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Foreword s

On behalf of the local  organizing committee and the United Arab Emirates University, the
host institution, it is indeed an honor and privilege to share with you the full proceedings of

the OZEMCH 20216 | nt er hedtiniDobaiaUAE fbm ©O¢Etaber 86thc et 28th,
2021.

ZEMCH stands for o0Zero Energy Mass Custom Homed6, a c
a socially, economically, environmentally and humanly sustainable built environment.

ZEMCH pursues its objectives through international industry  -academia collaborative st  udy

tours, international conferences and workshops supported by a solid network of over 900

global partners from academia, industry and government, based in over 45 countries. Since

2012, ZEMCH has organized international conferences and events across the globe. Past

conferences have taken place in Europe, the United States, South America, Asia and

Australia. This was the first time that the ZEMCH conference was held in the Middle East, a

region of fast growth and urbanization under an extreme climate, ma king this an urgent and

intriguing journey towards a sustainable built environment and global climate resilience.

This exceptional networking conference with renowned expert speakers, academicians,
researchers, industry representatives, policymakers and ge neral stakeholders, was designed

to foster discussions on a diverse range of topics. These included topics related to social,
environmental and economic sustainability, mass customization and personalization, as well

as renewable energy and technology. Oth er topics of equal relevance were housing and
prefabrication, building performance evaluation and simulation, user behavior and human -
centered design and, green economy and policies.

The one hundred papers presented at the ZEMCH 2021 International Confere nce span over
a wide spectrum of topics evolving around the design, production, operation and marketing
approaches to the ZEMCH delivery and operation, with showcases of some exemplary
attempts in different climates around the globe. We believe ZEMCH 2021 was an inspiration
to both in -person and online delegates and attendees from a wide array of interests to
initiate collaborations within and across disciplines in the pursuit of a truly sustainable and
healthy society.

All papers included in this proceedi  ng have been peer -reviewed. The editors and the local
organizing committee extend their heartfelt thanks to all authors, reviewers and the scientific
committee for their effort and commitment in the difficult health situation engendered by

the global pande mics.

We cordially invite you to collaborate with the ZEMCH Network, and actively contribute in
shaping the future of our built environment.

Sincerely yours,

Kheira Anissa Tabet Aoul

Conference Chair

(On behalf of the Local Organizing Committee )
ZEMCH 2021 International Conference
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Abstract: Radiant floor heating (RFH) systems offer significant potential for studying and
developing energy flexibility strategies for buildings and their interaction with smart grids. Efficient
design and operation of RFHs require several critical decisions on desgn and control variables to
maintain comfortable thermal conditions in the space and floor surface temperatures within the
recommended range. This paper presents comparison of different control strategies to activate
energy flexibility for zones with RFH systems. The focus of this paper is on the zones with radiant
floor heating systems for which the hydronic pipes are located deep in the concrete and therefore,
there is a significant thermal lag. A perimeter zone test-room equipped with a hydronic radiant floor
system in an environmental chamber is used as a case study. Considering a typical cloudy and cold
winter day, three different control strategies were studied based on controlling the zone air
temperature, floor surface temperature and the operative temperature. Then considering higher
than usual price signals from the grid, the energy flexibility is quantified and compared with each
other for all the different control strategies. The advantages of each control strategy are discussed.

Keywords: Energy Flexibility, Radiant Floor Heating, Low -Order Models

1. Introduction

The increasing global energy demand, the foreseen reduction of available fossil fuels and the
increasing evidence of global warming during the last decades have generated a high interest in
renewable energy sources and integration of renewable energy sources into the power grid is
increasing rapidly worldwide. However, renewable energy sources, such as wind and solar power,
have an intrinsic variability that can seriously affect t he stability of the energy system if they account
for a high percentage of the total generation. The flexibility of building energy demand profiles is
commonly suggested as part of the solution to alleviate some of the upcoming challenges in the future
demand-response energy systems [1]. Knowledge of energy flexibility that buildings can provide is
important for the design of future smart energy systems, smart grids and buildings. The knowledge
is however, not only important for utilities but also for compa nies when developing business cases
for products and services supporting the roll out of smart energy networks. Furthermore, it is
important for policy makers and government entities involved in the shaping of future energy
systems.

Radiant floor heating (RFH) systems are receiving considerable attention due to the multiple
advantages they offer such as improved thermal comfort in buildings. Zones with radiant floor
system that has significant thermal mass provide a great opportunity for energy flexibility and
load/power shifting. Hydronic radiant heating can utilize low temperature renewable energy heat
sources and provide significant flexibility to smart grids by storing energy and shifting heating

DERAKHTENJANI, ATHIENITIS & EICKER 2



demand. The operation of these systems can be optimized byapplying predictive control and further
the energy costs can be reduced by optimizing their interaction with smart grids by utilizing the
flexibility in their demand profiles.
$01 Ul awli Ol RPEDOPUAWEEOWET wEl | DOI E e&ddtuciddd proficE ED OP U a w
or baseline power consumption, or the businessasUUUE OQwWUET OEUDO?» wZ!l ¢ 6 wnOl RPEDOE
as energy kWh (or power kW), the energy/power that can be shifted, increased or decreased in
reaction to an external signal (price signal for example) without scarifying the indoor comfort over a
certain time span. This article is focused on zones with hydronic floor heating systems to evaluate
and compare the potential energy flexibility considering three different control strategie s inthe zone.

2. Building Energy Flexibility Index

A quantitative assessment of the energy flexibility provided by structural thermal energy
storage is essential to large scale deployment of thermal mass as in an active demand response (ADR)
context. The available storage capacity expresses the amount of energy that can be added to the
UCUUEOQOUUI ZzUwUT 1T UGEOwWI O1 UT awUUOUET T wp23$2AWEUUDOT WE wl
stored within a dwelling not only depends upon the thermal properties of the building fabric, but
also on the properties and actual use of the heating and ventilation systems [3]. Four performance
indicators or characteristics for ADR are defined and quantification methods for the ADR potential
of structural thermal storage are presented by Reynders et al. [4] that are mainly focused on the
energy that is reduced/increased over a certain period. The indicators are briefly described here:
available structural energy storage capacity (Caor) is defined as the amount of heat that can be added
to the structural mass of a building for an active demand response (ADR) event without jeopardizing
indoor thermal comfort in a specific time -frame (that is heating above the upper threshold comfort
temperature) which can be quantified as:

IADR

CADR = ﬁ(QADR 'QRer) dt (1)
0

Caor is quantified by the integral of the difference between the heating power during this ADR
event (Qaorb Wh) and the heating power in normal reference operation (Qreb Wb), represented by
the gray area in Figure 1.

| —Reference heating power (QRu/)
ADR —ADR heating power (QADR}

— Reference indoor temperature
—ADR indoor temperature
===ADR setpoint

= -Reference setpoint

Power (W)
/
TemperaturefC) |- - -

N

ADR indoor temperature

Reference indoor temperature

ADR heating powe{Qppe)

N

/ Reference heating powe® )

1 . J Time
t=0 ADR event t=laor 1= letrective

Figure 1. Conceptual representation of the measures used to quantify the available storage capacity
and the storage efficiency [5]

The parameter Caor that is used in this article calculates the building energy flexibility during a
desired period which is the ADR ev ent. The other three parameters include: storage efficiencyGaor),
stage of charge 60C) and power shifting capacity ( Qv) for which the descriptions can be found at [4].
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3. Modelling approach

The modeling approach used for this study is based on the low-order lumped -parameter thermal
network models which have been shown to be practical for control studies and especially model
predictive control [6,7]. In this approach the thermal mass under con sideration (radiant floor concrete
slab) is discretized into a number of control volumes. Each of the discretized control volumes is
represented by a node and considered to be isothermal. Each of the nodes, has a lumped thermal
capacitance connected to itand thermal conductances connecting it to adjacent nodes. Considering
the time interval p and time step | t, the general form of the explicit finite -difference model for the
nodes with a lumped thermal capacitance can be stated as:

Dtd_ LT, T
Ti . :Ti + kb P 2
N ?} a; R; @
where TpoUT x UT UT O0OUwWUOT 1T w0l Ox1 UE U U UT;uehreser@sdeipenatue of WE O w0 D O1 wl
OOET w? N2 wE U uoleul Ud U Oul O ul PG BXQuu E E RifsAHR therdatresiat@ricauO OE T w? D2 Ou
between nodes i and j and Qi is the heat source at node i.

A model with fewer parameters facilitates setting up the initial condi tions which is a key
parameter for control studies [6]. When the details of the construction are not known, a low order
grey box modelling approach is practical and can be developed and calibrated by means of real time
data from the building. The models mu st be accurate enough to provide reliable information but also
flexible enough for quick and computationally efficient decision -making [8,9], especially in reaction
OOwil 01 EVUPE Wl UPEzZUwUT OUOwWOOUPET UwOOwWUT 1T wel EOT T wOi wlOT

An important part of a model for zones with radiant floor heating system is the radiative and
convective heat transfer which are inherently nonlinear processes. However, the respective heat
transfer coefficients are usually linearized so that the system energy balance equatiors can be solved
with linear algebra techniques and represented with a linear thermal network. In the case of radiant
floor heating, this linearization generally introduces less error for the for long -wave radiation heat
transfer (hr) than the convection heat exchange between the radiant floor surface and room air (her)
[10]. For example, in the case of radiant floor heating where usually the floor is hotter than the air
and the heat flow is upward hc is in the order of 3 W/(m 2K) while for a cold floor and warmer air it
is in the order of 1 W/(m 2K). Therefore, usually certain amount of calibration for the convection heat
exchange between the radiant floor and room air is required for a model especially when considering
the low order models.

A well calibrated low -order model can accurately capture the most important thermal d ynamics
of a zone with a radiant floor heating system. This modeling technique was validated through
experiments in a test facility called solar simulator/environmental chamber. The details of the
experiments performed, and the model validation can be foun d at [11].

The validated low -order modelling approach is used in the following section for a similar office
in a multi -story building to study different control strategies based on floor surface temperature, zone
air temperature and operative temperature. The quantified energy flexibility for each case is
compared to each other. The office room considered has an external facade with 50% WWR and
double-glazed low-e windows. The exterior walls have the R-value of RSl 4.5 Figure 2 thermal
network model of the room.
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Figure 2. Thermal network model of the room

4. Modeling results

This section presents the simulation results of controlling different temperatures in the zone and
their respective energy flexibility. The outdoor condit ion is considered as a typical cloudy cold winter
day in Montreal as shown in Figure 3:

Temeprature (°C)

! I I \ ! ! ! \ \ I
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (hours)

| 1 | | 1

Figure 3. Outdoor temperature profile

Figure 4 shows the result for the floor surface temperature control (proportional) for the
reference setpoint of 26°C. it can be observed how the heating load changes during this 48hour
period.
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Figure 4. Reference case for floor surface temperature control

Now O1 Uz UwEUUUOT wOT EVWEwWI PTT 1T UwUT EOWUUUEOQwWxUDPET wubI

| |
8 40 42 44 46 48

during the evening peak demand period which is around 4 to 8 pm. If we lower the surface
temperature setpoint by 2°C (from 26°C to 24°C) during that period, the following change in the
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Figure 5. Downward flexible case for floor surface temperature control

For this 4-hours period, the downward flexibility, Caorp is calculated from equation (1)
equal to 198 Wh/m2. Also with this control strategy, the zone air and operative temperatures stay
within the comfort range as observed in Figure 6.
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Figure 6. Zone air and operative temperatures profiles with surface temperature control strategy

Now for the upward flexibility, if we preheat the slab by increasing the setpoint to 28°C at night
for 3 hours just before the morning peak demand period which is betwe en 6 to 9am (hours 3033 in
the graph), then the heating load and energy consumption will be zero during the peak demand
period as observed in Figure. The upward flexibility for this 3 -hours period is calculated as Caoru=222

Wh/m2.
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Figure 7. Upward flexible case for floor surface temperature control

Now, if we consider the same control for the zone air temperature with the reference setpoint of
22°C, the heating load profile for the reference case is shown inFigure 8:
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Figure 8. Refence casdor air temperature control
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And if the air temperature setpoint is decreased 2°C (to 20°C) during the high price period, then

the heating load is observed in Figure 9.
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Figure 9. Downward flexible case for air temperature control
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In this case,Caor,o for the 4-hour period is equal to 247 Wh/m2, Now considering the preheating
before the morning peak period (6-9am), the heating profile is shown in Figure 10. The upward

flexibility is calculated as Capru=313 Wh/n®.
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Figure 10. Upward flexible case for air temperature control

It is observed that this control strategy based on zone air temperature, also results in longer
hours of zero heating load after the upward flexibility event compared to the floor surface
temperature control.

The operative temperature of a zone is defined as [12]:
= Tair + Tmr
op 2

where Tmr is the mean radiant temperature and Tar is the zone air temperature.

©)

Now for the operative temperature control, Figure 11 shows the heating load profile for the
reference setpoint of 22°C.
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Figure 11 Reference case for the operative temperature contrd
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And for the upward and downward flexible case, the heating load is shown in Figure 12.
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Figure 12 Downward and upward flexible case for the operative temperature control

For the downward flexible case, Caorp =240 Wh/m2 and for the upward flexible case, Caoru=294
Wh/m 2. Table 1sums up the results for different cases and control strategies.

Table 1. Comparison of different control strategies.

Control strategies
Floor surface temp Air temp Operative temp

Downward
Flexibility 198 Wh/m? 247 Wh/m2 240 Wh/m2

(Caor,p0)

Upward
Flexibility 222 Wh/m?2 313 Wh/m? 294 Wh/m?

(Caor,u)

Comparing the three cases, it is observed that for the same reduction or increase of 2°C in the
corresponding setpoint, the air temperature control gives higher Caor and therefore higher energy
flexibility (both upward and downward) compared to floor  surface and operative temperatures
control.

4.1 Effect of increasing the WWR

The effect of increasing the window area of the extrior facade on the energy flexibility is
investigated. The WWR is increased from 50% to 75%.Figure 13 shows the comparison of the two
variations for the reference case of air temperature control.
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Figure 13.Comparison of air temperature control reference case for two WWRs

As expected, there is a noticeable increase in the heating loadNow considering the flexible
setpoint, heating load for the 75% WWR is observed in Figure 14.
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Figure 14. Downward and upward flexibility for the air temperature control and 75% WWR

The downward and upward energy flexibilities for this case are: Caorp=28 Wh/m?2 and
Caoru=182 Wh/ne. Therefore, significant decrease in the energy flexibility is observed.

5. Conclusion

This paper presented a comparative analysis of energy flexibility for different control strategies
for zones with radiant floor heating syste ms with significant thermal mass. It was observed that with
every control strategy, a noticeable amount of energy flexibility is achieved by decreasing or
increasing the control temperature setpoint during or before the high price signal period. It is
observed that the control strategy based on air temperature results in a higher energy flexibility
compared to the floor surface temperature or operative temperature control. This is an important
consideration in the design of control strategies for the zones with radiant floor system where higher
energy flexibility is a major objective.

Temperature (°C)

11 ZEMCH 2021 International Conference | 26 -28 October | Dubai | UAE



Acknowledgments: Technical and financial support from NSERC/Hydro -Quebec Industrial
Research Chair and Canada Excellence Research Chair is greatly acknowledged.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Jensen, S., A.J. Marszal, R. Lollini, W. Paust, K. Armin, P. Engelmann, A. Stafford and G. Reynders (2017).
IEA EBC Annex 67 Energy Flexible Buildings. Energy and Buildings

2. Roel De Coninck, Lieve Helsen. Quantification of flexibility in buildings by cost curve ¢ methodology and
application. Applied Energy(2016), 162, pp: 653%65.

3. Reynders, G., J. Diriken, and D. Saelens. A generic quantification method for the active demandresponse
potential of structural storage in buildings. in 14th International Conference of the International Building
Performance Simulation Associatic2015. Hyderabad, India.

4. Reynders, G., et al., Energy flexible buildings: An evaluation of definitions and quantification
methodologies applied to thermal storage. Energy and Buildings2018.166 p. 372390.

5.  Saberi Derakhtenjani, A. and A.K. Athienitis A frequency domain transfer function methodology for
thermal characterization and design for energy flexibility of zones with radiant systems. Renewable Energy
2020.163 p. 10331045

6. Candanedo, J., V.Dehkordi, and P. Lopez. A control -oriented simplified building modeling strategy. in
IBPSA 2013. Chambery, France

7. Kim, D. and J.E. Braun. Reducedorder building modeling for application to madel -based predictive
control. in Fifth National Conference of IBP SA-USA. 2012. Madison, Winsconsin.

8. Joe, J., et al. Model Predictive Control of a Radiant Floor Cooling System in an Office Space. in International
High -Performance Buildings Conference. 2016. Purdue University, West Lafayette, IN.

9. Candanedo, J., et al. A mthway for the derivation of control -oriented models for radiant floor heating
applications. in esim 2018. 2018. Montreal, Canada

10. Athienitis, A.K. and W. O'Brien, eds. Modelling, design and optimization of net -zero energy buildings.
2015, Wiley Ernst & Schn: Berlin.

11. SEEi Ubw#1 UEOT U1 ONEOPOwW OPOw Ul i 6PUPUOwW OEUI EVUw* wol Y huKE
OT1T w$sOl Ul awnll RPEPOPUawWI OUw9 001 UwbkpPUT w' AaEVUOOPEWIEEDEOUL
https://doi.org/10.3390/en14041195

12. ASHRAE, Standard 55: Thermal Environmental Conditions for Human Occupancy. 2010

© 2021 by the authors. Submitted for possible open access publication under the terms
‘@ @ and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).

DERAKHTENJANI, ATHIENITIS & EICKER 12


https://doi.org/10.3390/en14041195

ZEMCH 2021

8 Zero Energy Mass Custom Home International Conference
26th — 28th October 2021 | Dubai, United Arab Emirates

Life Cycle Energy Analysis of a House in UAE

Abdul Rauf * Daniel Efurosibina Attoye !and Robert Crawford 2

1 United Arab Emirates University, Al Ain, UAE
2 The University of Melbourne, Melbourne, Australia
* Correspondence: a.rauf@uaeu.ac.ae

Abstract: In the United Arab Emirates (UAE) about 70% of total energy produced is consumed by
building sector, and this compares with the global average of about 40%. Energy usage in buildings
has often been discussed from the standpoint of operational energy, mainly used for purposes of
heating or cooling. In recent times the discussion on building energy consumption has also raised
the need for investigating the energy embodied in the construction of buildings and manufacturing
of their constituent materials and components. This reorientation of energy consciousness in the
construction industry is of critical importance in efforts to reduce the environmental impacts of the
built environment. In United Arab Emirates, significant efforts have been made in recent times to
reduce the operational energy consumption; however, embodied energy consumption is nearly
unaddressed. The challenge this paper addresses is the need to review not only the operational
(OPE) energy of a building but also its initial (IEE) and recurrent embodied energy (REE). The aim
of this paper, therefore, is to calculate the energy consumption of a residential building over its life
in UAE, and to identify the significance of embodied energy. A case study residential building in
the UAE was selected as a representative example of governmentbuilt homes for UAE citizens for
the purpose of this investigation. Using an input -output hybrid approach to calculate the energy
required at the time of its construction and REE value calculated over a period of 50 years, the study
compares the IEE, OPE and REE fothe case study to extrapolate comparative data. Results from
this study suggest the importance of including the initial and recurrent embodied energy of
buildings in building life cycle energy analyses, which in this case represented 18% and 17% of the
lif e cycle energy of the building. The anticipated merit of this study to building professionals is an
appreciation and holistic consideration of the life cycle embodied energy of building design towards
promoting a reduction in total building energy consumpt ion.

Keywords: Life Cycle Embodied Energy, Initial Embodied Energy, Recurrent Embodied Energy,
Comparative Analysis, Case Study, United Arab Emirates

1. Introduction

The built environment and building industry account for over 40% of global energy
consumption, 36% of all CO2 emissions[1,2], and 28% of Greenhouse gas emission$3]. The United
States Energy Information Administration (EIA) has predicted that global energy demand will
increase by 50% by 205(Q4]. Buildings in the United Arab Emirates (UAE) consume about 70% the
electricity produced in the country, with almost 70% used for cooling [5,6]. Reflecting on per capita
energy consumption, the weighted average for GCC countries is seven times higher than the global
average|[7].

In recent years, the discourse on building energy consumption has sought a more intricate
assessment of the critical aspect of embodied energy, in the view of total building energy
consumption which has not been studied as much as operational energy. While several studies have
focused on reducing the operational energy, there is a need to adopt a more holistic approach to
assess the impact of energy consumption across the building life cycle[8]. The comparative lack of
research on embodied energy relative to operational energy calls for a comprehensive life cycle
consideration [9]. The call for embodied energy has been presented as a key component towards

13 ZEMCH 2021 International Conference | 26 -28 October | Dubai | UAE



sustainable global energy transition [10]. Studies report that embodied energy may account for 2-38%
for conventional buildings [11] but for low energy buildings this may be as high as 50% [11,12] or
even recently, as high as 60%[13]. In another study, Rauf and Crawford (2013) showed by using a
comprehensive embodied energy calculation method that it can be greater than the life cycle
operational energy and may account for 60% of the total life cycle energy over a 50 year period
building lifespan [14].

As the world shifts towards low -energy buildings, some researchers argue that although less
operating energy may be being achieved through high performing buildings, more building material
is being used in this process[12] leading to a rise in the embodied energy [15]. Unfortunately, the
practicality of calculating embodied energy/CO 2 emissions of the envelope building elements in the
United Arab Emirates (UAE) is difficult due to the absence of certain critical data [16,17] This gap
calls for further investigation which is particularly relevant in the context beca use the tendency is to
simply shift focus on developing high -performing and low operational energy buildings. The current
study is focused on UAE residential buildings where there are far less studies on embodied energy
impact on life cycle building energy consumption. This paper aims to fill the knowledge gap about
the embodied energy consumption of residential buildings in UAE. This paper reports part of the
findings so far as a preliminary report on the on -going investigation. This paper focuses on the
calculation of the total life cycle energy demand, the initial embodied energy, the recurrent embodied
energy, and operational energy for a case study building in the UAE over a 50-year building lifespan .

2. Life Cycle Energy Analysis

The approach used to quantify the energy demand of a building across its lifespan is known as
life cycle energy analysis (LCEA) which has recently been investigated in various residential and non -
residential contexts [8,18,19] The LCEA can be described as a simplified but more focused version of
the life cycle assessment (L@\), concentrating only on the energy dimension across the building life
cycle [20]. It includes both embodied energy and operational energy [21], and closely relates to the
environmental aspects of building impact [22]. The LCEA is thus, the sum of embodied energy and
operational energy of a building. Th e reliability of the calculated results is influenced by
completeness and accuracy of the case study building data and, of the calculation method used for
the analysis [20].
In research and practice, the methods used to evaluate operational energy are well established.
"OPI YT UOWEXxxUOEETT UwUOOw@UEOUDPI awlT 1 wEUDPOEDOT Uz wl OEOE
well -understood [23]. To substantiate this claim, a recent review reported that the reduction of
Ox1 UEUDPDOOEOwI Ol UT awbPOWEUPOEDPOT UWEEQWE E Urgyl usekd@®w b OEUIT EU
to direct and comparative increase in its embodied energy [20]. In specific terms, LCEA focuses on
the evaluation of energy inputs from different phases of the building life cycle and various processes
related to manufacture, construction, operation, maintenance and demolition phase s of the building

[8,20], as shown in Figure 1.

RESOURCES PROCESSING
AW NA T e

Figure 1: Life cycle stages of a building (Adapted from [24])
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2.1 Embodied Energy Of Buildings

Embodied energy is generally described as the energy used directly onsite and offsite during
construction and related processes, as well as indirectly in relation to use of materials and equipment.
While initial embodied energy (IEE) is used in constructio n, recurrent embodied energy (REE) refers
to energy consumed in recurring maintenance, and replacement or repair of building components
[25]. The total embodied energy is a summation of three components: initial, recurrent and demolition
embodied energies[10,15,23,26]

There is insufficient understanding about the significance and method of recurrent embodied
energy calculation [23]. One recent review noted that only 30% of studies in this area clearly explain
the calculation approach [25]. The review further not es that proper evaluation of REE and IEE, as
well as conversion into primary or source energy terms is necessary. In addition, the calculation
method, material database, and system boundary have to be clear, consistent and valid[20,25,27] A
previous study indicates that life cycle embodied energy c an be as high as 60%, and thus, significantly
more than the life cycle operational energy [14]. Other studies report that EE makes up 35% of the
primary energy for advanced retrofit homes [28], and 67% for NZEB compared to 32% for a
conventional construction [29]. These studies suggst that embodied energy for high performing
buildings may be more due to the use of more materials, when compared with standard construction
[12,15]

2.2 Embodied energy assessment methods

In literature, there are specific approaches to conduct the calculation of embodied energy.
Commonly used methods are the process analysis, input-output analysis, and hybrid analysis
[8,25,30] As there are significant differences noted in calculated values across each of these analysis
methods [31], the call for a global standard has been made[25]. This section highlights some of those
variations.

Processanalysis
The procedure for this approach uses data from various processes, products and locations to
evaluate environmental flows and effects based on definite information which define the embodied
energy of a product [8,31], and approximate energy aspects[32]. This approach has also recently been
used to track the sustainability of manufacturing practices [33]. For its limitation, researchers have
EUT Ul EwUOTl EQwUOO0] wWEEUEwWPUwI REOQUET Ewi UOOWOEOUI EEUUUI Uz
calculations, creating an incomplete definition of the system boundary [8,25,31,34] Consequently,
missing or lack of detailed data of some of the production processes as well as the attedant
complexities which inherent in upstream supply chains can impinge the reliability and specificity of
this approach [8,25]. Some researchers have suggested that this approach can be used in life cycle
EUUI UUOT OUUw OOwEDDET UUDOUREBIEIQE uFUBJOEPEUI Ewl OYDUOOOI
valuation. However, Fan et al. [35] asserts that process analysis is a timeconsuming approach, made
up of countless steps, leading to selection of only major inputs; and thus, it is subject to truncation
errors plus uncertainties in defining its system boundaries [34,36]

Input -output analysis
3T PUWEXxxUOEET wlUOUIl UwEwi OUOwWOT w?EUEOQWUUEEODOT wUauuUl «
monetary flows/transactions within an entire supply chain [31,32]making it systematically complete
[23]. By comparing and collating entire national economy data on energy between sectors, Baird et
al. asserts that this is a significant advantage of this approach but also suggestsiat this may lead to
EwxUOY] UEPEOQW?EOEEQWEOR? w31 DUwWPUWEUT wOOwWUT 1 wOPUOEUET
[32]. In a recent review, Malik et al argued that this approach provides an alternative technique to
LCA as it enumerates various supply chain impacts and avoids tedious data collection [37]. Other
EUUT OUUOwWI EYT wi OP1 YI UwUUEUT EwUT EQwOT OUT T wlOT 1 WExxUOEE"
has three negative effects relding to the data and the results [14,25,38] These are uncertain
homogeneity, proportionality, and inadequate considerations of the economies of scale.
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Consequently, Dixit argues that the IO model may lead to double counting of energy inputs, making
the results questionable and unreliable [25].

Hybrid analysis

The unique constitution of this approach is that it seeks to adapt the advantage of previous
analysis methods into one calculation approach [39], in a way that addresses their limitations [40].
This approach is the most comprehensive techrique in computing life cycle inventories [31,41] This
assertion argues that it allows for the combination of bottom -up industrial process data and top -
down macroeconomic input -output data. There are two variations of this approach, either a process
based hybrid analysis (PBHA), or an input -output -based hybrid analysis (IOBHA) . In general, the
processbased hybrid analysis as an approach, focuses on the quantification of individual products
delivered in addition to energy i ntensities extrapolated using the input -output analysis [34,42] This
second component is mathematically computed for each material by adding process data results of
OT1T wl Ol UT awUl gUPUT EwOOwWxUOEUETl wbUOwWUOwW?2UIT 1 wepi i1 Ul OE
output path of thebaUD E wOE Ul UPEOOQWEDBOEwWUT 1 OwbUOUPx0apOi4ipUOwEa wUl

On the other hand, the input -output -based hybrid analysis is used to solve the limitation of the
process analysis/processbased hybrid analysis [43]. Recently, it was suggested that though this
approach applies an integrated system boundary its input -output data is liable to be outdated or miss
new product data [30]. Other authors [41,44], have asserted that the lack of a database may tnit the
accuracy of an embodied energy calculation even in an input-output hybrid analysis. However, other
authors [8,31], argue that embodied energy calculations using this approach combines several steps
such as energy data aggregated from process analysis,with system boundary completeness
improved by hybrid material energy intensity figures and input -output data. In addition, the
approach makes use of integrated process and inputoutput data at the material level to create a
define hybrid material energy col | | PEBI. OO0 U~ w

3. Research method

In order to quantify the total life cycle energy demand, the initial embodied energy, and the
recurrent embodied energy were calculated for a case study of 5bedroom villa in the UAE. The
period of analysis chosen for this study was 50 years based on the assumption that a building in the
UAE will be used for this period. It is also assumed that at the end of this period, th e building would
be at the end of its useful life and ready for demolition. Based on referenced literature in Section 2,
the selected approach for calculating the embodied energy for the current investigation was the
input -output hybrid approach. Also, sec ondary data from previous studies was used to approximate
the operational energy of the building and the calculation of the life cycle energy of the building.

There are few comparatively related investigations with a robust material database reference in
the UAE on embodied energy which define the system boundaries, embodied energy coefficients and
intensities needed for this investigation. Due to the absence of a comprehensive energy intensity data
for different building materials and components used in ¢ onstruction industry in UAE, the EPIC
database compiled by University of Melbourne, Australia [45], was used in this study to calculate
embodied energy.

3.1 Case study building

A two -storey 5-bedroom villa located in Al Ain with a total floor area of 532m 2was used as the
case study for this analysis (Fig.2). The house is constructed using conventional materials and
construction systems including a concrete slab floor, hollow block walls, and plaster. Wall finishes
include ceramic tiles, oil and acrylic pai nt, the ceiling was made of plasterboard and floors covered
with ceramic tiles. The windows are double -glazed and aluminum -framed, and doors and their
frames were made of teak wood. A full material schedule was received from the firm that designed
the building and was used for the EE calculations. A few assumptions were made to clarify the
parameters for calculations, these included:
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1. The building was constructed with no specific green rating system requirements.

2. Standard dimensions were used for component specifications where the material schedule
did not give explicit information. For example, the thickness of doors and glazing.

3. The replacement period/service life of the materials used in the EE calculations are based on
Rauf (2015), and generalconstruction and residency experience in the UAE.
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Figure 2: Case study building

3.2 Initial Embodied Energy

Using the IOBHA approach, the embodied energy of the case study building was calculated by
multiplying the delivered quantities of each material by the embodied energy coefficient of the
respective material which was obtained from the EPIC database. The resultant figure gives the
processbased hybrid embodied energy of the house. In the next step, the energy embodied in non-
material inputs was calculated to complete the system boundary and the value was added to the
processbased hybrid embodied energy EE value. This remaindert for non-material inputs, was
calculated with the use of a disaggregated energy-based input-output model. A detailed description
about the use of input-output -based hybrid analysis to calculate the initial embodied energy of the
casestudy house is available in [8].

3.3Recurrentembodied energy

To calculate the recurrent embodied energy two values are of critical importance; firstly, the
material service life (MSL) i.e. the number of years a specific material would be used before it needs
to be replaced by a new one. For this, a literature review was conducted on the service life values for
different materials and components. Average service life values from the available literature were
used for this study. Assumptions were made where the service life value of any material or
component was not available. Secondly, a period of analysis which approxim ates the lifespan of the
building. Based on the average service life of residential buildings in available literature, a building
service life of 50 years was used for this study, which the structure will be demolished. These two
values will determine how many times a material or component will be replaced over the lifetime of
house.

The recurrent embodied energy of the house was calculated as per the initial embodied energy
of the house. The delivered material quantities associated with each replacement were multiplied by
the respective material embodied energy coefficients. These values included the direct and indirect
energy associated with the manufacture of materials. To complete the system boundary, the non-
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material inputs or remainder associated with materials being replaced, were then calculated as per
the initial embodied energy calculation. The energy embodied in each material was then multiplied
by the number of replacements for that material over the life of the house and summed to determine
the total recurrent embodied energy associated with the house. A detailed description about the use
of input -output -based hybrid analysis to calculate the recurrent embodied energy of the case study
house is available in[8].

3.4 Operational energy

To compute the total life cycle energy (LCE), the operational energy (OPE) needed for heating,
cooling, and running of household appliances was approximated. Electricity consumption was
determined based on secondary data available in literature for UAE [46t49]. This electricity
consumption data from these sources was aggregated, and average gas consumption for cooking for
an average family size suitable for this villa was added to calculate the operational energy
requirements.

4. Results and Discussion

In this section three specific results are presented and discussed. Firstly, the life cycle embodied
energy (including initial and recurrent embodied energy) results, the operational energy
approximations, and the total life cycle energy of the case study building, indicating the IEE, REE and
OPE values for 50 years life span. This is followed by a discussion on the importance of these results
in the context of the UAE. Secondly, the framework for a comparative analysis with previous studies
in other contexts is presented.

5.1 Embodied Energy

The embodied energy calculated using IOBHA for the initial construction of the case study
house was found to be 7605.68GJ (14.3GJ/f In terms of initial embodied energy value per square
meter, this case study house(14.3GJ/n%) has relatively high embodied energy when compared to
other studies using the same assessment method (11.7GJ/m50]; 13.GJ/n% in a study by [8]). One
reason for this relatively high value may be due to the use of more high energy intensity materials,
such as useof concrete for roof construction and concrete blocks for walls. When compared to the
embodied energy results in the studies using other analysis methods (e.g. 2.86 GJ/rhand 5.09 GJ/n}
for two buildings using process analysis [51]), this study has shown significantly high embodied
energy demand. This is due to the much broader and complete system boundary for the input output -
based hybrid analysis approach.

The recurrent embodied energy was calculated over the 50 years life span and was found to be
6894 GJ (12.96GJ/Ah The life cycle embodied energy (LCEE) was thus, 14,908 GJ (28 GJAn Taking
a closer look atLCEE, Figure 4 shows that the recurrent embodied energy made up 48% of the LCEE,
while the initial embodied energy was 52% of the LCEE after 50 years. This suggests that REE would
play a greater role as the building life extends and thus, the IEE would become comparatively less.
As suggested in literature [8,14,25] multiple factors such as the material service life and building
service life will play a significant role in defining the differences with respect to time.

Initial Embodied
0,
52% o Energy (IEE)

M Recurrent Embodied
Energy (REE)

Figure 3: Proportion of initial and recurrent embodied energy for the case study building
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5.2 Operational Energy

Basedon secondary data found in literature [46%49], the average operational energy for villas in
the UAE was calculated and found to be 273.36kWh/m2/yr. Annual energy consumption for the case
study villa, with the total areaof 532ne is thus, 145432.84kWh/yr.which is equivalent to 523.56GJ/yr
(0.9841GJ/rdlyr). For the 50-year period, this value risesto 26177.91GJ49.2GJ/n?%). Operational
energy was found to constitute 64% of the life cycle energy of the house over a period of 50 years.
This shows the importance of the operational energy in efforts to reduce energy consumption by
residential buildings.

5.3 Life Cycle Energy

The life cycle energy computed over 50 years was calculated as a sum of the initial, recurrent,
operational and demolition energies. The Demolition Embodied Energy (DEE) was calculated at 1%
of the life cycle energy demand [52]. Thus, the LCE calculated was 41,086 GJ (77.3 GJAn Figure 4
shows acomparison of the LCEE and OPE for the case study.

Life Cycle Energy
1%
Initial Embodied Energy (IEE)

18%
H Recurrent Embodied Energy (REE)

64% Operational Energy (OPE)

m Demolition Embodied Energy (REE)

Figure 4: Life cycle energy of the case study building over 50 years

The figure shows that the total embodied energy was 36% of the life cycle energy, of which 18%
was initial and 17% was recurrent embodied energy; while operational energy was 64% of the life
cycle energy. In general, the results show that the embodied enegy, which is often neglected in
design and energy research considerations, makes a significant contribution (35%) to the total energy
consumed by the building during its lifespan. Results from this study also suggest the importance of
including the recurre nt embodied energy in building life cycle energy analyses, which various of
previous studies ignore in a life cycle analysis [23].

The life cycle embodied energy results present certain other considerations. Firstly, the LCEE is
about 57% of the OPE, which a percentage that is too significant to be ignored in the building design,
material specification. Operational energy requ irement for a building on the other hand is expected
to reduce with installation of more energy efficient energy systems and appliances in future. It is also
important to note that efforts to reduce the operational energy demand of buildings are also focus ing
on using more materials to improve the thermal performance of building envelop. As a considerable
amount of energy can be used in the manufacture of these building materials, this can result in an
increase in embodied energy. This shows the importance of ensuring that energy demands are not
inadvertently shifted from one area (i.e. operational) to another (i.e. embodied). The UAE also aims
to increase the contribution of clean energy sources in the total capacity mix to 50% by 2050, as
compared to 98% d its electricity in 2018 using natural gas-fired generation [53]. This shift towards
clean energy will help further reduce the GHG emissions associated with operational energy
consumption by a building. As a result, importance of embodied energy will increase further, as
mining and manufacturing processes for materials production are expected to rely mainly on fossil
fuels for a much longer time.
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5.4 Comparative insightand future research

This section compares embodied energy values from different studies to present certain insights.
Currently, our review shows that some authors who have evaluated LCEE have arrived at different
percentages. Considering the context and building type as subjective variables, the interest in this
section is the proportional comparison for each case as a basis for suggesting further research
pathway for a detailed review. Table 1 shows a few studies on embodied energy calculations,
conducted in different locations, using the same analysis method (input -output based hybrid
analysis) with similar building service life.

Table 1: Comparison of LCEE and OPE

Reference Country/ Building Building Life LCEE OPEE
Region type
| Current Study UAE Residential 50 36% 64% |
[18] UK Office 60 10% 90%
[19] Norway Residential 60 50.7% 49.3%
[29] Italy Office 50 67% 33%
[14] Australia Residential 50 59% 41%

In terms of life cycle embodied energy proportion compared to life cycle operational energy,
36% embodied energy is lower than other studies which has used same embodied energy calculation
method. Main reason for this relatively low proportion of embodied energy is due to the high
operational energy demand to cool the buildings in long summer with extremely high temperatures
in UAE. Other reasons include the difference between the scope and location of these studies,
selection of materials and their service lives used as compared to this study. Improved access to
processbased embodied energy data will help to minimize the errors inherent in current hybrid
embodied energy data and assessments. However, authors believe that findings of this study can be
appli ed to the residential buildings of same type in similar climatic conditions.

5.5 Limitations

A significant limitation faced during this study was the absence of UAE energy intensity data
for various building materials and components; such complexities associated with EE calculations
have been noted in literature [16,17] To ensure a standardized approach in the estimation and
comparison of the current study with existing studies, the EPIC databa se for materials and building
component was used.

Another limitation this study faced was the absence or lack of localized service life data for
different materials used in the construction of case study house. Due to the unavailability of such
data from UAE, a literature review was conducted to find the service life values of different materials
and components around the world. These values were then adjusted to reflect the local conditions
and used to calculate the recurrent embodied energy.

In this study, operational energy of the case study building was considered to be unchanged
over the life of building. However, in reality, it is expected that operational energy will reduce due
to the more energy efficient energy systems and appliances in future as well as a change in energy
mix in UAE.

6. Conclusions

This study has focused on the calculation of the life cycle embodied energy for a case study
building in the UAE. A comprehensive input -output based hybrid analysis method was used for
embodied energy calculations. This study has shown the significance of both the energy required to
initially construct a building and the recurrent embodied energy associated with the maintenance
and replacement of materials over its life. The total embodied energy calculated was found to be 36%
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of the life cycle energy over a building lifespan of 50 years. The initial and recurrent embodied energy
were found to constitute 52% and 48% of the life cycle embodied energy. The considerations of the
impact on the total life cycle energy of the building from the embodied energy components tinitial,
recurrent and demolition which the study presents is part of a larger study to evaluate its importance
in the UAE context. Further research is on-going to explore other parameters and factors which may
influence the current findings in an effort to reduce the life cycle energy demand of the buildings.

Funding: This research is funded by a startup research grant provided by United Arab Emirates
University (UAEU).
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Abstract: Building orientation is a term mainly used to describe the direction a building faces in

Ul OEUDOOwU0OwUl EUOOEOWYEUPEUDPOOUwWDPOwWUT 1 wedhni€ey Uw x EUT &

documents have discussed the significance of building orientation and related impacts on building
energy consumption, very few have estimated the actual electricity cost savings or losses involved.
61 EOUZUwOOUI OWEWET UEDOI dthjestls Ydardd irpubishad GtdidiuEea TleOntin
objective of this study was to comprehensively investigate the effect of building orientation on
building energy consumption in terms of energy savings or losses towards space heating and
cooling. Dynami ¢ building energy analysis was carried out using EnergyPlus based on ASHRAE
90.1-2016 operational schedules for stereotypical office building, considering selected climates in
both northern and southern hemispheres. In all, 32 scenarios were investigated.Results showed that
building orientation has a significant effect on the ultimate total building energy consumption,
translating to building energy losses of about 4600-58000 kWh/yr and increased electricity costs of
10037000 USD/yr for the locations conddered. Finally, some noteworthy limitations of the study
were duly reported.

