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ABSTRACT

The climate change has several influences on the environment such as the Urban Heat Island
phenomena (UHI) and increasing the heat waves intensity and frequency. Within a city, the outdoor spaces
occupants can be impacted severely as a result of urban climate, which, in its essence, is directly linked to
the buildings attributes and its configuration. the urban climate is directly linked to the configuration of
buildings, building heights and their attributes. The Egyptian government’s work program includes the
implementation of residential units” projects for low-income citizens called “Social Housing Project”. The
government seeks to complete the implementation of 700,000 units within that project by the end of 2019. It
has successfully undertaken more than180.000 housing units of them by end of 2017. Most of the project
exists in new cities in arid areas. While the urban planners ought to be aware of ensuring better thermal
performance for outdoors urban spaces, in this project, multiple urban forms and orientations have been
used. This study presents the observed and estimated relationship between the used building configurations
in the case study and changes in microclimate. The study aims to extract the most effective building
configuration that can improve the thermal performance of outdoors urban spaces during the summer. The
data introduced in the study were based on site measurements and microclimate simulations using ENVI-
met. The study evaluated the impact of urban form and its orientation on air temperature and on daytime
occupants’ thermal comfort level. Since Sky View Factor (SVF) represents the fundamental factor
controlling outdoor space diversity on the microclimate scale, it has been used to represent the urban form,
and to connect between the form, sun path, and thermal behavior of the outdoor spaces. The study was
conducted for the 24 hours during October assuming average climate conditions. The results showed
quantitatively that there was a wide range of PET values (20 °C) at 12 PM, between the difference spaces
owing to its shape (SVF) and orientation. These variances led to relatively comfort spaces, especially
clusters which are oriented to North or North-west, and discomfort spaces with extreme heat stress,
especially clusters which are oriented to South or South-west.

Findings confirmed that the main parameters affect the outdoor thermal behavior are the solar radiation
and shading patterns so the urban form which gives more shade to its spaces gives more thermal comfort.

Keywords: Microclimate, Sky View Factor (SVF), ENVI-met modeling, Egypt

1. Introduction

Although adequate urban forms can promote favorable climatic conditions within its
outdoor spaces, the weakness of environmental vision in urban design strategies often leads
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to Urban Heat Island (UHI) in many cases [1]. Johansson [2] reported that giving the
thermal performance of outdoor spaces a minor role in the urban design process, is one of
the most important causes of urban design deterioration. Subsequently, urban planners and
decision makers should consider findings obtained from urban climatological studies in
their future urban plans. Especially, Outdoor spaces within the residential compounds
which are important to sustainable cities. Evaluating outdoor thermal comfort in the public
areas can potentially enhance the livability of a city. Ensuring that residents are well served
by outdoor spaces is essential to high-quality urban living [3]. Moreover, there is a
significant correlation between urban form or urban configuration “ways of placing
buildings on the land” and the potential increasing of required energy for cooling in
buildings located in hot regions, like Egypt, in order to ensure comfortable conditions for
their occupants. The higher energy demand resulting from the use of air conditioning
affects negatively on the built environment through increasing the Urban Heat Islands UHI
[1]. Accordingly, the environmental urban planning and responsive decision makers should
prioritize considering thermal performance of outdoor spaces in the planning process as a
strategy to guarantee thermally comfortable spaces for persons, which consequently
reduces the heat stress on buildings’ facades and alleviates air conditioning demand.

The Egyptian government’s work program includes the implementation of residential unit
projects for low-income citizens. The government seeks to complete the implementation of
700,000 units within its social housing project by the end of FY 2019 in 22 new cities all over
Egypt. The government has successfully undertaken 98000 housing units of them, in 18 new
cities, by the end of 2017 as the first stage [4]. The project is located in the new cities in arid
areas. For that improving the urban planning process by considering the environmental
aspects will have a great impact on the outdoor thermal performance of those areas. As
planning the residential buildings in relation to the adjoining outdoor spaces will improve the
quality of urban spaces. This strategy will foster a better urban social life, which in turn
support a sustainable future of the urban communities in Egypt.

