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Editorial

Following on from the launch of our first bulletin in August 2020, we are 
delighted to share with our readers the current issue which includes research 
articles focusing on the most recent trends in the Built Environment. 

The bulletin is structured as per CESC’s three innovation themes: Performance 
& Productivity, Sustainability, and Wellbeing.  The following explores articles of 
this issue under each of the CESC themes in brief. 
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Performance and Productivity

Sustainability

Wellbeing
Mehdi Nazarinia and Nazmi Sellami focus on Cross-Compound Parabolic 
Concentrator (CCPC) as an efficient means to generate electricity and 
collect thermal energy. The project, funded by Heriot-Watt University 
Dubai, concludes that this new form of CCPC is 65% more efficient than 
the conventional PV panels and could potentially play an important role in 
achieving zero energy buildings. 

In our second article, Anas Bataw discusses the importance of embedding 
Building Information Management/Modelling (BIM) into Undergraduate 
Built Environment programmes and better equipping next-generation 
professionals to utilize and embrace BIM processes, procedures, tools 
and way of working.

Shameel Muhammed focuses on intelligent façade systems. Utilizing 
comprehensive evaluation methodologies, the article compares various 
façade systems and highlights the advantages and disadvantages of each 
system. The proposed intelligence facade can be implemented in hot and 
arid conditions such as the GCC countries.

energy modelling case study of a high–rise office building in the UAE. 
The research investigates the effect of installing different cooling systems 
on energy consumption, carbon emission, thermal comfort and indoor 
air quality. The article suggests that although some cooling systems 
reduce energy efficiently, it is not recommended in high-rise buildings as 
it can cause CO2 concentration, especially in hot climates with excessive 
cooling requirements. Therefore, the article recommends a hybrid cooling 
technique that can reduce the building’s overall energy consumption by 
8%, with a 20% reduction in cooling loads. 

The final study by Olufemi Adebayo Johnson and Augustine Chioma Affam 
explores the dangers of hazardous waste produced by the petroleum 
industry. The authors discuss the current recycling methods being used 
and offer economic alternatives by using this waste as a construction 
material. 

Guy Walker addresses the sensitive subject of the high suicide rate in 
the construction industry, which is three times more than the national 
average and six times more than the rate for falling from a height.  The 
author explores the opportunities of introducing a social and technical 
system named “sociotechnical’ which could improve wellbeing amongst 
the construction workforce. Walker confirms the witnessed gain of this 
system applied in other industries.   

Neamat El Gayar explores the different approaches of using computer 
vision to improve health safety and wellbeing while working on a 
construction site. The article also raises the important question of whether 
monitoring workers crosses the line of individual privacy and personal 
space.

Dr Mustafa Batikha 
Associate Director of Research
School of Energy, Geoscience, 
Infrastructure and Society
Heriot-Watt University-Dubai Campus Dubai, UAE
m.batikha@hw.ac.uk

Rolf Katzenbach along with co–authors introduce an intelligent foundation 
system that can be used for heating and cooling tall buildings by absorber 
tubes installed in the foundation elements. In this paper, the reader will go 
through existing buildings that utilized this system. This is considered an 
advanced smart system for the UAE and GCC countries where high-rise 
buildings are popular.

In our next study, Edouard Baaklini discusses how sustainability can 
be greatly improved with the use of 3D Concrete Printing (3DCP). The 
author explores 3DCP as a solution for future shortages in both labor and 
global housing along with 3DCP being a faster and more cost-effective 
approach within the industry. 

In the third study, Hassam Chaudhry and Zohaib Shaikh focus on an 
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A New Generation of Hybrid Solar Concentrator for 
Building-Integrated Photovoltaic Application

Dr Mehdi Nazarinia
Director of Learning and Teaching
School of Engineering and Physical Sciences
Heriot-Watt University
Dubai, UAE
M.Nazarinia@hw.ac.uk

Dr Nazmi Sellami
Course Leader MSc Solar Energy Systems
School of Engineering
Sir Ian Wood Building
Robert Gordon University
Aberdeen, UK
N.Sellami@rgu.ac.uk

Abstract: This research presents the design and experimental investigation of a novel Cross-Compound Parabolic Concentrator (CCPC). For the first time, a 
CCPC module was designed to simultaneously work as an electricity generator and collect the thermal energy present in the module which is generated due to 
the incident irradiation. This CCPC module consists of two regions: an absorber surface atop the rig and a reflective region below, that to reflect the irradiation 
onto the photovoltaic (PV) cell, coupled together to form an absorptive/reflective CCPC (AR-CCPC) module. A major issue in the use of PV cells is the decrease 
in electrical conversion efficiency with the increase in cell temperature. This module employs an active cooling system to decrease the PV cell temperature, 
optimizing the electrical performance and absorbing the heat generated within the module. This system was found to have an overall efficiency of 63%, which 
comprises the summation of the electrical and thermal efficiency posed by the AR-CCPC module.

