas — north-south samples
Zone 1 Zone 2 Zone 3
T (C) WS (m/s T (C) WS (m/s T (C) WS (m/s
T |[M |BT|T |[M|BT|T |M |[|BT|(T |[M|BT|T |M |BT|T |M | BT
09:00 | 39.6 | 398 [ 392 | 1.5 | 2.2 13 ]392 3931394 ] 14|19 1.0 | 385 | 388 | 385 | 1.9 | 1.9 1.9
12:00 | 42.0 | 42.1 | 416 | 14 | 2.1 13 | 415 | 415 416 | L4 | 19 1.0 | 412 | 413 | 412 | 1.8 | 1.9 1.9
15:00 | 42.0 | 424 | 42.1 | 1.4 | 2.1 13 | 41.8 | 41.7 | 420 | 1.4 | 1.9 09 | 416 | 41.7 | 41.8 | 1.8 | 1.9 1.8
18:00 | 40.2 | 40.1 | 40.1 | 1.4 | 2.1 12 ]| 402 | 402 | 402 | 1.4 | 1.9 09 | 403 | 403 | 403 | 1.8 | 1.9 1.9
21:00 | 37.6 | 375 | 375 | 1.3 | 2.0 12| 378 [ 378 | 378 | 1.4 | 1.9 | 09 | 37.8 | 37.7 | 37.7 | 1.8 | 1.9 1.9

Time

00:00 | 346 | 343 | 344 | 1.3 | 2.0 12 | 350 (349 | 349 | 14 | 19| 09 | 346 | 345 | 343 | 1.8 | 1.9 1.9
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Table 6-13 shows the T'C and Air Temperature for the third scenario - Vertical samples
WS for the north-south canyons
in three zones. The results
clarify that the T'C and WS for
the third scenario have only a
slight difference for all zones.

The research simulated 24 hours
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for this scenario, though only

o [ = = N N
© N & % = W
six samples times were 8 8 8 8 8 &
ZOON 1 ZOON 2 ZONE 3 e 700N 1
presented (09:00, 12:00, 15:00, ZOON?2 emmmmZONE3 e e 7OON 1

16:00, 21:00 and midnight) Figure 6.43: Air temperature for the third scenario — vertical
samples

(Figure 6.43).

The maximum air temperature was recorded at 15:00 with a range of 42.4C to 41.6 C, while
the minimum air temperature was recorded at midnight for all zones with a range of 34.30°C
to 35.0C. Zone 1 recorded the highest air temperature and lowest air temperature in contrast
to zones 2 and 3 with a maximum air temperature difference of 1.6°C. The Beginning and
Middle samples in Zone 1 of the north-south canyons show a slightly higher air temperature
compared to the other samples (Figure 6.43). The differences in air temperature for both
samples is greater during the daytime than at night. This may be related to the design
interventions which increase the amount of solar radiation that enters into this canyon more
than those in other zones. Increasing the width of the east-west canyons from 10-20 metres

allows more solar radiation to enter the canyon during the daytime than in other zones.

The comparison between both canyon types in the third scenario shows slight differences in
the T (C) and WS (m/s) for the east-west samples during daytime only compared to night-time

and similar air temperatures for the north-south samples.

6.6 Comparison of Designed case study and all design intervention scenarios

Air temperatures were measured and analysed for the Designed case study and all design
scenarios using ENVI-met (Figure 6.29). The site plan was divided into three zones to compare
the interventions on the canyon design impact on a similar zone and other zones within the site

(Figure 6.28). The results from the last section indicated that air temperature and wind speed
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record almost similar values for all three zones in each scenario. This means the design

interventions did not have a significant impact on other zones within the same site.

In this section, only results for Zone 1 for all scenarios are compared. The aim of this section
is to investigate the impact of design scenarios on the canyon and open spaces microclimate
for a similar zone. Air temperature and wind speed are compared for zones only for each

scenario. Air temperature and wind speeds were measured at a height of 1.8 metres.

1. Air Temperature'® for east-west and north-south canyons in Zone 1

Table 5-23 and Table 5-24 shows air temperatures in Zone 1 at East-West and North-South
canyons for all intervention scenarios. For the East — West canyons both temporal and special
influences can be detected. Dealing with the temporal influences first: here the differences
between day and night are clear, once the sun has set, after 18:00, the difference in temperature
between the Designed case and all others is small, at all canyon positions. The day time
temperatures do indicate more significant changes. Starting with the beginning of the canyon
first, none of the interventions yield bwer air temperatures than the Designed scenario,
however the differences are small. The worst performing intervention is the increasing of the
East — West canyon widths’ the temperature increase being greater during the morning than the
afternoon. The temperature at the beginning of the canyon is strongly influenced by the
adjacent boundary condition, so may not reflect the impact of the intervention greatly. Looking
at the Centre and End of the canyon, a more consistent picture emerges; adding an open space
has no impact on air temperature, increasing the East — West canyons increases the air
temperature during the morning, though in the afternoon has no effect. Adding additional open
green spaces does lower the air temperature at both Centre and End locations with the
maximum difference in the morning and decreasing during the day. However the maximum
difference is only 0.4 K, and when the air temperature itself is around 40 °C, a 1% change, and

has little impact.

For the North — South canyons, the temporal differences is again evident, after 18:00 there is

little impact from interventions. During the daytime none of the interventions lower the canyon

15 R = Designed case scenario, O = Adding Open Spaces, I = Increase East —West canyons, V = Adding Individual
Open Green Spaces

Z1 =Zone one, P =Sample position at the Top of the Canyons, M = Sample position in the Middle of the Canyons,
BT = Sample position at the Bottom of the Canyons
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air temperature at the three positioned sampled. There is no clear picture from the data as to

whether any intervention has the least bad performance.

Table 6-14: Air temperature for Zone 1 for the Designed case study and design intervention
scenarios in east-west canyons

East-West Canyon Samples

Zone One — Four Scenarios T(°C) Zone One — Four Scenarios T(°C) Zone One — Four Scenarios T(°C)

T(°C)
Time Beginning of the canyon samples Centre of the canyon samples End of the canyon samples

R (0) I A\ R (0) I A\ R (0) I A\ ATC
09:00 | 40.7 | 41.0 | 41.2 | 41.1 |39.6 |39.6 |40.1 |393 |389 |389 |395 |385 |27
12:00 | 425 | 429 |43.0 | 429 |41.7 |41.7 |42.0 |415 | 413 |413 |41.7 |41.1 |18
15:00 | 42.8 | 43.0 |43.0 | 43.0 | 423 | 423 | 423 |42.1 |42.1 |42.1 |422 |419 |1.1
18:00 | 40.3 | 40.3 | 40.2 | 40.3 | 40.3 | 40.3 | 40.1 | 403 | 403 |403 |40.1 |402 |02
21:00 | 375 | 374 |372 |374 |376 |37.6 |373 |375 |37.7 |377 |374 |37.6 |03
00:00 | 33.8 | 33.7 |33.5 |33.7 |341 |341 |33.7 | 340 |343 |343 |340 |343 | 0.6

Table 6-15: Air Temperature for case study and design intervention scenarios for the north-south
canyons

North-South Canyon Samples

Time | Zone One — Four Scenarios Zone One — Four Scenarios Zone One — Four Scenarios T(°C)
Top samples Middle Samples Bottom Samples
IR (0} | \% R (0] | A% R (0] I A% ATC

09:00 | 390 | 400 | 400 | 396 | 386 | 398 |399 |398 |385 |388 |389 |392 |14
12:00 | 415 | 424 | 424 | 420 |412 | 422 | 423 | 421 |41.0 |413 |413 | 416 |06
15:00 | 418 | 423 | 423 | 420 | 416 | 425 | 426 | 424 |4l6 | 420 |420 | 421 |09
18:00 | 403 [ 402 | 402 | 402 | 402 | 40.1 | 401 | 401 | 402 | 401 |401 | 401 |02
21:00 | 378 | 377 |377 |376 |377 |375 |375 |375 |376 |376 |376 |375 |03
00:00 | 347 | 346 | 346 | 346 | 346 | 344 | 344 | 343 | 345 | 344 | 344 | 344 |04

16 R = Designed case scenario, O = Adding Open Spaces, I = Increase East —West canyons, V = Adding Individual
Open Green Spaces.

Z1 =Zone one, P =Sample position at the Top of the Canyons, M = Sample position in the Middle of the Canyons,
BT = Sample position at the Bottom of the Canyons.
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2. Open Spaces Air Temperature for all Scenarios!’

Open spaces in Zone 1 were investigated to understand the impact of canyon design
intervention on open spaces. Air temperature was measured in open spaces (Zone 1) for all

scenarios at a height of 1.8 metres using the ENVI-met simulation program (Figure 6.44).

The results show that air temperature for the open spaces are almost similar for all scenarios

(Figure 6.44).

The difference in air temperature for the open spaces is greater during the daytime than at night,

which is similar to the performance of the canyons.

The maximum difference (AC) is 0.8°C at 9:00 for the Designed case study and adding
individual open green spaces (Figure 6.44). The design interventions on the canyons for all

scenarios had a limited impact on open space air temperatures, as shown in Figure 6.44.

Air Temperature - Open Spaces in Zone 1
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Figure 6.44: Air Temperature for open space in Zone 1 in the Designed case study and all
design scenarios

17 Z1 = Zone one, OP = Sample Position in the centre of the Open Spaces.
R = Designed case scenario, O = Adding Open Spaces, I = Increase East —-West canyons, V = Adding Individual
Open Green Spaces.
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3. Wind Speed'®
Wind speed measured for both east-west and north-south canyons at the sample positions

illustrated in Figure 6.45.

25 Wind Speed -East-West Canyons
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Figure 6.45: Wind Speed in Zone 1 for open space in the Designed case and all design scenarios
(East-West canyons)

Figure 6.45 shows the wind speeds for east-west canyons and Figure 6.47 explains wind speeds
for north-south canyons. The results show that wind speed ranged between 1.3 m/s to 2.13 m/s
for all scenarios. The maximum wind speed recorded for north-south canyons was 2.13 m/s at
9:00 am for the position of the middle canyon sample compared to 1.89 m/s for the maximum

wind speed for east-west canyons.

18 Z1 = Zone one, R = Designed case scenario, O = Adding Open Spaces, I = Increase East —~-West canyons, V =
Adding Individual Open Green Spaces. WS = Wind Speed (m/s).
B = Sample position Beginning of the Canyons, C = Sample position in the Centre of the Canyons, E = Sample

position at the End of the Canyons.
P = Sample position in the Top of the Canyons, M = Sample position in the Middle of the Canyons, BT = Sample

position at the Bottom of the Canyons.
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Wind speed in the open spaces'® was also measured to investigate canyons design intervention

impact on open spaces wind speeds.

Wind Speed - Open Space
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Figure 6.46: Wind Speed for the Designed case study and all design scenarios in zone one (open
space)
Figure 6.46 illustrates wind speeds for the same open space for all scenarios. The results show

that there is a limited difference in wind speed for all scenarios with a maximum wind speed

of 1.94 m/s and minimum of 1.73 m/s.

Wind Speed- North-South Canyons
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Figure 6.47: Wind speed in Zone 1 for the Designed case and design scenarios (north-south
canyons)

The results show that wind speed recorded higher values in canyons in contrast to open spaces
(Figure 42, Figure 43 and Figure 6.44). Additionally, canyon design intervention has a limited

effect on open spaces wind speeds.

19 Z1 = Zone one, OP = Sample Position in the centre of the Open Spaces.
R = Designed case scenario, O = Adding Open Spaces, I = Increase East —-West canyons, V = Adding Individual
Open Green Spaces. WS = Wind Speed (m/s).
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Air temperatures and wind speeds for east-west and north-south canyons were measured in the
same locations for all scenarios. The results confirmed that there is a slight difference in air
temperature (A C) between east-west and north-south canyons at the Beginning of the samples.
These differences may be related to the boundary condition of the model, with this sample

being located near a boundary condition compared to other sample locations.

Wind speed for measured canyons and open spaces recorded similar values. This suggests that
the canyon design intervention did not have a significant impact on the urban microclimate for
canyons and open spaces. This section concludes that the design interventions did not have a

significant impact on air temperatures and wind speeds, as shown in the results for all scenarios.

The design interventions (all scenarios) did not have a significant impact on air temperature
and wind speed within the modified zone or on other zones within the site. The difference in
air temperature for all measured samples is limited. This leads the research to investigate more

effective strategies to reduce the effect of daytime solar radiation.

In the following section, the research explores more investigations on the impact of solar
radiation on the open spaces and how a reduction in solar radiation impacts on the urban

microclimate of urban areas.
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Chapter 6 Urban Microclimate Modelling

6.7 Adding trees for green spaces

In the last section, the study showed that design interventions on canyons have a limited impact
on the Air Temperature (T) and Wind Speed (WS) for Zone 1 and other adjacent zones. In this
section, the study simulated only Zone 1 using ENVI-met (Figure 6.48). The simulation
explores new strategies to enhance the local urban microclimate of open space in the urban

arcas.

In a hot, dry climate, shade either by vegetation or a manmade device is an obvious choice.
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Figure 6.48: ENVI-met Zone 1 model. Three points in east-west canyon samples
represented by red stars

Whilst the lack of precipitation in Erbil does limit tree growth, it is a strategy worth exploring.
The aim of the simulations is to investigate the impact of adding trees into the open spaces.

The simulations include different scenarios as below:

1. Open spaces without trees

2. Open space with trees.

Method of analysis: in this simulation samples are taken in two different directions for each

scenario as below:
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a. Horizontally, Air temperature, Mean Radiant Temperature and Wind Speed are taken in
the centre of open spaces (Figure 6.49).

b. Vertically, Air Temperature, Mean Radiant Temperature (MRT) and Wind Speed are
taken at four heights for Open Space 1 at 600mm, 1800 mm, 3000 mm and 5000 mm
(Figure 6.49).

I B |
3
_____ H EmEmm .
3
By

Figure 6.49: Measurement point in the centre of canyon with different heights
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.................................................

6.7.1 First scenario, Open spaces Without

Trees 8
The open spaces in this scenario are without trees -
(Figure 6.50). This simulation was run for 24

hours for modern morphology in Erbil to simulate

.....

the Air Temperature, Wind Speed and Mean
Radiant Temperature in open spaces only. The

weather data was taken from a local weather

station (central station) with a low wind speed of .....

0.5 m/s and 225 wind direction. The position of

samples is shown in Figure 6.50.

6.7.1.1 Air Temperature — First Scenario  Samples Position in the Open Spaces
Figure 6.50: The horizontal sample

; 20
1. Horizontal Samples position for both types of canyon and

In this scenario, Air temperature, Wind Speed and Mean Radiant Temperature were measured
in the five open spaces, as shown in Figure 6.50. The results are compared for 23 hours for the

1t July 2017.

Figure 6.51 Shows the air temperature for all five open spaces. The samples are taken at a
height of 1.8 metres for the five different open spaces (Figure 6.49). The maximum air
temperature was 39.02 °C and the minimum air temperature was 31.54 °C recorded for open
space 1. The results explain that the air temperature for all five samples record similar values

(Figure 6.51).

2. Vertical Samples (Zone one— 600mm, 1800mm, 3000mm and 5000mm

20 These samples refer to the position of samples and the samples taken in the middle of the open spaces.
WOT = First Scenario Open Spaces without Trees.
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Chapter 6 Urban Microclimate Modelling

In this simulation, the air temperature was taken in
the centre of Open Space 1 (Figure 6.51). The JRARE::::i:iiiiiiiiiiiiiiiiiiii: I :
samples were taken and measured at four heights: --------

600 mm, 1800 mm, 3000 mm and 5000 mm H

(Figure 6.49). This simulation compared air

temperature for four samples in the centre of Open

Space 1. Figure 6.52 depicts the air temperature for
the vertical samples in Open Space 1. The results ::::::: SRS ) S S
show that the air temperature for all four samples -------------------

recorded similar values at different heights (600 to

5000 mm) (Figure 6.52). The results exhibit

similar values for all samples during night-time

and daytime, with a maximum air temperature of *-Samples Position (Centre open space 1)
38.65 C and minimum air temperature of 31.75 for  Figure 6.51: Vertical sample positions for
the Open Space 1 sample at 600 mm and Open Open Space 1

Space 1 sample at 5000 mm, respectively (Figure 6.52).

Air Temperature - Vertical Samples 600, 1800, 3000 and S000mm- without Trees Scenario
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Figure 6.52: Air Temperature for vertical samples (600mm, 1800 mm, 3000 mm and 6000 mm).
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6.7.1.2 Wind speed — First Scenario (Open Spaces without Trees

6.7.1.3 Horizontal samples (First Scenario)
Wind speed was simulated in five open spaces without trees, as shown in Figure 6.53. The
maximum wind speed was recorded in Zone 5 (0.36 m/s) in contrast to minimum wind
speed in Zone 1 (0.21 m/s) (Figure 6.53). The position of Zone 5 is near the boundary

condition from the south. This may be related to higher wind speed values compared

Wind Speed for all open spaces without Trees
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Figure 6.53: Wind speed for horizontal samples (east-west) and (north-south) canyons

to other zones, where housing surrounded the open spaces from all directions. Zone 3 recorded
higher wind speeds than Zones 1, 2 and 4. This may occur because of the position and area of
open space 3 compared to Zones 1,2 and 4. It is located in a position where the eastern direction
opens directly onto the boundary condition similar to Zone 5 (Figure 6.53). Overall, the wind

speed is similar for all open spaces.
6.7.1.4 Vertical samples (First Scenario)

The second group of wind speeds were measured for the vertical samples in Open Space 1 at
different heights, as shown in Figure 6.49. The samples were taken at 600 mm, 1800 mm, 3000
mm and 5000 mm. The results show that wind speed for vertical samples are between 0.33 m/s
to 0.21 m/s for all four samples (Figure 6.54). The wind speed increases with height. The
maximum wind speed was recorded at 5000 mm, while the minimum wind speed was recorded

at a height of 600 mm.
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Wind Speed - First Scenario (Without Trees) - Vertical samples
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Figure 6.54: Wind speed for vertical samples in similar positions in the centre of Open Space 1

6.7.1.3 Mean Radiant temperature?! — First Scenario

The introduction of shade into any environment will have little or no effect on air temperature
but will impact on wind speed and radiant energy exchange. One measure of this exchange is
the Mean Radiant Temperature, this is a measure of the average temperatures of the surfaces
that surround a point and if the point is located outside, this will include solar radiation.
External shading will therefore reduce both the radiant energy emitted by the building surfaces

and direct solar gain.

2l Mean Radiant temperature is defined as the ’uniform temperature of an imaginary enclosure in which the
radiant heat transfer from the human body equals the radiant heat transfer in the actual non-uniform enclosure’’
(ASHRAE, 2001)
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6.7.1.5 Horizontal Samples
Mean Radiant Temperature (MRT) was measured in five open space positions at 1800 mm
height, as shown in Figure 6.4. The results illustrate that the MRT during the daytime is higher
than at night. The maximum MRT is 82.40 C at 14:00, while the minimum MRT is 20.60 C at
03:00 (Figure 6.55). The MRT for all samples recorded similar values during the daytime and

night-time.
MRT for Horizontal samples
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Figure 6.55: Mean Radiant Temperature for Horizontal samples from Open Spaces 1, 2, 3,
4 and 5

6.7.1.6 Vertical Samples

Mean Radiant Temperature (MRT) was measured in Open Space 1 only at four heights, as
shown in Figure 6.49. The result shows that the MRT during the daytime is higher than the
night-time. The maximum MRT is 84.23 C at 14:00, while the minimum MRT is 20.60 C at
3:00 (Figure 6.56). The MRT for all samples recorded similar values during the daytime and
night-time (Figure 6.56).

For both horizontal and vertical samples the MRT show similar profiles: during the day time
the MRT is strongly influences by solar gain, both direct and radiation from adjacent buildings.
After sun set the direct component disappears and the open spaces see the night sky resulting

in a slow reduction of the MRT until early morning.
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Figure 6.56: Mean Radiant Temperature for vertical samples

6.7.2 Second Scenario (Open Space with trees)

The open spaces in this scenario are fully covered with trees (Figure 6.51). The simulation
was run to measure the Air Temperature (T), Wind Speed (WS) and Mean Radiant
Temperature (MRT) in all five open spaces (Figure 6.56). The weather data were taken from
the local weather station with a low wind speed of 0.5 m/s and 225 wind direction. The aim
of this simulation was to evaluate the impact of trees (shading) on the urban microclimate of

open spaces.

270



6.7.2.1 Air Temperature — Second Scenario

1. Horizontal Samples

Air temperature simulated for the five open spaces were
taken at a height of 1.8 metres, as shown in Figure
6.57. The results show that the air temperature for all
five samples had small differences (Figure 6.57). During

the day-time (06:00 to 17:00) the air temperature for Open

Space 5 was higher than Open Space 1, while during
night-time  the  differences in  air temperature
increased and Open Space 5 recorded the lower value

(Figure 6.58).

NUNISUI ULt o o e

Figure 6.57: Air Temperature for
second scenario showing the open
spaces air temperature differences
28.82C. at 4:00 am

The maximum air temperature is between 41.15°C and

39.19 C and the minimum air temperatures are 31.11 C to

Open Space 5 is located close to the boundary of the simulation, Figure 6.58 and will be directly
influenced by the boundary conditions. Hence, it will be hotter during the daytime and cooler

at night compared to the other open spaces.

Open Space 1 recorded the minimum air temperature during daytime with maximum air

temperature during the night-time.

Overall, air temperatures for open space samples increase or decrease because of wind speed
and thermal mass. However, the difference in air temperature by adding trees into open spaces

does not have a significant impact on air temperature.

Air Temperature - All Open Spaces - Second Scenario (With Trees)
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Figure 6.58: Air temperature for the second scenario (open spaces)
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2. Vertical Samples (Zone One) — 600mm, 1800mm, 3000mm and 5000mm

In this simulation, air temperatures were compared for four samples located in the centre of
Open Space 1 (Figure 6.49). The samples were measured at four heights: 600 mm, 1800 mm,
3000 mm and 5000 mm.

Air Temperatures for Vertical samples (second scenario)
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Figure 6.59: Air temperature for vertical samples in three sample positions with four sample
heights (Second scenario)
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Figure 6.60: Air temperature for the second
scenario (with trees)
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6.7.2.2 Wind Speed — Second Scenario

In this scenario (with trees), wind speeds were measured horizontally and vertically for open
spaces (Figure 6.48 and Figure 6.49). The maximum wind speed is 0.25 m/s for Open Space 3
compared to 0.17 for Open Space 5 (Figure 6.61).

Wind Speed - Second Scenario (With Trees)
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Figure 6.61: Wind speed for horizontal samples in the centre of all open spaces; second scenario
open spaces with trees.

Figure 6.49 shows the position of the vertical samples of wind speed in Open Space 1. The
samples indicate that Open Space 1 at a height of 5000 mm recorded the lowest wind speed
compared to samples taken at heights of 600 mm, 1800 mm and 3000 mm (Figure 6.62).
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The results indicate that wind speeds for the vertical samples are between 0.24 m/s to 0.18 m/s
for all four samples (Figure 6.62). Wind speed for samples from Open Space 1 at heights of
600 mm, 1800 mm and 3000 mm recorded higher values compared to the 5000mm sample
point (Figure 6.62). Open Space 1 is full of trees below 300m only isolated tree trunks are
present providing little wind resistance, but at 5000mm the tree canopy is fully developed,

Figure 6.63, and does significantly reduce the wind speed at this height points.

Wind speed for samples from Open Space 1 at heights of 600 mm, 1800mm and 3000mm
record higher values compared to the 5000mm sample point, Figure 5.94. Open Space 1 is full

of trees, below 300m only isolated tree trunks are present providing little wind resistance, but
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Figure 6.63: ENVI-met images showing wind speed at different heights for the second
scenario (open spaces with trees).

at 5000mm the tree canopy is fully developed, Figure 5.95, and does significantly reduce the
wind speed at this height

275
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6.7.2.3 Mean Radiant Temperature — Second Scenario

6.7.2.3.1 Horizontal samples

Figure 6.64 displays the Mean Radiant Temperature (MRT) for horizontal samples (5 samples)

at a height of 1.8 metres for all five open spaces. The results signify that the MRT for all

samples in the open spaces is similar during daytime and night-time.
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Figure 6.64: Mean Radiant Temperature for horizontal samples for the second scenario (open

spaces with trees)

The samples show similar MRT during the night-time, but there are slight differences in MRT

during the daytime (Figure 6.64).

Mean Radiant Temperature for open spaces
with trees recorded lower values in contrast
to open spaces without trees. This occurs as
a result of shading by trees which cover all
the open spaces. Shading by trees has a
significant impact on MRT reduction for

the open spaces (Figure 6.65).
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Figure 6.65: ENVI-met image showmg' Mean
Radiant Temperature for canyons and open
spaces (second scenario) at 12:00 noon
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6.7.3.4 Vertical samples

Mean Radiant Temperature (MRT) was measured in the second scenario (open spaces with
trees) for vertical samples at Open Space 1 (Figure 6.66). The results show that MRT during
the daytime is higher than at night.

The maximum MRT is 66.05 C at 14:00, while the minimum MRT is 25.47C at 03:00 (Figure
6.66). The differences in MRT increase during daytime between samples, while the values for

all samples consist of a noticeable smaller difference during night-time.

Generally, the MRT temperature for open spaces for the second scenario (open spaces with
trees) is different during day-time and with a slight difference during night-time when

compared to the first scenario (open spaces without trees).

Mean Radiant Temperature (second scenario) - vertical samples
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Figure 6.66: Mean Radiant Temperature for vertical samples (second scenario)

Figure 6.67 illustrates how the height of the buildings impacts on shading and MRT in relation
to the canyons. Canyon samples at a height of 5,000 mm is not shaded by building blocks,

while canyon samples at a height of 3 metres are partially shaded.

Tree heights and two buildings (circled with hidden lines) in the north-east and south-west
(Figure 6.67) are higher than 6 metres, so the shading area for these cases is more than the other

residential blocks (Figure 6.67).
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Figure 6.67: Mean Radiant Temperature for second scenario (open space with trees) at 16:00
showing the shading effect at different heights

6.8 Compare two scenarios
In this section, the air temperature (T), wind speed (WS) and mean radiant temperature (MRT)

for all five open spaces for both scenarios (open spaces with and without trees) are compared.

Air Temperature -Both Scenarios - Five Open Spaces
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Figure 6.68: Compare all five open spaces, air temperatures for both scenarios (open spaces with
and without trees)
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6.8.1 Air Temperature (Open Spaces with Tree and Without Trees)

Air temperatures in Figure 6.68 compare both scenarios for all five open spaces. The results
show that adding trees into the open spaces had no significant impact on air temperature. The
air temperature is approximately the same for both scenarios, with only slightly differences.
Air temperature for open spaces without trees recorded lower values compared to open spaces
with trees, for the reason that the trees impact on wind speed, resulting in higher air

temperatures (Figure 6.69).
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Figure 6.69: Air Temperature for all open spaces for both scenarios at 12:00
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Figure 6.70: Compare all five open spaces wind speed for both scenarios (open spaces with and
without trees)
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6.8.2 Wind Speed (Open Spaces with Tree and Without Trees)

Wind speed in this section is compared for all five open spaces in both scenarios (open
spaces with and without trees). The results show that there is an impact on wind speed by
adding trees into the open spaces. Wind speed for open spaces without trees is higher than

open spaces with trees (Figure 6.70 and Figure 6.71).
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Figure 6.71: Wind Speed for all scenarios (open spaces with and without trees)
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6.8.3 Mean Radiant Temperature (Open Spaces with and Without Trees)
Mean Radiant Temperature (MRT) was measured at a height of 1.8 metres in the centre of all

five open spaces in both scenarios (open spaces with and without trees).
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Figure 6.72: Compare all five open spaces Mean Radiant Temperature for both scenarios (open
spaces with and without trees)

The results suggest that open spaces for the first scenario (open spaces without trees) recorded

higher MRT during daytime in contrast to the second scenario (open spaces without trees).
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Figure 6.73: Mean Radiant Temperature for both scenarios at 12:00 showing the impact of
tree shading on MRT on open spaces
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There is a significant difference in MRT between both scenarios during daytime from sunrise
to sunset (Figure 6.72). Trees provide shade for the open spaces in the second scenario, which
prevents the solar radiation reaching the open spaces. This leads to reduced MRT in open
spaces beneath the trees. The maximum MRT recorded at 14:00 for open spaces without trees
was 83.69 C, while maximum MRT for the second scenario (open spaces with trees) at 12:00

was 64.26C.

The results suggest that adding trees into the open spaces has a limited impact on MRT during
night-time. Open spaces without trees recorded lower MRT during night-time. This difference
increased gradually from zero at 17:00 to a maximum at 03:00 (Figure 6.72). During the night-
time, the trees limit radiation loss to the night sky, and hence there is an increasing difference

after sunset.

Shading strategies can be used in urban areas (open spaces) as an effective strategy to reduce
solar radiation during the daytime, which reduces thermal energy present in outdoor open
spaces (Figure 6.73). The results of this section confirmed that adding trees to the open spaces
has a limited impact on air temperature and wind speed for canyons and open spaces, while
adding trees (shading) to open spaces has a significant impact on MRT during daytime and

limited impact during night-time.

6.9 Conclusion

In this chapter, both traditional and modern urban morphologies were simulated. The results
signify that air temperature is lower for the traditional urban area compared to the modern
urban morphology, with a maximum air temperature of 38.54 C and 41.40 C, respectively (See
section 6.11 and 6.12).

One of the important findings in this chapter is having the wind direction parallel to North-
South or East — West canyons increase the wind speed in those canyons but decrease the wind
speed in the perpendicular canyons. Moreover, having the wind direction in 225° from the
North will distribute equally between both North-South (Vertical) and East — West (Horizontal)
canyons (See section 6.13). The impact of having this orientation provides higher wind speeds
in both canyon directions and that in turn will increase building ventilation rates in both canyon

directions.
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The design scenarios showed that there is a limited impact related to the design interventions
on air temperature (T 'C) and a noticeable impact on wind speed (WS m/s) by way of modifying
canyon directions according to wind direction. The high density urban areas in Erbil have a
low wind speed 0.5 m/s, so any design scenario to increase the wind speed may not have a
significant impact on the urban microclimate (because the wind speed is originally low). These
differences are not enough to have an impact on the design of new urban planning projects (See

section 6.14).

For this reason, new design scenarios were employed (adding trees into the open spaces), whilst
ENVI-met was used to simulate Air Temperature (T'C), Wind Speed (WS'C) and Mean
Radiant Temperature (MRT ) for the Horizontal and Vertical samples. The results exhibited
that adding trees into the open spaces does not have a significant impact on the T (C) and WS

(m/s) for both canyons and open spaces (See section 6.16).

MRT can be reduced by adding trees into the open spaces. The maximum MRT for Open
Spacel (without trees) was 83.69°C compared to Open Space 1 (with trees) 63.85C. The
significant impact of adding trees to MRT caused by shading from trees, reduces the solar
radiation entering into open spaces. The shading strategy can be used as an effective design

feature to reduce thermal energy during summertime in cities in hot/dry climates.
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Chapter 7: The Impact of Shading Mesh
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Chapter 7 The Impact of Shading Mesh

7.1 Introduction
This chapter discusses the application of shading strategy to control solar access and wind
speed in urban areas (open spaces and canyons). The amount of solar exposure from solar

radiation is one of the main factors to control urban microclimate conditions.

In the first section of this chapter, the history of shading in the traditional urban morphology
of Erbil was explained. The second section illustrates the modern use of shading in recent
projects. The third section explains the simulation procedure for shading mesh using ENVI-
met. The final section explains the impact of using shading mesh as an effective strategy to

reduce solar radiation in hot, dry climate urban areas.

Shading has been used for a long time in hot, dry climates to help people cope with hot
summers. This can be seen in the narrow canyons in the traditional morphology of most
Middle-East cities (urban scale). In addition, a shading device called a shanshol or shanashil

(building scale) is used in house windows.

The narrow and vertical canyons are decorated with shanashil which eliminate direct solar
radiation from entering house spaces directly located in the canyon. The shanshol consists of a
grid of small halls used as a mechanism to reduce direct solar radiation and provide a level of
privacy for houses. The traditional way to reduce direct solar radiation was by means of
reducing canyon width (reduced sky view factor), although this strategy is not applicable for
modern urban housing projects. This is due to modern transportation (cars) and placing
infrastructure under the streets. This study investigates the impact of urban shading strategy by
covering canyons and open spaces with shading mesh. In order to simulate this, ENVI-met is

used to model shading mesh over the urban areas.
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7.2 History of shading

Radiation is an important factor; it is extremely variable and a dominant component of the
thermal energy balance of outdoor urban microclimate. Inside buildings, the air temperature is
described by simple temperature without regard to radiant field surroundings, because the room
temperature is influenced by the internal surface temperature of a room already shielded from

intense solar radiation.

The design of outdoor spaces is fundamentally responsible for the urban microclimate and
differs from the microclimates in indoor spaces, and pedestrians experience a wide range of
thermal sensations through radiation. There are two forms of radiation that affect an outdoor
urban environment, namely, short wave and long wave radiation. In hot, dry climate regions,
radiation was an important subject in relation to creating urban microclimates (Johansson
2006). These urban design strategies to reduce radiation can be seen in both buildings and urban
scale (Figure 7.1). For example, housing units in Erbil were built to adapt to the hot
environment by eliminating direct contact between outdoor and indoor environments
(Abdulkareem 2012, Amin and Al-Din 2019). In this section, the historical strategies of
Erbil’s microclimate are explained. The environment building element can be divided into

two main categories for both buildings and urban scale:

A

-
”~

Adaptation the tradition The streets are blocked  Group of houses with
urban morphology with  end to prevent the narrow canyon
local urban microclimate  enemy of strangers (environmental adaptation)

Figure 7.1: Traditional urban planning showing the horizontal design elements of an old city
in a region with a hot-dry climates. Sources https://thetravelingi.com/2017/10/20/iraq-dining-in-
erbil-kurdistan/, (Khaled 1993), SadikG/123RF.com
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Horizontal urban design elements: this strategy aims to reduce the sky view factor of
canyons by reducing their width of canyons and open spaces, to reduce the penetration of
direct solar radiation (short wave radiation) and increase shaded areas (Figure 7.1).
Vertical design elements: this strategy employed vertical architecture features to generate
a unique design element which adapts to the local urban environment and reduces the

penetration of direct solar radiation into the indoor environment (Figure 7.2). This

type of design element is divided into two main categories:

il CIC] Jl1 f‘
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Figure 7.2: Housing unit shows the environmental elements of historical housing in Erbil. Sources (Al
Jaff, Al Shabander et al. 2017) (Morad and Ismail 2017)
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a. Arrangement plan for house units

The main architecture building elements in traditional housing in Iraq are the courtyard (core
of the house), Ursi, a closed room with three walls, a shaded corridor (Tarma), as well as the
Talar, Neem and Sardab (basement) (Ayyash 2015). The idea of these architectural zones is to
provide essential shade using 3D geometry (length, width and height) (Al-Azzawi 1996).
Additionally, to prevent occupants from thermal energy balance basements or half basements
(Neem) are used during daytime in hot summers and as a convenient storeroom in

winter (Figure 7.3).

b. Architectural treatment of openings and facade details

Figure 7.3: Shanasheel in traditional neighbourhoods in Iraqi cities. Source of image
https://thereaderwiki.com/en/Mashrabiya, https://www.alamy.com/stock-photo/old-basra.html
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The opening in traditional houses in a hot, dry climate region is relatively small to restrict the
amount of daylight to penetrate and eliminate direct solar radiation from entering. In housing
units, the shading element is employed vertically on the first floor to provide shading and
privacy for the bedroom (Baiz and Fathulla 2016). This shading device, called a ‘al shanasheel’
is located at the opening and made from wood. It contains small holes approximately 50 mm
square all over the opening and the individual unit is attached to the external wall service
(Figure 7.3). The shanasheel is an important element in traditional architecture not only
in Iraq but throughout the Middle East. It has an environmental function both inside and
outside the traditional housing unit (Akram, Ismail et al. 2015). It provides privacy and
eliminates solar radiation indoors and provides shade for the narrow canyons by casting a
shadow on canyon walls and floors The narrow alleys in traditional urban areas are wider on
the first three metres above the ground and become narrower as the shading devices overhang
the external walls of the first floor . The buildings are attached together along the alleys and the
overhanging shading level (fairly wide), whilst at the same time direct sunlight is eliminated by
reducing the SVF (Figure 7.4). Shading devices continue to be used in traditional areas of
Erbil even now. The city centre (Erbil citadel) is surrounded by traditional urban

morphology, primarily traditional markets (Bazar) (Al-Hashimi and Bandyopadhyay 2015).

