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A BIOCLIMATIC DESIGN APPROACH FOR THE URBAN
OPEN SPACE DESIGN AT BUSINESS PARKS

A. A. OTHMANZ, A. R. ABDIN?, A. A. AMIN? AND A. H. MAHMOUD?

ABSTRACT

Urban open spaces have an essential role in business park design. This is because
urban spaces not only affect the indoor thermal comfort of the surrounding buildings but
also influence the outdoor activities of the users. This paper investigates urlban ope
space design and its influence on outdoor thermal comfort. In this paper, a bioclimatic
design tool is presentdldathas been developed for urban open space design in hot arid
climates. This bioclimatic tool can provide guidance to the design of uiece s
attributes such as urban patterns, geometric parameters, paving materials, and vegetation
percentage. The objective of this paper is to enhance the users' sense of outdoor thermal
comfort. This will be achieved by applying the bioclimatic design tteatl accounts for
the effects of space parameters on the microclimate elements. The proposed bioclimatic
design tool is evaluated based on two existing business parks in Egypt. The simulation
results demonstrate the effectiveness of the proposed tool.

KEYWORDS: Businesspark, Urban open space(GGeometric parametersfaving
materials Outdoorthermal comfort.

1. INTRODUCTION
1.1 OverviewonBusi ness Parksdé Urban Patterns

The economic and administrative centers in cities are classified into four types
[1]: central business districts, technology parks, corporate cities, and business parks. A
central business district is an urban environment that consists of the commercial and
administrativecenter of a city, often referred®dos t he o&6fi nanci al di s
parks consist of offices and laboratories of companies that are involved in science and

technology. Corporate cities are established bgedic industry to act asampuses for
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the industry, including head offiseand exhibitions (e.g., the technical center of General
Motors in Warren, Michigan).

Business parks are urban environment structures established in suburban areas.
There are four types of business parks according to office buildings: 1)10% office
buildings and 90% industrial services, 2) 40% office buildings and 60% industrial
services, 3) 45% office buildings, 45% industrial services and 10% services, and 4) 80%
office buildings and 20% services. The research scope in this paper is the fourth type
[1]. As shown in Fig.lbusinesgparks contain several office buildings, green landscaped
areas, parking, and streetscaping.

Business parks started as a new design concept in 2000, when the office building
first appeared in Egypt, artiey are located away from the crowded capgal The
urban pattern of business parks can be central or linear as shown i FHigure 3
presentsome examples of business park projects locatei af Gctober city and New

Cairo.

Landscape i Strgt-.‘tscupi'ng
Access/Parking

Building Design

-----------------

Longitudinal / Linear pattern Central / Clustered pattern

Fig. 1. Sketch for business park conteftty, Fig. 2.Business park urban pattert

1.2 Impacts of Urban Space Parameters on Microclimate

The urban environment structure features are the urban pattern, building
distribution, open space shape, streets, vegetation, and paving materials. Open urban
spaces have thermal and social functions. Urban spaces affect the indoor thermal
comfort of the surrounding buildings, and alsoafluence the outdoor activities of the
users. One of the elements used in measuring the quality of life in cities is the thermal
balance of open spaces and the usability of these spaces in the outdoor activities of the

userg3]. Urban spaces also have an impactlmamount of consumed energy. It was
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noticed that if the urban space is thermally balanced, energy can be saved up to 30% in

commercial buildings, and 19% in residential buildifjs

I Business parks projects !
- 6th October city | New Cairo B
Smart Village: Pyramids Heights Office Park: | Capital Business Park: Cairo Business Park:
UP: Linear, YOC: 2003 UP: Central, WP I ineachl e
A: 663 acre , FP : 10% YOC: 2000 |~ "-?-‘ p UP: Central /
8 YOC: 2015 ) t
A: 50acre A: 8 acre YOC: 2012 f '
FP : 40% - 409 A: 18 acre
FP: 40% D
NOB:14 NOB:8 FP:25%

NOB:42

UP: Central

s 6 = YOC: 2012
Majarrah Business complex: Twin Tower Corporate A 348 acre
UP: Central office FP: 25%
YOC: 2017 UP: linear NOB:7
A: 4.7 acre YOC: 2017
FP: 40% A: 4.7 acre
NOB:4 FP: 40%
s Business Park Cairo
The Polygon Business Park: Galleria Business Festival:
UP: Central ‘ / 3 park: UP: central and linear,
YOC: 2015 UP: Central YOC: 2016
A: 7.8 acre YOU: 2016 A: 14 acre
FP : 40% A: 4.7 acre FP : 40%
NOB:7 FP: 40% NOB:7
NOB: 3
| UP | Urban pattern | YOC | Year of construction | A I Total Area I FP | Foot print I NOB I Number of office Building

Fig. 3. Examples for business pamk€gypt.