Keywords: solar energy; active cooling; solar concentrator; thermal energy; performance assessment; AR-CCPC.

The global warming phenomenon has attracted a lot of attention during the 
past decades. Increased average global temperature, severe precipitation 
events and more intense heat waves that last longer are all effects of climate 
change. Around 97% of climate scientists believe that global warming is 
caused mostly by humans’ activity and the release of greenhouse gases into 
the atmosphere [1].

Utilizing renewable sources to produce reliable and constant energy is not 
without limitations. The biggest challenge of using solar systems is the 
intermittent nature of the resource and the fact that climate conditions have 
an impact on their performance and therefore the amount and quality of 
energy generated.

The energy demand in Dubai (UAE) has increased from 33,742 GWh in 
2010 to 43,093 GWh in 2016. Meanwhile, the electrical power generation 
capacity (from fossil fuel) has been increased from 7361 MW only to 10,000 
MW. Figure 1 shows electricity consumption vs generation capacity in Dubai 
between 2010 and 2016. The electricity generation has met the consumption 
in Dubai up until 2015. After 2015 the demand has surpassed the generation 
and alternative sources of energy generation are needed to meet the demand 
and have a secure supply of energy [2].

One of the major concerns of development is the difficulties caused by the 
alarming increase in the energy crisis. There has been a recast of the EU Energy 
Performance of Buildings Directive, which has directed that all new buildings 
must generate 20% of their energy requirements in a sustainable manner (EU 
[3]). This directive has led to buildings adopting recent methodologies in active 
and passive design strategies to optimize overall efficiency by incorporating 
renewable energy mechanisms to reduce the cooling and heating loads 
(Stevanovi’c [4]). Agathokleous and Kalogirou [5] have shown that Building-
Integrated Photovoltaic (BIPV) systems present a promising solution for the 
generation of clean energy and reductions in heating and cooling present a 
promising solution for the generation of clean energy and reductions in 

heating and cooling loads posed by buildings through the exploitation of natural 
or forced ventilation, or by incorporating space heating or cooling through the 
flow of fluids.

Since the use of large-scale photovoltaic (PV) panels can be quite expensive, 
a cheaper alternative is the usage of optical concentrators that reflect 
sunlight onto one concentrated point to reduce the required cell area per 
unit output power (Meng et al. [6]). Such systems also aid in the generation 
of electrical and thermal energy, where the thermal energy can possibly be 
stored for various gray usage purposes, thus reducing the power required 
by water heating systems.

To address the development of a system capable of BIPV integration, compound 
parabolic concentration (CPC) devices, which are non-imaging solar concentrators 
with wide acceptance angles, have been widely studied. A typical CPC designed 
and tested by Sellami et al. [7] , called the Square Elliptical Hyperboloid (as shown in 
Figure 2a). As reported by Sellami and Mallick [8], although the typical 2D CPC

Enabling Intelligent Building Facade 5

1. Introduction

2. BIPV & Compound Parabolic 
Concentration (CPC) 

Research Bulletin 
 No.2 December 2020

Fig. 1. Demonstration of Electricity Consumption vs Generation Capacity in 
Dubai [2].



offered a viable solution, further enhancement was required in the area of 
concentration and solar radiation collection. This led to the design of a 3D 
CPC module with a larger concentration ratio, in turn reducing the area per 
solar cell required. A 3D CPC is one of the most viable candidates in BIPV 
applications.  However, due to the square and rectangular PV cells currently 
available on the market, its deployment has been challenging. To overcome 
this obstacle, a 3D cross-compound parabolic concentrator (CCPC) was 
developed by Mammo et al. [9], in which two 2D CPC modules are intersected 
orthogonally to give a 3D CCPC module with square entry and exit apertures, 
as shown in Figure 2b.

Various active cooling methods have been developed to aid in the cooling 
of photovoltaic applications, such as the mathematical model developed by 
Moharram et al. [10] to calculate the optimal time to begin PV cell cooling by 
water spraying to maintain the optimal operating temperature. Although this 
model aids in the cooling of the photovoltaic system, it does not aid in the 
absorption of the thermal energy which is generated and, moreover, this is a 
purely theoretical model with no experimental validation.  Al-Amri and Mallick 
[11] have also developed a mathematical model to alleviate the operating
temperature of PV cells by air active cooling and surface radiation. This
research shows promising results, as the operating temperature of the PV
cells was kept in the optimal range while allowing an increased concentration
of over 50%. However, like previous studies, although there was an active
cooling mechanism, no study was conducted to harness the thermal energy
generated.

An active cooling mechanism cannot only reduce the PV cell temperature, 
but it can also absorb the thermal energy generated within the module. 
Within the active cooling mechanism, there is an increase in the fluid outlet 
temperature which can be used to lower the heating loads pertaining to the

system to which the module is applied. In this study, we experimentally investigated a 
new-generation absorptive/reflective cross-compound parabolic concentrator (AR-
CCPC) module designed by Meng et al. [12], as shown in Figure 3. The novelty 
of the AR-CCPC module is that it comprises an absorptive and reflective optical 
region, as depicted in Figure 3, for combined heat and electricity generation 
actively cooled by water passing through the module. 