§
i ey

igure 7.4: Traditional ally éhowing the shaded area and SVF through
employing the shanasheel
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Most traditional markets (Qaisaria') are fully covered by arches and domes to maximise the
shading and protect indoor environments from outdoor and solar radiation (Figure 7.5).
Several of the modern markets in Erbil also avoid direct solar radiation by using shading

textiles or plastic corrugated sheet).

Figure 7.5: Location of a traditional bazar in Erbil and the inside Qaisaria

The casual shade can be movable or fixed and corrugated plastic sheets installed with steel
frames are used during summer and winter (Figure 7.5). Textile shading devices are
movable and used only in summertime to devices reduce the SVF of the canyons (Mortada
2003). Pedestrians can move easily at ground protect shoppers (Customers) from direct sun

radiation.

! The Qaisaria (east and west) is a traditional market constructed using traditional masonry and domes that can be
seen in some cities in Kurdistan. The construction has two stories (ground and basement) with controlled gates
which close at night. The lower floor contains small linear shops that open inwards, while ground shops open
outwards. This arrangement plan provides a comfortable environment for lower storeys.
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7.3 Modern shading devices

Solar radiation exposure and the degree of that exposure is the main factor for controlling urban
microclimate conditions in hot, dry climate regions. Exposure to solar radiation varies from
streets to semi-closed and open spaces. Modern shading devices are used to prevent outdoor
open spaces from the intensity of solar radiation and provide thermal comfort for pedestrians.
In mid-latitude regions, more than any other regions, the occupants of open spaces are suffering
from thermal stress because of overheating during summer time (Erell, Pearlmutter et al. 2012).

During daytime hours between (10:00 to 17:00), especially, solar radiation (short wave) is

(&5 24
7 4

i&#7F
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Figure 7.6: Using Shading devices in modern Erbil city markets

severe in city spaces and creates an uncomfortable environment for pedestrians exposed to the
sun, and the over-heating of urban surfaces. The body absorbs heat from direct solar radiation
or diffuse radiation (reflected radiation) from urban surfaces and buildings (Pearlmutter, Bitan
et al. 1999, Mohajerani, Bakaric et al. 2017). The solar radiation which people absorb varies
depending on the location of sun in the sky, the geometry of the body and the physical
characteristics of surfaces (Oke 2002, Yang and Li 2015).
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To eliminate direct solar radiation, shading devices can be employed more than trees to provide

shade in hot, dry climates, for the reasons outlined below:

1. There are low water resources in hot climate cities in summertime for irrigation, as
there is no rain in summer

2. The shading from trees does not provide sufficient shade for locations in urban areas
(Zhao, Sailor et al. 2018)

3. The trees cannot be modified to provide shade or removed in response to weather
conditions, for example in wintertime

4. Trees reduce wind speed near buildings (Kang, Kim et al. 2017, Chew and Norford
2019).

Shading devices (shading mesh) have fixed physical properties, such as shading coefficient,
shading area geometry, and position. Furthermore, trees can change their shape and opacity

over the course of their lifetimes, while shading devices have a fixed shading geometry and

%, e e —

Figure 7.7: Horizontal shading device across the canyon’s width providing shade to pedestrians
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position over the life of the building. The shading device reduces energy consumption by
reducing radiant load on buildings enclosed in hot climates by shading building surfaces
(Mirrahimi, Mohamed et al. 2016). Additionally, shading devices reduce solar gain and heat
flux during day time (Li, Qu et al. 2016). Therefore, less energy is required due to reduced heat
gain and the operation of air-conditioning systems can be reduced. The shading devices in

urban areas can be divided into two main types upon their installation direction.
a. Horizontal shading devices

Shading devices can be used on residential and commercial buildings for both canyons and
open spaces in individual houses (Figure 7.1 and Figure 7.8). Human thermal comfort and
radiation absorbed by the body in the centre of a canyon depends on specific factors: the height
of point (pedestrian Hb), shading coefficient (SC sv), height (H) and width (W) of street,
canyon orientation and solar angles (Erell, Pearlmutter et al. 2012). The shading coefficient

(SCsv) is defined as:

Equation 7-1 Shading coefficient in the regular symmetric street canyon

[H—"(tan ALTbp)]

SCs =
Hb

Where tan ALTbp = tan ALT/ cos (AZ-AZw).
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The solar altitude angle is OLT=(90-ez), 0Z is the solar azimuth angle, and AZw the azimuth
angle. The measured angle is between the normal line of casting shadow and the north wall.

This angle can change 180 over 24 hours.

R 4

POTENTIAL COMBINATIONS

Figure 7.8: Shading devices for open spaces in individual housing

The second type of horizontal shading device can be seen in open spaces in individual housing
units (Kirimtat, Koyunbaba et al. 2016). It covers a limited area outside the house that cannot

be shaded by walls or adjacent buildings (Figure 7.8).
b. Vertical shading devices

An atmosphere sustainable sunscreen is an important design feature, used for new and existing
buildings (Figure 7.9), as it reduces the impact of solar radiation entering into the building by
up to three quarters. Therefore, the energy consumption for cooling will be reduced by reducing

the working hours of air conditioning units to achieve comfort levels. The main function of
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vertical shading devices is to reduce the direct solar radiation being transmitted through the

external openings and windows. It is used primarily outside buildings to limit the entry of solar

.

Figure 7.9: A systematic facade element which provides the occupants with maximum daylight and
minimum solar radiation

radiation in hot summers (Kim, Lim et al. 2012, Gupta and Tiwari 2016).

Additionally, such a sunscreen can be used to articulate the building envelope or cover part of
the building using different materials. The negative impact of fagade elements is the reduction
in daylight, which means that the occupants of a dwelling may not have sufficient lighting. To
control the lighting impact of these elements, a series of perforated elements have a textural

feature to allow daylight beyond the external envelope of the building (Figure 7.9).

Architects use these shading devices to improve buildings with sustainable features that reduce
energy consumption (Cimmino, Miranda et al. 2017). The shading devices can be modified by
changing their profile, colour, and the covering part of the fagade (Figure 7.10). A number of
studies have been carried out in a hot, dry climate to improve daylight and reduce the impact
of solar radiation by analysing the porosity of an element’s ‘perforations’. The researchers
found that south facing fagcades should be treated differently to achieve positive results (saving
energy consumption). Sherif (2012) established that adding screens to south and west facing
facades in a desert climate can reduce energy consumption by 30%. Omidfar (2015) assessed
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the performance of complex geometry solar screens to optimise indoor daylight and energy
consumption. The results exhibited an annual reduction in the energy consumption of 30% and

40% for both south and west facades.

Figure 7.10: Vertical shading devices.

Researchers used Genetic Algorithms® (GA) to simulate solar screen and assess the
performance of daylight and energy consumption (Omidfar, Torghabehi et al. 2014). Positive
results were obtained from the study undertaken by Calsas (2002), which employed GA to

optimise the size and placement of external window to measure daylight and thermal energy.

2 ‘Genetic Algorithms (GA) are a powerful method in the process of finding optimised solutions for a large number of
problems, and have been widely studied in the field of the built environment. They mimic the process of natural selection,
where the most powerful individuals are expected to prevail in a highly competitive environment, and a fitness value is utilised

in order to assess how good these individuals are.’
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This method can also provide a preferred solution for designers to select. Gonzalez and Fiorito
(2015) discovered that energy consumption and daylight can be improved by enhancing
shading devices for northern fagades by utilising GA to minimise direct solar radiation without
affecting natural light levels. Moreover, Karamata and Andersen (2014) developed a vertical
shading device based on the Mashrabiya design to adapt to hot, dry climates. The aim of the
study was to develop a new system which can eliminate or block direct solar gain and transform
it into diffuse light. They used GA as the method to optimise solar radiation and daylight

through different shading devices. Positive results were obtained.

The main feature of organic urban morphology in a hot, dry climate region regarding modern
shading devices is to employ a shading strategy to minimise direct solar radiation and improve
natural lighting (daylight). Therefore, this study takes the benefits from both sides concerning
historical and modern shading concepts and applies it to the modern urban areas to generate a
new concept for shading a strategy that might be adapted for existing and new housing

developments in Erbil.

The aim of the current chapter is to model a horizontal shading mesh using ENVI-met and
apply it over open spaces and canyons to manipulate the urban microclimate, but still allow
enough daylight to pass through (sufficient allowance of daylight). This will reduce direct solar
radiation in order to reduce MRT, and thus improve the thermal comfort of occupants by
reducing PET?, which leads to reduced energy consumption by buildings. Air temperature,
wind speed and Mean Radiant Temperature will be simulated for both shaded and unshaded

open spaces.

In the literature, there are limited studies which quantitatively measure the impact of shading
mesh (Shashua-Bar, Pearlmutter et al. 2009). These studies used genuine shading mesh to
measure the physical properties of mesh such as transparency, absorption and reflection. In the
last decade, shading mesh has been used primarily for agricultural crops and to cover

greenhouses (Castellano, SCARASCIA et al. 2008). In addition, this type of shading is limited

3 Physiological Equivalent Temperature
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for use in urban areas and open space in cities in a hot, dry climate, although its impact on
urban microclimates has not been widely studied with relation to other building environmental
strategies. There are a few studies which have investigated the impact of shading mesh on
ambient air temperature and surface temperature (Pearlmutter and Rosenfeld 2008, Shashua-

Bar, Pearlmutter et al. 2009).

In addition, shading mesh is useful to adopt and apply for shading in cities in a hot, dry climate
because it allows sufficient daylight to pass through during the daytime and allows wind to
easily penetrate, which is important for night ventilation and removing urban pollution. Based
on the extensive studies and literature pertaining to hot, dry climates, it was seen that a
reduction in SVF is the one of the most effective ways to improve an urban microclimate. This
can be undertaken by way of increasing building heights or narrowing canyons (Bakarman and
Chang 2015). These studies found that low SVF in typical urban settings increases comfortable
conditions for occupants through sufficient protection from direct solar radiation (Ali-Toudert
and Mayer 2007). In this study, a horizontal shading mesh will be used to reduce the SVF by

covering the open spaces and protect urban areas from direct solar.

As shown in Chapters 2 and 5, ENVI-met is an effective research tool in relation to studying
urban microclimates, and therefore this study used ENVI-met to model shading mesh and

measure its impact on an urban microclimate.

7.4 Model of shading mesh

ENVI-met version 4.0 consists of a new modelling technique to simulate building features.
This includes design features which are not connected with the main building form, introduced
as a ‘single wall feature’.

These single walls are building elements that are not an integral part of a building, i.e. they are
not part of the closed surface of the building. Single walls can be described as features that
recreate (simulate) building obstacles, such as small external walls, awnings or any structures
that do not fill a whole grid cell more accurately (Figure 7.11).

Single walls have various physical properties like normal walls. For example, they are solid

obstacles for wind speed and turbulence.
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Conversely, these walls are not used for thermal calculations as normal enclosure walls are.
The main differences between the single walls and normal walls are that single walls can be
horizontally modelled with limited thickness (thin) and are poorly insulated, they have a low
heat transfer coefficient, and the air temperature homogenously distributes through them. The
thermal balance equation for single walls is calculated as follows:

QabS ¢ + QIS 0 Tiw + (4 + 4vD)(Tair,1- T;) + (4 + 4v,)(Tair,2- T},)

Iw,net

cwallp wAx
= T (TW - TW)

Tw* is the temperature of the single wall at the next time step, v1, v2, Tair 1 and Tair 2 the
wind speed and air temperature at the grid cells separated by the single wall. This equation can

be converted to:

Figure 7.11. ENVI-met model showing single walls features
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cwall p wAx
260 Ty, + To((4 + 4VD + (4 +4vy) + ——

At w
cwall p wAx
- ( 2\1/)vfnet + Qa}‘lz/s:net + + T, + (4 + 4vl) Tairl

+ (4 + 4v,) TairZ) =0

The convective heat transfer coefficient (W/m2K) for either side of the single wall/roof is
calculated according to the German Din 6946 (DIN 2008) = 4+4v, where v is the wind speed

in m/s adjacent to the surfaces of the single wall/roof.

Project 0 Mocel Tools

In this study, ENVI-met single wall features have been used  suctpopeer a
Basic Settngs, New Area

for modelling shading mesh. The difficulty with shading %%

-

. . . . . Open moce! area...
mesh modelling is that it has specific thermal properties
that cannot be easily simulated. Shading mesh is thin, less — sukdg8ctons0m Teg-0m
than one millimetre, and horizontally laid out, as shown in . yarie nmp:q:mmm 9:: viaks
Figure 7.11. Single walls and shading mesh have some :ﬂ:‘:::m
corresponding physical properties, highlighted below; o -
Folow DEM
1. Radiation can pass through wal orentaton: &bx wy &
Set whole wal Set indnidusl segment

2. They are thin with low thermal mass (low heat
(must be n 30 mode to use ™ha)

transfer coefficient).
) Figure 7.12. View of ENVI-met

3. They are not thermally integrated with the main interface showing single walls
variables
model surfaces.

The shading mesh can be simulated using the ENVI-met model by way of the steps presented

below:
1. Using single walls to form the shading mesh.

The model starts by activating 3D tools in the ENVI-met interface view and selecting ‘set
whole wall’. The single wall is applied on the Z axis with adjustable heights (Figure 7.12). The
option of using the Z axis to create single walls is an appropriate way to achieve similar

physical properties to shading mesh.
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2. Creating materials which have similar physical properties to shading mesh.

ENVI-met.4 has the capability to change building materials to user preferences. New material
properties have been added to the ENVI-met database to simulate shading mesh with specific
thermal properties. These include: absorption, transmission, reflection, density, and thickness

of materials (Figure 7.13).

Pl ——

e | R

E‘ F] U&E"[;a]t;:::um Database-ID: [03]
_____ n [01] shade mesh Mame: Shade-Mesh scenarios
----- IR [07] shade- Bronze Colar:  —
R | 3003} Shadesh scenarios Do T
- Systom Matermals Default Thickness |0,00070 -
[#-{=; Cementand Concrete o - g S —
Fi-{= Default Eapon 0.30000 =
B Glass Transmission 0.30000 | - I
H-{=r Metal Reflection 0.40000 = |
-y Misc Emissivity 0.07000 i
EE’ :;h"ral Spedific Heat 650.00000 .
&y Stone Thermal Conductivity 1.20000 =
= Tiles
Density ©693.00000 ||
Extra ID 0 (]
Edit data on the right
Data loaded from file: EM\climecalc\ENVImetd\sys.userdata\userdatabase.edb F|

Figure 7.13 Adding new materials to the ENVI-met model database

For the first set of modelled shading meshes, the study used values as physical properties. These

are shown below:

a) Absorption 30%

b) Transmission 30%

c) Reflectance 40%

d) Emissivity 0.07 W/m?
e) Density 963 kg/ m®

f) Thickness 0.7 mm

3. Apply new materials to these horizontal single walls.
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Figure 7.15 Horizontal single walls model and selected materials

The new materials must be saved in the ENVI-met database prior to being assigned as a
material. They will have physical properties
corresponding to the real shading
mesh (Figure 7.13). Figure 7.15
illustrates horizontal single walls over open
spaces and over a canyon in Zone* 2, which
can transmit radiation and light. The shading
mesh in this model will interact with solar
longwave and shortwave, radiation fluxes,
reflection, and re-radiation of thermal
energy during day and night-time. In this
study, the shading mesh transmission is

set to 50% to allow natural lighting to

enter open spaces during daytime.

. Shadingmesh }'( Sample Pasition

Figure 7.14: Shows shading mesh over certain parts
of the site plan and sample position of the three

zones: Zone 1, Zone 2 and Zone 3.

4 In chapter 5, Zone 1 is modelled. Split into 3 new zones, now labelled Zone 1, 2 and 3.
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7.5 Adding Shading Mesh

In this section of the study, the ENVI-met simulation is used to represent the shade mesh which
will be presented. The site plan is divided into three zones, numbered 1, 2 and 3. Zone 1
represents an open green space with a larger area, surrounded by residential blocks compared
to other open spaces. Zone 2 includes sample points for both canyons and open green areas,
while Zone 3 is half shaded by the shading mesh and half unshaded, is open (Figure 7.14). In
the last chapter, it was concluded that adding trees has a significant impact on Mean Radiant
Temperature (MRT). In this chapter, shading mesh is employed as an alternative to trees, to
cover both open green spaces and canyons. Shading mesh is considered economic as well as
easy to construct and maintain. In addition, trees cannot easily be used as a long-term strategy
in cities in a hot, dry climate due to the limited water resources. The purpose of this simulation
is to investigate the impact of shading mesh on an urban microclimate of canyons and open
green spaces. Six sample positions are taken for each scenario, at a height of 1.8 metres. The
locations of the samples are shown in Figure 7.14. The simulations proposed three different

scenarios, as highlighted below:

1. Modify (Optimise) the height of the shading
2. The impact of shading and no shading on canyons and open spaces, with reference to

MRT and PET.

The simulations used input data to create the configuration file used during the running of the
program (Table 7-2). The weather data are taken from an urban area with relatively low wind

speed 0.55 m/s and hourly air temperature and relative humidity, as presented in Table 7-1.

Table 7-1: Air temperature and relative humidity used for simulation input data

e | o o o o o o o o (=] [=] - - - - - - - - - - N N N N
s|Iel2IR|e|Blale|Y|e|(e(e|2|P|e|2lal2|X (2 |e|2 (2|0 |
o© o o o o o o o o (=] (=3 (=3 o (= (= (=3 [=} [=} (=] [=3 [=3 [=} (=1 (=1 [=}

o o o o o o o o o o o o o o o o o o o o o o o o
ps) - w N N N N N N N N - - - - © oo ~ © oo oo oo - - -
Z|N[S|2[@|aX |2 NSRS |2 | |d|>2|h|o|o|x|o|la|x |22 @
° o o w N » o N ~ D (&) o - N - N o (&)} (e} o i oo n ~ N
o~ (&)} N N - ~ w (o)} » (e} (o) (&)} (&)} (e} (o)} o (o)
- w N N N N N N N w w w w w w w w S B w w w w w w
=S |®|N|X |2 |0 |2 |0 |=> R |5 6|6 N[0 |6 |00 |0 (& N |G (K|N
d o ~ (o] (o] (o] w ~ o N N N (o] [6)] (o] o (o2} - o N o o (o] (o] oo
~ N ()] (o] w (o] o » ~ o o o - © » [} A~ (&) ()] ~ [} oo o o ~

For each scenario wind speed, air temperature and Mean Radiant Temperature were
measured at a height of 1.8 metres for 24 hours.
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Table 7-2: Shows ENVI-met input data to generate the simulation configuration file

Parameter Units Values
Initial air temperature ce 33.62
Wind speed m/s 0.55
Wind direction 0 from the north and 180 from the 225°
south
Relative humidity at a 2m height % 15.4
Specific humidity at top of model 2000m g/kg 4
Maximum air temperature at 15:00 C° 40.15
Minimum air temperature at 05:00 ce 26.27
Soil temperature at a depth of (K)
1. 00to5cm 311.23
2. 20to 50 cm 306.07
3. 50to 200 cm 300.77
4. Below 200 cm 298.81
Building fabric used in ENVI-met model
Urban blocks
Materials Reflectivity Emissivity Height
Walls layers (From inside to outside)
1. Gypsum (2 cm) 6.40 m
2. Hollow concrete blocks (20 cm) 0.73 0.9
3. Cement rendering (2 cm) 0.35 0.9
Roofs layers (from top to bottom)
1. Concrete tiles (10 cm) 0.5 0.9
2. Fine soil (10 to 15 cm) 0.53 0.89 +6.40 m
3. Reinforcement concrete (20 cm) 0.8 0.91
Pavements types
1. Road Asphalt 0.19 0.9 102 m
2. Concentrate pavement 0.29 0.9
3. Green areas (grass) 0.26 0.9
Shading mesh
Shade mesh 0.4 0.07 +7.0m
Building Properties
Parameter Units Values
Inside Temperature K 297
Heat Transmission Walls W/m?K 0.74
Heat Transmission Roofs W/m?K 0.67
Albedo Walls 0.3
Albedo Roofs 0.15
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7.5.1 Modify (Optimise) the height of the
shading mesh from 6, 7, 8, 9, 10, 11 and
12m

In this scenario, six different heights for the
shading mesh were simulated to investigate
the thermal impact of shading mesh (Figure
7.16) and its height on the local urban

microclimate beneath it (Figure 7.17).

.Shadingmesh 34 Sample Position

Figure 7.16 Sample position of the first simulation
set
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Figure 7.17: Shading mesh at different heights 6-12 metres from ground level
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Figure 7.18 shows the air temperature for the six sample positions at six different heights
starting from 6—12 m. The air temperature is measured in the centre of two canyons and four
open spaces, as shown in Figure 7.16. This simulation aimed to investigate the impact of
shading mesh height on air temperature for both canyons and open spaces. The maximum air
temperature was 39.12C and the minimum was 29.49 °C (Figure 7.18). The results show that
air temperature record higher values in canyons during daytime and lower values during night-
time compared to open spaces. At 15:00, the sample position before the open space in Zone 2
recorded the maximum air temperature and at 03:00 the same position recorded the minimum
air temperature (29.5 C). In contrast, air temperature in open spaces covered by shading mesh
in Zone 3 recorded the lowest air temperature during night-time (29.49 ‘C) and a relatively high
temperature during the daytime (38.63 ‘C), compared to the canyon sample. Overall, changing
the height of the shading mesh had limited impact on canyon and opens spaces air temperature.

The air temperature recorded lower values during night-time.

Air Temperature for all zones including shading mesh for different

Z3-6m-0S-WM
73 -10 m-0S - WM

Z3-7m-0S-WM
73 -11m-0S-WM
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Figure 7.18: Air Temperature for all zones at different heights (6—-12 m)
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These differences in air temperature may be related to differences in wind speed in different
spaces more than the impact of the shading mesh. Wind speed was measured at a height of 1.8
metres for seven scenarios with different shading mesh heights. The results showed that the
wind speed in canyons recorded higher values in contrast to open spaces. Zone 2 — 12m
maximum wind speed recorded was 0.48 m/s and minimum wind speed was 0.28 m/s for the

central open space in Zone 2 — 6m.

The wind speed is significantly influenced by changing shading mesh heights (Figure 7.20)The
maximum wind speed was with the shading mesh at a height of 11-12 metres compared to

minimum values with shading mesh at heights of 6 and 7 metres.

The wind speed can be categorised by the heights of the shading mesh, when the shading mesh
is at 6 and 7 metres, the wind speed is similar — 8 and 9 metres are higher than the first group
and lower than heights of 10 and 11 metres. Therefore, shading mesh at a height of 12 metres

records the maximum values (Figure 7.20)

MRT for all zones (Z1, Z2 and Z3) with shading mesh
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Figure 7.19: Mean Radiant Temperature for all zones at different heights 612 metres
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Wind speed in Zone 2
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Figure 7.20 Wind speed for all zones at different heights 6—12 metres

MRT values when covered by shading mesh at different heights. These simulation sets show
that changing the shading mesh height (6—12 metres) has a limited impact on air temperature
and MRT, while wind speed is significantly influenced by increasing the shading mesh height
(Figure 7.20). Even though the shading mesh reduced wind speed, this reduction is considered
to have a limited influence on the overall urban microclimate of open areas because the
maximum wind speed was 0.55 m/s, and any change of wind speed cannot individually have
an impact on urban microclimate. This means that the shading mesh can be installed at any
height between 6—12 m without having a significant impact on air temperature (T) and Mean
Radiant Temperature (MRT). However, other factors should be taken into consideration, such
as the porosity of the shading mesh to allow dust and natural lighting (sufficient daylight) to

pass through the shading mesh which covers any spaces beneath.
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7.5.2 Shading mesh transparency at 30% and 50%, with shading mesh at two heights (6
and 8 m)

This section investigates the impact of increasing
the transparency of shading mesh on air
temperature (T), wind speed (WS) and Mean
Radiant Temperature (MRT). Two different
shading mesh transparencies were selected: 30%
and 50% (Figure 7.22). T, WS and MRT were
measured for only one position (A) in Zone 1,

with two different shading mesh heights (6 and 8

metres) (Figure 7.21). - o _-

.Shadmg mesh ):( Sample Position

Figure 7.21: Sample position in Zone 1

Figure 7.24 shows the air temperature for
both shading mesh scenarios (30% and
50%). The simulation results shows that
air temperature is similar for both

scenarios at different heights during

daytime and air temperature records
lower values for the sample with 30%

transparency at a height of 8 metres

(Figure 7.24). The maximum T is almost
similar for all samples at 15:00 and Figure 7.22: Shading mesh transparencies of 30% and
16:00, while the difference in air 50%

temperature (A TC) is 0.93 C, less than 1 C.
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Air Temperature for Zone 1 with shading mesh of 30% and 50% at
6 and 8 metres
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Figure 7.23 Air temperature for Zone 1 with different shading mesh transparencies (30% and 50%)
at heights of 6 and 8 metres

MRT for open space 1 with 30% and 50% shading mesh
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Figure 7.24: Mean Radiant Temperature for Zone 1 with different shading mesh
transparencies (30% and 50%) at heights of 6 and 8 metres
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Figure 7.26 shows the WS at Zone 1
for both shading mesh 30% and 50%
transparency at heights of 6 and 8
metres. The results show that
increasing the shading transparency
increases the wind speed for Zone 1.

L
The maximum WS was 0.5 m/s . Feresrr
H
|

recorded for the sample with 50% : : : - -H_.__,,.,.._h._q_;_.,m. :

shading mesh transparency at a
: Shadi g iti
height of 8 metres, whereas the . e O }i sample Position

minimum WS was 0.44 m/s for the Figure 7..25: Samp.le p0s1t10ns.for canyons and open
spaces with and without shading mesh in two zones,

sample  with  30% shading Zones2and3

transparency at a height of 6 metres (Figure 7.26). The results confirm that the performance of

the shading mesh with 50% transparency is better with 30% transparency over open spaces.
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Figure 7.26 Wind speed for Zone 1 with different shading mesh transparencies (30% and 50%) at heights
of 6 and 8 metres
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Wind Speed for open space in Zones 2 and 3

O O B B B B B B R P B B N NNNO O O O o o o O
©® © O B N W A U O N ® L O RPN W O B R ® s T o N
O @ 9 9 9@ 9 9 9@ 9 9@ 9 9 9 9 9 9@ 9 9 9 9 9 9 9 9
© © © ©6 © © © & © © © © © © 6 © © © © © o o o o

e 72-0S-WM = e 73-WM s 73-WOM

Figure 7.27: Wind speed for open space in Zones 2 and 3 with and without shading mesh

Figure 7.23 shows that changing the shading transparency of both heights had no impact on

MRT for both scenarios. The overall simulation results demonstrate that shading mesh
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Figure 7.28: Air temperature for canyon and open spaces in Zones 2 and 3 with and without shading

mesh
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transparency (30% and 50%) has a limited impact on T, WS and MRT. However, the WS
reveals differences between the values for different scenarios, although this is because of the

height of the mesh and not the transparency (Figure 7.26).

7.5.3 Mean Radian Temperature (MRT) and Physiological Equivalent Temperature
(PET)

7.5.2.1 Shading mesh impact on urban spaces

In this set of simulations, the MRT is measured in both canyons and open spaces (Figure
7.25). To reduce solar gain, shading mesh was explored to reduce the Mean Radiant
Temperature. MRT is measured in seven sample positions for urban areas in Zones 2 and 3
(Figure 7.25). The shading mesh in this section covered open spaces and east-west canyons.
The aim of the simulation is to investigate the impact of shading mesh on MRT in canyons
and open spaces. Similar to previous simulation sets, Air temperature (T), Wind Speed (WS)
and Mean Radiant Temperature were measured (MRT). There are slight changes in T for the
canyon after the open space in Zone 2, but this is less than 1 °C (Figure 7.27). The results
show that the air temperature is not significantly impacted by adding shading mesh for both
canyons and open spaces with and without shading mesh.

Figure 7.28 illustrates wind speed for open spaces in Zones 1 and 2 with and without shading
mesh. The results show that adding shading mesh on the top of open spaces reduces wind
speed. The maximum WS was recorded for open spaces without shading mesh in Zone 3,
while minimum WS was recorded for open spaces with shading mesh at Zone 2 (Figure
7.28). Figure 7.29 shows that MRT can be reduced by adding shading mesh to any canyons
and open spaces. The maximum MRT was recorded for samples without shading mesh, while
the minimum MRT was recorded for samples with shading mesh for both canyons and open
spaces. The maximum and minimum MRT was 82.11C and 20.1 °C recorded for open spaces

without shading mesh during day and night-time.
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The results® show that during daytime the shading mesh has a significant impact on MRT
reduction (Figure 7.29). MRT for open space and canyons at 14:00 recorded the maximum
impact compared to open spaces and canyons which were not covered by shading mesh. The
sample position in the canyon before the open space in Zone 2 was recorded at 84.62 °C at
14:00 in contrast to 6025 ° C when covered by shading mesh.
A few canyon samples without shading mesh recorded values similar to canyons with
shading mesh between 14:00 and 15:00. This occurs because the angle of sun is reduced
and canyon shading covers the sample position, which means lower MRT were recorded,
even in the canyon not covered by shading mesh (Figure 7.29). During night-time, both
canyons and open spaces with and without shading mesh recorded almost similar values

(Figure 7.29).

MRT canyons and open spaces with and without shading mesh for all zones
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Figure 7.29 Mean Radiant Temperature for canyons and open spaces in Zones 2 and 3 with and
without shading mesh

5> The symbols in the figure 6.29 are Z2: Zone 2, B: Before the open spaces, WOT: Without shading mesh, 6 m:
the sample taken at height of 6 meters, C: centre of canyon, WM: with shading mesh, A: After of open spaces,
OS: open spaces.CO: covered open space with shading mesh
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Figure 7.29 shows MRT at 12:00 noon and wind speed distribution in all areas which were
simulated. The results indicate that MRT at daytime can be reduced by adding shading mesh.
In addition, Zone 3 the open areas not covered by shading mesh recorded lower values
compared to canyons. The open spaces in Zones 1 and 2 recorded maximum MRT 64.63 C,
while the maximum MRT of the canyons was 68.31 °C (Figure 7.29). This is because the open
spaces are covered with grass, while the canyons are covered with asphalt. Additionally, the
wind speed recorded maximum values in canyons not covered with shading mesh (Figure 7.30).
The open spaces not covered with shading mesh recorded lower wind speeds than canyons and

higher wind speeds than shaded open spaces. The shading mesh thus works as an obstacle for

below 5L
51761 3
5905
R40i.

MRT for covered and uncovered open spaces WS distribution at 12 noon.
Figure 7.30: Mean Radiant Temperature and WS for open spaces and canyons with and
without shading mesh

wind speed, as shown in Section 7.5.2.

As mentioned before the maximum value of MRT is recorded for open spaces that received
direct sun light, while open spaces that have shading recorded lower values in general. The

minimum values of MRT recorded in night or after sun set until sun rise. The results shows
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that open spaces with shading mesh can significantly reduce the MRT during day time without
reducing wind speed. This results correspond with other studies in hot dry climate cities,
for instance Al Hafith (2018) measured the MRT in courtyard houses at summer time. He
found that maximum MRT is reduces by 20 °C in shaded courtyards compare to unshaded

once.

This study shows the importance of applying the shading mesh as a sustainable strategy to
modify the urban microclimate in canyons and open spaces. In addition, it can be used as
design guidance for architects and urban planners during the design or renovation existing
urban areas. The other benefit of apply shading mesh is, it can be easily removed in winter time to
maximise the direct sun light and increase the occupant thermal comfort. While other research
depend on vertical walls and orientation of building blocks to provide shading area for
internal spaces such as courtyards. These vertical walls reduce the wind speed and this can
lead to entrapment heat energy in those semi-closed urban areas. While shading mesh allow

the wind penetrate though and flush out the heat energy and increase night time ventilation.
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7.5.4 Physiological Equivalent Temperature (PET)

PET is defined as the air temperature at which, in a typical indoor setting (without wind and
solar radiation), the heat budget of the human body is balanced with the same core and skin
temperature as under the complex outdoor conditions to be assessed, Hoppe P 1999.
Matzarakis (1999) produced the following categories’ of thermal perception and PET Table
7.3. The physiological equivalent temperature — a universal index for the bio

meteorological assessment of the thermal environment (Matzarakis, Mayer et al. 1999).

Table 7.3 Ranges of the physiological equivalent temperature

Thermal Perception | PET
Very Cold

4
Cold

8
Cool

13
Slightly Cool

18
Comfortable

23
Slightly arm

29
Warm

35
Hot

41
Very Hot

The physiological equivalent temperature (PET) is used to assess the ‘thermal component of
microclimate’. This simulation is used to calculate the PET using data from ENVI-met and to

assess the impact of shading on outdoor PET.

PET was measured using RayMan software. This method is widely used in the literature
(Cheung and Jim 2018, Sharmin, Steemers et al. 2019). Linear correlation was used to
assess the results and compare PET and MRT (Figure 7.31). Mean Radiant temperature was
measured by ENVI- met for Zone 3 for open space with and without shading mesh, as shown
in Figure 7.32. The data from ENVI-met was reused as input data for RayMan software to

calculate PET.
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results verify that using shading mesh not only reduces the MRT, but significantly reduces
PET. The urban microclimate can thus be improved in terms of the thermal sensation for
pedestrians. Figure 7.33 shows that PET for the open space with shading is significantly
lower than the open space without shading mesh. The maximum PET for the uncovered open

space was 63.4 °C compared to 50.6 “C for the open space covered with shading mesh (Figure

7.33).