The data introduced in the study were based on site measurements and microclimate
simulations using ENVI-met, to investigate the impact of building configuration on thermal
performance of outdoor spaces. The purpose of the investigation to deduce the potential
relation between the thermal performance of outdoor spaces and sky view factor (SVF),
which results from building configuration and its orientation. The study output can be used
as a guideline to the expansion area of the social housing project in the future.

1.1. The study problem

The Egyptian government is seeking to implement city plans and residential projects,
for new urban communities, to accommodate the large increase in the population and solve
the housing problem. The social housing project is considered the most important national
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project for the low-income people in the last five years. Prioritize the outdoor thermal
performance in such projects is a crucial issue, which ensure more comfort spaces for
human activities, reduce the heat stress on the buildings’ facades, and encourage the
residents to do their outdoor activities.

1.2. Aim

This study seeks to contribute towards a more in-depth perception of the relation between
urban form and the thermal performance of its outdoor spaces, in one of the most important
governmental residential projects in Egypt. The evaluation can be used to find most suitable
urban form to improve the thermal performance of outdoor spaces during the summer.

1.3. Assumptions of the study

The research assumes that by analyzing the thermal performance of outdoor spaces for a
present case study of social housing project in hot arid new town (New Aswan city), can
determine the suitable urban form and orientation that facilitate more comfortable outdoor
spaces. Moreover, the resulted strategies can be considered in planning the future stages of
such national projects having the same climate conditions.

2. The research context

Since the 1960s, the planners gave a special attention to the thermal behavior of urban
blocks (groups of buildings in clusters) [5]. Changing the shape of urban block or its
orientation influences its thermal behavior [6]. It is clear that the integration between
buildings and urban dimensions has an immediate impact on the thermal behaviour of the
investigated spaces [7]. Multiple techniques have been examined all over the world to
enhance the thermal behavior of urban spaces to adapt and mitigate climate change. From
those techniques the building density, orientation, roof, and ground greening cover [8]
[9][10]. Martin and March examined several simplified buildings forms based on their
geometry alone. The initial studies focused on courtyards and pavilions forms [11]. The
performance of each technique may vary based on the climate and the built environment in
which they are implemented [12]. However, in hot arid climate, achieving shelters from
solar radiation is the main challenge to design comfort outdoor spaces. Shading is
considered the main parameter that influences the thermal conditions in the warm and hot
climates [13]. For that, to identify the best mitigation solutions adapted to a particular
building environment, the thermal performance should be tested by running micro-climate
models, and then the efficiency of each solution is tested. Then the results can be utilized
based on the similar built environment and regional climate, and based on a given set of
climate-related parameters such as aspect ratio, albedo or vegetation density [12].

2.1. Thermal comfort

To evaluate and compare the thermal behavior of urban spaces, it is important to note
that there are six parameters influencing the sensation of thermal comfort within a space.
Some of these factors are related to environmental conditions and others are related to
personal conditions. Environmental conditions include four parameters; a) air temperature,
b) mean radiant temperature, c) relative humidity, and d) airstream velocity. Whereas the
personal conditions include two parameters: a) clothes, and b) human activity level [14].
For that comparing between different spaces within the same neighborhood based only on
air temperature parameter is insufficient, since it will vary temporarily through the day, but
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the spatial differences among the various spaces in the same time is very close (Less than 1
°C) [15]. Accordingly, the comparison process to evaluate the urban spaces in the case
study will be conducted based on the six factors influencing the thermal comfort. The
thermal comfort indices adopted in this study is Physiological Equivalent Temperature
(PET) expressed in (°C). It is an up-to-date thermal index. It is based on “human energy
balance and considers the thermo-regulatory capacity of the human body to adjust to
stressful microclimates” [16]. PET is an effective tool for the evaluation of the thermal
component of different climates [17]. It has 6 grades starting with extreme cold stress for
physiological temperature less than 4°C, and ranging to Extreme heat stress with
physiological temperature over 41°C as shown in Table 1.