The absorber surface aids in collecting the thermal energy generated by the 
incident irradiation on the module surface, whereas the reflector region aids 
in the reflecting of solar irradiation incident on the module onto the PV cells 
through an acceptance angle of −30° to 30°. The module was designed to 
have a concentration ratio of 3.6×/4×, which is nothing but the ratio of the area 

of the inlet and outlet aperture.
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An AR-CCPC module was assembled and tested outdoor at the Heriot-Watt 
University on Dubai campus. The power output and the temperatures of the 
cooling water at the inlet and outlet of the heat exchangers were monitored 
under various levels of irradiation received throughout the day. The aim of 
the experimental work is to investigate the performance of the AR-CCPC 
CPV system and evaluate the benefit of active cooling mechanism for cooling 
PV. This work also addressed the effect of the angle of incidence on the 
efficiency of the module.  

Figure 4 illustrates the experimental setup used to test the first-generation 
photovoltaic/thermal system- the absorptive reflective crossed compound 
parabolic concentrator (AR-CCPC). The cooling fluid used (water) leaves the 
centrifuge pump and flows through the first heat exchanger to cool down 
the solar cell at the first stage. The same cooling fluid, at a second stage, 
continues flowing in the same loop through the absorbent walls to collect 
their thermal energy absorbed from solar radiation. Finally, the water goes 
to the storage unit where the collected heat is stored as thermal energy. The 
temperatures at different points of the experimental setup were monitored 
using K-type thermocouples. The temperatures of the cooling water were 
measured at the entry and exit points of the two heat exchangers. The 
temperatures of the following surface were also monitored: below the PV 
cell to measure the cell temperature; and the front, back, and side of the 
absorber surfaces. Another thermocouple was used near the rig under shade 
to measure the ambient temperature. 

A data logger connected to a PC was used to record the power output, the 
different temperatures and the solar irradiation which was monitored on a 
horizontal surface using a pyranometer.

3. Experimental
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Fig. 2. (a)  Design concept behind the Square Elliptical Hyperboloid (SEH)
depicting the key components of the module. (b) Comparison of a 2D 

compound parabolic concentration (CPC) and a cross-compound parabolic 
concentrator (CCPC) module. The CCPC module is achieved by the 

intersection of two CPC modules [14].

Fig. 3. Fig. 3. (a) Top view of the designed model. (b) Side structure
containing the reflective and absorptive region. The module being tested 

corresponds to the height and concentration ratio number 2 [14].



The thermal efficiency and the electrical efficiency of the AR-CCPC were 
calculated and presented against the angles of incidence in Figure 6. The 

The thermal and the electrical efficiencies were calculated using the temperature 
differences in the heat exchangers, the solar cell power output and the solar 
radiation data.

Figure 5 illustrates the power output plotted against the angle of incidence 
throughout a day at different irradiation levels. From Figure 5, it is observed 
that the irradiation received on the module followed the trend of the 
acceptance angle. Thereby, the maximum irradiation received on the rig was 
within the acceptance angle of the module. The maximum power output is 
achieved when the module is at an optimized position that allows maximum 
acceptance of solar radiation by the AR-CCPC module.

4. Results and discussion 

7

electrical efficiency reached a maximum of 15% for angles of incidence 
between -20 degrees and 20 degrees and at an operating temperature of 
20 °C. The PV cell was kept at this temperature with the help of the active 
cooling mechanism. This prevented the temperature increase of the solar cell 
and therefore, reduced electrical efficiency losses.

The thermal efficiency shown in Figure 6 represents the amount of heat 
collected by the solar cell heat exchanger and the absorber surfaces heat 
exchanger. There is a slight peak in the graph between −20° and 20° angle 
of incidence, which is due to the increase in surface temperatures of the 
module when the angles of incidence lay within the acceptance angle of the 
module.

The AR-CCPC studied and tested outdoor in Dubai, have shown an overall 
efficiency of 65% (Electrical + Thermal). This is considered a high energy 
conversion efficiency for a renewable energy system. It is important to 
mention that the AR-CCPC is a compact system that integrates into building 
structure and envelopes. It produces the electrical and thermal energy 
required by the building into where is integrated.

This research project is a summary of student project work over the 
last three years. The authors would like to acknowledge the work of 
Mr Alok Dayanand, Mr Muhsin Aykapadathu and Ms Sanam Attaran.

Acknowledgements

Enabling Intelligent Building Facade

Fig. 5. Variation in the power generated by the system with respect to the 
incident irradiation received upon the system. Higher irradiation corresponds 

to higher power generation. [14].

Fig. 6. Overall efficiency of the module combining the thermal and electrical 
efficiencies. [14].