Urban microclimate improvement can

have an important impact on pedestrian

thermal sensation (Sharmin, Steemers et
al. 2019). Therefore, the importance of
shading mesh as a strategy is to improve
the local urban microclimate and the
thermal comfort of outdoor urban areas.

. . . ]
7.6 Discussion and Conclusion - i

This chapter briefly reviewed historical and

modern shading to understand the impact of . Shadingmesh )’,‘-’( Samnle Position

shade on an urban microclimate. Shading Figure 7.31: Sample position in Zone 3 with and
mesh is not easy to model on an urban scale, without shading mesh
and therefore ENVI-met was utilised to model and analyse the data. Shading mesh properties
were used to generate new materials and applied to cover urban open spaces and canyons in

order to compare shading and no shading open spaces.

Radiation exchange is the one of the principle factors that influence urban microclimate for hot
dry climate city (Zhao, Sailor et al. 2018). In residential neighbourhood the most significant
factor that manipulates occupancy thermal comfort is Mean radiant Temperature (MRT)

(Shashua-Bar, Pearlmutter et al. 2011).
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PET Physiological Equivalent Temperature

70

y =0.9188x + 5.4737

R?=0.9577
60 o

50 .
40 o

30 o>

20

10

0 10 20 30 40 50 60 MRT

Figure 7.32: Correlation between PET and MRT

Shading mesh is used mainly to cover greenhouses and agricultural crops (Castellano,
Mugnozza et al. 2008). Shading mesh has limited used for shading purposes in the modern
urban areas and its impact on the local urban microclimate has not been widely studied. There
are a limited studies that investigate the impact of shading mesh on air temperature and surface
temperature such as (Pearlmutter and Rosenfeld 2008, Shashua-Bar, Pearlmutter et al. 2009),
but these studies and their finding differ with present study because of the following points;
firstly, the studies based on practical tests and limited scale of measurement. Secondly,
different climatic profiles with the present study, these studies were in Israel and the present

study in Kurdistan-Iraq.

Shading mesh can applied to provide shading in hot dry climate cities, because during day time
it allows sufficient daylight to pass through, and allows air movement which is important for
ventilation and removing urban pollution. Based on literature, the researchers found that
reduction in sky view factor (SVF) is one of the most effective ways to improve urban

microclimate. This can be done through increase building heights or narrowing canyons
319



Chapter 7 The Impact of Shading Mesh

PET for Zone 3 at open space with and without shading mesh
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Figure 7.33: PET for open space at Zone 3 with and without shading mesh

(Bakarman, Chang. 2015). These studies found that low SVF in typical urban settings improve
thermal comfort for occupants by sufficient protection from direct solar radiation (Toudert,
Mayer. 2007). In this study horizontal shading mesh is used for similar principle, which is
reduces the SVF by covering the open spaces by shading mesh to protect these urban areas

from direct solar radiation and allow sufficient day light and air to pass through it.

The strategy of shading urban open spaces can be used in new and exist housing projects. Thus,
this kind of strategy can be employed at any time or in any part of the city; Traditional and
modern morphologies. Through simulating shading mesh within an urban microclimate, this
study found that MRT for open spaces can be reduced significantly, while limited reduction on
air temperature and wind speed. Reduction of MRT using shading strategy agrees with other

research such as (Shashua-Bar, Pearlmutter et al. 2011, Zhao, Sailor et al. 2018).

The current study found that local urban microclimate for modern grid-iron morphology mainly
depend on solar radiation and secondary on wind speed in hot dry climate, especially at summer
time. To control and improve local urban microclimate, it is important to propose a new design

product that meets comfortable needs. Shading in urban areas helps to improve urban local
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the impact of shading mesh on urban microclimates and how urban microclimates can be
modified. The next chapter will explain the impact of shading on individual building units and

explain how the modified urban microclimate (ENVI-met) weather data file can be used.
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Chapter 8 Modelling the shade mesh
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8.1 Introduction

The previous chapter on urban scale climate analysis was explained and conducted. This
chapter uses the local microclimate information from the previous chapters to test the climate
effects on the building scale. This chapter explains the building scale simulation using IES

software. The chapter is divided into three main sections.

The first section is on IES modelling input and output. Similar to other Building Energy
Simulation software, IES uses a weather data file as the main input data to provide thermal
analysis of a building. Three types of weather data will be explained and compared to

determine the representative set of data.

The second section is on shading meshes and validating the model. The shading mesh model
is not easy to model using BEM because of the size of mesh. IES is used to model the
shading mesh through a series of simplifications of the shading mesh regarding size and
shape. The modelling approach is validated using a second BEM software package called
HTB2, developed by Cardiff University, UK.

The third section is on models the prototype housing units and analyses their thermal
performance using IES. The prototypes are simulated with and without a shading mesh to

determine its impact on indoor dry bulb air temperature.

The fourth section is about housing block arrangements and their orientations on indoor dry
bulb temperature (DT). The modelling process include 12 housing block arrangements were
compared with similar climatic boundary and building materials. In addition, North-South

and East-West blocks facade were modelled with IES-VE.
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8.2 Numerical modelling and validation (building scale) using IES

The energy consumption in a residential building is a main sector in the final energy use in
Erbil. The Iraqi Ministry of Electricity announced that 45% of the demand for energy is from
residential buildings. In Iraq and the Kurdistan region, there is a shortage of electricity,
especially during summer months, as the government can only produce 45% of the total
energy demand. The remaining demand is generated by the private sector or imported from
neighbouring countries (Iran and Turkey). Kurdistan aims to reduce energy demand in order
to respond to growing urban developments by reducing the energy consumption in new and
existing buildings. Calculating energy consumption using Building Energy Simulation (BES)
models is a modern way to reliably estimate the energy demands for any type of building.
This study uses the IES building simulation program to estimate the indoor air temperature of
prototype housing in Erbil. The previous chapter used a shading mesh as an effective strategy
to reduce the Mean Radiant Temperature of outdoor microclimate urban areas, while in this
chapter IES is employed as a research tool to model the shading mesh and estimate house

performance with and without a shading mesh.

8.2.1 IES model input and outputs

IES is an energy system model which uses a mathematical model to describe the behaviour of
buildings. This BEM has three main pillars: input variables, model structure, and output
variables (Figure 8.1). The output variables of IES BEM can be determined when information
about the first two pillars is available (Input and Model structure). The input variables
(forcing variables) can be divided into two types, controllable and uncontrollable.
Controllable variables include the engineering system of the buildings (e.g. thermostat
settings and building materials, etc.), while uncontrollable variables are outdoor variables that
directly affect the energy modelling, such as solar radiation, air temperature, and wind speed.

The uncontrollable input data can be forecasted or modified through systematic techniques.

IrTPUt Controllable Output
Variables > Energy Variables
SYStem Response_
: modellin or T
Reg_ressor o forcmg Uncontrollable 9 Dependent |Describe the reaction
variables acting on »| structure of the energy system
the energy system to the input variables

Figure 8.1: Building Energy Modelling structure. From Hao Gao (2019)
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The model structure is the hydrothermal discretion of building energy simulation. This part
provides all the mathematical equations that BES needs for energy transfer during the

simulation process.

The output data in this case are represented by indoor air temperature, air velocity, and
relative humidity for the measured space and building energy consumption. These variables
are a result of the reaction between input data and the model structure (building modelling
system). IES models use a large database of files to provide information for the weather data
file for different locations around the world. These weather data files can be uploaded as
input data by the user without knowing what the original file includes. These weather data
files come as a specific extension file to be used as input data, but they have a significant
impact on simulation outputs. The structure of the BES model mainly depends on the weather
data file to produce the output data, which is important to the end user. Thus, great attention
should be taken to understand the weather data file ingredients before any BES calculations.
This study compares three different sources of weather data to justify the appropriate set of

data (Figure 8.2).

Output data

Un-controllable Input data

IES Excel
Macros

Results with IES
‘data set reserences

~ Results with
ENVI-met data set

~ Results with
Measured data set

Figure 8.2: The process of simulating three difference sources of weather data

8.2.2 1ES and weather data file

Most Building Energy Simulation (BES) software uses a typical weather data file taken from
the original company which generated the software. The typical weather data are normally
generated through a statistical process of multiyear observation of weather data measured by

weather stations outside the urban area in peripheral zones.

The weather data file is influenced by microclimate variables and urban densities. The typical
weather data used by IES includes climatic variables such as solar radiation and wind speed,

but not urban density. In Chapter Five, the study showed how air temperature and wind speed
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differs between urban areas. Previous studies have shown that urban areas have higher air
temperatures and lower wind speed compared to areas outside the city centre (low and
medium urban density). These differences in air temperature are caused by Urban Heat
Islands (UHI). However, in Erbil this phenomenon is different with regard to air temperature,
as the air temperature in urban areas during daytime is lower than in open areas outside the
city as a result of intensive solar radiation in open spaces and shading in urban areas. This
phenomenon is called an Urban Cool Island (UCI). During the night time, air temperature is

higher than outside the city.

As a result of different climatic variables for different urban areas, the energy performance
of any building inside a specific urban area will differ. Therefore, a calculation which uses
typical weather data for different urban areas, for example airport (low density) and city
centre (high density), can lead to inaccurate estimation of energy consumption. IES weather
data files, as with any other BES model, depend on climate variables such as dry bulb and
dew point temperature, wind speed, and solar radiation. Any differences in these variables
strongly influences the heating and cooling calculation loads. In this study, different weather
files were generated and compared to reduce this discrepancy and increase the accuracy of
the building simulation model. The aim of this section is to determine the most accurate
source of climatic variables to generate a typical weather data file that can be used for IES

simulation.

The new weather data file includes all local variables ignored by a typical weather data file,
such as solar radiation, wind speed, building materials, and vegetation etc. Three sources for

climatic variables were used to generate a specific IES weather dataset, as below:

1. IES weather dataset with IES references (IES dataset)
2. IES weather dataset with ENVI-met references (ENVI-met dataset)

3. IES weather dataset with local site measured references (Measured dataset).

For two datasets (ENVI-met and measured) similar computational process was used to
generate the weather IES datasets, while the original IES weather data file was generated by

the IES company.
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8.2.3 1IES weather dataset with IES references (IES dataset)

IES weather data utilise site information which contains values for latitude, longitude and
height above sea level, and a range of sites published by CIBSE and ASHRAE Standards
(Figure 8.3).

The database for the IES simulation program allows the user to design the weather data file
for cooling and heating loads through the individual entries called Design Weather Data
Source and Statistics. These data include monthly minimum and maximum dry bulb
temperature, dry bulb time lag, and daily wet bulb temperature at maximum dry bulb
temperature, as shown in Figure 8.4-A. These monthly weather data can be used to estimate
the heating and cooling loads, but for accurate heating and cooling loads, hourly datasets are

needed. To produce long term datasets, the research used monthly datasets generated hourly

@ S Vetal Enciorment [ APLocata] - [48.17] TTESE QIS Vaow Erviramment [APLocabe] - [96.17] s O Vet bt [ PLcatel - 0 17) R
File Optisn:  Help e ———ry e Opmenn Hep :
oS aWHe 28~ aue Ras0@He

on & Ste Data Wenser Dty | Serwimteon Wame 0 3 Do Westher D scatier b e Laie | Cownign Vst Duin | Bruisrer Wasrhar Dot
wetaton & 580 Dats | Diamgr Westter D st Wt Dt Laocation 4548 Data| Dewgr Weather Daa Lo b idw e | Lovmigr Waatrms L

Figure 8.3: IES weather data information published by CIBASE and ASHRAE

data through Meteonorm' software (Radhi 2009) (262). The other source of weather data for
Erbil is not published in CIBSE and ASHRAE Standards. The IES can also simulate those
regions that are not published in the standards through a specific option shown in Figure 8.4-
B, which allows the uploading of a customised weather data file for climate configuration
during heating and cooling calculations. The customised IES weather dataset is weather data
for 12 months generated by the IES Company, composed of taking typical months from 15
years of observed weather data. These data represent a Typical Metrological Year (TMY)) for

! Meteonorm software is a special program used to generate hourly weather data sets from
monthly average weather data sets.

2 Meteotest, Meteonorm, Global Meteorological Database, Version 7.1, Handbook Part I
(2015).
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a specific location such as Erbil, and can be used for BES of typical rather than extreme

weather conditions.
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Figure 8.4: IES Design Weather Data Source and Statistics. A: Design of monthly weather data. B: Add
unpublished weather data file for locations not included in the IES program database.

As mentioned in Section 7.2, this type of weather dataset is inaccurate for urban BES. In the
literature, we found that there is a lack of studies which raise this issue. One recent study
published in 2018 by Tsoska found that simulating a building inside a specific urban
microclimate with Typical Metrological Year (TMY) is not considered an accurate
simulation. The results of the study showed that the urban microclimate for a specific area
had a higher dry bulb temperature and lower wind speeds compared to a TMY at the
reference location. In addition, they found that climatic factors (air temperature and wind
speed) strongly affect the output of energy simulations, and this influences the heating and
cooling loads of buildings within a specific urban context. In this study, IES Excel Macros
were used to generate weather data files suitable for IES software. These weather data files
were modified to represent the local urban microclimate context of Erbil in such a way that

urban microclimate elements participate in the thermal energy simulation.
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8.2.4 1ES weather dataset with ENVI-met references (ENVI-met dataset)

ENVI-met is one of the best fluid dynamic simulation software programs for evaluating local
microclimate conditions. The program can simulate the micro scale for 24—72 hours, but after
this the model will become too hot and the output is considered incorrect. This limitation of
the program makes the provision of a years’ worth of data different. Hence, the evaluation of
Erbil’s microclimate conditions was set for 24 hours, or one diurnal cycle. Therefore, a

specific day® was selected for each month for simulation by ENVI-met.

The configuration file of the model includes data that represent the urban surface, vegetation,
and meteorological variables. In addition, the programme can use a set of data (air
temperature and relative humidity) from the nearest meteorological station and force the
program to use only that data as its configuration file, to generate more accurate and realistic
data for an urban area. ENVI-met can produce a dataset which includes air temperature, wind
speed, and mean radiant temperature. Modelling the urban microclimate of a typical
residential area of Erbil and validating it using two methods helped to generate a weather
dataset for a specific urban area in Erbil (Section 5.5). The model used hourly air
temperature, wind speed, and relative humidity from the central station. The model and wind
direction for the boundary condition correspond to real site parameters. The urban residential
blocks are made of hollow concrete blocks and the roofs from reinforcement concrete, to
represent actual local building materials. Figure 8.5 shows the ENVI-met model simulated
with the local urban microclimate. The results of the ENVI-met model were collected for the
sample position at 2 m between the east-west canyons using LEONARDO software, which
allows the simulation results to be displayed in plan and elevation. Table 1 shows some of the
parameters for the urban microclimate of in the ENVI-met model which can be used to

produce a weather data file for the IES model.

3 Three type of studies have been used in ENVI-met, as below:

1. ENVI-met without any description of the reasons for using specific days, or a random selection
2. ENVI-met with extreme days in summer (hotter days)

3. Use of a typical characterised day of the year.
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Table 8.1: Urban microclimate parameters from the ENVI-met model

Time Wind | Air Temperature | Mean
Speed | (°C) Radiant
(m/s) Temp. (°C)

08:00 0.58 33.3 47.3
09:00 0.59 34.3 50.9
10:00 0.59 35.1 54.5
11:00 0.60 35.8 58.1
12:00 0.60 36.7 62.0
13:00 0.60 37.4 63.3
14:00 0.60 38.3 62.0
15:00 0.60 38.4 56.0
16:00 0.60 38.4 47.8
17:00 0.60 38.2 35.6
18:00 0.60 37.8 31.7
19:00 0.60 37.4 30.6
20:00 0.60 36.9 29.6
21:00 0.60 36.3 28.6
22:00 0.60 35.7 27.6
23:00 0.60 35.1 26.5
00:00 0.60 34.2 24.9
01:00 0.60 33.3 23.5
02:00 0.61 32.7 22.4
03:00 0.61 32.2 21.6
04:00 0.61 32.0 27.9
05:00 0.61 32.4 68.6
06:00 0.61 33.2 49.8
07:00 0.61 343 58.3 Figure 8.5: ENVI-met model and sample position

Air temperature recorded a maximum value at 15:00 and minimum value at 04:00 of 38.4°C

and 32.0C, respectfully (Figure 8.6).
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Figure 8.6: Sample of air temperature for sample position in ENVI-met
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8.2.5 1ES weather dataset with local site measured references (Measured dataset)

Four weather stations in Erbil were used and analysed for 2014, 2015, and 2016 (Figure 8.7).
Air temperature, wind speed and relative humidity were compared to understand the urban

microclimate of the city (Section 5.2).

N X North Weather . /
= { data Statlon
X i A
Airport : P \ /

Weather data \, 0 |

::.'.1. South Weather

/ ' : = {n"} data Statio"n\_\ s

Figure 8.7: Four weather data station locations in Erbil

The results show that the Central Weather Station (CWS) is more representative of the urban
microclimate of Erbil because it is located in high density urban urea, while the airport, and
north and south weather stations are located in the rural area outside the city, with a lower
urban density than the predominately urban areas. Air temperature, relative humidity, and
wind speed were manipulated to re-generate the weather data file used as the input data for

the simulation process using IES.
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8.3 Generation of the weather data file for IES

BES has been used as a research tool by architects, engineers, and designers to estimate
building energy calculations. These energy models use a weather data file as input data to
build a configuration model. The desired configuration model for energy simulations should
be based on accurate weather data file. This strongly influences annual energy consumption,

air conditioning system size, and the annual cost of energy.

This study employed three sources of data (IES, ENVI-met, and measured data) to produce
weather data files which were used as an input data for the process of simulation. These three
weather data files were used as a research tool to justify the most appropriate weather dataset

to use (Figure 8.8).

Airport
microclimate

l

Weather data

Urban file
microclimate

a. Air Temperature
b. Wind speed
—»|c. Diffuse radiation
d. Direct radiation

|ES Excel
Macros

Figure 8.8: The process of producing a new weather data file

As mentioned in the previous section, using an IES weather data* file does not correctly
represent the urban microclimate of the Erbil urban area. Thus, this study used IES Excel
Macros to facilitate the manipulation of weather data, and using Measured data® and ENVI-

met® outputs to generate IES weather data (Figure 8.8).

In addition, two methods were used to justify the most representative urban microclimate

weather data file, as below:

1. Direct comparison of air temperature for the three sources of data for 1% July 2015 (Figure
8.10).
2. The IES model’ for dry bulb temperature of three different weather data files (Figure 8.9).

4 The IES weather data file is a weather data set produced by the IES Company through the selection of long
term typical data over 15 years.

5 Measured data taken from the central station.

¢ Simulation urban residential case study outputs.

7 In this test, IES was run three times with three weather data files (Measured, IES, and ENVI-met).
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36 Air temperature with three different sources
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Figure 8.9: IES simulation output using three Figure 8.10: Sample of air temperature using three

sources of information sources of data: ENVI-met, IES weather file and
Measurement data

Figure 8.10 shows that for air temperature in

the three sources of data, IES records lower values compared to ENVI-met and Measured air
temperature. Measured and ENVI-met models recorded nearly similar values during the
daytime, but Measured data recorded lower values than ENVI-met during the night (Figure
8.9).

The IES model was run three times, and the weather data files were changed for each
simulation. The dry bulb air temperature was modelled and compared for 24 hours for 1% July
2015. The results show that the IES model is significantly impacted by changing weather data
files (Figure 8.9). ENVI-met recorded higher dry-bulb temperatures for the day and night
compared to the IES and Measured data models. During the day between (10:00—18:00) the
three models recorded almost similar values, while during the night these values changed
significantly. The dry bulb temperature did not decrease during the night as the IES weather
data did, and this result is due to the UHI effect, which is ignored by the IES file. ENVI-met
is therefore more desirable for simulation than IES during daytime but performs poorly once
the sun has set, the measured data file replicates both daytime and night time well and is

superior to the other two.

The performance of the IES model for any building in a specific urban microclimate depends
mainly on weather datasets (uncontrollable variables). The synthetic weather data file
produced by the IES Company assumed the climate conditions at the airport. These data
represent a rural area with a low density urban microclimate, and not a high urban density
area (city urban microclimate). The solar radiation effects for a high density urban area are

altered by the complex urban geometry and building materials. This complex urban
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environment influences air temperature, wind speed, and solar radiation, leading to new

building microclimates in the cities called UHI or UCI.

To start the simulation of a building in a specific urban area using the IES model, three
weather datasets were used. The IES weather data file produced an erroneous result and the
ENVI-met data were also not perfect, but more accurate than IES. Therefore, Measured data
for the site is the most accurate (Figure 8.9), and for this reason it will be acceptable to use

measurement data rather than ENVI-met and IES weather data.

8.4 Modelling Shade Mesh using IES

In hot and sunny regions, low-cost high density polyethylene (HDPE) nets are widely used
for shading purposes in agriculture. Shading mesh can also be used for external and internal
shading to reduce the intensity of solar radiation. The mesh works as a radiation barrier, by
reflecting and absorbing direct solar radiation. The mesh then re-radiates the energy but at a
much lower temperature, and hence the environment beneath the mesh is much cooler than
the environment above. Some of the absorbed solar energy of the mesh is lost via convection
either back into the environment or below the mesh. In order to reduce the effect of solar
radiation heat loads in hot climates, shading mesh is used in residential and industrial
buildings and areas, such as car parks, playgrounds, and swimming pools (Abdel-Ghany and

Al-Helal 2011).

8.4.1 Plastic shade mesh types
Plastic shading meshes are classified by their properties, such as material, type and dimension
of thread, mesh size, texture, colour, density, and porosity/solidity. It also has radiometric

properties, for example transmissivity, reflectance, and absorption, as well as mechanical

TR

i

a. Flat woven (Italian) b. Leno (English)

Figure 8.11: Types of plastic shade mesh

properties like strength, tensile stress, elongation at break, and durability. Plastic shading

mesh differs in both length and width, depending on factory and customer preferences, from
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1-6m, 12-20m and 20-300m. High density polyethylene is mainly used for the production of
plastic shading mesh, as it is non-toxic. There are two main types of thread for plastic shading
meshes: round monofilaments, and flat tapes (Hemming, Swinkels et al. 2008). Figure 8.11
shows three types of plastic shade mesh categorised by their texture: flat woven (Italian),
Leno (English), and Knitted (Raschel). Shade mesh size, porosity, and density depend on net
texture, and the connection between single threads that generate a regular porous geometric
structure. Mesh size is the distance between two threads in the same single weft direction.
The mesh size is normally given in mm, and for shading purposes the shade meshes are
between 2.5-4 mm, while the thickness of the shading mesh is measured by the thickness of
single threads (mm). Porosity is normally represented by the percentage of open area of shade
mesh divided by total area of shade mesh. Cohen and Fuchs (1999) showed that porosity can
be measured by three methods: radiation balance, interception and solar radiation, and
analysis of images of the materials. Moreover, the density of the shading mesh depends on
the texture, size, and thickness of the mesh. This study compares different shading mesh
porosities (shading coefficient) and shade mesh size (Scale) and shape (Geometry), to test the

mesh’s ability to reduce direct sun radiation over the roofs of buildings.

8.4.2 The shading mesh model

Shading mesh thermal energy analysis requires essential knowledge of solar and thermal
radiation exchanges between the shading mesh and surfaces they cover. Several studies have
examined the solar radiative properties and behaviour of shading mesh using different
methods. Most studies have examined the physical properties of plastic meshes (net porosity,
colour, and shading density) as the main subjects of their studies. Here, we focus on both
shade mesh arrangements and solar radiation on the surfaces underneath (roof surfaces).
Different methods have been used to measure the solar properties of plastic meshes. A light
model was used by Hemming (2008) to analyse the radiometric performance of structures
covered by mesh (Hemming, Swinkels et al. 2008). However, Ahmed (2014) argued that ‘It
is impossible to directly measure the thermal radiative properties of shading nets because of
the net’s surfaces’ (Ahmed, Ibrahim et al. 2014). The researcher tested the shade mesh
thermal properties under natural conditions using horizontal black substrate covered by
shading mesh fixed by a wooden frame. Thermal radiation flux and temperature were
measured above and below the shading mesh (Ahmed, Ibrahim et al. 2014). In addition,
Ahmad (2014) found that the solar radiation absorbed by the net (Shading mesh) did not

equal the emitted radiation. Castellano, Russo et al. (2006) measured ultraviolet, visible, and
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infrared spectrum wave energy to examine the construction parameters (porosity, colour, and
shading factors) of plastic shading mesh. In other studies, solar radiative properties under
natural conditions were measured (Abdel-Ghany and Al-Helal 2011), and a few laboratory
studies have compared the thermal radiative properties of both plastic mesh and metallic
shade screens (Andersson 2010, Abdel-Ghany and Al-Helal 2012). Mainly, these studies are
limited to the thermal radiation exchanges with plastic shade mesh (solar radiation, thermal
radiation, and convective heat). In general these studies are associated with agricultural
research on how solar radiation performs in greenhouses. In addition, plastic mesh has been
used to examine the effect of solar radiation on the physical properties of the plastic mesh
itself. There have been many studies on the solar thermal and radiative effects on vertical
building elements, such as double skin fagades (DSF), but few studies have measured solar
radiation behind the shading mesh. However, these studies measured these effects under real
conditions. Understanding this impact is important for this study, and so in this section the
aim is to model and validate the shading mesh used to modify microclimate direct solar
radiation on both the urban and single building scales. Shading mesh thermal analysis is not
well understood and there are no specific international standards to test the various types of
plastic mesh on the market. Although Italy and France has standards to test, there are as yet
no European standards to test agriculture nets (Diaz-Pérez 2013). In general, plastic shading
mesh has been studied by agricultural researchers to develop and enhance plant production or

protect crops from frost or sun spots (Hemming, Swinkels et al. 2008).

The bulk of the literature on horizontal Shading has been taken. From agricultural sources,
there is little to no literature a horizontal shading of buildings (Pearlmutter and Rosenfeld
2008, Shashua-Bar, Pearlmutter et al. 2009). Shade mesh is can be used in architecture
horizontally (shading mesh) and is widely used vertically (shading screens). Recently, the
facade of some buildings has included metal mesh grids as a second skin above the building
envelope. These secondary skins are used as a design element, to reduce daylight, solar
radiation, and solar gain. Geometry, texture, and other physical properties such as porosity,
transparency, colour, and thickness have a huge impact on shading device performance.
Another important factor that affects solar gain through shading screens (shading devices) is

the angle of solar radiation on the shade mesh/screen.
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8.4.3 Modelling shade meshes

In hot dry climate regions, solar radiation is one of the most important factors affecting the
internal environment of a building. To minimise this effect, the solar shade created by
shading meshes can improve building performance by reducing the direct solar load. Solar
shading may affect dwelling energy consumption through lighting, cooling, and heating
energy. Solar radiation in hot dry climates increases the heat gain of the buildings during
summer months, In hot dry regions shading devices are widely employed in windows and
courtyards, and on narrow roads (canopies) to reduce direct solar radiation load. However,
these strategies have been ignored in modern building construction methods using artificial
cooling systems to achieve thermal comfort, such as an air conditioning system. Traditional
and modern architecture can use shading devices to control daylight and thermal energy by

modifying direct solar radiation and thermal exchanges through the building envelope.

Most studies that have examined external perforated solar screens (PSS) have measured solar
radiation through vertical surfaces, in order to reduce energy consumption and achieve
thermal comfort, where reducing solar gain through the fenestration is important. However,
studies to quantify the amount of solar radiation on the horizontal surfaces are rare. On these
horizontal surfaces, a combination of insulation and reflective surfaces has been used, but in
hot dry climates, insulating the roof will reduce energy flow to the top of the building in
winter, leading to overheating, and dust will absorb the reflective surfaces. Modelling
shading meshes with a ‘real scale’® is difficult in terms of CFD models, as most CFD
programs use thermodynamic calculations to generate output data for close 3D spaces
(length, winth, and height). The simulation of solar radiation through extremely fine meshes
such as shade mesh is not an easy task for these programs. In this field, two kinds of research

have studied shade analysis:

1. Agriculture studies — this kind of research used natural conditions to test and explore the
effect of plastic shade mesh on plants.

2. Architecture and building physics studies — this group of researchers used CFD
simulation programs to simulate Perforated Solar Facades (PSF) mainly on vertical

building elements, such as a double skin facade (DSF).

In both groups of studies, the simulation of plastic shade mesh and fagade elements is

problematic because of the element scale. The simulation time for building environmental

8 The shading mesh has very tiny holes (2mm x 2mm) with a thinness of less than 1mm, so the CFD program
cannot easily model very tiny shapes laid out on a large area.
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performance simulation tools to obtain accurate results needs ‘considerable time and
iterations’ (Chi, Moreno et al. 2017). In addition, CFD simulation programs and energy
performance tools cannot easily model complex geometry such as perforated solar screens
and plastic shading meshes. The process of designing the model and simulating these kinds of
complex geometrical patterns is sophisticated and needs high performance computers. For
these reasons, a hypothetical test room with simplified geometrical objects was used to
represent the complex geometries of a perforated solar screen. Chi et al. (2017) used simple
objects such as circles, hexagons, rectangles and triangules in a matrix to model complex
geometries to calculate the energy consumption and daylighting of the perforated solar
screen. Using the EnergyPlus simulation program, one of the commonly used programs to
simulate and model energy consumption in buildings, Kim (2011) reassessed the energy
performance of buildings to test the accuracy of the energy transformation that accrues in
complex geometries, using a DSF as a case study. The Energyplus program is very efficient
for both daylighting and thermal energy transmission compared to on site measurements

(Kim and Park 2011).

In addition, some authors have developed simulation methods and integrated different
simulation packages to simulate both daylighting and energy consumption. Both horizontal
and vertical building geometries at the fine and micro scale, such as in shading mesh and
perforated solar screens, require a new way to be represented in CFD models. New studies

have linked Grasshopper’/Rhinoceros,!® to Radiance/Daysim'!

to assess the design
parameters, such as window opening size and materiality (Gonzalez and Fiorito 2015).
Moreover, to calculate solar radiation based on a climatic-based matrix, DIVA'? was used to
calculate daylight (Board 2011, Gonzalez and Fiorito 2015). The studies that used
Grasshopper as a simulation tool manipulated the hourly shading coefficient of a hypothetical
screen. Then, yearly lighting energy consumption was generated and loaded into the Design

Builder' program for thermal simulation.

In order to model the micro scale geometry of shading mesh threads using the IES simulation

program, we proposed a hypothetical method of simplifying the shade mesh was employed

0 Grasshopper is a graphical algorithm editor which integrated with Rhino’s 3-D modelling program.

10 Rhinoceros is 3D computer — aided design (CAD) software use for drawing curves and freeform surfaces.
! Radiance/Daysim is analysis software which model the annual amount of daylight inside and outside of
buildings (https://daysim.ning.com/).

12 DIVA Daylighting Simulations with Radiance using Matrix-based Methods.

13 Design Builder is an ‘Energy-Plus based software tool used for energy, carbon, lighting and comfort
measurement and control’ (https://www.altensis.com/en/services/designbuilder-software/).
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(Figure 8.12). In this test various factors were tested; shading coefficient (porosities),
geometry, and the scale of the shading mesh. Moreover, the shading coefficient range on
direct solar radiation was compared in the simulation. The method quantified different
shading coefficients to test the effect of solar radiation load on roof surfaces. In addition, a
50% shading coefficient was selected as the main case, which provides sufficient daylight
under the shade mesh. Different scale mesh threads and geometry were compared to examine
the effect of mesh scale on model accuracy outputs. These proposed scenarios were limited to
examining the scale of threads, and the geometry of the shade mesh. The latter has a minor
effect on thermal analysis and the amount of solar radiation that falls on the roofs compared
to the shading coefficient. The simulation also compared the inputs of the shading coefficient,
scale, and geometry of mesh with solar radiation on the horizontal surfaces and the dry bulb

temperature of the test room.
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Figure 8.12: Model the shading mesh using IES-VE
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8.5 Shading mesh model and validation

In order to simulate the shading mesh and validate the accuracy of the model, two simulation
programs were used: IES and HTB2. The model and validation process for both programs

used similar boundary conditions to examine the hypothetical test room.
The model and validation in this research was divided into two parts as below:

1. First part using IES model only, to simulate the test room and shading mesh
(simplification model)

2. Second part using IES and HTB2, to model and validate the shading mesh.

8.5.1 IES shading mesh model

IES was used to simulate four basic points:

1. Quantify Roof Solar Radiation (RSR) on roof building surfaces with and without shading
mesh

2. Simulate the shading coefficient

3. Compare different shading mesh geometry (SMG) types with a similar shading
coefficient of 50%, to provide an acceptable level of daylight under the shading mesh

4. Model surface solar radiation and dry bulb temperature for the hypnotical test room.

A hypothetical residential test room was used to examine the performance of the shading
mesh. The shading mesh was re-scaled and modelled using Auto Cad software, as shown in
Figure 8.13. To test the model’s accuracy, different scenarios of shading model were
performed and a similar weather data file for a hot dry climate region was used, as discussed
in Section 7.4. The simulation was for peak summer time on 1% July, 2017. The
maximum and minimum daily air temperature in July is 40 °C and 27 °C, respectively,

as shown in Figure 8.14.

Auto-Cad IES Model

Figure 8.13: Process of rescaling the shading mesh from a real image to the IES model
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The shading mesh threads are measured in millimetres and so are extremely small compared
to the scale of the hypothetical test room (Figure 8.15). Moreover, the simplification model
(Figure 8.12) was used to examine the capability of the IES program to simulate shading mesh
as a design approach for the reduction of heat gain and energy consumption in a hot dry

climate.
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Figure 8.14: Dry bulb temperature of weather data file

The IES simulation was used to test the performance of the shade mesh model in two ways,

to compare simulation running times (SRT), and compare output data (solar radiation and the

dry bulb temperature of the test room).

i
L

30% 40% 20% 60% 70% 80% 90%
Figure 8.15: The scale of the shading mesh with different shading coefficient compared to a S pence coin
In order to simulate the shade mesh used by IES, the mesh segments were re-drawn and

rescaled by Auto Cad using a real image, shown in Figure 8.13. Specific building input

parameters were applied to the test room, as below:

1. Employ a hypothetical test room with 3m cube, without any openings (Figure 8.16)
2. Control heat gain through the roof only, using insulation materials with a thickness of

600mm applied to the ground floor and exterior walls.
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The roof is the part

of the building most

affected by direct

solar radiation

compared to the

exterior walls and

ground floor

Figure 8.16: The surfaces most affected by direct solar radiation in buildings

The roof structure is comprised of concrete slab with roof tiles, and the U values of the

envelopes that make up the test room are shown in Table 8.2. The heat flux through the walls

and floor is thus minimised.

