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Abstract: Artificial intelligence (Al) has enabled urban planners to forecast microclimate conditions, allowing them
to think smartly and optimise urban design. Coupled outdoor-indoor simulations were used to overcome the packages’
inability to handle both objectives in one tool because indoor simulation methods do not consider microclimatic
interactions. To predict metrological climate conditions and carbon dioxide (CO,), ENVI-met V4.0 simulations
(accounting for outdoor conditions) were combined with indoor simulations using DesignBuilder V4.2. This paper is
based on a case study in New Obour City, Egypt, that begins by creating the neighbourhood using design specifications
with several weather files (EPW, STAT, DDY, and Audit) to simulate and estimate future changes, then comparing the
current and future in 2080. The findings highlight the significance of Al in architectural optimisation, adaptation, and
prediction for long-term sustainable design. Moreover, the study presents the various flaws in the design that might
be addressed to accommodate climate change. That was tackled by the active simulation for the two representative
design days in the years 2023 and 2080 in the chosen neighbourhood to result in certain parameters influencing thermal
comfort, including air temperature, relative humidity, wind speed, CO,, predicted mean vote (PMV), and physiological
equivalent temperature (PET). The results of this study can serve as a reference for architects, urban designers, and
planners in the early design stages to attain sustainable residential neighbourhoods.
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1. Introduction

In recent years, computer algorithms have become more powerful and intelligent in architecture due to the crossing
characteristics of urban climatology, which is a challenging field. The realm of sustainable cities is to some extent
dependent on environmentally designed and planned buildings since they represent roughly half of city land use budgets
[1], which is an Egyptian and worldwide ratio [2]. As a result, neglecting the thermal efficiency of outdoor areas in
the urban design process is one of the leading causes of urban design degradation and consequent discomfort [3]. This
happens because there is no single response to severe heat stress [4, 5].

Various forms of urban patterns have different microclimates [6]. Designing urban forms other than fabric
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geometrical alterations and green covering passive cooling methods is a mess. The courtyard as a concept for improved
microclimates has been studied in arid regions and discovered to be a sensitive and intelligent fabric form. Although
it may not be capable of creating optimum circumstances on its own [7-11], it must be combined with other passive
cooling applications, such as vegetation, which promotes shade, ventilation, and evaporation, particularly in hot desert
conditions [8, 12].

Cairo witnessed continuous historical developments since 641 Anno Domini (AD) until its current populated
master plan, as well as a rapid development process since the late twentieth century when the Egyptian government
began constructing generations of new cities in the rural reserve areas of the main and megacities [13]. Since housing
accounts for 50 to 70% of city land use budgets, it is critical on a national, regional, and international level to examine
how housing design might be developed and planned to cope with the changing climate of the twenty-first century
through free urban planning [14]. Cities account for 39% of worldwide carbon emissions, and buildings contribute to
more than 40% of any country’s energy usage. As a result of global warming, the average temperature of Cairo, Egypt’s
capital, is anticipated to rise by 4 °C by 2060 and by 3.1 to 4.7 °C throughout the country [15, 16]. The temperature
is anticipated to rise by 5.6 °C between 1990 and 2100 [16]. As a result, neighbourhood master planning, as an urban
planning unit, must adapt to the arid climate, where the built environment’s surface temperature, for example, can easily
exceed 50 °C in unshaded places due to extreme microclimate conditions [17, 18].

There are few computer tools available for this purpose, particularly at large urban scales. Among these tools,
ENVI-met has authorised partial validity, which allows for master-lane comparisons based on impact assessment. It is a
three-dimensional (3D) microclimate model that can mimic surface-plant-air interactions in urban contexts with a typical
spatial resolution of 0.5 to 10 m and a temporal resolution of 10 sec. ENVI-met is a 3D non-hydrostatic numerical
model [19, 20] that can analyse all meteorological parameters [20], as well as a prognosis model based on fundamental
fluid dynamics rules [21, 22]. However, because there is a close correlation between outdoor and indoor environmental
performance [23, 24], designers must investigate techniques for overcoming the relationship complications resulting
from the overwhelming parameters. Especially given the size of the sites evaluated, where measurements are required at
every point of the urban space to reach the ultimate goal, this is a dream.