Table 1.
Physiological Equivalent Temperature grades on human beings in typical case [17]

PET Thermal Grade of
(°O) perception physiological stress
Very cold Extreme cold stress
: Cold Strong cold stress
] Cool Moderate cold stress
- Slightly cool Slight cold stress
l% Comfortable No thermal stress
:9 Slightly warm  Slight heat stress
B Warm Moderate heat stress
35 )
o Hot Strong heat stress
4l Very hot Extreme heat stress

2.2. Sky View Factor SVF

SVF is “a climatological parameter used to characterize radiation properties on urban areas
and to express the relationship between the visible area of the sky and the portion of the sky
covered by buildings viewed from a specific point of observation” [18]. Its value ranges from 0
to 1 (zero mean no sky visible). SVF value directly influences the long-wave radiation term in
the urban space. When SVF increases, it reduces the long-wave radiation flux emitted by built
surfaces to the sky during night-time [12]. Also, in the space, there is a linear relationship
between the net solar radiation and the value of SVF [19]. SVF is one of the main causes of the
urban heat island phenomena. Therefore, it is required as a parameter in our case study in New
Aswan city. SVF can be obtained using digital camera with Fisheye lens in the site.

SVF value can be estimated using several methods; on-site methods (fisheyes-lens), and
mathematical methods (photographs analysis, and image processing). Since we haven’t a
fisheye lens, we could use a borrowed camera for one day, and got SVF image for point 3.
Then, the study has used an application named “Sky Helios” to generate all the sky view
images [20]. This tool replaces the use of a 180 fisheye-lens camera. We had compared
between the SVF values generated from fisheyes-lens photographs with Sky Helios output to
validate its generated images (Fig. 2). From the sky view images, the SVF was calculated
using Rayman “a public domain software” developed by Andreas Matzarakis [21].


https://www.urbanclimate.net/matzarakis1/papers/Matzarakis_wengen_ACC_30.pdf
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Fig. 2. Comparison between SVF obtained from Rayman and SVF obtained from SkyHelios. Source: Author
3. Area of study

New Aswan city is a new city in South of Egypt (24° 11' N, 32° 40' E, and 157m
altitude). It was established in 1999 on an area of 3900 acres, which was extended to
18490.92 in 2015. It is located on the west bank of the River Nile, 12 km north of Aswan
city (Authority, 2017).

Aswan has a hot-arid climate. The annual average temperature is 25.9 °C; the average
maximum temperature in the summer is 42 °C, and the mean temperature in the summer is
37 °C temperature is and the average annual precipitation is 1 mm, with a high presence
of clear-sky conditions [22].

The study focuses on a cluster of a social housing project in New Aswan city. It is a
national housing project in all of Egypt. It has a typical apartment and building model. The
government has a plan to establish other phases for the social housing project, for that
improving its urban geometry based on environmental vision can imply a wide influence
on the thermal performance of its spaces and the energy efficiency. The cluster is
composed of 76 residential buildings, including 1520 apartments; the total area of the
cluster is 95000 m2. It had been built to accommodate about 7600 inhabitants.

4. Methodology

This study presents the observed and estimated relationship between the used building
configuration in the case study and changes in microclimate. The simulation was conducted
with the aid of ENVI-met version 4. The simulation results were compared with the site
measured to validate the simulated model. SVF has been generated to determine its value and
the sun path diagram to determine the hours that the space is subjected to the direct solar
radiation. The thermal comfort indicis PET has been calculated and compared for all outdoor
spaces surrounded with the residential buildings (21 space), to address the influence of urban
form (SVF, orientation, ...etc) on thermal performance of urban space. Finally, the relationship
between the direct solar radiation, thermal comfort, and urban form was examined.

5. Monitoring

The study area has a multiple urban form and orientations. We could characterize 21
form as shown in (Fig. 3) with multiple properties as shown in Table 2. Since we have only
4 data loggers to record the temperature and the relative humidity (RH). We have built a
simulation model in ENVI-met software ver.4, to can evaluate the thermal performance of
21 buildings configuration in the study area.