Table 8.2: Building materials for the hypothetical test room

U . .
Test . value | Surface Thickness Densit Cool.lng./
Material 2 2) y ventilation
Room W/m Area (m (mm) 3 .
K Kg/m mechanism
Roof Concrete Tile 43807 |9 100 2100
External | Cellular 0.0381 | 36 600 32 Natural
Walls polyisocyanurate o
G d Collul Ventilation
roun eruar 0.0381 |9 600 32
floor polyisocyanurate

3. Proposed scenarios are characterised below:

a. First type, to test the Simulation Running Time (SRT)

b. Second type, to test the shading coefficient (porosity) ranges starting with 40% to
100%

c. Third type, to test shading mesh geometry. In this simulation, mesh segments are

changed to test the efficiency of the model

4. Quantify the hypothetical test room’s dry bulb temperature with and without shade

mesh for all proposed scenarios.
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8.6 IES shading mesh simplification model (scale, shading coefficient and geometry)

This section of the study presents the process of simulating the hypothetical test room with
different shading mesh scales, shading coefficients, and geometry. The output of these
simulations (generated scenarios) is compared with the unshaded cube. The next section

explains in detail the shading mesh simplification model.

8.6.1 IES shading mesh model with 8 Scale

The first set of modelling presents the process of the model hypothetical test room and
compares it with the base case model (Figure 8.17). This section concerns changing the size of
the mesh scale. The shading mesh size and shape will affect the direct solar radiation that
falls onto the horizontal and vertical surfaces of buildings. The porosity of the shading mesh
was maintained constant at 50%, and the shading mesh extended over the test room as shown

in Figure 8.17.

i ,

Test Room-IES

Figure 8.17: The test room with shade mesh

Eight different mesh thread sizes were modelled (Figure 8.18), starting with a crude checker
board style mesh in which the thread width was 500 mm (shape 1,Figure 8.18). The final mesh
thread size was 1.6 mm and produced an almost solid looking shade over the test room (shape

8, Figure 8.18).

As the thread size gradually reduced, the simulation time increased due to the number of
surfaces being modelled. Table 8.3 shows this progression, with shape 1 having a simulation

run time of three minutes, while shape 8 had a simulation run time approaching 24 hours.
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Figure 8.18: The shade mesh scale in 8 different scenarios. The scale of mesh segments reduced
gradually from 500 mm to 1.6 mm

8.6.2 IES shading model with 8 shading coefficient.
8.6.3 IES shading model with 8 shading geometry.

Table 8.3: Shape patterns of shade mesh, showing the number of

mesh segments in each

scenario

Porous Thread size (width | Simulation run time (Min) Model surfaces (shade

shape of threads) SunCast! Apache'® mesh surfaces)
simulation simulation

Shape 1 500 mm 2 1 50

Shape 2 100 mm 5 2 125

Shape 3 50 mm 24 5 250

Shape 4 25 mm 30 6 500

Shape 5 12.5 mm 50 8 1000

Shape 6 6.25 mm 80 10 2000

Shape 7 3.1 mm 3h 20 4000

Shape 8 1.6 mm 23:12 25 8000

8.6.4 Solar Shading Analysis

14 SunCast one of IES-VE parts which used for design process to model shading and solar insolation studies by
generating images from 3D models.
15 Apache simulation is dynamic thermal simulation model which based on mathematical model of heat transfer
process inside and around buildings (www.iesve.com).

98]
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The IES simulation program uses SunCast for solar insolation studies and shading analysis. It
can be used to perform shading at any stage of the design process by generating images and
modelling the solar effect on the surfaces using IES Model Builder. In addition, SunCast can
be used to investigate the effect on energy demand of outdoor obstruction, self-shading of
buildings, solar mapping, and building orientation. Sun position in this program is defined by
date, time, orientation, latitude, and longitude of site. Moreover, it is able to produce shadows
and internal solar insolation for any building or object defined by its position. SunCast can be
used for passive solar design studies and is essential in the planning stage to identify the
effect of sun shadow on the surrounding environment. More importantly, solar surface
shading and insolation statistics can be modelled through this application. Table 8.3 shows
that increasing the mesh density has an impact on simulation time. Figure 8.19-21 show the
effect these different mesh sizes had on the radiation energy distribution on the roof of the
hypothetical test room. For each mesh shape shown in Figure 8.19-21, showing two images,
the upper image represents the shading mesh with the test room beneath. The lower image
shows the solar radiation distribution over the roof surface (IES output). This is best
understood by looking at shape 1, where the crude checker board pattern of the shading mesh
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Figure 8.19: The top perspective view Showing the shade mesh mode for three scenarios, with solar
radiation configuration image that fallen on the roof surfaces. Shape 4, 5 and 6 with similar 50% shading
coefficient
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replicated by the checker board pattern of the solar radiation distribution. Moving to shape 8,
the checker board pattern disappears and an even solar radiation distribution is shown (Figure

8.19 - Figure 8.21).

©°()7 21n31

q°0Z 2In31q

Shape 4 Shape 5 Shape 6

Figure 8.20: The shade mesh mode for three scenarios, with the solar radiation configuration image
falling on the roof surfaces. Shapes 4—6 have a similar 50% shading coefficient

q-9 adeys

Shape 7 Shape 8

Figure 8.21: The shade mesh mode for two scenarios, with the solar radiation configuration image falling
on the roof surface. Shapes 7 and 8 have a similar 50% shading coefficient
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8.6.5 Thermal analysis simulation

Table 8.4: Dry resultant temperature and roof solar radiation for the base case and 8 scenarios. The IES
model was used to generate (T) 4 times a day

Scenario and shape | Roof solar radiation on roofs Dry bglb temperature (T) of test
number (KWh/m? day) room °C

6:00 12:00 | 18:00 | 24:00
Shape 1 4.38 30.31 [38.13 |44.38 |33.11
Shape 2 4.30 30.31 |[38.13 |44.37 |33.1
Shape 3 4.33 30.31 [38.13 |44.38 |33.11
Shape 4 4.33 30.31 [38.13 |44.37 |33.11
Shape 5 4.32 3031 [38.14 |44.38 |33.11
Shape 6 4.32 3031 [38.12 |44.33 |33.1
Shape 7 4.23 30.3 38.09 |44.27 |33.08
Shape 8 4.28 30.27 [37.96 |43.9 32.96

Thermal analysis or Apache'® in the IES program use thermal input data, such as building
location, weather data, and properties of building fabric to generate the thermal model. The
hypothetical test room was designed to test the thermal analysis (3x3m, and 3m high),
without any opening to control thermal analysis (Figure 8.17). The hot dry climate location
and weather file were used, and the building properties are as shown in Table 2. In this
simulation, the shade mesh effect on roof surfaces and room internal temperature were

predicted. The hypothetical test room was used as the base case and modelled without
kWh/m’

158
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r6.70
r6.06
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4,78
r4.14
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137
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Test room without shading mesh Test room with shading mesh

Figure 8.22: Roof solar radiation for the base case on the left hand side. A high resolution grid was
applied on surfaces to accurately match the grid colour and colour chart

16 Apache simulation is dynamic thermal simulation model which based on mathematical model of heat transfer
process inside and around buildings (www.iesve.com).
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shading mesh, while the other eight scenarios were covered by shading mesh (Figure 8.19—
21). A high resolution of 0.25 m? grid were applied to calculate direct solar radiation on the
roof surface (Figure 8.22). The roof area of 9 m*> was divided into 144 segments that received
various levels of solar radiation when the shading mesh’s pattern was altered in each
scenario. To calculate solar radiation upon a specific surface, the grid was used to categorize
the exact amount of solar radiation falling on a specific area measured in kWh/m?. In Figure
8.22, each grid was measured and the colour chart on the left hand side represents the solar
radiation value on the surface, according to the legend colour, and divided by the total

number of grids.

Equation 1 calculates the solar radiation on the floor of the test room

nl+n2+n3+n4...

Solar radiation of any surface = ;
all grid number

Where n is the surface grid with a specific colour. Each colour represents a radiation heat

flux. The process enabled the total radiation on the roof surface to be estimated.

Dry resultant temperature was predicated for all eight scenarios with the shading mesh four
times a day, and for the base case. The aim of this calculation is to represent the effect of the
shade mesh on the room temperature (Table 8.4 and Table 8.5). In Table 4, for roof shape 1,
the total radiation heat flux was 4.38 kWh/m? day, while the more intensive model, shape 8,

had a total radiate heat flux of 4.28.

For dry bulb temperature predicted in the room, the variation from shape 1 to shape 8 was
small. At 6:00 in the morning, the difference was 30.1°C-30.27°C, and the 0.04 K is
negligible. At 12:00 midday, the difference was 38.13°C-37.96°C, 0.17 K, at 18:00 the
difference was 0.48 K, and at 24:00 midnight the difference was 0.15 K (Table 8.4).

To Table 8.5 shows the impact of shading mesh modelling scale on the indoor dry bulb air
temperature, the change of scale has only a small impact on the predicted values. However,
the shading mesh is effecting the test rooms Dry Bulb temperature when the simulation
results compare between hypostatical test room with and without shading mesh. No impact is
seen at 6:00 and 24:00 but at 12:00 and 18:00 the impact is marked, at 18:00 the differences
is greater than 5K. Figure 8.23 shows the test room dry bulb temperature with and without
shading mesh. The maximum air temperature was recorded at 18:00 for the test room without

the shading mesh
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Table 8.5: Comparison of dry resultant temperature for the base case and 8 scenarios. The IES model
was used to generate (T) 4 times a day

Scenario and Dry bulb temperature of test room °C Dry bulb temperature of test room °C-
shape number without shade mesh with shade mesh
6:00 12:00 18:00 24:00 6:00 12:00 18:00 24:00
Shape 1 30.82 40.05 49.39 34.7 30.31 38.13 44.38 33.11
Shape 2 30.82 40.05 49.39 34.7 30.31 38.13 44.37 33.1
Shape 3 30.82 40.05 49.39 34.7 30.31 38.13 44.38 33.11
Shape 4 30.82 40.05 49.39 34.7 30.31 38.13 44.37 33.11
Shape 5 30.82 40.05 49.39 34.7 30.31 38.14 44.38 33.11
Shape 6 30.82 40.05 49.39 34.7 30.31 38.12 44.33 33.1
Shape 7 30.82 40.05 49.39 34.7 30.30 38.09 44.27 33.08
Shape 8 30.82 40.05 49.39 34.7 30.27 37.96 43.9 32.96

The graph shows a gradual increase in temperature difference between the shaded and
unshaded areas during the day time, reaching a peak time at 18:00. The effect of the shading
mesh on dry bulb air temperature started to reduce after 18:00 when the sun sets (Figure 8.23).

Dry bulb temperature of the test room °C with and without the shade mesh
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Figure 8.23: Dry bub temperature for hypothetical test room with and without shading mesh

In this set shading coefficient is fixed. The results show that the shading Mesh Segments
Scale (MSS) has a minor effect on model performance (Table 8.5), but a significant effect on
Simulation Run Time (SRT) (Table 8.3). The shading mesh can be modelled with a large MSS

without affecting the solar radiation on the roof and the inside dry bulb temperature.

8.6.6 IES shading mesh model with 8 shading coefficient

Shading mesh coefficient can be defined as the distance between any two threads (mesh
segments) in the similar weft direction. The porosity of shade mesh can be defined as the
percentage of open area in the mesh body divided by the total area of the shade mesh. The
porosity of shading mesh may be affected by the direct solar radiation (DSR) that falls onto
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the horizontal and vertical surfaces of buildings. DSR passes through the porous mesh and
falls on the roof surfaces, while closed areas of the mesh body (shade mesh segments) reflect

and absorb the rest of the DSR, and then re-radiates or convects, conducts or stores the

surplus energies. The mesh size is normally given by mm, and for shading purposes the shade
meshes are between 2.5 to 4 mm, while the thickness of the shading mesh is measured by the
thickness of single threads (mm). In this simulation, both the size and thickness were fixed,
because there is a minor effect of the mesh segments scale (MSS) on model performance and
results, as shown in the previous section (shading mesh scale simulation). The aim of this
simulation is to determine the effect of the shading mesh coefficient on roof solar radiation
(RSR) that falls onto the roof surfaces, with and without shading mesh. The simulation

process starts with a comparison of shading meshes, from 40% to 100% (Figure 8.24 and 28).
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Figure 8.24: Test Room with 40%, 50% and 60% shading coefficient
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8.6.7 Shading mesh coefficient types

The process of simulation for different shading coefficients is divided into two parts. The first
part compares three different shading coefficients of 40%, 50% and 60%, while the second
part of the simulation compares five types of shading coefficients at 50%, 60%, 70%, 80%,
90% and 100%. In the first part of the simulation, three different shading coefficients were
simulated with similar mesh texture (see Figure 8.24). The results compared both thermal
analysis and solar radiation over the roof. Dry bulb temperature for both the weather data file
and test room with shading mesh were first compared to show the efficiency of the IES
model. Figure 8.25 displays the external dry bulb temperature and the internal predicated dry
bulb temperature for the unshaded room, for the first two days of July. The black solid line in
Figure 8.25 indicates the internal unshaded dry bulb temperature, which will be used to
compare the effectiveness of different shading mesh coefficients. The results show that the
base case test room record higher dry bulb temperatures and a small shift time (Figure 8.25).
All three diffident shading meshes with 40%, 50%, and 60% coefficients were compared with
the base case test room (without shading mesh) (Figure 8.26). The results show that as the
coefficient increases, the maximum dry bulb temperature decreases and there is a displaced

time shift. The minimum dry bulb temperature shows only a small change and time shift.
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Figure 8.25: Comparison of dry bulb temperature for the test room and
weather data file

The second part of this scenario determined how increasing shading coefficient reduces both
the Roof Solar Radiation (RSR) and the dry bulb air temperature of the test room through a

reduction in direct solar load falling on the roof.
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Figure 8.26: Dry bulb temperature for the test room with and without shading mesh for 1st and 2nd of
July 2017

The second part of the simulation tested six shading coefficient types —50%, 60%, 70%, 80%,
90% and 100% (see Figure 8.27). The shading coefficient ratio in this simulation is the
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Figure 8.27: Dry bulb temperature for the test room with and without shading mesh, 1st
July 2017

amount of space between shading segments. For example, with the 50% shading coefficient,
50% of the DSR passes through the shading mesh and 50% is reflected and absorbed by the
shading mesh body.
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Figure 8.28 shows the shading configuration used to achieve these coefficients. Figure 8.27
shows the results for 1st July 2017 only. As would be expected, increasing the shading
coefficient decreased the peak dry bulb temperature, with no effect on the minimum dry bulb
temperature. A less obvious aspect of the increased shading coefficient is the time delay of
the peak dry bulb temperature. In Figure 8.27, the unshaded part has a peak dry bulb
temperature at 16:00, while the lower peak for the 100% shading coefficient occurs after
20:00. This reflects the thermal mass of the test room heating up more slowly due to reduced

solar gain. The simulation set shows that increasing the shading mesh coefficient reduced the
DSR on the roof and decreased the dry bulb air temperature of test room.

8.6.8 IES shading mesh model with 8 Geometry

00 % shading.¢

Figure 8.28: Test Room with 50, 60, 70, 80, 90 and 100 % shading coefficient
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Shade mesh geometry or mesh segment shape may have an effect on the thermal analysis and
solar radiation of any surface under the shade mesh. The aim of this simulation is to
determine the effect of shade mesh geometry on the thermal properties of the test room. The
simulation started by comparing eight different geometries of shade mesh with the same
shading coefficient of 50%, as shown in Figure 8.29. The DSR spots can be altered by
changing the row and column of mesh segments. Day lighting is also taken into account
through the process of designing the shade mesh, and a shading coefficient of 50% will allow
enough day light to enter the space. This test used eight types of mesh geometry to determine
the effect of mesh-geometry on the solar radiation and dry bulb temperature of the test room.
The test room’s building fabric properties are shown in Table 8.2. In addition, similar

environmental conditions and climate location were applied for all scenarios.

Figure 8.29: Eight different shade mesh geometry with similar 50% shading coefficient

IES was used to simulate eight different geometries of shading mesh through the SunCast
simulation to predict the solar radiation on the test room roof. Figure 8.30 shows all

geometries with shade mesh.

8.6.9 Direct Solar Radiation (Roof of Test Room)

IES SunCast was used to calculate solar radiation upon the test roof; after the simulation run
was completed, a colour grid was used to categorise the amount of solar radiation on the roof
of the test room, measured in kWh/m?. The colour chart on the left hand side represents the
solar radiation value on the surface, and each grid is measured to the legend colour and

divided by the total grid number of 144 units (Figure 8.30).
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Figure 8.30: Eight different shade mesh geometries, with 50% shading coefficient. Each image
represents single solar roof radiation with and without external shade

The eight geometries have different shapes but similar physical characteristics, such as
shading coefficient and mesh thickness. The solar radiation on the top for all geometries was

similar to the shading coefficient of 50% for all geometries.

Table 8.6: Eight shapes of solar roof radiation calculated manually in colour charts

Geometry Shape 1 | Shape 2 | Shape 3 | Shape 4 | Shape 5 | Shape 6 | Shape 7 | Shape 8
Solar radiation 4.125 4.11 4.15 4.12 4.10 4.16 4.16 4.11
kW /m’
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The maximum solar radiation was 4.16 kW/m? and the minimum 4.10 kW/m? for shapes 6
and 5, respectively (Table 8.6). Overall, the results show that shading mesh geometry has a
limited impact on DSR.

8.6.9.1 Dry Bulb Temperature (Inside Test Room)

Dry bulb temperature was predicted for the hypothetical test room with eight different
shading mesh geometries, both with shading mesh, for 2" July 2017 and the base case. The
aim of this simulation was to investigate the impact of the shade mesh geometry on the test
room’s dry bulb temperature. Figure 8.31 shows that the dry bulb temperature for the test
room had similar shading mesh geometry, while the ambient temperature was lower than the

test room both with and without the shade mesh (Figure 8.31).
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Figure 8.31: Ambient dry bulb and dry bulb temperature for the test room with three geometry shading
meshes and 50% shading coefficient for all, compared with the test room without shading mesh

The maximum dry bulb temperature was 50.1C without shading mesh and the maximum dry
bulb temperature with shading mesh was 44.45 C for the test room. The impact of the shading
mesh on the inside dry bulb temperature during day time was significantly more than at night

time. The dry bulb temperature differences at 16:00 was 5.55 K, and 0.8 K at 7:30 am for day
and night time, respectfully (Figure 8.31).
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Figure 8.32 shows the impact of the shading mesh on the indoor dry bulb air temperature,
which corresponds to the hypothesis that the shading mesh geometry does not have an impact
on the air temperature and solar radiation in the test room. However, the shading mesh does
affect the inside test room dry bulb temperature significantly when the simulation results are

compared between the test room with and without shading mesh.
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Figure 8.32: Dry bulb air temperature for the test room with three geometries of shading mesh and 50%

shading coefficient for all, compared with the test room without shading mesh

8.7 Model Validation

Validation of the IES model can be achieved by in situ measurements, but for safety reasons
this form of validation was not possible in Kurdistan. To test the validity of the IES models,
another simulation package was employed. This study used two different simulation
programs, IES and HTB2, to validate the base case model. In the last section, the IES model
was discussed; in this section, the HTB 2 model will be explained and compared, and the

model’s results presented.

357



Chapter 8 Modelling The Shading Mesh

8.7.1 HTB 2 Model

The HTB 2 simulation program can be used in Sketch up.!” It can predict the solar radiation
falling on the surfaces and heating and cooling energy demand. In addition, it can test the
energy performance of any shape or form, the impact of terrain, and the effect of building
surroundings and shading devices. Moreover, the model manipulates direct, normal direct and
diffuse solar radiation to calculate the amount of solar radiation falling on external surfaces.
The HTB2 model considers orientation, the tilt of external surfaces, surface transparency, and
the surrounding site through building shading masks. The shading mask divides the sky dome
above the external surface into 324 blocks measured by 10 by 10 degrees (Figure 8.33).

Face type : roof
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Building Cooling demand : -2384 kKWh Building height : 3 m Floor height - 3 m

Figure 8.33: Shading mask represented as a sky dome
divided into 324 blocks 10 by 10 degrees, the black areas
represent obscured, and white areas clear sky

The HTB2 Building Energy Model (BEM) uses Sketch-up to simulate a large group of
buildings in an urban context with various input files about the building and microclimate
environment surround the site (Huang, Jones et al. 2017). The input data describe the
building layout, construction system, HVAC systems, weather data file, topography features
of the site, and the Sketch-up plugin is used to calculate solar radiation on external surfaces
(Jones, Lannon et al. 2013). The model results were generated with an Excel file and included

the model outputs and a surface solar radiation map.

17 Sketchup is a 3D modelling software which used for creating and editing 2D and 3D models.
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The model working with a Vir Vir'® plugin for Sketch-Up was developed by the Architecture
School, Cardiff University. HTB2 is an advanced numerical model which has been
developed, tested and validated extensively IEA Annexl1, IEA task 12, IEA BESTEST (Yao,
Luo et al. 2011). The HTB2 model is highly flexible and easy to modify, so it is well suited
for use in the field of energy and sustainable building design. Vir Vir Plugin and HTB2 can
be linked and used as a dynamic thermal simulation for single or multiple buildings in an
urban scale model. The model has the ability to model shadow from other buildings. Through
this model, complex objects and forms can be modelled with the assistance of Sketch-Up. For
shading mesh, IES needs a long running time to simulate 24 hours, but HTB2 can simulate

much faster.

8.7.2 The IES and HTB2 Model Process

In this section, both IES SunCast and HTB2 model results were compared to validate the
performance of the shading mesh model. The aim of this validation was to support the
hypothesis that shade mesh segments can be simplified by crude objects without limitation on
shading coefficient performance. To quantify the amount of solar radiation which falls onto
roof surfaces, a hypothetical test room was modelled by manipulating two building energy
simulation programs. The input data needed to describe building variables was similar for
both models, such as location and orientation, dimensions, external shading geometry,

shading coefficient, and the weather data file.

Three shapes were modelled as a shade mesh and the output results of the hypothetical test
3m room were compared. Solar radiation was measured over the roof surfaces of these test

rooms for one year.
8.7.2.1 IES model simulation

SunCast simulation was used to predict fallen solar radiation on roof surfaces. Three different
shapes of shading mesh were compared with the test room, which had no external shading
(Figure 8.34). Solar radiation was measured using IES modelling with a high resolution grid
applied over the roof surface. The grid size was 0.25m?, and the roof surfaces were 9m?,
giving a 144 grid. The solar radiation was estimated for each grid square, to simulate the

whole roof.

8 VirVvil : it is a SketchUp extension and uses as an energy simulation tool. It is usable, simple, accessible, and
flexible. This plugin is links the 3D design tool (SketchUp) to a Dynamic simulation model HTB2.
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Figure 8.34: Shading mesh laid over the hypothetical test room in three shapes. Shading coefficient is
similar for all shapes
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Figure 8.35: IES model for the test room with three different shading meshes

The results show that the values of direct solar radiation on roof surfaces were similar, but
with different colour pattens, as shown in Figure 8.35. These colour pattens were calculated

using the method described in Section 7.7.2.
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Table 8.7: IES model outputs showing the effect of shading mesh on annual direct solar radiation on floor
surfaces

Annual solar radiation on
Model type roof surfaces kW/m? TES model
Test room
without shading 2087.47 KW/m?
mesh :
Shape 1, and
50 % shading 1178 KW/m?
coefficient
2087.47
192131
A 1755.16
Shape 2 and AR 1589.01
50 % shading 2 : 1422 85
coefficient 1206 kW/m 0
92440
758.24
592.09
425.94
208747
192131
¢ 1755.16
= 1589.01
Shape 3 and 1157 KW/m? 142285
50 % shadlng _ 1256.70
coefficient N 1090.55
= 92440
158.24
592.09
42594

The maximum annual solar radiation on the roof was recorded for the test room without
shading mesh. For the three shapes, the annual solar radiation had small differences at 1,178,

1,206, and 1,157 kW/m? for shapes 1, 2 and 3, respectively. The three shading mesh
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geometries were different in shape but had similar physical characteristics, such as
shading coefficient and mesh thickness. The solar radiation on the top of all these was
similar, as the shading coefficient was 50% for all geometries (Table 7). Overall, the
results show that changing shading mesh geometry had a limited impact on direct solar
radiation, although the shading mesh had a sigificant impact on fallen solar radiation on the

roof surfaces when the test room was compared with and without shading mesh.
8.7.3 HTB2 model and Sketch-up model simulation

As previously discussed, the building simulation model HTB2 is a widely used
simulation program in research and practical projects as a tool to predict the impact of
form and shape on energy performance. In this study, it was used to quantify solar
radiation over roof surfaces. The Sketch-up 3D program was used to build the model

and run the HTB2 model, as shown in Figure 8.36.

) A

Shape 1 Shape 2 Shape 3
Test room without \
shading mesh Test room with Test room with Test room with \
shading mesh shading mesh shading mesh

Figure 8.36: Sketch-up model used to run and design mesh objects. Three shapes of shade mesh were
applied over a similar hypothetical test room. Input data and shading coefficient were similar for all
objects

HTB 2 was used to model the test room without the shading mesh and the test room with
three shapes of shading mesh. The three shading meshes had different shapes,but were
similar in physical characteristics such as shading coefficient and mesh thickness. The direct
solar radiation was measured using the HTB2 model through building shading masks. The
shading mask divides the sky dome above the external surface to 324 blocks measured in 10
by 10 degrees (Table 8.7). The test room shading mask was generated for all scenarios; one
without the shading mesh and three with. In this simulation, the test room size and shape,
orientation, building materials, face area of the internal wall ratio, and face tilt were fixed.
The results were presented in two ways, with a colour chart and shading mask of the sky

dome (Table 8.7).
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Table 8.8: HTB 2 model outputs showing the effect of the shading mesh on annual DSR on floor surfaces

Annual solar radiation on roof surfaces kW/m?
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The results show that the DSR values on the roof surfaces were similar for the different
shapes, as shown in Table 8. The maximum annual solar radiation on the roof was recorded
for the test room without the shading mesh as 2017.4 kW /m?, while for the three shapes there
were small differences of 1,148, 1,225, and 1,101 kW /m? for Shapes 1, 2 and 3, respectively.
The HTB 2 simulation shows that the three shading mesh patterns differed over the shading
mask, but the solar radiation on the top of all the test rooms had a similar shading coefficient

of 50% for all scenarios (Table 8.8).

Overall, the results show that changing shading mesh shapes had a limited impact on roof
surface solar radiation, but the shading mesh had a sigificant impact on solar radiation on the

roof surfaces when compared to the unshaded roof.

8.7.3 Comparison of the IES and HTB2 Models

The IES and HTB2 simulated test rooms with similar input data, which included physical
characteristics and weather data file. The IES and HTB2 models were employed to calculate
direct solar radiation on the roof surface of the test rooms with and without shading mesh, as
shown in Section 7.7.2. The IES and HTB2 models take different approaches to calculating

solar radiation on roof surfaces. The results from both simulations are shown in Table 8.9.

Table 8.9: IES and HTB 2 simulation output for fallen DSR on the roof surfaces

Model type —Test Room IES kW/m? | HTB2 kW/m? | % differences
Without shading mesh 2087.47 2071.4 1%

With shading mesh Shape 1 | 1178 1149 2.5%

With shading mesh Shape 2 | 1206 1225 1.6 %

With shading mesh Shape 3 | 1157 1102 4.8 %

The results show that there are small differences between the two models’ outputs. The
maximum difference is 4.8% and the minimum 1% for the test rooms with shade mesh 3 and
without shading mesh, respectively (Table 8.9). Overall, there are small differences between
the roof surface solar radiation calculated by IES and HTB2. This gives confidence that the
IES model can be used as a simulation tool to the calculate shade mesh effect on the roof

surfaces.

8.8 Building Scale Model
This section of the study focuses on the research aim to reduce the indoor air temperature in housing

projects using architecture design strategies. These strategies will be modelled using IES through a
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continuous process of testing on a typical house to produce a productive strategy, which may (help) to
reduce the dry bulb temperature of indoor air temperature and hence reduce the cooling load. The last
chapter showed that using a shading mesh significantly reduced the impact of direct solar radiation

(DSR) on the roofs and indoor dry bulb temperature in the test room (base case scenario).

The aim of this section is to investigate the impact of the shading mesh on indoor dry bulb
temperature (DT) for typical houses in Erbil. In addition, a series of scenarios were proposed to
investigate the impact of shading mesh and architectural design on DT. The shading mesh is used to
cover a typical house to explore the influence of shading on the DT of the housing unit, while
architecture design scenarios were combined with the shading mesh to increase the reduction of DT.
The first part of this section is about the comparison of the test room and a typical house unit
regarding DT. The typical house and test room were covered by the shading mesh and indoor DT was
calculated for both scenarios with and without the shading mesh. The second part of this chapter is
about the testing of a typical house with two different shading coefficients, 50% and 100%. In
addition, these houses are compared with a similar house without a shading mesh to investigate the
impact of the shading coefficient on indoor DT. The third part is on the direct comparison of the DT
for typical houses in two configurations: single (detached) and attached houses (terraced). The final
part of this section is on housing block simulation, throughout which different housing block

arrangements and orientations were compared.

A typical house is built on a plot area of
200 m2 with two floors, a small garden at
and a parking space for a car at the front.
The ground floor normally contains a
reception room, kitchen, living room, two
bedrooms and a bathroom; while the first

floor has two bedrooms and a bathroom.

This type of house is normally constructed
with hollow concrete blocks 400 x 200x
200 mm (walls) and 200mm thick of

reinforced concrete for roofs.

Figure 8.37: Test room and house with and without
shade mesh
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8.8.1 Typical House! With and Without Shade Mesh

The shading mesh was modelled and validated in the last section and the results show that the
shading mesh had a significant impact on the DSR that falls on the building’s roof. This
simulation test room and typical house were compared with and without shading mesh.
Figure 8.37 shows the test room and typical house modelled using IES. This simulation is the
first set of a long series of simulations investigating the impact of shading mesh on housing

units in the summer time to reduce DT and cooling energy consumption.

Figure 8.38 shows the DT for the test room with and without shading mesh, which reduced

Without shade mesh

55—
. With shade mesh
50
45-]
0 "
o 1
5 N
T 35+
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F 30
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204
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Thu 12:00 Fii 12:00 Sat

Date: Thu 01/Jul to Fri 02/Jul

Figure 8.38: IES model for test room, showing DT for the test room with and without shading

the DT from 50°C to 46C at 18:00. The test room’s maximum air temperature was shifted
every hour by employing the shading mesh. This means that the shading mesh has an impact
on the absorption and emission of the thermal energy in the test room during the day and
night time. To reflect this effect on the housing unit, the study proposed a set of simulations
on a Erbil typical house.

The second set of simulations compared a typical house unit without openings (doors and

windows) similar to the test room in terms of shading mesh and building materials. The

19 The typical house is the type used in this study for the simulations. Most housing projects are shown in
Chapter 4, with housing plots 10 x 20 m. In this study, we used a housing plot of 200 m? for the simulation
process to represent a housing unit in Erbil, because most houses have similar types of plot and design details.
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typical house in this simulation had 600 mm insulating materials for ground and exterior
walls, and 100 mm concrete tiles for the roof. The shade mesh was at a height of 8 m, and the
typical house had two floors of a height of 3.2 m. The distance between the second floor to
the shading mesh was 1.6 m. The aim of this simulation was to understand the heat gain

through the roof and the impact of shading when the typical house was fully covered by the

15T floor without shade

15T floor with shade
mesh

Temperature (°C)

Upper limit of Thermal
Comfort

Date: Thu 01/Jul to Fri 02/Jul

Figure 8.39: DT for the prototype house with and without shading mesh

shading mesh (Figure 8.39).

The simulation measured DT for the first floor of a typical house with and without shading
mesh over two days, but only the second day was considered as the model produces
inaccurate output for the first 24 hours (Figure 8.39). The maximum DT was 43.6 C and 39C
for both the second floors without and with shading mesh, respectively. The simulation
showed that the shading mesh had a significant impact on DT in the prototype house (without
any openings).

The thermal comfort maximum level is 28°C (de Dear et al, 1997), the greater the gap
between predicted air temperature and the comfort temperature, the greater the need for some
artificial intervention to bring this down to acceptable levels. In typical house case with and
without opening as showed in figure no 8.39, the artificial intervention needed for both day
and night time to reach comfort level. This demand increases gradually from midnight to

afternoon when the DT reach 43.6C.
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The next step of the study changed the typical house in terms of construction materials and

external openings (doors and windows). The walls, floor and ground materials used in this

simulation set can be found in Appendix G.

8.8.2 Typical house models with and without openings

This set of simulations tested a typical house with openings (windows and doors) constructed

of similar local materials used in Erbil. The simulation compared three types of houses with

three different material properties (Table 8.10).

Table 8.10: Prototype house scenarios with and without shading mesh

Scenario Wall Ground floor Roof Exterior Shading
materials materials material openings coefficient

Typical house Isolated Isolated 10 cm Without Without
(Type 1) material® material concrete opening shading mesh
Typical house with Hollow Local floor”’ | Local roof | Without Without
Local materials concrete opening shading mesh
(Type 2) blocks
Typical house with Hollow Local floor Local roof With Without
Local materials concrete opening shading mesh
(Type 3) blocks

In these simulations, the following scenarios were tested:

1. Typical house with isolated material (Typel) and typical house with local materials (Type

2)

2. Comparison of models with and without exterior openings (doors and windows) (Type 1,

Type 2 and Type 3).

3. 42—

40

38—

36—

34—

Terperature O

32—

House Tvpe 3

House Tvpe 1 )

House Tvype 2

_—

/

Upper limit of Thermal
Comfort

30 Ambient

DS - —— -

60:00 ' 02!00 ' 04!00 ' 06!00 ' 08!00 ' 10!00 ' 12!00 ' 14!00 ' 16!00 ' 18!00 ' 20!00 ' 22!00 ' 00!0(
Date: Sat 14/Aug
Figure 8.40: Comparison between first floor test houses without shade mesh. Local materials and

isolated materials, with and without openings

20 Isolated materials refers to the similar materials used in the test room. 600 mm isolated materials for ground
and exterior walls and 100 mm for concrete tiles for the roof.

2! Local floor and local roof can be found in Appendix G.
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Figure 8.40. shows the comparison simulation of the first floor DT for the three types of
typical houses and ambient DT. The results show that house type 1 follows similar
patterns of ambient temperature with a one hour shift, as explained in Section 7.6.1. After
adding construction materials to the typical house (ground, walls and floors), the thermal
performance of the typical house dramatically changed. The typical house (type 2 and
type 3) thermal performance does not closely follow the ambient temperature (Figure
8.40). The maximum difference in DT recorded was 11 K for the typical house (type 1)
and the minimum ADT was 0.9 k and 0.5 K for typical house types 2 and type 3,
respectively. The maximum air temperature for the typical house (type 3) was 36.0°C and
the minimum DT is 35.8 'C, while the maximum DT for the typical house (type 1) was 42°C
and the minimum DT was 26°C. This shows how local building materials influenced
the typical house types 2 and 3 more than the adding openings to the typical house type 3
(Figure 8.40).