Therefore, the main goal of this study is to investigate the adaptation potential of urban communities in Egypt to
climate change through the optimisation of urban design and its influence on residential energy efficiency in the present
and future. This research aims at using coupled simulations to analyse a redesigned neighbourhood in New Obour City
based on the literature on the urban design using software like ENVI-met and DesignBuilder to present metrological
data in a typical representative day from the Ecotect Analysis auxiliary tool. Moreover, a full data presentation of a
future-day prediction in the year 2080 is also provided.

2. Problem definition

In the last 11 years, concentration on evaluating outdoor areas has been limited [16]. The rapid development of
existing urban areas has been observed globally in recent decades. Sustainable development is no longer a luxury; it
is now necessary for humans to mitigate and manage the risks of climate change, which is thought to be caused by
continuous and growing emissions of greenhouse gases (GHG) [25]. There is a solid understanding in the field of
sustainable urban development that connecting climatology to the applied practice of urban planning is complex [26],
and its detailed task description increases complexity [27, 28] in a country like Egypt, where most of its map is arid, and
contrary to this, most of the new urban developments are dot-like or at most linear without climate-responsive patterns.

Thus, the main problem statement of the research is that in both urban planning and design approaches, there is
still a gap between knowledge and implementation of sustainable techniques. Furthermore, the urban pattern of most
neighbourhoods is mostly a dot pattern without enabling climatic responsive techniques to examine its thermal comfort
according to existing weather conditions and future conditions too.

3. Research questions

This research answers several questions:
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a. Can the researchers present data simulation charts for existing weather conditions using certain software like
DesignBuilder and ENVI-met for a designed neighbourhood?

b. Can urban designers predict scenarios for climate change’s impact on meteorological parameters at the early
design stages?

c. How do you integrate the results of the outdoor and indoor parameters for a neighbourhood by using coupling
techniques?

4. Coupling techniques and urban microclimate modelling

Studies on the coupling of urban microclimate and building energy models (BEM) have focused on the impacts
of urban microclimate on stand-alone or several buildings in a simple urban setting. Recently, the physical-based urban
building energy modelling (UBEM) approach has been used to capture more accurate urban building performance at
a high spatiotemporal resolution. However, consideration of urban microclimate effects in previous UBEM studies
has been limited due to the difficulty of balancing the requirements of high-resolution microclimate data with the
computational resources involved [29]. As shown in Figure 1, the workflow chart combines outdoor with indoor by a
coupling technique to enhance urban and building sustainability.
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Figure 1. Co-simulation workflow of urban and building microclimate

5. Methodology

A neighbourhood in New Obour City, which lies in Cairo, with an area of 360,000 m® or 85 acres, was redesigned
as a residential neighbourhood with different types of clusters. The neighbourhood serves 10,284 people with a total of
2,580 units. The heights of the blocks do not exceed five floors for each block, with four units on each floor.

Numerical simulations were performed, using both thermal and computational fluid dynamics (CFD) software,
for a hot summer’s day in New Obour City, Al Qalyubia, with the Cairo International Airport typical metrological
year (TMY) weather file and the aid of the Ecotect Analysis auxiliary tool, as shown in Figures 2 and 3, to assess such
transient complex environmental and personal factors affecting meteorological parameters in urban spaces. As shown
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in Figure 4, the research location area is New Obour City. Figure 5 shows the architectural characteristics of a nearby
neighbourhood.

+c. MONTHLY DIURNAL £

+ DALY CONDITIONS - 2nd June (153)

LEGEND
Comfort: Thermal Neutraity

Figure 2. Ecotect shows a typical representative date of June 2, 2023

.. MONTHLY DIURNAL AVER

o DALY CONDITIONS - 10th August (222)

LEGEND
Comfort: Thermal Neutraity

Figure 3. Ecotect shows a typical representative date of August 10, 2080
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Cairo

Figure 5. New Obour City urban pattern and architectural characteristics of a nearby neighbourhood

Ecotect software selected the representative typical design day, which illustrated the day with the highest
temperature in the years 2023 and 2080. As a result of climate change, it was discovered that the representative typical
design day differs significantly between the two years, with the software detecting the 2nd of June in 2023 and the 10th
of August in 2080.

5.1 Research location area

a) Case study: New Obour City, Cairo (30.22° N, 31.47° E, and 76.19 m altitude)
b) Area: 1,200 m x 300 m = 360,000 m’
¢) Approach: Streets directed in the north direction
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d) Objective: Investigate the urban microclimate through outdoor simulation which generates and analyses
climatic data for 2023 and 2080 using ENVI-met software; to generate the area climatic parameters and to
determine external thermal comfort; followed by using the coupling technique by DesignBuilder

e) Urbanisation type: Local Climate Zone (LCZ) 2 (compact midrise) with LCZ B (scattered trees)

As shown in Figure 6, the neighbourhood of New Obour City was designed according to the approach and the

objectives of the case study.