Keywords: Building orientation ; Building energy ; Electricity costs; EnergyPlus; Parametric study.

1. Introduction

Energy used in buildings (for space heating, cooling, lighting, etc) represent a significant quota
of the overall final energy in many countries. Although topics such as renewable energy generation
and integration, sustainable and passive building designs and systems, environmentally friendly and
green building materi als, artificial intelligence solutions and automated control systems, among
others, have become key global subjects being tackled by various research institutions, their proper
adoption into everyday buildings remains to be somewhat realized on a monumenta | scale. For
instance, according to the IEA, direct and indirect emissions from electricity and commercial heat
used in buildings rose to 10 GtCO2 in 2019, the highest level ever recorded[1]. Factors contributing
to this rise included growing energy demand for heating and cooling with rising air -conditioner
ownership and extreme weather events. Further, it was reported that enormous emissions reduction
potential remain ed untapped due to the continued use of fossil fuel -based assets, dack of effective
energy-efficiency policies and insufficient investment in sustainable buildings. Whi | e it
clich®, it boatswolsk that mastepeople spendi90 % of their daily lives indoors [2-4];
which implies dependence on electro-mechanical systems to provide a comfortable and healthy

011

seems

indoor climate. Nevertheless, Smith and Timberlake [5] EOOEOUE]I Ew Ul ECWwEwWEUDPOEDOI

characteristics dominates other sections of a bulding system (site, structure, services, and space) with
regards to long-term effect on energy used during building operations. Therefore, it is reasonable to
focus on efficient building skin design and construction. Numerous researchers have investigated
various aspects of building envelope [6-13]. Surprisingly, studies focused on the impact of building
orientation, relative to the true north or solar azimuth, and its resultant effect on building en ergy
consumption are scarce in open literature. Albatayneh et al. [14] investigated effect of building
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orientation and wind spee d and direction on the overall thermal performance of a mockup building
unit, based on the climate of Newcastle, Australia. It was concluded that correct orientation is a low -
EOUOwWOxUPOOWUOwWPOxUOYT WOEEUXxEOQOUzZUwUT 1 g énergu@@di OUUwEOD
studies examined the effect of building shape, zones, orientation, and window to wall ratio (WWR)
on lighting energy requirement and thermal comfort in naturally ventilated houses located in tropical
climate [15]. Nonetheless in theaforementioned studies, energy and thermal implications of building
orientation were discussed in terms of percentage energy gains and los®s The implications of energy
gains or losses in terms of how the actual energy-costreflectsin the daily life of a building user were
not evaluated. Besides, the outcomes 6 the studies are relevant within the scope of the climates
considered. Given lack of literature on the effect of building orientation on building energy, this
parametric study was designed and conducted. The main aim of this study is to examine the effect
of building orientation on building energy consumption in terms of energy savings or losses towards
space heating and cooling, and lighting. As well as scrutinize the electricity cost implications
involved. A robust building modeling and simulation procedure based on a large open office
building was used.

2. M ethodology

Building modeling and simulation approach was used for this study. Based on a reference
building, and considering building orientations of south, west, north, and east, building energy
simulations were carried out for eight selected locations (4 in northern hemisphere and 4 in southern
hemisphere) across the globe.Further details and specifications of the procedure used are explained
in the following paragraphs.

2.1. Reference building description

For this study, a representative 10-story (above ground) open office building was used as a
reference building. The total conditioned floor area and floor height of building were 6680m 2 and
3.5m, respectively. The U-values for the external wall and roof of the reference building are 0.25
W/m2K and 0.15 W/mK respectively. The window -to-wall ratio is 70% for south facade and 30% for
east and west facades. The window type is 13 mm argon filled double glazed with solar heat gain
coefficient (SHGC) of 0.49, light transmittance (LT) of 0.51, and overall U-value of 2.5 W/m2K. All
external surfaces of the building are exposed to lar radiation. Figure 1 represents a 3D view of the
reference building showing the sun path on a typical summer (i.e., 15th July in the northern
hemisphere) and casted shadows on the facade at 9am. The components and thermophysical
properties of the external wall and roofing components are listed in Table 1.

Figure 1. Model of reference building
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Table 1. Material layers and thermophysical properties of reference building model

Description Material Thickness  Thermal conductivity Density Specific heat
(m) W/(mK) Kg/m3 J/(kgK)
External wall
Outer layer Brickwork 0.105 0.84 1700 800
Layer 2 XPS 0.118 0.34 35 1400
Layer 3 Concrete 0.1 0.51 1400 1000
Inner layer Gypsgm 0.013 0.40 1000 1000
plastering
Roof
Outer layer Asphalt 0.019 0.70 2100 1000
Layer 2 Fiberboard 0.013 0.06 300 1000
Layer 3 XPS 0.205 0.034 35 1400
Inner layer Concrete 0.1 0.38 1200 1000

2.2. Modeling procedure, operaions and schedules

Building modeling and simulation analysis technique was adopted for this study using
$01 UT a/ OUUwpPYSINBKASwWw( Ows Ol UT a/ OUUOWEWEUDPOEDOT zUwUDU
relative to north axis. Thus, to rotate a building, the north axis object allows user specified inputs
relative to true north, and this techniqu e was employed to examine the effect of building orientations
(south-0°, west-90°, north-180°, and east27() for each selected location An Ideal Load Air System
(ILAS) heating ventilation and air conditioning (HVAC) system was modeled to compute space
heating and cooling loads. This component is an ideal unit that mixes air at the zone exhaust
condition with a specified amount of outdoor air and then adds or removes heat and moisture in
order to produce a supply air stream at the specified conditions [16]. The HVAC system was
controlled by a thermostat based on the dry bulb temperature of the zones. Operational schedules
and inputs of ASHRAE Standard 90.14 2016 were used. The building activity type was defined as
office which resulted in default occupancy density of 18.58 m2 zone floor area per person, light
intensity of 8.50 W/m2, and infiltration rate of 0.00056 (m3/sec.n?) per exterior surface area. Zone
thermostat set points were 24°C, reset to 26.7°C during offhours for cooling, and 21°C, reset to 15.6°C
during off -hours for heating. For this parametric study, typical meteorological year data in
EnergyPlus Weather (EPW) format for eight selected locations (4 in northern hemisphere and 4 in
southern hemisphere) were used. The general descriptions of the selected locations are summarized
in Table 2. Additionally, global horizontal radiation and outdoor air temperature profi les for the
respective climates are depicted in Figure 2. In all 32 scenarios werescrutinized.

Table 2. General description for selected climates

. Geographic Koppen Elevation Weather
Location ) .
hemisphere climate type  above sealevel data source
Rio de Janeiro, Brazil Southern Aw 3m SWERA
Johannespurg, South Southern Cfa 1694m T™MY
Africa
Jakarta, Indonesia Southern Af 8m TMY
Canberra, Australia Southern Cfa/Dfa 575m T™MY
Incheon, South Korea Northern Dfa 70m TMY?2
Abu Dhabi, UAE Northern BWh 27m TMY
Chicago, USA Northern Csb 2m TMY3
London, UK Northern Cfa/Dfa 25m T™MY
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Figure 2. Solar radiation and outdoor temperature profiles
3. Results and discussion

3.1. Daylighting environment

llluminance maps showing daylit areas for the sixth floor of the building are shown in Figure 3,
considering the climate scenario of London. For all the building orientations, daylight factors ranged
from 0.2 to less than 17, corresponding to illuminance in the range of about 20-1700 lux. Nonetheless,
areas towards the core of the floor, away from windows, received very little dayligh t, and thus will
rely on electrical lighting systems to meet required lighting levels.

s

AT, | . SIS A i o
(a) South
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(b) West;
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(c) North
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(d) East

Figure 3. Daylight illuminance maps

3.2. Building energy consumption (heating and cooling)

The total building energy use (heating, cooling, and lighting) for the selected locations according
to building orientation are reported in Table 3. Worth mentioning that there was no space heating
loads for Rio de Janeiro, Jakarta, and Abu Dhabi scenarios Generally, for locations in the northern
hemisphere, the lowest total building energy use was for south orientation while the highest annual
building energy use was oriented towards the east, except for Incheon which was west. Conversely,
the lowest total building energy use was north orientation for buildings located in the southern
hemisphere. For the same hemisphere, similar results showed that the highest building energy was
for buildings oriented towards east. The difference between the maximum and m inimum building
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energy consumption on the basis of building orientation, and its related energy-cost implications for
the various scenarios were computed and displayed in Table 4.

Table 3. Total annual building energy use according to building orientation  (kWh).

Location/orientation South West North East
Northern hemisphere
Chicago 916801.34 940278.22 931960.88 950102.42
London 523163.9 527305.01 525292.46 527785.55
Abu Dhabi 1226570 1256904 1249389 1257432
Incheon 854247.07 864104.43 856257.38 863066.73
Southern hemisphere
Canberra 373160.3 386295.7 372950.8 389336.9
Johannesburg 267657.2 285853.5 265131.4 290079.3
Rio de Janeiro 1386831 1392396 1354983 1413274
Jakarta 1675871 1693668 1671155 1693865

Table 4. Building energy use variance and related energy-cost computations.

Difference (max -min Average cost of Energy-cost (energy
energy use per electricity, difference x cost of
Location orientation) USD/kWh electricity)
Northern hemisphere
Chicago 33301.1 0.094 3130.30
London 4621.65 0.237 1095.33
Abu Dhabi 30862 0.12 3086.20
Incheon 9857.36 0.108 1064.59
Southern hemisphere
Canberra 16386.1 0.13¢ 222851
Johannesburg 24947.9 0.07& 1896.04
Rio de Janeiro 58291 0.12 6994.92
Jakarta 22710 0.072 1635.12

1 EIA electric power monthly [17]2 Global petrol prices [18]

The maximum energy-cost difference to the tune of almost 7000 USD was estimated for the case
of Rio de Janeiro. For the said case, this implies that the building oriented towards the north saves
energy which is equivalent to about 7000 USD in money terms. Not to mention the added benefits of
reduced emissions due to energy savings. The building oriented towards the east in turn uses 58291
kWh energy towards space conditioning and lighting, more than the former building. Largely, a
higher cost of electricity per kwh will translate into a wider energy -cost gap. Nonetheless the major
contributing factor for the ultimate building energy consumption is determined principally by the
EUPOEDPOT zUwOPOwWUxI1 EPI PEEUPOOUOWUDPUI OWEOEwWOUDI OUEUDPOOD

4. Limitati ons

The focus of this study was to principally investigate the implications of building orientation
and its effect on building energy, and how that affects building operation costs. Thus, based on the
same reference building model, 32 scenarios were scruthized. The scenarios did not consider
optimization solutions targeting various aspects of the building. The focus was mainly on the
building orientation. Also, to generalize and promote comparison of results, irrespective of location,
ASHRAE 90.1-2016 schelules were adopted for all the cases. Although realistically, eachcase may
have slightly different schedules for occupancy. However, for the purpose of this study, these
limitations do not affect the outcomes reported. Lastly, this parametric study focuse d solely on office
buildings, to efficiently analyze the huge data produced. In future studies, residential buildings could
be scrutinized with a similar approach as well.
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5. Conclusions

Due to tangible reasons such as land and space constraints, expensi costs of land, inadequate
urban planning, perhaps lack of awareness, among others, a large portion of commercial and
residential buildings are orientated in all cardinal directions. Motivated to find out the actual energy -
cost implications of building orientation, this study employed a detailed building modeling and
simulation approach to investigate the building energy and related operational cost implication for a
large office building (floor area > 6000m?) considering locations in both southern (Rio de Janeiro,
Brazil; Jakarta, Indonesia; Canberra, Australia; and Johannesburg, South Africa) and northern
(Chicago, USA; London, UK; Incheon, Republic of Korea; and Abu Dhabi, UAE) hemispheres, while
assessing south, west, east, and north building orientations for each location. Results showed that the
effect of building orientation on the resultant building energy consumption cannot be marginalized.
For all locations and orientations considered, the annual energy required for space conditioning and
electrical lighting increased by about 1-10% when the best case was compared to the worst case. In
terms of energy, this percentage difference was about4600-58000 kWh/yr and associated electricity
costs of 10007000 USD/yr were estimated based on electricity prices. Generally, south and north
building orientation for locations in the northern and southern hemispheres showed the lowest
building energy use, respectively. This agrees well with well -known theories in favor of passive solar
design strategies. Studies cmcerning buildings for other purposes, other than office purpose is
essential as well and will be conducted in the future.
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Abstract: Passive design strategies can reduce heating and cooling demands with integration of

more efficient building systems as well as the potential to integrate modular off -site construction

technology and its technical systems to offset overall energy consumption. This paper presents an

analysis of the development of modular building design elements to improve thermal performance

of a basecase high rise residential development before different retrofitting scenarios are

UGEI UUEOI OwlUOwbOx UPOWDIUd weUll U [wEWEOEDI Ol E @Ewn @1 1T wOEEUx EOUL
the coastline city of Famagusta, Cyprus. This study adopts a quantitative research design primarily

using multi -objective optimisation and the energy simulation of a base-case prototype building in

both extreme seasons (summer and winter). The selected representative highrise residential

EI YI OOxO1 OUwPUWOOET 001 EwUUDPOT w( OUT TUEUI Ews dmPUOO
software where extensive dynamic thermal simulations have been produced to assess existing
energy performance and energy effectiveness of retrofitting strategies. The representative
apartment units were modelled using dominant representative energy profiles, and in all cases the
preliminary results demonstrated that the physica | properties of the building led to high levels of
discomfort as well as higher than average heating and cooling loads. The results demonstrated that

in the non-retrofitted case, the cooling and heating comprised the biggest part (67%) of the total

energy consumption, helping with the second phase of the study, which is investigation of effective

district scale retrofitting scenarios in the decision-making process to uptake delivery of policy
PDOxOPEEUDPOOUwWPPUT wUEODPOT wbOUOw priiedit B soltrddasidn OOE Uz w L
Mediterranean climate.

I 6C

Keywords: Building performance optimisation; Climate responsive design; Passivecooling design

1. Introduction

With increasing concern over national greenhouse gas (GHG) emissions during the last two
decades in Europe, efforts are being made to improve energy efficiency in buildings, aiming to reduce
energy demand and consumption, which also results in a reduction in associated GHG emissions and
EwOPUPT EUPOOwWPPUT WEOPOEU] WET EOT 1 wghgdw( Owi EVWET 1 OQwEL
Southern Europe is mostly related to summer conditioning (cooling); however, winter demand for
heating has risen due to allE Ow Ol WEOOEI UOWEEOUUwWUT | wbOx OUUEOET woOi wo
overheating risks in retrofit interventions [2]. For example, problems in mass housing estates are
current topics of research on energy and policy interventions in Famagusta, Cyprus. Mode rnist low -
rise, medium-rise and high-rise residential tower block (RTB) developments often lack indoor air
ventilation due to the proximity of other buildings and are often built without consideration of the
climatic features of the neighbourhood building site or urban planning laws and regulations [3].
These purposebuilt residential building stock models represent only 38% of the existing building
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stock, but there is growing interest in improving the energy performance of the existing residential

building UUOEOOwWUx1 EPI PEEOOCaAaWEOOUPEI UPDOT WOEEUXxEOUUz wlUT T UOD
Many scholarly pilot research projects focusing on European member states have investigated

the interplay between government policy on thermal retrofit and current energy efficiency awareness

of energy use in the residential buildings at which the policy was aimed. In respect to Cyprus, a main

concern is the burden resulting from a legacy of inefficiently built post -war housing stocks [5,6].

There are no measures or benchnarks for building energy performance, nor an official roadmap for

Ul TUOGEUDPOT wsUI UUOI POwPOUIT UYI OUPOOUZz wOUOWEEEUI UUwWI O1 Ui
Previous research has determined that there is a lack of policy initiatives and implications in

understanding the impor tance of energy use [8]. According to a previous pilot study, one strategy

for rectifying this deficiency is understanding the variance in energy performance in terms of the gap

between the design and construction processes [9]. One prevailing opinion here is the need to take

advantage of the benefits of implementation of energy efficiency systems. Moreover, researchers have

recommended a wider perspective that includes a focus on the energy use of the existing built post-

war housing stocks, including consiE1T UDOT wUT 1 wbOx OUUEOET wOi wOEEUXxEOUUZz w!
The study identified key features from policy instruments and retrofitting initiatives across

European Union (EU) member states that can improve the possibility of reducing energy

consumption and o ptimising the thermal comfort level of occupants within the housing sector. Our

study underlines the importance of adopting comprehensive, interdisciplinary collaboration in order

to examine and test the energy performance of basecase representative RTBsn bringing appropriate

energy-efficient retrofit interventions to improve building energy performance. We used this novel

ExxUOEET wOOWET U1 UOPOT wiOT 1 wi E x Uwb OliteCekpérier@és thiederglf OOET UOD

use and to identify measures that QU OE wOx UDOPUI wWOEEUXxEOUUZzwUOT 1 UOEOQWE O

consumption through policy instruments.
This paper reports the findings of our environmental monitoring, which we performed during

the summer at the post-war social housing estate in Famagusta, Cyprus. The variables measured

during the survey are discussed to gain an understanding of the environmental conditions of the

UOUYT al Ewi OEVUWEGE wWUIT 1 PUWUOOT wbOwOUUWEUUIT UUOI OUwOI wE

risk of overheating experienced in summer. The findings from the thermal surveys, environmental

monitoring, and in situ measurements have been critically examined and discussed, and the results

of the overheating analysis have been prepared with the intent to offer tangible recommendati ons for

improving the existing energy performance of the flats and the thermal comfort of the occupants.

Also, the findings provide significant insights that can inform future policy decisions.
The aim of this study was to provide a critical insight of previous studies that have applied

experimental and simulation techniques to evaluate thermal retrofits, with focus on data collection

and simulation methods. This paper discusses the findings of three different alternative passive

design systems as potental solutions to reduce overheating, particularly in the summer season. In

these passive design strategies, it showed the use of natural ventilation systems, appropriate shading

devices, and fenestration designs to improve both energy performance of a houss WEOE wWOEEUx EOU U

thermal comfort under the climate change impact. The key innovations to demonstrate the state -of-

the-art and development of passive cooling design strategies are as follows.

To investigate how data-driven building performance simulation m ay be used to improve
predictive capacity and develop robust retrofit solutions;

To compare on-site walk -through thermal imaging survey campaigns in terms of simulation
parameters, temporal resolution and data application, and,

To identify a range of approaches within the literature, with a bias toward simulating simple
performance models over detailed data-driven analysis.
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The study objectives are threefold. The first objective is to evaluate the current thermal comfort
and energy performance of prototype base case study building in the coastal city of Famagusta where
the weather is hot and dry in summer. To accomplish this evaluation, high rise RTB was identified
as a base case scenario development, since such structures represent the most commonlguilt
housing typology and building -construction materials considered in this study. The second objective
is to evaluate building fabric thermal performance of each occupied space in order to provide a basis
for the subsequent research phase. The third obgctive is to develop and test the applicability of
various passive design strategies as potential retrofit measures to the tall residential buildings to
achieve improved thermal comfort and reduced cooling energy loads.

The novelty and scientific significa nce of this study is firstly, the framework developed for
optimisation, which achieves effective building performance evaluation (BPE) tools, datasets and
scripts. The study will contribute to the strategic design of retrofit interventions to effectively r educe
EOOODPOT wi O1 UT awEOOUUOxUPOOWEAWEOOUDET UPOT WOEEUXxEOUU;
energy use.

11371 wEOOxOUPUPOOWEOEWI YEOUEUDPOOWOI w" axUUUzUwi OUUDOT 1

The theoretical component of this study consists of a combination of the UK assessment technical
procurement and the EU assessment criterion in order to identify the optimum thermal comfort of
occupants. Therefore, from the beginning of this study, there were limited pre -existing sources
available for the Cyprus context, and this study was aimed at primary data collection to develop the
methodological framework. Thus, a case study was necessary to enable the research consortium to
achieve the intended aim of demonstrating the condition of the post -war social housing structure.
This documentary highlights the stages of housing developments from 1950 to 2017 in Cyprus, as
illustrated in Figure 1.

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5
A - Construction period 1950-1974 1980-1997 1997-2002 2002-2004 2005 - Today
B - Urban context
Free standing Free standing Free standing Detached Free standing
C - Roof potential P & P . P
Flat roof Flat roof Flat roof Sloped / Flat roof Flat roof
D - Fagade potential
High-rise 4 or 5 floors 4 or 5 fioors 1 or 5 floors High-rise
E - Architectural quality - :
Level of protection Dilapidated Poor in quality Poor in quality Vacant Poar in quality
Categories of residential
Urban tissue Shoreline Urbar/Suburban Urbanm Suburban Urban {city centres)
High-rise Social housing Medum-rise High-rise
Typology Residential Tower Middie-income Middle-income H ol::.:s ﬁes Residential Tower
Bock Apartments Apartments 9 Block
—g'—o\;i } X e
Urban block i W g NS s
configuration 2\ :\i N (i Ry oz
3 \ ‘\ LT Vs

Figure 1. The taxonomy of housing stock in Cyprus.

As shown in Figure 1, Phase | describes the mass housing development from 195601974 in the
fenced-off Varosha territory from 1950 ¢ 1960 during the British colonial administration. Varosha and
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its coastline consisted of single-storey bungalows and two -storey detached houses after the 1960
independence of Cyprus from the British administration. It can be seen that the coastline was handed
over to overseas developers where all the high-rise RTBs were built within a 14-year period of rapid
mass housing development. According to housing statistics from 1974, 34,000 residential projects
were constructed in the Varosha territory; however, this development came to a standstill in 1974
due to the civil war, and the city has been closed to human habitation ever since [11].

/' TEUI w( (wEI OPOI EUI UwUT 1T wi 6YI UOOI OUzUWUOEPEOwWI GUUPO
to answer the needs of the housing shortage for young people. Within a decade of implementing the
same residential building typology, these types of housi ng estates were repeated in all five major
cities across the country. All these RTBs had the same floor plan layout, two flats located on each
floor, and the same deficient building envelope which did not consider the local climate conditions
and topographical conditions of the project sites. The housing stock analysis reveals the way these
RTBs were built without informed decision -making in respect to land use planning layout. All these
RTBs lacked planning for a social housing structure scheme, and this kd to the housing estates having
poor air quality for its residents and high thermal conductivity in the summer, which caused an
overheating risk and a thermally uncomfortable indoor environment for the occupants.

Phase Il illustrates that the construction of these housing estates was continued by privately
Op Ol EWEODOUUUUEUDPOOWEOOXxEODODT UwET Ul UwhiNNAOwPT T OwlOT 1T wil O
has continued to this day. These privately owned construction companies are still building estates
usingl BREEUOa wUT 1T wUEOI woOl Ul OEwOi wEOOUUUUEUDOOWEUWUT T wi OY
use policy, no consideration of environmental and climatic design principles and no type of
poor construction practice over this 30-year period. Phase IV describes the property boom that was
expected after the changing political structure in Cyprus. All these projects were built without the
authorisation of the C hamber of Architects and the Department of Town Planning of Cyprus due to
the national policy gap from 2002 to 2004. This resulted in attracting both local private construction
companies and overseas developers to engage in the construction of these typeof mass housing
development estate projects located in five major cities in Cyprus, as well as towns in the rural and
mountainous areas. The aim was to build and sell these settlements within the surrounding natural
habitat without considering the structur e of the housing in relation to its surroundings. This led to
the abundance of incomplete housing structures left abandoned all over the country as an eyesore
and detrimental to the natural habitat.

Phase V demonstrates how the private construction companii Uz wOE NI EUDPYIT wi YOOYI Ewb
mass mega highrise towers and urban block developments throughout the country in towns, rural
vilages and mountainous regions without ever considering the respective local climate
characteristics and topographical conditions. At present, these are unfortunately the only mass
housing schemes that are being constructed, and they will cause more environmental and socio
cultural problems now and in the future.

This evolution of housing stock clearly outlines the stages of building mass housing estates in
Cyprus and reveals that, starting with four - or five -storey RTBs in the 1990s, which ultimately led to
25-storey skyscrapers, the stages of development had no defined planning scheme at all, no
governmental policy nor any co ntrol mechanisms ¢ all to detriment of the environment and thermal
comfort of the residents. Thus, this study can assist in the establishment of an initial benchmark to
guide the development of housing that addresses all the concerns of the residential se¢or in Cyprus.
Based on the findings and related information, government agencies can determine appropriate
policies to be implemented in the future for the decision making of retrofit policy design in this south -
eastern Mediterranean climate.

1.2.Building performance implications

A pragmatic way of quantifying the effect of thermal comfort is defined by the CIBSE ¢ Technical
Memorandum 52 guidelines for new buildings, major refurbishments and adaptation strategies
should conform to Category Il in B S EN 15251 [12]. A further method has been suggested in the CIBSE
Guide (2005), the BS EN 13779 Ventilation for residential buildings: Performance requirements for

ALTAN & OZARISOY 36



ventilation and room -conditioning systems [13]. This assessment criterion has further been put

forward to provide basic subsequent information to assess the quality of indoor air and relate these

to fresh air ventilation rates required for each occupant [14]. Studies have focused on the assessment

of energy performance of implementing state -of-the-art building systems into building retrofitting

that may require prediction of the way air moves through the building [14]. This is a research gap

that has not been addressed previously in similar studies. Should this approach be employed, it is

recomml OET EwUT EQwUT T wExxUOEET wOOws OYI UT 1 EUPOT zwUEOI Owl |
independent of the metric used to assess performance of residential buildings [15].

Another assessment method is provided by standard BS EN I1SO 13786 Thermal performance
of building components: Dynamic thermal characteristics and calculation methods which is a more
direct measure of effective thermal mass, also accounts for the dynamic effects in terms of penetration
depth of the temperature fluctuation into the f abric [16]. The adaptive approach is currently
implemented in the CIBSE TM59 Guide ¢+ Design methodology for the assessment of overheating risk
in homes [17]. In order to perform a generally reliable study, a method has been suggested by Fanger
in the 1970sand a practical application has also been demonstrated by Holmes and Connor in 1991
[18-21].

From this point of view, the CIBSE AM 11 - Building performance modelling (2015) provides
guidance on the use of detailed thermal models. According to what stated in the norms BS EN 13786:
2007, it has been assumed that if the heat gain to a space is below 35W/m2 there is unlikely to be a
need for mechanical cooling [22,23]. It should be noted that state-of-the-art building systems and the
implementation of effectiv e retrofit interventions are encouraged in the first instance to reduce
requirements before costlier and shorter life span systems are installed. It is noteworthy that this
approach improves the cost-effectiveness of energy savings and increases the effi@ncy of buildings
for the duration of their operational lives [24 -26]. Furthermore, a recent study suggested by CIBSE
Guide F - Energy efficiency in buildings in 2020 gives further detail on low -energy design principles
[27]. However, the more it is known about the manner of both applicable and feasible design
strategies which are put forward and the most effective solution is prioritized. Hence, more
appropriate energy demand calculations must be undertaken throughout the early design stages of
retrofittin g scenarios to quantify these measures.

2. Materials and Methods

A gquantitative research design was employed, involving the development of a building energy
models for the existing residential tower blocks (RTBs), incorporating high -level building parameters
and the energy use of the occupants; analysis of the existing energy performance of postwar social
housing development estate; undertaking solar exposure analyses and dynamic thermal simulations
(DTS); the investigation of representative apartment units to model the energy performance of a
Ul OUOI PUUT Ew13! Uzwl O1 UT awEl OECEwWI OUWEOOODPOT wEOEWOEEU
period, taking into account passive cooling design principles; and designing a prototype residential
tower block as a climate-responsive building to improve energy efficiency using the simulation data
for building performance evaluation. As an initial step, the performance of a case study building was
modelled and simulated by employing Integrated Environmental Sol UUDOOUz w5 PDPUUUEOQwW$ OY D
(IES-VE) software add-in Apache-Sim Dynamic Thermal Simulation. Additionally, an ASHRAE 7 -
point scale was used to assess indoor air thermal comfort temperature levels to validate the adopted
benchmark criterion as recommended by the CIBSE TM59 during the hottest summer month of
August [28]. In this study, the dynamic thermal performance simulation studies of each
representative apartment unit were carried out in an analytical energy simulation environment
between May and Septembae, the peak demand period for cooling energy use, as shown in Figure 1.
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Figure 2. The methodological workflow developed for the building energy simulation study.

To fulfil the research aim and objectives, the periods were spread throughout the summer wit h
the aim of measuring the risk of overheating in the RTBs. In each of the occupied zones (i.e. living
rooms and master bedroom spaces), calibration studies were taken of the characteristics needed for
energy use per area (naturally or mechanically) in ord er to take into account occupancy, the electrical
energy use of equipment, internal temperature, the energy use of artificial lighting and of mechanical
plants (A/C units). The aim of the selection is to capture a variety of space energy uses using relatively
simple assessment benchmarks to import the data to the IESVE simulation software for testing the
validity of simulation results by investigating the daylight impact factor into each occupied space
and thermal properties of representative apartment uni U z U w ihGeRtigdtion.

2.1. Prototype residential tower block development asdassescenario

The Lordos RTB development is a miniature city, built in phases, which took over five years to
complete; it is home to multiple storeys of flats, interconnected public spaces, vegetated private
balconies, thresholds, passageways and vegetation. The main aim was to build a continuous urban
landscape using a combination of staggered volumes, which move forward and backward in relation
to the street and waterfront. The construction of the apartments began in 1968; the first dwelling was
occupied in 1973 [29]. Most dominant in the district were the large high -rise blocks. This housing
estate contains 118 apartment units in 12 different floor plan designs; the blocks are 3@ 40 meters long
and 13 storey high, as shown in Figure 3.
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Figure 3. The location map of high rise post-war social housing development estate in Famagusta,
Northern Cyprus; base-case RTB development, built in the 1970s; analytical energy simulation model
of a southwest-facing apartment unit within the adjacent RTBs.

The case study building is representative of high -rise residential developments constructed by
privately owned construction companies in the 1950s and 1970s. The conditioned gross floor area of
the case study multi-family apartment unit is 75 m2. The original U -values were 2.35 W/m2K for
external walls, 1.23 W/m2K for the internal walls, 1.2 W/m2K for the roof and 2.10 W/m2K for the
windows and doors. Thermal specifications of construction materials are made according to the
benchmarks of the British Construction Codes and Practicest Law 1959, which is the most recent
data set available at the time of undertaking th e research for this study [30].
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Figure 4. (a) The tested and simulated prototype RTB for a base case scenario development(b) The
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The building geometry was created for its initial existing state, every floor and apartment with
correspondent thermal zones and subdivisions, as shown in Figures 4 (a) and (b), indicating clearly
which zones and spaces are not heated like balconies, and storage areas.

2.2. Building modelling simulation

To provide sufficient UT UOOUUPOOwWI OUwUOiT 1 wEBEOaAaUPUwWOI wOEEUxEOUU
necessary to use a dynamic thermal simulation (DTS) model. The Integrated Environmental Solutions
Virtual Environment (IES -VE) suite was selected as the most appropriate application for this purpose.
In terms of validated performance, IES-VE is understood to meet a number of international standards
including CIBSE TM 59 and is also accredited for use to European standard EN 15251 as previously
discussed in section 1.2. It is also neceswy that the IES software suite offers a number of features
collectively that were found to be beneficial to the analysis. These included the following: close
reproduction of the existing building geometry, detailed breakdown of the energy results by end u se
and zone, and ability to externally control the model settings (construction and zone profiles) to
measure both the quaststeady state and dynamic thermal scenario analysis, as shown in Figure 5.

Figure 5. The interior view of thermal zoning of a liv ing room and bedroom spaces for each
representative flat unit in the RTBs.

The IES version used throughout was IESVE 2021.1.0.0. Specifically, the Thermal Comfort
assessment task of the IES software suite was found to be an application that could offer tomeasure
OT1 wsEEExUDPYIT wOi 1 UOEOQWEOOT OUUZ wOil WwWEwWxUOUOUaxT wil3! 8 w(
with the dynamic thermal Simulation (DTS) components of the IES software, it was possible to assess
the energy performance of material changes concurrently. To assess the energy performance of a
prototype RTB, thermal templates were constructed in the IES platform of Apache-Sim. These
templates define the space conditioning systems (Apache Systems) and gain variation profiles for
zones within t he building, as shown in Table 1.

Table 1. Contextual features and simulation parameters of prototype RTBs.

Building performance factors Internal heat gains in the simulation
Number of floors 12 Occupants: 3V/m?
Areato-volume ratio ] 0.33 Appliances equipment: B//m?
Floor surface of a typical tested rool 32.5 ? Lighting: 2W/m?
Room volume of a typical tested roo 102.7 md)
Window size 1.5 x 1.2 (?) per
window opening
Exterior window ratio 0.21
Number of subjectmvolved 1 male and 1 female (parents), 1 boy and 1 girl
Age of the subjects Between 2 and 40
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As previously mentioned, the aim of the selection is to capture a variety of space energy uses
using relatively simple assessment benchmarks to import the data to the IES simulation software for
testing the validity of simulation results. Notably, all simulations were performed utilising CIBSE
Test Reference Year (TRY) weather files from the neighboring city, Larnaca, for evaluating whole
year building perfo rmance, including Design Summer Year (DSY) for the summer. Finally, three
criteria were used for quantifying building performance: (i) annual energy demand, (ii) overheating
risk assessment and (iii) thermal comfort in the summer. Comfort analysis was based on BS EN 15251
for identifying adaptive thermal comfort temperature limits, considering fixed limits in the summer
for a naturally ventilated building.

3. Results and Discussions

The following sections discuss the existing energy performance of a prototype RTB, using the
results and analysis of data collected from the outdoor thermal imaging survey, in -situ measurements
and dynamic simulation modelling.

3.1. Thermal imaging survey

The case study RTBs were surveyed, and infrared thermal imaging was conducted with a
thermal camera (Fluke TiS20) twice each day during the winter period, in the late evening and in the
early morning, to avoid possible mistakes due to direct solar radiation. The thermal imaging survey
investigating heat losses and assessig the overheating risk of a building were undertaken between
25/12/2017 and 12/01/2018. (see Appendix A.1 and A.2). A thermal imaging survey was carried out
before this work to diagnose the building and, taking these data into account, to define optimal
retrofitting strategies. The survey results of the base case for the RTB buildings demonstrated that
most heat losses resulted from air infiltration, mainly through exterior walls without insulation and
through windows (provoking a high annual energy demand for heating), as shown in Figures 6 (a)
and (b).
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Figure 6. (a) Southeast elevation showing heat loss through the external wall, possibly due to
insufficient building envelope insulation. Image taken 28/12/17 between 06:30 and 07:54 a.m.(b)
Southeast elevation showing significant heat loss through windows and heat los s through wall
junctions and cracks on building surface. Image taken 28/12/17 between 16:30 and 17:45 p.m.

All calibration studies were conducted using the SunCast simulation tool platform to validate
the data from both the thermal imaging survey and in -situ measurements, as described in Section 3.2.

3.2. Solar exposure analysis

In this base-case model, the building performance evaluation simulation tool was used for
assessing current energy performance of representative flats as follows; SunCast (Solar Analysis),
Radiance-IES (Daylighting), and Apache-Sim (Dynamic Thermal Simulation) platforms of the
Integrated Environmental Solutions software suite. The objective is to identify the worst -case scenario
before testing efficiency of systemic retrofit strategies in the following phase of this study. This section
explicitly describes the building modelling simulation studies and analysis that were carried out and
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outlines the results of daylight impact factor on overheating, thermal comfort and energy use aimed
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Figure 7. SunCast simulation demonstrating that monthly exposure to solar radiation exposure on
the roof surface reaches 1,848.26 between January and December 2020 and, the southwestern building
envelope reaches 1,064.82 between May and September 2020.

Figure 7 illustrates the maximum solar radiation when it occurs as well as the mean values for
each floor level in the representative RTBs. The SunCast simulation analysis demonstrates that the
annual maximum number of hours of exposure of surfaces to solar radiation occurs on the roof
surface (approximately 1,848.00 hours), followed by the southwest facade of the building
(approximately 1,064.92 hours). The survey results confirm that the upper floor level flat is most
susceptible to overheating, followed by the inter mediate floor along with the ground floor.

215t Jarwary 215t February 215t March 215t Aprd 218t May 215t Juns

215t July 215t August 215t September 215t Qctober 215t Novernber 215t December

Figure 8. The sun path diagram demonstrates that the southwest-facing block experienced high levels
of solar radiation most of the day in July and August 2020.

Additionally, in Figure 8, the solar path diagram shows that the angle of the sun varies
throughout the year, affecting the solar gain during two periods, particularly in July and August
2020. It was found that the total surface area of the building envelope exposed to solar radiation flux
reachesa maximum value of 1,848.26W/m2K during the year.

1 6+t w#rEAOPT T UwPOXxEEOQwWI EEVUOUWOOWOEEUXxEOUZz UwOI 1 UOEOQWEO
The daylight simulations shown in Figure 9 were taken from the analysis carried out in a

selection of the worst-case representative living room unit between January and December under

overcast standard sky conditions on the horizontal surfaces. This simulation analysis allowed us to

understand the daylight impact factor on energy use in regard to overall understanding about the
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overheating issues experienced in the RTBs. As previously mentioned in section 3.2, the inefficient
building envelopes absorb high solar radiation throughout the year, and it creates a thermally
uncomfortable environment for its residents.

Figure 10 illustrates the daylight factor (DFs) on the surfaces within the main rooms are above
292.5lux indicating that the rooms will appear well lit. In the service areas, however with no direct
access to natural light from the windows, the light levels will be below the 50 lux value. From these
results, it was found that all occupied spaces, particularly southwest -facing living rooms, have
experienced overheating risk issues due to direct solar radiation and high levels of daylight impact
OOWOEEUXxEOUUZzZwUT 1T UOCEQWEOOI OUUB wW3T 1 Ul wi pPOEPOT UwU
overheating risk of each occupied space at home. Nevertheles, the daylight analysis provides
subsequent information to identify energy efficient and cost -effective retrofit interventions that will
be taken in the following phase of the study.
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Figure 9. The daylight impact factor analysis of the upper-Il OOOUwUI x Ul Ul OUEUDYIT wi OEUz Uu
between January and December 2018.
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Figure 10. The daylight impact factor analysis of a representative base-case southwestfacing flat unit
during the hottest summer day of 215t August.

As can be seen in Figures 9 and 10 of the representative flats, only three external surfaces are

exposed, and all three show different heat gains throughout the year with high daylighting levels in

the summer. This creates overheating risk due to the lackof shading systems installed on the building

envelope. It should be noted that upper -floor flats showed the greatest overheating risk issues due to

the impact of the deficient building envelopes. Hence, all the bedroom spaces on the upper and

intermediate -floor flats are under a higher threat of overheating when compared to CIBSE TM 59

overheating criteria. Notably, the living rooms are also susceptible to overheating, but from different

factors; they have large window -opening ratios with no shading, and al | of them face to southwest

orientation, exposed to high intensity sunlight through most of the day. These factors together lead

OOwoOYI UT 1 EUDPOT wbUUUI UWEOGEwWE wWT DT T wgl T UT 1T wOi wOEEUxEOUU

3.4. Energy use

As previously stated, the Apache-Sim (Dynamic Thermal Simulation) tool was used to carry out
thermal analysis performing predictions of the heating/cooling energy loads in this ill -performing
occupied space in the flat and the following results are for the li ving room unit (as an example), which
was simulated between January and December in order to assess total energy use. In Figure 11 shows
that the specific monthly peak demand for electricity use in the base-case reached up by 77.8 kW
between January and December.
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Figure 11. The overall energy consumption of the worst -case representative flat unit reached its peak
at 77.8 kwWh in February.

It can be seen that the house owners are predominantly reliant on using wall mounted air -

conditioning units in this par ticular apartment unit. However, the energy consumption fluctuations
in Figure 12 demonstrate that the monthly peak energy demand in the flat was above 57.4 kW
between mid-May and mid -September, and further simulations led to a consumption of 53.2 kW in
Au gust on the monthly cooling load of the living room unit, while in the worst performing bedroom
unit 1 specific monthly heating load reached up approximately 35.3kWkW in February as shown in
Figure 13.
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Figure 12. The overall cooling energy consumption of the worst -case representative flat unit reached

its peak at 57.4 kWh at the end of August.
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Figure 13. The overall heating energy consumption of the worst -case representative flat unit reaches
its peak at 39.3 kWh in February.

From the dynamic thermal simulations in order to assess current energy consumption of
representative upper-floor flat units, the re sults reveal that the occupants spent high expenditures for
their energy bills, particularly in the hottest summer month of August. In order to reduce energy
EOOUUOXxUPOOW EQEwW OxUDOPUI w OEEUXxEOUUzw UT1 UOEOwW EOOIT OL
implement ed on the building envelope. The following step has been the evaluation of state-of-the-art
passive cooling design strategies implemented on the building envelopes to help reduce overheating
risk of the case under study with a focus on the 10th floor-level flat unit. In order to compare the
overheating and thermal comfort of various retrofit scenarios when there is no Heating, Ventilation
and Air Conditioning (HVAC) system for each scenario, the thermal performance of the upper -floor
level was studied comparing the hours of discomfort by using CIBSE TM 59.