Developing the previous results, the next set of simulations compared a typical house (type 3)
with and without shade mesh. The aim of this test was to examine the typical house
models with and without shade mesh. The DT for the first floor compared the typical house
(type 3) with and without shading mesh, as shown in Figure 8.40. The typical house had

closed openings 24 hours to completely prevent natural ventilation.

N
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o
£ 32+
é 31__ Upper limit of Thermal
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Date: Sat 14/Aug

Figure 8.41: Comparison of first floor typical house (Type 3), with and without shade mesh
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The results show that the shading mesh reduced overall indoor DT for the typical house with
shading mesh during both day and night. Overall, the shading mesh with a shading coefticient
50% reduced the indoor DT by 1.5 k.

8.8.3 Typical house with Different Shading Coefficient Ratio 50, and 100%

This set of simulations tests a typical house (type 3) without shading mesh and with mesh
that has shading coefficients of 50% and 100% (Figure 8.41). This simulation investigated
the impact of the shading coefficient on the indoor DT for a typical house. The results show
that the house without shading mesh had a higher DT compared to houses with shading
mesh. The three cases do not closely follow the ambient air temperature pattern during day
and night time (Figure 8.42). Moreover, the DT for the three typical houses followed a
similar pattern with different DT values. The maximum DT temperature was 36 C recorded

for the typical house without shading mesh, while the minimum DT was 33.5 C recorded for

the typical house with shading mesh, which had a100% shading coefficient (Figure 8.42).
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Figure 8.42: Comparison of 1st floor typical house with shade mesh and 50% and 100% shading
coefficient.

Increasing the shading coefficient reduced the indoor DT for a typical house, as the house
without shading mesh (0% shading coefficient) recorded the maximum air temperature, while
the DT was lower for the typical house with 50% and 100% shading coefficient. The

maximum difference in DT was 2.6 K and 1.5 K when a typical house without shading mesh
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as compared with a typical house with 50% and 100% shading mesh, respectively (Figure

8.42). Overall, the results show that adding the shading mesh over the typical house can
reduce the DT, and this reduction depends on the shading coefficient. The shading
mesh reduces the amount of DSR during the day and this leads to a reduction in the indoor
DT. The thermal mass has a significant impact on indoor DT for all cases. The building
absorbs heat during day time and cannot cool down at night, as the ambient
temperature drops during night time (Figure 8.42). For more investigation, the next

section explains more strategies regarding this issue.

8.9 Single and attached typical house models
In this simulation, typical houses were simulated with the Erbil weather data file for

summer 2017. The aim of simulation is to compare single and attached typical houses

(Figure 8.43). The typical house has both ground and first floors. The simulation

investigated the points below:

1. The difference between DT for single and attached typical houses, unshaded and shaded.
2. Comparison of the DT between floors (ground and first) for both single and attached

houses.

Figure 8.43: Single and attached typical houses
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8.9.1 Single and attached house

In this scenario, a typical house was simulated with local Erbil materials (Appendix G),
which include ground floors, internal and external walls, internal ceiling and roofs. The first
set of simulations compared the first floor of a typical house to deéermine the impact of
attached haises to the DT of the detached house. Three types of houses were compared in
this simulation: a single house without a shading mesh, a single house with a shading

mesh and an attached house with a shading mesh (Figure 8.44).

The results show that the attached houses had a lower DT compared to the single house
(detached). The maximum air temperature recorded for the ambient air temperature was
44.0°C, while the maximum indoor DT recorded for the single house without shading mesh
was 36.7C and the minimum DT for the attached typical house was 34.0 C with shading
mesh (Figure 8.44).
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Figure 8.44: Comparison between the first floor test houses: single and attached typical houses

In addition, the shading mesh and attached house combined reduced the indoor DT for the

typical house by 2.2 K. The difference in DT between the typical single house with and
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without the shading mesh was 0.9 K, while the difference in DT between the attached and
detached typical house was 1.7 K. When modelling the attached house the boundary between
adjacent houses is treated as adiabatic, whilst for the single house is exposed to the external
elements on all sides, hence is would be expected that a single house would perform worse
than the attached house. This means that the heat gain of the attached houses is less than
single houses, and this type of housing is more useful for hot dry climate cities such as Erbil

(Figure 8.43).

8.9.2 Ground and first floor for single and attached typical house

In this simulation, the ground and first floor of a typical house were compared with shading
coefficient 50%. The typical house had similar building construction materials, as shown in
Section 7.9.2. The simulation first compared the ground and first floors of a typical house
for five days as shown in Figure 8.45. The results show that the ground floor recorded a
lower DT compared to the first floor. The AT was at minimum value late evening and

gradually increased to reach a peak at noon, with a maximum AT of 2 K (Figure 8.45).

40—
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Figure 8.45: Comparison between the attached house on the ground and first floors for the first five
days of August

The second simulation set compared the ground and first floor of the attached and
detached typical houses with and without shading mesh (Figure 8.45). The shading mesh
used in this set of simulations had a shading coefficient of 100% because it has more impact
on DT, as shown in Section 7.7.6. The results show that the first floor of the attached and

detached houses recorded higher DT compared to the ground floor of the typical

373



Chapter 8 Modelling The Shading Mesh

house with and without shading mesh (Figure 8.45). The maximum DT was 36.5°C and
345 °C for the first floor of the single and attached houses without shading mesh,
respectively, while the minimum DT was 33.8°C and 32.2°C for the ground floor typical
house with and without shading mesh, respectively (Figure 8.46).Overall, the shading
mesh and attached house reduced the DT of the typical house, and the cooler ground
floor was more influenced by these strategies. For this reason, the ground floor of a typical
house in Erbil has the most important spaces, such as kitchen, living room, guest room and
two beds. The family spends 90% of summer time on the ground floor, because the energy
that they use for cooling the ground floor is less than for cooling the first floor. The
maximum difference in DT for the ground floor with mesh and first floor without

shading mesh was 3.1 K (Figure 8.46). This section of the
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Figure 8.46: Compare between attached and single house Ground and first floor with and without
shading mesh.

study shows that shading mesh has a significant impact on indoor DT in the test room (with
isolated materials) and the house without openings. Adding openings and local building
materials similar to typical houses in Erbil reduced the significant impact of the shading
mesh. In addition, the housing blocks were more influenced by orientation and external wall

area than the shading mesh.
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8.10 Application of Ventilation Strategies’

So far the introduction of a shading mesh has only a limited impact on the internal dry bulb air
temperature, with thermal mass being much more effective. With the house shaded by the mesh, the
daytime solar radiation gains are reduced but the losses to the clear sky are also reduced and this
negates the impact of the overall performance of the shading mesh. However, the houses simulated
with in this chapter only had Infiltration as the ventilation setting and did not model the impact of
Purpose Ventilation strategies. The final part of this chapter will investigate the impact of ventilation
strategies’ on the indoor dry bulb air temperature.

Three ventilation scenarios were simulated using the typical design type 1 and North-South
orientation. The openings of the typical house were modelled in a way which monitored opening
times, as explained next. The first scenario opened the openings for 24 hours a day (24 h open
profile), while the second scenario closed the openings for 24 hours (24 h closed profile), and the last
scenario opened the openings during the night time and closed them during the day time (night-time
open profile). The aim of this simulation was to investigate the impact of opening time profiles on DT

using IES-VE.
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Figure 8.47: Typical house design scenario with and without shading mesh with 24 hour opened profile

8.10.1 Window open profile (24 hours opened)

In this simulation, the typical house openings were simulated as open for 24 hours by incorporating a
24 hour open profile to all the openings using MacroFlo? into the IES model. This allows the house

openings to be open during both daytime and night time and the typical house is naturally ventilated

22 ©Simulate air flow driven by wind pressure and buoyancy forces using a fast multi-zone thermo-fluid solver”’
(www.iesve.com).
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for 100% of the day. The typical house was modelled with and without shading mesh for the summer
months, but only 24 hours of the results were presented. The results show that overall DT follows the
weather data file graph with a one hour shift, as shown in Figure 8.48. The maximum DT was

recorded at 17:00 with 40.1C and the minimum DT was 28.9°C at 05:30 (Figure 8.47).
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Figure 8.48: DT for the typical house and without shading mesh with 24 hour closed profile

With the windows open for 24 hours the indoor temperature follows the profile of the ambient
temperature but modified by the buildings thermal mass, which reduces the peak day time
indoor temperature and increases minimum night time indoor temperature. The results show that

shading mesh has a limited impact on DT when a typical house is set with an open window profile

for 24 hours a day (Figure 8.48).

8.10.2 Windows open profile (24 hours closed)

In this simulation, the openings are set to close for 24 hours using the typical house design with and

without shading mesh. The simulation was run for the summer

months, but only 24 hours are presented (Figure 8.50). The shading
mesh has a shading coefficient of 50%, as explained in Chapter 7. - 0
The results show that the maximum and minimum DT are 35.2°C

and 32.8 °C for the house with and without shading mesh, \T.

respectively. When the opening is set to be closed 24 hours, the

indoor environment is trapped and not directly influenced by
Purpose Ventilation In addition, the building envelope heats up, —r—

and transmits the heat energy slowly into the internal surfaces of the ~ Figure 8.49: Heat transfer
through the external walls
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building by conductivity during the daytime and the process is reversed during the night time (Error!

Reference source not found.).

T1-T2
Q=KA—

Q= Heat Steady State Transfer, T1 External wall temperature T2

= Inside wall temperature

K= Thermal Conductivity (W/mK), A wall area (m?) and L wall
thickness (m)

The DT difference recorded similar values for the house with and without shading mesh with a
difference of 1.1 K. This simulation shows that the indoor DT does not follow the ambient
temperature profile over 24 hours, but instead remains relatively constant in the range of 34C to

35.1C. The overall results show that DT is reduced significantly compared to the first scenario, 24

hour opening.
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Figure 8.50: DT for the typical house with shading mesh 10% to 100% shading coefficient.

The typical house with a 24 hour closed profile was simulated with ten different shading coefficients
(10% to 100%), as shown in Error! Reference source not found.. The results show that changing the
shading coefficient has a significant impact on DT. The maximum DT for the typical house was

35.2°C for 10% shading, and was 33.0°C with 100% shading coefficient. The indoor DT for the
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typical house decreases with increased shading coefficient during day and night-time. The DT is

reduced by 0.2°C or 20% when the shading coefficient is increased by 10% (Figure 8.51).

The difference in DT temperature for the typical house in this scenario is 2.1 K. This means the
shading mesh with 100% shading coefficient can reduce the DT for the typical house by 2.1 °C during
the day and night (Figure 8.51).
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Figure 8.51: Typical house DT with ten shading coefficients (10% to 100%) with 24 hour closed profile

The overall results from this simulation show that the addition of the shading mesh reduces DT for the
typical house and this reduction happens only during the day, while during the night the typical house

recorded higher DT compared to ambient temperature (Figure 8.51).
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8.10.3 Window open profile (night time opening)

MacroFlo was used with IES-VE to model the openings, which were set to be closed during the
daytime from 05:30 to 21:00 and then open during the night time, for the typical house design with
and without shading mesh. The simulation was run for the summer months, but only 24 hours are

presented. The shading mesh has 50% shading coefficient in the first simulation, and 10-100%
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Figure 8.52: Typical house DT with and without shading mesh with night time opening profile

shading coefficients were simulated in the second.

In the first simulation, both shading mesh and opening profile were used to reduce indoor DT for the
typical house during the day and night. The results show that DT for the typical house is significantly
reduced during the day, and it follows a similar profile as the ambient temperature during the night.
The maximum DT for the shaded typical house during the day time was 32.2°C compared to 42.2°C

for the ambient temperature Figure 8.52.

The shading mesh has an impact on DT during the day time and this reduces during the night time.
The difference in DT between the typical house with 50% shading coefficient and without shading
mesh during the day is 0.8 K, while this reduces to 0.1 K during the night time. To reduce indoor DT
further, the typical house was simulated with ten different shading coefficients, starting from
10-100% (Figure 8.51). The maximum differences between shading mesh 10-100% happens during
the day time at 18:00 was 1.0 K, while the minimum difference in DT happens at midnight with 0.5 K
(Figure 8.52).
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8.10.4 Comparison of all three scenarios

The simulation results show that the three opening profiles and shading meshes with different shading

coefficients have different effects on the DT during the day and night time. The first scenario with the
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Figure 8.53: Typical house DT with night time opening profile and ten different shading coefficients
(10-100%)

24 hours opening profile and various shading coefficients has a limited impact on indoor DT for the
typical house. The DT profile for all cases follows ambient temperature during day and night and the
typical house recorded similar DT with and without shading mesh (Figure 8.47). The second scenario
shows that when the opening profile is closed for 24 hours, the DT for the typical house is
significantly below the ambient temperature during the day but higher than ambient temperature
during the night (Figure 8.49). The DT for a typical house can be reduced further in this scenario
when the shading coefficient is increased. Figure 8.51 shows that DT can reduced by 0.2 ‘C when the
shading coefficient is increased by 10%. Therefore, the maximum reduction by adding shading mesh
with a coefficient of 100% over the typical house is 2.1 C (Figure 8.51). The third scenario simulated
a typical house with a profile adapted from the first and second scenarios, which leads to a reduced
indoor DT for the typical house both day and night. The opening profile was set to close during the
day and opened during the night (21:00 to 05:30). The result of the third simulation shows that the DT
is significantly reduced during daytime and follows a similar profile to the ambient temperature
during the night time (Figure 8.52). In addition, the shading coefficient has an impact on the indoor

DT for the typical house. The impact of the shading mesh to reduce DT is more during the daytime
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than night-time. Figure 8.53 shows that increasing the shading coefficient by 10% achieves a
maximum DT reduction of 0.1 °C. During the night the shading mesh and shading coefficient has a
limited impact. Figure 8.54 shows all three opening profile scenarios with and without shading mesh
and the range of ten shading coefficients from 10% to 100%. The results show that DT for the indoor
typical house can be reduced through two different strategies: Firstly, adjusting the opening profile,
and adding shading mesh with different shading coefficients. These two factors have different impacts
on the reduction of indoor DT. The effectiveness of the factors depends on the presence or absence of
the other. The maximum DT for the typical house without shading was 41.1°C, 35.1C and 29.8C for
scenarios 1, 2 and 3, respectively, while the minimum DT for typical house without shading mesh was
28.8°C, 33.0C and 28.3 C for scenarios 1, 2 and 3, respectively. The maximum DT reductions

compared to ambient temperature are 1.4 K, 7.4 K and 12.7 K for the first, second and third scenario,
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Figure 8.54: Dry bulb temperature for typical house with three opening profiles and 10 different shading

coefficients (10% to 100%).
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respectively (Figure 8.54).

This analysis shows the impact of night time cooling on the dry bulb air temperature, during the day
time the windows are closed, inhibiting the flow of warm air into the typical house and restricting the
increase in DT. At 21:00 the windows are open, there is a rapid increase in the DT for the first hour
after opening as warmer ambient air enters the house but as the temperature of the ambient air falls,
the DT follows, reaching a minimum at dawn. The typical house is now cooled to its minimum dry
bulb temperature. Once the windows are close, the DT rises throughout the day, but as night time
cooling has taken place, this rise in temperature starts at a lower value resulting in lower DT overall.
The addition of the shading mesh, with a porosity of 50% lowers the DT further but the maximum

decrease is only 0.8 K.
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8.11 Conclusion

This chapter was divided into four sections and aimed to employ IES-VE as a research tool to
model the shading mesh and estimate the indoor dry bulb temperature with and without a
shading mesh. The first section concerned the IES-VE model inputs and outputs data. The
main input data for this model is the weather data file, which has a significant impact on
simulation outputs. This section of the chapter compared three different sources (IES, ENVI-
met and measured data sets) of weather data (WD) to justify the appropriate set of data for
IES-VE model. The IES-VE WD file produced an inaccurate result, and ENVI-met WD,
although not perfect, was more accurate than the IES-VE model WD. However, the measured
WD file was the most accurate and for this reason it is acceptable to use the measure WD

rather than ENVI-met and IES-VE WD.

The second section concerned the shading mesh modelling and the validation process.
Shading mesh is used externally to reduce the intensity of solar radiation. This happens
because shading mesh reflects and absorbs solar radiation. It can be applied horizontally
(shading devices) and vertically (shading screens). The literature shows that shading mesh
has been modelled in agricultural studies (practical studies) and architecture and building
physics studies (CFD simulation programs). In both groups of studies, the process of
modelling shading mesh was problematic because of the shading element scale. Therefore,
this study proposed a hypothetical method of simplifying the shading mesh. The model tested
shading coefficient (porosity), geometry, and the scale of the shading mesh (Figure 8.12).

The second part of section two concerned the validation of the shading mesh model. In this
process, the study employed two simulation programs: IES-VE and HTB2 with similar input
data. The aim of this validation was to support the hypothesis that shading mesh segments
can be simplified by crude objects without limitation on its performance (Section 8.7). Solar
radiation was measured over the roof surface of the test room for one year. The results
showed that there are minor differences between the two models’ outputs, with a maximum
difference of 4.8% and minimum of 1% (IES-VE and HTB2). Therefore, the IES-VE model

can be used as a research tool to calculate the shading mesh effect on the roof surface.

The third section concerned the modelling the prototype housing units and analysing their
thermal performance using IES-VE. The shading mesh has a significant impact on indoor DT
in the test room (with isolated materials) and without openings (Section 8.8.1). While the

shading mesh has a limited impact on indoor DT when openings and local building materials
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were added to the typical house model (Figure 8.42). This part of the study concludes by
investigating the impact of modelling a single house compared to a terrace of houses and the
dry bulb temperature recorded at ground floor and first floor levels. The shaded terraced
house recorded a lower DT than the single shaded house and for both house types the first
floor DT was higher than the ground floor DT. The terrace house is shielded by the adjacent
properties and the first floor DT is directly subjected to solar gains through the roof, whilst
the ground floor is shielded by the first floor The results show that maximum difference in
DT for the ground floor with mesh and first floor without shading mesh was 3.1 K (Figure
8.46).

All previous modelling had the ventilation set to infiltration only, the windows being closed
and air entering and leaving through gaps in the construction. The fourth section of
simulations investigated the role Purpose ventilation would have on the DT of the typical
house. Purpose ventilation allows air to enter via open windows, and to prevent over heating
night time ventilation is a recommended strategy. When this strategy was implemented there
was a significant reduction in the DT as the cooler night time air entered the house and
cooled the building fabric, during the day the windows were closed and shaded by the mesh
which reduced the daytime temperature rise. The impact of the shading mesh at 50% porosity

was small in comparison to night time cooling but did lower the DT.
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9.1 Introduction

In Erbil, Iraq, the housing shortage was a problem from the 1980s onwards (Chilmeran et al.,

2006). To overcome this housing shortage, two solutions were developed.

The first solution was led by the Kurdistan Government. Here a Grid-iron street morphology
was adopted within the radial master plan of the city (Akram et al., 2015). The Grid-iron
could be aligned either North-South, East-West or in a radial form dictated by the urban plan.
Basic infrastructure was provided, including roads, open spaces, schools, policing, petrol
stations and health care. The housing plots ranged in size between 200m? and 350m?.
However, the building of the individual housing units was the responsibility of the plot
owner; with the municipalities controlling the height of the development and the set-back
from the pavement edge (Sabr, 2014). No guidance, legislation or building codes were

employed in the housing design.

The second solution used private companies to develop and build the housing (Costantini,
2013). Again, a Grid-iron morphology was used but each development had various
alignments with no consistent pattern emerging. These private companies built housing in a
range of styles that were only consistent in the individual developments. The infrastructure
provided was more comprehensive than that of the government solution, with developments

having their own water treatment plants and power stations.

The main similarity in both government and private projects was the lack of (or very limited)
environmental approach (or consideration of local micro-climate) during the design and

construction process, at both an urban and building scale.
To address these issues, this thesis investigated the impact of urban form and shading on the

local, urban micro-climate and the influence micro-climates have on the indoor air

temperature of typical dwellings in Erbil.
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9.2 Climate Modelling

In terms of climate, the micro-climate experienced by a building will dictate how the building
performs thermally. So being able to predict the micro-climate of a built-up area is essential.

ENVI-met is one tool that will allow the prediction of the behaviour of a relatively small
section of an urban development, whether it be a canyon, square or park (Bruse et al., 2008).
Any mathematical model of a real phenomenon can never model that phenomenon at the
molecular level, as the computational complexity would swamp the process and the model
would ‘never’ produce an answer. ENVI-met is a mathematical model and is subject to a
series of scale and practical assumptions. So, the output of ENVI-met should always be
treated with a degree of scepticism and should never be accepted as the ‘answer’. However, it
does provide a researcher with a tool to investigate the urban micro-climate and is useful in

making comparative observations.

9.2.1 Validation of ENVI-met

The research undertook a validation exercise, for two urban locations, comparing the
predicted temperatures to the measured temperatures. In the original research plan, it was
envisaged that the researcher would visit Erbil and conduct a series of weather observations
within the urban area. However, the security situation in Kurdistan deteriorated and this visit
was not possible. Therefore, the weather data had to be sourced remotely. The easiest data to
obtain was from the Airport, sited to the North West of the city centre. The difficulty with
this data is that the Airport is in an open area away from any urban development and so is not
representative of the weather the city experiences. More appropriate weather data was
eventually sourced from the Ministry of Agriculture: one weather station was located close to
the city centre, adjacent to a high-density urban area with a traditional (organic) morphology;
the second weather station was located to the South of the city centre. Originally this second
station was in open countryside but the modern urban expansion of Erbil had encroached
upon it. The urban development at this second site was in the modern Grid iron morphology.
For both locations an urban physical model was created in ENVI-met, replicating the urban
morphology of the sites and included the location of the weather stations. Two techniques
were used to validate the modelled data against the measured data. The first technique
correlated the modelled (predicted) air temperature against the measured (observed) air
temperature. The second technique used a statistical method proposed by Willmott (1982) to

predict the systematic errors, the unsystematic errors and an agreement index between the
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predicted and observed temperatures. Initial results showed a slight under-estimation during
daylight hours and over estimation at night-time. Chow (2012) made the same observations.
Better agreement was achieved when the comparisons were made using data from the
daylight hours only. Therefore, the validation exercise showed that during daylight hours
reasonable agreement could be achieved whilst, during the hours of darkness, less reasonable
agreement could be achieved. This would seem to reflect how ENVI-met models predict heat
loss to a clear night-time sky and the heat storage of individual buildings (Chow, 2012).
Notwithstanding this issue, the validation exercise showed that ENVI-met could be used to

model the urban micro-climate.

9.2.2 Performance of Grid Iron versus Traditional (Organic) Morphologies

One of the early modelling exercises, after initial validation, was to compare a Grid-iron
morphology with a Traditional (organic) morphology. Six locations in both morphologies
were selected and at all locations the Traditional morphology yielded lower air temperatures
than the Grid-iron morphology. This agreed with conventional wisdom for designing cities in
hot dry climates, where narrow streets provide shading, which reduces the air temperature, as
reported by Taleb (2012) and Johansson (2012). However, these narrow streets prevent motor
traffic from accessing individual buildings and the Grid-iron morphology is now the defacto
modern form of urban development. The exception to this is Masdar City in Abu Dhabi,
where a Traditional urban morphology has been used but has a planned, though not fully
implemented, and underground ‘Personal Rapid Transit’ system to enable movement around
the city (Griffiths et al., 2020). The cost of this system is high and the oil rich state of Abu
Dhabi is struggling to implement it fully. Therefore, in less wealthy regions the Grid-iron

morphology is used, despite the Traditional form providing a better thermal solution.

9.2.3 The Effect of Wind Direction on the Urban Grid

As the Grid-iron morphology was now the established urban form of Erbil, the next series of
simulations investigated a proposed urban development to the South of the city. The study
investigated the impact of the prevailing wind direction on the urban grid. Higher wind
speeds in the urban grid would promote natural ventilation that could be used to modify the
thermal environment within buildings. Three wind directions were used in the model, two
parallel to the orthogonal grid and one at 45° to the grid. The proposed urban development

was aligned on a North-South, East-West grid, so the wind directions corresponded to the

389



Chapter 9: Discussion

prevailing wind direction from the South West, aligned with the street grid canyons, and from

the South West, at 45° to the canyons.

For wind directions parallel to the North-South, East-West axes, wind speeds were high in the
parallel axes but low in the perpendicular axes. When the wind direction was at 45° to the
grid, wind speeds in both axes were similar. These wind speeds were lower than the wind
speeds predicted when the wind flowed parallel to the axis but higher than the corresponding
wind speeds in the perpendicular axis. Overall, the 45° wind directions (from the South West)
gave a better distribution of air flow though the grid. This agrees with the expectation that,
when the wind flows parallel to an axis there is no pressure gradient to push the air down the
perpendicular axis. At the intersections, there will be some flow down the perpendicular axis
as the street canyon’s wind experiences a temporary widening of the flow channel. But the
air will then be drawn back down the next parallel street canyon. Away from the intersection

the perpendicular axis will experience lower air flow, hence lower wind speeds.

When the wind direction is at 45° to the grid, neither axis is preferred; The air flows down the
axes evenly but, because the air is flowing down two canyons, its speed is reduced, as

predicted by ENVI-met.

When looking at the air temperatures in the canyons, the differences with wind direction were
minor. However, when a canyon was aligned to the wind direction (180° and 270°) the
canyons air temperature was close to the boundary air temperature as the higher wind speeds
pushed the warm air at the boundary along the canyon. When the wind direction was not
aligned with the canyon (225°), only the canyons close to the boundary on the lower right-
hand side of the urban block experienced higher air temperatures. This implies that buildings
on the side exposed to the prevailing wind need either are not temperature dependant or

would require additional cooling.

9.2.4 Interventions in the Urban Grid

The next series of simulations explored urban design interventions that may increase wind
speeds or reduce air temperature in the urban canyons. The energy that is used for cooling in
the summer can be reduced by means of reducing the air temperature around buildings and

increasing the wind speed. The conventional assumption is that a one degree drop in air
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temperature results in a 10% reduction in cooling load (Akbari, 2005). Three interventions
were proposed: (1) adding additional open green areas; (2) increasing the East-West canyons
from 12 metres to 20 metres, and (3) adding additional green areas between housing blocks.
The urban developments were divided into three zones but in only Zone One were the
interventions applied. This enabled the observation of the impact of the interventions on the

neighbouring zones.

However, none of the interventions had a significant impact on air temperature or wind
speeds within the modified zone or on the adjacent zones. These interventions can be seen as
steps exaggerating the Grid-iron morphology by widening the grid spaces between housing
blocks whereas the first simulation showed that an organic street pattern of canyons with a
high H/W ratio was an advantage in terms of air temperature (see section 6.2), though would

lead to wind speeds being reduced.

9.2.5 Natural Shading

The design challenge is to achieve the shading provided by the organic morphology whilst
keeping the Grid-iron morphology as recommended by Johansson (2006). In a hot dry
climate shade either by vegetation or a manmade device is an obvious choice, as they would
provide the shade achieved by the organic morphology but still allow relatively unimpeded

wind flow and traffic movement.

The open areas in one zone were simulated with and without trees, i.e. with and without
shading (see section 6.7). What the simulations showed was that for the open areas, the
introduction of trees to provide shade reduced wind speed, as the trees partially obstruct air
flow as reported by Kang, et al. (2017), but this has a minor impact on air temperatures. Air
temperatures for open areas without trees recorded lower values compared to the open areas
with trees; this was a result of lower wind speeds not flushing out the spaces as effectively as
the higher wind speeds in the unobstructed open areas.

Shading a space with trees will have an impact on the radiant exchange in the space in two
ways: Firstly, by reducing the solar gain and secondly, by reducing the radiant loss to the sky.
As the reduction in solar gain is greater than the reduction in the radiant loss to the sky, the
sensation is that the shaded space is cooler. A metric to measure this shading effect is the

Mean Radiant Temperature (MRT), (Li et al., 2016).

391



Chapter 9: Discussion

With ENVI-met predicting the MRT for the open areas with and without trees, a significant
reduction occurred between sunrise and sunset for the shaded areas (see section 6.8.3).
During the remainder of the day the MRT was similar for shaded and unshaded spaces. The
only caveat to express here is that during the validation studies there was a concern with the
accuracy of ENVI-met to account for the radiant losses to the clear sky. Therefore, the
magnitude of MRT may be overestimated but the difference between shaded and unshaded

values stands.

9.2.6 Manmade Shading
In a hot dry climate, shading by trees is difficult because:

(1) There are low water resources for irrigation

(2) Trees suitable for arid regions, provide insufficient shade, (Zhao et al., 2018)

(3) Trees cannot be modified to provide more shade or be removed in response to weather

conditions

(4) Trees reduce wind speeds near buildings, (Kang et al., 2017; Chew and Norford 2019)
Having shown that shading open areas with trees impacts on the MRT significantly, the next
step was to introduce an artificial shading system. The system chosen was a wire shading
mesh. This type of shading is robust and would, by adjusting the mesh porosity, allow
sufficient day light to pass through. The shading mesh performed in a similar manner to the
tree shading, having little impact on air temperature, a slight impact on wind speed and a

significant impact on MRT, (Kim et al., 2012; Gupta and Tiwari, 2016).

9.3 Building Shading

The next step of the research was to investigate the use of shading over buildings rather than
open spaces, with the intention of reducing the solar gain to the exterior of housing in Erbil.

ENVI-met has shown that unsurprisingly, shading significantly reduces solar gain.

The main difficulty in using a building energy model to simulate the impact of shading was
the modelling of the shading mesh itself. To investigate the impact of shading, a test room
was modelled. The room was a three-metre cube with five faces of the cube insulated with
600mm of insulation and the sixth face was a concrete slab covered with concrete tiles. The

concrete slab and tiles were to be the roof of the cube, with the walls and floor insulated to
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provide an approximate adiabatic boundary. Natural ventilation by infiltration only was
allowed into the cube. The shading mesh extended one metre from the sides of the test room,

forming a top hat to the room (See Section 8.5).

The building energy model used was IES-VE and within the model there was a routine called
Suncast for the modelling of solar isolation studies and shading. To model the shading mesh,
the effect of scale of the mesh was first investigated. The wire mesh is made from threads
1.6mm in diameter and to model at that dimension creates a large computational model which
is resource intensive. Therefore, the first questions to ask are, at what scale the mesh can be

modelled?, and what is the impact of changing the scale?

Eight thread sizes were used, starting with 500mm thread through to the actual size of 1.6
mm. All meshes had a porosity of 50%. The first impact observed was on simulation runtime,
the relatively crude mesh of 500mm threads completing the simulation in two minutes, whilst

the fine threads of 1.6mm took over 23 hours (See Table 8.2).

The amount of radiation striking the roof through the mesh, per day, showed very little
variation with mesh size, the coarse 500mm mesh recording a value of 4.38 kWh/m2/day,
whilst the finest mesh recorded 4.28 kWh/m2/day, a difference of 2.3% between the fine and

coarse meshes.

The dry bulb air temperature inside the test room was modelled. The maximum divergence of
temperature occurred at 18:00, approximately the time of sunset and the end of direct solar
gain. The coarse mesh recorded a dry bulb air temperature of 44.38°C and the fine mesh
43.9° C, a difference of 0.48K. This amounts to an error of 1% between the fine and coarse
mesh. Therefore, in terms of modelling the shading mesh, the difference between the coarse
and fine meshes was relatively slight and the main gain was a seven hundredfold difference
in the runtime between the mesh sizes.

For the test room, the impact the shading mesh had on the dry bulb air temperature, between
shaded and unshaded scenarios at 18:00, was a reduction of the dry bulb temperature by 5°C.
This indicates that the application of a shading mesh would be beneficial in reducing indoor

air temperature and thus reducing the amount of cooling required to achieve thermal comfort.
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Having established that shading mesh has an impact on the dry bulb temperature in the test
room, the next stage of the research investigated the impact of changing the porosity of the
mesh. When the porosity was changed by 10% either side of the 50% value, the dry bulb
temperature increased as the porosity decreased, and the opposite was observed when the
porosity was increased. A second series of simulations was performed, where the porosity of
the mesh was increased from 50% to 100% in 10% stages. Not surprisingly, as the porosity

increased, the solar gain decreased, and the predicted dry bulb temperature also decreased.

However, as the porosity increased, the time of the peak dry bulb temperature was delayed.
For the unshaded roof, the peak dry bulb temperature occurred at approximately 16:00, whilst
for the fully-shaded roof, the peak occurred at approximately 20:00, a four-hour delay. This is
due to the thermal mass of the test room’s roof. The thermal mass of the roof is fixed, and as
the porosity increases, less energy is available to heat the roof, so the roof heats up less and
more slowly. This then displaces and reduces the peak dry bulb temperature. For the 50%
porosity, the displacement of the peak is approximately two hours when compared to the

unshaded scenario.

9.4 Shading Mesh Model Validation

Having performed these simulations on this simple test room, the next question to ask is how
valid were the results? Ideally, the model should be validated against measured data but this
was beyond the resources available. Therefore, to validate the model a second independent
simulation package was employed to model the mesh. The simulation package chosen was
HTB2, developed by the Architecture School of Cardiff University, which has been tested
and validated extensively, (Yau et al., 2011).

The two simulation methods were used on the cube test room, with and without shading mesh
for three shape scenarios. All scenarios having the same shading coefficient of 50%
transparency. By using two independent simulation packages to predict the same metric, if
the two packages yield similar answers, there is greater confidence that the answers predicted

are reasonable.

The results show that there was only a small difference between the two simulation methods:
the maximum difference was 4.8% and the minimum 1.0%. Overall, these are small

differences and give confidence that the strategy used to model the mesh was appropriate.
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9.5 Building Simulation.

So far the simulations have been based on the test room, with its walls and floor heavily
insulated; clearly this is not typical of house design in Erbil. The next stage of the research
simulated the impact of shading mesh on a typical house using local materials. Three variants
of a typical house were modelled: one with heavily insulated wall and floor as per the test
room; one without openings (windows and doors); and one with openings, with the latter two
having typical roof, walls and floor constructions of vernacular materials. They were first
simulated without shading mesh. The typical houses with thermal mass performed in a
similar manner, but differed greatly from the house with low thermal mass. The low thermal
mass house can be considered as a lightweight construction with thermal mass only in the
roof while the other two typical houses have far greater thermal mass in the walls, floor and
roof. When the dry bulb air temperatures are predicted, the lightweight house clearly follows
the ambient external temperature’s diurnal cycle, of approximately 31°C minimum
temperature and approximately 42°C maximum temperature, a diurnal range of 11K. The
typical house with openings had a much flatter diurnal cycle ranging only 0.5K around 36°C
and the typical house without openings had a similar diurnal temperature range but operated
around 35°C. This highlights the importance of thermal mass as a moderator of indoor
temperature in a hot dry climate. Thermal mass reduces the maximum indoor dry bulb
temperature by 6K. When the typical house was simulated with shading mesh with a porosity

of 50%, the same diurnal cycle was observed to drop by 1.7 or 1.5 K.