Figure 6. The neighbourhood in New Obour City, Cairo

5.2 Methods

To run the simulation process, it requires a long time, which may reach 72 hours or more. The case study of New
Obour City is located in Egypt, at 43° north direction. As shown in Figure 7, starting with conceptual sketches that are
needed at early design stages to freely figure out the concept, neighbourhood calculations are then needed to stand on
density, block number, service, commercial, educational areas, garages, and roads. This is followed by drawing the
master plan in real dimensions with the aid of the AutoCAD programme, modelling in spaces (ENVI-met modelling
tool) with a height of 16 m (ground + 4 floors), selecting two-dimensional (2D) plants of 50 cm grass pavers and 3D
Populus alba plants that accommodate the Egyptian environment, and interlock coating.

To predicate the EnergyPlus Weather (EPW) data file in 2080, the Climate Change World Weather Generator is
used. Also, the Energy Plus tool is used to get the STAT file for 2080. The typical representative days in 2023 and 2080,
which are June 2, 2023, with sunrise at 4:57 AM, and August 8, 2080, with sunrise at 5:21 AM, are carried out with the
help of the Ecotect Analysis auxiliary tool by entering weather data configurations using weather files for both 2023 and
2080 (EPW and STAT. Then, the results are simulated for five hours, visualised using the Leonardo auxiliary tool, and
analysed with an Excel sheet to compare the potential change in all meteorological parameters (temperature, relative
humidity, wind speed, predicted mean vote [PMV], etc.). The sustainability of the neighbourhood over the upcoming
years is also measured.

To assure design resilience, sustainability, and climate change, a coupling method between outdoors and indoors
should be put in place. Figure 8 shows the Egyptian TMY weather data file, its extensions (ddy\ .stat\ .epw\ .audit) and
the Egyptian materials (DesignBuilder Database Files; DDF). In that stage, we are going to couple the original EPW file
with the modified EPW file and then compare the modified EPW in the present, 2023, and the future, 2080, analysing
air temperature, relative humidity, wind speed, carbon dioxide (CO,) emissions, PMV, and physiological equivalent
temperature (PET).
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Figure 7. Processes and programmes used

* EPW (ETMY2004) [
* CSV (original)
* CSV (modified)

* EPW (modified)

Figure 8. EPW modifications for coupling

6. Results

Table 1 shows the results of the five-hour simulation using the ENVI-met simulation tool and adding the calibrated
model into the Leonardo auxiliary tool to optimise the outputs of the meteorological parameters in the years 2023 and
2080. The comparison of air temperature is displayed in Table 1, the comparison of relative humidity is shown in Table 2,
the comparison of wind speed is shown in Table 3, and the comparison of PMV is shown in Table 4.

Results of air temperature comparison: Figure 9 shows the comparison between the present and future air
temperatures, where it is colder at the beginning of the day and ranges between 25.95 and 32.39 °C in 2023 and 35.18
and 44.22 °C in 2080. Meanwhile, the highest temperature lies at 1 p.m. (the end of the day).
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Table 1. Comparing air temperatures between 2023 and 2080

Air temperature on June 2, 2023

Air temperature on August 10, 2080

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
X (m)

At 10 am.
60

0120 130 140 150 160 170 180 190 200 210 220 230 240
X (m)

0120 130 140 150 160 170 180 190 200 210 220 230 240
X (m)

0120 130 140 150 160 170 180 190 200 210 220 230 240
X (m)

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
X (m)

Air temperature
<25.23°C
25.36°C
25.50°C
25.64°C
2578 °C
25.92°C
26.06 °C
26.20 °C
26.34°C
>26.48°C
Min: 25.23 °C
Max: 26.62 °C