5. Conclusion 

The AR-CCPC hybrid PV/T module’s performance was characterized outdoor. 
The module was installed on the Heriot-Watt University in Dubai campus. 
The experimental test results of the AR-CCPC module showed a high energy 
conversion efficiency. The AR-CCPC was designed to integrate building 
envelopes and structure to generate its electrical as well as its thermal 
energy demand. AR-CCPC could play an important role in achieving zero 
energy buildings.
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Fig. 4. Water flow path through the module [13]
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Abstract: Building Information Modelling/ Management (BIM) is being implemented around the world, especially in the last decade. In several countries, 
including UK, UAE and Malaysia, BIM has been vastly employed into practice. However, Educational institutions are facing many difficulties, due partly to the 
novelty of the technology and partly to the dilemma of the current methods of teaching. Existing research recognises that the implementation of BIM affects 
the way that professionals in the Built environment work. Therefore, Built Environment programmes (such as Surveying, Architecture, Construction Project 
Management and engineering) are encouraged to pursue a vision of changing to line with BIM implementation. This research will aim to present the development 
of investigated teaching methods and preliminary research findings to better understand and evaluate the contribution of BIM within Undergraduate Built 
Environment programmes. Mixed research methodology will be adopted to fundamentally focus on balancing student and industry desires, while benefiting 
from the support and guidance from academics by distributing questionnaires to students and undertaking focus groups with academics and practitioners. 
Adopting an inductive research approach, ensuring a back-and-forth movement between the theoretical phenomenon and findings, effectively comparing the 
empirical findings with the existing theories and to eventually generate a new theoretical understanding and knowledge regarding the phenomenon under 
investigation. This research study will create significant academic and practical implications for BIM adoption within Built Environment programmes. The 
research is approached with the objective to explore the position of BIM in higher education in general and in Built Environment programmes specifically to 
perceive the gap and to identify critical success factors to guide higher education institutions with decision-making. This research does not only highlight the 
pragmatic framework for integrating BIM into Built Environment programmes but it also categorised the factors contributing to introducing BIM into higher 
education. Key features of the developed framework will be in line with the highlighted perspectives and factors of contribution. This in-depth framework is 
generated from students’ responses in great quality and quantity along with maven knowledgeable focus groups discussions, which will result in valuable 
factors that are proven to be essentially required for Built Environment programmes and have not been reported in previous research.

Keywords: BIM in Built Environment programmes, BIM Education and training, BIM in curriculum, BIM in undergraduate programmes, BIM in Academia
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Problems associated with communication, heavily fragmented supply-chains, 
varying degrees of risk and uncertainty, technological readiness and capability, 
coupled with a tendency to seek the lowest capital costs are among the issues 
identified in the influential ‘Construction Task Force Report’ (1998) often 
referred to as the ‘Egan Report’.
Many of the challenges identified by Egan have been successfully addressed 
through a range of innovations in project management, procurement and 
contract – most notably the NEC3 form of contracts which has received 
widespread praise for creating the conditions necessary for successful 
collaboration in major infrastructure projects. 

Nevertheless, studies such as the AIA Guide (2013) and the UK government’s 
National Audit Office (2018) continue to highlight inefficiencies and waste 
within the industry, indicating that there is 30% waste in modern day 
construction due to cost overruns and production errors. Data gathered by 
construction industry research body CIRIA with waste management firms 
Biffa and Viridis shows that at least 10% of all raw materials delivered to 
site are wasted through loss, damage and over-ordering; this was due to 
the lack of development within the industry and failure to catch up with the 
constantly-developing lifestyle of technology. (CIRIA Report, 2019). 

Graphisoft now known as ArchiCAD, was the first to introduce the use of 
technology systems within the AEC industry in the early 1980s under the 

Virtual Building concept. This was the start of the technological shift that 
allowed architects to create virtual, three-dimensional (3D) designs instead 
of the standard two-dimensional (2D). Since then, new technologies and 
updated software tools has been used. However virtual building technologies 
were only embraced during the design phase until the introduction of Building 
Information Modeling/ Management (BIM). These advanced systems, known 
as “BIM” were established to assist architects, engineers, construction 
professionals and Facility operators in managing large, complex datasets; 
this included building geometry and spatial data as well as the properties 
and quantities of the components used in the design to be included within 
the building model from inception through to practical completion and post-
occupancy in-use.
 
It is apparent that a slow but definite approach towards the use of technologies 
such as BIM has occurred in the industry globally; therefore the industry is 
calling for undergraduate programmes in the built environment disciplines 
(particularly Surveying, Architecture, Construction Project Management and 
Engineering) to better equip students with the competencies needed to 
work in a BIM oriented fashion. In her conclusions to the American Institute 
of Architect (AIA) Report on “integrated practice” in 2015, Renée Cheng 
comments that: “Regardless of the magnitude of BIM’s eventual impact 
on the profession, its recent rise provides the ideal catalyst for rethinking 
education. The level of expertise required to intelligently design with BIM is 
significant, and serious consideration must be given to how it can be taught” 
(Cheng 2015).