The characteristic parameters of open urban spaces can be classified into three
groups. The first group includes the geometric parameters such as orientation, aspect
ratio H/W, and the sky view fact¢4-6]. Both orientation and aspect ratio H/affect
incoming solar radiation to urban spaces, which in turn impacts the air temperature.
Long-axis orientation of urban spaces controls the exposure of surrounding building
facades to solar radiation and wind velocity in the spptes]. The aspect ratio H/W
of urban spaces impacts the formation of shading areas through the day and the amount
of heat released to the sky at nighttifGe3].

Secondly, the thermal propertiesfofishing materials and surrounding buildings
control the reflectivity, emissivity, and absorption of solar radiation to surrounding air

[9-12]. Surface materials of surrounding building facades affect the reflected solar
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radiation. However, the reflecteddiation is usually higher than the pedestrian level.
Thus it has less impact on the space Us@r3 he reflectivity and observation of paving
materials directly affect the surrounding air temperature, where ousdtigities are
practiced8, 7].

Finally, the percentage of vegetation elements such as grass, shrubs, trees, and
palm, as well as vertical green surfaces (green walls) comprise the third group of
characteristic paramats of open urban spacgs, 10] The amount of vegetation
controls solar radiation reflection and permeability. It also controls the wind direction
and velocity. Table sJummarizessome studies focusing on the impact of open urban

parameters on micrdimate.

Table 1.Impacts of open urban design parameters on the microclimate

Parameter Reference Climate Main findings
[11] Mediterranean  -Thesuitable H/W ratios for courtyard and
. 6,3, 11, square are 0.5, 1.0, and 2.0
H/W ratio 1[2’ 13, 4, Hot arid -The effect of H/W ratio is inversely
15, 16] proportional to solar radiation exposure.
-North-South orientation is preferred with lo
: . : H/W ratio.
Orientation  [6, 9, 7] Hot arid -EastWest facades are exposed to the higt
solar radiation.
Shadin -Shading canopies decrease the daytime
ng [8, 17, 16] Hot arid but sometimes they store heat underneath
canopies o) >
nighttime.
[11] Mediterranean -Natgralso!l is better tha_n paving
materials with low reflection index.
Paving -Paving materials with high solar
materials radiation reflectivity increase Ta and
: [8, 18, 17, ,
properties 19, 20] Hot arid MRT.
’ -Asphalt has &igh absorptivity and
emissivity, which leads to a rise in.Ta
-Increasing tree cover decreases the
daytime Ta by 1.50 C and enhances tt
Vegetation [9, 10, 13, Hot arid outdoor thermatomfort
cover 19] -Grass cover has high absorptivity an

low emissivity, which lead to the lowes
surface temperature.
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2. RESEARCH OBJECTIVES
In this paper, the design of urban spaces of business parks is investigated and its

effect on the microclimate ofthehatr i d cl i mate i s deter mi ne

is to enhance the users' sense of outdoor thermal comfort, by applying the bioclimatic

design tool that studies the effects of space parameters on the microclimate elements.

These space parameters are th@eat ratio H/W, orientation, pavement materials, and

vegetation percentage. Urban space microclimate can be measured through air

temperature (Ta), wind speed (V), relative humidity (RH), and mean radiant temperature

(MRT). The major contributions of th&udy are as follows:

1- The proposed bioclimatic design tool has been developed for urban open space design
in the hot arid climate. This bioclimatic design tool considers the space parameters'
effects on the microclimate elements. Designers can utiisetool in the early
design stage to facilitate the design of urban open spaces that achieve thermal comfort
for space users. Applying this bioclimatic design tool does not require using
environmental assessment software.

2- The proposed bioclimatic desi¢ool is tested based on the evaluation of two existing
business parks in Egypt. First, the thermal performance of the urban spaces of those
business parks was simulated using EMMt V4. Then, new design scenarios were
selected from the tool to improwee outdoor thermal comfoof those business

parks.