The measurement was taken in 22™ Oct. 2017 to validate the simulation. The reason for
choosing such a time period is primarily because this period is representing the typical
summer days in Aswan, and due to the convenience of having the field team assembled for
those occasions.
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Measurements were carried out at three points, spanning up to 24 h (typically from 8 amto 7 am
local time). Three HOBO Onset data loggers (at approximately 1.5 m height) for air temperature
and humidity were used. Data were registered at the loggers and recorded every 30 minutes.
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Table 2.
The properties of selected 21 points (SVF, Orientation, and shape)

Point SVF Orientation Shape Point SVF Orientation Shape
P P
1 0.359 Southwest ' 12 0.666 MNorth & West
> 4 1
2 0364 South l-l 12 0.347 West ]
|
3 0351 Southeast 14 0437 South & West
4 0366 Southwest ' 15 0.432 Morth & East I
7 4 —
5 0366 Morth l-l 16 0.407 Southwest& \
Northwest ,
6 0.403 East r 17 0.426 Mortheast P
1 “a
7 0.431 South _FI 18 0.425 East I_
[ |
|
g 0687 West I 19 0406 Mortheast '
S
] 0.340 East -_— 20 0 464 Mortheast & ,
l- MNorthwest \
10 0.455 South & East I_ 21 0311 Southwest "
11 0.367 East l-
|




315
Hatem Mahmoud, Effect of urban form on outdoor thermal comfort of governmental .................

5.1. Simulation process

In this study, ENVI-met was used. It is “a holistic three-dimensional simulation of
surface-plant-air interactions embodying the proposed scenarios” [23]. It is designed for
microscale with a resolution from 0.5 to 5 meters and a typical time frame of 24 to 48
hours [23]. This software has been used and tested in many studies to simulate urban built
environments, and has been validated for its ability to simulate thermal environmental
conditions on the microclimate scale [24].

The study area was modeled in ENVI-met. The modeling included the pavements. To
determine the suitable sitting, different model domains and resolutions were tested. The
model was run with (125*250*24) grid units at 3*3*3m resolution. Moreover, to increase
the simulation stability with objects close to the border of the model, three nesting grids on
each side were added. A receptor (weather data) was placed at the middle of each
investigated form (total 21 receptors) to record the simulation output at these points
through the simulation process (Fig. 4).

We ran ENVI-met for a 28 hours period, starting at 04:00 AM, with constant time steps (2 s)
and model output every 60 min, using the configuration parameters listed in Table 3. The first 4
hours of the model run was discarded, as a spin-up time is required for ENVI-met to get better
results. The material assigned for all buildings was considered the same for ease of use.

Table 3.
The boundary conditions used in running the simulated model in ENVI-met

Wind direction

Start date 22102016 (N=0, E=00) 2735 Degree

Period 28h (ljflm} 50 %

Spatial resolution 2m honizontal. 2m Specific Hurmdity at 25300m  4.16 g'kg
Vertical. B ]

Initial air temp. at 4 AM 2427 Albedo (walls) 0.3

Wind wvelocity at 10 m 0.5 m's

height -

5.2. Validating of ENVI-met

The simulation model was validated by comparing the site measurements and simulated
data outputs. In the site survey. Four data loggers (P1', P2, P3™" and p4™) as shown in
(Fig.4), however, we got results from the first three points only and lost the fourth device.
The weather data for the simulation were taken from a weather station located about 3
kilometers from the site in Aswan University campus in New Aswan city. The first
simulation with normal type (initial boundary conditions only) gave low validation results.
For that, the simulation was repeated with forced type (24 input for temperature and
relative humidity) to have more accurate results.

To validate the model, Willmott (1981) suggested the following methodology using
Root Mean Square Error (RMSE) and the coefficient of determination (R?). The average
difference between measured and simulated values was calculated with RMSE representing
the general model performance [26]. R? represents the proportion of the variance in the
dependent variable (simulated data) that is predictable from the independent variable
(measured data), for a model to be considered reliable, R2 should tend to — 1[27].
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The measured and simulated air temperature records at (Plref, P2ref, and P3ref) were
compared as shown in (Fig. 5). The simulation model overestimate peak temperature with
about 2 C. however the overall differences between the measured and simulated data is
usually normal when the validation parameters (RMSE, R2) exist within the normal range.
The simulation results underestimate at daytime, and overestimate at night.