1. Introduction
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Meanwhile, Built Environment programmes within universities are still not fully 
reacting towards the BIM evolution, where there are an explicit disconnection 
and unclarity of BIM in Built Environment higher education programmes.

The aim of this research is to examine the constructs of pedagogic 
enhancement in the provision of Built Environment higher education 
programmes from a BIM perspective. The objectives of the research will 
be to:

The use of primary and secondary qualitative and quantitative research methods 
will be considered to fulfill the aim and objectives of this research project. The 
literature-based research concentrated on the indications and evaluations of 
existing literature on the undertaken subjects, such as inspecting the importance of 
technology to the industry, BIM adoptions, Built Environment teaching techniques 
and the adopted approaches and techniques of introducing BIM to curriculum 
around the world. These topics were selected as important factors to guarantee 
successful achievement of a comprehensive assessment to understand the value of 
introducing BIM within Built Environment programmes. Therefore, it was important 
to fully understand the concepts related to the above topics. On the other hand, this 
investigation will be carefully conducted in order to integrate only the most relevant 
and useful information available from different combinations of secondary sources 
such as relevant Books, Journals, Articles, consulting professionals, attending 
workshops and conferences organised by professional bodies and Government. 

Primary research methods will be also used to generate effective conclusions. 
The following list shows the main methods by which the data will be collected 
and analysed for the purpose of this research:

2. The aim and objectives

3. Research Methodology

Critically examine the literature on BIM. The review will explore 
the origins of object-oriented modelling of buildings, the varying 
definitions and interpretations on BIM and the standards and 
guidance currently used in industry to harness the benefits of 
increase knowledge sharing, collaboration and common data 
platform.

The integration of BIM in teaching and training Built Environment 
students and professionals to generate a greater understanding 
of the current position taken by universities in terms of curriculum 
design and implementation.

To identify the enablers and barriers to implementing BIM 
principles and concepts into Built Environment courses.

To provide recommendations on how to effectively transfer 
lessons learned to real life practice.

Design a framework to facilitate the most appropriate approach to 
curriculum evaluation, re-design and operation.

To make recommendations for further research based on the 
outcomes of the investigation and subsequent analysis.

Case studies

Questionnaire SurveysQualitative Comparative Analysis

Focus Groups
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Construction Industry Research and Information Association 
(CIRIA), 2019. CDM2019. Construction Waste Survey Report

Egan, J., (1998), “Rethinking construction: the report of the 
construction task force”, DTI (URN 98/1095), Construction Task 
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RIBA Plan of Work 2013: Consultation document. 
Available at: http://www.architecture.com/Files/
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AIA Document E203™–2013, Building Information Modeling and 
Digital Data Protocol Exhibit
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construction interface management: A case study. Journal 
of Civil Engineering and Management. 21. 201-217. 
10.3846/13923730.2013.802730.
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Abstract: Global temperatures have been rising for the past decade. The average temperature during hot peak summer in the middle east has risen to 48-
50 degrees, setting new highs in the region. While designers and engineers are working towards improving the resilience of the building facades through 
precision construction and smart materials, it is equally important to make them intelligent and adaptive.  An intelligent façade will adapt to the required comfort 
conditions based on the day to day weather, occupancy and building function. The façade could also have multiple roles in its adaptions. For instance, the 
façade of an office building could operate as a resilient envelope during office hours and then be a communication billboard for the city in the after-hours. This 
article will review two relevant examples of resilient and intelligent facades. In the later section of the article, insights into the ‘Alternative Morphology’ (AM), a 
project lead by a small multidisciplinary team of undergraduate students and faculty from Heriot-Watt University Dubai, will be briefly discussed.  The AM project 
is a research initiative lead by Shameel Muhammed from EGIS Dubai and is funded by Heriot-Watt Annual Funding. The AM project will use the medium of a 
visual art wall installation to demonstrate some of the unique features of an intelligent building façade.

Keywords: Resilient Building Façade; Intelligent Systems; Responsive architecture; Enabling Technologies, Architecture, Digital Fabrication.

In July 2019, the temperature in Kuwait City reached a record high of 63°C 
(Sara Al Shurafa, 2020). The recommended temperature range for an indoor 
environment is between 19°C – 26°C (ASHRAE 55, 2017). The average 
temperature difference between the exterior and indoor environments 
has now reached 30 °C during peak summer. It is surreal to imagine that 
a relatively thin façade stands in between the considerable temperature 
difference. Such requirements are enabled by the design of efficient, 
resilient façade systems with a high dependency on HVAC services. Resilient 
facades are enabled through precision construction and smart materials 
that collectively offer good thermal insulation. The successful application of 
sustainable passive design solutions also helps to offset the temperature 
difference. However, these systems have limitations in what it can achieve 
with the current material and construction technology. Architects and façade 
engineers have been proposing a second skin to the building façade that not 
only adds another level of resilience but also in many successful cases has 
improved the building aesthetics and user experience.