To understand the efficiency of a passive design system and its integration into contemporary
residential buildings, it is essential to examine the effectiveness of the thermal properties of the
representative basecase RTB development as a case study. The following steps evaluate potential
the worst-performing south -facing RTB. For this analysis, five design alternatives were tested to
assess the efficiency of each as a potential retrofit scenario, as shown in Table 2.
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Table 2. Specifications of passive design strategies on those of existing base case.

Sunscreenfixed blade (S1)  Venetian blinds (S2)

Overhang (S3) Venetian blind & Roller blind (S3)

| > ] e e -
\ | S )
| - (e -
W -y | = 3
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Outdoor solar
shading, pre-oriented
bladesfixed to the facade.
This shading could also
have vertical blades;this
case,most effective for
south/west orientation, is
more frequent in residential

Solar shield
for outdoor use with
adjustable and
packable blinds.

The
packaging of the blinds
allows avery compact

building applications. folded elementonce
rolled in.
The blades canalso be
applied to shield balconies.
The typology

canalso be applied to
screenbalconies other
than windows.

Blade selection: ellipsoidal,
arcaded, triangular, gull
wing etc.

The opening
of the shutter can be the
classichinged, folding,
sliding.

Blade materials: extruded
aluminium, formed
aluminium sheetor bent,
wood, PVC, porous ceramic
etc.

The blinds
canalso be adjustable,
allowing good
modulation of radiation
and light.

Horizontal blade height
(mm): 2531,200

Blade intersection (mm):
708150

Max length (mm): 8,

Blind material: wood,
aluminium, PVC, etc.

Overhang fixed
opaque, made out of different
materials, consisting of
horizontal and vertical
elementsto createa grating

Double glazing,
integrating into the interior
chamber of variable thickness a
venetian blind, roller or pleated.

pattern. The sliding of the tent
takesplacein a sealedpackage

Blind section: containing desiccantsto ensure the
arched control of humidity and vapour

Blind materials:
aluminium, alloy etc.
Blind supports:

condensation.

Venetian blind, with

steel etc. respectto roller blind, provides a
Blind height (mm):  vision of the outside, even
58395 screening down, becauseit has

Blind width (mm):
50034,500

Screenheight
(mm): 40035,000

oriented slats.

Max dimensions (mm): 32 (pleated
and venetian blinds)

Vertical Sunscreen (S4)

Fixed overhang (S5)
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The sunscreen consists of operable vertical
blinds or grilles anchored to a structure perpendicular
to the facade.

Blind material: extruded aluminium, bentor
formed aluminium sheet, PVC-coated copper, wood,
glass.

Structure material: aluminium, galvanised
steel.

Blade height (mm): 701,500
Blade length (mm): max 6,000
Blind step (mm): 708150

Overhang, fixed vertical, opaque, made with different
materials (sheetmetal, treated wood, plastic materials etc.).

Anchored to the wall with an autonomous structure or
structurally integrated.

The shields may also have a vertical arrangement
perpendicular to the fagade;in this case,they are most effective for
eastand west orientations
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When all strategies were taken into account and all representative sample flat units were
simulated with the relevant thermal conductivity level of the RTBs, the results reveal that the living
room in the southeast-facing upper -floor flat exhibited the highest cooling demand with a decrease
of 21.69%, while Bedroom2 demonstrated a cooling demand of 21.60%, as shown in Figurel4. These
values reveal a decreased demand for coolingenergy of 78.49kWh/m2 in the intermediate floor and
69.79kWh/m2 in the ground floor. It should be noted that when all strategies are implemented, the
annual energy consumption can be reduced by 28.1% (compared to the minimum level case), to 11.3
kWh per year.
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Figure 14. The overall energy consumption of the worst-case representative flat unit after
implementation of state -of-the-art energy efficient materials onto the building envelope between

January and December.

Additionally, starting from these base case studies, when the adaptive set-point is used, the
decrease in the cooling demand is related to taking into account passive design measures such as
natural ventilation, in the case of the heavier construction materials and its systems. This is due to
the strong effect of heat loss from the heavyweight structures caused by additional discharge rate
during the night -time. This is because the adaptive indices have been developed according to the
OEEUxEOUUZzZwUI T UOEOwWUI OUEUDPOOUWEOE w x U foit teroperétéré U6 w ( Ow O
represents the acclimatisation system setpoint as autonomously managed by the occupants,
including the external climatic conditions of the simulated and tested indoor space. This is due to the
fact that the measured outdoor temperature is above the comfort level zone which is shown in Figure
15. The findings illustrate that there is a significant temperature difference between outdoor and
benchmark comfort levels of the indoor environment.

In addition, the annual energy consumption of the typical multi -family apartment unit with a
medium weight and light weight structure are more or less the same as the one with heavyweight
structure. The annual energy consumption of medium weight RTBs were found to be 134.7 kWh,
111.8 kWh and 98.5 kWh peryear in comparison to the median case level respectively. The annual
energy consumption of S1, S2 and S3 are 136.6 kWh, 112.6 kWh and 98.9 kWh for these three design
interventions respectively. The findings revealed that the total annual energy consumption of the S 4
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Figure 15. The indoor air temperature fluctuations of representative upper -floor level flat units before
retrofit interventions were undertaken.

Figures 16 and 17 summarise the overall cooling demand reductions connected to the
introduction of the variable set -point in summer are shown for all three representative sample flats.
The results point out that during the cooling season, the cases reveal significant differences based on
the adaptive temperature set-point of the heavy weight construction materials, in partic ular for this
base case model RTB, which is not provided with any insulation layer. This can be clearly seen in the
base case and in the retrofitted case, while only the night ventilation strategy, allowing the loss of the
stored heat, significantly reduces the calculated need of the heavy weight conventional building.
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Figure 16. Distribution of overall cooling energy consumption of the base case representative upper -
floor flat unit before retrofitting.
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Furthermore, it is important to highlight the fact that comparing the base case and retrofitted
case, the reduction in the cooling demand assesses for the heavy weight constructions tend to
decrease as the height of the floor level and orientation of the flat, while in case of implementation of
state-of-the-art energy efficient building materials into retrofitting the trend is  inverse. This is due to
the fact that in the upper- floor flat unit, there is a larger gap between the conventional set-point
Ui Ox1 UEUUUI wEOGEwWUT 1 WOEEUxEOUUz wl BRxi EUI EwOOI 6

Moreover, energy savings achieved through improvement of building fabric are similar for the
heavyweight, medium weight and lightweight structure. For the medium weight structure, with the
design parameters of the baseline scenario taken into consideration, the total energy saving is 27%,
while with the passive cooling design strategies implemented onto the building envelope, the total
energy saving is 67%.

Range: Sat 01/May to Thu 30/Sep

8 o
"

Moy An Er] Aug Sep
& Room cooling plare sens. lood ® Room dehum plare load
8 System ar sens cig ood ® System av k. clg load
Aun vart sens. O lood o Aux vert it cig. load

Chilers load

Figure 17. Distribution of overall cooling energy consumption of the base case representative upper -
floor flat unit after retrofitting.
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are found to exceed the acceptablelimits of the CIBSE TM 59 criteria as shown in Figure 18. The

worst-case calculated building space is the living room as it incorporates the internal heat gains from

the open plan layout design kitchen as these are interleading rooms. The flat units with poorer

ventilation performance were shown to be in the worst -case representative ground floor flat unit.

This is attributed to the opening ratios and material properties of the double -glazed windows. These

flat units are constructed with three exposed external walls allowing for a higher rate of heat transfer.

Comparing the dynamic thermal simulation results shown in Figure 18, in order to take into account,

the location of the flat units on a different level, the height of the RTB influences the air infilt ration

rates of the flat units.
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Figure 18. The fluctuation diagram represents the Predicted People Dissatisfied (PPD) levels after
implementation of all three selected retrofit interventions.

The prototype RTB is subjected to effects from? EUQa EQOD¥ | OWEDUwWOOYIT O OU~2 6 w! 1 E
approach, hot air from the lower levels rises up through the building and with no means of escaping
the living zones, accumulates on the top levels. Combining this with the effects from the building
envelope corresponds to the inadequate thermal performance of the worst-case first floor flat unit for
all three criteria as defined by the CIBSE TM 59, as shown in Figure 18.

The struggle against climate change requires an investment in retrofitting existing resid ential
buildings, particularly those considered most vulnerable (with uninsulated thermal envelopes) and
those whose occupants are more susceptible to energy poverty. In these retrofits, we must actively
consider the reduction of energy demands to minimum levels by performing interventions on the
thermal envelopes of the buildings. In the three cases of surveyed and simulated RTBs in Famagusta,
Cyprus, the positive impact on indoor temperatures and comfort of retrofitting the envelope was
shown. With this a ction (retrofitting the facades, roof and windows and reducing infiltrations) and
with very minor reliance on cooling systems in the summer, a decrease in indoor air temperature of
between 2°C and 4 °C was achieved.

In both the present situation and by th e year 2050, with respect to climate change, the retrofitting
measures proposed for the thermal envelope would allow for residential buildings with almost zero
cooling demands in some European locations. The key factors which would contribute to this
objedive are the design criteria for the envelope, taking the following into account: (a) the climate,
the differences between floor levels and the orientation of the buildings will require greater or lesser
levels of intervention (i.e. thickness of insulation ); (b) orientation towards the south for greater solar
gains; (c) the position of the dwelling in the building, so that all apartments have the same energy
El OECEUWEOGEWPEAWYI OUPOEUPOOWDOEOUXxOUEUDOT WwOEEUXEOUU
delineates the key outcomes of this empirical study to demonstrate the contribution to knowledge
for the development of effective retrofit design policy in the South -eastern Mediterranean basin.

51 ZEMCH 2021 International Conference | 26 -28 October | Dubai| UAE



Resulty - | Visual Guide

Building-fabric thermal performance Thermal imagin

| ® Infrared radiometer thermography of high-rise residential urban block was - - !
conducted . .a; !‘i :

...... o ® Overheating-risk, thermal-comfort and energy-tise assessments were the objective [~ 8 b ’. e |
«—i  functions. R #-‘14 > {
—— |

| ®* An energy-calibration framework and a method for building-energy simulation
parameters were developed,

Overheating risk assessment

* The annual maximum number of hours of exposure of surfaces 10 solar radiation
occurs on the roof surfaces was found to be an approximately 1,848.00 hours,

.‘ * The annual solar exposure of the southwest facade of the building was found 1o be
an approximately 1,064.92 hours.

Results - 1

Energy use in pre- retrofitting Enets I

® ‘The specific monthly peak demand for electnicity use i the base-case reached up

by 77.8 kWh between January and December.
» * The monthly peak demand in the flat was above 57.4 kWh betwoen mid-May and "‘
<+t mid-September, g

* The monthly heating load reached up to approximately 35.3 kKWh in Febeuary,

Energy use in post- retrofitting Encr i

* The I encrgy cor ption of the typical multi-family apartment unit with a
medium weight and light weight structure are more or less the same with the own
with heavy weight structure. L eiiad

' ® The annual energy consumption & medium weight RTBs were found tobe 1347 1o
T kWh, 1118 kWh and 98.5 kWh year in comparison to the median case, & e S =)

® The total annual energy consumption of the S4 is slightly lower than the S5
(ranging from 0.3% to 2.0%) for all other three design mterventions” thermal fabric
cfficiency. |

Outcome Retrofit design strategies Energy policy

Srategy | Srategy 2 Strategy 3 Strateey 4 Sirategy S

Recommendations for the further development of the thermal performance of residential

butldings and framework were presented.

Figure 19. The step-by-step development of key research subjects, conceptual framework and
outcomes in retrofit policy design.

In the case study building, according to current standards, overheating and the energy demand
necessary for maintaining an adequate thermal comfort are boosted significantly. In this southeast-
facing building, an excessive risk of overheating has been observed on the ground floor, and there is
important overheating on floors under the roof, which creates thermally uncomfortable indoor
conditi ons for households. At the same time, energy demand in use in the upper-floor flats annually
exceeds 237.1 kWh/m2. In collective highrise residential buildings without rehabilitation of the
building envelope, overheating and increases in cooling demand ar e even greater. In southeastfacing
RTBs, the cooling energy demand will be over 120.1 kWh/m2 in flats on the intermediate floors and
is more likely to be 101.4 153.1 kWh/m2 in flats on the upper floor where, in this building typology,
the cooling demand increases an average of 38%. It is worth highlighting that this kind of thermally
insufficient building typology occurs frequently in social dwellings, so those flats with the worst
conditions will be inhabited by the most socioeconomically vulnerable popul ation.
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4. Conclusions

The study aimed to evaluate the risk of overheating and potential ways to overcome this through
the implementation of both energy -efficient state-of-the-art and passive design strategies (i.e. shading
and natural ventilation) into a tower block in Famagusta, Cyprus. The results illustrated the necessity
of considering passive measures in a stateof-the-art retrofit of existing RTB developments. This
paper concludes that a thorough economic appraisal is required to select the most environmentally
and economically viable forms of retrofitting. A building performance evaluation method of
modelling and simulation was embedded, and to assess the existing cooling energy consumption
patterns and thermal comfort levels, conditions in three different RTB developments, with high
retrofit potential, a sample of representative prototypes built over three distinct eras were selected.
A thermal imaging survey was conducted at each RTB for both summer and winter seasons to
understand heat losses/solar gains through the building envelope and to assess the overheating risk
of the occupied spaces.

The experience gained from this study as well as the knowledge presented aim to benefit the
retrofitting of existing inefficient post -war residential building stock in bringing a significant energy
consumption reduction to the residential sector. The study also attempted to identify key features
from policy instruments and retrofitting initiatives across EU member states, which currently
imple ment similar policies, most specifically other southern EU member states that have similar
building regulations. The climatic condition of Cyprus is also similar to that of numerous
Mediterranean countries outside Europe, which are currently in the process of implementing energy
performance directives to upgrade their existing residential building stock and reduce energy
consumption within energy -efficient building systems. Therefore, this study adds significant value
to efforts to achieve energy savings byredefining passive design elements into retrofits of inefficient
post-war residential building stock; this is an exemplary study for similar building typologies from
similar construction eras across Europe. The findings illustrated the necessity of considering
integrations of the off -site modular building technology in any state -of-the-art retrofit of existing
high-rise residential buildings in a hot and humid climate zone. Furthermore, the significance and
impact of the paper will be valuable for similar district scale retrofits in the area and neighbouring
countries with a Mediterranean climate.
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Appe ndix A.1
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Figure A.1. Meta-analysis of building fabric elements recorded early in the morning.
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Appendix A.2

BUILDING PERFORMANCE EVALUATION - THERMAL IMAGING SURVEY
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Figure A.2. Meta-analysis of building fabric elements recorded late in the afternoon.
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Abstract: This paper presents the results on the design and performance analysis of an efficient solar
house designed for the Solar Decathlon Middle East 2021 in Dubai, United Arab Emirates, with the
aim of minimizing the energy consumption for the specific UAE clim atic conditions, with particular
regard to the consistent use of air conditioning throughout the year. The main objective of the project
is to design and test the performance of an efficient house using stateof-the-art green and
sustainable building desig n strategies and technologies toward the goal of achieving an energy self
sufficient building powered with solar PV (net zero energy building ¢ balance the energy demand
and supply using renewable and clean energy technologies). Detailed building energy pe rformance
simulation was performed using the modeling and analysis of Design Builder/Energy Plus software.
The sustainable building design strategies include: bio-sustainable cork panels (to highly insulate
the envelope of the conditioned volume), highly r eflective cool coating of the outer envelope,
passive cooling and ventilation, night cooling strategy, high -performance air-conditioning unit, and
energy management system to optimize energy consumption. The results include the daily,
monthly, and yearly c ooling load calculations, comfort conditions, and energy consumptions
(cooling, lighting, and equipment) under Dubai weather conditions. The annual electricity intensity
of the solar house for both lighting and cooling is 130.9 kWh/m 2 (13.4 kWh/mz2for ligh ting and 117.5
kWh/m 2 for cooling).

Keywords: Solar House; Energy Efficiency; Sustainable Design; Cork Panels, Cool Roof Technology;
Passive Cooling; High Efficiency HVAC; Solar Tracking Shading; Building Energy; Performance
Analysis.

1. Introduction

The United Arab Emirates is one of the main ten nations with the most noteworthy power
utilization per capita [1]. Residential buildings are prevailing in power utilization and liable for
33.08% of absolute power utilization in the UAE [1, 2]. The development of sustainable energy
systems is needed for the reduction of the building energy consumption (energy demand) and the
enhancement in the energy conversion process for electricity generation (supply). The development
of sustainable and more efficient energy systems for the demand side [3] and the integration of
renewable power systems to meet the building electrical loads [4]¢[7] are crucial towards net zero
energy buildings and to balance the energy supply and demand. Sun-based PV systems ae the
immediate wellspring of power and can be handily carried out on existing and new residential and
commercial buildings [4] -[7]. UAE is among the nations favored with the gigantic capability of PV
energy generation. Innovative methods and strategies are needed for the development of sustainable
and more energy efficient buildings. This will help to reduce the building energy consumption
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(energy demand), reduce the capacity of the renewable power system, and to balance between the
supply and demand.

Sevaal studies are reported in the literature on the development of sustainable and more energy
efficient buildings. Chunxiao Wang et al. [8] developed a design experiment using model oriented
software architectures (MOOSAS) for the predictions of building en ergy efficiency. The results
highlighted the effectiveness of rapid predictions of building energy efficiency in supporting early -
stage architectural design. The energy efficiency of the final design outcomes improved significantly
after the use of MOOSAS,with the mean energy use intensity decreasing by 10.2%. Zeyu Wang et al.
[9] reviewed recent work on machine learning (ML) -based building energy efficiency from the
perspective of model application and promotion. The paper addressed promising future resea rch
directions that may promote the implementation of ML models in building energy efficiency
applications. The energy performance of existing Saudi housing stock based on recently reported
survey data was investigated by M.S.Al-Homoud, and M. Krarti [10]. It was reported that due to the
common use of energy intensive equipment including air conditioning, almost half of the electricity
generated in KSA is consumed by the residential buildings. Several priorities in both policies and
research studies have ben identified to reduce energy demands and associated negative
environmental impacts of Saudi residential buildings. The recommendations include the adoption
and enforcement of comprehensive energy efficiency codes and standards, foster the use of building
performance tools to design and retrofit buildings, the use of smart and intelligent energy
management tools, and integrating renewable energy systems for on-site clean energy generation.
Building Information Modeling (BIM) was used to improve energy effi ciency in buildings [11]. A case
study was developed in which two classrooms of an educational building, located in the Amazon
region t+ Brazil, were subjected to three-dimensional modeling and energy simulations in BIM
software. The results showed that the strategy based on daylight contribution generated energy
savings of around 8% for one of the rooms, and 12% for the other, while the one that exploited the
use of natural ventilation was able to reduce energy consumption by about 7% for one of the rooms,
and 9% for the other. Amel Limam et al. [12] investigated the use of thermal characterization of bio -
based materials (Aleppo Pine wood, cork, and their composites) for building insulation. The results
show that the Algerian Aleppo pine wood has two differe nt values of thermal conductivity in the
parallel and perpendicular directions and the Algerian black agglomerated cork is a good insulator.
The sandwich assemblies of wood-cork are good insulators that can be used in the field of
construction. Cool roof t echnologies [13}[18] (applying a white coating of the roof) are also used to
reduce the energy consumption of the buildings (average of 10-20% energy reduction).

The main objective of this study is to test the performance of an energy efficient and self-
sufficient house under hot and humid climatic conditions. It consists of incorporated passive design
strategies, including natural ventilation and cooling measures such as sun shading, cool roof
technology, bio-sustainable cork panels (to highly insulate the envelope of the conditioned volume),
advanced glazing systems provided by the house envelope that are effectively reducing the overall
cooling load of the house. Solar energy is the main source of energy production in the house, using
photovoltaic panel s, which are integrated on the rooftop of the house. The bifacial solar PV, azimuth
tracking, coated rooftop, BIPV-Facade, and energy storage technologies are integrated in a unique
and optimum way to maximize clean energy production. Bifacial solar PV pan els are adopted with
azimuth tracking system to harvest maximum solar energy. Coating the rooftop with white cool paint
is a solution to reduce the heat absorbed into the envelope, as well as to increase the albedo of the
surface (reflection of sun light) which is further enhancing the energy production by bifacial PV
panels. BIPV panels on the facade are also designed to harvest solar energy during sunrise and sunset.
In order to reduce the electrical energy consumption, the most efficient available applia nces were
selected for the house without compromising the quality or performance. This study will serve as a
reference to integrate different energy efficient technologies in order to reduce the building energy
consumption and improve the energy production from PV and move towards net zero energy
residential buildings.
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2. Methodology
2.1. Solar House

The energy efficient solar house is designed to address the sustainability, innovation, and energy
efficiency goals complying with Solar Decathlon Middle East (SDME) rules. With an 84 m2 occupied
floor area, the gross volume of the designed house is 330.2 rhas shown in Figure 1. The surface to
volume ratio is 1.07, the walls surface area (vertical) is 118.5 4, the windows surface area (vertical)
is 36.8 n?, and the window/wall surface area ratio is 0.31. The primary objective is to reduce the
energy consumption of the building and produce clean energy to meet the electrical loads. The goal
of limited energy consumption is achieved in four steps: innovative building design, integration of
cooling strategies in a unique way to reduce the HVAC consumption, selection of highly energy
efficient home appliances, and intelligent home automation. The building is designed in innovative
ways to reduce the conditioned volume, highly reflective cool coating is applied on the outer
envelope to limit the direct sun heating, passive and night cooling additionally reduce the HVAC
consumption. The selection of high energy efficient home appliances helps to reduce the electrical
loads of the house. Finally, intelligent home automation is implemented to manage and optimize
energy consumption by mutual communication of occupants with devices. A novel solar PV system
is designed to meet the electricity demand of the solar house. Several technologies, i.e. bifacial PV
panel, azimuth tracking, BIPV facade panel, and energy storage, are integrated in a unique way to
maximize the energy production by the solar system.

Figure 1. Energy Efficient Solar House modelled with Design Builder/Energy Plus

2.2 Energy Efficiency Measures

The energy efficiency measures for the solar house include: (1) lio-sustainable cork panels to highly
insulate the envelope of the conditioned volume; (2) highly reflective cool coating of the outer
envelope of the conditioned volume, to limit the transmission of the sun radiation inside, and

therefore limiting the AC consumption; (3) PV -thermal modules producing hot water and at the same
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and PV-thermal modules efficiency; (5) high -efficiency bifacial roof PV modules, benefitting from the

radiation of the cool -coated roof; (6) solartracking shading system to prevent overheating of the inner

envelope and therefore limiting the AC consumption; (7) passive cooling and ventilation thanks to

the optimized shape and orientation of the building that harvests the desert breeze to enhance the

crossventilation and assist the regular cooling systems; (8) night cooling strategy (hybrid strategy);

(9) high-performance air-Conditioning unit (Daikin, capacity = 5.28 kW, EER = 9.10 [(Btu/h)/W], COP

= 2.67); (10) home automation to ease house management and communicate withhe occupants,

challenging them to optimize energy consumption day after day; and (11) energy efficient appliances

in a connected environment that promotes an innovative way of living the household.

2.3 Cooling Load Calculation and HVAC modeling

Design Builder was used in this study for both cooling load calculations and for the HVAC
system modeling. It provides a range of environmental performance data such as annual energy
consumption, maximum summertime temperatures, and HVAC component sizes. It generate s
performance data using the Energy Plus dynamic simulation engine. The software has some other
typical uses such as evaluating facade options for overheating and visual appearance, visualization
of site layouts and solar shading, and calculating heating and cooling equipment sizes. It is capable
of displaying the environmental performance data without needing to run external modules and
import data and any simulation required to generate the data starts automatically. In addition,
$O01I UT aw/ OUVws 706x PEUBD*xUDOOUwWxUOYDPETI wEOwI EVawPEawbOUOL
used heating and cooling systems. On the other hand, the simulation has been run in compliance
with the SDME rules. Design Builder runs hourly and sub -hourly simulations, where results can be
displayed yearly, monthly, daily, or hourly. All below simulations are run on a sub -hourly base, to
obtain the most accurate result. However, for easier readability, in relation to the annual energy
performance analysis, the simulation outcome is displayed with histograms representing monthly
means. Instead, the contest week simulation results are displayed with hourly data.

The occupation density has been tailored to simulate the real 3 occupants (minimum number
requested by the SDME rules), behaving as per the default activity profile for generic living/dining
area of the house as inherited by the software library, which is built according to ASHRAE. Lighting
level has also been assumed as default from the software for LED lighting with autom atic control,
accounting for the requested 300 Lux target luminance. The ventilation rate has been calculated as
per ASHRAE Standard 62.1-2010. Infiltration occurs only when the rooms are depressurized (AC
system is not active), so it has been simulated egal to 0.5 ac/h at a 30% continuous rate.

2.4 Input Conditions Weather Conditions

For the simulation analysis, the weather data is obtained from meteonorm 7.2 server by adding
the location coordinates (latitude: 24.7602°, longitude 55.3633°). Monthly average values of
irradiance (global horizontal irradiance (GHI) and diffuse horizontal irradiance (DHI)), ambient
temperature, wind velocity, and relative humidity are presented in Table 1. Figure 2 shows the wind
conditions in Dubai (year, season, and during the contest period). The main wind streams are
moderate-strong warm humid wind from North -West (from the shore) in summer; strong cold
medium -humid wind from North -West (from the shore) in winter daytime; moderate warm dry
wind from South (from the dese rt) in summer; and moderate -strong sandy dry wind from South
(from the desert) in winter.
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Table 1. Weather Conditions.

Site SDME-UQCS Site Country United Arab Emirates
Region Asia Source Meteonorm 7.2
Latitude 24.7602° Longitude 55.3633°

Ambient Wind Relative
Values GHI DHI Temperature Velocity Humidity
Month KWh/m? kWh/m? °C m/s %
January 119.2 48.2 18.7 3 61.9
February 125.2 55 20.5 3.3 57.1
March 168.9 68.2 24 35 48.3
April 186.9 74.4 28 35 40.3
May 219.2 83.2 33 35 35.5
June 207.6 91.9 34.1 3.3 424
July 188.4 95.6 35.8 34 43.7
August 192.2 91.5 35.7 34 43.2
September 170.4 75 32.6 3.11 51.1
October 155.9 58 29.7 2.8 49.9
November 126.2 49.1 24.7 2.8 57.6
December 108.8 47.4 20.7 2.8 63.9
Year 1968.9 8375 28.1 3.2 49.6

Yo Winder (Jan S0Nng (Agr Summer (A0 Fl (Oct

. Wind Grecion i ireeraga November Say
Nowemser (Corest penad) Wind condtcms 1 sverage Nowerrber dey

Figure 2. Wind rose for Dubai: year, season, and contest period. Source:
https://www.windfinder.com/windstatistics/dubai

3. Results and Discussion

This section includes the results of the modeling and simulation analysis: (1) annual
performance of the energy efficient house in Dubai (comfort conditions and energy consumption),
and (2) performance analysis of the house during the SDME contest period (11th November - 20th
November). The results of the comfort conditions inside the house include the dry bulb temperatures
(air temperature inside the house; radiant temperature - average surface temperature of the roof,
walls, and floor; operative temperature - average temperature between the air temperature inside the
house and the radiant temperature; and the outside dry bulb temperature); relative humidity (RH%),
and the total fresh air supply inside the house. The results show the comfort conditions (air
temperature of 22 - 23»C and RH = 5055%) are achieved during the hottest day (July-August) in
Dubai. The yearly internal heat gains (lighting; occupancy; appliances; solar gains through the roof,
walls, glazing, doors; and infiltration), and the sensible, latent and total cooling loads (kW) were also
calculated. Figure 3 shows the annual electricity consumption for solar house in Dubai. The peak
electricity consumption for cooling is about 1600 kWh for the months of June-July. The annual
electricity consumption for lighting and the air conditioning system are respectively 1373.3 kwh and
9994.1 kWh. The total electricity consumption for both the lighting and air conditioning system is
11,367.4 kWh. The energy intensity for both lighting and cooling is 135.3 kWh/m2 (16.3 kWh/m2 for
lighting and 119.0 kWh/m 2 for cooling).
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Figure 3. Annual Electricity Consumption for the Solar House.

The comfort conditions and the energy performance of the solar house during the contest period
(12 November - 20" November) are shown in Figures 4-5. Figure 4 shows the comfort conditions
(dry bulb temperatures ¢ outside design temperature, air temperature inside the house, and the
radiant and operative temperatures). The results show the comfort conditions (air temperature of 22.4
t 23.8C and RH = 5055%) are achieved for the solar house inDubai during the contest period
(November 11th-20th). Figure 5 shows the electricity consumption breakdown during the contest
period for the solar house in Dubai. The electricity consumption for lighting and the air conditioning
system during the contest period are respectively 22.1 kWh (263.0 Wh/n?) and 145.8 kWh (1735.7
Wh/m?2). The total electricity consumption for both the lighting and air conditioning system during
the contest period is 167.9 kWh. The energy intensity for both lighting and cooling is 1 998.8 Wh/mg.
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Figure 4. Comfort Conditions of the Solar House during the Contest Period (11th November - 20th
November)
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Figure 5. Electricity consumption breakdown during the contest period (11th November - 20th
November)

4. Conclusions

Performance analysis of an efficient solar house designed for the Solar Decathlon Middle East
2021 in Dubai, United Arab Emirates is presented in this study. Green and sustainable building
design strategies and technologies (biosustainable cork panels, highly reflective cool coating of the
outer envelope, passive cooling and ventilation, night cooling strategy, high -performance air-
conditioning unit, and energy management system to optimize energy consumption) toward the goal
of achieving an energy self-sufficient building powered with solar PV were investigated. The results
show that the annual electricity consumption for cooling and lighting (combined as per SDME meter),
shows a building performance of 135.3 kWh/m2, highlighting that the large share (90%) is accountable
for the energy losses through the envelope (117.5 kWh/nt® considering the heat fraction of the house
loads; 99.1 Wh/ne considering the envelope performance only); while lighting, sized and inputted as
per real illumination design project (all dimmable LED devices), is responsible for only 16.3 kWh/m 2
(10%). The same analysis during the contest period generally confirms the annual assessment,
showing a predicted improvement in the cooling share (1735.7 Wh/m2equal to 87%), versus the
lighting (263.0 Wh/m 2 equal to 13%), due to the milder November climate.
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Abstract: Urban development in many parts of the United Arab Emirates (UAE) has significant
impacts on the environment. The use of glazed facades that exposed to the hot climate of the UAE
has increased in popularity. This modern architectural pattern increases the operational costs and
energy consumption due to the higher solar gain. Thus, improving the ecological performance of
building industry in the UAE and minimizing/preventing the negative impact of urban
development on the natural environment are the main con cerns for building engineers, developers
and stakeholders seeking for environmentally friendly buildings in the country. Throughout the
world, passive cooling strategies have been developed to overcome this major drawback of glazed
facades. Passive coolingechniques such as thermal mass, windtowers, and courtyards can already
be found within the traditional architectural fabric of UAE like Bastikia and Shindagha districts in
Dubai. It is also applied to modern urban development such as Madinat Jumeirah in Dubai. Other
cooling passive strategies, including the use of Double Skin Facades, vegetated green wall and
Plant-Shaded techniques are also applied to reduce the heagain effects. Recently, the use of passive
cooling techniques have been adopted within Abu Dhabi building codes to maintain the new vision
of the UAE towards building sustainability. This paper investigates different alternatives of passive
cooling strategies for reducing cooling load of contemporary buildings design in extremely hot
climate of UAE. These techniqgues include Vegetated living wall (VLW), Plant -shaded wall (PSW),
and Vertically Integrated Greenhouse (VIG). The study demonstrates the potential benefits of
passive cooling strategies not only to minimize the negative impact on the natural environment, but
also to reduce the cooling load and the air-conditioning cost. The experimental results of the study
show that Vegetated and plant-shaded strategies can reduce peak time indoor air temperature by
at least 5°C during the hot summer period, and reduce the peak air conditioning energy demand
by up to 20% in case of using vegetated living walls, and 18.5% in the case of using plantshaded
walls.

Keywords: Hot climate, passive cooling strategies, plant-shaded wall, vegetated living wall , thermal
performance.

1. Introduction

The urbanization trend, which is rapidly developed in many cities around the world, has
significant environmental consequences, including high non -renewable resource consumption and
high levels of air pollution. The main issues of sustainable building development are minimizing the
impact on the natural environment and improving the ecological performance of urban development.
As a result, the major challenges of urban sustainability are energy efficiency, healthy environment,
and biodiversity conservation. Approximately 45% of all worldwide energy consumption is devoted
to buildings. Nearly 30% of this energy is used to heat, cool, and ventilate buildings. In hot climates,
air conditioning is a major energy user that represents a serious barrier to achieving the building's
greening targets [1]. Power plants and distribution networks supply a greater amount of energy
during peak air conditioning times due to the increased cooling system capacity and energy
consumption. Despite that fact, the environmental impact of buildings is often underestimated, while
the costs of building green are overestimated. Therefore, in cities like Abu Dhabi and Dubai,
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sustainable building techniques in terms of energy usage are critical in order to adapt ecologically
friendly building conditions.. The main question could be asked is: "how could cities with hot climate
and rapid urban development sustain their building practices in term of energy efficiency?"

Due to the hot summer temperatures in United Arab Emirates (UAE), where the external
ambient temperature may reach 50 °C in the summer season, almost 70% of the total energy is
consumed in air-conditioning (AC) [2]. A considerable improvement in the AC sys tems performance
during hot summer time aligned with energy conservation could be achieved by utilizing passive
cooling strategies for high thermal building performance. Inclusion of Vegetated Living Wall (VLW),
Plant-Shaded Wall (PSW), and double skin fagades with Vertically Integrated Greenhouse (VIG) have
been widely used as environmentally friendly energy saving techniques due to their high energy
performance. The absorption/releasing of heat by vegetation provides a latent heating/cooling for the
surrounding environment.

The study investigates the applications of Vegetated Living wall and Plant -Shaded techniques
as passive cooling strategies to reduce heat gain and lower cooling demand in indoor spaces. The
investigated techniques are examined, and their thermal performance are discussed and analyzed. In
order to provide a real financial incentives of using plantation on and around the building facades,
the study also analyzes a Costbenefit Analysis of the examined techniques, taking into consideration
the tradeoff between the energy savings of the building skin and the real installation and operation
cost; while the related environmental benefits are ignored at this stage.

2. The Performance of Sustainable Building Skin

Using building skin as a way t o separate indoor spaces from the outdoors is an important
concept for energy efficiency as it allows buildings to adjust to local weather conditions including
heating, cooling, ventilation, and natural lighting. In addition to controlling heat transfer an d solar
radiation, it affects the air flow and the energy performance in buildings. As a result, ventilation and
daylight need to be balanced with thermal protection appropriate to the climatic conditions [3].
Besides material selection, daylight, ventilation, and air-conditioning, building skin design is an
important factor in determining how much energy is used in buildings. For optimal energy efficiency,
engineers should integrate building skin design with interior design and daylighting. Building forms,
volumes, openings, glazing systems and the orientation of the building have also a significant
influence on the efficiency of the building skin. In a hot climate, the main strategy is to control heat
gain by preventing solar energy from entering the indoo r space and allowing adequate daylight [4].
Building construction details also play an important role in the design of the building skin. To
guarantee the required thermal performance, appropriate detailing systems, including the choice and
placement of the insulation material, are essential. The heat transmission occurs through conduction,
convection and radiation. As examples, Figure 1 represents typical reduction in solar transmission
through Clear glass; double glazed heat-absorbing glass; and double glazed reflective glass.

100 % 100% T~ A 100%
incident :
reflected

. 30%
released by ransmitted 45%
conduction
ond convection

sinql;: - heat - clear reflective  clear
glazed, clear absorbing

a b c

Figure 1. Typical reduction in solar transmission through: a) transparent glass; b) double-glazed heat-
absorbing glass; and c) Reflective double glass [3]

Thermal conduction is the place where heat is conducted through the outer skin of a building.
The conductivity of building materials or components is the amount of heat that is conducted through
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a unit of area in unit of time for the unit temperature differences between the surfaces of the building
skin (thermal transmission coefficient U -valor); the lower the U -value, the better the insulation. Table
1 shows the U-value of various wall construction details as examples. With convection process, air
flow collects heat from warmer surfaces and transfer it to the colder surfaces. Radiation involves the
transmission of energy through electromagnetic waves [3].

Table 1. Thermal transmission coefficient U-Y EOUT w6 ¥ Ol ¢ " Awgt ¢

Wall Construction Details U-YEOUI wmp6 v

1 | 105 mm outer brick leaf; unventilated cavity; 100 mm 0.95
lightweight block inner leaf; plaster.

2 | 105 mm outer brick leaf; unventilated cavity with 50 mm 0.70
insulating layer; 100 mm lightweight block inner leaf; plaster.

3 | Outer weather boarding; building -paper backing; timber frame; 0.60
incorporated 50mm glass-fiber quit; foil -backed plasterboard.

4 | 105 mm outer brick leaf; unventilated cavity; incorporated 50 0.50
mm quilt; polythene vapor check; plasterboard.

5 | Window; single -glazed, wood frame. 5.60

6 | Window; double -glazed with 20 mm air gap, wood frame. 2.50

A natural passive cooling systemis an alternative for maintaining a sustainable building facade
and reducing cooling loads. Moe than 40% of theundesirable heat comes in through windows and
walls, and almost 30% comes inthrough building roof [4]. To limit the impact of radiant energy, a
reflective water-resistant coating and installation of a heat barrier are essential. This carreduce the
heat gain by almost 25% [5]. Additionally, light -colored surfaces effectively reflect a percentage of
the heat. Reflective window coatings also canreduce the heat by approximately 35% [6]. Suncoating
films canreflect as much as 80% of the incoming sunlight [5].

Vegetated Green walls can reduce the effects of heat gain and therefore reduce the indoor air
temperature. The internal as well as external surface temperatures of the green wall remain cooler
than the surface temperatures of the bar wall during the peak day time (Figure 2). Several studies
have shown that the external surface of a green wall is up to 10°C cooler tian bar wall; therefore the
U-value of the green wall is usually lower and helps in reducing the cooling loads [6]. There is an
evidence that green wall reduces cooling load by shading walls and windows from incoming solar
energy. The effect of vegetationresulting in a 5 °C reduction in the inner temperature which provides
a reduction in cooling load by almost 20% in annual energy consumption [7]. Through simulation, a
100% greenery coverage with plants of higher shading coefficient, proved to achieve about 18% drop
in cooling load [8, 9].

Inter=al
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Figure 2. Vegetated Green Wall

Plantations have also been used as barriers to urban noise pollution. The acoustic insulation of
vegetated green walls is greater than that of bar walls (up to 30 db) [10]. Green walls canalso help to
protect building surfaces and increase the lifespan of the building skin. This is provided by keeping
rain off the building while allowing moisture to escape, reducing the expansion and contraction of
building materials, and shielding the wal Is from wind and solar radiation that could harm the
materials. The green wall approach has an aesthetic impact on buildings and can help to mitigate the
lack of green space in urban areas.
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The use of vegetation around building facades can also help to increase the building skin's
thermal performance. Plant-shaded walls, in addition to vegetated green walls, are a common
approach for lowering wall surface and interior space temperatures by reducing heat gain provided
by vegetation leaves, evaporative cooling generated by the irrigation system, and heat resistance
caused by the plant acting as heat insulators (Figure 3) [7]. The peak time indoorair temperature and
the peak air conditioning energy demand can both be reduced with this strategy. Furthermore, u sing
plant-shaded walls minimizes wind influence and helps in humidity regulation within the building
zone. Trees provide a variety of ecosystem services, including carbon sequestration, improved air
quality, and reduced storm water runoff [11]. As a resul t, hot air can rise over solid surfaces and be
replaced by fresh air, which helps reducing the heat island effect [12]. Summer peak temperatures
can be reduced by 15°C via evapotranspiration [13]. Heat convection occurs when the air
temperature is higher than the temperature of the wall surface. Plants also contribute to this
phenomenon by controlling their temperature and keeping it lower than the surrounding air through
transpiration.

Figure 3. Plant-shaded wall

Plant shaded wall reduces the radiative interchange between the ground and the wall surface,
lowering the urban surface temperature. Additionally, employing trees as windbreakers helps
protect buildings from the hot summer wind. Furthermore, trees -shade diminish glare and diffused
light from the sky, as well as heat gain and hence cooling load and energy consumption [14]. When
plants are used to provide shade on a building's wall, the amount of shade that is provided can be
simply adjusted. The light coverage ranges from extremely light 10% coverage to very dense 80%
coverage depending on the plant species chosen, its height, physical qualities, and density.
Furthermore, a layer of air is contained within the vegetation, limiting the transfer of heat through
the building's wall and lower ing the ambient temperature through shadowing and the plants'
evapotranspiration process. In the winter, the plant -shaded wall acts as a wind buffer, reducing the
amount of energy lost due to inside heating. As a result, using plants to shade walls has yea-round
thermal benefits, as well as economic and energy savings. Tree shade reduced wall surface
temperatures by up to 9°C and external air temperatures by up to 1°C in hot summer conditions. [15].
Tree form and placement influence shade availability on b uilding surfaces, which has an impact on
building energy use. Similar to green wall technique, there are various challenges that affect the use
of plant-shaded walls, including the primary costs associated with plantation and maintaining trees,
such as acaiiring materials, initial planting, and ongoing maintenance activities and irrigation.