RMSE of the air temperature between simulation and measurement was 1.72 on p1rf
1.63 on P2 ™ and 2.26 on P3 ™. These values are considered improvement than those in
other studies [28] [26], where the model was still accepted even though RMSE reached
3.42 [26]. For data sampling points, R? was 0.86 on P1 "™, 0.91 on P2 " and 0.80 on P3 ™'
(Fig. 5), indicating that the simulation model captured the measured air temperature trends
well. The inadequate computation of materials heat capacity in ENVI-met, as reported in
literature, can lead to these differences [29] [26].

The study purpose is to compare the relative thermal performance for multiple urban
forms within a residential site. Hence, we consider the validation parameters adequate for
the microscale simulation. The agreement between simulation and measurement coped
with most literature.

6. Sky View Factor (SVF)

The analysis of thermal performance presented in this study is concerned with the
impact of urban geometry, using as an indicator the Sky View Factor (SVF) of several
points, on local outdoor spaces and on comfort levels in the study area. Those monitoring
points were defined for the selected 21 form, from P1 to P21, in the study area (Fig. 3),
comprising of all blocks’ forms. As mentioned, all SVF images were extracted using
SkyHelios software as shown in (Fig. 6). It is noticeable that most spaces exposed to direct
solar radiation are spaces with south, southeast, and southwest orientations (P1, P2, P3, P7,
P8, and P21). The maximum number of exposed hours to solar radiation was experienced
in P7 with 7 hours from 9 AM to 4 PM. As the urban spaces that were oriented to the north,
northeast, and northwest were less exposed to the solar radiation (P4, P5, P15, P16, P17,
P19, and P20). The rest of the spaces varied in terms of orientation and exposure to the sun.
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Fig. 6. Generated Fisheye images from SkyHelios and its SVF for the monitoring point - Source: Author

7. Results and discussion

The simulation procedures were carried out by preparing the model for the simulation
and calculating the outdoor air temperature and Physiological Equivalent Temperature
(PET) as well.

Table 4 shows the simulation output for the air temperature in the 21 monitoring points
from 8 AM to 5 PM which represent the 21 urban form that are included in the case study,
where the figure 8 shows the same results for 24 hours (8 AM to 7 AM). The results
indicated that the peak air temperature through the day was 33.6 °C in P10 at 12 PM and
continued as higher point till 1 PM with point P14 and P21. However, the difference through
these 2 hours (1 AM and 2 PM) between maximum and minimum temperature was only
0.5°C. the lowest temperature through the peak hours was in P4, P5, P11, and P17. It is noted
that differences in air temperature values between the different spaces is very small. The
differences between higher and lowest temperature at each hour ranged from 0.2 to 1.7°C (20
hours < 1°C). The small differences in our case owing to simplifying the buildings and
keeping the same building’s materials in order to understand the relative impact of urban
form and its orientations. Since SVF is close in the most spaces (from 0.35 to 0.45). It is
observed that the highest temperature found in the south and southwest oriented spaces, and
the lowest was in north and northwest spaces owing to its lower exposure to direct solar
irradiation, and the wind direction (The prevailing winds are northwesterly) .


https://www.urbanclimate.net/matzarakis1/papers/Matzarakis_wengen_ACC_30.pdf
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Although temperature differences among investigated spaces are not great, we cannot
ignore them, as the literature [30] [31] has shown that a 1°C reduction in outdoor space
temperature, could realize a 5% savings in the energy consumption of buildings.

Table 4.
The hourly air temperature for the 21monitoring points (°C) (Bold is peak and lowest values)