In Chapter Four, two solutions were identified to overcome the housing shortage in Erbil.
The private solution produced housing that was mostly detached single houses. These
corresponded to the houses modelled in the thesis. The government solution was to provide
serviced plots, but not to build the housing. The building of individual housing units was the
responsibility of the plot owner; with only building height and set-back from the pavement
edge controlled (Sabr, 2014). This results in a terrace of houses each filling the width of the
plot. The typical house was then modelled as a terrace, with similar houses attached either
side. The attached house had a lower predicted dry bulb temperature, as the properties either

side reduced the heat gains.
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During the summer months, the first floor of a two-storey house is often left unused and the
family occupies the cooler ground floor. This mimics the half basement being used during the
summer in traditional designs. In hot dry climates the designation of rooms is more fluid, a
living room can become a bedroom and vice versa. The dry bulb temperatures of the first
floor and ground floor of a single and terraced house, shaded and unshaded, were modelled.
The results show that the first floor was warmer than the ground floor. The coolest conditions
being on the ground floor of the shaded terrace house; this reinforces the observation made of
how two-story houses are being used during the summer. However, the introduction of a
shading mesh has only a limited impact on the internal dry bulb air temperature, with thermal
mass being much more effective. With the house shaded by the mesh, the daytime solar
radiation gains are reduced, but the losses to the clear night-time sky are also reduced and this
negates the impact of the overall performance of the shading mesh. This was a disappointing

result, as the promise of the test room was not replicated in a typical house.

All previous modelling had the ventilation set to infiltration only, the windows being closed
and air entering and leaving through gaps in the construction. This was done to ensure
consistency between the various simulations. In reality, window openings would be used to
aid ventilation and in particular to promote night-time cooling. Therefore, a final series of
simulations was undertaken to investigate the role purpose ventilation would have on the DT
of the typical house. Purpose ventilation allows air to enter via open windows, and to prevent
overheating night-time ventilation is a recommended strategy. When this strategy was
implemented there was a significant reduction in the DT as the cooler night-time air entered
the house and cooled the building fabric, during the day the windows were closed and shaded

by the mesh which reduced the daytime temperature rise.

This final series of simulations does point the way forward in terms of the role of shading
mesh to shade housing in a hot dry climate. Clearly, the mesh limits daytime solar gain, but
also limits night-time radiant exchange to the clear night-time sky. By allowing night-time

ventilation the building fabric can be cooled, restoring the effect of night-time radiant losses.

The advantage of the shading mesh is that glazing areas can be increased (giving the
opportunity for greater ventilation rates) whilst preventing daytime solar gain. This gives
greater flexibility in designing facades in hot dry climates. The traditional approach of small
openings can be amended to have larger openings without loss of performance; perhaps

correcting recent departures from the traditional approach as described in Chapter 4.
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10.1 Aim of the research

The main aim of this research was to investigate the impact of the urban form and shading, on
the urban microclimate and indoor dry bulb temperature. To achieve this aim, the following

steps are needed:

1) Establishing the extent of building regulation and control of recent urban
developments of Erbil.

2) Understanding Erbil’s local climate and investigation of the methodologies that could
be employed to alter the urban climate of the grid iron morphology.
3) Modelling the thermal performance of dwelling designs in a hot dry climate in these

modified urban climates.

Table 10.1 reiterates the research structure of the thesis and Table 10.2 repeats the research aims,

objectives and research questions.

Table 10.1: Research phases structure

Research Phase Phase Concept

Phase 1 Literature and preliminary studies

Phase 2 Urban planning and regulations of Erbil

Urban design process. Government and Private housing projects

Phase 3 Urban Microclimate modelling

ENVI-met-Validation-Mitigation-Shading mesh

Phase 4 Building Simulation modelling-IES-VE-Shading mesh model-Validation

HTB2- Mitigation, shading mesh, interior design, ventilation and fagade

opening area
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Table 10.2 Research aims, objectives and research questions

Phase 1: Literature and preliminary studies

1.0 This phase aims to identify the gap in knowledge in microclimate and building energy studies

Objective

1.1 To understand the climate of Erbil

1.2 To understand the urban development of Erbil

1.3 Review tools to model urban microclimate

1.4 Review tools to model individual building

Phase 2: Urban planning and regulation of Erbil

This phase aims to a detailed understanding of the regulatory framework that currently

underpins the urban development of Erbil (urban planning and regulations of Erbil)

Objective Research question

To understand the urban development process | 2.1 How is urban planning and development in

Erbil city Erbil executed?

To understand the regulatory framework of the

current urban development of Erbil

Phase 3: Urban Microclimate modelling

This phase aims to understanding Erbil’s local climate and investigation of the methodologies that

could be employed to alter the urban climate of the grid iron morphology

Objective Research question

To understand the urban microclimate of Erbil 3.1 How can urban microclimate be modelled

. and validated?
To model and wvalidate the urban

microclimate of Erbil

To modify the urban microclimate of local | 3.2 What is the impact of urban design

urban area interventions on urban microclimate (air
To understand the impact of shading on urban temperature, wind speed and MRT)?
microclimate

Phase 4: Building Simulation modelling

Modelling the thermal performance of a typical house in a hot dry climate in these

modified urban climates
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Objective

Research question

To understand the impact of shading mesh on

typical dwellings performance.

4.1 Does IES-VE simulate shading mesh and

how can the proposed model be validated?

To understand how the impact of shading mesh,
thermal mass and ventilation on air temperature,

to allow greater freedom in design

4.2 How does the shading mesh and the

dwelling design work together to reduce the

indoor air temperature.

10.2 Conclusion

Urban design and building regulations have an important impact on the local microclimate
and consequently energy consumption of buildings. The residential sector in Iraq generally
and Kurdistan especially are considered the most important sector in terms of energy
consumption. Kurdistan residential sector consumes more than 50% of total energy compared
to 9% for industry, 12% commerce, 12% government, and 13% agriculture (Morad and
Ismail 2017). The aim of this study is to reduce the energy consumption in residential
morphologies through modifying the outdoor urban microclimate in a hot dry climate and

allowing the designer to exploit this microclimate.

10.2.1 Part one: urban planning, urban design process and regulatory frame work of

Erbil

The aim of this part of the study is to understand the current urban planning development
process in the city. From the establishment of the Kurdish state in 1991, the urban planning of
Erbil was directed from Baghdad (i.e. it was centralised). For example, Bashara city in the
south, Baghdad in the centre, and Erbil in the north of Iraq used the same building designs
principles and requirements, even though they are located in different environmental and
cultural zones. This centralised planning led to a transformation of urban morphology
developments from traditional (organic) to grid-iron (modern), without any consideration of

the local identity and environmental features of the city.

The current urban planning designs in Erbil are mainly influenced by Western urban
design approaches (grid-iron) without any consideration of the local architecture
identity. The alignment of grid-iron morphology has been driven by geometry rather
than local urban microclimate needs.
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As Erbil experiences rapid urban expansion, the absence of government environmental
regulations and guidance has led to an urban fabric exposed to a harsh climate,
especially during the summer months. This answers the research question 2.1 ““How

is urban planning and development in Erbil executed’’.

The residential urban projects from 2006-2014 do not represent the city’s architecture, but
are employed to cover high housing demands. They vary in quality depending on the cost and
their architecture styles do not correspond to the local identity. In addition, these
developments have generated various forms of buildings without any urban interconnection
between the city and new developments. This independency of developments has created

chaos and miscommunication between the old and modern parts of the city.

10.3 Climate modelling and modifying the local urban microclimate

This part of the study aims to modify the local urban microclimate by manipulating urban
morphology. The local microclimate condition within an urban area is influenced by the form
of buildings, open spaces, and vegetation, which lead to complex interaction between the
urban elements. Moreover, it is difficult to analyse and predict an urban microclimate without
in-site measurements. Therefore, the present study depends on a meteorological data from an
inside urban area and validation process for actual morphologies using ENVI-met, a
numerical climate model. The Central Weather Data station (CWD), which is located near
Erbil citadel, was employed to model the urban microclimate for the first case study with
high urban density. The Southern Weather Data station (SWD) was employed to model the

urban microclimate for the second case study with medium to low urban density.

The model was run more than 24 hours, but only the first 24h were used due to the limitations
of the software. The result was validated by two methods; firstly, by direct comparison
between modelled and measured air temperature in a qualitative approach; secondly, the
study used the Willimott methodology which depends on the Index of Agreement (d)
between modelled and measured data, a quantitative approach. The validation process for
Erbil microclimate simulations involved both overestimation and underestimation of
modelled data compared to observed data. The validation results show good agreement
during the day time and less agreement during night time. These discrepancies might be
associated with model limitations and systematic or unsystematic errors. In general, the
model shows a “’good agreement’” between predicted and measured air temperature during

daytime. Thus, the validation of this study for different urban developments in Erbil was
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considered sufficient. This answers the research question 3.1 on finding and validating a

model for the urban microclimate of Erbil.

Urbanisation and new developments have had a significant impact on the urban microclimate
of the city. To understand the urban microclimate of Erbil, a numerical analysis of two
different urban morphologies was undertaken, predicting urban air temperatures and wind
speeds. Traditional and grid-iron urban morphologies were modelled using ENVI-met. The
results show that traditional urban morphology had lower external air temperatures than the
grid-iron morphology. The results also show that the air temperature for modern grid-iron
morphology is higher than traditional organic morphology in both the east-west and north-
south street canyons, with a maximum air temperature of 41.40C and 38.54 C, respectively.
This happens because the tradition morphology was originally designed to adapt to the hot
dry climate environment, while grid-iron morphology was designed to adapt to development
needs, such as housing demands, the modern transportation system, and current infrastructure

systems.

Although the traditional morphology recorded a significant reduction in air temperature
compared to grid-iron morphology, the presented study relied on modern morphology. This is
because traditional morphology is incompatible with modern society and transportation
networks. One of the important climatic features of traditional morphology is narrow canyons
of less than 2m, and this will not function in modern society which uses private cars for most
individual journeys. For these reasons, the modified grid-iron morphology is considered a
practical solution for any development in a city.! Consequently, the new design scenarios
proposed in this study to modify local microclimate will be through vegetation, arrangement

of open greenery spaces, and shading strategies.

This phase concerns modifying the urban microclimate through manipulating the grid-iron
morphology. The study proposed three urban interventions: adding more open spaces;
increasing the east-west canyon widths with the extra open spaces; and, in setting open
spaces within the urban blocks with the extra green spaces (see Section 5.16). To modify the
urban microclimate of grid-iron morphology sufficiently, a few climatic options can be

applied. For instance, maximise wind speed, and minimise air temperature and solar gain.

1 Masdar City in Abu Dhabi is an exception, where an organic form can be used but requires infrastructure
beyond those available to Erbil.
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It is important to mention here that it is very difficult to reduce urban air temperature without
water evaporation. However, there are limited water resources in most hot, dry cities, and in
Erbil city especially, because it located in a land locked region. Thus, other strategies may be

more useful, such as maximising wind speed to flush out the canyons and urban areas.

To maximise wind speed, the study found that rotating the canyon direction by 45 on the
prevailing wind direction of Erbil city was beneficial. The study concluded that when the
canyons are in parallel with wind direction, they recorded higher values, but this had a
negative impact for perpendicular canyons, which recorded very low values. Therefore, the
results show that rotating the canyons 45 from the wind direction distributes the wind better
in both directions. In Erbil, the prevailing wind direction is from the SW, so a north-south,

east-west grid is appropriate.

Although this method improves the wind speed distribution, the air temperature was only
slightly reduced because the wind speed is very low in the urban areas (see Section 5.5.3).
The average wind speed in high density urban areas is 0.55 m/s, which is considered very
low. Thus, any improvement in wind speed will not reduce the urban air temperature
significantly. Because of the geographical position of Erbil and the urban surface roughness
the wind speeds in the urban areas are low, various interventions were modelled to increase
wind speeds but these had very little impact. The most promising was a significant increase in
the open spaces around the urban blocks; however, it was not possible to increase wind
speeds just to reduce the impact the urban form has on the wind speed.

In the previous section, urban interventions had very little impact on air temperature and
wind speed. However, it was observed that Mean Radiant Temperature (MRT) changed
dependent on canyon air temperature. For north-south canyons, there was a very small
change in MRT but for the east-west canyons there were significant reductions in the MRT.

This shows the value of shading in a hot dry climate.

As shading was observed to be important. Open spaces were covered (shaded) by trees for
research purposes, and air temperature, wind speed and Mean Radiant Temperature (MRT)
were measured for these shaded open spaces. The results show a significant reduction in
MRT, and a limited impact on air temperature and wind speed. In addition, air temperature in
open spaces without trees recorded similar or slightly lower than open spaces that fully
covered with trees. This is because there is lower wind speed in open spaces fully covered by

trees, as the trees reduce wind speed. The design scenarios showed that any changes in urban
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zones, by mean of shading and orientation, have a limited impact on outdoor air temperature
and wind speeds, while shading strategy has a significant impact on Mean Radiant

Temperature (MRT).

To control and improve local urban microclimate, it is important to propose a new design
product that meets comfortable needs. The research simulations demonstrate that shading is
one of the most important strategies to manipulate the urban microclimate of hot, dry climate
cities. Shading strategy in open spaces and canyons can be observed in the traditional and
modern urban areas, and helps to reduce the impact of direct solar radiation, which causes an
uncomfortable environment for occupants. The traditional urban morphology used this
principle by minimising the width of canyons to avoid direct solar radiation during day time.
In addition, shading elements were used vertically in the openings and windows, such as the

shanshol and small openings.

During day time, shading has a positive role to play in traditional design, but narrow canyons
and small opening elements are negative during night-time. This is because during the day
time the building stores thermal mass heat energy, and starts to release this energy after
sunset. The wind speeds are very low in narrow canyons and because there are small
openings, the hot air will be trapped inside buildings and urban areas. This study used
shading mesh with grid-iron morphology as an active strategy for urban planning in Erbil.
The shading mesh shields the urban areas from direct solar radiation during day time and the
wider canyons facing the correct direction to the prevailing wind help to flush out the thermal
energy by ventilation during night time. In addition, the study concluded that using a shading
mesh significantly reduces Mean radiant Temperature (MRT) and slightly reduces wind

speed and air temperature.

Shading in urban areas helps to improve urban local microclimate through following points.
Firstly, it reduces the impact of direct solar radiation that enters into the urban spaces;
secondly, it reduces the thermal load on buildings, which leads to improved thermal comfort;
finally, it decreases the cooling load in summer. This answers the research question 3.2 on
determining the impact of urban design interventions on urban microclimate air

temperature, wind speed and MRT.
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104 Building Simulation modelling

After using the shading mesh on an urban scale and significantly reducing MRT, the
questions are raised on what happens if the whole building is shaded by the mesh, and how is
the indoor air temperature influenced by covering the typical house with shading mesh. To
answer these questions, the study had to model very small elements of the shading mesh to
simulate the effect of shading mesh. This part of the study takes advantage of the urban
climate manipulation, which was described in Section 10.3, and aims to modify the typical
house design to reduce the cooling load during summer time. To model a single building, the
study used IES-VE, as described in Chapter 2 (Section 2.19). The shading mesh and single
building simulations associated with the modelling process difficulties are as described in

Section 10.4.1.
10.4.1 Modelling shading mesh

The aim of this section is to model and validate the shading mesh used to modify the
microclimate through reducing direct solar radiation over the building. The preparation of the
modelling of a single building using IES-VE had various types of complications, such as the
correct weather data file set to use, and how to model the shading mesh. The study firstly
compared and modelled three sources of weather data sets to determine the most
representative local urban microclimate data. The analysis showed that measured data from
the Central Weather Station was the most valuable data to be used as input data for building

simulation using IES-VE.

The second difficulty was associated with modelling the shading mesh because of the
computer’s capability, and the need for a very long time to simulate such a small object (see
Section 8.4). Because the shading mesh is dimensionally small and the computer cannot
model on that scale and the Simulation Run Time will be relatively long (See Section 8.6.1
and Table 8.3). Therefore, the study employed an approximation or simplification method to
model the shading mesh. The steps for modelling the shading mesh are described in detail in

Chapter 8, Section 8.5.

To model the shading, a novel method was employed called the Hypothetical Approach,
which tested the model’s capability of simulating a shading mesh in terms of scale, properties
and geometry. To validate the approach, the simulation compared the output of another
dependable model. The study compared the solar radiation density on the roof surfaces and

good agreement was obtained using IES and HTB2 models. These results answer the

405



research question 4.1 of modelling and validating the shading mesh successfully. The
model was also used as a research tool to investigate the impact of shading on building indoor
air temperature. The first set of simulations was on a Base Case Scenario to explore the
thermal performance of the shading mesh. The limitation of this model was that only the roof
allowed energy flow, whist the remaining surfaces, wall and ground floor were adiabatic

(Chapter 8, section 8.3).
10.4.2 Design a Base Case Scenario (BCS)

This study proposed a simple box with adiabatic surfaces, except for the roof. The specific
building materials and dimension details of modelling the BCS are described in Section 8.5.5
and Table 8.2. The shading mesh was used to cover the roof of BCS and the results were
encouraging compared to BCS without shading mesh. The results showed that the indoor Dry
Bulb Air Temperature (DT°) of BCS is significantly improved (decreased) when BCS is
covered by shading mesh. The ADT® for BCS with and without shading mesh was 5 K at
18:00. In addition, the general performance of BCS with shading mesh was enhanced during
day and night time because the shading mesh dramatically eliminated the impact solar
radiation effect on indoor environment (see Section 8.6 Table 8.5). The study also examined
the impact of shading coefficient on indoor DT and found that shading mesh coefficient had a
direct relationship with DT. The study found that increasing shading mesh coefficient reduces
the direct solar radiation on the roof and decreases DT of the test room (see Section 8.6.3.1).
This result answers part of the research question 4.2 of thermal impact of shading mesh on
BCS. This process of simulation was the first step to model and improve the residential

houses in Erbil. Thus, a typical house was consequently modelled using IES-VE.
10.4.3 Model a typical house with IES-VE

This section of the study aimed to reduce dry bulb temperature in housing projects using
architecture design strategies. The shading mesh is used to cover a typical house to explore
the influence of shading on DT°. The typical house covered by shading mesh and DT
measured for both scenarios with and without shading mesh. The results show that the impact
of shading mesh on DT much reduced, because of the extra thermal mass and energy transfer
through the other elements of the typical house. The study showed that shading mesh with
50% transparency can reduce the indoor DT by 1.5 k compared to unshaded case (see Section

8.7.2, Figure 8.41). In addition, there are other factors that can contribute to the reduction of
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indoor DT, such as attached houses instead of single houses and increasing the shading

coefficient from 50% to 100% (see Sections 8.1.7 and 8.03).

As already discussed in the previous chapter a reduction of 1.5 K of the dry bulb temperature
by shading a typical house was disappointing compared to the reduction in the external mean
radiant temperature. When night time ventilation was introduced, the ability to cool the
typical house during this time had a significant impact on the dry bulb temperature, bringing
the daytime dry bulb temperature close to the comfort level of 28 °C. This will have the
potential to reduce comfort cooling significantly if introduced. The difference between

unshaded and shaded scenarios’ produced a difference of 0.8 K, again not a great change.

The final piece of analysis looked at the impact of fagade opening areas on the predicted dry
bulb temperature. What was shown is that by using shading mesh a modern house with 7
times the glazing as a traditional house performed comparably to the traditional house. This
illustrations the benefit of shading, in that it allows a greater freedom of facade design
without incurring excessive heat gains. This answers research question 4.4 on how the

openings and openable areas of typical house facades impact on the indoor air temperature.

The study concludes that a combination of two strategies has the greatest impact on indoor
DT in a hot, dry climate region. For example, instead of using the building fabric to reduce
the direct solar gain during day time, this study employed the shading mesh to limited solar
gain. Night-time cooling reduces the thermal load during night time (night-time cooling

strategy).

Employing a holistic approach provides the best results, and allows the designer greater
freedom on how the facade and interior design is organised. The advantage of the shading
mesh is it allows the designer to move away from the traditional response of designing in a
hot, dry climate, i.e. small fagade openings, keeping high thermal mass using local materials,

and allowing greater openings in the facade to promote ventilation.

The study partly confirmed some ideas originally used in terms of how to design in hot, dry
climate (traditional houses), because these strategies have been ignored and not implemented
in the current urban fabric of Erbil (modern houses). One important strategy is to reduce solar
gain by means of shading. The shading mesh allows retrofitting and can correct mistakes
made in the past. The study shows that shading mesh alone is not the complete answer for the
hot, dry climate house design and it must be a part of shading provision and fenestration

strategy for night-time ventilation and the provision of thermal mass.
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The study found that applying one strategy cannot reduce the indoor air temperature of a
building, but it can answer some environmental needs. The shading mesh is important

because:

1. It gives the designer more freedom in terms of facade design, and night-time ventilation
strategy can be successfully implemented.
2. Shading mesh can be used retrospectively to retrofit the existing developments to make

them perform better thermally.

Coupling these strategies not only reduces the impact of microclimate on single building
cooling energy consumption, but provides more freedom for the designer to design the fagade

opening without increasing solar gain.

The study found night-time cooling is the most effective strategy and having larger areas of
opening to provide more night-time cooling is essential. This strategy cannot be implemented
alone, because the large area openings in the fagade are associated with solar gain during day
time. For this reason, using shading mesh you can have these areas without paying the
penalty during the day of excessive solar gain. The shading mesh allows the manipulation of
the facade, which allows more night-time ventilation strategies and this combination takes
advantage during the day and night-time to lower indoor air temperature in general. This is
answer the research question 4.2 “’How does the shading mesh and the dwelling design work

together to reduce the indoor air temperature’’.

Although shading mesh is translated from the principle of one of the most important
strategies for traditional building styles in a hot, dry climate (shading), applying it over the
buildings has some advantages and drawbacks. The advantages have been widely explained,

and the drawbacks can be described as non-environmental features.

The drawbacks of adding the shade mesh are associated with culture and identity in terms of
contradicting the local architecture style of housing units in Erbil. In addition, although shade
mesh reduces direct solar radiation in summer, it needs to be removed during winter time. For
these reasons, extensive researches are needed in future on the design and technique of
applying shading mesh over buildings and open urban spaces. These researches should
include; adapting the shading mesh with local architecture identity and construction

techniques of Kurdistan, and for precise period of time during a year.
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In addition, and from the traditional identity stand point (already ignored in the city’s modern
developments), the shading mesh might be an inappropriate idea because it will mean a new
style of construction that is completely different from the traditional forms of construction in
the city. However, it is enormously difficult to go back to designing traditional house
morphology and leave behind the new way of transportation which already exists (cars) and
air condition. People will not accept a return to an organic form unless the expensive Masdar
approach is employed. Even if it conflicts with cultural identity, it can be used as a sufficient
solution when coupled with other strategies to reduce the indoor air temperature and energy
consumption for existing and new housing developments. These new and existing housing
developments represent more than 90% of city areas, so any environmental solution must be

resilient and flexible for existing and future building developments.
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10.5 Contributions to knowledge

1. Determine the process of urban and residential project designs in Erbil

The process of urban housing design (UHD) in Erbil is not a new topic, but it has witnessed a
dramatic change because of the socio-politics of the city. After 2003, Erbil experienced a
rapid residential expansion as a result of continuous housing shortage for 33 years. This
research has drawn an outline of the UHD process after the new investment law was
established in 2006. The literature concluded that this process is not clearly described from an
environmental point of view. Therefore, this study used local municipalities’ documents,
informal interviews, and case studies to analyse and determine the UHD process. This
process is significantly important to eliminate the current limitations of housing projects,
such creating a sustainable building environment, and reflecting on local architecture and

identity in these types of projects.
2. The impact of shading mesh on a hot/dry urban microclimate

Shading mesh has been studied in empirical research for a small outdoor area (6 m x 3 m x 3
m) or for an indoor test room (2.4 m x 2.4 x 2m) (Shashua-Bar, Pearlmutter et al. 2009). In
the present study, shading mesh was simulated using CFD model ENV-met.4. This includes
simulating the open urban spaces with shading mesh using single walls features in ENVI-met,
as described in Chapter 5. This model generated a series of proposed design scenarios and
tested them on a larger scale (urban scale). The model was then used to measure the urban
microclimate elements and generate a weather data file for the modified urban microclimate.
In addition, the new weather data file was used as input data for the individual building scale

simulation process in the second part of this study.

The modelling is important to quantify the impact of shading mesh on local urban
microclimate elements.? In addition, it determined which elements of the urban microclimate

can be significantly reduced and which elements are difficult to modify.
3. Use a novel methodology to simulate and validate shading mesh using IES-VE and HTB2

The shading mesh modelling comprised four stages, as shown in Figure 10.1. The process of

modelling was associated with difficulties, such as long computer running time when actual

2 Urban Microclimate elements are air temperature, wind speed and mean radiant temperature of canyons and
open spaces.
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scale shading mesh was applied (see Chapter 8). Based on literature and practical studies, we
proposed a base case model scenario (see Chapter 8). Stage three of the simplification model
included different levels of modelling for the shading mesh. This included eight different
scales, shapes, and shading coefficients for shading mesh. The method measures the direct
solar radiation that falling on base the case model roof. Moreover, the model was validated

by comparing two the model’s results IES-VE and HTB2 (Figure 10.1).

4. Use a shading mesh model to optimise the impact of shading coefficient on indoor air

temperature.

The study modelled and validated the shading mesh over an individual housing unit as shown
(Figure 10.1). To optimise the impact of shading mesh, ten shading coefficients from 10—
100% were used to cover the typical house model. The results show that shading has an
impact on indoor air temperature and shading coefficient has a linear relationship with the

reduction of indoor air temperature.

The contribution to the knowledge in terms of modelling is being able to model a shading
device relatively crudely (large scale) and still quite effective as it’s shown in chapter 8. And
in terms of Building Simulation Modelling it does not makes any difference (Thermal

performance).

Appling the shading mesh over the buildings has an impact on the radiation that fallen on the
surfaces. But it make a limited impact when we have a heavy weight building (high thermal

mass) with small openings.

Applying the shading mesh over the buildings gives us a greater freedom to organise
the building’s fagade. Firstly, it corrects the mistakes of the past and secondly, it allows for larger

areas of glazing to provide more ventilation in modern buildings.

5. Environmental possibilities the research highlights

Erbil’s traditional urban morphology and housing units designed to adapted to the local urban
microclimate. This adaptation strategy fundamentally depends on protecting the indoor
climate from direct solar radiation (solar gain). However, the strategy is associated with some
drawbacks during night time, such as a low ventilation rate during night time because of
small fagade openings. To regenerate this strategy and employ it to be suited to modern
housing style (large openings), this research coupled between shading mesh (to reduce solar

gain) during day time with an optimised openings profile during night time (to increase
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cooling ventilation. This provides more freedom for designers to design facade openings

without increasing solar gain.

10.6 Personal reflections and limitations of the study

The first part of the udy was an overview of residential development of Erbil, from an urban
designers’ point of view. The research undertaken was limited to the design considerations
and the social and economic aspects were outside the scope of this study. With hindsight too
much time was devoted to this part of the study, covering semi-structured interviews,
analysis of Government documents and searching for and comparing Government and
private residential projects. This was undertaken to overcome the lack of information
concerning the expansion of the city. The initial write up of this work comprised of nearly
200 pages and had to be condensed considerably to be accommodated in to this thesis. It
would have been more efficient to have conducted a limited number of semi-structured
interviews and the residential case studies to understand the urban designers’ perspective.
This would have been a much more efficient use of time, but at the start of the research this

was not realised.

The next stage of the study considered the numerical modelling of the urban microclimate. I
had no experience of using numerical models, as my background was in construction and
building design. I found this work complex and difficult to control. The amount of
instruction on using ENVI-met was limited and I had to proceed by trial and error. I was
only able to achieve the study by contacting other researchers using the software and through
their advice I was able to advance. From this I gained confidence in using a new technique

and the methodology needed to master this technique.

ENVI-met was used to investigate environmental factors that had an influence on the climate
in a city, in a hot dry region. Considerable amount of research time was used in building
and testing the climate models and understanding how dependant ENVI-met was on the
weather data input file. The model had a simplified air flow and heat exchange function,
with the modelling of the night time radiation loss to the night sky identified as a short
coming. It was not possible to run the model for an extended period of time to achieve
stability, as all that happened was a build-up of energy in the model causing it to heat up over

the modelling period and no stable solution was obtained.
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The ENVI-met model was useful in indicating the most effective alignment of the street grid
to the prevailing wind direction in summer. However, as the prevailing wind speeds were
low during the summer months, the urban design modifications (canyon direction, increasing
canyon width and green areas had little impact on the microclimate. When natural shading

by vegetation was introduced, an impact on the solar gain was observed and this did reduce
the mean radiant temperature. In a hot dry climate, with limited water resources to support

natural vegetation, using man-made shading meshes achieved similar effects.

As shading is so important in a hot dry region, it would have been more efficient in time and
effort not to have undertaken the urban design microclimate mitigation modelling, but to

have concentrated on shading of open spaces and buildings from the start.

During the research, Kurdistan was threatened by invasion from ISIS, this disrupted
the research by not permitting site visits. It was envisaged that weather data would have
been measured as part of this research. And data collected on the impact of shading mesh on

open spaces and buildings. Hence the study is purely theoretical.

The next stage of the research used IES to thermally model a typical house in Erbil. This
phase of the research started by using a simple cube, with 5 sides heavily insulated to create
an almost adiabatic boundary, with the sixth side modelled as a typical flat roof construction.
When modelling this test room the impact of shading mesh was significant, however when
modelling progressed to the typical house the impact of the shading mesh was frankly
disappointing. Further analysis of the results revealed that the thermal mass of the building
played a more major role in controlling indoor temperatures. The shading mesh was reducing
the solar gain during the day time but restricting the night time radiation losses to the clear
night sky. The shading mesh had little impact on the external air temperature as
demonstrated in the microclimate modelling.

Additional modelling, allowing air flow through the fenestration, demonstrated that night
time cooling was very important, as it cooled the building fabric overnight and then restricted
the warming up of the house during the daytime. In essence the research demonstrated that
the traditional design approach in a hot dry climate was the most appropriate approach.

Which at one level is reassuring but in terms of research effort somewhat disappointing.
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However, there is an advantage in using the shading mesh, the shading provided, limits the
solar gain during the day time and allows the designer to incorporate large openings in
the facade without a significant heat gain. These larger openings, during the night time
do provide enhanced night time cooling, resulting in lower overall internal air temperatures.

This aspect of the research does merit further development.

From this stage of the research 1 have gained valuable experience in building
simulation modelling and an understanding of a holistic approach to building design that

I will carry forward into practice.

10.6.1 Limitations

1. The principle phenomena modelled by ENVI-met were air temperature, wind speed and
mean radiant temperature; other factors such as air pollution and noise control were
outside the scope of this study.

2. It was only possible, with the computing resources available; to model a relatively small
portion of the urban fabric and this meant that the boundary conditions had too great an
influence on the internal urban microclimate.

3. Purely a theoretical exercise, a part from weather data no measurement where made on
site.

4. No work was undertaken to understand the social acceptance of shading mesh.

5. No simulations were performed outside the summer peak temperature period to gauge
the performance of the shading mesh.

6. No practical work was done on the methods of installation of the mesh or how dust and

debris would affect its performance.
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10.7 The study recommendations:

1. Rotate the canyon direction by 45 from the prevailing wind directions.

2. Shading mesh with 50% shading coefficient can improve the outdoor thermal comfort for
open spaces (crayons and open spaces) and provide sufficient day light.

3. North-south direction is the most appropriate for housing blocks in terms of sufficient
solar radiation and wind speed.

4. Attached housing blocks perform better thermally than detached houses.

5. Shading mesh and night-time ventilation work together to reduce the impact of day and
night thermal heat gain.

6. Shading mesh can be used to cover urban open spaces and individual housing unit. This
reduce the impact of direct solar radiation and increase thermal comfort level for
pedestrian.

7. Increase opening openable ratio during night time and closed during day time. This allow
to prevent the hot air to enter during day time and allow cooling ventilation to enter

during night time.

10.8 Future work

Environmental analysis and measurements of the local urban microclimate show that open
spaces and individual buildings can perform better thermally with shading meshes. This
environment enhancement represents the theoretical background of shading mesh application
in urban and housing units, while the construction and design of this shading mesh could be
performed in another study. Moreover, shading mesh may contradict the local architecture
and city identity because other buildings are not covered with shading mesh. Therefore,
adding new architecture features for environmental purposes needs design work to reflect the
local identity of the city and adapt it to the modern style of urban housing projects. These
design works should cover local construction techniques and possible removal of shading
mesh during winter. In addition, the cost effectiveness of adding shading mesh over both
open spaces and housing units needs to be investigated. This includes the amount of energy

which can be saved from shading compared to its cost and installation.
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Appendix A

A fieldwork plan for July 2017

1. What are the current planning guidance and construction codes in the city of Erbil, what are the
problems that effect current urban planning in the region generally and Erbil city specifically?

Research
Places

Issues

Fieldwork Activities

Semi-structure interview

design works

Government
Documentation
Photographs, plans and

Municipalities

Municipality requirements for urban design
permission (Codes, standards, laws, and
personal decisions)

Process of Approving urban design projects.

Responsibility of design control if there
wear any.

Building and renovation guideline for urban
planning and housing projects.
Environmental requirements of current
urban design projects.

What are the current problems associate
with urban panning in your municipality
Current and future plan.

Architecture
offices

Design Process

Standard and Guidelines

Quality control

Design approval

Design products if any (urban or housing)
projects.

Current problems associate with design
works and local authorities approval
Design specialists

a. Planners

b. Architects

c. Engineers
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Department of
Urban
planning of
Erbil

Role of department in term of design new
urban projects.

General Requirement for any urban project
and housing projects.

Responsibility of the department and what
are the other department that connect to their
works.

Any project from 2003 to now.

Lf any, where....

Master plan of Summary of master plan

Erbil Who and how they implement the master

published in plan

2006 to 2030 Requirement of the master plan in both
urban scale and building projects
Who take the responsibility of
implementation of master plan
Any projects or out come from this
masterplan

Ministry of Role of Ministry of municipality in planning

municipality and urban design projects.

and truism Ministry requirements for urban projects

Any projects after 2003 and so far
Current and future plan of ministry in term
of:

a. Social

b. Economic

c. Politics

d. Educations and heath
e. Infrastructure

Department of
investment

What are the requirements of urban and
housing projects approval?

Role and responsibility of investment
department.

Law of investment and implement that law
Quality control and follow-up over the urban
projects.

Any environmental requirements associated
with housing projects.
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2. What are the problems that associate with urban Rapid expansion of Erbil city

Themes Issues Fieldwork Activities

[%]
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History and - Factors and fundamental aspects that
process of associated with rapid expansion in the city
developing after 2003, 2006, 2009, 2012’ 2014, and
urban design now:
after 2003 - Socially
- Economically
- Politically
Municipalities - How the municipalities deal with rapid

expansion in the city?
- What are their action towards current
urban expansion and future developments?

Architecture - What are benefits and problems that

offices associate with rapid expansion of city in
your point of view?

- Did the design project requirements
updated with urban growth in the city?

- What is the reaction towards new projects
if any?
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Department of
Urban
planning of
Erbil

Why the city face rapid expansion?
When the expansion start and how the
department faced that problem?