3. RESEARCH METHODOLOGY
The research methodology presented in Fig. 4 illustrates the evaluation of the

thermal performance of urban spaces to indicate the optimum urban space design
parameters, by using theoclimatic design tool. This bioclimatic design tool contains

two prototypes for the urban space with various values for the parameters: H/W ratio,
orientation, pavement materials, and vegetation percentage (ground cover). The ground
cover was used in ¢hstudy because we focused on the positive impact of grass cover
on reducing the reflected solar radiation instead of pavement material. The resulting
design scenarios were simulated using Enet version 4 for the summer season in the

hot arid climate. Tie proposed bioclimatic design tool was tested based on two existing
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business park projects on the 6th of October city (30.05 °N, 31.24 °E), located in the
western desert of Egypt

4. SIMULATION TOOL

The simulations of the models were carried out withttiheedimensional model
ENVI-met version 4.0. ENVmet software provided capability, ease, and few data
entries for building any urban environméft. ENVI-met is mainly used for simulating
the impact of the urban space partame on the microclimate and outdoor thermal
comfort[9].

For the models' simulations, they were transformed in the model grid with the
dimensions of 2825%x20 grids representing the real sites for the tested casé&fmbiat
the horizontal level. The analysis simulation was carried out in the summer period on
the hotarid climate. The simulation took place during the working hours of the office
buildings between 07.00 LST and 18.00 LST

| Evaluation of outdoor thermal comfort in different urban
patterns

--’| Bioclimatic Design Tool ‘{

Prototype 01 Urban space parameters : i Prototype 01
(central pattern) H/W: 05, 1.0,1.5,20 48 design scenatios
Orientation :North-south, East-West
Pavement Materials: Concrete tiles,
Granite tiles
Vegetation (ground cover) %: 0, T i::it;y:fa:iﬁm
10,2540 ) ) )

T

Simulation using Use ENVI-met Leonardo toolbox
ENVI-met software L.‘

Analysis within prototype

Prototype 02
(linear pattern)

ENVI-met input Area for modeling )
the different design scenarios E

won

| 8 Effect of urban Effect of pavement
+ E pattern material
ENVI-met Summer period 2
Configuration [ '(7 AM —E6PM) g Effect of HW Effect of vegetation
Files ) o &Orientation percentage

--| Analysis of the selected cases |
I
Example for Example for Evaluation Matrix to identify the
Prototype 01 Prototype 02 optimum pattern to reach

7 outdoor thermal comfort in
y . Base Casel: FRER Base summer
! 0.5,NS.Concrete N\ || Case2:
tiles with Asphalt ( 0.6,NS,Gran
-

Road, 5% ite tiles,25%
i + I
‘ Simulation of microclimate parameters

Results, Conclusion and
Recommendations

¥ v
Suggested new Suggested new
design scenarios for design scenarios for
pmjeTt 1: . project 2:
¥ ¥
Comparison between Base cases and suggested
design scenarios

Fig. 4. Flowchart outlining theasearch methodology.
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The climate of 8 of October city where the two projects are located, according to

K°ppen's climate classification, I's a hot
high solar radiation intensitiesnd average relative humidity of 43% annualljhe
weather data which was used at the simulation was based on 30 years of WMO Station
no. 623660 records at Cairo International Airport. The hottest day, July 1, 2018, was
chosen to represent the summer peridthe climate data were converted into
configuration files by using climate consultant weather data as shown in Table 2.
Table2. Climate data input for simulations with ENVitet forJuly 1,2018
Air
Temp.
31C 38% 2mk 10m/s 0/0/0 Oct.

Relative humidity Wind velocity Wind direction  Cloud cover

5. PROCEDURES
First, the bioclimatic design tool flowchart was presented as shown ib.Rig.

order to get this result, the tool guided the user to choose from a series of selections
depending on each designc e nar i o0 6 s Alliaulation resuttsi thatt were s .
carried out by ENVAmet version 4 were saved in the core of the tool. The numerical

val ues associated with the bioclimatic t
Each scenario varied gnby one parameter per time regarding H/W aspect ratio,
orientation, vegetation percentage and the pavement materials in the two prototypes. For
exampl e, some design parameters were sel
and the output were some aroclimatic indexes that will appear with the selected
scenario.