8:00 | 9:00 | 10:00 | 11:00 | 12:00 | 1:00 | 2:00 | 3:00 | 4:00 | 5:00
AM | AM | AM AM PM PM | PM | PM | PM | PM

P1 | 294|308 | 322 | 329 334 | 332| 326|319 311|304
P2 1296|309 | 322 | 329 333 | 33.1| 326|320 31.1| 304
P3 |129.6|309| 321 | 329 33.3 | 33.1| 326|320 31.0| 30.3
P4 1294|307 320 | 32.6 331 | 328 | 324 | 31.8| 31.0| 30.3
PS5 | 29.4|30.7| 319 | 32.7 331 | 329|324 | 319 | 31.0| 30.3
P6 |29.9|309| 321 | 33.0 334 | 330|326 31.9| 31.0| 30.2
P7 |29.4)|30.8| 321 | 329 333 | 331|326 319|310 | 304
P8 |29.5|30.8| 323 | 33.0 335 | 332|326 319| 31.0| 30.3
P9 |29.7|309| 321 | 33.0 334 | 331| 325|319 310 30.2
P10 | 29.7| 31.0| 322 | 331 336 | 333|328 321| 31.0| 30.3
P11 | 29.7| 30.9| 319 | 327 33.1 | 328|323 | 318| 31.0| 30.3
P12 | 29.3| 30.6 | 317 | 32.6 332 | 330| 325|319 310 304
P13 | 29.4| 30.7 | 32.2 | 32.8 33.3 | 330|324 | 318 | 31.0| 30.3
P14 | 29.4| 30.8 | 323 | 33.1 335 | 333|328 | 320 31.0| 30.2
P15 | 295| 30.8 | 32.1 | 33.0 334 | 332|326 | 320 31.0| 30.2
P16 | 29.4| 30.6 | 318 | 32.7 334 | 332| 327|318 31.0| 304
P17 | 29.4| 30.6 | 319 | 32.6 331 | 329|324 | 318 | 31.0| 30.3
P18 | 30.1| 30.9| 32.0 | 329 333 | 330 325|319 309 30.2
P19 | 295|309 | 321 | 3238 333 | 330 325|319 310 30.2
P20 | 29.4| 30.7| 31.7 | 32.6 332 | 330 325|319 310 303
P21 | 29.3| 306 | 319 | 327 334 | 333|328 320| 31.0| 30.3
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Fig. 8. Diurnal profile of the hourly air temperature for all monitoring points (21 point)
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The study aims to evaluate the impact of urban form on the thermal comfort of outdoor
spaces. The air temperature values can not be considered as a final indicator for the thermal
comfort, since the air temperature is considered one of six parameters influencing the
thermal comfort as stated earlier. The real and clear indicator is PET.

It is noted the distribution of PET values based on the simulation results as shown in
Fig.9. although all the buildings and its urban spaces have the same height and material, the
site experienced a range of PET values from 31.97 to 50.4°C (about 18.5°C) at 3 PM. Since
the PET values after the sunset tend to be very close, we focused on PET values in daytime
where the values differences are significant as shown in Table 5 and Figure 10. The red
border of cells in Table 5 indicates a surge in values up at each space. The most
uncomfortable period was 10 AM to 12 PM. PET peak values, occurred in the afternoon
mostly at 12PM and ranged in 11 points (P1 to P3, P7 to P10, P13, P14, P16, and P21) from
54.7 to 62.8 °C. On the contrary, at the same hour (12PM) the points (P4 to P6, P11, P12,
P15, and P17 to P20) the PET value ranged from 41.8 to 42.9°C. the differences in PET at the
daytime reached about 20 °C between the spaces in the same hour due to the various period
of space exposure to the direct radiation as a result of urban form and orientation.

Regarding the orientation, the best values of the PET occurred in the clusters which are
oriented to North or North-west, while the worst values occurred in the clusters which
oriented to South, South-West or to the West. This is owing to the correlation between
urban form and sun path diagram as shown in Fig.6, and the wind direction which mostly
comes from northwest in New Aswan City.

Comparing the SVF images in Fig. 6, PET values in Table 5, PET profile at P2, P4, and
P7 (Figs 11, 12 and 13) gives a clear indicator for the correlation between urban form (SVF
value and orientation) and PET values. When the urban form has a shape and orientation that
allows a longer time of protection from direct solar radiation, PET profile (curve) behavior
continues smooth through the day, such as P4 (Fig. 11). On the contrary, when the urban
form and its orientation allows long time for the direct solar radiation, a sudden up shift
occurred for PET value in the space for a period nearly close to the exposure period. The
direct exposure lead to more heat stress on the space occupants and on the buildings’ facades.
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Fig. 9. Map of PET values for the case study area at 3 PM
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Table 5.
The hourly PET values for the 21monitoring points (°C), the Red bold border indicates
to surge in value up