Thermal performance of the vegetated green wall and plant shaded wall as passive cooling
techniques have been examined by the author and summarized in the following sections. Cost Cost
benefit Analysis of the examined techniques has been covered in the study, taking into consideration
the energy saving, cooling load reduction, and the payback period of each technique.

3. Thermal Performance of Vegetated Living Wall

To examine the thermal performance of vegetated green wall technique of building facades, an
experimental work was conducted on a case study building located in Al -Ain, UAEU (Liwa
International School). Al-Ain city is characterized by a very hot and dry cl imate with summer
EEaAaUDPOI wOl Ox1 UEOUUT UwUEOT 1 wi UOOwt k" wUOOwkYec" WwECEWPDO
tke" w3l 1 w2ET OOOWPEUWEOYI Ul EwbpDUT wOOEUOEUWSI T 1 UEUI E w+
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boxes installed connectively on the building f acades; drip irrigation pipes; and plant foliage [7]. As
part of an experimental work which was carried out by the author and his team, a vegetated green
facade of the school building was examined during the summer season (July and August) to
investigate the thermal performance of the vegetated living wall in the hot climate of Al Ain city.
Two identical classroomswere examined, one with bare wall and the one with vegetated living wall.
Both classrooms facing the southeastern direction. Two data loggers were used to measure
temperature at four locations: external ambient air temperature; external surface temperature;
internal surface temperature; and internal ambient air temperature.

The result shows that the peak external surface temperature on bare wall stayed around 54°C
while the peak temperature on the vegetated living wall remained at an average of 48°C. Similar
trend was observed for the rest of the duration of experiment with slight variation in the magnitude
of the temperature regulation. The reduced external surface temperature on the vegetated living wall
yields a reduced internal surface temperature compared to bare wall. The internal surface
temperature on the bare wall stays at an average of 52°C while the internal surface temperature on
the vegetated living wall stays at 46°C which shows a similar trend and magnitude of temperature
regulation as of external wall. This drop in internal surface temperature yields a drop in indoor
ambient temperature with living wall compared to bare wall with an  average of 6°C. The result also
shows that the internal surface of the green wall remains cooler than the internal surface of the bare
wall during both the peak day time (with a difference of 4 -6 °C) and the peaknighttime (with a
difference of 1-2.5 °C). The reduction in the internal surface temperature and the ambient air
temperature of the vertical living wall system is occurred mainly due to: the decreased heat gain
caused by vegetated living wall; the evaporative cooli ng caused by the irrigation water; and heat
insulation caused by low thermal conductivity of the plant foliage and the soil. In conclusion, the
shading effect of the vegetated green wall can reduce peak time indoor air temperature by 5-7°C for
the month of July, and reduce the peak air conditioning energy consumption by about 20%, which is
in agreement with previously reported work [7]. The daytime external, internal and indoor
temperature differences between bare and vegetated living walls are presented in Figure 4.
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Figure 4. Daytime temperature difference between bare and vegetated living wall

4. Thermal Performance of Plant -Shaded Wall

Two identical residential building facades have been tested in Al -Ain City, UAE); unshaded
facade (bar wall), and Plant-Shaded fagade (Figure 5), both are facing south eastermirection (same
direction of the vegetated living wall case study). To determine the temperature regulation effect of
Plant-Shaded Wall (PSW) on indoor spaces, temperatures at four locations were recorded for both
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residential building facades: external ambient air temperature; external surface temperature; internal
surface temperature; and internal ambient air temperature in hot summer period (July and August;
same period of experimental work of VLW).

> % “4 7
o —"d} 4_/

a. Unshaded F:a\gade . b. Plant Shaded Fagade

Figure 5. Plant-Shaded Fagadecase study, Al-Ain, UAE

The experimental result shows that the peak external surface temperature of the unshaded
facade reached 5556 °C, while the temperature on the external plant -shaded wall peaked around 50-
51°C for most of the experimental duration [16]. A reduction of around 5 °C has been achieved on
the external plant-shaded wall surface. The reduced external surface temperature on the shaded wall
naturally resulted in a reduction of the internal wall surface temperature comp ared to the internal
base wall surface temperature. The internal surface temperature of the bare wall peaked at around
51°C, however the plant-shaded wall peaked at around 46 °C which shows a drop of 5°C. The indoor
ambient air temperatures through bare w all peaked at around 47 °C on the average, while the shaded
wall peaked on average at 39°C, showing a drop of about 8 °C. The daytime external, internal and
indoor temperature differences between bare and plant-shaded walls are presented in Figure 6.
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Figure 6. Daytime temperature difference between unshaded wall and plant -shaded wall

5. Funding and Results: Cooling Load Reduction and Economic Benefits

The test rooms of both vegetated and plant-shaded building facades were simulated in e-Quest
energy modeling software, using Al Ain weather data entering construction details of the test rooms.
The selected walls which are constructed from hollow concrete blocks with thickness of 20 cm are
covered by white Cement Stucco from both sides with a heat absorbance value of 0.6. The indoor
EOOUUOOWEOOEDPUDPOOUWPI Ul wOl hutdiditE dontrbl nel 0.5uAl ICKkarded perU UUT wpk B U
Hour. This Air Changes per Hour generally prevails in conditioned space due to air infiltration in
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this type of construction. In order to compare the results, the heat removal rate to keep the indoor air
at control temperature was calculated from the measured outdoor temperature and the fixed indoor
EOOI OUUwUI Ox1 UEUUUT woOi wl k" whbbUT wi 000O6PDPOT wi GUEUDPOOO
O8wdwds8" xI 30
PT 1T Ul wod wEOEwW58 wWEUT wi 1l EQwUI OOYEOWEOEwWUT 1 wyYOOUOI wi O
the air density, specific heat capacity and temperature difference between outdoor ambient and
indoor control temperature.
The results show that the simulated and experimental temperatures are in close agreement. The
heat gain from the living wall as well as the plant -shaded wall was processed to calculate the cooling
loads of the used techniques and compared with the cooling load of the unshaded bare wall. As
presented in Table 2 and Figure 7, the results show that for vegetated living wall, the cooling load
reduced from 1.35 MWh to 1.07 MWh resulting in 20.5% energy saving for cooling system due to the
use of green wall [4]. However, UT 1 wU Ul awWd iEu % G@&BEOO] EVUET wEOOODPOT wOOEE
, 61T vyal EUWOOwhdhyYw, 67T val EUWPOwWUT T wUI U0UT EwWUXxEET wpxUl EDI
PDPOwhWs kdwl O UT AawUEYDOT wi OUWEOKHOEBET &GudlEi OaBOI GUOWUT |

Table 2. Cooling load and energy saving of vegetated Living Wall and Plant -shaded wall techniques.

Passive Cooling Technique Cooling Load (MWh) $01 UT awUEYDOI |
+ OEEwmu A
Bar Wall / Unshaded 1.35 0.00 %
Vegetated Living Wall 1.07 20.5 %
Cooling Load Saving -Vegetated 0.28
Living Wall
Plant-Shaded Wall 1.10 185 %
Cooling Load Saving t Plant 0.25
Shaded Wall

Passive Cooling Techniques
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Figure 7. Comparison of experimental cooling load in MWh for the test rooms of vegetated Living
Wall and Plant-shaded wall techniques.

As discussed above, the use of vegetated living wall and plant-shaded strategies reduces the
cooling load on one hand and improves the environmental condition on the other hand. However,
Ol T wOEPOwWDPUUUI wUT OUOEWET wUEDPUI EwDPUwWUT 1T wil EOOOOPEwWDO
vegetated living wall and the plant -shaded was carried out by the author [16, 17]. The study covers
the initial cost of the greenery systems, irrigation system including the amount of water, maintenance
cost, and running costs to calculate the total cost per wnit area of the tested facade. The costbenefit
analysis was based mainly on determining simple payback period considering the capital and
operating costs while energy savings and increased rental value are included as benefit while
ignoring the environmen tal benefits and inflation rates at this stage. The average temperature
reduction on the external surface, internal surface and indoor space between day- and night-times
reflected the cooling energy saving. The drop in average temperature represented the energy saving
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and the drop in peak temperature represented the reduction the capacity of the HVAC system. The
cost-benefit of the used techniques is calculated through the energy savngs caused by reduced
cooling load and increased rental rate, using the international leveled energy cost.

Table 3. Cost-benefit of vegetated living wall and plant -shaded wall techniques

Passive Cooling Cooling Load Total Cost Energy Saving Payback Period
Technique Reduction per unit area (m2) Cost Year
(MWh) Uss$ Uss$
Vegetated Living Wall 0.28 250 133 11
Plant-Shaded Wall 0.25 39 122 4.5

A comparison between the costbenefit of vegetated living wall and plant -shaded wall
techniques is summarized in Table 3. The study concluded that for the vegetated living wall
technique, the total cost per unit area (m?) is 250 US$, while, the cooling load reduction is 0.28 MWh,
the energy saving cost is 133 US$/year/unit, and the payback period is 11 years. However, for the
plant-shaded technique, the total cost per unit area (m?) is 39 US$ (much lower than the cost price of
vegetated living wall), while, the cooling load reduction is 0.25 MWh, the energy saving cost is 122
US$/year/unit, and the payback period is 4.5 years.

The costbenefit analysis results conclude that the total cost of the used modular living wall
system might not be the best economic sustainable option of the green wall, as the installation costs
are high comparing with similar systems using plastic mesh living wall system. The payback period
of the vegetated living wall is quite high in comparison with the plan -shaded wall technique. It is
expects to achieve reduced payback period, particularly for the vegetated living wall system once the
environmental impacts as well as the use of graywater for irri gation system are included as subject
of future study to make the use of greening systems economically.

6. Conclusions

Improving energy performance in buildings is the main concern of building construction
development in the United Arab Emirates. The use vegetation on and around building fagades has
gained increasing popularity in many cities like Abu Dhabi and Dubai to improve thermal
performance in buildings, increase energy efficiency and reduce cooling loads. The study concludes
that vegetated living w alls reduces the indoor ambient temperature by an average of 6°C in
comparison to the bar wall. This reduction is achieved due to the decreased heat gain caused by the
vegetation; the evaporative cooling caused by irrigation; and heat resistance caused bylow thermal
conductivity of the plants. With the indoor ambient temperature reduction, the cooling load can be
reduced by up to 20.5%. Similar to the vegetated living wall, t he peak indoor air temperature showing
adropofalmost5°C.317T 1 wEI EUI EUIl EwUl Ox1 UEUUUI wEEUUI EwEa w0l 1T wUl
reduces the peak air conditioning energy demand by 18.5%. The economic analysis of vegetated
living wall and plant -shaded wall concludes that the payback period of VLW technique reached 11
years however for PSW system, the payback period reached 4.5 years. A further reduction on the
payback, particularly for the use of vegetated living wall, is expected once the environmental benefits
are included. Additionally, VLW and PSW techniques contributes directly to sustainability, energy
saving, air quality, and sound control.
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of attention for local typologies and techniques, makes buildings heavily depending on air
conditioning. Especially high -rise constructions that, far from traditional typologies, are often
designed with the sole purpose of being iconic.

Although Dubai has five months of pleasant weather, very few towers make use of natural
ventilation, which could be used to achieve better IEQ and to activate passive cooling strategies.
This study employs the latest design tools - advanced computer aided software, computational fluid
dynamics (CFD), and parametric/generative design - to create an energyefficient and sustainable
tower that maxim izes natural ventilation to reduce the annual air conditioning operation.

The methodology includes two main phases: (1) CFD is used to analyze sites with different urban
fabric, density, and typologies, with the objective of selecting a poorly ventilated area to serve as ideal
project site and prove the benefits of the new tower concept; (2) parametric design would optimize
the building shape to minimize solar radiation and maximize the collected wind flow.

Next phases of the research include the parametrc design of the facade (of the selected optimized
tower-shape) and the study of the apartment/office units to further enhance indoor natural
ventilation.

Keywords: Parametric design; Generative design; CFD analysis; Natural ventilation; High -rise
buildings

1. Introduction

1.1.Project Overview

UAE aims to be a successful role model and a global hub for the new green economy, in order to
strengthen competitiveness and sustainability of the country and to preserve its environment for next
generations. Hence, the prime minister of the UAE and Ruler of Dubai, H. H. Sheikh Mohammed bin
Rashid Al Maktoum, has founded the UAE Green Growth Strategy [1].

energy, agriculture, sustainable design, constructional polices, and investment.
The six major fields, stating policies and program, of the Growth Green Strategy which are:

1 Promoting the production and use of renewa ble energy.

1 $OEOQUUET BOT wbOYI UOOUUWUOWPLOYITI U0wPOWUT T w?&UI T Ow
hosts new green innovations and inventions.

1 Raising ecofriendly houses and buildings while preserving the environment through
urban planning guidelines.

1 Dealing with the effects of climatic change, promoting local organic agriculture to keep

the ecological balance.
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1 Reducing electricity use and relying on natural resources, reuse of water and recycling
waste.
1 Applying and promoting the innovated green technology .

1.2.Problem Statement
High-UPUI wEUDPOEDPOT UWwEUI wOOI woOi wasd $z7UVUwpEOEwWI Uxl EPEOOa w
world attention and emphasizing the city scape. Moreover, they serve the economy through tourism
and real estate, offering end-usersa type of living that has today become a status symbol. Nevertheless,
is already accounted to buildings. Such uncontrolled energy use means an increase m climatic risks,
environmental hazards, and CO2 emissions[2].
The high energy consumption of the built environment has been a widely spread problem in Dubai
for the past decade. Among the reasons behind it there are evident ones such as the uncontrolledused
of air conditioning (AC) and the broadly used and poor construction systems, but also more implicit
OO0l UwUUET wEUwWUT 1T wbOExxUOxUPEUI wbOxOUUI EWEUPOEDPOT z UwU
the specific climatic conditions. The above-mentioned reasons must be addressed in a holistic manner,
to reach a comprehensive solution to the problem. So, if relying on an active AC is a waste of resources,
while passive cooling could be enhanced by natural ventilation, such holistic strategies must be
approached from the early design stage.
Natural ventilation is the action of supplying air and extracting air from an indoor space. It
provides a healthy life as the oxygen in the fresh air helps the organisms to have a better blood pressure
and heart rate. It increases energy levels and the immune system. It gives the sensation of relaxation
and comfort [3].
Yet, many towers in Dubai do not make use of natural ventilation.

ay

1.3.Project Objectives

Once identified the inefficiency of imported high -rise design to Dubai, the aim of the project is to
study an alternative efficient design solution that enhance sustainable strategies to reduce the building
energy consumption. Specifically, the research utilizes advance software running computational fluid
dynamics (CFP) calculation, to understanding wind behavior in different urban fabrics/typologies.
Previous studies have analyzed the effect of wind patterns around towers [4], also assessing how shape
affects the airflow around the different surfaces [5] and parametric/generative design to model
numerous iterations and find the building shape that best serves the purpose.

The expected result of the study is to identify the most optimized high -rise building shape that

and therefore limit the use of air conditioning (AC).

1.4.Limitations

The software is fed with input data, to reduce the number of calculation variables, collected form
literature (i.e., for building physics) and/or local authorities (i.e., for climatic data). Therefore, the
study relies on the correctness of such data.

The work is based on the outcomes of the said software, which operates iterative computations
toward a converged (optim ized) result. The design obtained with this study must be considered one
among several other possible outcomes achievable by modifying the software input data.

The project does not expect to reach a totally passive building. It is believed that, in the UAE, the
harsh summer period will still need using AC systems. The study merely hopes to find a design
strategy to limit the AC use -period during the year.

2. Materials and Methods

The research methodology is divided in the following phases:

BELPOLITI ET AL. 76



1. Analysis of diff erent sites in Dubai (diverse urban fabric type, building typology, and
building density) to select the most suitable for the continuation of the study: a site with
poor wind flow conditions will be selected, to act as worst -case scenario where to test the
benefits of the above-described design strategy.

2. Parametric/generative design is performed to test numerous iterative potential high -rise
shapes/models, under the parameters of solar radiation and overall wind flow. This phase
focuses on processing the dimatic phenomena with advance computer -aided
computations in order to find the tower shape with the least total sun radiation on facade,
and maximum envelope surface characterized by air flow.

3. Results

3.1. Analysis of different urban fabrics

The study started with the investigation of the effects of wind on different site, characterized by
different urban fabric types, building typologies and density.

Three different zone in Dubai, respectively defined by three urban fabrics were studied:
Jumeirah - Umm Sugeim 3, Sheikh Zayed road- Zabeel area, and Dubai Marina. Autodesk CFD (for
accurate simulation) and Autodesk Flow Design (for clearer visualization graphics), combined to
Rhinoceros and Grasshopper, have been used for CFD analyses. Three parameters asought after in
these simulations: wind speed, direction, and pressure.

Table 1. Comparison of the three selected sites

Site Distancetothesea ! UDOE D O Uz Density level

Jumeirah - Umm Sugeim 3 Closest Low -rise Least dense

Sheikh Zayed road - Zabeel area Far Mixed rise Less dense
Dubai Marina Close High rise Dense

The CFD simulation of Figure 1 shows that Jumeirah - Umm Sugeim 3 has a uniform air
movement and the fastest wind speed, equal to 6 m/s at 100 m height. This is most likely because it
is close to the sea and no buildings (mostly low- to medium -rise) obstructs the direct wind flow from
the shore. As a consequence, the buildings do not seem to be significantly deprived of the natural
ventilation resource.

The CFD simulation of Figure 2 clearly shows that wind in Sheikh Zayed road - Zabeel area has
two types of movement: horizontal and ver tical. This is occurring because the buildings are close to
each other, and their significant difference in heights. The recorded wind speed is less than in
Jumeirah - Umm Sugeim 3, equal to 4 m/s at 100 m height.

The CFD simulation of Figure 3 shows how Dubai marina has a strong direct airflow coming
from the shore overall affecting the first line of buildings toward the sea direction. Due to the vicinity
EIl OP1 1 OwUT 1T WEUDOGEDPOT UOwWUT T wPDOEWDOwW, EUPOEZUwWDOOI UwxE
high-rise constructions. This results in poor ventilation of the area: the wind reaching through the
first layer of dense and tall towers is both low in speed in pressure.

Based on the above CFD simulations results, the highlighted area of Dubai Marina, shown in
Figure 4, suffers from slower wind speed by 30% to 60% than the sea front line, with a final value
equal to 2m/s. For this reason, Dubai Marina was selected as ideal site where to test the new tower
design concept strategy.
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Figure 1. Top view of Jumeirah - Umm Suqgeim 3 (a) and CFD simulation results in isometric view (b)

and section (c).
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Figure 2. Top view of Sheikh Zayed road - Zabeel area (a) and CFD simulation results in isometric
view (b) and section (c).
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Figure 3. Top view of Dubai Marina (a) and CFD simulation results in isometric view (b) and top view

(c).
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Figur e 4. Selected empty site in Dubai Marina, highlighted in top view (a) and visible in a bird -view

picture (b).
3.2. Generative design simulations

3.2.1. Principles of computational generative design

Generative design involves a particular way of approaching the design intent, involving design -
related issues and standards during the design process. Computational tools and techniques enable
the processing of information and create various outputs as solutions to a given design problem.

These techniques have bé OwET UEUPETI EwEUws T 1 O1 UEUDYI wEI UPT Oz Owz xE
E1 UPT OzwUOOwOOOawOEDSI WEWI 1 POWEBEWEOOOODOOaAaOWUT T UT WEOD
innovative form -finding systems [6]. Generative Design is a method that generates forms by adjusting

parameters according toa strict set of rules and algorithms being derived from computational tools

such as Rhinoceros [7], Grasshopper [8]. Algorithms and programs allow for a multi -constrained

design process to develop computational geometric models and generative design that work together

in such a way that the designer can interact with it to virtually explore design alternatives. These is

done with careful considerations of the parameters and constraints of the building and of real -world

contexts [9].

Computational generative design was used to set the constraints such as height, setback, and
UCOUUEOUUTl wUEEDPUUOW UEODOT wWwEEYEOQUETT wOl w0l 1l wEOOXxUUIT L
exploration of design alternatives. These allowed to control the general outcome of the structure,
regarding its shape, size, and general elements that would be shown in the exterior. The parameters
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have then been set to determine more specific details that the $ructure should consider. The first
program used was Rhinoceros, then various plug-ins were employed to input and adjust parameters.

3.2.2.Software set up: constraints and parameters

The first step is feeding the program with constraints, then setting the parameters and allowed
range for each of them. Using the software Rhinoceros with Grasshopper numerous masses can be
generated. Then the Ladybug analysis simulates the generated mass in the sitespecific climatic
conditions (sun radiation and wind feature ).

Generative design constraints for the structure included tower height, site setback, and tower
UEEPUUWEUwWUOT 1T Ul wEUT wEOUOwWUT T wUPUI zUwWUI U0 wenBityD OO U wi U
mixed -use area,sincethe economic value of land that does not make low- and mid -rise constructions
feasible options. So, the heigh-target is the first constraint fed to the software and was derived from
the average height of nearby structures, representing a reasonable mass for the tower to come. The
second constaint is the site setback, which was to conform with the building code offset and to
comply with communal open spaces in Dubai Marina. The third was the tower radius, derived from
the most efficient use of the land allotted for the new tower (the total bui Idable area was derived from
the total land area and reasonably split to provide proficient space for the structure and open space).

Major parameters of the building are the twisting angle, orientation, and shape of the floor
section. The outcome presentedin the charts generated by the program allow identifying which of
the strategies have high potential to be efficient (in regard to enhancing natural airflow on the
building envelope). As the software trials, by iterative process, produces more and more efficient
outcomes, the further generation of attempted simulation would build on the best previous result,
ideally converging to the best possible one (or better, to a set of best possible ones. In fact, the
constraints provided are not enough to allow the software converging to a unique result). More than
2000 tower shapes, each unique and different, have been generated and tested by the softward-igure
5 shows a screenshot of the software while running the iterative simulation of the potentially
optimized tower shape).

foct parents whone ganes wi bo usod
10 Croato tha nost SN gonaialion vin

= | ST

Performance Optimisation —_— i~ —_—

Double clck a detign to apley it Rhea/
Lrmshopper indtance and review

porécrmance belos o "

Lo the racso Duttons Beiow 16 optirtuie | y |
for cifferent critora whoie ,I, J

popuilation]. Rrtficial selection can also .

be used concurrently|

Design 8

g 1YLl ) T
: TRALRAR NE

- SIS B00

Figure 5. Screenshot from the parametric/generative software, while running a set of potential shapes and
analyzing the sun radiation and wind -flow on their surface.

3.2.3. Iterative simulations

Environmental simulations with Rhinoceros and Grasshopper were assisted by two plug-ins:

1 Ladybug runs climate analysis, importing precise weather data, and performed radiation
analysis, shadow studies.
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1  Butterfly was used to gather data regarding specific airflow modelling and to run CFD analysis.
This program rigorously validates several simulations and exports them to geometry or common
airflow simulations. These include urban wind patterns, indoor buoyancy to model thermal
comfort, and effectiveness of ventilation.

The summation of all these programs allowed to automatically generate masses to be examined
EQOEWEOPOEUPEEOOawI YEOUEUI EwEgEOUEDOT wlOOwUT T wUbUI z UwWE

Figure 6. Screenshot from the parametric/generative software, while running the environmental
analysis on a selected model. On the right, the massing inside the site at Dubai Marina; on the left, the
same shape tested for sun radiation and percentage of surfacearea receiving wind flow.

Figure 7 shows the outcome of one example of the abovedescribed simulation process,
highlighting:

1. Tower model in two representations, the first showing the smooth mass and the second showing
it as a building divided in floors.

2. Significant cross sections of the model, showing the forms used in this specific case by the
software during the iterative process.

3. Performance analysis in regard to maximum air flow and minimum sun radiation (both
Ol EUUUI EWEUWEOOOI EUI E uTkeacasd) $tudyuirOttieHigutezshbwsihe (gool E 1 A
performance (highlighted in green) in the two assessments.
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Figure 7. Sample of a detailed analysis outcome for a potential tower shape
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4, Discussion and Conclusions

The paper discusses thecomputational parametric process to design a naturally ventilated high -
rise building located in an unfavorable position with regard to wind exposure. The study was assisted
by parametric and generative design software that allowed, via a gradual and iterat ive process, to
optimize the building shape that would allow collecting the most wind flow, with the aim of
channeling it to enhance fagade backventilation or to activate indoor ventilation.

So far, the research allowed obtaining the optimized building sh ape, Figure 8. The helicoidal-
like shape allows the residual wind reaching the tower to be collected at the top and distributed down
EOCOOT wOI 1T wi OYI 0O0x1 zUwUUUI EEIT 8

Figure 8. Architectural development of the most optimized parametrically designed shape.

This sole result will allow more portions of the facade to be interested by airflow, and more units
in the building to be able and use it for natural ventilation. However, more investigations are required
to study and quantify the amount and quality of air improvement. The future steps of the research
include:

1  Development of the building core to channel the wind collected at the top of the tower, assisted
by deflectors, and distribute it at the different floors, Figure 9). Quantification and degree of
efficiency to be verified by a detailed CFD simulation.

Figure 9. Conceptual development (A) of the building core (B) to channel the air at the different floors
©.
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1  Development of a parametrically designed double -skin facade to even the distribution of the air
OOwUT 1 WEUDPOEDOT wi OYI OOx1 w311 wpPDOEwWI OOPwOOwWUT 1T wOUUI

distributed more evenly due to the modelling process, can be further channeled through the gap
of a double-skin facade: the external cladding system would be composed of modular perforated
tiles (in the form of pockets) that can be interchanged to allow more or less wind through, and
rotated to deflect it in the desired direction, Figure 10.The inner layer of the double-skin facade
would be operable: close,to act as a conventional ventilated facade; open to enhance the indoor
UxEEIl UzwYl OUPOEUDPOOG

Figure 10. Conceptual development of the parametric -designed facade, with its modular pockets (A)
that collect more or less wind and channel it in the necessarydirection (B).

1 Development of the dwelling/office units inside the building. As previous research has
highlighted [ 13, 14], the indoor typological and morphological layout influences significantly
the air flow in the given space. With more detailed CFD analyses, the study will analyze the
ventilation and passive cooling allowed by the above -mentioned parametric modelling
processesFigure 11.

Figure 11. Conceptual development on indoor dwelling/office units: single -story, duplex, and triplex
layout will be tested to verify to most suitable to further enhance the indoor natural ventilation.
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Abstract: In this era of climate change, cities are paying more attention to the building energy use

and carbon footprint for attaining sustainability. RecallinguponUN - EEDUEUz UwbOPUPEUDYI wi
EPUPI Uz OwhUwhUwbOx1 UEUDY I Qulludlud B3EGuOIUG WA 7l wieEEGOETT & QuudHd
Ol TTUI EwEawl0T 1 wEPUazUwxT AUPEEOwWI OUOWUOPEUEUWI O UT a wl
debate within the field of energy driven urban design include - the effectiveness of urban

morphology and the imp act of densification on building energy use. Even so, scholars are still

qguestioning the effectiveness of the physical form of cities in energy use reduction when compared

to other energy dependent factors (construction materials, heating, ventilation, HVA C systems).

Adding to this knowledge gap, studies have attempted to quantify and understand the relation

between measures of density and building energy use. Comprehensive research reviews suggest

that densification may exhibit positive, negative, or compl ex relations with the heating or cooling

energy demands. However, scholars have failed to reach any consensus due to the conflicting nature

of the research findings within this field. This may be attributed to the fact that, energy use within

a city fabric varies as a function of the geographic context, climatic conditions, economies, scale and

culture. Besides density, other urban morphology descriptors may also have strong correlations

with the energy use. Unfortunately, the impacts of densification on to tal heating or cooling energy

uses still present no dominant conclusions. Reflecting on the current studies in this field, we

I axOUi 1 Ubal -anérgyHdhtioRsi atd Ur@aningful only when the combined influence of
independent form -based descriptors on Q1 Ul awUUl wEUI wEEEUI UUT E28w' 1 OEI O
methodological assessment framework using empirical and statistical approach to achieve energy

to a standard superblock in a hot urban desert context. This goal is achieved by answering the three
main questions: (1) What is the relation between urban form descriptors and building cooling
energy demand at the neighborhood planning scale?; (2) Which is(are)the most significant energy
driven urban form descriptor (s) that strongly associates with reduced cooling energy demand?; (3)
Which is the most appropriate assessment (method) approach informing the practical experimental
exploration of physical form of c ities for energy-oriented planning?. Finally, the argumentative
discussion of the study addresses their practical implication by implementing the framework for
outlining planning and design strategies for achieving more energy efficient building systems a t
different scales.

Keywords: Urban morphology; Energy efficiency; UAE superblocks; Energy use intensity; UMI

1. Introduction

The Increase in global population and enhanced living standards have intensified urbanization,
significantly leading to a rise in global energy consumption and CO2 emissions. These increased
population densities, along with the demands of the urban environ ment, further, intensify the global
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issue of human induced climatic changes (National Geographic, 2015). Energy consumed by the

building sector consisting of both residential and commercial end uses, accounts for 20.1% of the

global energy consumption (U.S. Energy Information Administration [USEIA], 2016). Without doubt,

it is vital for the residential buildings and associated urban forms to be planned efficiently, as this

transformation of the building sector foresees a great potential to reduce energy consumption. In

response to this critical challenge affecting the dense urban areas, one of the widely accepted solution

includes planning for sustainable energy efficient urban forms through urban resilience (Yang, 2015;

UN Habitat, 2018; Sharifi & Yamagata, 2018,2019; Mangan et al., 2021).

survival of adversities at different spatial scales. Sharifi & Yamagata (2018) suggests that the

?/ 1 a UbE E O wkEsicanBuipdnurbsintaifif® Urban integrity and functionality under constantly

changing conditions and can influence capacity of cities to plan and prepare for adapting to shocks
EOQEWEEYI UUT wiVYI OU0U28w%0U01T1 UOOUI OwEOw I Rx@m»OI OUEOW
overall energy consumption, possibly accounting for more than 10% of its energy consumption

(Curra et al., 2018). Accordingly, urban form can be translated as the physical and spatial

representation of activities involving interactions between socio -economic, technological, and

1 OYPUOOO!I OUEOwWiI EEUOUUS W' 1 OET OwUT 1 wUUOUEaAawEUT U1l UwUOT EUC
interventions in the physical form of cities proves highly significant for building energy use

Ul EUEUDPOO? B

Considering the energy efficient urban form assessments, a wide range of studies have
attempted to understand and evaluate the form -energy relation through multiple urban form
attributes (density descriptors) and conceptual definitions (Perera et al.,2021; Javanroodi et al, 2018).
As highlighted by Silva et al. (2016), these interactions among the descriptors of urban form lack
clarity and pose difficulties in evaluating alternat ive building configurations and urban geometries
for energy efficiency. Despite the systematic use of form descriptors to analyze form - energy use
reduction, urban planning processes have not yet attained corresponding gains in efficiency (Mangan
et al., 2021). This may be attributed to the fact that the desirability of urban configurations depends
on various factors such as geographic context, type of disturbance, and purpose of assessment. It is
critical to understand and plan the physical form of cities in a way that facilitates flexibility to reduce
energy use with minimal need for interventions. Hence, given the complex and dynamic structure of
urban forms, attaining better energy performance requires decision making mechanisms along with
appropriate site/urban context specific solutions.

The ever-rising risk of thermal extremes turns out to be highly significant in the hot desert
climatic zones, given the existing temperature extremes (hot and dry), high sun exposure and urban
induced heating. The urban areas falling within the BWh (B:ard, W: desert, and h:hot) climatic
subtype of the Koppen-Geiger climate classification system (Koppen-Geiger, 1928), are attributed as
sl OUwEUawET Ul U0z wl OYDUOOOI OUUBweDUT BOwlriations bfthe D UD1 U O wl
buildings, result in intra urban thermal variability constraining the factors that control localized
cooling energy demands (Pal & Eltahir, 2015). Furthermore, recent research reviews highlight the
limited number of studies addressing the i mpact of urban form descriptors on the cooling energy
demand in the hot desert regions (AlKhaled et al., 2020). As these cities are highly vulnerable, city
planning officials require a careful consideration of the urban form related tradeoffs for attaining
cooling energy efficiency.

Considered as an important regional hub within the Gulf Cooperation Council (GCC), studies
are being conducted in the United Arab Emirates (UAE) towards attaining cooling energy efficiency
at the neighborhood planning scale (meso scale) (Ahmed & Alipour, 2019). Statistical analysis of
residential energy models in the UAE (city of Dubai), showed that a 0.5% - 8.5% increase in energy
demand was accounted by a 0.45% 4.6% increase in the peak electricity demand per degree rise of
temperature (Santamouris et al., 2015). Additionally, energy consumption of the residential sector is
predicted to grow by 1.9% per year from 2012 to 2040 in the Middle East (USEIA, 2016). Like other
EDUDPI UwOi wlOT 1 w4 $O0w EUw#]| BépRgetisuie Uity aldicthraugh@d®dréyi wUUUE U]
Ol wUUx1I UEOOEOQUOWREWI UEOI POUOW O wil YI OOawUxEEI EwEUUI
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interventions, the superblo cks may provide a paradigm shift towards a residential energy efficient
urban form through physical interventions (passive approaches). Hence, the study calls for the need
to understand form -1 O1 Ul awUOUTl wUl OEUPOOwPPUT DPOw E UE#U ukEge-BY 7 40AgsCul -
an area corresponding to a standard superblock in the context of the United Arab Emirates (UAE).
The paper is structured into four sections. Section 2 defines resilient urban forms and relates it
to the study context. The concepts of urban morphology and energy use in the urban systems and the
significant urban form (density descriptors) and energy use descriptors (cooling demand) from
OPUI UEUUUI wEUI WwEPUEUUUI EwpDUI POWUUEUI EUPOOUWOI wUl EUD
most efficient energy driven urban form descriptor to comprehensively represent form -energy
relations. The following section 3 proposes a methodological assessment framework inclusive of the
form assumptions and building energy dependent properties for form -energy analysis within a
sample superblock. Finally, section 4 concludes with the lessons learnt and future research outlook.

2. Theoretical Background

2.1 Resilient UrbarForms
4AUEEOQwWUI UPOPI OEl wPUWEIT I POT EWEUWUT 1 waddpt, tabstoihE E O1 2 WEE

and sustain, while responding to any adverse uncertainties, shocks, or stressors (UN Habitat, 2018).

OUT OUTT OwUI UPODPI OET wUIT 1 Ol EU0wWUxOOwWwSs EEEXUEEDPOPUaz WEQ
property of urban systems, the defining attributes of urban form may vary as a function of the
purpose of intervention, the spatial scale or risk being addressed (Sharifi & Yamagata,2016). To
| EEPOPUEUI wWEWEI UUI UWEEEEI OPEWEOEWUEDI OUPI PEWUOEIT UUUE
to answer the three basic questions as undertaken by previous studies- ? 11 UDODI OEl w Ol wpbl E
211 UPODPI OETl wOOwbkT EUyY 2 OwE O iderindlthe Gid@ RnsWeEs) thisistOdy deals OOy » 8 w"
with the resilience of the urban form (physical dimensions) of a city towards the increased energy
driven demands due to ever-rising risk of temperature changes for the incident community (Figure
1a). Prior to embarking on this field of study, the diversity of spatial and temporal scales within urban
form analysis demands answers to a few additional questions as well. These questions on the

study intends to understand the p racticability of reducing building energy use within a

s-1 DI TEOUT OOEw/ OEOODOT wadpPUz p2Uxi UEOOEOAWOOEEU]I EwbOu
planning stage. Hence, authors believe that exploring and understanding the urban morphology

(physical measures)- energy use descriptor relations, will enable in optimizing the resilience of urban

form towards building energy use.

1a |

1. Resilience of whar? 2. Resilience to what? 3. Resilience for whom?
Urban Morphology of the Ever rising nisk of The socily -

Ssefected Urban fobric temperature changes (ncident communinies and
chovactenisod by 85 due to bt anvionment Systams within & city)
dengity, farm, and paften cooling Mheating

ib

4. Reslience in which
context?

Mol Urban Desert citles in the Al the meso scale within
MENA regicn (Tocus on the the sedected superdlock(s} Inchimions (measurs):
UAE cantext) i the UAE context Foresight capacify

6. Resilience for what?
EfMciency — Energy.
Qiversiy — companent

5. Resiience at what
scale?

7. Resilience at what
stage?

At the initial planning ard
design stage

Figure 1. Defining the resilience of urban form (physical dimension) towards reduced building energy
use.
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2.2. Urban morphologé& building energy use

Urban morphology attributes and the associated descriptors play an important role in
influencing climate resilience and energy efficiency. Due to the interconnected urban structures, a
complexity is observed in defining and identify ing the main urban morphology attributes and the
associated energy driven descriptors. Pioneer studies define urban morphology within a conceptual
theory of physical elements of the city comprising of two main aspects ¢ urban form elements and
the associaed processes transforming them over time (Sol&Morales, 1997). These urban form
elements include plots, buildings, streets, and the infrastructure, whereas the processes include use,
performance, or mechanisms that transform these identified urban elements. Hence, the definition of
urban morphology depends to a great extent on the scale being addressed- macro, meso and micro
scales. The macro scale urban morphology is characterized by the structure of the city and its
predicted development in relation to n etwork of other cities (Sharifi & Yamagata, 2016). At a lower
scale, relative dynamic interactions exist between the spatial components along with spatial overlaps.
For instance, the meso scale includes properties related to site layout, building orientation, or
placement of buildings in the plot, those of which more likely represent the local micro scale. Even
O 60T T wOl UOWEOEWODEUOWUEEO]I UWwEUI wbOUI UET x1 OET OUOwWUT 1
OUwOI PTTEOUI OOEOwP T b Glock Odnfiguradiéns) Urbamudamyéns, brihtérsity withl |
which the plots are built (group of buildings in the site). Even though, no clear boundaries exist
between the different spatial scales, it is imperative to understand the interplay of the morphology
descriptors at a lower hierarchy.
Although diverse spatial scales exist, the meso scale mimics the city morphology by representing
the neighborhood or district structure inclusive of buildings/ plots/blocks. Overall neighborhood
structure is characterized by the density and diversity of "block types, open and green spaces, site
OEaOUUUOWET UPT OwplOl UPOUOUAK? WEOEWUT T whbOUI OUPUaAaWEDwWPI
Wheeler, 2015). Similarly, Oliveira (2016) refers to urban morphology as the skeletd structural system
of the city constituting blocks, plots, and buildings connected by street networks. Furthermore, Shi
et al. (2017), extends the idea of urban morphology as a domain defining the tangible physical form
of the city endlessly influenced by its associated factors (people and processes). While the above
studies consider urban morphology to include associated dimensions of building forms, Javaroodi et
al. (2018), in contrast, sub categorized this concept to encompass forms, patterns and densjt as
Ul xEUEUT wi OUPUPT UwbOwl Rx1 UDOI OUEUPOOWEOGEWEOEOaAUDUB wW"
El1 OUPUa~»> wel U1 UOPOT UwUT 1 wOEaAaOUUOwWwx OEQOWEGEwWI 1 BT T Owdi w
EUPOEDPOT wUT ExT wOUwYOOUOHYDOBR WP @OWxuPes0 WuEBNX®E ®U EIRIE U D C
xEOUIT UOU?2 wUI xUIT Ul O0wUT 1T wET EUEEUI UPDUUPEUWOI wUOT T wbOUI U
or canyons. Hence, most of the scholars agree on urban morphology attributes to constitute the urban
form (buil ding shape, plots, blocks, building height, compaction, intensity of built environment) and
urban pattern (street networks) in dense urban areas.
3T1T WEOOETI xUwOi w?21 01Ul awEUDYI OwWUUEEOwWEITI UBDT 6> wbOUOU
relationship between urban form and building energy use. This concept provides a foresight to
considering the implications of the impact of urban city configurations on energy efficient urban
x OEOOPOT w UwUI T wOl UOWUEEOI Ows1 O1 UT a wU odied emérgyw E WE UD OF
and operational energy. Embodied energy (EE) deals with the energy required for processing,
manufacture and delivery of building materials to the site. On the other hand, operational energy
(OE) is defined as the energy required during the occupancy stage of the building life cycle for
carrying out services such as space heating/cooling, lighting, ventilating systems and operating
building appliances (Tuladhar & Yin, 2019). OE constitutes 80%t 90% of the total building energy
demands and is highly dependent on the climate, building configuration, function and occupancy
characteristics (Azari, 2019).
In practice, operational energy use is quantified using two main descriptors: energy use and
energy use intensity (EUI). The former descriptor deals with thermal aspects of the urban
environment, while the latter deals with the optimized operational energy of the building throughout
a designated period (annually, monthly, weekly). Previous studies recognize EUI as the unified and
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most efficient descriptor for recording building heating, cooling or overall energy use (Figure 2).
Since, the hot desert climates are characterized by urban lands of extreme heat, arid conditions with
intense sunshine; this study addresses the significance of urban form desriptors on the operational
cooling energy demand (operating ventilation systems, HVAC systems etc.).