Air temperature
<26.71°C

28.28°C
>28.47°C
Min: 26.71 °C
Max: 28.67 °C

Air temperature

<28.17°C
2841 °C
28.65 °C
28.88°C
29.12°C
29.36 °C
29.60 °C
29.83°C
30.07 °C
>30.31°C

Min: 28.17 °C
Max: 30.55 °C

Air temperature

<29.65°C
29.94°C
30.23°C
30.52°C
30.81°C
31.10°C
31.39°C
3168 °C
31.97°C
>32.26°C

Min: 29.65 °C
Max: 32.55 °C

Air temperature
<30.86 °C
31.26°C
31.66 °C
32.07°C
3247°C
32.87°C
33.27°C
33.68°C
34.08 °C
>3448 °C
Min: 30.86 °C
Max: 34.88 °C

0.00  80.00 160.00 Nbc 00 wwc 00 400.00 »mc 00 mmc 00 640.00 ﬁc 00 wco 00 wmo 00 @oo 00 538 1120.00 1200.00
X (m)

0.00  80.00 160.00 240.00 320.00 400.00 480.00 560.00 640.00 720.00 800.00 880.00 960.00 1040.00 1120.00 1200.00
X (m)

At 11 am.
300.00

250.00
200.00
150.00
100.00
50.00
0.00

0.00  80.00 160.00 240.00 320.00 400.00 480.00 560.00 640.00 720.00 800.00 880.00 960.00 1040.00 1120.00 1200.00
X (m)

At 12 p.m.

300.00
250.00
200.00
150.00
100.00

50.00
0.00

0.00  80.00 160.00 240.00 320.00 400.00 480.00 560.00 640.00 720.00 800.00 880.00 960.00 1040.00 1120.00 1200.00
X (m)

At 1 p.m.

300.00
250.00
200.00
150.00
100.00

50.00

0.00
0.00 80.00 160.00 240.00 320.00 400.00 480.00 560.00 640.00 720.00 800.00 880.00 960.00 1040.00 1120.00 1200.00

X (m)

Air temperature

<34.04°C
34.27°C
34.49°C
34.71°C
34.93°C
35.16°C
35.38°C
35.60 °C
35.82°C
>36.04 °C

Min: 34.04 °C
Max: 36.27 °C

Air temperature

<3649 °C
36.66 °C
36.83 °C
37.01 °C
37.18°C
37.35°C
37.52°C
37.69°C
37.86 °C
>38.03 °C

Min: 36.49 °C
Max: 38.20 °C

Air temperature

<38.64 °C
38.86 °C
39.08 °C
39.29°C
39.51°C
39.73°C
39.95°C
40.17°C
40.39 °C
>40.61°C

Min: 38.64 °C
Max: 40.83 °C

Air temperature
<40.59 °C

41.05°C
41.52°C
41.98 °C
42.45°C
42.92°C
43.38°C
43.85°C
44.31°C
>44.78 °C

Air temperature
<41.93°C
42.49°C
43.04°C
43.60 °C
44.15°C
44.71°C
4527°C
45.82°C
46.38 °C
>46.94°C
41.93 °C
Max: 47.49 °C
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Table 2. Comparing relative humidity between 2023 and 2080

Relative humidity on June 2, 2023

Relative humidity on August 10, 2080

ERlSEhy

AR

e ta i-I
-

X (m)

#

l
540.«.[1?0#
Y 24 b
B4

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240

X (m)

e
m
._..!!ﬁ tﬂ. LT

.rfa. e UL L
.f -..f-!..

X (m)

X (m)

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
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Relative humidity
<34.46 %
35.99 %
37.52%
39.05 %

40.57 %
42.10%
43.63 %
45.16 %
46.69 %
>48.21 %
Min: 34.46 %
Max: 49.74 %

Relative humidity
<29.96 %
3221%
3247 %
33.72%
34.98 %
36.24 %
37.49 %
38.75%
40.01 %
>41.26 %
Min: 29.96 %

Max: 42.52 %

Relative humidity
<26.04 %
26.89 %
27.73%
28.58 %
2942 %
30.27 %
31.12%
31.96 %
3281 %
>33.65%
Min: 26.04 %
Max: 34.50 %

Relative humidity
<22.10%
2245%
2281%
23.16%
23.52%
23.87%
24.22%
24.58 %
24.93 %
>2528%
Min: 22.10 %

Max: 25.64 %

Relative humidity
<17.59 %
17.80 %
18.01 %
1821 %
18.42%
18.63 %
18.83 %
19.04 %
19.25%
>19.45%
Min: 17.59 %
Max: 19.66 %
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At 10 a.m.