Who is take the responsibility of rapid
expansion?

What is the current and future action for
the department to solve this problem?

Master plan of
Erbil published
in 2006 to
2030

How the master plan implemented?

Any update on master plan

What is the problems that associate with
accelerate or delay implementation master
plan?

Themes of qualitative approach in this study

e

Rapid expansion (socio-economic, geopolitics, migration)
Kurdish identity (Iraqi system, lack of regulations and experienced)
Urban design (local company and designers, regulations)
Master plan of city (without any environmental considerations)
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Sample of Interviews

Interview with: Architect from Senior Architect (DA)

Interviewee job title: Manager of Design in Erbil’s Investment Department
Date: 15/07/2017

Location: Erbil City, Iraq Kurdistan Region, Investment Department Building, Interviewer:

Ali Salih (AL)
Time of interview period: 2 hours

Language: Kurdish Sorani, translated by the researcher

Erbil Urban Development

Al: What do you use as standards for urban design?

DA: We have a book of investment rules in Kurdistan, but nobody works with that. The work
here is just temperamental (variable). For example, every manager has their own strategy to
follow. In addition, every architect has their understanding of what a rule is or how to follow
the law of investment. For this reason, in design we do not have any standards or specific
requirements; we design and do not know what we are doing — it might work or not with our
environment.

At the time (From 2009 to 2014), that we were attracting investors (locals and foreigners) to
come and invest in Kurdistan, our aim was just to let them in with their money. We give
companies privileges as well as encouragement to invest in Kurdistan in general and Erbil
especially.

The investment law has many advantages for new investors as below:

1. Ten-year tax free period

2. Five-year tax free period for importing any equipment for construction

3. Free land for the construction of any project

4. Provision of basic infrastructure needs to projects, such as roads, electricity and water.

After 2008 and the geopolitical problems in other parts of Iraq, most internal and foreign
companies invested in the capital city of Kurdistan (Erbil). A group of architects and
engineers suggested that the new projects were designed to follow our instructions and local
climate materials to encourage the local identity and traditional architecture. The ideas were a
few concepts and a proposal framework to reorganise housing projects. This proposal
reflected the traditional and local environment by using:

1. Local materials for construction
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2. Cultural and traditional architecture elements in the design process
3. Design products adapted to the local environment.

In 2008, the investment process was at the beginning in the Kurdistan region, and we did not
have the power to force investors to follow our rules, but, in contrast, we encouraged them to
invest, with some limited requirements.

On one hand, politics played a massive role in changing the requirements and had more
power than the designers. This led to a change in our proposal on fundamental requirements.
On the other hand, there were other problems related to housing projects. The new projects
were having problems such as wastewater recycling and sewage systems.

For design requirements, we depend on the Iraqi Urban Planning Standards Manual. In
addition, we depend on notes from our site engineers to update the design requirements to
avoid repetitive site problems. In addition, many projects have no building insulation or other
building material, which may reduce the construction cost.

Al: After 2006, following the law of investment, when did the housing projects actively begin
to be constructed?

Da: In 2011 and 2012, many investment companies and the Urban Planning Department
worked on this.

In 2007, the first project was undertaken in a collaboration between the government and the
investment company. The owner of a housing unit paid 50% of the cost and the other 50%
was paid by the government.

As a site plan, which is the first step of the design proposal, the designers did not use any
environmental standards or sustainable principles in their designs. Housing project site plans
are normally designed without consideration for orientation, and there is no difference
between the north and south facing housing units in terms of design.

The Investment Department did not have any environmental requirements, but after five
years of housing project investment, the Ministry of the Environment published new
requirements for green areas in housing projects site as 25-30% of total area. This new rule
applies to future projects, while old projects did not have the requirement for the green area
ratio to total project area.

Al: The investment projects started in Kurdistan after 2006. How was the situation or
working environment in 2007 and at the beginning of the construction stage?

Da: The lack of construction experience was not the only problem, but the investors only
attempted to reduce the building costs to increase profits. The first stage of housing project
design did not reach an acceptable level (low quality), because the projects were designed by
architects who had recently graduated or in some cases the projects were designed by
architecture students.
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In addition, the follow up team in the Investment Department was comprised of only two

architects, and they could not control the checking and reviewing process of all the

investment projects, including other investment sectors such as health, tourism, and industrial
projects.

Moreover, the duty of our team (investment department architects) was not just to review the

designs, but supervise the construction process as well.

Al: What are the stages or the process of housing project permission (licencing)?

The process starts with design and ends with a project licence to construct as below:

2.

a. Site Plan:

Checking and reviewing the proposal site plan in term of services, green area, open
spaces, public spaces and land use in general

The ratio of building areas compared to open spaces, plot area, buildings area, roads
and canyons

Planning requirements: this review includes schools, health centres, petrol stations
and shops, and distance to housing unit.

b. Building and Housing designs

Reviewing the housing unit’s design, in terms of location of plots, building areas to
open area.

Service buildings design. The design proposal is reviewed in detail.

After that, we send the design proposal to the urban planning department for acceptance
of design concepts and comparison with Iraq’s urban planning requirements.

Al: What is your role and responsibility as an investment department architect in the
process of constructing housing projects?

Da: We have huge responsibility for all project stages. Firstly, we review and accept the
design proposal and secondly we review the construction stage. However, I cannot
control the projects because of the points below:

1.
2.
3.

Limited experience at the time of project starting

Limited control over the projects, as I need more staff

We do not have any standards and requirements to assess project quality, so we
depend on our limited experience and personal point of view

In some cases, two architects in the Investment Department have different views
about one design proposal. The decisions are based on personal points of view due to
the lack of any requirements and standards. In addition, we depend on personal
experience.

The only requirement that we have is green area average to be 30% of the total project
area, without any additional detailed information regarding designs.
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Al: What did you understand from the law of investment and has the law been updated?
The law was widely updated, and the changes include:

1. Increasing staff levels from two architects to 50 from different backgrounds:
architects, and civil, mechanical and electrical engineers. The new staff work on
assessing new projects design and the construction process

2. The supervision of design projects moved from individual architects to the
Architectural Bureau in 2012. This consultation office works to help both investors
and government. The new investment projects’ design is supervised by both
investment department engineers and the Architectural Bureau. Each submits weekly
and monthly reports on the construction process
The update in the law happened when the government was unable to control and
manage the quality of the investment projects and construction processes. In addition,
the consultation office faced problems with the financial strength of the investment
companies. Consultation offices continue with their roles to develop both designs and
the construction process of housing projects in Kurdistan generally and Erbil City
specifically.

Al: Does the Investment Department have the power to stop projects?

Exceeding a plan’s design might normally happen in the implementation process, such as
changing land usage in order to build more housing units in open areas and reduce green
spaces. For example, a project designed for 300 housing units might be changed to 500 units.
However, so far, we do not have the power to enforce investors to use specific building
materials, but there are some projects where they build with high quality materials.

The purpose of using low quality materials is to decrease construction costs and increase
profits. In some cases, the companies sell the housing units at double the construction cost.
We investigated housing unit construction costs and found that using high quality materials
would change the profit rate to 30%, but the investment companies would not accept the
proposal.

From the beginning, environmental requirements have not applied, but some environmental
materials have been used to build luxury villas, not to achieve a requirement, but to increase
the quality of the housing unit in order to increase the profits.

Up to now, there are no environmental requirements on housing projects.
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HOUSING CONSTRUCTION TERMES AND CONDITION (Building licensing) for
Government projects.

l.

10.

11.

12.

13.

14.
15.

16.

17.

The house should build with street alignment and not build on other space (undersigned
spaces) under any circumstances.

The front setback line is 2.5 meter and 1.2 meter from side for corner plots in old
neighbourhoods. While in new neighbourhood the front setback is 4 meter and 1.5
meter form each side.

. The total height should not exceed 8.65 for two bedrooms house. This type of house

should contain internal staircase for final house floor.

The Hight should be not exceed 10.2 meter for house with three floors (three levels):
ground floor for car parking and two floors. This type of house should not have internal
stair case for third roof. The height of ground floor should not exceed 2.6 meter from
the walkway level. In addition, this floor should be used for residential purposes (as a
part of house) not commercial (Small shops or minimarkets).

For multi-level house (car park in ground level, and the Kitchen on the first level) the
height of ground level should not exceed 2.8 meter from the walk way level.

The final approval for house construction (building license) will be gain after casting
concrete for final roof (second floor or roof of stair case). In addition, the house should
have fence before final approval.

Building and construction materials should not cast or prepared on street (in the plot
boundary).

The house owner ship should inform the local municipality for the bellow dates:

a. Foundation reinforcement before casting concrete.

b. Ground floor wall contraction for multi-layer house only.

c. Starting the First-floor construction.

d. Starting the Second-floor construction.

e. Final floor reinforcement (internal stair case)

Not informing the local municipality for above dates, the house ownership will be
charged even if the house does not have construction problems.

The houseowner ship and Architect (designer) will be responsible for any construction
problems during or after building house.

Add information board size 40* 60 cm at site contain information about; plot area, No
of building approval, and plot registration number and starting date.

Commit to clean street adjacent neighbourhood and throw debris in designed places
outside the city.

The black colour waterproof is not allowed to apply as a painting for adjacent walls.
And the floor tiles should grinded in the factory before used.

The house ownership is responsible for any irregularities on above points.

For above points 11, 12, and 13, the house ownership should deposit 500,000 ID (£
400).

Drilling a water well (for irrigation) on the pavement and planting three trees at front
of house.

If the house is larger than 150 m* the construction process needs approval from
Department of Environment!.

! Department of Environment approval: The house needs septic tank for swage for toilets only.
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Appendix D

1.1 Microclimate measurements equipment and sensors

Microclimate measurements in all three locations were obtained for three summer months. The
measurements used a high quality data loggers and sensors to measure the local microclimate.
CR 1000 data-logger used for North and Central station, while CR 800 data-logger used in
South station. Data-logger in each location connected with numerous sensors and equipment

as below:

1. Solar radiation sensor LT 200 X.

Temperature and relative humidity sensor HMP 50.
Barometric pressure sensor CS106.

Wind speed and direction sensor 05106.

Rain gauge sensor TR-525M.

A i

Soil temperature sensor 108 Temperature Probe.

Lightning rod

Solar radiation sensor

\ .| Wind speed and
4 T direction sensor

_;'_' . =)
RFfcellular antenna —— .—:“ +‘ Solar panel

Relative humidity sensor
with radiation shield %

U_Enclosure houses datalogger,
power supply, and modemn

Grounding rod

Figurel: .Microclimate weather data tower. Sensors and data logger installed in the site.
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For this data collection CR1000 Campbell scientific data logger was used. The station basically
installation in the site with tower as it is shown in Figure.1l. All three stations are located in
different urban areas that not effect by local traffic. Campbell weather station is research
automatic weather station (AWS) use high meteorological sensors instrumentation. The
sensors and instruments proven its field measurement reliability through accuracy
measurements that’s suitable for any metrological application. This type of weather station is
used around the world and have been used in toughest environments such as freezing polar,

and arid deserts.

In North and Central locations the data logger were programmed to start recorded data from
00:00 am to 23:00, so 24 hours a day. The sensors sets to save data each 15 mints in one Excel
file including all seven microclimate variables. Each station had 6 different remote sensor and
solar panel system to save energy. The sensors connect to Enclosure Campbell (Figure.l),

which is include

1. CR1000 data logger.
2. Biometric pressure sensor.
3. Radio to send the data back to station.

4. Power battery.

Figure 2: Enclosure Campbell showing how all sensors connect with CR1000 data logger.
Source: Erbil weather stations department-KRG.
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Generally different sensors and instruments used to collect precise and accurate microclimate

factors. Each sensor will be explain in the section below in term of accuracy and reliability.
1.2 Solar radiation sensor LT 200 X

Used for measured both, flux density KW/m?, and total flux MJ/m?. Its high quality silicon
sensor that measured global solar radiation in outdoor environment. With sensitivity 75 pA per

1,000 W/ m? with error estimated as + 3% typical within + 60° angle of incidence (Campbell
2017).

Figure 3: .shows solar radiation sensor LT 200 X. Silicon photovoltaic detector mounted in a cosine-
corrected head.

1.3 Temperature and relative humidity sensor HMP 50

Temperature sensor range -40°C to +60°C with accuracy shown below. While, humidity
sensor with range of 0 to 98% non-condensing and accuracy +3% RH (0 to 90% Relative

Humidity). The sensor should be inside solar radiation shield in the field (Campbell 2017).
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Figure 4: .shows Air temperature sensor accuracy. Temperature Measurement Range: -40°C to +60°C,
Temperature Output Signal range: 0 to 1.0 VDC.(CampbellScientific 2017)

Radiation Shield

FigureS: shows HMP50 Temperature and Relative Humidity Probe.(CampbellScientific 2017)

1.4 Barometric pressure sensor CS106

The range of this sensor is 600 to 1060 mb connected with data logger and working in a
temperature (-40°C to + 60°C) with total accuracy + mb @-20°C to + 45°C. The reliability of
this sensor = mb @20 °C (CampbellScientific 2017).
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PRESSURE TRANSMITTER
MODEL PTEIOIB

SERIAL NO  Xo840007

RANGE 800-1080 hPa
OUTPUT  0-28VDC

SUPPLY 10-30 VOC

@ VASALA CE g

MACE BN FINLAND

Figure6:. Shows Barometric pressure sensor CS106.(CampbellScientific 2017)

1.5 Wind speed and direction sensor 05106
This sensor is design for marine application with light weight, strong instrument to
measure wind speed and direction in the same time. The working range temperature of this
sensor is -50 °C to +50 °C with range between 0 to 100 m/s, accuracy + 0.3 m/s or 1 % of
reading and resolution (0.0980 m/s). The sensor were installed on the top of tower in 2 m

high. The direction of wind with mechanical range between 0 to 360°, and accuracy + 3°

(CampbellScientific 2017).

Figure7: .shows Wind speed and direction sensor 05106.(CampbellScientific 2017)
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1.6 Rain gauge sensor TR-525M

This sensor is a tipping — bucket rain gage measuring rainfall from 0.1mm to 24.5cm. The
tipping sensor connect with data logger to record any rain fall into the gage (CampbellScientific

2017).

Figure8: .shows Rain gauge sensor TR-525M.(CampbellScientific 2017)

1.7 Soil temperature sensor 108 Temperature Probe.

This sensor used to measure soil temperature between 25 cm to 50 cm underground. The sensor
design to measure air temperature, soil and water, but in this station it is used for measuring
soil temperature only. The probe range is between -35 °C to +50 °C with accuracy <+0.01°C

to + 0.5 °C, over measurement range(CampbellScientific 2017).

N\

Figure9:.shows Soil temperature sensor 108 Temperature Probe. (CampbellScientific 2017)
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Weather data for all stations North, Central and South for summer months:
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1.

June 2014
b. July 2014

a.

August 2014

C.

Air Temperature - June 2014

40.00

35.00
30.00
25.00

20.00

15.00

10.00
5.00
0.00

¥102/90/0€
¥102/90/6¢
¥102/90/8¢
¥102/90/L¢
¥102/90/9¢
¥102/90/S¢
¥102/90/¥¢C
¥102/90/¢€¢
¥102/90/2¢
¥102/90/T¢
¥102/90/0¢
¥102/90/61
¥102/90/81
¥102/90/L1
¥102/90/91
¥102/90/ST
¥102/90/v1
¥102/90/€1
¥102/90/C1
¥102/90/T1T
¥102/90/01T
¥102/90/60
¥102/90/80
¥102/90/L0
¥102/90/90
¥102/90/50
¥102/90/%0
¥102/90/€0
¥102/90/20
¥102/90/10

e T SOUth

s T NOrth  ess=====T Central

Air Temperature- July 2014

45.00
40.00

35.00
30.00
25.00
20.00

15.00
10.00
5.00
0.00

¥102/L0/1€
¥10¢/L0/0€
¥10¢/L0/6C
¥102/L0/8¢
¥10¢/L0/LT
¥10¢/L0/9¢
¥102/L0/S¢
¥102/L0/¥T
¥10¢/L0/€T
¥102/L0/2C
¥102/L0/TT
¥10¢/L0/0T
¥102¢/L0/6T
¥102/L0/8T
¥102/L0/LT
¥102/L0/9T
¥102/L0/ST
¥102/L0/¥T
¥10Z/L0/€T
v10z/L0/TT
¥10¢/L0/TT
¥10¢/L0/0T
¥10¢/L0/60
¥10¢/L0/80
¥10¢/L0/L0
¥10¢/L0/90
¥10¢/L0/S0
¥10¢/L0/¥0
¥10¢/L0/€0
¥10¢/L0/20
¥10¢/L0/TO

T South

e T NOrth ~ ess====T Central



Appendix E

Air Temperature -August 2014
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2. Relative Humidity
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d.

e. July 2014
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Relative Humidity- August 2014
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Wind Speed for June 2014
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Wind Speed - August 2014
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Air Temperature in Auguste 2015
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Air Temperature - Summer 2015
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Air Temperature - Summer 2015
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5. Relative Humidity
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Relative Humidity - Auguste 2015
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6. Wind Speed
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Wind speed in August 2015
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Weather data for all stations North, Central and South for summer months:
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Air Temperature- Auguest 2016
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8. Relative Humidity
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Relative Humidity - Auguste 2016
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Wind Speed in June - 2016
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Wind speed in July- 2016
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1.1 Introduction and Case study of microclimate model

This case study is located in southern part of Erbil city with (36.2063° N, 44.0089° E), Figure.1.
The area of study is (1200m x 900m) which, contains three type of buildings: commercial,
residential, and public services buildings. The study will concern on residential areas as a main
target, open spaces and green areas. The streets have 12m widths between residential blocks,

while 15m widths for main roads.

The Case study area is consider as a modern urban development. The urban area was designed
by local architectures and planners of Erbil Governor district. The design is based on poor
urban planning guidelines that was issued in Baghdad in 1967, which divided the area into a
grid of individual blocks and each block into a range of 200m? plots arrangements. Street
alignment is North-South, East-west without any concern of climatic and environmental
approaches. This study will address two issues: first analysis the urban microclimate of this
part of city, and secondly, apply number of modification to improve the urban microclimate

using ENVI-met model.

.....

Case Studies__.-""

o S~ 1

Figure 2: Case study in Erbil city with the study area to the south of the city centre.
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Figure 1: Case study area to the south of the city centre.

1.2 The urban plan development of Erbil have problems as below:

Urban development in Erbil city does not follow local and international guide-lines

precisely in term of housing requirement (Ayoob Khaleel and Ibrahim 2010).

Proposed plan of urban development in Erbil city do not take into account local

environmental climate, while it is purely depend on geometry design rather than

environmental and sustainable principles (Bornberg, Tayfor et al. 2006).

The modern design of urban area in the city follows a grid-iron pattern with North-south

and East-West direction, which is proposed by Polservice, consultants from Poland in 1977

(PADCO 2006). Polservice proposed five housing typology stablished in some Iraqi cities.

1.

A

Type one: in historic core — Organic, indigenous. With density 500-1000 person/ ha and
low quality housing.

Type two: planned areas- small irregular plots. With density 500 person/ ha

Type three: planned areas- regular plots. With density 40-80 person/ha

Type four: multi-story housing.

Type five: temporary housing-transitional areas, short residence periods, and low

quality infrastructure (PADCO 2006).

In Case study2 urban area there were an old reviver bed and when they design urban area

the reviver not consider as an element during the design, but as an organic element.
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1.3 Weather data of Erbil city

Ideally, we would like to collect data and measure the climatic factors within the particular
region that we proposed to model, but for variety reasons, security and safety purposes we
could not able to access the location, but we have access to three weather stations that cover

North, Central, and south of city. Simi-structure interview made with Architects planners.

The quality of data and locality in urban context of Erbil

Weather data stations locations surrounded by various urban areas densities. North and South
Station surrounded by lower urban density population compared to city Central Weather
Station, which is located in high urban population area. The reliability of data can be seen
through a minor difference of data in all three stations, but the South Station data came with

systematic error related to day-night timing and was corrected.

Micrometeorological stations positions represent most of the urban microclimate of city. The
aim of this data collection is to understand and observe real microclimate data of urban areas
of Erbil city. In addition, the data will be used as input for the simulation model and validation

phase later.

Weather data stations were originally installed by a US Company originally using modern
sensors and data loggers. Temperature, Wind speed, Relative Humidity, Air Pressure, Rainfall,
and Specific Humidity and Soil Temperature were measured. The measurement interval uses

every 15 mints for June and July 2013, 2014, 2015, and 2016.

These data come with package of microclimate measurements in urban area for summer and
winter as in Table 1.1. June and July is peak time of summer when air temperature up to 44 °C.
This research qualitatively and quantitatively depend on urban meteorological urban Data for

both simulation and validation stage.

Table 1.1.shows the weather data package.

TOA CR1 CR 288 CR10 CPU:ER 8149 MIN
5 000 10 9 00.Std RAS002. _15

00 .06 CR1
TIME RE ID Pro Batt_ AirTC AirT AirT R BP_ WS_ WS_g WS_g Wi Sirk Sir SoilT1 Rain_
STA CcO gra Volt_ C_M C_M H mb ms_ ust_ ust T nd W_ MJ_ 0_CA mm_
MP RD m Min ax in ar Avg Max Mx Dir Avg Tot vg Tot
TS RN Volts Deg C Deg Deg %  Mill  meters/second Deg  kW/ MJ/ Deg C mm

C C ibar ree m1 m{
s s
Sm Sm Min Smp Max Min S Sm Avg Max TMx Sm Avg Tot Avg Tot
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Finally, the data will use as a guide to propose new design scenarios that modify both air
temperature and air speed in urban area for hot dry climate city. For that reasons the section
will interpreted three climate elements of Erbil city generally and compare between all three

stations. For the three weather stations, 3 weather measurements will be presented.

1. Air temperature.
2. Relative humidity.
3. Wind speed.

1.4 Methods and instruments for data collection

Three locations used in this study are Aynkawa in the North, Komary is 2km distant from city

Centre and Zhyan district in South of city (Figure 2).

Central station is surrounded by urban residential neighbourhoods. The urban area crossed by
main street 40m, from North — South direction and divides the area into two main parts,
residential urban areas on the East side of street, while commercial and city stadium on the
West hand side. The position of the North weather station is located in urban area from three

directions with two story floor building.

While, main road with 40m width, two directions 12m each and three walk ways 6m each.
Surrounding urban area with high population density, while the west side of urban area with

commonly with medium population density.

In general, urban area with two story residential building has one viewing to the front yard.
The street walk ways contains some trees with green area to provide shade in summer and some

trees for each individual house.



Appendix F

®

North W.S

*~ North station

/7 Central

/ South station

Erbil_lraq

®

Erbil Castle

® .

Centr; \W.D

Figure 3.Site plan of Erbil City, showing the locations of three weather stations.
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A- North station:
Location: 36.243790,
43.994587,

Low urban dense area

B- Central Station
Location: 36.171898,
44.014500

High dense urban area

C- South Station:
Location: 36.119961,
44.013763

Medium dense urban area

Figure 4. Measurement potions within urban areas. A = Low urban density, B= High urban density and position
C= Medium urban density. Source: https://www.bing.com/maps?FORM=Z9LH3.
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1. Roof of first floor (Erbil houses)

Description: Erbil roof- R concrete ID: STD_ROO3 - -
Performance:  |ASHRAE
U-value:  1.3215  W/m2K Thickness: 410,000  mm Thermal mass Cm: 1710440 k1f{m2K)
Total R-value: 10,5129 maAW Mass: 810.0000 kg/m? Mediumweight
Surfaces | Regulations
Qutside Inside
Emissivity: 0,900 Resistance (m¥/w): 0.0299 Default Emissivity: 0,900 Resistance (m¥/W):  0,1074 Default
Solar Absorptance:  0.700 Solar Absorptance: 0,550
Construction Layers (Outside To Inside) [ System Materials. .. ] [ Project Materials. ..
" - - | Spedific Heat . Vapour
Material Thl?n\rnness ca\x,?rrﬁhg)ltv Dkzl:,ﬂ? Capadty RE;'::?\:‘FE Resistivity Category
Jfka*K) GN's/(kgm)
[CT] CONCRETE TILES 80.0 1.1000 2100.0 837.0 0.0727 500.000 Tiles
[SLCL] LONDOM CLAY 150.0 14100 1900.0 1000.0 0.1084 250.000 Sands, Stones and Soils
[5TD_CCZ] Reinforced Concrete 150.0 2.3000 2300.0 1000.0 0.0652 - Concretes
[FPL] PERLITE PLASTERING 30.0 0.0800 400.0 837.0 0.3750 25.000 Plaster
2. Ground floor of Erbil houses
Description: D:  STD_FLOS
Performance: | ASHRAE A
U-value: 1.4838  Wim¥K Thickness:  420.000 mm Thermal mass Cm:  136.5000  kJf{m2)
Total R-value: 0.4820 mac/w Mass: 788.0000 kg/m2 Lightweight
surfaces | Functional Settings | Regulations
Qutside Inside
Emissivity: 0.900 Resistance (m3#/W): 0.0299 Emissivity: 0,900 Resistance (m2</W):  0.1620 [#] Default
Solar Absorptance: 0.550 Solar Absorptance: 0,550
Construction Layers (Cutside To Inside) [ System Materials. .. ] [ Project Materials. ..
. " " Specific Heat - Wapour
Material Th";‘mass Cu\x%mch.:)\ty Dkzr}ﬁ:';y Capacity R?:':?}\:‘.EE Resistivity Category
Jf(ka'k) GN-sf(kg'm)
[CYT] CLAY TILE 0.0 0.8400 1300.0 800.0 0.0238 200.000 Tiles
[BASESC11] SCREED 100.0 0.4100 1200.0 840.0 0.2439 50.000 Screeds &Renders
[CCD1] CAST CONCRETE (DENSE) 100.0 1.4000 2100.0 840.0 0.0714 ©50.000 Concretes
[TE] TILE BEDDING 200.0 1.4000 2100.0 650.0 0.1429 45.000 Gravels, Beddings, etc,
3. Walls of Erbil houses
Description: hrollow block] ID: STD_FLO4
U-value: 1.2404  WimK Thickness: 260,000 mm Thermal mass Cm: 1276440 kJf{m2-K)
Total R-value:  0.6565 mK N Mass: 448.0000 kg/m? Lightweight
Surfaces | Functional Settings ‘ Regulations |
Outside Inside
Emissivity: 0,500 Resistance (m2/M):  0.0299 [¥] Default Emissivity:  0.900 Resistance (m3/W): 0.1198 [¥] Default
Solar Absorptance: 0,550 Solar Absorptance:  0.550
Construction Layers (Outside To Inside) [ System Materials. .. ] [ Project Materials. ..
Specific Heat Vapour
Thickness | Conductivity | Density ] Resistance e
Material . Capacdity Resistivity Category
mm Wi mK) legfm= ka1 m2N s /lkgm)
[BASESCO1] BASESCOIREED 30.0 0.4100 1200.0 840.0 0.0732 50,000 Screeds & Renders
[CPAV] CONCRETE PAVIOUR 200.0 0.9600 2000.0 840.0 0.2083 45.000 Brick & Blodkwork
[PPL] PERLITE PLASTERING 30.0 0.0800 400.0 837.0 0.3750 25.000 Plaster
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NO | Interview | Names Gender | Position Place Type of
Code meeting
1 AHMI101- | Architect Male Head of | Erbil Governorate Semi-structure
II Architecture interview
office
2 AMMI102- | Architect Male Manager Department of Urban | General
11 planning of Erbil discussion
3 AMH103- | Architect Male Head of Housing | Municipality Semi-Structure
I approval Department Erbil No 4 | interview
Department
4 AMDI104- | Architect Male Design Leader of | Ministry of | Semi-Structure
11 planning office Municipalities and | interview
Tourism
5 AMMI105- | Architecture | Male Manager of | General Director of | General
11 Buffer zone | planning and follow-up. | discussion
(Erbil) Ministry of | about  buffer
municipality and | zone.
Tourism
6 AFM106- | Architecture | Female | Manager of GIS | Erbil Governorate Collecting
I centre (Erbil) maps and GIS
information
7 AFU107- Architect Female | Urban Services | Head of Municipalities | Semi-Structure
v Designer of Erbil interview
8 AFU108- Architect Female | Urban Services | Head of Municipalities | Semi-Structure
111 Designer of Erbil interview
9 AFS109- Architect Female | Senior Architect | Head of Municipalities | Semi-Structure
I at Approval | of Erbil interview
department
10 | AFUI110- Architect Male Urban Designer | Head of Municipalities | Semi-Structure
111 of Erbil interview
11 | AMA111- | Architect Male Architect in | Investment of Kurdistan | Semi-Structure
I Investment of | Department interview
Kurdistan
Department
12 | AMHI112- | Architect Male Head of Design | Head of Municipalities | Semi-Structure
11 Department of Erbil interview
13 | AMTI113- | Architect Male The Manager of | Head of Municipalities | Semi-Structure
I Design of Erbil interview
Department
14 | SST114-III | Senior Male The Manager of | Investment of Kurdistan | Semi-Structure
Architect Design Department interview
15 | SMU115- | Senior Male Urban Designer | City council Semi-Structure
111 Architect interview

Coding system in this study: First digit refers to the name of interviewee (A for Architect and S

for Senior Architect). Second digit shows the gender of interviewee (M for Male and F for Female).

The number of interviews appears in the three digit displays in code, which is from 101 to 115. The

last part of the code system shows the phase of data collection (II and IIT).
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Simulation context:

Envi-met used to simulate the environmental factors of Erbil residential blocks. Three wind
directions used to produce data from four scenarios of grid-iron morphology. The simulation is
based on exist residential block for Erbil city, the dimensions of site plan are 520m length and 480m
width.

Two main variables were simulated; wind direction and canyon width. Firstly, three wind direction
are proposed (180 °, 225°, and 270°). The wind simulated over four types of canyon width (10m, 15m
with plot area of 200m?, 15m with plot area 150m? and 20m). The simulation is for 12 hours of 26/
June 216. The aim of this report is to find the relationship between wind direction and canyon width
of attached residential blocks.

wind direction | 180° | 225° | 270°
Canyon widths 10 m
15 m (type a)!
15 m (type b)?
20m
Tablel.1 shows the simulation types, three wind direction with four scenario morphology types.

15 m (type a) ' means the canyon is 15m width and 200m? is the plot area.

15 m (type b) 2means the canyon is 15m width and 150m? is the plot area.

The simulation runs with similar input data to concentrate on two variables; wind direction and
canyon width. Each wind direction applied over four urban morphologies at the similar times and
locations (equivalent environment). The output data is measured in the medial of canyon at 1.8m
high. Envi-met program used to observe wind speed, air temperature and mean radiate temperature
for each scenarios as below:

1. First scenario: when canyon width is 10m, and plot area 200m?

2. Second scenario: when canyon width is 15m, and plot area 200m?
3. Third scenario : when canyon width is 15m, and plot area 150m?

4. Fourth scenario : when canyon width is 200m, and plot area 200m?

Scenarios Plot Canyon | Wind Direction Environmental | Simulation date and
area width from the North Variables time duration

First scenario 200m? | 10m 180°, 255°, & 270° | T°,RH,MRT,AS 12 hour 23-06-2016

Second scenario | 200m? | 15m 180°, 255°, & 270° | T°,RH,MRT,AS 12 hour 23-06-2016

Third scenario 150m? | 15m 180°, 255°, & 270° | T°,RH,MRT,AS 12 hour 23-06-2016

Fourth scenario 200m?2 | 20m 180°, 255°, & 270° | T°,RH,MRT,AS 12 hour 23-06-2016
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The first scenario

Introduction:

The first scenario is to simulate blocks in a residential area with plot area of 200m2, and 10m
canyon’s width. The site contain residential blocks, attached houses and each block have 26 houses
unit. Two floor building with 6 meter high for each unit. The houses are open in front only, while
attached from other direction with other unites.

This simulation input data for 26 of June 2016 as below:

Air temperature, minimum 309F and maximum 314F.
Air speed, 4.5m/s
Relative humidity, minimum 11%, and maximum 27%.
4. Wind direction (first scenario) 180°.
The simulation period is 12 hours from 7:00 am to 7:00 pm. three types of wind direction is applied
180°, 225°, and 270°.

wN e

Wind direction 180° from the North | 225° from the North | 270° from the North
Canyon with 10m & 200m? plot 10m & 200m? plot 10m & 200m? plot
area. area. area.

| | | [ | Il | L
- 10m canyon
I 200 m? the plot area
"

Fig 1.1, shows the residential blocks of first scenario, 200 m? the plot area, and 10m canyon width.

] |

r T 1 -
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1. When the wind direction is 180° from the North.

Variables Air temperature Relative Mean radiant Wind speed
humidity temperature

Time

9:00 35.12 29.28 61.78 3.39

12:00 39.96 17.43 75.01 3.36

15:00 39.37 18.04 45.58 3.33

18:00 35.36 23.50 28.68 3.29
Average 37.45 22.06 52.76 3.34

Max 39.96 29.28 75.01 3.39

Min 35.12 17.43 28.68 3.29

Table 1.1, shows three different time of measurements, air temperature, relative humidity, mean
radiant temperature and wind speed for first case with wind direction 180°.

40.00
qgé%%?r_xuﬁ 35.00
Y olg 2239 lalQ/a8]8 30.00
o LT B R AL B A S B -~ N Lol
ﬁ' @ " ® @ F 25.00
20.00
15.00
10.00
5.00
0.00
O O O O O O O O ©o o o o
S © O o & o o oS o o o
OO.Q° .900.90 L P ‘96&90%*0690«‘9600‘90 N 820940 IVeSR
SEEAERS SRS AN SN N PN N NN
B Air Temperature (°C) Relative Humidity (%)
Graph 1.1, shows different time of air temperature Graph 1.2, shows different time of Relative humidity
measurements with wind direction of 180°. measurements with wind direction of 180°.
80.00 3.45
3.40
60.00
3.35
40.00 3.30
20.00 3.25
3.20
0.00 3.15
8888888888838 8388888888888
8323332352353 3 £gSdIdaFNER g4
Mean Radiant Temp. (°C) Wind Speed (m/s)

Graph 1.3, shows different time of Mean Radiant air  Graph 1.4, shows different time of wind speed with
temperature measurements with wind direction of wind direction of 180°.
180°.

From the graphs above, the maximum air temperature is recorded at 14:00 with 40.40 C°, with
lowest relative humidity 16.91 %, and 53.07C° for mean radiant temperature. The wind speed is
gradually decrease with time from 3.45 m/s at 8:00am to 3.27 at 19:00.

The average of air temperature during the day time is 37.45C°, 22.06 % for Relative humidity, 52.76
C° is the mean radiant air temperature and 3.34 m/s is the average of wind speed
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2. When the wind direction is 225° from the North.