Time 500 oot sar sl ‘B 1:00PM 2:00PM 3:00PM 4:00PM 5:00 PM
Pl 336 378 | 570 582 504 502 562 | 334 233 2711
P2 340 | 572 594 610 628 | 416 384 337 284 272
Py | 524 3552 570 382 596 | 407 317 333 232 210
P4 EEN] 379 408 412 24 4038 3779 334 282 271
P5 338 380 412 426 420 412 382 356 284 212
P | 306 53.2 550 565 | 423 06 316 332 231 269
P7 334 [ 542 564 5716 590 588 562 486 | 232 271
P8 320 310 | sa 545 358 556 0 533 | 3300 280 268
Py | 512 542 s60 574 588 | 408 37.8 334 282 27.0
P10 108 | 522 539 551 562 | 404 374 331 280 268
PI1 | 536 564 580 | 420 424 408 379 334 282 271
P12 328 370 | 527 540 | 418 401 | 525 456 | 279 26.8
P13 333 374 | 6.0 572 86 | 407 | 356 | 333 282 271
P14 328 | 506 524 536 547 544 0 521 | 329 278 267
P15 33.1 373 [ 541 554 | 421 404 375 33.1 280 268
P16 33.1 373 404 | 558 570 568 542 | 331 280 269
P17 337 380 412 426 428 410 380 334 283 271
P18 33.3 374 | s62 | 419 422 06 377 333 231 269
P19 334 | 540 558 | 4 423 06 376 332 23.1 269
P10 352 374 403 121 173 06 316 332 291 260
P11 320 371 403 | 554 570 568 0 543 | 462 281 269
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a) Daytimea profile of the hourly PET for P4 b) P4, SVF 0.366
Fig. 11. the smooth PET curve in P4 as a result for its urban form and orientation

a) Davtime profile of the hourly PET for P7 b) P7. SVF 0.431
Fig. 12. the sudden up shift for PET curve in P4 as a result for its urban form and orientation (7
hours exposed to direct solar radiation)

a) Daytime profila of tha hourly PET for P2 b) P2, SVF 0.364
Fig. 13. the sudden up shift for PET curve in P4 as a result for its urban form and orientation (4
hours exposed to direct solar radiation)

8. Conclusion

The aim of the study was to evaluate the thermal performance of outdoor spaces in the
social housing project, in New Aswan city as a case study. The evaluation was conducted
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by quantifying the impact of the urban form (buildings blocks) on the outdoor spaces
thermally. The findings would help to identify the suitable model for the urban geometry
concerning the environmental vision in an important national residential project.

In this study, we determined 21 model for the urban form in the case study.

The results showed quantitatively that there was a wide range of PET values (20 °C)
between the difference spaces owing to its shape (SVF) and orientation. These variances
led to relatively comfort spaces and discomfort spaces with extreme heat stress.

The appropriate urban form with its SVF and orientation should be considered as an
effective factor in conducting the thermal comfort of the outdoor spaces. The intensity of
direct vertical solar radiation is the most influential factor on PET value.

It can be said that the sustainable design can improve the thermal comfort of the outdoor
residential spaces, where the thermal comfort efficiency is a trade-off between different
design factors to achieve a target level of comfort, which varies according to the climatic
design of outdoor spaces.

9. Recommendations and Future vision

It is essential to work on the integration between the building and the external
surrounding spaces; the results prove the vitality of using the compact pattern as an
adaptation strategy on the scale of urban development in Egypt. This vitality is not only for
the newly constructed developments but also for the already existing ones and gives an
impression about how can invest in our built environment.

There are many mitigation factors affecting the thermal performance of the outdoor spaces
such as the vegetation, materials albedo, and building compactness. It is important to evaluate
the impact of each factor and the its suitable configuration. Many studies are required to realize
a comprehensive sustainable urban planning for the new cities in Egypt. Accordingly, the case
introduced in this study will be developed in the future to include other mitigation factors.
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