A well-researched example of a façade with a second skin is the Al -Bahr 
ICHQ Towers – Abu Dhabi, UAE (Figure 1) by Aedas (Attia 2017; Derix et al., 
2011; Karanouh, 2015). The second skin comprises of a responsive tensile 
screen that draws inspiration from the regional vernacular design element – 
Mashrabiyas. The dynamic façade is designed to morph into their unfolded 
state whenever the façade is exposed to direct sunlight (Derix et al., 2011). 

This kinetic mechanism resembles the conventional umbrella that one would 
use to take cover from the rain. The dynamic kinetic façade is controlled by the 
building management system that is integrated with various service systems, 
facilitating the reduction of the cooling load and efficiently maintaining the 
indoor comfort conditions. 

The dynamic mashrabiya screen of the Al Bahr towers primarily responds to 
sunlight. As much as there is proven gain from the responsive system, the 
second skin of a building façade could have multiplicity in its function. The 
project highlighted below gives some insights into this.

1. Introduction

2. Responsive building façade 

Fig. 1. AL Bahr ICHQ Towers – Abu Dhabi – UAE (Howarth, 2020).

An inspirational model of a resilient, adaptive and intelligent system is the 
organic skin. In addition to skins being a barrier offering protection, it regulates 
body temperatures by adapting the permeability of its pores for air exchange 
or hydration. 

3. Biomimicry in façade design – 
‘Breathing Skins’

11Enabling Intelligent Building Facade
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The ‘Breathing Skins’ project (Figure 2) by Tobias Becker built in partnership 
with Simon Huffer is a good example of biomimicry. The project is inspired by 
the performative qualities of organic skin.

Three project strands have emerged from the initial exploration:

Sandwiched between two glass surfaces are ‘Pneumatic Muscles’ that act as 
pores, controlling the exchange of air, light and matter (Doroteo, 2020). The 
pores are arranged in a circular packing order to maximize the performative 
impact. Much like the skin pores, the pneumatic muscles inflate (Figure 3 a) 
to open the pores to facilitate air exchange and deflates (Figure 3b) to close 
the opening. While doing so, it also activates visual transparency between 
the interior and the exterior.  The effective energy required for the responsive 
façade is low and therefore, could be a self-sustaining, intelligent façade. 

A visible advantage in this project is the multiplicity that the system provides. 
Ivt is a visual screen, much like the mashrabiya of the Al Bahr towers. Also, 
it replaces the conventional windows by rethinking it as a large number of 
small pores that facilitate cross ventilation. Intelligent façade systems like the 
Breathing Skin can easily be scaled up due to its simplicity in its design and 
minimum energy requirements.

Fig. 2. The Breathing Skin Project (Doroteo, 2020).

Fig. 3. Pneumatic Muscles in inflated and deflated position

a) b)

Enabling Intelligent Building Facade12

The ‘Alternative Morphology’ is a research initiative by Shameel Muhammed 
from D6 Architecture, EGIS Herriot-Watt University Dubai.  The project will 
explore the design and build of intelligent, responsive façade systems 
that could be deployed in hot arid conditions like the Middle East. The 
first iteration of exploratory projects takes the form of an interactive visual 
art wall installation (Figure 4). A multidisciplinary team of undergraduate 
students and faculty have been working on a design proposal investigating 
key attributes such as morphology, computation, engineering and energy 
efficiency that are vital for an intelligent façade system.

4. ‘Alternative Morphology’ 

4.1  Vixel Mirror 

4.2  The Blooming Lotus 

The prototype (Figure 5) explores generative patterns using computation. 
Emergent patterns are generated through the controlled rotation of a simple 
modular ‘V’ profile that is arrayed across a volumetric surface. The generative 
patterns respond to diverse user feedback triggering a virtual conversation 
between the two entities. The computation behind the project will probe how 
machine learning and artificial intelligence could drive the responsive system 
while being connected internet of things. The façade application of this project 
would be within the domain of enabling an intelligent responsive façade.

This strand will primarily investigate the morphology of the interactive wall 
installation using origami (Figure 6). Each module would use an umbrella 
mechanism that responds to various external stimuli. The different states 
between the rest and the open position are autonomously triggered but at the 
same time will also give feedback to the neighboring modules. The approach 
will help in reducing the energy required for such a transformation. Alongside 
the geometrical play, the team will also investigate the optimum mechanical 
and electronic design for the system.

Fig. 5. Alternative Morphology – Interactive wall installation

Fig. 4. Alternative Morphology – Interactive wall installation.

Fig. 6. The Blooming Lotus.
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In addition to resilient facades being responsive, embedding intelligence in 
the system will help in improving the resilience and energy efficiency of the 
building. The Alternative morphology project will offer some insights into 
how to enable intelligence in façade design through morphology design, 
materiality, computation and smart engineering.

5. Conclusion

4.3  Scrunch Me Not 

Fig. 7. Scrunch Me Not – fabric trials.