300.00

1 Pﬁﬁt&& .lr_.a l.r

e va x-

0.00 80.00 160.00 240.00 320.00 400.00 480.00 560.00 640.00 720.00 800.00 880.00 960.00 1040.00 1120.00 1200.00
X (m)

0.00  80.00 160.00 240.00 320.00 400.00 480.00 560.00 640.00 720.00 800.00 880.00 960.00 1040.00 1120.00 1200.00

X (m)

At 12 p.m.
300.00

0.00  80.00 160.00 240.00 320.00 400.00 480.00 560.00 640.00 720.00 800.00 880.00 960.00 1040.00 1120.00 1200.00
X (m)

0.00  80.00 160.00 240.00 320.00 400.00 480.00 560.00 640.00 720.00 800.00 880.00 960.00 1040.00 1120.00 1200.00
X (m)

Relative humidity

<3258%
34.15%
35.71%
37.28%
38.85%
40.42%
41.99 %
4355 %
45.12%
>46.69 %

Min: 32.58 %
Max: 48.26 %

Relative humidity

<2781 %
28.87 %
2993 %
30.99 %
32.05%
33.11%
34.17%
3523%
36.29 %
>3735%

Min: 27.81 %
Max: 38.41 %

Relative humidity

<22.56 %
23.01 %
23.46 %
23.90 %
24.35%
24.80 %
2525%
2570 %
26.15%
>26.60 %

Min: 22.56 %
Max: 27.05 %

Relative humidity

<1579 %
16.09 %
16.40 %
16.71 %
17.02 %
1733 %
17.64 %
17.95 %
18.26 %
>18.57 %

Min: 15.79 %
Max: 18.88 %

Relative humidity

<12.00 %
12.39%
12.77 %
13.16 %
13.54 %
13.92%
14.31 %
14.69 %
15.08 %
>15.46 %

Min: 12.00 %
Max: 15.84 %
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Table 3. Comparing wind speeds between 2023 and 2080

‘Wind speed on June 2, 2023

Wind speed on August 10, 2080

0 10 20 30 40 S50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
X (m)
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X (m)
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At 12 p.m.
e
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L L
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‘Wind speed

<0.00 m/s
0.28 m/s
0.56 m/s
0.85 m/s
113 m/s
1.41 m/s
1.69 m/s
1.98 m/s
226 m/s
>2.54m/s

Min: 0.00 m/s
Max: 2.82 m/s

‘Wind speed

<0.00 m/s
0.28 m/s
0.56 m/s
0.85 m/s
113 m/s
1.41 m/s
1.69 m/s
1.97 m/s
2.25m/s
>2.54m/s

Min: 0.00 m/s
Max: 2.82 m/s

‘Wind speed

<0.00 m/s
0.28 m/s
0.56 m/s
0.84 m/s
112 m/s
1.40 m/s
1.68 m/s
1.96 m/s
2.25m/s
>2.53 m/s

Min: 0.00 m/s
Max: 2.81 m/s

‘Wind speed

<0.00 m/s
0.28 m/s
0.56 m/s
0.84 m/s
111 m/s
1.39 m/s
1.67 m/s
1.95 m/s
223 m/s
>2.51m/s

Min: 0.00 m/s
Max: 2.79 m/s

‘Wind speed

<0.00 m/s
0.28 m/s
0.55 m/s
0.83 m/s
111 m/s
1.38 m/s
1.66 m/s
1.94 m/s
2.22m/s
>2.49 m/s

Min: 0.00 m/s
Max: 2.77 m/s
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‘Wind speed

<0.00 m/s
0.42 m/s
0.84 m/s
1.26 m/s
1.69 m/s
2.1l m/s
2.53m/s
2.95m/s
337m/s
>3.79 m/s

Min: 0.00 m/s
Max: 4.21 m/s

‘Wind speed

<0.00 m/s
0.42 m/s
0.84 m/s
1.27 m/s
1.69 m/s
2.1l m/s
2.53m/s
2.96 m/s
3.38m/s
>3.80 m/s

Min: 0.00 m/s
Max: 4.22 m/s

‘Wind speed

<0.00 m/s
0.42 m/s
0.84 m/s
1.26 m/s
1.68 m/s
2.10 m/s
2.52m/s
2.94 m/s
3.36m/s
>3.78 m/s

Min: 0.00 m/s
Max: 4.20 m/s

‘Wind speed

<0.00 m/s
0.42 m/s
0.84 m/s
1.26 m/s
1.68 m/s
2.10 m/s
2.52m/s
2.94 m/s
3.36m/s
>3.78 m/s