Second, a simulation for two existing urban spaces at business parks was
conducted to evaluate its thermal performance. Then, the bioclimatic design tool was
used to choose some new desigensecios which can improve these projects’ thermal
performance. The numerical values associated with the existing and new design
parameters are listed in Table 4. Finally, a comparison was done between existing and

new design simulation results as showiriig. 6.
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Tabl e 3. Bi oclimatic tool 6s
Total no of cases 96
Central space (H/W ratio) 0.5,1.0,1.5,2.0
Linear space (H/W ratio) 0.5,1.0,1.5,2.0
Pavement concrete surface Albedo 0.5
Pavement granite surface Albedo 0.8
Vegetationpercentage (Grass) % 0,10,25,40
Orientation North-South, EasiVest

Table 4. Case studyos existing

Design parameters Existing design New design scenarios
Project 1 (H/W ratio) 0.4 1.4 2.0
Project 2 (H/W ratio) 0.6 1.0 2.0
Pavement Albedo Project 1 Asphalt Concrete Concrete
Pavement Albedo Project 2 Granite Granite Granite
Vegetation percentage Project 1 5% 25% 25%
Vegetation percentage Project 2 25% 25% 25%

[ Bioclimatic Design Tool |

*| ]nimt
1

Prototype 1
Central pattem

Urban pattern

Step 2 H/W Ratio

Geometric
parameters

North-south

Orientation

Step 3 Conerete tiles

Step 4

| Analysis of the selected cases ‘

13

Example for Prototype 02
project 02: Capital Business Park

Example for Prototype 01
project 01: Pyramids Heights Office Park

Area analysis

Project 01 Base Case:
HW= 0.5,0Orientation: North-South
Pavement : Concrete tiles with Asphalt

Orientation: North-South,
Road Pavement : Granite tiles,
Vegetation % 5% Vegetation % : 25%

| ! ! !

‘ Simulation for microclimate parameters of the existing design }7

}

tool

Select New design scenarios ‘Selecl New design scenarios ‘

| Output

Case 5

AlEIENNG

Mean wind velocity (V)=0.55 m/s
Mean air temperature( Ta)=28.96
Mean mean radiant temperature
. (MRT)=51.82

Mean UTCI Index=35.7

[ Comparison Show results |

| |

Comparison I;ctween Base cases and New design scenarios
Microclimatic indexes:
Air temperature (Ta)
Relative humidity (RH)
Mean radiant temperature (MRT)
Outdoor thermal comfort index (UTCI)

desig

2
g
E
3
=
m

Fig. 5. Bioclimatic design tool flowchar

Fig. 6.Analysis of the tested cases
flowchart.

desi

and

The first project is Pyramids Heights Office Park, which represents an urban open

space with a central pattern and traditional pavement materials (law reflectance and high

absorption for solar radiation). The sedoproject is Capital Business Park, which
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represents an urban open space with a linear pattern and high reflectance pavement
materials. For each design scenaniatputs are the measured microclimate parameters
which are air temperature (Ta), wind speed, (lative humidity (RH), and mean
radiant temperature (MRT). All measurements are taken at 1.8m inside the open urban
space. The extracted results are used for the universal thermal climate index (UTCI)

calculationsavailable atttp://www.utci.org/utci_doku.php

6. RESULTS AND DISCUSSION
6.1 Bioclimatic Design Tool Simulation Results

The simulation studies and parametric analysis were aimed at a comparative
evaluation of the effects different design parametans have on microclimatic
conditions and on the thermal comfort of pedestrians in outdoor urban spaces. This was
carried out by assessing the effect of each parameter on two prototypes of open urban
spaces, a central and linear pattern. For each protdtgpdy MRT and UTCI values
were calculated. The results were examined separately for each design scenario. In
addition, the area was averaged to provide an overall UTCI value representing each
considered design parameter. The results are listed in Taated6 according to their

effects on the UTCI values.

Table 5Influenceof design parameters on MRT values for basse scenario
compared to the suggested scenarios

MRT( C) Central urban pattern Linear urban pattern
= >
_5 5w S 0 o o) o o) o o) o
s etys ¢ 1 1 ¥ ¢ ¢ @ ¢
5 $s8 = = = = = 2 2 =
5 af § T T T T T T T T
% 0 5557 5251 46.74 4521 54.61 47.11 46.36 44.50
= E 10 54.87 46.70 46.27 45.86 53.63 46.98 45.14 43.86
= @)
(% O 25 5296 47.00 44.98 43.34 52.14 4533 43.98 43.30
% o 0 5426 48.14 46.42 44.66 52.65 47.59 46.47 44.80
< E 10 53.90 46.34 45.93 44.07 51.19 45.01 4498 43.70
o
25 51.22 4588 37.25 41.60 50.57 45.88 44.01 43.02
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Table 5. Influence of design parameters on MRT values for basea@asaio
compared to the suggested scenarios, (Cont.).