The third strand will explore active tensile fabric as a medium for morphology 
design (Figure 7). By weaving wires of ‘Shape Memory Alloy’ (SMA) into the 
fabric, the interactor can experience a predesigned tactile response. The SMA 
is activated by the passing of small electronic volts of as low as 5V. The visual 
impact is promising with an added advantage of low energy requirements.

Alternative Morphology Project Team: Mohamed Al Musleh, School of 
Engineering and Physical Science, Heriot Watt University Dubai.
Student Team: Saba Aga, Shreya Sathyanadhan, Atiya Anisa, Eman Rashid 
Ali, Sana Hafsa, Priyanka Murugappan and Nathan Britto.
Funder: Alternative Morphology (interactive wall installation) is funded by 
Heriot-Watt Annual Grant.
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Abstract: For a sustainable foundation system of high-rise buildings, two aspects have to be considered. The first aspect is the optimized foundation system 
itself. This means reducing the size of foundation rafts and the length of piles. The Combined Pile-Raft Foundation (CPRF) is a good possibility as an innovative 
geotechnical approach. This leads to the reduction of material used (cement, water, steel, etc.) and to the reduction of CO2 emission. The second aspect related 
to energy geotechnics is to use the foundation systems for heating and cooling by absorber tubes which are installed in the foundation elements.

Keywords: Combined Pile-Raft Foundation; sustainability; geothermal energy; energy geotechnics; absorber tubes.

For sustainable foundation systems the economic and environment-friendly 
planning, design and construction are necessary [1]. The World Commission on 
Environment and Development defined sustainability as follows: “Sustainable 
development meets the needs of the present without compromising the ability 
of future generations to meet their own needs” [2]. A sustainable foundation 
system is based on two aspects. The first aspect is the optimized foundation 
system itself. Using e.g. pile load tests or Combined Pile-Raft Foundations 
(CPRF) the necessary construction material can be reduced and the CO2 
emission can be minimized. The second aspect is to use the foundation 
system not only for the load transfer into the subsoil. By the installation of 
absorber tubes into the foundation elements (e.g. piles and barrettes), the 
subsoil can be geothermally activated. The principle can be used for heating 
and cooling of buildings. 

For the optimization of foundation systems for very high loads, the principle 
of the Combined Pile-Raft Foundation (CPRF) as an innovative geotechnical 
approach is a very good opportunity. The CPRF is a special form of deep 
foundations which combines the bearing capacity of a foundation raft and the 
of the piles or barrettes. This hybrid foundation system can be used for the 
foundation of high-rise buildings as well as for engineering constructions like 
bridges and towers. For CPRFs, the same technical regulations as for classic 
deep foundations can be applied. Additional regulation is the international 
Combined Pile-Raft Foundation Guideline [3]. The advantages of a CPRF, 
compared to a conventional spread foundation and a classic pile foundation, 
can be summarized as follows:

1. Introduction

2. Optimization of foundation systems

Reduction of settlements and 
differential settlements

Reduction of pile material 
(30 % to 50 %).

Reduction of the bending 
moments of the foundation raft.

Increasing of the bearing 
capacity of spread foundations.

The bearing and deformation behavior of a CPRF is characterized by the 
interaction between the bearing elements and the subsoil. Figure 1 shows 
all interactions of a CPRF. The integration of the soil contact pressure    (x,y)
under the foundation raft is the resistance Rraft,k(s). The resistance of the 
foundation piles   Rpile,k(s) added to the resistance of the foundation raft Rraft,k(s) 
deliver the total resistance Rtot,k(s) of a CPRF (equation 1). With equations 2 
and 3, the resistance of a single foundation pile i can be determined. The 
resistance of a single pile of a CPRF consists of the skin resistance Rs,k,i(s) 
and the pile base resistance Rb,k,i(s). The skin resistance Rs,k,i(s) can be 
calculated by integration of the skin friction qs,k(s,z) which depends on the 
settlement s and the depth z.

Sustainable foundation systems of high-rise buildings 14
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The load-deformation behavior of a CPRF can be specified by the CPRF 
coefficient   CPRF (equation 4). The coefficient declares the relation between 
the resistance of the piles and the total resistance. Related to technical, 
economic and environmental aspects the CPRF coefficient aCPRF between 
0.5 and 0.7 can be considered as optimum.

More explanation about the load deformation behavior of a CPRF and several 
examples for the application in engineering practice are given in [4].

The principle of seasonal geothermal storage is shown in Figure 2. This 
principle can also be used only for heating or only for cooling.

For the geothermal activation of foundation elements, on the inside of 
the reinforcement cages of piles heat exchanger tubes are installed in 
loops (Figure 3). The determination of the number and the length of the 
geothermally activated foundation elements is based on experiences as well 
as on analytical and numerical calculations [5]. In order to detect the long-
term behavior as well as the extension of the influence of geothermal plants, 
numerical simulations (e.g. Finite-Element-Method) are necessary. In these 
simulations, the groundwater flow has to be considered.