Min: 0.00 m/s
Max: 4.20 m/s

‘Wind speed

<0.00 m/s
0.42 m/s
0.84 m/s
1.26 m/s
1.68 m/s
2.09 m/s
2.51 m/s
293 m/s
3.35m/s
>3.77 m/s

Min: 0.00 m/s
Max: 4.19 m/s
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Table 4. Comparing PMV between 2023 and 2080

PMYV on June 2, 2023

PMV on August 10, 2080

.1 or .u
’ é.f-!.... +

0 10 20 uo »c mo mo qc mc oo _oo :o _No _uo Eo Hmc Hac :o _wo _oo Noo N_o NNc Nuo Nac
X (m)

{ A XY RTA T
.vh. _-I".J.n. Mevy J.f#t ---

ft.:...-ﬁ-. ;.....oh...un

s u%p

000 8000 160.00 240.00 32000 400.00 480.00 560.00 640.00 720.00 800.00 880,00 960.00 104000 112000 120000
X (m)

At 10 a.m.
300.00

250.00 n
200.00 ]

.t.u.\\u (A

150.00 #h.t .—Ivl J.f

_oo.oo
_-_ r_r.fo ﬁ
3000 U | uv- e h
0.00 /PP T PP

0.

X (m)

s :.___.\\ (L |

l ).J.J_

LIASENSAY
_.;,....S.n.,:. R

0.00  80.00 _mo 00 Nbo 00 320.00 »co 00 »wc 00 560.00 640.00 qno 00 800.00 880.00 960.00 _?Soo :Noeo 1200.00
X (m)

At 12 p.m.

300.00

X (m)

384 22,000

-
P .fs‘..l.i.ii

¥ t t t f 1 T 1 ¥ t t T T
0.00  80.00 160.00 240.00 320.00 400.00 480.00 560.00 640.00 720.00 800.00 880.00 960.00 1040.00 1120.00 1200.00
X (m)

160 | Eman A. Saleh, et al.

Green Building & Construction Economics



Air temperature comparison
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Figure 9. Air temperature comparison in 2023 and 2080

Results of relative humidity comparison: As shown in Figure 10, the results show that the relative humidity
percentages are lower at the end of the day, where the percentage at 1 p.m. is 18.77% and 14.17% for 2023 and 2080,
respectively. Meanwhile, the highest percentage lies at 9 a.m. in 2023 and 2080, recording 39.06% and 37.93%,
respectively. The relative humidity shows a lower percentage in 2080 compared with 2023.

Relative humidity comparison

1.00 p.m.
12.00 p.m.

11.00 a.m.

10.00 a.m.

Simulation hours

9.00 a.m.
0.00 % 5.00 % 10.00 % 15.00%  20.00%  25.00 % 30.00 %  35.00%  40.00 %

Relative humidity
=2080 =2023

Figure 10. Relative humidity comparison in 2023 and 2080

Results of wind speed comparisons: As shown in Figure 11, maps show that wind speed decreases at the end
of the day in 2023 and 2080, from 1.45 to 1.39 m/s and from 2.05 to 2.03 m/s, respectively. The highest wind speed in
2023 is at 9 a.m. with 1.45 m/s, but in 2080 it is at 10 a.m. with 2.07 m/s.
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Wind speed comparison
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Figure 11. Wind speed comparison in 2023 and 2080

Results of PMV comparison: As shown in Figure 12, maps show that PMV is relatively low at the beginning of
the day (9 a.m.) in both 2023 and 2080, with 2.66 and 4.97, respectively. Meanwhile, at the end of the day (1 p.m.) in
2023, it started to get lower than at 12 p.m., which is 4.23. However, in 2080, at the end of the simulation hours (1 p.m.),
it started to get higher than the morning hours.

PMYV comparison

=] 1
= |
=]
=
=
E
0 2 4 6 8 10

PMV range

12080 12023

Figure 12. PMV comparison in 2023 and 2080

6.1 Results of the PET comparison

As shown in Figure 13, PET was analysed with the Rayman auxiliary tool to compare the sense of comfort among
pedestrians between the present and future.
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Figure 13. The results of the PET comparison for the years 2023 and 2080

6.2 Results of DesignBuilder’s coupling method comparison

A new template of New Obour City in 2023 and 2080 is created after coupling and choosing the activity template
of a residential block unit with an Egyptian construction brick wall, generic 2.5 mm clear glazing with light-emitting
diode (LED) lighting, and mixed mode ventilation.