While considering the research efforts connecting the two domains, previous studies have
connected urban form with the building energy performance (Ratti et al., 2003; Ratti et al., 2005; Salat
et al., 2007; Rode et al., 2014; Sanaieian et al., 2014; Caruso & Kampf, 2015; Cajot et al., 2016). These
base studies acknowledge the link mainly affecting energy performance through the manipulation of
the geometries at the meso building scales for achieving low operational cooling energy demand.

2.3. Urban formbased energy driven density descriptors

Studies indicate that density descriptors predominantly influence the building energy use in
terms of the heating and cooling energy demands (Perera et al., 2021; Mangan et al., 2021; Leng et
al.,2020; Song et al., 2020; Salvati et al., 2020; Javanroodi et al., 2020;2018; Vartholomaios, 2017). Quan
& Li (2021) identifies four categories of energy driven attributes for u rban scale evaluationt density-
based, geometry-based, land use/land type- based and network typology -based. The density-based
attributes include design descriptors assessing the building morphology and intensity at which plots
are developed. The most common density descriptors used are floor space index (FSI), ground space
index (GSI), building height (BH), building density index (BDI), block density (BD), block coverage
(BC), lot size (LS), and interbuilding spacing (Perera et al., 2021; Mangan et al., 221; Leng et al.,2020;
Song et al., 2020; Quan & Li, 2021). The second category includes descriptors that take account of the
environmental factors (such as UHI effect, solar access, ventilation potential, infrared radiation
exchange) influencing the buildi ng exterior surfaces according to the urban geometry. These
descriptors assess the geometric properties related to the building, while influenced by external
environmental factors for understanding the form -energy relations. In this regard, scholars have used
descriptors such as surfacet volume ratio (S/V), form Factor (FF), size factor (SF), lot geometry
(building orientation), window to wall ratio (Wi/W) and aspect ratio (building height  -to-street width
ratio - H/W) (Perera et al., 2021; Mangan et al., 821; Song et al.,2020; Huang et al.,2020; Javanroodi et
al.,2020, 2018; Slavat et al.,2020; Faroughi et al., 2020). The third category includes design descriptors
covering the complexity offered by the microclimatic, building geometry and temporal influenc es
(time) on the energy use. Although, these descriptors are not often used, studies assessing both the
spatial and temporal influences consider spatial distribution index (SDI), green area ratio (GAR),
green area geometry (GAG) and water body index (WBI) (Leng et al., 2020; Faroughi et al., 2020;
Ahmed & Alipour, 2019; Huang et al., 2017). As the name suggests, the last category of network
typology -based descriptors evaluate the influence of typology and geometry of the streets connecting
the building plot s. The most widely used descriptors in this category are route type (RT), street width
(SW), street orientation (SO), and street density (SD). Above discussion suggests that studies consider
either a single category or a combination of more than one categay for optimized urban scale form -
energy relation.

Among the four categories of energy driven urban attribute descriptors, the density and
geometric-based descriptors are highly cited and widely used (Curra et al., 2018). However, the direct
use of geometry-based descriptors renders the calculation of the site (building) and climate
(environmental) specific factors more difficult, and inaccurate leading to prolonged analysis.
Conversely, the density-based attribute informs the form -energy relation using basic spatial design
descriptors that are effective at evaluating the energy performance of urban areas at the meso scale.
Suitably, these descriptors (including FSI, GSI, BH, BDI, LS and IBS) provide simple, accessible and
accurate data with ease of use and calculations without any expert knowledge (Curra et al., 2018).
Consequently, the classic density-based descriptors have been adopted as a standard attribute of
form -energy evaluation in several studies (Trepci et al., 2021; Ahmed & Alipour, 2019; Javanroodi et
al., 2018; Huang et al., 2017). Among thesethe most significant density -based descriptors for cooling
energy use reduction are floor space index (FSI), ground space index (GSl), building height (BH), and
Interbuilding spacing (IBS). The FSI, GSI, and BH shows negative correlation, whereas IBS showsa
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positive correlation with cooling energy use. The relationship between urban form and cooling
energy use has been widely discussed as detailed below (Trepci et al., 2021; Javanroodi et al., 2018;
Salvati et al., 2020; Khaled & Alipour, 2019).

Experimental studies by Javanroodi et al. (2018) investigated the impact of surrounding urban
configurations on a target office building in Tehran and concluded that higher FSI, GSI and taller
buildings were the most cooling energy efficient. Similarly, Trepci et a I. (2021) showed that building
height (BH), lot size (LS) and inter building spacing (IBS) of an idealized mixed -use sample in Dallas
(warm temperate climate) exhibited significant relations with the cooling energy demand. Energy
model analysis revealed that higher cooling energy performance was obtained by the combined effect
of reduced interbuilding spacing and increased building height. Yet, the lot size/geometry showed
inconsistent relation based on the orientation of the buildings towards or against th e solar gain
direction (0o or 900). Thus, a combination of descriptors showed higher form -energy efficiency when
compared to the influence of a single descriptor. Moreover, the parametric variations of the study
samples revealed that all the three descriptors (BH, LS, IBS) were significant for residential typology,
however, only the building height was significant for commercial typology. Hence, the functional
typology of the buildings influences the selection and significance of density descriptors used fo r
assessment.

Apart from the dependence of density descriptors on functional typology (Trepci et al., 2021),
the micro climatic variables serve as major predictors of cooling energy use. These micro climatic
variables include urban heat island (UHI), solar obstruction /access, wind resistance (ventilation
potential) and infrared radiation exchange. The low solar obstructions and higher heat gains within
these contexts, render the effect of UHI on form-energy relation insignificant. In the hot urban desert
climatic contexts, only building heights showed significant influence on the cooling energy demands
(Mangan et al., 2021; Salvati et al., 2020; Javanroodi et al., 2018). By running simulations on the real
urban samples in Chile, Salvati et al. (2020) poined out the negative correlation between building
height and cooling energy demand. Similarly, using Building Modular Cells (BMC) technique along
with statistical analysis, Javanroodi et al. (2018), summarized that the most ideal urban form resulted
in not only 10% decrease in cooling load, but also al5% increase in ventilation potential. Therefore,
the study pointed out that micro climatic variations (due to UHI) influenced the cooling energy
demand as well. It is noteworthy to highlight that; taller buildi ngs prove to be more energy efficient
under the influence of micro climatic variables.

In hot urban desert contexts, a higher urban density results in reduced cooling energy use.
Khaled & Alipour (2019) studied the effect of compact urban forms on the cooling energy demand
through a comparative study of traditional and compact housing neighborhoods in the United Arab
Emirates (UAE). Authors identified an inconsistent relationship between FSI and the cooling EUIs in
all the samples. However, by introduci ng individual experiments with additional descriptors,
conclusions suggested that higher FSI, higher GSI, and reduced lot sizes significantly contributed to
cooling energy efficiency (except the climate zones). In addition to the isolated individual influe nces,
results show the potential of combined FSI, GSI, and lot sizes in building cooling load reduction
within a compact neighborhood. Conversely, higher urban densities lead to higher peak energy
demands when compared to lower urban densities
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Figure 2. Urban form descriptors (4 categories), energy use descriptors and assessment approaches
from literature (Author, 2021)

Apart from the selection of significant descriptors for the study, the form -energy relation is also
influenced by the unit of building energy use. One such attempt made by Trepci et al. (2020), showed
that the energy use intensity per unit of the area increased with density, however, energy use
intensity per dwelling unit decreased with density for the same unit of analysis (residential TODs).
The simulation results revealed that density descriptors proved efficient or detrimental in assessing
cooling energy demand based on the unit of measurement. Hence, the study failed to obtain an
understanding of the combined influence of the different density descriptors on cooling energy use.
Despite these interesting findings, the study highlights the importance of ¢ onsidering a unified urban
form metric not affected by energy use intensity measurement units (per unit area or per dwelling
unit) so as to enable the isolation of individual as well as combined descriptor influences on energy
consumption. Reflecting on the current studies in this field, it is beyond doubt that form -energy
relations are meaningful only when the combined influence of independent density -based
descriptors on energy use are addressed.

Within this context, it is important to retrace the argumen t put forth by Pont & Haupt (2005) in
the uncertainty offered by a single descriptor in assessing urban form. Appropriately, the authors
proposed a unified metric composed of four interdependent density -based descriptors to evaluate
urban form more discret ely. The sensitivity of the unified metric is achieved by visually representing
the urban forms through four descriptors using a tool named - Ul 1 ws2xEEl w OEUI z w p%b
Furthermore, Zhao (2011) added the concept of degree of dispersion (based on building perimeter
and gross floor area), to develop a correlation between the space mate and average building energy
consumption. Hence, the need for a unified metric for energy efficient urban form planning has
increasingly become urgent (Figure 4).
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Figure 4. The form-energy urban evaluation framework for experimental research in HUDs (Author,
2021)

3. Proposed Methodological Framework

Previous studies discuss the urban form-energy relationship through different research design
approaches t theoretical, empirical, numerical simulation, optimization, or mixed methods. The
theoretical studies mainly outline propositions on the en ergy relevant urban descriptors or measures
without experimentations (Silva et al, 2017), while empirical studies report results based on
experimental building energy data, that are analytically approached using statistical models (Li,
2019). Here, the scblars are from diverse fields of study with more practical interest in energy
efficient land uses. However, the most widely adopted numerical simulation methods report form -
energy relations by modelling building energy use data using physically based equat ions and
software simulations (Trepci et al., 2021). Generally, scholars in this field discuss the study as an
extension of building form and energy in the urban scale. In addition, recent studies are directed
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towards finding optimized solutions through pa rametric computer experiments (generation
methods) and algorithms (optimization engines) (Zhongming, 2020). Clearly, these new patterns of
development render the theoretical or traditional intuitive methods less efficient due to the
interdependencies between urban form and energy uses. Additionally, validation of the descriptors
used, and their relations using statistical measures is a necessity to justify the findings of any study.
Hence, a computationally simulated energy model together with statistical v alidation is the most
efficient approach to study form -energy relations.

As highlighted by Leng et al. (2020), the use of real urban form and energy data ensures not only
the practicability of the results, but also computes the direct impact of urban form on energy
consumption. Also, the accuracy of statistical analysis while employing limited samples is effectively
improved by using this method. Using a comprehensive research method, authors explore the
guantitative relation between urban form and building energy use by simulating real urban forms
and employing statistical analysis to assess the individual and combined impact of form factors on
energy use (Vartholomaios, 2017; Leng et al., 2020). The proposed assessment approach consists of
four steps as fdlows (Figure):

1. Selection of the study samplet Khalifa City superblock in AbuDhabi (UAE);

2. Defining the building energy model design parameters;

3. Calculation of unified form -energy descriptors and visual representation; and
4. Statistical analysis.

Step 1 Step 2 Step 3 Stepd
Selection of the study Defingng the building Calculation of unified form-energy descniptors and visual Statistical analysis
sample~ Khaltfa City . etwrey model design . represeation -
superblock in Abu parameters
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Figur e 5.The proposed methodological assessment framework

3.1. Selection of the study samplkhalifa City superblock in AbuDhabi (UAE)

The main aim of this step is to select the building type for the study and generate energy
performance predictions. The results of these predictions will serve as a practical benchmark for the
form-energy relation before introducing any alternatives or pro posal for better performance. Since,
the study aims to understand the form and cooling energy reduction relation in the hot urban deserts,
other variables affecting energy performance must be controlled in the sample buildings of the
superblock. For this study, a sample superblock of 49.8 Ha (sector14) within the Khalifa city (KC)
located in the Abu Dhabi island is selected and standardized to a size of 820m by 600m. Sectoil4
superblock constitutes 259 buildings with residential, commercial (offices), ret ail, mosque and other
subsidiary functions (Figure). The area of the KC superblock constitutes 7 internal blocks subdivided
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into 153 plots, either occupied or vacant with the following dimensions ¢ 60.9m x 60.9 m; 46m x30m;
62 x 49 m.
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Figure 6. The study sample + Khalifa City sector 14 superblock in Abu Dhabi Island, UAE.

Previous studies suggest that, a single small block shows negligible influence of micro climatic
and occupant density conditions, while large blocks may be beyond their scope of influence. Further,
limitations in terms of the analytical variability due to irregular building facade geometries overrides
the priority for retention of the original physical form representativeness of the buildings. To ensure
the practicality of the results, the modelling method considers assumptions and values related to heat
loss, energy efficiency and thermo-physics of the building envelope based on the architectural
principles and the minimum standard classifications for Abu Dha bi. Hence, buildings exhibiting
similar physical properties are preferred for the comprehensive simulation study. Therefore, for the
purpose of comparative computation of the buildings at the level of the plots, the buildings are
EEUIT OUPA] EwDQUuEODEWGWOEEWD a x1 zwEUET T Uaxl wi axOU0T1 UDEE
the form descriptors are calculated for individual building plots within identified blocks. This is
carried out to ensure the rationality of the spatial scale and comparability of e ach plot samples as
discussed in the later sections.

3.2. Defining the building energy model design parameters

Generation of the energy models necessitates defining the following design parameters:

1. Climate and outdoor environment,

Construction materials, and

3. Building schedules (occupancy and domestic hot water) and load (lighting, plug -outs, heating,
cooling, and natural ventilation).

n

3.2.1. Climate & outdoor environment

The climate data including the outdoor temperature, humidity, solar radiation, and wind
provided by Energyplus in .epw format offers meteorological year data (TMY). Additionally, the
outdoor environment parameters such as sky luminance distribution, sun position, ground
reflectance, dimensions, and reflectance of external obstacles are defined by the energy simulation
software based on the location. Although, variation sin the set-point internal temperatures in
AbuDhabi oriented studies have been observed (20°C, 22°C, 26°C), the indor air temperature during
the cooling periods (heating avoiding in the UAE context) is set at average of 24°C for maximum
occupancy with minimum fresh air per area as 0.0003 m?¥/s/m2. Additionally, to understand the
impact of natural ventilation during the heating period, a minimum infiltration rate of 0.21 arch, as
observed in previous studies in Abu Dhabi is considered.
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3.2.2. Occupancy

Occupant related design parameters are based on the general living and thermal comfort
conditions as shown in Table 1. Although, the data are customized based on the building functional
typology, the details not available were assumed as follows : Occupant density - 0.04 n#/person;
activity level - 110 W/person and clothing type - 0.5 clo (Bande et al., 2019).

Table 1. KC superblock building schedules for load calculations.

Function Occupancy schedule

Residential  Occupancy density (p/m2) 0.025 | All year round 2

Apartments  Equipment power density (W/m2) 4 WDt 8:00 (0.7); 9:0€17:00 (0.3), 18:00 (0.7); 19:a000 (1)
Lighting power density (W/m2) 7 WE? - 11:0015:00 (0.7); 16:0@9:00 (0.3), 20:023:00 (0.7);
llluminance (lux) 200 | 23:0610:00 (1)
Occupancy density (p/m2) 0.055 | All year round?

Offices Equipment power density (W/m2) 8 WD?*¢ 5:007:00 (0.8); 8:00 (0.2); 9:601:00 (0.6), 12:00

Lighting power density (W/m2) 12 | 13:00 (0.5); 14:005:00 (0.6); 16:00.7:00 (0.2); 18:009:00
llluminance (lux) 500 | (0.8); 20:00 4:00 (0)

WE?{ 5:00-7:00 (0.6); 8:08:00 (0.2); 10:0a.1:00 (0.4),
12:0613:00 (0.3); 14:0a7:00 (0.2); 18:0019:00(0.8); 20:00
(0.1); 21:00- 4:00 (0)

Retail Occupancy density (p/m2) 0.1 | Allyearround 3
Equipment power density (W/m2) 6 WD*-9:00 (0.2); 8:00 (0.4); 11:00 (0.6); 12:00:00 (0.8),
Lighting power density (W/m2) 16 | 18:0019:00 (0.6); 20:024:00 (0.4); 1:08:00 (0)
llluminance (lux) 300 | WE?-4:0010:00 (0.2), 11:002:00 (0.4); 13:04.7:00 (0.5);
18:00 (0.4); 19:0@1:00 (0.2); 22:0@4:00 (0.1); 1:0€8:00 (0)

Mosques Occupancy density (p/m2) 0.055 | All year round 3
Equipment power density (W /m2) 8 WD?*-1:00-2:00 (0); 3:00 (0.2); 4:00 (1); 5:00 (0.2); 6:00
Lighting power density (W/m2) 12 | 10:00(0); 11:00 (0.2); 12:00 (1); 13:00 (0.2); 14:00 (0); 15:C
llluminance (lux) 500 | (0.2); 16:00 (1); 17:00 (0.2); 18:00 (0.2); 19:00 (1); 20:00 (C

21:00 (1); 22:00 (0.2); 23:04:00 (0)

WE? (including Friday) -1:00-2:00 (0); 3:00 (0.2); 4:00 (1);
5:00 (0.2); 6:0aL0:00(0); 11:00 (0.2); 12:00 (1); 13:00 (1);
14:00 (0.2); 15:00 (0.2); 16:00 (1); 17:00 (0.2); 18:00 (0.2);
19:00 (1); 20:00 (0.2); 21:00 (1); 22:00 (0.2); 23:28:00 (0).

1 Week Days; 2 Week Ends;3 Occupancy rate is based on the retail shops, office work time specific to the
superblock, whereas assumptions are made accordingly for the unknown data.

3.2.3. Building material properties

To further explore the relation between building form and thermal behaviour, layered details of
both opaque and transparent components are specified in accordance with the existing visual surveys
and Abu Dhabi International Building Codes (ADIBC). The cons truction material properties are
depicted based on the UPC (Urban Planning Council) study of typical Abu Dhabi buildings in Table
2. The study assumed a low airtightness of the building envelope with the natural ventilation air
changes per hour of 0.21 (Bade at al., 2019). The transparency rate of the facades varies based on the
building functions as enumerated: residential (30%), Offices (35%), retail (15%) and mosques (15%)
(Table 3).
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Table 2. KC superblock building material properties and construction details

Construction

Materials layers (from outside to inside)

Exterior Floor

0.01m Ceramic Tile + 0.02m Cement Mortar + 0.01m XPS Board + 0.15m Concrete RC Dense

Residentialt Base 0.02m Cement Mortar + 0.20m Concrete Block + 0.02m Cement Mortar
Retail Facade 0.02m Cement Mortar + 0.20m Concrete Block ©.05m XPS Board +
Offices 0.03m Air Wall + 0.20m Concrete Block + 0.02m Cement Mortar
Facade Base 0.02m Cement Mortar + 0.20m Concrete Block + 0.02m Cement Mortar
Apartments 0.02m Cement Mortar + 0.20m Concrete Block + 0.05m XPS Board +
Mosque Facade 0.03m Air Wall + 0.20m Concrete Block + 0.02m Cement Mortar +
0.02m Gypsum Board
0.01m Ceramic Tile + 0.03m Cement Mortar + 0.02m XPS Board + 0.15m Concrete RC Dense +
Ground Floor .
0.05m Concrete MC Light
Interior Floor Residential* 0.01m Ceramic Tile +0.03m Cement Mortar + 0.01m XPS Board + 0.15m Concrete
Offices RC Dense + 0.05m Concrete MC Light + 0.02m Cement Mortar
Apartments 0.01m Ceramic Tile + 0.03m Cement Mortar + 0.01m XPS Board + 0.15m Concret¢
Mosque RC Dense + 0.05m Concrete MC Light 40.02m Cement Mortar + 0.60m Air Floor +
Retail 0.02m Gypsum Plaster
Partition 0.02m Cement Mortar + 0.20m Concrete Block + 0.02m Cement Mortar
Residentialt 0.01m Ceramic Tile +.0.03m Cement Mortar + 0.15m Concrete MC Light + 0.05m
Offices XPS Board + 0.15m Fiber Glass Batts + 0.15m Concrete RC Dense + 0.02m Ceme
Mortar
0.01m Ceramic Tile + 0.03m Cement Mortar + 0.01m XPS Board + 0.02m Roof
Roof Apartments Screed + 0.15m Fiber Glass Batts + 0.12m Concrete RC Dense + 0.02m Roof Scre
+ 0.02m Cement Mortar
Mosque 0.01m Ceramic Tile + 0.03m Cement Mortar + 0.02m Roof Screed6.01m XPS
; Board + 0.15m Glass Wool + 0.20m Concrete RC Dense + 0.02m Roof Screed +
Retail
0.02m Cement Mortar

Thermal mass

0.02m Cement Mortar + 0.20m Concrete Block + 0.02m Cement Mortar

Windows

0.003m Clear Glass + 0.006m Air + 0.003m Clear Glass

Structure

Concrete RC Dense (Normal Ratio = High Load Ratio = 330Kg/m2)

1 Residential represents Villas of levels 1-3.

Table 3. KC superblock building template ¢ thermophysical properties.

Function Partition Ratio Floor-to-Floor Height Window -to-wall Ratio
(PR) (FFH) (WWR)
Residential 0.30 3.0 0.20
Apartments 0.30 3.0 0.20
Offices 0.35 3.0 0.40
Mosques 0.15 3.0 0.40
Retail 0.15 3.0 0.40

3.2.4. Conditioning

The active building sub-systems include an electric cooling system with a performance
coefficient of 2.6 CoP with heat rejection pump and fan system of value 24.4 (Bande et al., 2019). Using
a three-step control system, an illuminance of 200 lux (res), 300lux (retail), and 500 (Offices) are
considered for the lighting systems (Table 4). Also, it may be inferred that the buildings heat transfer
coefficients are similar due to the standard values considered while designing the buildings. Clearly,
the same bulding typologies within different plots are comparable because of the same architectural
physical characteristics.
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Table 4. Zone information details + Conditioning, ventilation, Domestic hot water

Zone information Residential/ Offices Mosques Retail
Apartments
Conditioning
Cooling setpoint (°C) 24 24 24 24
CoP 3 3 3 3
Min. fresh air/area (m3/s/m2) 0.0003 0.0003 0.0003 0.0003
Min. fresh air/area (m3/s/p) 0.0025 0.0025 0.0025 0.0025
Heat recovery efficiency (Latent) 0.65 0.65 0.65 0.65
Heat recovery efficiency (Sensible) 0.70 0.70 0.70 0.70
Ventilation
Infiltration rate (ACH) 0.21 0.21 0.21 0.21
Domestic hot water
Supply temperature (°C) 60 60 65 60
Inlet temperature (°C) 20 20 20 20
Flow rate (m3/h/m2) 0.00049 0.00021 0.00049 0.00006
Windows
Operable area (%) 0.8 0.8 0.8 0.8

3.3. Calculation of unified forrenergy descriptors and visual representation

3.3.1. Urban form calculations

The aim of this step is to systematically determine the urban form descriptor values of the
generated superblock energy model with the purpose of estimating their independent and combined
influence on energy performance. Previous studies discussed above shows the evidence of altered
physical form of buildings in reducing the cooling energy us e intensity. Accordingly, the construction
intensity of the plots is quantified using a unified metric ¢ space mate. The space mate density
descriptors include the floor space index (FSI) - representing the intensity of development, ground
space index (GS)-representing the building ground footprint area, number of floors (L) ¢
representing the height (layers) of the building, and open space ratio (OSR) ¢ representing the
pressure on the unbuilt plot area (Figure 3b). By using this tool, a one-on-one relation between form-
energy use can be computed. Therefore, four urban form descriptors are calculated to evaluate the
impacts on building energy consumption: FSI, GSI, L and OSR.

The geometric and spatial data of the buildings, including geographic location, b uilding contour,
building footprint area, plot area, height, building function and open space data of the KC superblock
are obtained and calculated using ArcGIS10.0 software. Based on this 2D digital data, the urban form
of each building is quantitatively computed based on the calculation formula as shown in the Table
5. Using the ArcGIS 3D Analyst extension, the building GIS data are visualized in a 3D context. This
3D viewer ¢ ArcScene, transforms the 2D features into 3D using the height information from feature
geometry, feature attributes, or layer properties. With the adaptability and ease of integration with
geoprocessing environments, the resultant .sxd file is exported to the urban modelling interface
(UMI) bundle for energy modelling.
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Table 5. Urban form descriptors of the study area

Form Definition and calculation formulae Diagrammatic
descriptor representation
The ratio of the sum of all the building floors to the total
Floor Space

sample plot area
FSI = Total floor area/total sample plot area
The ratio of the built footprint area (ground) to the total
sample plot area

Index (FSI)

Ground Space

Index (GSI) GSI = Ground footprint area/ total sample plot area
Layers (L) The average height of all the buildings in the sample plot ‘ =
Y L= (Footprint area x height)/total footprint area o
Open Space The ratio of the open spacl:;tsrg;e total gross floor sample ,f"“"ﬁj"’“ﬁ- ) N
Ratio (OSR) P 2

OSR = Open space / total floor area

3.3.2. Building energy use calculation

The UMI bundle is a Rhinoceros (Robert McNeel & Associates, Seattle, WA, USA) based
environmental building energy predictor with respect to operational energy, embodied energy,
daylight simulation design, walkability, and model optimization. Th e actual energy consumption of
each building within a particular plot is calculated in terms of the theoretical energy consumption
and external influence energy consumption. Based on the developed building energy models with
customized building template li brary as shown in the previous steps (Table 1,2,3,4), simulations are
run to compute the overall OE, and lighting, heating, cooling, and ventilation potentials separately.

It is noteworthy that the physical features such as partition ratio, window to wall ratio and heat
transfer coefficients of building envelopes are included in the energy calculations. For this purpose,
the summer cooling period is set from 4th of July to 31st of August. Therefore, the cooling EUI,
represented as KWh/m2/y is considered asthe efficient measure of building energy consumption in

this study.

Finally, the visualized OE and cooling energy consumption in the UMI interface is downloaded
as a .csv file and combined with the ArcGIS 10.0 software attributes for the KC superblock using the
custom generated object/building IDs. Consequently, the form and energy descriptors of the
buildings are plotted individually (FSI vs EUI, GSI vs EUI, L vs EUl and OSR vs EUI) as well as within
the space matrix tool (FSI, GSI, L and OSR vs EUI). Hace, the spatial distribution of the building
energy consumption and corresponding urban for descriptors is validated for acceptable form -
energy relation using statistical analysis.

3.4. Statistical ananlyses

The aim of this step is data analysis by deweloping multiple linear regression models to
determine if the influence of space mate descriptors individually and as a unified form metric on the
total OE and cooling EUI are statistically significant. Using the Standard regression coefficient
method (SRO), the strength of the correlation between FSI, GSI, L and OSR on total OE and cooling
EUI based on the p-value and percentage of contribution. Although SRC is the most used method to
check the sensitivity and statistical significance of individual indepen dent variables on the dependent
variable. To understand the combined influence of the independent variables (form descriptors),
interaction plots are generated in the data analysis software ¢+ Minitab 19.0. Further, the reliance of
this method is based on the R2 value, the lower values of which result in the use of Standardized
Rank Regression Coefficient (SRRC) method instead. As the work progresses, the upcoming sessions,
graphs for the monthly, yearly OE and cooling EUI will be presented to quantify the potential energy
savings and explain the diversity in energy consumption of KC superblock buildings. Further, the
results are validated by the box and whisker plot diagrams, while shedding light on the model
sensitivity towards using space mate descriptor s.
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4. Discussion and implications for future work

In this era of climate change, cities are paying more attention to the building energy use and
carbon footprint for attaining sustainability. Cities are dynamic systems with the capacity to manage,
adapt or survive adversities at different scales. Recalling upon UN-' EEDUEUz UwbODPUPEUDYIT wi
EPUPI Uz OwbDUwhUwHOxI UEUDPYIT wUOwWI RxOOUI wUT 1 WwEOOEI xUwoi
Oi T T UI EwEawUT 1 wE b Ua z U wydsarttbckos. ResiliedtWidan Erbisdefitdd as O1 U
spatial scales.
Base studies acknowledge the link mainly affecting energy performance through the
manipulation of the geometries at the meso building scales for achieving low operational cooling
1 Ol UT awEl OEOCES8w. YI UEOOOWEOWUOUOOYI EwEI EEUI wi RBUUUOWP
Il GUEOUwWI OT UT awiii PEPI OEa? w2 Ul lisGdoriddh€niuby nfayy cher€ a wE wUET
(Holden, 2004; Mindali, 2004). The energy efficient urban form assessments understand and evaluate
the form-energy relation through multiple urban form attributes (density descriptors) and conceptual
definitions (Perera et al.,2021; Javanroodi et al, 2018). Despite the systematic use of form descriptors
to analyse form - energy use reduction, urban planning processes have not yet attained
corresponding gains in efficiency (Mangan et al., 2021). This may be attributed to the fact that the
desirability of urban configurations depends on various factors such as geographic context, type of
EPUUUUEEOEI OWEOEwWxUUxOUI wOi wEUUI UUOI OUB w( UwbUwPEUODI E
in attempting to develop resilient urban for ms. Hence, the present study explores the potential of
urban form descriptors in facilitating a more comprehensive evaluation of the impact of urban form
on cooling energy demand in the hot dry desert climates.
Despite these significant studies characterizng the relationship between physical dimensions of
the city and energy demand, it is agreed that the following important limitations motivate the need
for an experimental study in the hot dry desert climates. These include: (1) Partial discussions on
comprehending the diversity of physical dimensions, definitions, and quantifying measures in urban
energy analysis; (2) Narrow scope in identifying energy use descriptors based on passive sources of
energy generation (heating or cooling intensities); and (3) Limited consideration of success variability
due to diversity of conceptual definitions, research design approaches, and urban scales on energy
use reduction. Furthermore, it is difficult to isolate the variance of a single urban density descriptor
on energy use due to shared variances or other interference effects.
Authors introduce the use of Space mate composed of four interdependent density descriptors
to quantify urban form more discretely related to energy use. These include: floor space index (FSI,
ground space index (GSI), number of floors (L), and open space ratio (OSR). By using this tool, a one
on-one relation between form energy use can be computed. The study proposes a methodological
framework and approach to carryout experimental simulation s tudies deciphering the form -energy
relations with the proposed density descriptors (Spacemate). Using this framework, researchers can
evaluate the influence of density-based descriptors (FSI, GSI, L and OSR) on energy consumption and
how the different repr esentative urban forms (NPUs) contribute to building energy use in any
climatic context. Using space mate descriptors, the following trade -offs are avoided: (1) difficulty in
isolating the urban form descriptors from other energy driven attributes; (2) suc cess variability due
to undefined degree of interaction or interdependence between different urban density descriptors,
and (3) diversity of urban concepts, research design approaches, contexts, and climates within this
i P1 OEGw EEOUEDOT 10w OrWIT 4 wiBBl muldY IWPWEIEE! | wE Useheflgg UwUDOUO
relation at the lowest hierarchy obtained by comparing unified form metric with building energy use
(Spacemate & EUI); (2) Strength of formenergy associations of independent descriptors: FSI,GSI, L
and OSR with EUI; and (3) Influence of a given urban form (neighborhood/Block), characterized by
the combined effect of FSI, GSI, L, OSR density descriptors on energy use. The study also seeks to
assist the planners and policy makers in identifying key density descriptors for developing an
optimal energy efficient planning strategy in the early design stages of the NPU in hot desert climates.
By considering only the density -based descriptors for urban scale energy evaluation, the present
framework om its the influence of the other three categories of urban form descriptors (geometric,

KUTTY & SCOPPA 102



land use/land type and network typology). To improve this glaring challenge, the scope of urban
form descriptors should be extended to include the influence of geometric properties of the buildings
and influence of micro climatic variables for different urban elements (buildings, and street
networks). While determining the energy use of hot dry desert climates, the energy demand is
restricted towards understanding operatio nal cooling energy demands only. Other promising
direction includes understanding the significant urban from descriptors while considering the
heating and overall operational energy demand under varied climatic contexts (tropical, temperate,
continental, and polar). Future research could explore the impact of urban form on operational
energy use (heating, cooling or overall) through experimental studies considering other categories of
form -based descriptors, as well as varying climate change scenarios. Thestudy analysis and results
could be used to integrate strategic and practical information into the development of energy efficient
solutions based on the physical (basic) analysis of the urban areas.
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Abstract: In the Great East Japan Earthquake that occurred on March 11, 2011, it was found that the
living environment of the evacuees who gave up returning home due to traffic stoppage was bad
because information was not available around the large station due to this earthquake.(1) Also, at
this time, there was no system to notify disaster prevention information yet. In order to do that, first,
we examined the Urban Renaissance Safety Saurity Plan which was prepared by the government
to address the problem of evacuees that could not go home. As a result, it was found that there is
more content that can be transmitted in the area where the local government is involved in the
transmission of information. Based on this tendency, we conducted a second survey. It turned out
that the bottleneck of the introduction of information gathering and dissemination means is cost. It
was also found that the cost is the bottleneck that the introduction o f emergency power generation
equipment and information equipment at evacuation center has not progressed. Based on these
results, we actually set up the local information dissemination system for Shinjuku Station, which
we call, the D-ZEV Shinjuku version. Shinjuku is one area listed on the Plan. In the demonstration,
we collected thermal information using D -ZEV Shinjuku version. The thermal environment survey
around Shinjuku Station, included a thermal environment survey inside the building, and a regional
energy survey. In the demonstration, we conducted a questionnaire survey based on the explanation
of the D-ZEV System. As a result, the overall system rating was 97% good, and in addition most
disaster information was rated good.

Keywords: Local informati on dissemination system, Disaster prevention, Evacuation center,
Evacuee, Energy,

1. Introduction

Around large railway station areas, after a disaster or other emergency, it is important to
quickly collect damage information around the station and to pro perly guide the many people who
are staying in the area. It is additionally considered that the construction of a system that collects that
information and transmits it is necessary. Furthermore, the quality of the lighting and air
conditioning of the access point environments in evacuation shelters and emergency sheltering
facilities decreases owing to their malfunction during power outages, and thus, improvements are
deemed necessary.

The present study develops a system that rapidly and accurately collects reaktime
information and transmits it at the time of emergency, and this information is transmitted to regions
where such a system is not present as a preexisting tool during normal times. Furthermore, this year,
conducted surveys on the current status of the energy and thermal environments in buildings
designated as emergency sheltering facilities for the objective of improving the latter, and built an
environmental/disaster -prevention information system that incorporates these surveys.
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2. D-ZEV system

At disaster prevention centres (such as evacuation shelters and emergency shelters) in the
event of a disaster, collecting and transmitting disaster information, admission of local residents and
travellers who have difficulty returning home, and emergency rescue are important issues. Therefore,
built an information transmission system based on the "disaster -resistant zero-energy vehicle" (D-
ZEV). Figure 1 shows the current information system. In this system, there are issues such as
communication of local information and lack of energy in evacuation shelters. Therefore, by
incorporating the D -ZEV system shown in Fig. 2, The system shown in Figure 3 is proposed. By
incorporating this system, this system will promptly reach the local disaster prevent ion centre in the
event of a disaster, and will endeavour to respond to disasters while providing information
transmission, minimum necessary energy supply, and emergencies. In addition, Fig. 4 shows the
information content of the 2011 Japanese disaster iflormation app. In Japan, where there are many
disasters, we need a system that can acquire all kinds of information. Currently, disaster apps in
Japan are becoming more useful, but blocking information due to communication failures has not
been improved.

Disseminate information 1o the surroundings via

the signage Local Area Network(LAN|
3

!

~_
" Digital signage
Yharing Ssanter

(S0F / Frefighting )

AR HET M ey
Wi eless communcabion for dester preyention [Fm radio and amargancy rado - C-Q_A;'Ab“
-}‘ I I— e p— - “~  Disaster Response :,_ [ro—
( [ Disaster Response Head’mnner lcxal hmcrrm:ﬂb } Headquarters ‘oot b
Long dexanoe . Prone / : 1EV evacUoes Prowdir
Taswon wikess LN | Losal Demage 1 (Disaster-robust Zero Energy Vehicle) information e
, - Situation_ M
Wl e g - S i
= - 1 Buiding La.‘(':dl)': : Underground | e | \ \‘_' s ¢
Shemer, | Injured person ! gvacuation | ghepping ,z ﬂ h W
. facility || Center 'f. g k Assembled temporary
Bulletin noard 1 7 ’ I X : rescue unit
and Broadcasting (n the bulding and w mal ‘lzllbl!len!“- ter inb _”‘ . frstald
oudspraker | bulketin board in the butding trarsmisson 10 those e ' isolation of s
- . ,
( (oo Resdents) ) wlers ) Mscover} 6 WJured Persen
Figure 1. Current information transmission system Figure 2. D-ZEV system

l" Virous arganatons N
ct: 25 the coumry ) ;
. - - ( sor | nnfgriing
DI5-MNET B
Wreiess COmMmunication for CRSaster prevwesTian | Frw 1o avud srmergenay recha
( Dizastor Brsporme Hessmuarters (Local Gowermwnt
[ Information Flat¥om ]
L [Cmomz]  Local danas ooy ance I
g m v ks LAN
U e rbi <|Iua1mnr —
\vwdas sed — (" Rood damage vesrCxe
Levatiming (= Buking damage adeie
Jrgured parson ' '-- g
E T Underr are Mot p—
X (m ) ium 10 Shepgony " -
(. — fasllity Cortur

Sigrage /
Information Site
x *

(Unabie )

=0

Figure 3. Environmental and disaster prevention

information system including D -ZEV system Figure 4. Comparison with existing apps  system

3. Urban Renaissance Safety Security Plan and its implementation by the Local Governments

25 local governments developing the Urban Renaissance Safety Security Plans. This plan is
requested by the government to be created in the area around the station, which is presumed to have
many evacuees those who have given up on returning home. Questionnaire surveys were conducted
to understand the current status of plan implementation. In the questionnaire conducted in 2019, we
confirmed the implementation status of the plan, the means of collecting and transmitting
information during power outages and non -power outages, and simple information on the facilities
that accept evacuees. The 2020 survey conducted a detailed surveyespecially on information, energy
and infectious disease control. As a result, the introduction of information transmission means to
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residents around stations has not progressed during power outages and non-power outages. In
addition, the reason why these plans are not progressing is that the seven areas have the highest cost
obstacles.

4. Current Status of Energy And Information Transmission Means for Evacuation Facilities

We conducted a survey of local governments for building managers who have agreed to an
urban renaissance security plan. Of the 263 copies, 83 were answered. As a result, it was found that
many facilities have emergency generators installed in the basement and lower floors, and few
facilities distribute surplus energy to other facilities in the event of a power outage. Figure 5 shows
where the emergency generator distributes power in the event of a power outage. In addition, Fig. 6
shows the means of communicating information to residents in the evacuation centre. From this
result, it was found that it is difficult for vulnerable people to obtain information, and that even
healthy people have no means to convey information quickly. In addition, Fig. 7 shows that there are
issues when opening an evacuation shelter and when operating an evaaiation shelter. From this
result, it is considered that there will be insufficient evacuation shelters due to damage in the event
of a disaster.
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5.Various Surveys around Shinjuku Station

About energy, given the current scenario where municipalities do not know the capacity of
emergency generators in each emergency shelter, it may be important to understand the energy
sources available in the event of a disaster. Therefore,referring to the data from the Tokyo Fire
Department, we mapped the emergency generator near Shinjuku Station and the storage battery
equipment (not under the jurisdiction of the Fire Service Act). Many buildings without emergency
generators were also exhbited. It is shown in Fig. 8.
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Figure 8. Emergency generator and storage battery equipment

Regarding the visualization of the summer thermal environment, the local government is
conducting evacuation guidance without knowing the air conditioning equipmen t, and information
on the summer outdoor thermal environment is indispensable. Regarding the thermal environment
in the immediate vicinity of the building designated as an emergency evacuation facility in the event
of a disaster, the indoor and outdoor measurement results at 1:00 pm show that the air conditioning
temperature fluctuates depending on the building. Despite the air conditioning, there is not much
difference in temperature between indoors and outdoors.
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Figure 9. Thermal environment map at 13:00 on August 7,2019

6. Demonstration Survey of D -ZEV System

In November 2019, a demonstration survey on D-ZEV systems was conducted. The contents
of the questionnaire were the evaluation of the "disaster information page", t he evaluation of system
equipment, the information required in the event of a disaster, etc. In the overall D -ZEV system, more
than 90% of the positive. In the free description, many voices demanded the "immediateness and
accuracy of information”, and voic es such as "damage information such as power outages at the time
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7. Conclusion

From the results of this survey, it is clear that many evacuation facilities lack energies such
as air conditioning in the event of a power outage and lighting of power receiving devices, and an
information system for promptly transmitting information on evacuation facilities has not been
established. became. The results of the thermal environment survey around Shinjuku Station also
confirmed that there are differences in air conditioning temperature depending on the facility. A
guestionnaire on the D-ZEV system confirmed the need. In the future, we plan to conduct an
interview survey on the contents of the "D -ZEV system" of local governments and make further
improvements.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ministry of Internal Affairs and Communications / Issues and prospects for information transmission in
the event of a disaster

2. Tokyo Fire Department, emergency generator / storage equipment database, (Can be viewed after applying
to the Tokyo Fire Department and approving)

© 2021by the authors. Submitted for possible open access publication under the terms
‘@ @ ‘ and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).

TOKITA & NAKAJIMA 110



ZEMCH 2021

i E{ i ] ‘ 8 Zero Energy Mass Custom Home International Conference
—— - 26th — 28th October 2021 | Dubai, United Arab Emirates

A Meta -Analysis of Contaminant Removal from
Urban Stormwater by Permeable Pavements

Safa A. Mohammed %, Mohamed A. Hamouda ! 2* and Hilal El -Hassan!