MRT( C) Central urban pattern Linear urban pattern
= X
_5 o S o) (@) o) o o) (@) 0 o
— (@] H
T £5 = o — — N o — — N
£ §¢& © I 1 1 1 1 1 1 1
§ $s 8 = = = 2 = = : =
S o o T T T T T T T T
>
% 0O 62.89 53.36 53.00 60.07 53.83 52.28 60.86 60.54
- E 10 58.87 53.11 51.93 59.95 4550 51.25 50.54 60.19
n O
g O 25 5880 5253 51.74 59.49 37.29 50.40 49.04 59.89
% o 0 59.23 60.19 52.65 60.16 58.73 60.44 60.44 60.22
cE 10 54.69 54.01 4840 59.81 56.44 56.71 60.13 60.26
© 25 51.72 5214 34.46 59.27 5591 52.14 51.47 59.74
Table 6 Influenceof design parameters on UTCI values for base
case scenario compared to the suggested scenarios
UTCI ( C) Central urban pattern Linear urban pattern
c = S
S $w S o) (@) To) o o) (@) To) o
Eess ¢ ¢vo¢v ¥ ¢ ¢ o3 9
) Pt cu
§ 358 = = = 2 2 = = =
5 oaf P = T T T T T T T
>
% 0 344 366 324 32 37.70 34.90 35.20 34.90
< % 10 339 345 324 322 3740 3540 35.10 34.40
>
& © 25 327 346 321 318 36.40 3490 34.80 34.00
% @ 0 341 327 323 319 37 356 354 349
Z § 10 34 32.3 32 318 365 348 348 345
© 25 335 322 301 312 365 351 345 337
% 0 361 344 354 377 339 342 369 399
= g 10 353 336 343 376 327 342 344 387
o
%’ O 25 332 332 336 375 31 33.2 338 37
% 0 3530 36.70 342 371 354 382 371 358
Ll

10 34.70 345 331 36.3 35 35.6 37 36.4

Granite

25 33.80 35 304 36.2 349 357 359 376
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6.1.1Effect of urban pattern

It can be noted from the simulation results that using a central pattern leads to
lower Ta values. This is because the central urban pattern has more shading areas from
surrounding buildings as shown in Fig. Decreasing MRT values lead to an
improvementin outdoor thermal comfort, as MRT is more effective on the UTCI index
than the influence of Ti1].

On average, the central pattern is observed to have lower values for T&€)by 1
and UTCI (by 23%C) than the linear pattern, as presented in Figdoreover, higher
wind velocity is observed in the linear pattern. This is due to the wind tunnel effect, in

which air velocity increases with the increase of H/W vaJB8s22].

Measured Ta in the central and linear urban space Measured UTCI in the central and linear urban space

29.40

37.70

29.20
29.00

292
(=
=
=

28.80

MRT (C")

28.60

28.40
2820
28.00

B Central B linear 8 Central BSlinear

Fig. 7. Influence of urban pattern on Ta and UTCI index

6.1.2 Effect of the geometricparameters

In the morning, the aspect ratio H/W is inversely proportional to the mean radiant
temperature due to the shading effgit At night, this relationship is reversed, as
increasing H/W reduces the sky view factor that leads to a decrease in the rate of heat
releasing to the skji2]. For both the central and linearban patterns, doubling the
aspect ratio (from H/W=0.5 to H/W=1.0) reduces the MRT values b§ aitd 3.5,
respectively. These results conform to previous studies that were conducted in different
climateg[3, 23]

In summer-in the hotarid climate, it is recommended to orient the space axis
along the NortkSouth. This is because the NeBbuth orientation provides maximum
protection against direct solar radiatifi¥, 7]. As shown in Fig.8, the EastWest

orientation, the simulation results show high MRT values in all aspect.ratios
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Fig. 8. Comparison between MRT values at N@tuth and EastVest
orientations.

6.1.3 Effect of pavementmaterials

Figure 9 illustrates the influence of pavement materials' albedo on the MRT
values. The higher albedo values keep the surface of the ground cooler, while a high
amount of solar radiation is reflected back to the surrounding surfaces. This reflected
radiation rases the daytime MRT valugz3, 13]

The simulation results show that an increase in the ground albedo from 0.5 to 0.8
raises the MRT value by 2UC. The shading
amount of the idected radiation. Therefore, it is recommended in theahiot climate

over the high albedo materials

Fig. 9. Measured MRT values for concrete and gran
pavement tiles at the centraldaimear pattern
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