Table 5 shows a comparison between scenarios of the chosen years on a typical representative design day, showing
the differences between variable meteorological carbonization and thermal comfort analysis.

Table 5. Comparison between 2023 and 2080 after coupling

Air temperature Relative humidity
Average total simulation hours Average total simulation hours
after coupling at 2080 after coupling at 2080
Average total simulation hours Average total simulation hours
after coupling at 2023 after coupling at 2023

2455 25 25.5 26 26.5 27 0 o 20 30 4 50 60

Average total simulation hours Average total simulation hours Average total simulation hours  Average total simulation hours
after coupling at 2023 after coupling at 2080 after coupling at 2023 after coupling at 2080
= Air temperature 25.39 26.67 = Relative humidity 40.25 52.1
After coupling, the comparison between modified EPW data analysis Relative humidity shows a great difference between 2023 and 2080, with

shows that the average simulation hours of air temperature in 2023 are an 11.85 °C variance.
slightly lower than in 2080 with 1.28 °C.

Wind speed Co,

_ Average total simulation hours
after coupling at 2080
Averaf%e total sli'mulattiztz)nzl;ouxs _ Average total simulation hours
atter coupling a after coupling at 2023

Average total simulation hours
after coupling at 2080

0 05 1 15 2 25 3 35 4 o 5 0 15 20 25
Average total simulation hours Average total simulation hours Average total simulation hours after ~ Average total simulation hours after
after coupling at 2023 after coupling at 2080 coupling at 2023 coupling at 2080
= Wind speed 3.46 2.59 =CO 8.544 20.24
, . .

In 2080, wind speed will be lower than in 2023 after coupling and EPW  In 2080, the CO, concentration will vary by about 11.696 kg compared
modification methods, with a slight difference of 0.87 m/s. to the present, 2023.
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Table 5. Continued

PMV
Average total simulation hours
after coupling at 2080

Average total simulation hours
after coupling at 2023

0 0.2 0.4 0.6 0.8 1 1.2

Average total simulation hours after ~ Average total simulation hours after
coupling at 2023 coupling at 2080
=PMV 0.6 1.06

In 2023, PMV is between neutral and slightly cool. In 2080, PMV will
be between slightly warm and warm.

7. Discussion

The authors chose the typical representative day for the future to be in the year 2080 because future conditions
referring to the climate change scenarios reported by the Intergovernmental Panel on Climate Change were generated
for the years 2020, 2050, and 2080 either by morphing or stochastic methods. Climate change in Egypt will lead to an
increase in air temperature and a recess in the Nile Delta, increasing overall temperature, thermal sensation, and comfort
levels. Accordingly, planners, urban designers, and decision-makers should consider both current and future situations
[30].

Previous studies concluded the microclimatic effects on the urban sites in other cities in Cairo with a numerical
assessment of the present-day conditions and compared them with the years 2020, 2050, and 2080 using the morphing
methodology [31]. However, studies were mainly focused on indoor analysis performance or outdoor simulation only.
That’s why this study highlights the coupling techniques used to merge numerical results for both indoor and outdoor
thermal comfort conditions.

8. Conclusion and recommendations

The study has cast a shadow on one of the emerging artificial intelligence (Al) computer model programmes in
the field of urban microclimate. It is more than enough to represent the designers at the pre-design phase to address
the climate change scenarios in the present and foresee future changes through adaptation to the urban environment by
combining outdoor and indoor usage.

EPW data were utilised to combine ENVI-met microclimatic simulations with DesignBuilder domestic energy
consumption models for the examined cases. This is because no simulation software can do evaluations for both outdoor
and indoor settings with the same tool. This is a collaborative, sustainable strategy that will influence architectural
character, urban identity, and thermal comfort. It also facilitates urban design actions for designers and stakeholders.

Based on the findings, the study recommends including Al numerical evaluations in the early phases of design
to evaluate urban microclimate change scenarios. The early analysis aids in early design decisions, which in turn
improve indoor and outdoor thermal comfort productivity through coupling for the present and future. Climate change
predictions were confined to the end-of-century timeframe of 2080 to 2100. As a result, further research into different
periods is required to have a better understanding of the impact of climate change. Furthermore, another region
simulation in different climatic zone aid in better adaptation expectations.
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