Variables Air temperature Relative Mean radiant Wind speed
humidity temperature

Time

9:00 36.46 26.09 64.81 3.13

12:00 41.36 16.34 75.69 3.06

15:00 39.53 18.58 45.46 3.02

18:00 35.21 24.26 29.15 2.97

Average 38.14 21.32 53.78 3.04

Max 41.36 26.09 75.69 3.13

Min 35.21 16.34 29.15 2.97

Table 2.1, shows three different time of measurements, air temperature, relative humidity, mean

radiant temperature and wind speed for first case with wind direction 270°.

AIR TEMPERATURE (°C) Relative Humidity (%)
8‘, % o < 35.00
~N o ¥ 9 o M 30.00
N Y I g
©| SRR 25.00
Y " g Ng 20.00
& o3 15.00
10.00
I I 5.00
0.00
ESERSIRSINSSRNSENSRNSEN RN SRR RN 83838888838 8¢8 8
00(”@0\9’“’&'\,"»%&/\@"\9 I gy ITVWY ™YY T
Graph 2.2, shows different time of air temperature
measurements with wind direction of 270°.
Mean Radiant Temp. (°C) Wind Speed (m/s)
80.00 3.20
3.15
60.00 3.10
40.00 305
' 3.00
20.00 2.95
2.90
0.00 2.85

08:00
09:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00
19:00

08:00
09:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00
19:00

From the graphs above the maximum air temperature is 41.39 C° at 12:00 noon, with 16.34 % for
relative humidity, and maximum mean radiant air temperature 75.60 C°. While, the wind speed is
decrease during day times, which is start 3.15 m/s at 8:00 to 2.96 m/s at 19:00pm.

The average of air temperature during the day time is 38.14C°, 21.32 % for Relative humidity, 53.78
C° is the mean radiant air temperature and 3.04 m/s is the average of wind speed.
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Variables | Air temperature | Relative humidity | Mean radiant temperature | Wind speed

Time

9:00 32.70 35.20 62.20 0.09

12:00 38.80 18.59 75.44 0.09

15:00 38.73 18.76 46.56 0.10

18:00 35.17 23.89 28.95 0.10

Max 38.80 35.20 75.44 0.10

Min 32.70 18.59 28.95 0.09

Air Temperature (°C) Relative Humidity (%)

30.00 60.00

25.00 50.00

20.00 40.00

15.00 30.00

10.00 20.00

5.00 10.00

0.00 0.00
8888888888 8 8 888888888 8 8 8
£gSddaIngn g £gSddgFYSgRIG

Mean Radiant Temp. (°C) Wind Speed (m/s)
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0.00 0.08
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From the graphs above the maximum air temperature is 41.39 C° at 12:00 noon, with 16.34 % for
relative humidity, and maximum mean radiant air temperature 75.60 C°. While, the wind speed is
decrease during day times, which is start with 3.15 m/s at 8:00 to 2.96 m/s at 19:00pm.

The average of air temperature during the day time is 38.14C°, 21.32 % for Relative humidity, 53.78
C° is the mean radiant air temperature and 3.04 m/s is the average of wind speed.
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1.3 Compare between three types of wind direction (180°, 225°, and 270°) over 10m canyon width in
three similar Environment during 12 hour (7:00am to 7:00 pm).

Air temperature with three wind direction and 10m canyon's width

09:0012:0015:0018:00 09:0012:0015:0018:00 09:0012:0015:0018:00
B Air temperature 35.1239.9639.3735.36 36.4641.3639.5335.21 24.5127.5927.2223.35

45
40
3

Air temperature
= = N N w
(6] o (6] o (6] o (6,

o

Relaitive humidity with three wind direction and 10m canyon's width

09:0012:0015:0018:00 09:0012:0015:0018:00 09:0012:0015:0018:00
M Relaitive humidity 29.2817.4318.04 23.5 26.0916.3418.5824.26 52.15 39.8 36.8345.56

60

50

40

3

o

2

Relative Humidity (%)
o

1

o

o

The two graph above shows air temperature and relative humidity for all three different wind
directions (180°, 225°, 270°). The variables measured at four times during day times, the maximum
air temperature (AT) for first case with wind direction (180°) is 39.96C° with minimum relative
humidity (RH) 17.43% , while the maximum AT for second case with wind direction 225° is 41.36 C°
with minimum RH 16.34%. In addition the Third case with wind direction 270°, record the lower air
temperature and relative humidity during day time AT is 27.59C° and RH is 38.8%. The residential
block with 10m width with 270° wind direction perform better than first and second cases 180° and
225° wind direction.
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Mean radiant temperature with three wind direction and 10m canyon's width
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The two graph above shows Mean radiant temperature (MRT) and Wind speed during day time with
three different wind direction (180°,225°,270°) which applied over similar residential block with 10m
canyon width. The maximum MRTC® was 75.69C° recorded with wind direction 270° at 12:00 noon.
While the minimum was 16.81 C° with 270° wind direction at 18:00. In addition, the maximum wind
speed was 3.39 m/s at 9:00 for first case when wind direction is 180°. However, the air temperature
and mean radiant temperature recorded minimum values for third case when wind direction is 270°,
but the wind speed is very low during day time.

From above the second case when the wind direction is 225° from the North perform better that
first and third cases 180° and 270° scenario.
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1.4 Compare between three types of wind direction (180°, 225°, and 270°) over 10m canyon width in
three parallel Environment during 12 hour (7:00am to 7:00 pm). The compassion include all variables
in an average values with all three wind directions. The table shows all values with all scenarios of
wind directions.

comparasion between three wind direction and average value of AT, RH,MRT,AV

60
50
g
© 40
>
& 30
o
[ 20
>
©
10
0 d opti Thired
. . second option ire
First option 180 270 option270
W Air temperature 37.45 38.14 25.67
M Relaitive humidity 22.06 21.32 43.58
M mean radiant tem 52.76 53.78 44.14
B wind speed 3.34 3.04 0.1

This graph shows the average of all variables during 12 hours with three wind directions 180°, 225°,
and 270°.

The comparison shows that third case when wind direction is 270° record lower values for Air
temperature, mean radiant temperature and wind speed with highest value of relative humidity.
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1.5 The Envi-met simulation outputs:

In this section the study shows, four figures for each wind direction. Each figure represent one factor
at specific time with specific wind direction. The study based on three wind direction (180°, 225°,
and 270° from the north), and four environmental factors (Air temperature TC®, Relative humidity
RH%, Mean Radiant temperature MRT(C®), and Wind speed WS (m/s). The study will used three
different canyon width to test those environment factors.

Wind Environmental factors Time of Canyon width

Direction measurement

= N N Q (e} = = B Sk | Sk | SR, TN

o | N NRE = R § Q E é P N |uw |l | BNo | Bu | Qw|8o

LIYU | ot S|l || |63 |63 |o3 |63
3 o o o 3 3 3 3
> = = = =

1.1- Air temperature from 7:00am to 7:00pm for morphology 10m canyon width, and 180° wind
direction from the North.
a- Air temperature at 9:00 am
b- Air temperature at 12:00 noon
c- Air temperature at 15:00 pm
d- Air temperature at 18:00 am
1.2- Relative Humidity from 7:00 am to 7:00pm for morphology 10m canyon width and 180° wind
direction from the North.
a- Relative Humidity at 9:00 am
b- Relative Humidity at 12:00 noon
c- Relative Humidity at 15:00 pm
d- Relative Humidity at 18:00 am
1.3- Mean Radiant temperature from 7:00 am to 7:00pm for morphology 10m canyon width and
180° wind direction from the North.
a- Relative Humidity at 9:00 am
b- Relative Humidity at 12:00 noon
c- Relative Humidity at 15:00 pm
d- Relative Humidity at 18:00 am

1.4-Wind speed from 7:00 am to 7:00pm for morphology 10m canyon width and 225° wind direction
from the North.
a- Relative Humidity at 9:00 am
b- Relative Humidity at 12:00 noon
c- Relative Humidity at 15:00 pm
d- Relative Humidity at 18:00 am
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a. Airtemperature from 7:00am to 7:00pm for morphology 10m canyon width, and 180° wind
direction from the North.

Wind Environmental factors Time of Canyon width
Direction measurement
2 RS |®2 |8 |58 5|85 |36 |86
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Abbildung 1: Simulation
ENVImet4 09:00:00 23.06.2015

y Schnitt bef k=4 (z=1.8000 m)

b
3
g
3
H

unter 31.54 oC
31.54 bis 31.96 °C
31.96 bis 32.37 °C
32.37 bis 32.79 °C
32.79 bis 33.21 °C
33.21 bis 33.63 °C
33.63 bis 34.04 °C
34.04 bis 34.46 °C
34.46 bis 34.88 °C
iiber 34.88 °C

Y (m)

I

Min: 31.12 °C
Max: 35.20 °C

T t t t t T t t t t
40.00 80.00 120.00 160.00 200.00 240.00 280.00 320.00 360.00  400.00
X (m)
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The graph above show the simulation of air temperature over residential block with 10m canyon’s
width and wind direction 180° from the North. Air temperature at the morning mainly trapped in the
long canyons as a result of heat lost from heat lost during night time. The air temperature is higher
in the deep canyons compare with short canyons. The maximum air temperature is 31.12C° and the
maximum is 35.29C°. However the most canyons of the site is with air temperature above 34.5 C°
towards north and south canyons, while north and south canyons recorded lower air temperature.
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Abbildung 1: Simulation
ENVImet4 12:00:00 23.06.2015

Xy Sehnitt bei k=4 (z=1.8000 m)

>

i Temperature

unter 39.34 °C

39.34 bis 39.63 °C
39.63 bis 39.92 °C
39.92 bis 40.21 °C
40.21 bis 40.50 °C
40.50 bis 40,79 °
40.79 bis 41.08 °
41.08 bis 41.37 °
41.37 bis 41.66 °
ber 41.66 °C

¥ (m)

aaa0a6

INECEaem

Min: 39.05 °C
Max: 41.96 °C

t t t t t t t t t t
40.00 80.00 120.00 160.00 200.00 240.00 280.00  320.00 360.00  400.00
X (m)

<Left foot> <Right faot>

The graph above show the simulation of air temperature over residential block with 10m canyon’s
width and wind direction 180° from the North. The air temperature recorded high values for first
groups of blocks from the south sides of site, while recorded minimum values from the north and
east parts. Mainly the short canyons are lower air temperature than long canyons although the wind
direction is parallel with long canyons.

400.00— Abbildung 1: Simulation
ENVImet4 15:00:00 23.06.2015
xfy Schnitt bei k=4 (z=1,8000 m)

360.00-|
320.00]
280.00-|
Air Temperature
240,00 I unter 38.96 °C
I 35.96 bis 39.19 °C
[ 39.19 bis 30.41 °C
G o [ 39.41 bis 39.63 °C
£ 2000048
- N [ 39.63 bis39.86 °C
[] 39.86bis40.08 °C
160.00 [ 40.08bis40.31°C
T B +0.31 bis 40.53 °C
I 4+0.53 bis 40.75 °C
3 [ aber20.75°C
120.004%
Min: 38.74 °C
Max: 40.98 °C
80.00
40.00
n.00dE = e g i = 2 o = & -
0.00 40.00  80.00 120,00 160.00  200.00  240.00  280.00  320.00  360.00  400.00
X (m)
<Left faot> <Right foat>
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The graph above show the simulation of air temperature over residential block with 10m canyon’s
width and wind direction 180° from the North. The air temperature recorded high values for first
groups of blocks from the south sides of site, while recorded minimum values from the north and
east parts. Mainly the short canyons are lower air temperature than long canyons although the wind
direction is parallel with long canyons.

Abbildung 1: Simulation
ENVImet4 18:00:00 23.06.2015

fy Schnitt bei k=4 (z=1,8000 m)

Air Temperature
B unter 34.34 °C
I 34.34 his 34.48 °C
I 34.48 bis 34.63 °C
T I  34.63 bis 34.77 °C
T [ 3477bis34.92°C
[ 1 34.92his35.06 °C
[ 35.06 his35.21 °C
B 35.21 bis 35.35°C
I 35.35 bis 35.50 °C
I iiber 35.50 °C

Min: 34.19 °C
Max: 35.64 °C

: 1 I I i i 1 1 1 1 1 i
0.00 40.00 80.00 120.00 160.00 200.00 240.00 280.00 320.00 360.00 400.00
* (m)

<Left foot> <Right foot>

The graph above show the simulation of air temperature over residential block with 10m canyon’s
width and wind direction 180° from the North. The air temperature recorded high values for final
groups of blocks from the North sides of site, while recorded minimum values from the south and
east parts. Mainly the deep canyons are higher air temperature than shallow canyons from south
part from the site. The air temperature increased gradually from 34.19C° from south part of site to
34.19 C° for north part.

In comparison with other three times of simulations the air temperature is on its maximum rate at
12:00 noon with 41.96C° and lower rate at 9:00 29.34C".
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1.2 Relative Humidity from 7:00 am to 7:00pm for morphology 10m canyon width and 225° wind
direction from the North.

Wind Environmental factors Time of Canyon width
Direction measurement
N N o o [te) —_ —_ — —

IR (Y| |*2 |2 (S5 |L|5|5 |5 85|86 |86 |86

SLIN I 3 d|lo|od|o|a3 |3 |63 |63
3 © | o | o |3 3 3 3
Py = = = =

[ ] [ ] [ ] [ ] [ ] [ ] [ ]

Abbildung 1: Simulation
ENVImet4 09:00:00 23.06.2015

xfy Schnt bei k=4 (z=1.8000 m}

Relative Humidity

unter 30.31 %

30.31 bis 32.23 %
32.23 bis 34.16 %
34.16 bis 36.08 %
36.08 bis 38.01 %
38.01 bis 39.93 %
39.93 bis 41.86 %
41.86 bis 43.78 %
43.78 bis 45.71 %
ber 45.71 %

Y (m)

IRECENE

Min: 28.38 %
Max: 47.63 %

t t t t t t t t t t
40.00 80.00  120.00 160.00 200.00 240.00 280.00 320.00 360.00  400.00
X{(m)

The graph above show the simulation of Relative humidity over residential block with 10m canyon’s
width and wind direction 180° from the North at 9:00 clock morning. The Relative humidity recorded
high values for first groups of blocks from the south sides of site, while recorded minimum values
from the north and east parts. Mainly the first group canyons from south part are with higher
Relative humidity than medial and last blocks from the north part, although the wind direction is
parallel with long canyons. The relative humidity decrease gradually in deeper canyons at the similar

rate for both long and short canyons. The maximum value of relative humidity is 47.71%, while the
minimum is 28.38%.

<Left foot> <Right foot>
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¥ (m)

Abbildung 1: Simulation
ENVImet4 12:00:00 23.06.2015

xfy Schntt bsi k=+4 (z=1.6000 m}

Relative Humidity

unter 16.12 %

16.12 bis 16.37 %
16.37 bis 16.61 %
16.61 bis 16.86 %
16.86 bis 17.10 %
17.10 bis 17.35 %
17.35 bis 17.60 %
17.60 bis 17.84 %
17.84 bis 18.09 %
tiber 18.09 %

JNEOoamn

Min: 15.87 %
Max: 18.34 %

T T T T
40.00 80.00 120.00 160.00

T
200.00

X (m)

T
240.00

T
280.00

T
320.00

T T
360.00  400.00

A

<Left foots-

<Right foots-

The graph above show the simulation of Relative humidity over residential block with 10m canyon’s
width and wind direction 180° from the North at 12:00 clock. The Relative humidity recorded lower
values for first groups of blocks from the south part of site, while recorded higher values from the
north and east parts. Mainly the first group canyons from south part are with lower Relative
humidity than medial and last blocks from the north part, although the wind direction is parallel with
long canyons. The relative humidity increase gradually in deeper canyons by similar rate for both
long and short canyons. The maximum value of relative humidity is 19.10%, while the minimum is

18.34%.

Abbildung 1: Simulation

Y (m)

ENVImet4 15:00:00 23.06.2015

Xy Schnit b k=4 (z=1.8000 m)

Relative Humidity

unter 16.85 %

16.85 bis 17.10 %
17.10 bis 17.35 %
17.35 bis 17.60 %
17.60 bis 17.85 %
17.85 bis 18.10 %
18.10 bis 18.35 %
18.35 bis 18.60 %
18.60 bis 18.85 %
iiber 18.85 %

NENEOONENN

Min: 16.60 %
Max: 19.10 %

40.00

80.00 120.00 160.00

200.00

X (m)

240.00

280.00

320.00

360.00  400.00

<Left foot>

<Right foot>
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The graph above show the simulation of Relative humidity over residential block with 10m canyon’s
width and wind direction 180° from the North at 15:00 clock. The Relative humidity recorded lower
values for first canyon from the west part of site, while recorded higher values from the east parts.
Mainly the first group canyons from south part, medial and last blocks from the north part, although
the wind direction is parallel with long canyons. The relative humidity is similar value. The maximum
value of relative humidity is 19.10%, while the minimum is 18.34%.

Abbildung 1: Simulation
ENVImet4 18:00:00 23.06.2015

xfy Schritt bei k=4 (=1.8000 m)

Relstive Humidity

unter 23.25 %

23.25 bis 23.58 %
23.58 bis 23.91 %
23.91 bis 24.24 %
24.24 bis 24.57 %
24.57 bis 24.90 %
24.90 bis 25.23 %
25.23 bis 25.56 %
25.56 bis 25.89 %
uber 25.89 %

¥ {m)

JERCCONem

Min: 22.92 %
Max: 26.22 %

TH t t t t t t t t t t
0.00 40.00 80.00  120.00  160.00 200.00  240.00 280.00 320.00 360.00  400.00
X (m)

<Left foot> <Right foot:»

The graph above show the simulation of Relative humidity over residential block with 10m canyon’s
width and wind direction 180° from the North at 18:00 clock. The Relative humidity recorded higher
values for first canyon from the south part of site, while recorded lower values from the north parts.
Mainly the first group canyons from north and medial part higher than last blocks from the north
part, although the wind direction is parallel with long canyons. The maximum value of relative
humidity is 26.22%, while the minimum is 22.95%.

In comparison the four times of measurement, relative humidity is recoded at morning the higher
rates and lower values at 12:00 noon. The values mainly not changed by wind direction as much as
changed by changing the air temperature.
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1.3 Mean Radiant temperature from 7:00 am to 7:00pm for morphology 10m canyon width and

180° wind direction from the North.

Wind

Direction

Environmental factors
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Abbildung 1: Simulation
ENVImet4 09:00:00 23.06.2015

xfy Schnit bei k=4 (21,8000 m}

Mean Radiant Temp.

unter 61,97 °C

61.97 bis 62.16 °C
62.16 bis 62.35 °C
62.35 bis 62.55 °C
62.55 bis 62.74 °C
62.74 bis 62.93 °C
62.93 bis 63.12 °C
63.12 bis 63.31 °C
63.31 bis 63.51 °C
uber 63.51 °C

[ |
|
|
|
[ —
[
—
[ |
[
==

Min: 61,78 °C
Max: 63.70 °C

t t t t t t
40.00  80.00 120.00 160.00 200.00  240.00

X (m)

t
280.00

t t t
320.00  360.00  400.00

<Left foot>

<Right foot>»

¥ {m)

Abbildung 1: Simulation
ENVImet4 12:00:00 23.06.2015

fy Schit bei k=4 (215000 m)

Mean Radiant Temp.

unter 75.16 °C

75.16 bis 75.31 °C
75.31 bis 75.47 °C
75.47 bis 75.63 °C
75.63 bis 75.79 °C
75.79 bis 75.95 °C
75.95 bis 76.11 °C
76.11 bis 76.27 °C
76.27 bis 76.43 °C
iiber 76.43 °C

NERECCRAN

Min: 75.00 °C
Max;: 76.59 °C

T T
200.00  240.00

* (m)

T
160.00

T
120.00

T T
40.00  80.00

T
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T T T
320.00  360.00  400.00

<Left foot>

<Right faot>
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¥ (m)

T
80.00

T
120.00

T
160.00

T
200.00
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T
240.00
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280.00  320.00

T
360.00

T
400.00

Abbildung 1: Simulation
ENVImet4 15:00:00 23.06.2015

[y Schnitt bei k=4 (z=1.8000 m)

]
o
;

unter 48.23 °C

48.23 bis 50.99 °C
50.99 bis 53.74 °C
53.74 bis 56.49 °C
56.49 bis 59.25 °C
59.25 bis 62.00 °C
62.00 bis 64.75 °C
64.75 bis 67.51 °C
67.51 bis 70.26 °C
liber 70.26 °C

I LA

Min: 45.48 °C
Max: 73.01 °C

<Laft foot>

<Right foot>
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T
80.00

T
120.00

160.00

200.00
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T
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280.00 320.00
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Abbildung 1: Simulation
ENVImet4 18:00:00 23.06.2015

wfy Schritt bei k=4 (=100 m)

i
=
;

unter 28.77 °C

28.77 bis 28.85 °C
28.85 bis 28.94 °C
28.94 bis 29.02 °C
29.02 bis 29.10 °C
29.10 bis 29.19 °C
29.19 bis 29.27 °C
29.27 bis 29.35 °C
29.35 bis 29.44 °C
iber 29.44 °C

JNNCCCNENN

Min: 28.68 °C
Max: 29.52 °C

<Left foot>
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1.5-Wind speed from 7:00 am to 7:00pm for morphology 10m canyon width and 225° wind direction
from the North.

Wind Environmental factors Time of Canyon width
Direction measurement
N o o © — — — —

2 BN 2|2 |3 |2|0|0|%|B2 |BE (b | BE

SLIN I 2 S |lo|log|o|ea3 |3 |63 |63
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[ ] [ ] [ ] [ ] [ ] [ ] [ ]

Abbildung 1: Simulation
ENVImet4 09:00:00 23.06.2015
xfy Schnitt bei k=4 (z=1.5000 m)

Wind Speed

unter 0.38 m/s

0.38 bis 0.73 m/s
0.73 bis 1.09 m/s
1.09 bis 1.45 m/s
1.45 bis 1.81 m/s
1.81 bis 2.17 m/s
217 bis 2.53 m/s
2.53 bis 2.88 m/s
2.88 bis 3.24 m/s
tiber 3.24 m/s

¥ (m)

JRECENEn

Min: 0.02 m/s
Max: 3.60 m/s

t
0.00 40.00 80.00 120.00 160.00  200.00 240.00 280.00  320.00 360.00  400.00
X (m)

<Left faot> <Right foot>

Abbildung 1: Simulation
ENVImet4 12:00:00 23.06.2015
X[y Schritt bei k=4 (z=1.8000 m)

Wind Speed

unter 0.38 m/s

0.38 bis 0.73 m/s
0.73 bis 1.09 m/s
1.09 bis 1.45 m/s
1.45 bis 1.80 m/s
1.80 bis 2.16 m/s
2.16 bis 2.52 m/s
2.52 bis 2.88 m/s
2.88 bis 3.23 m/s
uber 3.23 m/s

Y (m)

HERCCCRRN

Min: 0.02 mfs
Max: 3.59 m/s

40.00 80.00  120.00 160.00 200.00  240.00 280.00 320.00  360.00  400.00
X (m)

<Left foot> <Right foot>
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Abbildung 1: Simulation

400.00—
ENVImet4 15:00:00 23.06.2015
x[y Schitt bei k=4 (z=1.5000 m)
360.00-
320.00-]
280.00-]
Wind Speed
240.00- - unter 0.38 m/s
I 0.38 bis 0.73 m/s
I 0.73 bis 1.09 m/s
E I 1.09 bis 1.44 m/s
E 20000
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2.16 bis 2.51 m/s
160.00-] [ 4
B 251 bis2.87 m/s
B 2.87 bis 3.22 m/s
I iber3.22m/s
120.00-]
Min: 0.02 mfs
Max: 3.58 m/s
80.00-
40.00]
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T
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Abbildung 1: Simulation
ENVImet4 18:00:00 23.06.2015

[y Schnitt bei k=4 (z=18000 m)

Wind Speed

unter 0.37 m/s

0.37 bis 0.73 m/s
0.73 bis 1.08 m/s
1.08 bis 1.44 m/fs
1.44 bis 1.79 m/s
1.79 bis 2.15 m/s
2.15 bis 2.50 m/s
2.50 bis 2.85 m/s
2.85 bis 3.21 m/fs
iber 3.21 m/s

AENCUONDNN

Min: 0.02 mfs
Max: 3.56 m/s

<Left foot>

<Right foot>

19




Appendix |

The Envi-met simulation outputs:

1.6- Air temperature from 7:00am to 7:00pm for morphology 10m canyon width, and 225° wind
direction from the North.
e- Airtemperature at 9:00 am
f-  Air temperature at 12:00 noon
g- Air temperature at 15:00 pm
h- Air temperature at 18:00 am

1.7- Relative Humidity from 7:00 am to 7:00pm for morphology 10m canyon width and 225° wind
direction from the North.
e- Relative Humidity at 9:00 am
f- Relative Humidity at 12:00 noon
g- Relative Humidity at 15:00 pm
h- Relative Humidity at 18:00 am

1.8- Mean Radiant temperature from 7:00 am to 7:00pm for morphology 10m canyon width and
225° wind direction from the North.

e- Relative Humidity at 9:00 am

f-  Relative Humidity at 12:00 noon
g- Relative Humidity at 15:00 pm
h- Relative Humidity at 18:00 am

1.9-Wind speed from 7:00 am to 7:00pm for morphology 10m canyon width and 255° wind direction
from the North.

e- Relative Humidity at 9:00 am

f- Relative Humidity at 12:00 noon
g- Relative Humidity at 15:00 pm
h- Relative Humidity at 18:00 pm
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1.6 Air temperature from 7:00am to 7:00pm for morphology 10m canyon width, and 225° wind

direction from the North.

Wind Environmental factors Time of Canyon width
Direction measurement
= N N - 3 o © = = T T RN R
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400.00— Abbildung 1: Simulation
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Air Temperature
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34.60 bis 34.92 °C
34.92 bis 35.23 °C
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400,00 Abbildung 1: Simulation
ENVImet4 12:00:00 23.06.2015
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Air Temperature
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Abbildung 1: Simulation

400.00 -
ENVImet4 15:00:00 23.06.2015
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Abbildung 1: Simulation
ENVImet4 18:00:00 23.06.2015
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1.4 Relative Humidity from 7:00 am to 7:00pm for morphology 10m canyon width and 225° wind
direction from the North.

Wind Environmental factors Time of Canyon width
Direction measurement
NN ° o © — — — —
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Abbildung 1: Simulation
ENVImet4 09:00:00 23.06.2015
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Abbildung 1: Simulation
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Abbildung 1: Simulation
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<Left foot>

<Right foot>
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1.5 Mean Radiant temperature from 7:00 am to 7:00pm for morphology 10m canyon width and
225° wind direction from the North.

Wind Environmental factors Time of Canyon width
Direction measurement
N N o o [te) —_ —_ — —

| BIY|(CT|*2 S |E|E|B|5|®|Be|BE|R0|BE

SLIN I 3 d|lo|od|o|a3 |3 |63 |63
3 © | o | o |3 3 3 3
Py = = = =

[ ] [ ] [ ] [ ] [ ] [ ] [ ]

Abbildung 1: Simulation
ENVImet4 09:00:00 23.06.2015

x/y Schnitt bei k=4 (z=1.8000 m)

Mean Radiant Temp.

unter 65.05 °C

65.05 bis 65.29 °C
65.29 bis 65.54 °C
65.54 bis 65.78 °C
65.78 bis 66.02 °C
66.02 bis 66.27 °C
66.27 bis 66.51 °C
66.51 bis 66.75 °C
66.75 bis 67.00 °C
lber 67.00 °C

¥ (m)

NERCECERNNN

Min: 64.81 °C
Max: 67.24 °C

T T T T T T T T T 1
0.00 40.00 80.00 120.00 160.00  200.00  240.00 280.00 320.00 360.00 400.00
X (m)

<Left faot> <Right foot>

Abbildung 1: Simulation
ENVImet4 12:00:00 23.06.2015

ey Schnitt bei k=4 (z=1.8000 m)

Mean Radiant Temp.

unter 75.85 °C

75.85 bis 76.02 °C
76.02 bis 76.20 °C
76.20 his 76.37 °C
76.37 bis 76.54 °C
76.54 bis 76.71 °C
76.71 bis 76.88 °C
76.88 his 77.05 °C
77.05 bis 77.23 °C
uber 77.23 °C

¥ (m)

: HIOoeEn

175.68 °C
Max: 77.40 °C

t t t t t t t t t 1
0.00 40.00 80.00 120.00 160.00 200.00 240.00 280.00 320.00 360.00 400.00
X (m)

<Left foot> <Right foot>
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Abbildung 1: Simulation
ENVImet4 15:00:00 23.06.2015

xfy Schnitt bei k=4 (z

LE000 m}

4
4
4
N

)
=
:

unter 48.18 °C

48.18 bis 50.92 °C
50.92 bis 53.66 °C
53.66 bis 56.40 °C
56.40 bis 59.14 °C
59.14 bis 61.88 °C
61.88 bis 64.62 °C
64.62 bis 67.36 °C
67.36 bis 70.10 °C
(ber 70.10 °C

¥ (m)

NENCLOREN

Min: 45.44 °C
Max: 72.84 °C

T T T T T T T T T 1
0.00 40.00 80.00 120.00 160.00 200.00  240.00 280.00 320.00  360.00 400.00

* (m)

<Laft foot> <Right foot>

Abbildung 1: Simulation
ENVImet4 18:00:00 23.06.2015

[y Schnitt bei k=4 (z=18000 m)

j
=
;

unter 28.23 °C

29.23 bis 29.31 °C
29.31 bis 29.39 °C
29.39 bis 29.47 °C
29.47 bis 29.55 °C
29.55 bis 29.63 °C
29.63 bis 29.71 °C
29.71 bis 29.79 °C
29.79 bis 29.87 °C
tiber 29.87 °C

AENCUONDNN

Min: 29.15 °C
Max: 29.95 °C

T T T T T T T T 1
0.00 40.00 80.00 120.00 160.00 200.00  240.00 280.00 320.00  360.00 400.00

¥ (m)

<Laft foot> <Right foot>
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1.6 Wind speed from 7:00 am to 7:00pm for morphology 10m canyon width and 255° wind

direction from the North.

Wind Environmental factors Time of Canyon width

Direction measurement

2 | B[I[(T|*2|*E 5 8|8 |F |5 B8 |8 G0 |BED

SLIN I S/3|°|glg8lg|¢9 3|3 |63 |63
3. ©c|le |©e |3 3 3 3
& = = ] =

[ J [ J [ J [ J [ J [ J [ J

400,00 - Abbildung 1: Simulation

ENVImet4 09:00:00 23.06.2015
xfy Schnitt bei k=4 (=1.6000 m}

Wind Speed
240,00 I unter 1.81 m/s
I 1.81bis2.05m/s
[ z.05bis2.28 m/s
T [ 228 bis2.51 m/s
£ 200004
= [ 2sibis274mis
1 z7abis29e8m/s
160.00 [ 2.98bis3.21 m/s
] I :.21bis3.44 m/s
I .44 bis3.67 m/s
[ iber 3.67 m/s
120.0
Min: 1.58 m/s
Max: 3.91 m/s
80.00]
40,00
0.0+
T T t T t T T t 1
80.00  120.00 160.00 200.00 240.00  280.00 320.00  360.00  400.00
X (m)
<Left foot> <Right foot>
400,00 Abbildung 1: Simulation
ENVImet4 12:00:00 23.06.2015
fy Schritt bi k=4 (z=1.8000 m)
360.00
320.00
280.00
Wind Speed
340,00 I unter 172 mjs
I 172 bis 1.96 mfs
[ 1.96 bis 2.20 m/s
T I 220 bis2.44 m/s
E 20000
= [ 2.44 bis2.68 mfs
[ 268bis2.03mfs
160.00 [ 293bis3.17m/s
T I 3.7 bis3.41 m/s
I 3.41 bis3.65m/s
[  iber 3.65 m/s
120.0
Min: 1.48 m/s
Max: 3.89 m/s
80.00
40,00
000+ T T T T T T T T T 1
0.00 4000 80.00 120.00 160.00 200.00 240.00 280.00 320.00 360.00  400.00
X (m)
<Left foot>
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Abbildung 1: Simulation
ENVImet4 15:00:00 23.06.2015

fy Schnitt bei k=4 (z=1,8000 m)

0 Wind Speed
H
240.00 v I unter 1.64 m/s
- T +
: I  1.64 bis 1.89 m/s
8 I 1.9 bis2.14 m/s
T o I 2.14 bis 2.39 m/s
£ 200004 :
- H [ 239bis2.64mis
g [ 1 2.64bis2.88m/s
- 2.88 bis 3.13 m/s
160.00-H¢ 4
B .13 bis3.38 m/s
B 3.38 bis 3.63 m/s
I iber 3.62 m/s
120.00
Min: 1.39 m/s
Max: 3.88 m/s
80.00
40.00
0.00
T T T T T T T T T 1
0.00 40.00  80.00  120.00 160.00 200.00 240.00 280.00 320.00 360.00  400.00
X (m)
<Left foot> <Right foot>
400,00 Abbildung 1: Simulation
ENVImet4 18:00:00 23.06.2015
%[y Schnitt bei k=4 (z=1,8000 m)
360.00
320.00
280.00|
Wind Speed
240,00 B unter 1.58 m/s
B 1.58 bis 1.83 m/s
I 1.83 bis 2.09 m/s
T I 2.09 bis 2.34 m/s
£ 200004
- [ 2.34bis2.59 mfs
[ ] 258bis2.84m/s
[ 2.84bis3.10m/fs
B .10 bis3.35m/s
B 3.35 bis 3.60 m/s
I iber 3.60 m/s
120.00
Min: 1.33 m/fs
Max: 3.86 m/s
80.00
40.00
0.00+
T T T T T T T T T 1
0.00 40.00  80.00  120.00 160.00 200.00 240.00 280.00 320.00 360.00  400.00
X (m)
<Laft foot> <Right foot>
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Appendix J

The weather data package

RH BP_mbar WS _ms Avg WS gust Max WS _gust TMx WindDir SIrkW_Avg SIrMJ_Tot SoilT10_C_Avg Rain_mm_Tot
% Millibars meters/second Degrees kW/m2 MJ/m2 Deg C mm
Smp  Smp Avg Max TMx Smp Avg Tot Avg Tot

RH: Relative Humidity, Smp; Sample, BP-mbar: Barometric Pressure — millibar, smp: Sample, WS-ms-Avg: Wind Speed — meter / second —
Average, WS-gust-Max: Maximum Wind Speed, WS-Gust-TMx : Maximum Wind Speed at maximum air temperature, WindDir: Wind direction,
Slrkw-Avg: Solar Irradiance Kilo Watt — Average, kW/m2: Kilo Watt/ square meter, SIrMJ_Tot: Solar Irradiance Mega Jull, SoilT10 C Avg:

Average Soil Temperature (°C), Rain_mm_Tot: Rainfall - Total rain in mm.

TOAS CR1000 CR1000 2889 CR1000.Std.06 CPU:ERRAS002.CR1 8149 MIN_15
TIMESTAMP RECORD ID Program Batt Volt Min AirTC AirTC_Max AirTC_Min
TS RN Volts Deg C Deg C Deg C

Smp Smp Min Smp Max Min