1 Department of Civil and Environmental Engineering, United Arab Emirates University, P.O. Box 15551
2 National Water and Energy Center, United Arab Emirates University, Al Ain P.O. Box 15551, UAE
* Corresponding Author: Mohamed A. Hamouda m.hamouda@uaeu.ac.ae; Tel.: +971 3 713 5155

Abstract: Pollution resulting from urban stormwater runoff has become a major problem for cities.
The use of permeable pavements that allows stormwater infiltration into soil layers underneath the
pavement system is considered a paradigm shift from conventional use of impervious pavements.
In addition to reducing the runoff load on stormwater drainage systems, it contributes to the
reduction of contaminant loads in the inf iltrated water which would have otherwise ended in water
streams and potentially cause environmental problems (such as deteriorated fish habitats). Recent
research has expanded on the investigation of permeable pavements to include its impact on water
quality in addition to the typical analysis pertaining to its mechanical strength and durability. In
this study, a meta-analysis of the impact of permeable pavements on the infiltrated stormwater
quality is conducted. The analysis focused on recent research (B10-2020) that has specifically
investigated the reduction of certain contaminant concentrations in stormwater infiltrating through
permeable pavements. Results were classified based on the type of contaminant investigated (heavy
metals, nutrients, and organic content) considering the difference in composition and properties
(e.g., pore volume) of tested permeable pavement systems. It was observed that lab and field studies
investigating stormwater contaminant removal were mainly conducted for pervious conc rete and
porous asphalt. The analysis closed with insights into limitations and knowledge gaps that need to
be addressed to better understand the effective use of permeable pavements in stormwater quality
management.

Keywords: Permeable pavement systems;Pervious concrete; Porous asphalt; Urban stormwater
management; water quality; Contaminant removal; Removal efficiency

1. Introduction

Permeable pavement, a low impact development (LID) technology, is an attractive alternative to
conventional impervious s urfaces in many urban cities and towns and has been actively used[1,2].
The porous space within the aggregate structure of permeable pavement enables it to function as a
filter medium; in addition it helps in providing a short -term water holding capacity, increasing
infiltration, reducing surface runoff, and enhancing the qu ality of infiltrated stormwater by reducing
contaminants [1,2].

Total suspended solids (TSS), nutrients, heavy metals, chemical oxygen demand (COD), and
hydrocarbons are commonly recognized as the primary constituents of concern frequently found in
urban stormwater runoff [3,4]. Permeable pavements were found to significantly minimize the net
export of particulates on site by up to 80% and are capable of significantly reducing the concentrations
of heavy metals and hydrocarbons in stormwater runoff [2,5t8]. According to the Stormwater Best
Management Practice Reports, permeable pavement removal efficiencies for total suspended solids
(TSS), total nitrogen (TN), and metals such as lead (Pbyanged from 65 to 100%[9]. Also, appreciable
reductions in zinc and hydrocarbons concentrations were observed in a permeable pavement runoff
when compared to runoff from a neighboring conventional impervious asphalt [8,10]. Another study,
assessed the runoff quality from asphalt, permeable pavement, and crushed stone driveways,
concluded that the asphalt runof f has the highest concentrations of total suspended solids, lead, zinc,
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and nitrate among other pavements [11]. Permeable asphalt, in particular, except for chloride and
total nitrogen, has been found to have a high removal efficiency of heavy metals as well as the ability
to reduce oil, COD, BOD, ammonia, and total phosphorus [12].

Permeable pavement systems (PPS) are made up of porous media pavement layers that have a
high infiltration potential, allowing surface stormwater runoff to flow freely into a reservoir for
storing before being harvested or slowly released into the subsoil, receiving water bodies, or drainage
channels [13]. Contaminant removal could occur throughout PPS by several mechanisms such as
mechanical filtration, adsorption, nutrient transformation, or through biodegradation by
microorganisms [14,15]. The first layer of PPS is the permeable surface such as porous asphalt (PA),
pervious concrete (PC), permeable interlocking concrete pavers PICPs), and permeable reactive
concrete (PRC). Underneath the permeable surface lies layers of graded gravel that support the
permeable surface and allow for the infiltration and temporary storage of stormwater. The efficiency
of PPS in contaminant removal is determined by the interaction of various layers of the system.
Despite the good performance of PPS in reducing stormwater runoff contaminants, there is still a lack
of knowledge about the impacts of different components on the performance, since differ ent
combinations may produce similar findings [16]. Several studies developed lab-scale PPSs to examine
their influence on the concentration of typical contaminants in runoff [3,12,14,16] However, despite
the promising benefits of using PPS to improve the quality of infiltrated stormwater, there are no
studies in the literature that consistently relate the efficiency of contaminant removal by PPS to the
components and properties of PPS.

PA PC or PRC PICP

Permeable Surface

Layers of
Graded Gravel

7 Subgrade Soil
Figure 1. Typical structure of PPS

Therefore, the objective of this study is to provide a meta-analysis of the impact of the properties
and design parameters (e.g., gravel gradation) of PPS on the infiltrated stormwater quality. Four main
variations in th e design of PPS were selected to investigate their influence on contaminant removal
efficiency. These variations are type of permeable surface, pore volume of permeable surface,
gradation of gravel layer and thickness of gravel layer of the PPS.

2. Methods

The meta-analysis of the contaminant removal by PPS was conducted in four steps:

1. Search for recent (20162020) relevant literature in high quality peer reviewed journals in
known databases (ScienceDirect and Google Scholar). The search used keyords such as:
permeable pavement systems, porous asphalt, pervious concrete, stormwater quality, and
contaminant removal efficiency. The search resulted in 34 papers.

2. Qualitative review of the papers resulting from the search focused on screening for studies
that included water quality analysis to demonstrate the improvement in stormwater quality
infiltrated through PPS. Only 10 research papers from the 34 research papers on PPS
published in scientific literature were selected based on their pertinence and significance for
the subject under consideration and were directly used in the meta-analysis.

3. Extraction of data from the selected literature to a spreadsheet database in Microsoft Excel

Data classification for the four variations in the design of PPS.

5. Qualitative and quantitative analysis of data from selected research articles to extract
evidence of a relation, or absence of a relation, between the four variations in PPS and

»
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contaminant removal efficiency. Data analysis includes scatter plots and summarizing
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efficiencies
Results are presented for the four variations: type of permeable surface, pore volume of
permeable surface, gradation of gravel layer, and thickness of gravel layer.

3. Results

3.1. Impact of type of permeable surface on contaminant removal

Several studies analyzed the removal efficiency of typical stormwater contaminants infiltrating
through different types of permeable surfaces [17¢21]. However, comparing the results of these
studies is difficult because of the variations in the setup, gravel gradation, and thickness of gravel
layer. Table 1 shows the results of contaminant removal from four different studies that used four
typical types of permeable pavement surface materials. The results of the selected studies Table 1)
revealed that the type of surface material has a slight impact on the removal efficiency of
contaminants. All four types effectively removed total suspended solids (TSS), total phosphorous
(TP) and some heavy metals (copper (Cu) and lead (Pb)) with 70% or higher removal efficiency. The
effective removal of TSS and heavy metds suggests that the primary removal processes are physical
(adsorption and mechanical filtration). Conversely, total nitrogen (TN) removal rates were low which
suggests that TN removal can be governed by different mechanisms (e.g., biological processes),
which may be affected by climatic conditions such as pavement temperature. Further research on the
function of biofilm within pavements and its various forms is recommended to better understand the
mechanisms governing TN removal [22]. Furthermore, Table 1 demonstrates that the chemical
oxygen demand (COD) and the biochemical oxygen demand (BOD) levels were significantly reduced
after the runoff was infiltrated through PA, which can be similarly attributed to the adsorption and
interception processes occurring within the PA [12].

Table 1 Contaminant removal efficie ncy (%) from runoff infiltrating through different types of
permeable surfaces

Permeable
surface Removal efficiency (rate)% Reference
TSS TP TN NH 2-N Cu Pb Zn Cr Cl COD BOD

PA 94 78 32 - 72 87 39 - - - - [22]
PC 90 81 30 - 70 81 34 - - - -

PICP 92 80 3 - 69 77 33 - - - -
PA 99.9 42 - - - - 99.9 - - - - [23]
PA 87.2 5 -2.9 35.2 16.7 97.7 89.1 44.4 6.6 50 55 [12]
PC - - - - - 87 90 - - - - [24]

(-) denotes data not available

3.2. Impact of the pore volume of permeable surface on contaminant removal

The effect of porosity of different surface materials of PPS on the removal efficiencies of
stormwater contaminants has not been explicitly investigated. However, one study carried out by Li
et al. (2017)used the pore volume number (PV) [17]. The study quantified the removal rates of some
contaminants based on the pore volume of the surface material. Their results indicated that there was
no proof of a relationship between the COD removal efficiency and the increase in pore volume of
PA and PC. COD reductions (up to 35.7% @ PV = 1) can be attributed to interception and adsorption
in PA and PC [12]. As for the removal of ammonia nitrogen (NH 4-N), a high removal rate was initially

observed at low PV (58% @ PV= 0.5) whereas higher PV resulted in lower removal (14% to 20% @ PV=

30); this same removal pattern was observed for both PA and PC. In terms of TP removal, it was
similarly observed that increasing PV decreases TP removal in both PA and PC (80% @ PV= 1,

decreased to 26.7% @ PV = 30). Since the adsorption mechanism and chemical precipitation reaction
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are normally responsible for the removal of TP, it was argued that the high pore volume resulted in
less adsorption sites, which reduces the TP removal rate[17].

3.3. Impact ofthe gradation of gravel layer on contaminant removal

The impact of the gradation of gravel on contaminant removal efficiency was discussed in
literature. However, the quantitative evaluation of the effect of gravel gradation on the removal
efficiency was only reported in one study [15]. Liu et al. (2019) investigated the effect of gravel
gradation on the removal of a wide range of contaminants in stormwater runoff ( Figure 2).

E5t010mm m5to 20 mm

60
40
30
1
ll ™ |

TSS COD Zn NH4-N NOx-N

Removal rate (%)
(6} ~
o o o

o o

Pollutant

Figure 2. Removal rate of the selected contaminants for two gravel gradation (adapted from Liu et al.
(2019)[16])

Figure 2 indicates that TSS removal rates decreased as gradation increased. This finding is
expected, since the higher percentage of smaller gravels creates interlock25]and increases the surface
area available for contaminant adsorption and other physical processes. It is also useful for removing
certain specific contaminants that can be bound to the TSY5] , such as NH+-N and heavy metals, as
they are deposited on the surface of the gravel. On the other hand, removal rates of NOxN and COD

were not affected by gravel gradation which indicates that their removal mechanism are not related
to the surface area inside the gravel layer [3].

3.4. Impact of the thickness of gravel layer on contaminant removal

Many studies have demonstrated the significance of the thickness of the gravel layer in the
removal of contaminants [3,26t29]. This is commonly attributed to its direct relation to the storage
capacity and increasing surface area available for contaminant removal [26]. Nevertheless, few
studies have quantitatively assessed its impact on the removal of contaminants. In this meta-analysis
three studies were reviewed with respect to the gravel layer thickness [3,16,30] Although The three
studies evaluated the removal rates of various contaminants, TSS and TP were the most commonly
investigated contaminants. The findings were compiled in a single figure ( Figure 3) to compare the
results and elucidate the removal rates trend.
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Figure 3. Removal rate of TSS and TP for various gravel layer thickness

As shown in Figure 3, the removal rates of TSS and TP increase with the increase in the thickness
of the gravel layer for a given gravel size. It is theorized that increasing the thickness of the gravel
layer improved the removal efficiency of contaminants removed by physical processes, such as TSS,
rather than biological or chemical processes, such as NOxN, TN, or COD [3,16,19,31] Moreover, as
the thickness of the gravel layer increases, stormwater can pass through a longer pathway, resulting
in further adsorption and removal of the contaminant [29].

4. Conclusions

The results of this meta-analysis confirm the suitability of PPS for contaminant control in
stormwater. However, the challenge of comparing results from different studies remains due to the
various experimental conditions appearing in the literature. It is thus recommended that future
investigations of PPS should focus on the repeatability of results under the same experimental
conditions and the potential relations between contaminant removal efficiency and the various
properties of PPS. The following are some insights into limitations and knowledge gaps:

1 Although porosity of surface materials of PPS has been investigated from the perspective of the
permeability and strength of the permeable pavement in several studies [32t34], further
investigation of th e relationship between the porosity and contaminant removal should be
performed.

1 The majority of the reviewed studies only tested a few water quality parameters; therefore, it is
recommended that future investigations examine the removal efficiency of all common
stormwater contaminants.

i The gravel layer configuration (thicknesses and gravel gradation) significantly affects
contaminant removal efficiency of PPS. In general, A thicker gravel layer is desirable for the
engineering design of PPS to enhance stormwater runoff quality, as the increase in layer thickness
contributes to an increase in contaminant removal. Optimal gradation of the gravel layer should
be investigated using a multi-objective study with permeability, bearing, and contam inant
removal efficiency as potentially conflicting objectives.
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Abstract: Many traditional Indian market places have been resilient to the changing times,
addressing the priority of the prosperity of people. The smart city mission envisages the
development in these market places as an architectural intervention of aesthetic sense asan image
marker of the city. The significance of these places addressing he concerns of household traders
and customers is often shadowed in highly ambitious projects taken up by Urban Local Bodies. The
paper aims to discuss onthe issuesrelated in the traditional market places due to new interventions
by smart city mission. The paper intends to describe the importance of an informal sector in
traditional market places towards making them sustainable . The study area identified is Durgad
bail, Hubballi, which has one of the oldest formal and informal market spaces that has beena
representative of market areas of similar scales across India. The scope of the study is limited to
built market spaces and opens public spaces of Durgad bail where informal commercial activities
occur. The understanding of the current situation in Durga d bail is done through primary and
secondary data. The analysis of the market place is done through literature review. The paper
compares the proposal for the other two traditional market places of Hubli to anticipate a similar
development for Durgad Bail. The paper concludes with an argument towards including
sustainable approaches in making these places inclusive and resilient developmentin an urban
context.

Keywords: Indian market places; informal sector; resilient; sustainable approaches

1. Int roduction

As per the 2030 Agenda for Sustainable Development goals, the emphasis is to make cities and
human settlements inclusive, safe, resilient, and sustainable[1] Resilient Cities are those that can
survive the changing economies, natural resources, governments, and environments. It is the
components of the cities that develop capacities to absorb the stresses to its social, economic, and
spatial systems and infrastructures to maintain essentially still the same functions, structures,
systems, and identity. [2] Cities comprise various physical and functional components. Indian Cities ,
to some extent, have the capaciy to absorb stresses due totheir overlay of social, economic, and
spatial systems. The historic core with traditional markets places hasbeen the physical and functional
center, holding the other components of the dty. In most Indian cities, these traditional markets are
often characterized by formal and informal ¢ ommercial activities. These traditional market places
TEYI wuEOOUDPOUI EwUOwWUUUYDY! wUOWUOEEaz Uwb@aneduwdi wlOT Ul E
identity in the city due to its diverse functions and physical form. These market places have evolved
over a long time and, in line with economic, technical, cultural and social changes, have human-
scaled urban solutions modified gradually as human society progressed.
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Most Indian villages depend on these regional market places nearby for trading/selling thei r
agricultural produce. The open spaces associated with these markets have supported informal
commercial activities. The study analysis the issues related to the informal sector in making these
places sustainable. It also examines the informal sector's opprtunities in these market places towards
making the cities more humane and vibrant.

The economy of Hubli Dharwad district is predominantly agr icultural in nature, though the twin
cities of Hubli -Dharwad -constitute one of the major industrial centers in t he state of Karnataka. They
have been a commercial cener for all the nearby villages of the region for the trade of their
agricultural produce. The market places have been for people of different cultural, ethnic and class
backgrounds and have never lost their significance.

This paper helps to understand the type of interventions happening in traditional market place
through smart city mission and the effects on the informal sector. The interventions by smart city
missions usually end up with the design o f built form. These buildings are designed as an image
marker, the qualities of the relationship between formal and informal space in such intervention are
at stake. These architectural interventions are approached as piecemeal projects and lack coherence
with the context. The comparison of proposals by Hubballi Dharwad Smart City limited for two
market places in Hubli will provide an understanding about the kind of development undertaken by
the competent authorities. It will give the insight to envisage th e development for Mahatma Gandhi
market and public open place in Durgad bail. The sustainable strategies are to be reframed and
adapted considering the social, cultural, and economic context of the area, including the informal
sector. At the same time, qualities of the relationship between formal and informal spaces should
become the basis ofdesign interventions in making these places more resilient.

2. Understanding Traditional Market Places

A marketplace is, in general, a location where people gather for the purchase and sale of
provisions, groceries, and other goods. The traditional marketplace is defined as a marketplace which
has naturally formed before the 80s and includes both permanent and periodical markets. It is a place
where goods were exchanged, and communities emerged from the construction of culture and
history. The marketplace in India is an aspect of the everyday life of the people. It is part of every
( OEPEOzUwPkI T Ol OEwUOUUDO]I 6w+POEEwW) w21 OPT OE@AwWI EVwWUT ¢
?26EO0O0DOT wUOT UOUTT wUT T wWwOEUOT DVUwWOI w" UAEOOWOO! wi BOEUWOO
agitated movement, a cacophony of sounds, smells and stinks, human beasts of burden bearing
hundreds of pounds on their backs, tricyclists carrying large w omen and their produce on wheeled
platforms before them, huge rumbling lorries, beckoning and wheedling vendors, and the lurking
presence of pickpockets. It is almost impossible not to delight in the remarkable variety of
Ol UET EQEDUI 6 w 3 UarEnmattdsOiGaE date o cdonial times meet with visions of
OOET UOPUAWEOGEwWwxOUUOOET UOwWOE UU w OIt raifoEs uthd &cenbrio Bfuhd Ow OEE wpb
Indian marketplaces of the present day ¢ the traditional meeting modernity , as atransition from the
old ways to the new on display for the world to see . [3]

3 Introduction to Durgad balil

Reason for selectng Durgad Bail, Hubli for the study is because Hubli is a city with its identity
rooted in commerce and trade. The Durgad Bail market area is an old market area of the city that is
representative of market areas in cities across India. A study of this market could provide one with a
glimpse into the transformations in markets of similar scales across India in making the city resilient .
The scale that we aredealing with is restricted to the city level , whereas some of the famous markets
of India extend beyond the cities that they belong to the historic core of the new town. To understand
or get a glimpse of its origins, especially an origin linked to trade a nd commerce, one has to look at
OT1 wi PUUOUPEWEOU! wOl wUT 1 wEPUadw( OwUT 1 wEEUT woOi wOEHa wi
market places.
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Figurel. Map showing the evolution of Hubballi
Source: VIl semester Urban Design Studio. Schoobf Architecture, KLETU, Hubballi August 2016

History suggests that the oldest parts of the city of Hubli could be traced back to at least the 11th
century, when it came under the Vijayanagara Rayas. At the time, the city was called Rayara Huballi.
This part of Hubli continues to exist as the Old-Hubli region of the city. The new town developed
much later around the Hubli Fort that was constructed in 1727 by a local trader Basappa Shettaru
with the help of Nawab Majid Khan of Savanur. This fort happens to ha ve been situated in what is
known as the Durgad Bail area. The fort was subsequently destroyed during a drought period but
Durgad Bail is still known as the fort -maidan to this day. The new town started developing around
Durgad Bail and hence it reveals that the area is essentially the historic core of the new town. In the
years that followed, Hubli was conquered and reconquered by the Marathas and the town was under
the administration of the Sangli Patwardhan of the Peshwas. By the year 1820, both the newand old
town were handed over to the British colonizers, who started a Railway workshop in the city and
transformed it into an important industrial cent er. [4]

3.1 Analysis of the existing situation of Durgad Bail

3.1.1 Urban identity

Durgad Ball, its market areas, and the urban fabric that has developed around it have become
an integral part of Hubli's identity . It is a living and thriving testimony of the past, of the more
juvenile days of the city. The place possesses the character of a sacred site to the people as it provokes
nostalgia and helps root people to the areat it generates a strong sense of belongig. [5]

MALIGI, MANE & RAO 120



»

Janata Bazaar Market

Durgadbail
Market

Figure2. Base map of Hubballi showing the study area of Durgadbail market
Source: VII semester Urban Design Studio. School of Architecture, KLETU, Hubballi August 2016

3.1.2The thriving marketplace

Most of the people in the city associatetheir experience of Durgad Bail with its marketplace. It
is one of the more vibrant parts of the city. Its streets are lined with shops that sell textile, clothing,
jewelry, stationery, household ware, food and toys. The alleys between the older buildings are
occupied by tarpaulin -covered informal wholesale stalls that sell groceries. Over several years, these
informal stores have assumed a semipermanent and some even permanent character. The place gets
extremely crowded throughout the day and makes the vehicular movement extremely difficult, at
times impossible. The place sees a larger inflow of civilians during festivities. Particularly during the
days leading up to Cultural festivals , when Durgadbail assumes a different social character- people
throng the area with their families, new informal temporary stalls are set up, and these often stay
open past midnight. [6]
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3.1.3 Integration of the vulnerable classes

The marketplace, with its several big and small businesses, contributes to a major portion of the
trade retail of the city and hence is responsible for generating direct and indirect employment
(chartered accountants, tradesmen, delivery boys, rickshaw-pullers, tempo drivers and porters).
37T UOUTT wUTl PUwl 0x00a 0l OUwi i O UKD QEE DLWk IwE-OF wwd wudl u
These include the immigrants, the elderly and in some cases even disadvantaged people. These
vulnerable classes of the society are often rejected/ ignored and find it extremely hard to find
employment elsewhere.
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Figure3. Map of Durgadbail market place showing the informal activities
Source: VIl semester Urban Design Studio. School of Architecture, KLETU, Hubballi August 2016

3.1.4 Informal economy

The number of informal businesses is equal to or more than those of the regular businesses in
Ol 1l wEUI E6w UwWUUEU] EwEaw, EOEUT Ew/ UEOEUT w# UUUEwWDOwWUT T wx
for this is that the informal businesses do not need to go through the expensive process of buying a
store where real estate in prime locations is expensive. It is cheaper to open a stall at the edge of a
UOUIT T 06w3T1 Ul wuwbOi OUOEOWUUEOOUWEOUOWEEEwWUOwWUT T wuOUI O
variety of goods of all costs available at a single location, makingitatUEE UBD Y1 wUGmuUT Ox x1 UUGB 2
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The informal stalls in the M.G. Market area are set up around the M.G. Market building built as a
formal set up for the trade of goods. Some of the stalls are set up within the internal open-to-sky
courtyard of the building.

Figure4. Images showing the informal activities in the Durgad bail
Source: Author. 2016

3.2 Factors contributing to the current situation:

3.2.1 Industrialization of the city

The city has withessed industrialization ever since it became a significant junction after The
Loco, Carriage, and Wagon workshop started maintenance and repairs in 1885 for the Southern
Maratha Railways. It has become the busiest railway station in Karnataka after Bengaluru.

Table 1: A timeline of the South Western Railways in Hubli:

Year Event

1885 Southern Maratha Railways The Loco, Carriage and Wagon workshop,
Hubli started maintenance and repairs of Meter gauge locomotives, coaches
and wagons

18 Octaber 1886 The Madras and Southern Maratha Railway opened the 130.02 kilometers
Hubli ¢ Harihar rail line

1919 Madras & Southern Maratha Railway (MSMR) was formed and the
workshop was brought under the jurisdiction of MSMR. The workshop
continued with periodi ¢ overhauling activities of MG rolling stock.

5 November 1951 Hubli became one of Divisional headquarters of Southern Railway

1966 Become one of highest earning division and taken-over by South Central
Railway

1987 Hubli workshop also manufactured wooden body

1999 Hubli diesel shed started for training and repair of diesel engines

1st April 2003 Hubli became headquarters for SWR with total employees 37350

Because of the mass transportation of goods made possible because of this, several large
industrial areas sprung up in and around Hubli. It further brought in goods and commodities into
the city and assisted in its rapid and explosive commercialization. It also helped in bringing in a large
population of daily wage workers and other immigrants from nearby and farther away from towns
and villages into the city, including a new demographic with different lifestyle preferences from
bigger cities such as Mumbai and Bangalore, a young class of workers seeking employment in a very
potential city. [4]
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3.2.2 Consumption habits

Commerce is thefactor that drives areas such as Durgad Bail, today. It affects the place in many
ways, both positive and negative. Hence it is under constant exposure to the very volatile nature of
consumer consumption habits. Though globalization has made it easier for developing countries to
access the more advanced and improved lifestyles and the technology of the developed nations
traditional market places have thrived to sustain by catering to the need of local people . Cities across
India have witnessed a recent invasion of supermarkets, shopping centers, and malls replacing the
traditional marketplace. These commercial formats, run by people with finances, are attractive to the
consumers because, apart from selling goods, they also sell the idea of luxury and modernity .[8]

3.2.3Mixed land use

There is astill an evident mixed land use of residential and commercial functions seen in the
vicinity of Durgad bail . Many older houses still exist, though some have fully converted to
commercial spaces. Durgad Bail possessesa mixed-use character, evident from the number of
residential buildings and the surrounding marketplace. Though there has been a thrust of getting
converted to totally to commercial land use due increasing land value, the Durgad Bail area has been
able to sustain its mixed land use. Over the last few decades however, the area has become
increasingly commercialized even though few malls have emerged in the city. [9]

3.2.4 Degradation of the physical environment

The advent of wholesale trade, the narrow win ding streets, the congested main street, lack of
parking facilities, lack of cleanliness, and poor maintenance and exploitation of the older buildings
have led to deterioration of the physical environs of Durgad Bail. This has greatly reduced the quality
of life that the area has to offer. One of the major reasons for this is thecity agencies' lack of investment
and strategy like the Municipal Corporation . Recently, the redevelopment of M.G.Market and
Durgad Bail public space has been one of theinitiatives by Smart city mission of Hubbalii Dharwad.

3.2.5 The public realm

A positive aspect of traditional marketplaces is that it is a very physical space for human
interaction. People experience a strong sense of relation with the urban and architectural space
surrounding them. The marketplace is a public space where relative strangers can interact, learn and
grow from diverse contacts. Marketplaces are definitely under the threat of losing out on their social
role in the city. The exchange of sensibilities is under threat, and sustaining traditional marketplaces
such as Durgad Bail across developing countries can help maintain this exchange. Festivals and
cultural events have made it possible to still maintain the public realm in Durgad Bail . [5]

3.2.6 Strong traditional methods of selling

Marketplaces like those of Durgad Bail follow a very traditional method of selling ¢ there is very
little marketing, advertising and merchandising of goods and products sold here. A typical attitude
amongst store owners in traditional marketplaces is a strong sense of belief in the patronage of their
customers, which is not a very reliable method of sustaining customers, especially since there is
aggressive competition from other formats . [10]

3.3 Understanding the scenario -Case studies

3.3.1 Case study Aminabad, Lucknow

At the historic core of Lucknow lies the traditional market district of Aminabad. This part of
Lucknow is im mersed in rich history and forms an essential part of the identity of its people. Some
of the buildings in the region date back to the age of the Mughal kings . Many buildings in the district
have strong Islamic architectural features. It is evident from the street facades thatthere was a strong
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urban design control. But these buildings are, at present, under the threat of deterioration from
various factors, the most critical E1 D O1T uBP@YYOITWEPEOPAEUDPOO? dw

The traditional marketplace of Aminabad was designed to sell food grains. Over years, however,
the character of the place shifted from retail to wholesale, and the place gradually fell into decay. The
place is also flooded with a large number of informal stalls along the streets which has added to the
strength of the economy of Aminabad. But commerce has slowly extended into the residential areas
of Aminabad and has dramatical ly impacted the quality of life. The city's municipal bodies have also
turned a blind eye, and the increased distances from the suburbs has further disadvantaged this
region. The older residents of Aminabad have also moved out to the suburbs in pursuit of a better
quality of life , and immigrants and daily wage workers now occupy the houses here. There is a
change in the social subsect from high incometo low income and hence the buildings in the area lie
in disrepair. The poor condition of the buildings and the disorganized pattern of commercialization
have led to an overall deterioration of Aminabad. [7]

Figure 5.Image of informal activities in Ami nabad market, Lucknow.
Source: website: Formertourism.com (shopping in Lucknow)

3.3.2 Case studiy Namdaemun market district, Seoul

The latter half of the 20th Century saw South Korea develop in one of the most rapid and drastic
paces. This period is refared to as the Miracle on the river Han , and conglomerates such as Samsung,
Hyundai , EOEw+ &wWEUI wEEEUI EPUI EBw3T 1 wUPUUEUPOOWUT EQuwi 6600
OEUOI Uwx OEET UOwPT PET whi Ul wUT 1 wEPUaz Uwmbidpotadce BSOUwx UEOE
they were ill -equipped to adapt to this rapidly changing scenario. With fewer visitations every year,
they started falling out of use . It hasled to the city losing its existentialistic quality and a once -thriving
public realm.
The Namdaemun market was the first permanently established marketplace in Korea. Despite
its rich history of 600 years, it has been overlooked while the rest of the city withessed growth. The
traditional market showed a selfsustainable development without specific plans; thus its response
and change to the transforming environment w ere relatively slow. [11]
Although a developing nation, India hasthe potential to witness rapid development in the not
so far off future, perhaps like in South Korea. Durgad bail and its market areas, as of now, are ill -
equipped to handle such significant transformations. Unlike Namdaemun, Durgad bail is still a
significant public sphere in the city. Steps must be taken to safeguard the marketplace from losing
out on its existentialistic qualities.
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Figure 6.1mage of informal activities in Namdaemun Market , Seoul
Source: website:www.ensquaredaired.com

4. Smart city development Initiatives

Hubballi Dharwad was listed under 100 smart cities. The major development activities under
smart City focus on road development, traffic junction renovation, smart vehicle parking, Renovation
of M.G market and Janata Bazaar, Affordable Housing, Nala Rehabilitation, Development of lake and
gardens, etc.[12]. One of the objectives of key interventions is to encourage active high street retail in
the area. But the proposal of Multiplex, restaurants and food courts in the M G Market building on
the third floor challenges the sustainability of informal sector in the Durgad bail area.

Hubballi-Dharwad Smart City Plan
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Figure 7. Hubballi Dharwad Smart City Plan.
Source:www.hubballidharwadsmartcity.com
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Figure 8. Smart city development initiatives by Hubballi Dharwad Smart City Limited.
Source: website: www.hubballidharwadsmartcity.com/downloads
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Figure 9.Proposed development concepts for Market places in Hubballi by Hubballi Dharwad Smart
City Limited.
Source: website www.hubballidharwadsmartcity.com/downloads

4.1.1 Old Hubli Market place

The old Hubli market place has been one of the major market places for the nearby farmers of
old Hubli area to sell their agricultural produce. The main corner building of Shops form an enclosure
to the semi covered vegetable market place The informal shops are spread along the edge of the road.
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Figure 10.Map showing the formal and informal activities in  Old Hubli Market.

Source: Author

The new proposeal by Hubballi Dharwad Smart City Limited is designed for formal sector,
without considering the role of informal sector in generating economy as well as making the place
more inclusive to all.
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Figure 11. Proposed Building for Old Hubli Vegetable Market in Hubballi by Hubballi Dharwad

Smart City Limited.

Source: www.hubballidharwadsmartcity.com/downloads

Figure 12.Image of Informal activit ies currently happening in front of Old Hubballi market

Source: Author 2016

4.1.2 Janata Bazaar Market place

area

Janata bazaar has its proximity to the centre of Hubli City. The building abutting the main road has
restaurants, shops and offices.The informal shops, vendors spread across the open spaces leading

to the main vegetable market at the centre of the block.
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Figure 13. View of informal vendors at Janata Bazaaduring late evening
Source: Author, 2016
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Figurel4. Schematic existing Plan of Janata Bazaar market
Source: Author, 2021

The new proposed building is design to address the sustainability in terms of climate
responsiveness and energy efficiency. The socio cultural aspects of the place have taken back seat.
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Figurel5. Proposed Building for Janata BazaaMarket place in Hubballi by Hubballi Dharwad Smart
City Limited.
Source: website: www.hubballidharwadsmartcity.com/downloads
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5. Discussions on Sustainabil ity issues for the informal sector in market places

The informal sector is highly diverse, and the informal economy is not generally amenable to
the same sort ofpolicies as the formal economy. The informal economy is not large but growing and
cannot be ignored. The informal sector displays enormous variation in environmental performance.
There is a potential for engaging it constructively with the provision of spaces for informal activities.
The informal sector is critical to many of the poorest households, with important implications for
pursuing both social and environmental agendas. [13]

5.1 Spatial requirements

There is no policy or systematic efforts to accommodate the street vendors, informal sector by
the government. They depend on the public open spaces for trading. They face the threat of eviction
and uncertainty in the trading space. The informal industry can be strengthened in traditional market
places by providing free kiosks and provides various choices of space or place of business for geet
vendors, namely shelters, tents, carts etc.

5.2 Dependence on Formal economic spaces

Most of the informal sector depends on the Formal sector. Urban Local Bodies have to apply the
principles of inclusive urban planning for the urban informal sector. The informal sector needs to be
recognized and incorporated in a manner that gives full recognition to the rights of the people who
depend on this economy for their livelihoods. The informal traders are those who are learning to
become traders. They can & encouraged to upgrade skills and increase the capacity they already
have.[14]

5.3 Lack of Policy for Informal Sector

There is no policy to accommodate stred vendors and traders by the government. The street
vendor may or may not pay some nominal charges on daily basis for their trade. Their Nature of
moving from one place to another might be the reason for lack in making attempts by the government
to frame policies for informal sector. [14]

5.4 Snart City perceptions

There is no universally accepted definition for smart city. However in the approach to the Smart
Cities Mission, the objective is to promote cities that provide core infrastructure and give a decent
The focus is on sustainable and inclusive development and the idea is to look at compact areas, create
a replicable model which will act like a light house to other aspiring cities.

Smart cities proposal aims for reduction of anticipated complexities and expenses that
accompany future urbanization. It focus is on the use of Information and communication technology
in the entire proposal in various sectors viz, Environment, energy, Tran sportation, smart buildings,
Governance and Social Infrastructure. The proposals under smart city mission include buildings that
are sustainable in terms of the materials used and construction techniques employed, to reduce the
overall carbon foot print. T he local character of the place in terms of relationship between formal and
informal sector gets ignored under such smart buildings. [15]

5.5 Social Sustainability

Social sustainability is achieved when physical realm is integrated with the social world , viz
infrastructure to support social and cultural life, social amenities, systems for citizen engagement and
space for people and places to evolve Priority has been given to economic and environmental
sustainability in the context of redevelopment proposals for market places. But the policy and
investment focus on renewable resources, low carbon communities and encouraging pro-
environmental behavior . The traditional market spaces with public open spacesallow for a high
degree of social interaction between people. 317 1 Ul | OUl wOUEEPUDPOOEOWOEUOI UUz wU
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should aim to create a community spaces that are socially, along with economically and
environmentally, sustainable. [16]

5.6 Intangible values

The cultural environment contributes to the sense of place in the traditional markets. The new
interventions could fail to provide a broad -minded solution if they lack considerations to the culture
of that particular market place. The place attachment, sense of place is significant issustaining the
market operations. The bonding between the local community and the cultural heritage value there
contribute in retaining and strengthening the sense of place of markets. [17]

6. Conclusion

This paper has put forth some of the transformations happening in traditional market places and
its impact on informal sector. Informal activities particularly in market places are essential and
unavoidable sectors in the cities of developing countries. The features and status of urban informal
sectoris to be defined. The goods of the informal activities are originated mainly from the local area;
they meet the local needs of the people. The Urban local bodies should plan, consider and manage
spaces for informal markets. Basic infrastructure of open spaces avarious urban nodes, intersections,
existing market areas and other public places should be provided to accommodate the informal
sector. The integration of spaces for informal sector into urban policy would help set supply
standards and preserve local character and public spaces.This institutional intervention is important
because government institutions have the authority and flexibility in overcoming the main problems
of the informal sector in traditional markets. The new proposal of smart buildings sh ould always add
value to its context and this requires much more than simply fitting in. the new interventions should
preserve the sense of place qualities that meets the needs of local informal sector and will sustain the
local culture of the market.

Supplementary Materials: NIL .
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Abstract: The urban booming that the West bank and Gaza strip withessed after the advent of the
Palestinian authority in 1993 isconsidered a major factor in changing the Palestinian landscape and
creating new living experiences in a midst of neoliberal market. Thi s paper aims to discuss the
production of fantasies throughout the new urban developments in Palestine, focusing on the new
residential neighborhoods in Ramallah and Al Bireh governorate such as Al -Reehan neighborhood,
Rawabi city, Al- Etihad neighborhood, Diplomatic housing complex, etc. The urban boom in
1EQOEOOET WEEOZ UwE]l weODPl OEUI Ewi UOOwWUT T wbOXxEEUUWOI wbil OC
fascinations and technological advances. Apparently new architectural forms and meanings
appeared in response to these aspects, as the new. When exploring the new urban developments in
1EQOEOOET wEOGEwW Ow! PUI T Owbl wEEOz Uwbl OOUT wOT EOwUT 1T WwEODU
imaging technology, which has transformed the way we visualiz e and see the world. Architects are
now equipped with enhanced tools of dreaming. As these imaging tools become more sophisticated,
the line between the imaginary and the real are increasingly blurred [2]. Based on qualitative
Ul Ul EUET OQwUT I uatibhl abdbpértepriorilaf tdir fiaEs@nd their relation to the city are
discussed in order to understand this new readymade living experience from a user point of view
and compare it to the investor vision. The study methodology is focusing on a literature review of
the context, the hyper- reality and consumption, the concept of home and the everyday theory,
followed by an analysis of the Case of Rawabi. The analysis addressed the project vision and
associated lifestyle and a post occupancy evaluation basedon observations and interviews with the
residents to explore their perception of their residential units and connection to the city. Finally the
paper is looking for a bottom up approach to understand the city of Rawabi that could be reflected
in other developments and leads to rethink our dream of urbanized Palestine.

Keywords: Home; hyper-reality; Hyper-consumerist culture; every day: post- occupancy
evaluation; Rawabi; Palestine.

1. Introduction

This research investigated the current urban condition in Palestine in the midst of major
neoliberal urban restructuring and transformation during the past two decades. The research
concentrated on the governorate of Ramallah and Al-Bireh yet will take Rawabi city as a detailed case
study.
Middle Eastern cities are currently competing to attract international investments, businesses
and tourism development. Currently, developments in Dubai in the United Arab Emirates, such as
the world's two largest man -made islands (Palm Jumeirah and Palm &bel Ali) and major skyscrapers
and luxury resorts on Sheikh Zayed Street, are setting precedents and are becoming models for other
cities of the region. This stands in stark contrast to, say, the 1960s, when the Arab world looked only
to cities like Cairo or Beirut for cutting -edge urbanism [1] (p.275).
The urban boom in Ramallah and Al-! BUIT T wi OYI UOOUEUI wEEOz UwEI wEODPI OE
new global realities, cultural fascinations and technological advances. Apparently new architectural
forms and meanings appeared in response to these aspects. Once investigating Ramallah and Al
' DUT T wl OYI UOOUEUT zUwOI pwUI UPET OUPEOwWxUONI EOUOwPI WEEO:

133 ZEMCH 2021 International Conference | 26 -28 October | Dubai| UAE



powered by digital imaging technology, which has transformed the way we pe rceive the world [2].
Impressively Ramallah and Al -Bireh represent interesting case of new ready consumed lifestyles; the
new developments such as Al Reehan neighborhood, Diplomatic neighborhood and Rawabi city are
evidently marketing a readymade lifestyle (Figurel, Figure2). These urban developments, reflect
major political and ideological practices of power as controlled by neoliberal tropes and manifested
through spatially - engineered realities that operating the digital imaging technologies. These
emerging neoliberal transformations are expected to lead to inequality and exclusion as they
exemplify a new urban lifestyle that reshapes the Palestinian dream of home/state and ignores the
Unfortunately, as a result of the cultural revolution and in searching for contemporaneity we
EPUUITEUETI EwOUUwWI UOEOPUUPEWYEOUI UOWEEEOUEDOT wUOOwW®EUI
contemporaneity in our modern architecture? What is our standard of reference for housing people?
If we want our buildings to be contemporary, probably we have to make our buildings fit the latest
findings of modern science. We have made great progress in the physical and mechanical sciences,
but we have maEl wOUET wOl UUwDOwUT | wi UOEQWUEDI OB (pBuli 1 wUEDIT «
consequence, the notion of home is facing major challenges in surviving in an era of globalism and
modernity. Heynen concluded that dwelling and modernity are opposed to eac h other, and
PPUT WEwWODPI 1 wUPUUEUDPOOwWUT EUwIT UEUE O[4l(pp.18wad. MoOréoveE UT E O1 U U
Dovey illustrated the factors that eroded the sense of home as: rationalism and technology,
commoditization, bureaucracy, scale and speed, the erosion of communal space and professionalism
[5](pp.51-58). This paper is pointing to the new developments in Ramallah and Al -Bireh governorate
with an explici Owi OEUUwWOOWIEPEEPWEDPUA WDOWOUET UwlOOwbOYI UUPT EUI
experience in Rawabi and their connections to the city.
3TT wxEx]I UwbOYI UUPT EUI EwUT 1 wUI UPET OUUzwxi UEI xUPOOwWC
investor visi on to reality. Accordingly the interviews with the residents, the observations of their
daily experience of space were very informative to show the gap between the fictional and the reality,
EOQOEwUI T wUl UPET OUUZzZwEOCEPUPOOWUOWEUT EUI wUT 1 PUwOPOwWUXEE
In the following sections a general overview of the urban developments of Ramallah and Al
Bireh after Oslo agreement and the foundation of the Palestinian state. And an investigation of the
impacts of neoliberal forces on the architectural representation. Rawabi city was taken as a case study;
an empirical study based on a socicUx EUPEQwWEOEOaUPUwi OEUVUUT EwOOwWUT T wUl |
perception through interviews and observations of physical and social space.

2. Study Methodology

The study methodology followed an analysis of the Case of Rawabi. Birzeit University
undergraduate students from the Architecture in Palestine course and the Introduction to Graduation
Project course have participated in collecting the data. The analysis addressed the nature of the real
estate and the project. And on the other hand the study presented and investigated the reality through
Ol wUIl UPET OUUzwl YI UAEEAwWODIi | WECEwWxT UEI xUPOOwWOI wlUi 1 DU
its imposed urbanity.

In order to conduct a post occupancy evaluation that aims to obtain feedbacks on the city
environment, public space and services and the residential buildings performance in use, this
research followedh qualitative ethnographic approach based on a sociospatial investigation.
Accordingly the research applied several tools that included interviews, field observations, and
UXxEUPEOQWOExxDOT w311 Ul wOOOOUwPI Ul wExxOPI EwWUOWEOOOI E
experience of space as following:
2.1 Interviews

Open ended interviews were used to elicit general information including marital status and
i EOPOawUPal Owl EVEEUDPOOOWEOEwWI 0x00aldl OUOWEOEwWUT T wUul U
Rawabi including:
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1 The reasons behind the participants choose Ravabi to live.
f 371 wUi UPET OUUzwl YEOQUEUDOOwWI OUwWUT 1 woODPYDOT wl Bx1 UE
public spaces.
¢ 371 wUT UPEI OUUzwl YEOUEUDPOOwWI OUwUT 1T PUwWOI BT TEOUT O
f 371 wUl UPETI OUUzwl BRx1 UDI OET UwOi wighOxDOT WEOEWEEE x Uf
The interviews were done during the year 2019-2020; five main interviews were conducted; two
Of wOT 1 OQwpkl Ul wbOUI UEEUDYI wbOUI UYDPI PUWDOwWUT I wbOUI UYDI E
diverse; the interviewees were selected based on their living experience in Rawabi, material status,
gender and employment. Three of them were from the city first residents, four of them are owners
One of interviewees was a female, three of them were married and living with their families in
Rawabi, and only one wOUOU WD OwW1 EPEEDS w»DOEOOaOQwUT T wbOUI UYPI P11 U:
in the text.

2.2 Observations

Direct observations were carried out to investigate how residents practice their daily life and
how they change their everyday space. The observatons were conducted by the researcher and
undergraduate students from Birzeit University. The observations started with conducting a general
field survey of Rawabi. Observations further tackled two main areas: the residential
neighbourhoods, focusing specifically on the residential buildings, open spaces and gardens, and the
city centre or Q centre. The observations were conducted during the week Sunday- Friday, with
different timing during the day considering morning, mid of the day and evening.

Observations revealed how residents are using the city spaces. Furthermore, by observing the
residential buildings, streets and gardens it was possible to gather information of how residents are
coping and adapting with the city design.

3. Context

Influential force s other than the Palestinian Authority (PA) have been sculpting the State of
/ EOT UUPOI 8w UwWEUUDOT w. UOOzZUwWT OOETI Owxl UPOEOwWi UOOwW huN©
1EQEOOET wUI EOwDHDOwWUI 1 wEPUazUwi OUPUI wi PUUGR MO W Ul O1 E
countryside, augmented by family funds from the diaspora. A second wave of construction engulfed
the city after Palestinian returnees with their own ideas of urbanism opened new restaurants, cafés,
and businesses. Then in 2003, the Palestine Investent Fund (PIF), a partnership between the PA and
Palestinian investors, paved the way for public land to become available for private development by
international investors, mainly from the Gulf [6,7,8].

However the Palestinian economy remains dependent on the charity of outsiderst in the form
of donor aid t+ and on Israel, which controls water and electricity in the territories and periodically
injects much-needed Palestinian tax revenues into the economy. Internal and external control left the
state-to-be little room to grow except, as evidenced by the skyline of Ramallah, skyward. New malls,
housing developments, and a transnational landscape of spanking new high -rise buildings give the
appearance and shopping opportunities of a flourishing con sumer economy [7]. Ramallah has
become a gilded, neoliberal ghetto, the neoliberal turn of the PA has been generally associated with
the premiership of Salam Fayyad (2007 2013), aiming at establishing a state by September 2011. In
would convince the world community that the Palestinian people had acquired sufficient maturity
to be entrusted with a state. Subsequently, the government adopted neoliberalism as a model to
demonstrate the facts on the ground [9]. By 2013, the PA and Palestinian investors working with the
Portland Trust, are planning fifteen thousand new homes on the West Bank for people with monthly
incomes between $800 and $1,500. This segment of the population can now avail themselves of
affordable home mortgage schemes like those in the United States, before the subprime loan debacle
setin [7].
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The new housing developments such as, the Diplomatic housing complex, Al Reehan, and
Rawabi are devoid of common architectural elements. Yazid Anani!in an interview with Emily
Lawrence about his contribution to the Designing Civic Encounters art project in 2012, explained that
2000wl OUUDPOT wxUONT EUUwWUUT EWUUET wxUEOPEWEOEWEOOOOOWEU
standing next to each other where you squeeze people in. Architecture becomes a form of
Harb2El UEUPE] EWl1EPEEDWEVUW? EWEDPUAWOOET OOI EwEIl UhlIY wE wl OUUF
Pl PUEWEOOEI xUO? 6ww' EUEWEEEI EwUl ECwW? 1EPEEPDWEOI EUOa wUI
EwxUDYEUDPAl EwEPUa» wZghuy¢d w61 DOT wOT 1T Ul wdl pwi OUUDOT wET YI
digital images that makes the mountainous landscape look evocative and artificial (Figure 1). Visual
representation and images of the new developments implies a luxurious and glamorous new
neighborhoods and cities. Ramallah city and the nearby regional streets are occupied with huge
advertising boards, projecting a splendid future. The billboard articulately captures the power of the
commoditized image. It sells not just a house or a flat but also a lifestyle. (Figure 2)

Figure 1. Al Reehan Neighborhood Under Construction (Resercher,2015)

Figure 2. Billboards in Birzeit Street-Ramallah (Researcher, 2015)

1 palestinian architect, artist and academic.
2palestinian visual artist and writer .
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The following section is focusing on the case of Rawabi, the first purpose-built Palestinian city
built by Palestinians, in order to explore the influences of neoliberal market creating a n ew home
experience and lifestyle. And to compare the hyper reality created by the investor to the everyday
life and the residents experience of the city. Rawabi was chosen for its unique situation as a new
planned city that was initiated after the establis hment of the Palestinian Authority, as well as the
availability of data.

4. The Case of Rawabi

In such a hyper-consumerist culture, digital/synthetic landscapes are increasingly depicted as
2U000EOwWOPI 1 U0aOl wi Rx1 UDI OEIT U O Rawabi (Eiguiee 8)Ueprestritsidead OU U O1 E §
case of these new ready consumed lifestyles; the iconic mega projects such as Rawabi City, are
evidently marketing a readymade lifestyle. On the other hand the everyday life of the residents is
important to read the real city, de Certeau theories on spatial practices is very interesting to read the
city from below and within[11]. 3T E0z Uw bl awPUwWwPEUwWPOx OUUESOUwWUOwHOYI L
experience within this neoliberal model in order to find a space for the ordina ry within this hyper -
reality.

Figure 3. General View of Rawabi. Source: Birzeit University undergraduate students (2019).

4.1. Project Background and Vision

According to Rawabi official website Rawabi city is located 9 km north of Ramallah and 3.5 km
north of Birzeit, Rawabi lies 25 km north of Jerusalem and 25 km south of Nablus. Rawabi's municipal
boundaries encompass 6,300,000 square meters of land, which will initially be home to 25,000
residents. Additional residential and commercial units slated for subsequent construction phases will
UOUPOEUI GawUl UY] wEWEPUaAwWPPUT WEwWxOxUOGEUDOOWOT wOOUT wlT E
community for Palestinian families that will provide opportunities for affordable home ownership,
employment, eduEEUDOOOwWOI PUUUI WwEOEWEOWEUUUEEUDYIT wi OYPUOOOI O
According to residents of the surrounding villages Rawabi land was bought from the villagers
of Atara, Abwain and Ajoul for 1000 -3000 JD each Donum (1000 m2), and the st of land was bought
using the Palestinian acquisition law, which organizes the use of private land for the public use.
Accordingly parts of these aforementioned villages will be included in the city land borders (Figure
3).
The city consists of about 5000 housing units spread across 23 neighborhoods, and a city center
that offers a retail business district with hotels, cinemas and a convention center, Rawabi also features
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education and medical facilities, houses of worship, public green spaces and recreation facilities
(Figure 3,4 ). Based on the official website of Rawabi, the city will expand the local economy's
linkages to the global knowledge economy. It will introduce new technologies to the Palestinian
construction sector and encourage international firms, particularly in the high -tech, health care and
renewable energy sectors to take up a key role in bolstering current economic activities. Through
attracting investors and technology suppliers; Rawabi plans to generate more than 5,000 permanent
jobs, creating quality of life and making a long -term, sustainable contribution to national
prosperity[12].
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Figure 4. Rawabi Master plan (Source: Rawabi Official website)

$RxOO0UDOT WIEPEEDZUwWOI pwi 6001 wiRx1 UPI OEIl whdiseE EUT EwOO
OOwUT T wUT UPET OUUzwx1 UETI xUPOOwWOI wUT T PUwUI UPET OUPEOwUC
OEUI UYEUDPOOUWOI wOT 1T wUl UPET OUUZWET TEYDOUWPOWUXxEET 8 w

4.2 Living in Rawabi

The living in Rawabi was evaluated through open -ended interviews with the residents. The
interviews were done during the year 2019-2020, 5 interviews were conducted, and 2 of them were
PDOUI UEEUDPYI whbOUI UYDI PUWPOwWUT T wbOUI UYDI P11 UzwEXxEUUOI C
living experience in order to compare the Ul EOPUa wUOOwUT T wEI YI OOx1 UUzwYDUDO
PDOYI UUPT EUIl wW1EPEEPZUwWUI EOQwI UUEUI wOOEI OWEGEWUI T wiEOD
evaluation will focus on, the city environment, services, public space, the residential unit spaces and
design.

4.2.1 City Environment; Quietness, Cleanness and Safety.

3POwWOl wUT T wi PUVUCOwW1EPEEPZzZUwUI UPETI OUUWUEPEwW?2UT T wEI UU
1 OYPUOOO!I OU~28w*dw dww OWUUEEQwx OEQOTI UwbkbT OwPUWEOUOWOHO
to live far away as much as possible from work. When | get out of work and arrive home, no one will
EEOOWO]l wOOwl OWEEEOwWI OUwWEOaUT POT 2 8 wnOUwW23838wki OwoObYI1 UL
feel safe in Rawabi, as there is no people in the streets and not all of the city is lighted in night in
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adEPUPOOWOOWUT T wOOPWOEEUXxEOEaAa WOl wi Tl UWEUDPOEDPOT WwEOEWEOO

Oawi OUUI wOEUI wEI EEVUUT wlOT 1 wEPUAwWPUWUOWUEEVUAWEOwWOPT T Uuw
M. M. a professor at Birzeit university and one of the first residents of Rawabi, was met in his

office, he was happy of his living experience in Rawabi, created a garden on his veranda trying to

adapt to city life through practicing his passion in farming as someone originated from village.

4.2.2Services

A.E. - one of the first residents- UEDE > wUT 1 Ul zUwOOwl OUxPUEOwWOUwWxT EUDET
one day my son gets sick, It would take so much time to buy him medicine or take him to the
I OUxDPUEO? dww' OP1 YI UOwWOUT lelbexpensie Expeddititetkelpapmobtyl EUD UT DI |
for their flats and neighborhood services such as heating and internet costs, and the gardening cost,
while not the entire city is lighted at night.

4.2.3 Public Space

When talking to a group of children playin g in the street they said there are no proper
playgrounds and they prefer to play in the street (Figure 5). Also Residents were not satisfied of the
accessibility between different neighborhoods and the Q center, the stairs are not pedestrian friendly
(Figure 6). A.D. described the way he adapted to walk from his flat to Q center where he works,
through walking from building to another and using the elevator to reach the upper level of the street
without any interaction with the public space. Residents wer e not satisfied with the public spaces,
they need to pay 20 shekels for the car parking to visit Wadinaarea, which should be a public park
for the residents.

Figure 5. Children Playing In the Dead End Street. Source: Birzeit University undergraduate stu dents
(2019)
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Figure 6. Stairs Connecting the residential neighborhood to the Q Center. Source: Birzeit University
undergraduate students ( 2019)

4.2.3 Residential Unit Design and Spaces.

A. D. a young man who live and work in Rawabi said the view from his apartment is blocked,

EQEwWlI |l wbUOZUWEEO!I wOOwOxT Owi PUWPDPDOEOPUWEUT wOOwWYDUUEOL
EEOCEOOQCawPOwi UOOU WO wi PUWUOOOWEUVUWET EEwxOEET OWEUwWPUwb UL
to use it and he use it anly for hanging clothes .

28 w386PUWEPUUEUDUI PT EwlOl wil Uwi OEVOwWUT T wUEPEwWUT EVw? (
Ul EOwUPOwal EUU2 8 w61 1 OwUT 1 wPEUWEUOT EWEEOUUWUT 1T wUl EUOOL
?2 (wi EYI woOE Gamyxlal, GuEn@ity Gkacks and the finish quality is not worthy, for example
the shower glass partition was broken for two times without knowing the reason, also there is always
ITTEVOWEOODOT wi UOOWUT T wi OOOU=? 6 w

About her flat design, she explained that she was not free to design the interior space of the flat,
she explained that there were three options for the bathrooms and kitchen design offered by the

selling office and she was asked to choose between them.
4.3 11 UPE]I OUUzw!' 1 TEYPOUwWPOwW2xEEI

TheUl UPET OUUZ wwwEITI T EYDPOUUWPOWUXxEET whpi Ul wbOYI UUDT EUI ¢
were focusing on observing the space and users behaviors.

4.3.1 The Use of Open Spaces

The observations showed that the city open spaces were empty most of the time, most of the
week. Figure 7 shows observations of the open spaces in different times during the week.
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Figure 7. An Observation of the city public spaces during the week. Source: Birzeit University
undergraduate students (2020

4.3.2 Changes in the Refential Buildings

Knowing that physical changes are not allowed by Rawabi municipality and the city security
are controlling any physical intervention by the residents. The Observations of the physical changes
in the cities showed that the main changes ae:

1 Adding pergolas for privacy (Figure 8).
1 Adding air conditions and hides them in balconies.
1 Adding decorative features, for example changing the gate of private garden (Figure 9).

Figure 8. Newly added pergolas. Source: Birzeit University undergraduate students ( 2020)
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Figure 9. One of the residents changed the gate of his garden(researcher ,2020).

5. Discussion and Reflection

Throughout investigating the new urban developments in Ramallah and Al -Bireh governorate,
it is noticeable that the leading purpose of these developments is to produce the maximum revenue
DT OOUDOT wi UOEOWYEOUI UWEOCEwWUT T w O Ond préfé&encds avctnptit @ OB O1 6 w3
priority in designing new residential developments in contrary to what the developers are
xUOOOUPOT 6w EEOUEDPOT wlOwepDOODPUwWPI DPOT wETI UBDT OWUET 600U
i EOOVUWEPEUUOWUT ECw? %0 U Quirh E@®ARUWDWIOE U auddé ek Uwl Ul E
Through the formation of urban islands of excessive consumption and exclusive residential
neighborhoods, the dream of state was transformed to a dream of a modern flat that equipped with
all the modern appliances, luxurious live and richness. The new developments are reflecting a
consumerist lifestyle which focuses on the individual needs without paying attention to the
community or the specific situation of the Palestinian State which stuck in limbo between a colonial
history and a post-colonial future. B uying architecture becomes similar to buying a product. Living
in it becomes like acquiring any lifestyle you can afford.
From other side reviewing the new urban developments highlighted the impacts of urbanization
or urban transformations (from rural to urban), which disregards the spatial qualities and values of
the Palestinian settlements and communities. The new developments such as Rawabi represents an
example of a non-original consumerist hyper -reality in which the experience of home is disregarded,
residents are not satisfied of their flats design and their relation to the city in general.
Focusing on the case of Rawabi, the post occupancy study showed that the residents of Rawabi
city are experiencing a gap between the ready made life style they w ere offered by the investors and
the reality they live. The interviews and the observations showed that Rawabi is lacking the main
services that the residents of a city need like public schools, nurseries, grocery, pharmacy, and health
car. Living in a flat in one of its apartment buildings means to be isolated from others, and from
services. The city centerQ center- is not working as an active center for the city residents and public
spaces are mostly empty.
%DOEOOAaOQWUUUEaDOT wlT Itheitbividftg dandéxpegence ¥ En® diEpioRed O w O w
that there is an essential need to focus on the post occupancy study in relation to the city, its vision
architecture and its branding. Rawabi is a specific case in which an intersection between the fantasy
of investors and the reality created a reproduced city which is disconnected from its context. Thus a
contextual approach of urban development is vital to unleash the potential of the local city and
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incorporate a new language in architecture that can reconnect urbanism to modern life with
environmental specificity and culture, never ignore the colonial context of Palestine.

Acknowledgments: The Data was collected by Birzeit University undergraduate students in the Architecture
in Palestine course and thelntroduction to Graduation project course in the academic year 2019/2020.
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Abstract: The violence associated with Israeli colonial domicide ¢ the intentional destruction of the
home- has continued and accelerated in East Jerusalem since 1967, till the day. Home demolition
implemented by the Israeli apparatus used strategic, political, adm inistrative, legal, bureaucratic in
addition to urban planning means to un -home the Palestinians of East Jerusalem. Demolition of
homes in the last 10 years, has accelerated and had a devastating impact on Palestinian families. On
top of that is the procedure of self-demolition of the home by the Palestinian owners themselves.
Although home demolition has been implemented by Israeli bulldozers and explosives, enforced
self-demolition of home by its Palestinian owners counted for one quarter of demolition ca ses. Using
a handful of cases of selfdemolition, the paper discusses how inflicting self -demolition presents
another form of violent colonial domicide. This violence does not only impact the societal and
spatial setting of the demolished home, but also effects the younger generations, the psychological
internal anguish of self-demolishing their homes, and the economic aspect of enduring
pauperization. The paper shows how colonial domicide acts opposes sustainable development but
in fact produces de-development on the spatial, social, and economic levels. Despite of this,
Palestinians still sustain steadfastness Sumud)socially and personally

Keywords: domicide ; Jerusalem; urban injustice, home, sefdemolition, colonialism

1. Introduction

| am 67 years old, | have never in my life withessed moments more difficult than having to

demolish UT 1T wi 601 UwoOi wdOa wi OUUWET POEUI OwbbPUT wOa wli EQESG ( w
no words. | mean, | say this is a difficult time. The most difficult momen O U wb Owda wODbi 1 6 wpb
Hilweh Information Center (c) ¢ Jerusalem, August 28, 2021).

Tens of cases of Palestinians selflemolition of their homes have been taking place in different
neighborhoods in East Jerusalem and have increased over the years and spikednd doubled in 2020
(OCHA -OPT 2019; Land Research Center 2021). Sdlfemolition of home or structure is when the
owner is forced to demolish his/her home or structure by him/herself in silence. This form of
demolition used to be done away from the media in the dark of night in reticent humiliation from
divulging that the person destroyed his/her home or structure with his/her own hands (Land
Research Center, 2021).

The Israeli control over East Jerusalem in the 1967 war included Israeli annexation of the cty
which is illegal under international law. Yet, Israeli policies over the past decades have increased
Israeli illegal settlement construction in the city to increase the settler population. Over the years, the
settlers have gained confidence in infringin g on and violating Palestinian human rights to disrupt
their daily lives, being backed by official Israeli policies and ministers and members of the Israeli
parliament (Knesset).
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This in conjunction with policies to socially engineer and reduce the Palestinian population of
the city through various laws and regulations. The Israeli urban planning system including zoning,
development of Master Plans, and legal procedures have created a complicated, longterm and very
expensive procedure to acquire a building permit. This has left no other choice to many Palestinians
in East Jerusalem but to build without permits, which is considered by the Israeli Authorities as a
EUPOPOEQwW OiI i1 OUT 6w3T UUOwWwUTT wbOEUI EUPOT w OUOET Uw O1 wi
demolition orders. The increase in demolition orders is consistent with the Jerusalem municipal plan,
Jerusalem 2020, that has guided municipal policies to reduce the Palestinian population of the city
from 40% to 30% by 2020 (Samman 2013, 16405, 145).

The Israeli policies follow -up the house demolitions of such Palestinian structures with fines as
well as billing the Palestinian families for the costs of the whole demolition process. These include,
the costs of closing of the area around the house to be demdkhed, the costs of deploying the police
forces, and the costs of bringing in the bulldozers to demolish the structure and the demolition itself.
The purpose of this has been to impoverish the Palestinians who have withstood Israeli policies to
make them leave the city.

Despite the threat of being subjected to multiple and high amounts of fines and still possible
demolition, Palestinians continue to build homes as part of their survival as the lIsraeli colonial
apparatus flaunts its responsibility to provi de the Palestinians with the basic needs including
I OUUDOT 6w#1 UxPUI wOi wEl DOT wWUUENT EUI EwWOOW?EOOPEDPEIT 2 6wl
that building without permits is part of their steadfastness and resilience against unjust colonial
practices, to manifest their right to exist in their city.

The objectives of this research are:

1 To contribute to the theory, interpretation and implementations of domicide while
showing how by constraining social sustainability it jeopardizes development

1 To show how the Israeli colonial case forms an advanced form of colonial oppression on
the colonized and jeopardizes development

The questions that are posed are:

1 How self-demolishing became a new form of imposed Israeli colonial policy? Why
people are forced to self-demolish their homes? How does self-demolishing impact the
resources, effort and time of the victims? How does this constrain social sustainability?

1 How self-demolition has an even more devastating impact on the colonized? How does
it jeopardize development?

The paper argues that the increased form of selfdemolition of homes of Palestinians in
Jerusalem due to the advanced colonial policies inflicted on the Palestinians, form a new more violent
form of domicide. This is an advanced form of injusti ce on the social economic, psychological welk
being of the people. Selftdemolishing is devastating as it is a state of dispossession and loss in its
OOUUwxEPOI UOwbPEadw( UOWEOOUUUEPOUWUOEPEOQWUUUUEDPOEEDODU
lifeOwl UEUDOT wOOIl zUwOPOWEUI EOOwI UEUDOT wlOl OOUDPI UOwl UEUDC
Ol woPI 1 wbOwWOOI zUwWwOPOwWI OO1 Owi OUET EwUOWET wbOx Ol 01 OUI E

jeopardized, if not curtailed.

2. Materials and Methods

ThetheoreUPDEEQuwi UEODOT WPUWEEUI EwOOWUT 1 WEOBET x Uwdi w?EOOE
and Smith in 2001. It is defined as:

the destruction of a place of attachment and refuge; loss of security and ownership;
restrictions on freedom; partial loss of identity ; and a radical decentering from place, family,
and community. There may be a loss of historical connection; a weakening of roots; and
partial erasure of the sources of memory, dreams, nostalgia, and ideas (Porteous &

Smith, 2001, p. 63).
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Domicide could occur from different forms of power, whether political, urban, or economic. It
could be direct and at once or can take a period of time depending on the specific case and context.
Wars are the most significant processescausing domicide on a large scale and inflicting disastrous
results on the people. Urban policies and processes of gentrification also lead to domicide on a large
scale and impose devastating changes on the lives of the inhabitants. Adam Elliott-Cooper discusses
the results of gentrification and displacement as un-homing which violently severs the connection
between people and place, thus undermining the right to dwell (Elliott -Cooper et al 2020: 494). Mark
Davidson focuses on the displacement of home as pat of the everyday life lived experiences of space.
Attachment to home encompasses deeply embedded emotions on a personal, social, and political
levels. Using several cases within an interdisciplinary approach Hannah Jones and Emma Jackson
the meanings of belonging to a place (Jones and Jackson 2014). Owain Jones elaborates on the notion
of loss of home and raises the question of whether the loss of home place/landscape can destabilize
the self? (Jones 2015: 11). How much the loss of home affects the losS sense of oneself and of
identity? How does this affect the memories of the different age groups who built and lived in the
home? How all these dynamics are elaborated when one is forced to demolish the home with his own
hands? How do all these effects onpersons affect social sustainability and how is impacts Palestinian
development in the Occupied East Jerusalem?

(Owi i1 VUWEUUDPEOT w211 Ui pOODPOT wt OOPEDPETI o w3OPEUEUWEOWS R
Nowicki identifies the different contexts in which th e concept of domicide can be used to analyze
critical home scholarship, and focuses on four areas to further explore the term. These are related to
home unmaking, socio-symbolic domicide in geopolitical context, domicide and heteronormativity
in post-disaster home loss; and agency and resistance to domicide through both political activism
and banal resistances of the everyday (Nowicki 2014). However, none tackle the issue of enforced
self-demolition as another form of domicide.

The methodology is based on GUEOPUEUDYI wEOEOaUIl UWEEUI EwOOwUT 1T wE
identifies a new form of it. The collection of data and information is based on different forms of media
on a handful cases of selfdemolition in East Jerusalem. This included information from var ious
human rights reports, social media networks, news and documentaries on 11 specific cases (See
Appendix A). The common internal dynamics of the process of self -demolition were identified. This
entails the recognition and differentiation between the dem olition implemented by the apparatus of
the colonial regime and that enforced to be implemented by the inhabitants, the victims themselves,
thus adding a new form of domicide.

3. Results

Based on analyses of data from different organizations as well as Israeli authorities, the number
of annual home demolitions in East Jerusalem since 2000 till 2015, was within an average of about 85
per year (NRC 2017: 2). However, since 2019 there has beean increase in demolitions. In 2019, 104
housing units and another 117 other structures were demolished. Out of the 104 demolished housing
units, 40 were self-demolished compared with 14 in 2018, and 11 in 2017 (IrFAmim 2000: 2-3). While
all these have popardized Palestinian development in the city affecting the large portion of
Jerusalemites living in houses without Israeli building permits. Israeli authorities use the tactic of
? 1 OUE ldenollibn@$ a mean to avoid international pressure to stop h ouse demolition in East
) T UUUEOI 02 OQw/ EOI UUDODPE Ow O b GderblitionUrcdr Bggravééduing®and O x O1 O1 O
expenses when Israeli forces forcibly carry out the demolition (Al -Haqg 2020).
Studying a handful cases of selfdemolition of homes in 2020 and 2021 (See Appendix A), reveals
that self-E1 OOOPUPOOWOI wddl zUwWi 601 whi 1 OwUT 1 wYyPEUPOwWPUwI OQUE
injustice on the victim and the family is even more excruciating than what is normally attributed to
meaning of domici de, Thus selfdemolition, an aggravated version of domicide, not only jeopardizes
development but activates de-development (see Roy 1995, 2007). It includes:
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3.1. Thedilemaof an unresolved mystery for children and grandchildren.

Unresolved for children and grandchildren is why their home is being destroyed by their parents
and grandparents. The painful effects of self-demolition upon the family are long -lasting. When the
(UUEI OPw UUT OUPUPI UwWE]I OOOPUT wUT 1T wi 601 Owadd ihtasti EOP Oa z U
especially in the children, in face of the aggression. However, when the head of the family is the one
who destroys the home, the home which has sheltered the family and which represent years of
sacrifice in time, energy, and livelihood to buil d, he appears weak unable to protect them nor provide
them with security and stability. These feelings reverberate within the family which then feels
distorted and shaken. As a result, the children feel torn and frustrated as the trust in their family, in
their community and in the future is broken (Land Research Center 2021).
Some of these aspects are reflected in cases, for example in case 5, where the head of the family
watches his son who was to be married within weeks, having to drill down his future home, and his
four -year old grandson tapping to concrete with a chisel, eyes wide in a fixed stare, trying to make
sense of why his uncle and grandfather are destroying the part of the home which he was told was
going to be for him in the future (Maydan Al -Quds, July 28, 2021). In case 11, the head of the family
who had to self-demolish his four homes by order from the Jerusalem Municipality, says:
These houses that were destroyed belong to my children. Here | have two sons married with
children --around 13 persons. This house is for my daughter, who has gone. She has had to go to Lid
(Ludda inside the Green Line) to her father-in-OE Pz Uwl OUUI d w21 1 whbUwdawdOOa wEEU]
down there is for my (third) son and he has children; it was demolished compl I Ul Oa wo wep6 EEDw' DOP
Information Center (c) ¢ Jerusalem August 28, 2021).

3.2. Internalanguishand torment of those who are s#dfmolishing their homes.

By forcing the heads of Palestinian families to demolish their own homes, the Israeli Authorities
enforce upon the whole family the torturous and traumatic procedure of having to watch and
I Rx1 UPI OE1l wEUDOT DOT WEOPOWUT 1 PUwOPOWT 001 w3l EQwUT T wu
routines gradually pile up into rubble, shredding the notion of home and it s secure spaces, liquidate
the familiarity of the place interwoven with the emotional well -E1 POT wOl wUOT 1 wi EOPOad w3
personal belongings, its dreams and memories lay in the street.
This is the plight of Palestinians living in houses unable to get building permits either because
of land re-parcellation difficulties when there are a large number of heirs to the plot of land, or
because of the high costs of permit application which does not necessarily mean that a permit shall
be granted. In fact, the success rate is quite low. Thus, a third of all Palestinian houses in East
Jerusalem are built without an Israeli-issued building permit and over 100,000 Palestinians face the
risk of being displaced (OCHA -OPT 2019). In case 5, the head of the family says

Only God knows how | was able to build this house. | have put everything | had in this
house which has cost me around half a million Israeli shekels (150,000 USD)... (Maydan At
Quds July 28, 2021).

3T 1T wUOOwWUEaUO w? (wi EYIl wx Ud androw they (szatliiA@Hontiéshawe Oa wb i1 EED
surprised us with this news (the demolition order). And so, they have destroyed our plans, and have
turned upside down my happiness. | do not know what to say to you (the interviewer) (Maydan Al -
Quds July 28, 2021) The head of the family of case 6 built the house for his son who is married but
with no children yet. To see his son having to demolish his home was anguish itself (JMedia 2021).
3T T wiTEEWOI wi EOPOAaWPOWEEUT wWwUEDE w U blishUyown Rotné]l Owa OU w
t Jerusalem July 6, 2021). The quote from case 3 sums up all the above about this aspect of self
El 000D Weido wikiand UT 1 OwUOPOwWUOWET OOO0OPUT 62 w6 EEOW' POPIT 1
Jerusalem June 2021)

147 ZEMCH 2021 International Conference | 26 -28 October | Dubai | UAE



3.3 Enduringpauperizatiorpolicy

When it comes to building permits for Palestinians in Occupied East Jerusalem, the Municipality
enforces regulations that extract exorbitant fees and fines over extended periods of time.
Furthermore, families with building permit problems have to also hire lawyers to represent them in
various courts and Israeli municipal and planning bodies. This means that even though the purpose
of buildin g a house in Jerusalem is to spare paying rent especially if one already has property or can
expand on an existing structure, Palestinians end up paying monthly installments in fines and fees
for many years with a minimal possibility of getting a building  permit issued retroactively. There are
no refunds, or halting of such payments even after the structure is demolished. For example, case 2
states that he has tried for years to get a building permit and paid large amounts in fines and to delay
the demoliti ons (Al-Jazeera News 2021). Case 3 stated that:

They let one live for 11 to 20 years as if you are paying rent [for your own home] even though
OO0l WEUPOEUWEUwWOO! zUwOPOwI Rx1 OUI wEOEwWI EUEwWPOUO8 w3l
up paying monthly installments of 1800-2000NIS (USD 556600) in addition to water, electricity
EQEwWOUI T UwpODYDOT wi Bx1 OUI UAKBGw OEwUT T OwbOwUOT 1 wi OEG
T OUUT wel EEVUUT wPUwPUWEUPOUwWPPUT OUUWE wiving AIdJ]1 6 wo 8 wé
f UOOwWO! wi EVEUT Px8 w31 DUwl OUUT wi EVWEOUUWUUWEUOUOBE wl
struggle to earn and save 200,000 shekelsonly God knows what this means, and how difficult
this is especially in Jerusalem (Wadi Hilweh Information Center (b) ¢ Jerusalem June 2021).

2DOPOEUOAOWEEU] wt wUEPEWUT ECwOYT UwlO0T T wal EUUWI T w? xEE
OObPwlT 1 Ul wPUWEWET OOOPUPOOWOUET Ud~>»w PUwYOPET wEUI EOUwWP
sothat | donotgetanotl 1 Uwi DOT 6 w. OwUT PUWEEUDPUOwW( wETI UOUOawbkpbUT wd:
has paid USD 13,000 in fines for building without a permit to the Municipality in addition to large
fees to lawyers to defend the case in Israeli courts but to no avail (Maydan Al-Quds July 13, 2021). He
was also, threatened by the Municipality that he would have to pay USD 60,000 coving costs of the
demolition process if he did not demolish his home himself (Abu Mualla, Al -Quds Al -Arabi, 13 July,
2021). Case 9 has been paying ermous fines of their two homes since being built in 2013 (Ammouiri,
Anadolu Agency 2020).
Palestinians building without permits in Jerusalem become entrapped in an Israeli imposed
system incurring a series of fines and fees hoping to protect their homes from demolition, most often
without success. So, this system of monetary extraction by the Israeli Authorities can go on for many
years and still end in demolition, with additional fines and imprisonment. All these measures only
exacerbate the dire conditions of Palestinians who are already trying to sustain a bare, yet steadfast,
existence in the city even if it pushes them into poverty and all that comes with it in social and
economic hardship.

4. Discussion and Conclusion

Self-demolition is an unprecedented and most violent form of domicide. It encompasses a
compound injustice that affects the physical existence and the well-being of the victims as a result of
OT1T wi 601 wOOUUWEOGEWUT T wUxDPDUPUWEOEWOOUEOT woOil wli 1l wYPEUE
sacrifice and savings. It signifies an advanced form of colonial practices in that it impacts the victims
by depleting their fianancial resources and saving as well as their efforts over years of time. The
financial aspect puts them in heavy debt after depleting their earnings and savings to build to live in
Jerusalem. Their years of hard work are destroyed before their eyes with the added trauma of having
been forced by Israeli authorities to self-demolish at the threat of incuring more debt and
of sustaining their existence in the city. The objectives of the Israeli imposed selfdemolition policy
upon the Palestinians in Jerusalem are: to displace the Paletinians of Jerusalem in order to achieve a
Jewish majority in the city, and for publicity to appear that Palestinians are demolishing their homes
by themselves as an alleged "admission of guilt". Also, the Israeli Authorities can spin publicity to
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attempt to absolve them from the human rights violations against the Palestinians in Occupied East
Jerusalem particularly displacement and house demolitions. Given that over 100,000 Jerusalemitest
almost a quarter of the Palestinians in the city - are threatened with displacement from such colonial

measures whether house demolition and self-demolition as a result of inability to obtain Israeli issued

building permits, this jeoperdizes Palestinian social sustainability considerably.

On an operational level, PalestODE OUz wETl OOOPUP OO WOl wlUT T DPUWOP Owi OOI Uu
from having to do it themselves with all that this entails during implementation. Furthermore, by
generally delaying the self-demolition orders, the Israeli authorities are able to extract from the
/| EOL UUPOPEOwWI EOPODPT Uz wUIT YT OUT wUOT UOGUTT wi POT UwbOwlI 1 w
Furthermore, the self-demolition policy leaves traumatic psychological effects on the targeted
Palestinian families. In this sense, the Israeli AuthoUDUDI Uw Ul I Ow UOwWET wExx0abol
attempting to destroying the Palestinian self by having them destroy their own Palestinian homes,
property, life -long dreams, and hopes.

Hence, the case of domicide in Jerusalem provides new meanings about severace of home as a
place for dwelling. It is a double and compounded trauma because all what was sacrificed was laid
to ruin in order to avoid additional economic dependency as a result of fines, and damaging other
existing structures if the demolition is oc curring in a multi -storey building. The whole process
generates a chronic trauma as the victims and their families break up the sense of home security,
stable continuity of as somewhat structured everyday life, being able to be oneself, of having privacy
in a sheltered placet all of which provide a sense of home. Adding injury to this injury is the feeling
of loss and uncertainty compounded by the unjust violent colonial actions of the Israeli state aimed
at, to the extent possible and in various forms, bring down and remove Palestinian existence in
Jerusalem, replacing them with settler colonizers. Thus, all this is suffered by Palestinians in
Jerusalem in order to continue to live in the city and not to be succumbed to colonial practices but to
salvage from demolition process by the Israeli apparatus which is normally rampant hazardous
chaotic and sudden.

So, in seltdemolition of homes in East Jerusalem therefore, the colonial practices become
internalized by the victim so that the victim in turn goes t hrough the torturous process of
implementing these colonial policies through his or her own hands. On the individual and
community levels, it destroys resources in the most unsustainable way whether on the spatial, social,
psychological or economic levels. Social sustainablity of the victims is severly jeopadized.
Development is slowed down and undercut as victims lose hard earned resources including financial,
xUOxT UDAWEQOEWEUWUDPOTI Uwxl UUOOEOQWET OOOT POT U thave I wUDOIT wi
a place to live in the city to fulfill Israeli regulations and all the energy to try to sustain such an
existance, all these obstacles are set in the most painful ways. They not only severely jeopardize
development, these measures and especially sdétdemoltion represents one of the many systematic
ways of settler colonial de-development in a devastating way, making it extremely challenging for
the Palestinian victims to recover morally and financially.

However, even though these colonial practices and policies are internalized so that the victim
becomes an implementor, the dynamic of still showing and practicing steadfastness or Sumud to
remain living in the city is outstanding. This, despite all the hardship that this systemic internalization
of the colonial practice entails through domicide. This shall be further elaborated in an expanded
paper.
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Appendix A

Selected cases of s@lémolition of home in East Jerusalem, 2621P1:

Case 1 Abu Rayyaleh family in Al -Esawiyyah neighborhood, March 2021.
Case 2 Hijazi family in Silwan, March 2021.

Case 3 Bashir family in Jabal Al-Mukabber, June 2021.

Case 4 Dajani family in Al -Tur neighborhood, July 2021.

Case 5 Abu Al -Hawa family in Al -Tur neighborhood, July 2021.

Case 6 Shqirat family in Salaa in Jabal Al-Mukabber neighborhood, July 2021.
Case 7 Nassar family in Wadi Qaddoum in Jabal Al -Mukabber, July 2021.
Case 8 Abu Ghannam family in Al -Tur neighborhood, July 2021.

Case 9 Abu Turki family in Jabal Al -Mukabber, July 2020.
Case 10 Khader family in Ashgariyah neighborhood in Beit Hanina, August 2021.
Case 11 Al -Dallal family in Beit Hanina August 2021.
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Abstract: Unwanted summer, extreme heat waves and air pollution have created severe human
health and well-being issues. For instance, in Bangladesh, these phenomena have been noticed,
particularly between March to July. As opposed to the norm, the dwellings' indoor air quality (IAQ)
tends to be unacceptable, resulting in a severe impact on human health.Current research identified
that the number of heatstroke patients increasesevery year in the tropical region where the children
and elderly are being affected severely. Besides the IAQ issue, local housing is responsible for the
relatively high energy use through space cooling in the tropical region for ensuring indoor thermal
comfort and air quality. IAQ enhancement in line with energy efficiency measures through passive
design strategies is becoming a significant challenge in the housing sector. Thus, this study
investigates the IAQ-related issues around typical urban apartment dwellings in Bangladesh's major
cities as case studies. The transient data to monitor the levels of Toc (mg/m3), PMzs (ug/m3), PMio
(ug/m3), HCHO (mg/m?3), air temperature (°C) as well as relative humidity (%) were collected using
environmental data loggers. At the same time, a questionnaire survey related to occupants' socio-
demographic profile, health and well -being was also conducted to grasp their living conditions.
Finally, in line with the data analysis, a parametric simulation was conducted to develop a
correlational vulnerability mapping between the collated IAQ results and the occupants' health and
well -being circumstances.

Keywords: Indoor air quality; Heat stress vulnerability; dwelling; tropical climate

1. Introduction

Being one of the most challenging problems, air pollution has significant impacts on human
health and well -being. Air pollution kills more than thousand people in Bangladesh each year. In
recent times, Dhaka, one of theworld's megacities, is facing a rapid growth of urban inhabitants [1].

Besides the extreme outdoor AT (summer: 32C<AT<42°C), air pollution like carbon monoxide (CO),
nitrogen oxides (NOx), sulfur dioxide (SO2), hydrocarbons (HC), ozone (Os) and suspended
particulate matter (SPM) in Dhaka city are testified as severely detrimental to the health and causes
poor IEQ [1]. Previous studies have also identified that people living in polluted environment s with
foul air have a 23% increased risk of heart attack and a 40% increased risk of fatal heart attack [1] [2].
On the other hand, a survey report of Economist Intelligence Unit (EIU) associated with the UK -
based weekly Economist shows that for the second consecutive time Dhaka has become'the worst
city to live in ' [3-4]. In such acontext, the impact of households IAQ on human health is becoming a
crucial part of society. In Bangladesh, environmental pollution and excessive outdoor heat are
causing sever hazards which are the most challenging nowadays [5]. The field monitoring also
observed an adverse impact on most of dwellings in Dhaka, Bangladesh for extremely hot
environment s and poor IAQ without standard adaptive criteria. This study investigates th e I1AQ-
related issues around the typical urban dwellings as case studies in the major cities of Bangladesh.
Finally, in addition with the data analysis, a parametric simulation has been conducted to develop a
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correlation vulnerability mapping between the co llated IAQ results and the occupants' health and
well -being circumstances.
2. Study Methods

Environmental field monitoring of local urban dwellings by data logger s was conducted from
June to December 2018 because of seasonal variation (summer to winter) basedn the selections
made against set criteria for IAQ evaluation. A comparison of environmental relationship was
enabled between monitored and simulated data. Primarily, the field monitoring was conducted in
middle portion of each floor of dwellings to reco rd week-long IAQ data. Environmental Data loggers
and Laser Non-Contact Thermometers were positioned at midpoint of two different heights which
were between the floor's 750 mm (working plane height) to 3050 mm (minimum ceiling height). The
indoor environme nt was monitored using a Temptop LKC -1000S+ Air Quality detector with
PM2sPM1dAQI/Particles data logger. The outdoor temperature and humidity data were collected
from the local weather station provided by the Met Office, Bangladesh. The approved index
according to the Department of Environment (DoE), Bangladesh has been given below [6] (Table 1):

Table 1. Approved AQI for Bangladesh

Air quality index Category Color
(AQI) Range In English

0-50 Good Green
51-100 Moderate Yellow Green
101-150 Caution Yellow
151-200 Unhealthy Orange
201-300 Very Unhealthy Red

301-500 Extremely Unhealthy  Purple

Table 2. Description of surveyed dwelling typologies

Type Floor Construction Materials

Apartment 1 Six-storey Brick walls and roof from the reinforced concrete slab

Apartment 2  Six-storey Brick walls and roof from the reinforced concrete slab

Apartment 3  Ten-storey Walls brick and glass combination and roof from the reinforced
concrete slab

Apartment 4  Ten-storey Walls brick and glass combination and roof from the reinforced
concrete slab

Apartment5 Twelve- Walls brick and glass combination and roof from the reinforced

storey concrete slab
Pucca Three-storey  Brick walls and roof from the reinforced concrete slab
Semi Pucca One-storey Wall and roof constructed from temporary materials such as

corrugated sheet, bamboo etc.

A better undesrstanding can be achieved through a qualitative approach that includes
occupants' indoor environmental quality experiences in the residences. It can aso be useful for
developing a housing design guideline for better IAQ. A questionnaire survey was conducted among
around 200 users based on their sociedemographic and health symptoms scenario in this approach.
These questions (checklist) were developed onthe topic of IAQ based on international guidelines ,
including 'closed' and 'open' questions [7]. For instance, closed queries comprised Do you have any
health conditionsr symptomshat may raise susceptibility to environmental probletrea® open questions
included " In which room or rooms do these symptoms usually caaedrwhy?" Questions have also been
asked to expand knowledge about the occupants behavior, such as 'Do you freqently dry clean clothing
or household furnishing§and "Do home occupants have hobbies that create"dustts were also asked
about their economic status and income level, level of education, family member, monthly
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expenditure, age, gender, sex, etc. Irthese questionnaires, no one was required to mention their name
or identity to provide information without  hesitation.

In conclusion, occupants were allowed to sugged design or change strategies that would
improve their dwelling conditions. The survey was conducted in Bengali among the focus groups.
Also, notes were taken accordingly for coding and analysis. It may be noted that for data collection,
any kind of influence was not formulated. User's age and sex also had a unique role in data collection.
In that case, anyone under 18 years was not allowed to fill the question papers. Complete freedom
has been given to all users for answering the questions. However, in particular cases, only a few ideas
about the issues related to the households were given so that users could answer correctly. The
guestion paper has been divided into two categories.

In the first part, the questions were raised about the socio-demographic scenario for household
users. In this case, the questions of age, sex, marital status, enlpyment, and workplace have been
asked to the users. Later, users were asked to answer their educational qualifications,number of
family members and monthly income. Since no one was required to write their names on the question
paper, everyone could provi de their information correctly without any hesitation. Even users have
been asked about the current status of the house they live in, the housechanging information, the
type of house, construction materials, the period of construction and how long they ha ve been living
in that house (Table 2). The lowest four answer typologies were given to the users as multiple choice
in response to each question. So, everyone provided the appropriate answerto them. In this study,
the middle and upper middle class incomegroup were the priority. According to the socio -economic
aspect of Bangladesh [8], household users of these income groups have been considered asmobable
focus for buying a city -based apartment or staying in a rented houses.

In the second part of the questionnaire, the household users were asked about their health
symptoms due to the environmental condition s of their dwellings . Example of the types of questions
are described below.

The first question was about the type of health symptoms that have been occurred due to
environmental reasons. Such as cold, weakness, hair loss, allergies, diabetes, respiratory problems,
headache, blood pressure, eye problems, etc. If they face any of théssues mentioned above, they
were usually asked 'which places', such & in the bedroom, drawing room , kitchen, etc. It was also
askedthe users where theytypically stay for the longest period of the day in their houses. In the next
part, the question was asked to find out about the location's surroundings or the building. Is there is
any garbage or car parking area attached to the residence? Whether there is a pet in the house or if
someone living in the house has some symptoms that can damage indoor environment. It has also
been asked if any furniture has been changed in last three months in this living place. It has been
asked which type of oven is being used in the kitchen area, how much cooking time is required and
whether there is any system to release the indoor air from the kitchen to outside. If aerosol is often
used in the house, what about ventilation system of the rooms and what is their locations. Also, it
was asked if there is any environmental comfort feeling such as hot or cold in the house. In that case,
ASHRAE 6 scale comfort code has been ensidered [9].

Moreover, they were also asked whether any odor is felt in their houses or if there is any leakage
on the roof. Mold growth scenario has also been emphasized. Finally, they were asked about their
preferencefor changesin their dwellings. All the things in this question paper might not be included ,
so their suggestions have been given priority.

3. Household Pattern in Bangladesh

Bangladeshis known as one of the most densely populated countries of the world. Although
poverty is widespread and bottomless here, population growth has been reduced in recent years and
improved health and education. According to the Bangladesh Bureau of Statistics BBS), the per
capita income in Bangladesh has risen from$1,190to $1,314 in 2015[10]. The literacy rate of
Bangladeshhas been raised. According to UNESCOBangladesh,the adult literacy rate of Bangladesh
is about 72.76% where the literacy rate for males isabout 75.62%, and for femalesit is 69.9%. About
44% of the country's urban population lives particularly in Dhaka city. In cities, they generally live in
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apartments. As per the Consumer Association of Bangladesh (CAB), the living cost for the residents
of Dhaka city is continuously increasing since past ten years where around 35% to 50% or more of
the total income of a person is spent to pay the house rent. Dhaka isthe most populated city in
Bangladesh and one of the most populated cities of the world. In 2016, The estimated population of
Greater Dhaka was over 18 million, whereas the city itself has 8.5 million of people. It has been noted
that about 44% of the total population of Bangladesh lives in the megacities due to having a vast
range of work opportunities. According to the calculation, every day, about 3.5 million people move
only to Dhaka city in any way for daily work. The middle -income group prefers to live in the typical
apartments with average quality of standard.

Generally, the size of the urban families is getting smaller day by day. In such a family, there are
6-7 people including husband -wife with the ir parents and two children. This number is associated
with the monthly income and expenditure of the family. However, in most cities, family members
are no more than 4-5 nos. In addition, their residences contain one master bedroom, one childbedand
one guest bed in the house they live.

The whole house is divided into three parts: Public, semi-public and private zones. One attached
toilet with the master bedroom and a common bathroom genially serves their requirements. In many
cases, they need to arrange aingle bed temporarily in their drawing room's corner to solve the space
problem. The kitchen is usually attached to the dining space.

Figure 1. Household activities in a typical apartment building

There is a window for air circulation on the west o r east side of the kitchen. Shortage of daylight
is often faced in the dining space. These types of houses are usually sized betweer850-1250 square
feet (area). According to the Consumer Association, Bangladesh (CAB) [11], these households have
the highest monthly expenditure on food (about 47.69%) and the cost of living (house rent) which is
approximately 12.43% of their total income. Except for health, clothing and medical care, about 10%
of their total income is spent on home management and home-based activities. The estimated
minimum cost for a middle -income family varies between 15,00022,000 BDT. Therefore, they can't
switch into an air-conditioning system or any other significant changes in their houses at any time.
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4. Results and Discussions

4.1 SocieDemographic analysis

This survey has been conducted among 200households families, located in the urban areas of
different cities in Bangladesh. Almost all the surveyed participants age between 25 and 40. The ratio
of female and male participants in the survey was about 60% and 40%. It has been found that
participants having an education up to college level, have a higher monthly income and expenditures
(Fig. 1 and Fig. 2) which is more than others. In that case, their mathly income is up to 60,000-70,000
BDT and up to 85% of them live in an apartment in the city center. According to their information,
they do not want any significant changes in their houses for a better indoor environment. About 55%
of them have their apartments. Due to this reason, their monthly expenditure is lower than those who
live in rented houses.

On the other hand, the survey shows that people with a monthly income range between 30,000
40,000BDT usually spend 20,005,000 BDT as their monthly expenditure. About 40% of them live
in flats/apartments and the rest reside in detached and semi-detached houses in the city (Fig. 3). It
has been identified that reduction of the monthly expenditure is the main reason for living there. On
the other hand, 80% of the people with monthly income below 20,000 BDT live in an isolated house
called "Chapra.' In that case, they are choosingto live outside the city rather than the main town.
They prioritized the places with easy accessibility to the city 's heart with minimum expenditure. The
educational qualification of these families is up to school level. The survey identified that around 90%
of the living homesteads are aged between 1020 and the users has been living there for
approximately 5 -6 years. According to the survey, about 70% of the participants reported that their
family members are 4-5.
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Figure 2. Comparison of monthly income and expenditure
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4.2 Health symptoms analysis

The survey found that 50 out of two hundred users suffer from nausea diseases, cold and cough
(Fig. 4). The data suggest the major part of thepopulation living in these houses suffer from eye
irritation caused by lack of sunlight throughout the day. Weakness, headache, increased blood
pressure and even hair loss are the frequent health symptoms for the dwellers. In most cases, these
problems are act severe atnight time. Of all the surveyed people, 36% mentioned that their health
problems are usually more noticeable in the bedroom (Fig. 4). 26% of user data provided the
information about their health problems in the kitchen.
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Figure 4. Health symptom scenario
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Figure 5. Health symptom occurs scenario Figure 6. Comparison of indoor conditions

It was found that about 11% of the families use airconditioning systems in their bedrooms to
control the indoor air quality. About 2 6% of them use exhaust fans every day in their kitchen and
18% of the families have planned room ventilation. Those who use gas stoves for cooking (about 13%)
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mentioned that they require adequate room ventilation during their cooking. Otherwise, the house
gets covered with smoke that causes difficulty in breathing (Fig. 5 -6).
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Figure 7. Comparison of indoor quality feelings of dwellers

Common phenomenon observed from the questionnaire survey are dusty and stuffy air, dryness
and low daylight, which most users know (Fig. 7). About 40-45% of users informed that it is hot and
dusty inside their houses. According to their information, those who smoke in the room, dry clean or
have petstend to suffer more due to allergic problems. In this case, about 12% ofusers mentioned
about their skin problems throughout the year. But in their opinion, they have different kinds of
health issues during the summer season in their houses.

5. Monitored Indoor Air Quality

In this study , TEMTOP LKC-1000S+ air quality detector has been usedor measuring PM2sPM 1o
as well asair quality index (AQI). Through the data monitoring of a single -family urban dwelling for
a week, it was observed that AQI fractions on average indoor are considerably higher (almost 3-4
times) than the usual range as per the Department of Environment (DoE), Bangladesh (Fig. 8).
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Figure 8. AQI comparison of different spaces
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This analysis has monitored the highest IAQ range for the bedroom, about AQI>330, which
indicated 'Extremely Unhealthy' condition for the dwellers. In that case, respiratory illness can be
caused to the people with continued exposure. The effectcan be severely distinct among the people
with a lung condition or heart disease. It was also observed that w hile cooking, the indoor air quality
in the kitchen noticeably decreased within 15-20 min. The data monitoring average range observed
for the cooking period AQI>250 showed a 'Very Unhealthy' environment for the occupants. It can
result into several health impacts such as discomfort in breathing on extended exposure and distress
in heart disease. As the dining space was attached to the kitchen, AQI>200 was found which may
cause discomfort in breathing. People with asthma, lung and heart disease, children and older adults
are likely to be affected more.
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Figure 9. PM comparison of different spaces

The findings from the air particle (PM) that has been collected from diverse locations of the
particular dwelling, shows that (Fig. 9) around 60 -75% of the PMesand PM1o0 mass (based on house
location) remained considerably higher than the Bangladesh National Ambient Air Quality Standard
(BNAAQS). The BangladeshNational Ambient Air Quality Standard (BNAAQS) for annual
average PMzsD U whuk3whketeas@he 24 hr sta E E U E wb EahdKrém the @ata monitor found max
b kY451 @rhthe other hand, PMioD Uwk Yaupd T WO wUOT T wl Kwi UwUUECERMUE wbp EUwC
i OUOE w OE R w fiom \the Tmorlitoring. Both PM 25 and PMuofractions are observed to be
significantly higher (almost 3 -4 times) than the BNAAQS values [12] due to outside dust, kitchen
smoke, lack of proper ventilation, indoor materials, etc.

6. Whole Year Prediction

EnergyPlus (Version 8.1.0) a dynamic computer simulation program developed by the U.S.
Department of Energy [13]. for the whole year parametric study, integrated with Google Sketch -Up
(version 8), the Open Studio Plug-in 1.3.0 have been used. For further accuracy, the simulated energy
model of the dwelling is modeled as per one of the surveyed dwellings. The simulated result could
be easily compared to the existing condition prior to the predicted simulations.
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From the analysis and annual simulations of indoor AT ( °C) along with the risk fac tor criteria,
the observed high risk value remained around 80% in higher conditions. The riskiest indoor
environment was observed during the summer (June-July) with an average of 34-36°C where the
lower level was approximately 18 °C in December-February (wi nter). From the prediction, it hasalso
beendiscovered that an average of 3540% indoor times became extremely high during April to July
(nearly 38°C), leading to a very high-risk factor level for the dwellers. Moreover, from the annual
analysis, nearly 36-40% condition appeared as the moderate state and minimum 22-25% condition
was characterized as veryhigh-risk level for dwellers in the particular dwelling (Fig. 10).

7. Design Requirement

At the end of the survey, it was asked what modifications they re quired to improve their houses
with a better IEQ. According to their data (Fig. 11), about 85% of people think proper cross-ventilation
in houses may solve most problems. It will ensure continuous air circulation that will help the houses
to remain cool and fresh.
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Natural ventilation may be the best option to get. If it is im possible to get ventilation by natural
means, it can be done in artificial ways. About 35% of people think about dust-proof natural
ventilation systems where the external dust cannot come in. In addition, 48% of users believe that
proper daylight is essential for good IEQ. About 30-40% of users feel that t is better if there are open
or large windows in the house. Many users think that designers should think carefully about
building's outer fagade of the west side where the sunlight directly hits during da ytime.

8. Conclusion

This study aimed to collect evidence of the IAQ of urban typical households in Bangladesh
through environmental monitoring, questionnaire survey and prediction by simulations carried out
among the focus groups. The key findings have beengiven below:

a) The survey found that most of the household's users suffer from various health symptoms
like cold, cough, nausea, etc., throughout the whole year. In most cases, these problems are
more significant at night time and these problems are usually more noticeable in the
bedroom.

b) Average indoor AQI fractions were found, 3-4 times higher (>300) than the normal range and
the highest AQI range was found in the bedroom within the scope of 300-400, which
indicated as 'Extremely Unhealthy' condition for t he dwellers. It was also observed that in
the kitchen, IAQ became very unhealthy within 15 -20 min, which indicated AQI>250-300 in
range. It might result into respiratory illness and heart diseases to the dwellers on continued
exposure.

c) It has also been found that about 60-75% of the PMes and PMio mass was remained
considerably higher than the BNAAQS standard.

d) The prediction identified that 35 -40% IAQ became very high (near about 38C) from April to
July, leading to a high level of health risk factors for the dwellers.

e) It has been identified that the lack of proper natural dust -free cross ventilation is the main
problem for poor IAQ.

Some of the dwellers' characteristics include several variables and design parameters that has
not been completely captured. Outdoor air quality, indoor climate parameters, insulations factors,
HVAC system, and energy consumption have the probability of affecting IAQ concentrations and
reducing health risk. [14-16]. The understanding of experimental investigations and data monit oring
for IAQ of typical urban dwellings concerning AQI, PM 25 PMio, AT and RH has been needed for
further analysis to significantly improve occupants' comfort and health risks by residing in typical
dwellings in Bangladesh.
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Abstract: The coastal zone of Bangladesh covering 47,211 square kilometers confronting the Bay of
Bengal or have close contact with the Bay. Around 35 million individuals, representing 29% of the
populace, live in the waterfront zone. The purpose of this research is to address the housing
difficulties of coastal areas and investigating the potentialities of shipping -container-housing as a
sustainable solution regarding construction and materiality. The arrangement of upcycled shipping
containers has created waves for a long time now because of their inborn quality, measured
development, and simplicity. They are resilient, stackable development components, with decreased
development time, cost, and waste. Shipping-container-architecture has been acknowledged as more
eco-accommodating relative to the utilization of other custom structure materials with concentrated
carbon impression. The overall study is distributed in two phases. The first phase deals with the
rationalization of resilient shipping -container-housing and the second phase deals with the design
experiment. The first phase of the study has been established aml justified through literature
synthesis. Contrariwise, the design phase has been established through a hypothetical design for the
fishermen community located in Kattoli, Chattogram, Bangladesh. The investigation expressed that
the re-use of the mentioned structure results in a significant reduction in epitomized vitality in
comparison with ordinary structures. It is further expected that the findings of this research would
PDOUxDPUI WEUET PUT EUOUZz wi O1 POI 1 UUOWE O E wUshippingddrainerd) U w0 Owi O
in the coastal area as a sustainable building material, which in turn would be applicable to all the
areas with similar contexts worldwide.

Keywords : Container-housing-construction, Upcycling , Sustainability , Coastal region, Resiliency

1. Introduction

Bangladesh is inclined to various normal limits because of its geographic position [1] where the
coastal zone holds onethird of the population facing different difficulties [2]. This nation is
particularly defenseless to tropicE OWEDUEUUI UUwPPUT wWEEUUADOT WEUOUODE wA vl
recent 50 years[3]. As a result, it can be assumed the overall significance of coastal area regarding
architectural resiliency. This study refers to the building of a resilient architectur e to react to common
and synthetic disasters and aggravations- as well as hauling changes because of environmental
diversities including the reasonable issues in coastal areas. It was reported that numerous individuals
constructed homes with upcycled shipp ing containers since they are viewed as more ece
accommodating than customary structure materials [4]. Customary materials include brick, concrete,
tin, or the combination of two.

1.1 Aims and Objectives

This research expects to enable the appreciation othe positive outcomes of shipping container
housing to achieve architectural resiliency in coastal areas of Bangladesh and similar contexts as well.

163 ZEMCH 2021 International Conference | 26 -28 October | Dubai| UAE



The specific objectives of the study are; i) Addressing the problem of coastal areas in Bangladesh, ii)
Potentialities of container housing as a sustainable solution for architectural resilience in coastal areas
of Bangladesh, iii) Exploring the container housing design and construction regarding the coastal
area housing standards and resiliency demands. The first two objectives require literature review,
physical survey, and case studies. The third objective will be achieved through site survey, analysis,
and the proposed design.

1.2 Formulation of work process

After addressing the research problem and realizing the potentialities of container housing
through literature study and physical survey, the necessities of coastal area housing were recognized.
Furthermore, a study was conducted to decide development technique, ease, and convenient
highlights. The paradi gms of shipping container housing and the achievement related to the
resiliency through the shipping container housing were approached to find various ways to achieve
sustainability along with architectural creativity (Figure. 1)

Literature Review o ] ]
- context Potentialities of container housing

- rules and regulations and architectural resilience
- container housing

Problem Identification

Physical survey of
targeted communi

Design experiment sample
regarding container housing

Determining problel

Container Housing solving approach

Figure 1. Broad methodology of the study.

The strategy of the investigation plans to result from an advanced adaptation of the container
housing module dependent on natural viewpoints and described by innovative and technological
excellence. In particular, the consequence of these exploration measures were breaking down to
decide the last plan procedure for the proposed model module. Consecutively, the cycle includes the
identification of the fundamental issues concerning housing esteemed through literature synthesis
which thusly distinguishes the potentialities of container housing in regards to architectural
flexibility. With acquiring direct data from the targeted community about relevant issues, a choice of
problem-solving approach has been resolved. The proposed module depends on the type of
manufactured components, presented underneath and with the design based on the characterization
proposed by the groups through frequent discussions.

2. Literature Synthesis

WEOOEDPUI WEUDI | wEE OU U wUand mappeopedies Ofisliipgpingfegntainetsb 1T 0P PEE
have discussed (Figure. 2). Additionally, the synthesis incorporates the reason of container housing
being a sustainable way in architectural design at coastal regions.

2.1 Importance of resiliency for coastadas in Bangladesh

Coastal areas have additional danger hazard risk that evolves from tempests such as cyclones
and expanded populace pressures, making flexibility and resilience especially basic in those areas.
The coastal zone of Bangladesh coversnore than 580 km and incorporates a region where 29% of the
I E EDUE O Bk Ahuin@eBtigdtidih on the expense of adjusting to an outrageous climate assessed
those 8,000,000 (eight million) individuals are as of now defenseless because ofyclonic storm surges
which often leave the local communities devastated [6]. This humeric value will have an increment
to 13.5 million individuals by 2050, and an additive nine million due to environmental change.
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There is a dire need to restore and redesign insurance polders ¢ regions of the low-lying area
and upgrade the flexibility of seaside territories to twisters and other cataclysmic events. However,
the versatile limit can be expanded through deliberate activity and thoughtful implications [7]. As
the coastal zones face more natural hazards compared to urban areas, resiliency is a must to forestall
a transient danger occasion from transforming into a drawn -out network -wide disaster. Along these
lines, this tremendous coastal area needs broad managment and comprehensive structure for a
UUxxOQUUEEOI wEOGEWUI UPODPI OUwUUUOwWOI wi YI OUUOwxUOUI EUBC
necessary steps to ensure the safety of coastal communitie§2].

2.2 Container Features

Pre-fabricated or Repented Customized

S tuiee Howsing Peimpnc Bisking cast-in-site module Utilization Appearance

e  Longterm utilization, Movable; o Quick development speed; e Re-utilization of shipping container;
¢ Non-development structure; ¢  Controllable in both quality and cost: e Upeycled developed unit;
¢  Portable building block: e Support flexible design; o Adaptable;

.
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Figure 2. (a) Basic features of container housing (after, Copertaro, 2019) (b) Visualization of a
shipping container (after, Obaidi, 2015).

Shipping containers are not used only for delivery items over the seas however can be changed
into an excellent natural accommodation through utilizing upcycled shipping containers [8]. The
shipping container has been intentionally designed with severe guidelines, not only to hinder the
outrageous climatic conditions on ocean journeys, however, to withstand the stacking of 9 comple tely
loaded containers [4]. The dimensions of a shipping container mean that they are an eminent secluded
unit and their characteristic quality, weatherproof nature and availability make them an ideal
particular basic segment or standard convenience unit [9]. In coastal areas, participation in natural
calamities leads to the utmost experience[10]. To tackle these unwanted natural diversities and to
reside in coastal areas alternatives to the housing settlement are essential. Upcycled shipping
containers as a building material in coastal areas contribute to many architectural resilient
components required for better accommodation [11]. Moreover, by reusing this module, there is
clearly less interest in the brick, wood, concrete, and other structural material s resulting in the
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substantial reduction of embodied energy as opposed to traditional edifices. This accordingly brings
down the complete exemplified vitality cost related to a home.

Shipping containers are ecofriendly as they are re-purposed into homes as opposed to being
meltdown and it is 30% less expensive than an equivalent measured home built in brick or mortar
climatic conditions, as well as rough seas. They can withstand wind pressure up to 289 km/hour when
anchored properly [13]. Their structural stability results in houses of earthquake and cyclone
resistance which makes them safer structures.

Shipping containers are potential in dropping construction time, cost, and surplus wastage due
to its stackable nature of construction and more importantly numerous researches show that
reprocessing containers for structures has an outcome of substantial reduction of embodied energy
as opposed to traditional buildings [14]. Therefore, this paper explores a container housing design
by upcycling, depicting a modular sustainable dwelling resolution in the coastal areas of Bangladesh.

3. Design Proposal

This phase of the paper would propose a container housing cluster module for architectural
resilience through incorporating the potentialities of the shipping container and housing standards
relevant to the coastal areas of Bangladesh. The framework is depicted as follows (Figure. 3).

Contamer Housing
* Lackmg in freedom * Rules and Regulations
* Enviromment * Methods
responsiveness * Sigmficance
* Basx arrangements * Properties
* Involvement factor
Framework
¢ Flexibility and « Context
Modulanty . « Commumty
« Contimuation * Challenges
* Regulation = * Benefits

* Communal approach * Hazirds

Sustamability

Figure 3. The design framework

3.1 Site Selection Criteria

The proposed site is located in Kattoli, Chattogram where the fishermen community (Jelepara)
is residing here for more than a hundred years. The proposed site has the provision of ease of direct
access surrounded by Kattoli coastline along with a mangrove forest and a dam at the west, open
field at the north, agricultural lands at the south and Zahur -Ahmed-Cricket-Stadium at the east
(Figure. 4). The fishermen of the community lead their livelihood through their daily fishing, they are
supposed to go a longway relative to low tide and high tide schedule to attempt to their daily routine.
So, the proposed site would be beneficial and time-saving for them. The coastal zone is occupied
widely and progressively for shipment activities. Moreover, as a shipping b usiness accelerates
through Bay-of-Bengal and due to its close contact with Kattoli sea-shore the availability of shipping
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containers with reasonable prices has a great contribution as it is the prime element for shipments.
These issues caused Kattoli to e chosen as the investigation territory for this examination.
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Figure 4. (a) Overview of the Study area; (b) Tracks of Cyclone Storms (Source: Haque, Tabassum,
Aman, & Rahman, 2020).

3.2 Physical Survey

The survey was conducted physically to examine the livelihood, housing pattern, space use
pattern, service, needs, vulnerability etc. in the selected area. The essential information was gathered
through field study at a prime level utilizing a well basic survey. Information was gathered both by
physical perception and meeting with fishermen at house, field, fishing spot and market. However,
significant data on the state of anglers, site map, and climate were gathered from books, research
articles, non-Government associations like as District Fisheries Office, and library.

3.2.1 Survey Findings

During the survey, it is observed that the housing structure is unstable, and poor space quality
led to a chaotic environment and there is no dedicated community space and basic infrastructure of
a standard housing thus leading to an inappropriate utilization and zoning of basic properties of the
built environment. Vulnerability issues aroused due to the integration of poor building materials.
(Figure. 5a-5g). Alternatively, it has been found out that there exists a tendency of using shipping
EOOUE P §i»Witpd OurO1 QY Vi gauEODE IwKIYGT AwbT DET wbUWET DOT wEUUUUI
management strategy. Moreover, the modularity aspects helped the user in case of preplanning the
functional require ments and needs as per module (Figure. 5k, Figure 5I). Coastal housing
arrangements in Bangladesh as of now faces an assortment of issues identified with living condition,
counting quality and amount livability issues, what's more, regulatory issues as ambiguous
government guidelines with respect to housing de velopment on the country's coastline.
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Figure 5. Housing Environment : (a) House Surrounding; (b) Poor condition of settlement; (c)
Weathering tin ; (d) Bricks; (e) Tin; (f) Concrete; (g) Brick, Tin and Concrete. Condition of service zones
and settlements: (h) Poor kitchen facilities; (i) Shipping container vertical stacking system; (j)
Shipping container settlement scenario; Communal activities : (k) Kitchen and settlement zone; (1)
Commun al kitchen scenario.

3.2.2 Existing House Types and Needs

Despite having an unplanned housing arrangement, numerous house types based on their
function, size, orientation and multi -purpose spaces were found during the survey. The house
functions contain th e basic programs such as a single bedroom or double bedrooms partitioned
through local curtains or made from straws, secondary kitchen corner, washroom, puja (worship)
space, communal kitchen and toilet have been found identical (Figure. 5 and Figure. 6). The average
size of the house varies between (100300) squarefeet incorporating the practice of different house
orientations (Figure. 6). Alternatively, container house as a settlement hub has been encountered
during the survey comprising of aregular (20 2y » AwUT BDx x DO WE F e DEDIWY £ UWET
programmed as a living cum bedroom space (120 square feet) with storage (40 squarefeet) (Figure.
6d). Moreover, from the overall physical study conducted, the following major needs were outlined.

il

=A =4 -4 -4

Resilient Structures - Need for flexible but strong settlements to survive in natural calamities
and other dangers eliminating the process of relocation.

Communal Relationship : Need of establishing community co-existing quality.

Essential endurance requirem ents: Fresh drinking water, food, sanitation, electricity.
Privacy and Security - Satisfactory privacy assurance, visual connectivity, security.
Self-completion : Problem-solving qualities, inner potential and morality enhancement.
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Figure. 6: Housing Arrangements : (a) Basic section of a typical house (b) Axonometric view of the
pattern and circulation ; (c) Immediate setting of surroundings ; (d) Six types of existing house patterns.

3.2.3 Coastal housing guidelines in Bangladesh

Climatologic and monetary thinking have consistently been a preeminent misgiving in any
housing innovation being drilled explicitly among those gatherings of individuals who have been
living right up -front relationship with nature for quite a long time. Nonetheless, the developing
history of human settlement practice uncovers that natural variable have for some time been joined
in human endurance and living innovation with extraordinary thought. During the time of normal
catastrophes furthermore, ecological turmoil, it ha s essentially been seen that there is consistently a
pattern of low causality among the customary house -inhabitants. There exist a set of traditional
housing features and coastal housing guidelines in Bangladesh. For this study, the considered
standards are the following:
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2huAwW2] EVUUPUA wOil wuUl UPET OEawbUwl OUUUI Ewi OUWEwWUT OwUDC
is built with materials and techniques that allow easy maintenance, repair and duplication. 3) All
housing and sites are adjusted to the neghborhood hazard profile to oppose intermittent disasters
OYl Uwt Ywal EUUBWKAwW OOwWOOET POT woi I 1 UUwE &enklatidhiisi EEOI wE O
given by putting in any event 2 windows on inverse sides of the house in the primary room, also, in
EQawl YI OUwOO! wi RUVUEWPDOEOPwWPOw! EET wi ROUEWUXEE]T OQOwe w6
framework for halfway or full blinding, in understanding with nearby practices. 5) All housing is
adjusted to uncommon and explicit necessities of its occupantU 6 we wk wUOwhyY i woOil wlOi 1 wi DO
the house is distributed to adjust standard house plans to the particular needs of singular family units
(access incline, extra inner detachments, extra space or other) and takes into account the fluctuating
needs of YEUPDOUUWPOEDPYPEUEOUWI UOOwWEwWi EOPOawlODUwpi | OEOI wE
likewise be spent nearby association, to be chosen in conversation with the person family. 6) All
lodging is utilitarian, socially proper and versatile. 7) Allows the population to bridge the gap
between the disaster and the opportunity to access a durable solution. 8) Consideration for
emergency-situation responsive quick installation and dismantling processes. 9) Climate responsive
El UPT QWE Y{IUMMEET 6 2

4. Container Housing Module

The design structure procedure got started examining the data obtained from site analysis,
physical survey, literature study, conventional logical viewpoint, user needs and from the knowledge
of the researchers. The house plan wasgenerated fusing the necessities and utilization of the
potentials of shipping containers as demonstrated (Section 2.2) in order to offer the community a
resilient solution towards their built environment. Housing rules and regulations of coastal region
[15-16], standards, living pattern, longevity, privacy, aesthetics, resilience towards climatic issues,
indoor -outdoor relationship were the main factors that were focused on while designing the
proposal.

4.1 Design Generation

The module appeared in (Figure. 7) was intended for incorporating two families on the first floor
which was accomplished by stacking up two upcycled shipping containers (two 40 feet shipping
containers stacked upon four 20 feet shipping containers situated on the ground floor). The pri mary
zoning portrays a centralized space for engaging the dwellers with several communal facilities as it
was the notion of the fishermen community. Accordingly, it was accomplished by connecting
communal dining and concealed spaces with other mutual suppo rting facilities. The centralized
semi-outdoor space provides the enclosure through spaces and would assist with building indoor -
outdoor relationships (Figure. 7b).

Moreover, the module is not only suitable according to its functionality but also can be
transformed into an isolation unit during any pandemic situation (such as. COVID -19 pandemic) by
representing each container as one unit or its portion. In addition, the centralized open space and the
co-operative earning space can be transformed into a dealing zone where the dealers could visit to
exchange goods. However, the stacked floors are connected by vertical circulation where the
habitants living and resting alcoves were placed while finishing up with herb gardens and verandahs
with a rooftop garde n and other supporting facilities are located above (Figure. 7 and Figure. 8). In
Bangladesh, three types of outdoor spaces prevail in design (in general) interlocking, rectangular
and square-shaped [18,21,22]
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Figure 7. (a) Basic Form Generatior (b) Ground Floor Plan;; (c) First Floor Plan; (d) Roof Terrace Plan
(e) Roof Plan.
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sections (c) Section A- z(d) Section B! z(e) Axonometric view of the sample ; (f) Possibility of
stacking vertically onwards ; (g) Example of stacking procedure further as future extension.

Among all types, rectangular outdoor space was preferred based on the living pattern and
lifestyle and prevaili ng practice of the community (Section 3.2.1). Moreover, the proportion of the
UXxEEl wPEUWEDOI OUDPOOI Ewi 0000pPDPOT wUx WEWUUEOEEUEwWUUOI Ow
UPOI UwUT E O yif).(HoweveD thé) $haded space can also be multipurposed performing
household chores such as fishing net repairing and so on. As mentioned in Shelter Cluster, 2018 the
material used in construction should be stiff and load -bearing which should be anchored properly
which is strictly followed in the design sample.

The ground floor plan (Figure 7b) demonstrates as, cooperative earning space (al), communal
dining space (a2), kitchen area (a3), male (a4) and female (a5) washroom, shaded enclosed space (a7)
and seating (a8). The firstfloor plan comprises of, sleeping areas (b1) with adjoining verandahs (b3),
family living areas (b2), herb gardens (b4) close to the pathway (b5) and void to the ground area (b6)
(Figure. 8a and Figure. 8b).
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The orientation, openings, and landscape of the module were generated by considering the
climate to catch the breeze and daylight. As the seaside zone is viewed, a consistent breeze wins from
the zone into the landmass because of the distinctions in gaseous tension made by vaying warmth
limits of water and dry land [19]. As a result, openings at the west were highly considered as ocean
breezes are more confined than prevailing winds. The shade of surrounded bamboo trees hinders the
harsh summer sun, however, permits the glow o f winter sun.

Additionally, it permits the wind to course through in the wake of cooling which goes into the
house through wide -heightened operable windows, pushing out the warm air through the open
space. The house lays on a plinth which in turn thusly h andles the flash flood by incorporating its
space under it (Figure. 8a and Figure. 8b). The visual connectivity from the plinth zone to the
housetop can easily be visualized in terms of privacy, belongingness, inter-relationship and empathy.
One of the potentialities of shipping containers alludes to its stacking is that the sample project
represented can be inspired as far as stacking potentials through possible articulations of upcycled
shipping containers.

The sample venture comprises six upcycled shipping containers (Figure. 8c). Four 20feet (in
length) shipping containers arranged beneath the upper two 40-feet (in length) habitant spaces. In
possibility of stacking vertically further to add some spaces to the initial capacities according to the
requirements (Figure. 8e and Figure. 89).

4.2 Technical Construction Details

Construction techniques are considered as the imperative stage relative to shipping container
housing. The basic chunk of details and as well as other structural components got represented in
(Figure. 9a-9f) depicts diverse components of the slab used as a plinth or floor section.

9 Structural Slab - The overall structural slab comprises compressed bamboo, basic structural

post, block step and footing. (Figure. 9a).

1 Plank support - Recycled built-in compressed bamboo planks are utilized to frame the base

of the structure (Figure. 9b).

vertical member to hold up slabs and additional backings (Figure. 9c).

I Foundation System - The upcycled shipping containers typically rests on typical concrete
footing shielding the structure from immediate contact with th e ground (Figure. 9e).

1 Joint support - The entire section lay on the container through the typical footing as well as
binding the slab with the container using the L -formed metal segment (Figure. 9f).

The technical solutions result in a durable and stiff solution regarding coastal area housing
requirements as mentioned in (HBRI, 2018). Considering the represented horizontal joints and
establishment (Figure. 9g-9i), it prompts the critical consideration of the vertical joining strategy of a
two -faced shipping container (Figure. 99). Two-faced upcycled shipping container co-joints through
a solitary metal lash joint to fill the gaps and contact the upper segment and lower -bit of the
containers.
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Figure 9. (a) Structural slab; (b) Compressed Bambog (c) Structural post; (d) Brick Stair; (e) Concrete
footing; (g) Vertical joint of similar faced containers ; (h) Single Strap Joint (i) Bridge fitting clamp

joint. Insulation strategy frameworks : (j) Wall section; (k) Key figure; (I) Jhoot/ Batt residue; (m)
Plywood ; (n) Bridge fitting screw. Ship Ladder Go structural details : (0) Plan of stair, (p) Axonometric
visualization, (q) Longitudinal section.

The first is the foundation of the bowing moment in the followers towards the finish of the cover
and furthermore at the skin interference end on account of a joint configuration. The second is the
induction of articulation for the strip stresses actuated in the glue by the out-of-plane diversion
(twisting) due to the whimsy in the load -path (Figure. 9h). Subsequently, securely associating
shipping container envelopes to one other through scaffold clip joint or bridge clamp joint. Every
container requires 4 bridge clamp fittings for safe horizontal flush connections [20] (Figure. 9i).

Regarding insulation issues, there are various specialized methods of insulating a shipping
container. In this module locally found materials were used as insulation prior to the prevailing
solution in Bangladesh (Figure. 9j-9n). Proposed insulation strategies are described (Figure. 9)):

1 Insulation material - Recycled jhoot/batt found material oversaw from different residues of

garments and processing plants having the quality of high thermal barriers. In this way, it
covers the potential areas within the surface (Figure. 9l).

f  Finished Surface-/ OapP OOEw b A k? Awl Ol UWEEOUUWEUWEwWUUxxOUUD

through the contribution of defining a finished texture (Figure. 9m ).

91 Finished floor - Existing compressed bamboo floor has been recycled and figured out a way

to incorporate with interior surfaces which in turn executed as a firm solution for the floor.

1 Joints- Bridge fitting screw assists to bind the two -material depicted in the above points with

the containers to build the resiliency factor within the interior envelope (Figure. 9n).
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Figure 10. Axonometric view showing details of proposed sample house.

Other sustainable facilities were considered compiling the found materials in close contact to the
ship-yard such as the solution to the ship ladder (Figure. 90-9q). Different components of the sample
house design have been respectively depicted (Figure. D).

5. Discussion

This paper results to the overall study by tending shipping containers as a building material
which is attained through researching its probabilities and prospective by means of setting up the
strategies through a design experiment in coastal regions as a solution to the housing for fishermen
community (Section 4.1). Different environmental performances have been carried out through
literature synthesis depicting the behavior of shipping containers in such areas. Also, for a developing
country like Bangladesh, this type of solution to the housing arrangements in water -fronts can bring
up the utmost resilience through empowering different conceptualization and resilient approaches.
As demonstrated by a design experiment (Section 4.1), an ugycled shipping container could be
manipulated in such a way that it could bear any conceivable climatic changes due to its stiffness and
as also as could be incorporated exploring its possibilities and can be treated with other sustainable
highlights to d raw out the best possible housing solution. Alternatively, the study proposes different
supporting sustainable features which can not only ensure durability but also can fulfill the firmness
in three stages (habitat, structure, and immediate surrounding (Section 4.2). However, taking into
consideration calamity, e.g., cyclone, the practice of building with bricks and concrete would possibly
act more vulnerable to cyclone if considered as a housing solution. Further, the solution could
superfluously raise the cost of development expenses which would be quite impossible for the
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