The construction of energy piles is the same as for not geothermally activated 
foundations, taking into account the additional, technical, physical and organizational 
conditions of the whole geothermal system. 

One example from engineering practice about geothermally activated foundation 
elements is the high-rise building PalaisQuartier in Frankfurt am Main, Germany 
(Figure 4).

The use of geothermal energy for the tempering of buildings permits an 
environmentally friendly, sustainable operation. Geothermal energy describes 
the utilization of the subsoil and the groundwater to extract and to store 
thermal energy. The energy is transferred via a heat pump. If the outside 
temperature is low, the energy is extracted using the warmer subsoil. In the 
summer month, the cooler subsoil, compared to the outside temperature, is 
used to cool a building.

Sustainable foundation systems of high-rise buildings15
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Fig. 1. Principle of load transfer of a CPRF.

Fig. 2. Principle of load transfer of a CPRF

Fig. 3. Scheme of a head of an energy pile.



The building complex is up to 136 m high. The foundation level is 22 m 
below the surface. It was constructed by using the top-down method. 262 
of the 302 foundation piles and 130 of the 289 piles of the retaining wall 
were installed as energy piles. The total geothermal capacity is 913 kW. With 
a nearly balanced system, the subsoil is used as seasonal thermal storage. 
In the heating period (winter), the annual energy amount is about 2,350 
MWh/a. In the cooling period (summer), the annual energy amount is about 
2,410 MWh/a. The calculated energy balance is shown in Figure 5. More 
explanations about geothermal activated foundation systems and examples 
from engineering practice are given in [4].

In principle, this system can be used for heating or cooling only. In this case, 
long-term calculations of the energy balance are necessary for the correct 
geothermal design of the energy piles. 
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Fig. 4. High-rise building PalaisQuartier in Frankfurt am Main, Germany.

Fig. 5. Energy balanced seasonal storage.
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Abstract: We live in an era of digital transformation. The advent of 3D concrete printing (3DCP) holds the premise to digitally transform the traditionally 
conservative construction industry into a better, faster and cheaper additive manufacturing process. This disruptive nature of 3DCP will positively impact the 
construction industry in terms of the ability to build complex shapes at no additional cost, with reduced labor, minimized material waste and faster construction 
time. With its inherent product manufacturing approach to buildings and structures, 3DCP will allow for the possibility of automation in construction, mass 
customization of buildings, product integration and a more sustainable eco-friendly industry. The main goal of this paper is to show the sustainability of 3DCP 
through the systemic reduction of labor, material and waste throughout the whole construction supply chain.

Keywords: 3D Concrete Printing; Sustainibility; Automated construction.

3D Printing is a form of additive manufacturing where a 3-dimensional object 
is created by laying down multiple layers of material. In 3D concrete printing 
(3DCP) a 3D digital CAD model is used as the “blueprint “to precisely deposit 
successive layers of a concrete mix by a computer-controlled print head into 
the desired 3-dimensional shape. Nothing additional is required; thus, no raw 
material is wasted. The only needed elements are a printer, raw material, and 
software to tell the printer what to print.

The success of any new technology lies in its ability to solve pending problems 
and provide for a better, faster and cheaper alternative to existing norms. 
The world is currently facing many problems when it comes to building 
and construction. These include global labor shortage, affordable housing 
shortage, rising construction costs, and eco-friendly, viable and sustainable 
construction. 

3DCP technology can help solve many of these problems and in fact, provide 
advantages to the construction industry. The main areas where 3DCP can 
have the most significant effects are in labor efficiency, the construction 
of complex shapes at no additional costs, product integration, mass 
customization, sustainability, construction automation and faster construction 
time.

This paper will explore each of these problem areas and see how 3DCP 
can contribute to its solution and promote a more viable and sustainable 
environment.

having a hard time filling concrete worker position (AGC, 2017). Figure 1 
displays the severity of the global labor shortage for different countries in the 
next ten years. 

In recent years, the construction industry has experienced a high demand 
for construction projects across all sectors of the industry. This upturn in 
work has resulted in an increased demand for skilled and unskilled labor. 
According to a 2017 Workforce Survey conducted by the Associated General 
Contractors of America, 70% of construction firms are having a hard time 
filling hourly craft positions. 51% of those firms also claim that they are 

1. Introduction

2. Labor Shortage

3DCP significantly reduces the number of workers needed in construction 
projects because:

3D Concrete Printing - Sustainability Perspective17

There is no need for formwork.

There is no need for blockworks.

There is no need for plastering/painting.

Only a handful of workers are needed to run the printer and its accessories. 
Usually, only one worker is required to feed a concrete mix to the printer and 
one engineer is required to run the printer computer/machine and one semi-
skilled laborer to help with finishing. Less labor implies less transportation, 
housing and accommodations. This directly contributes to more sustainable 
construction and better corporate community social responsibilities. 

Less labor also reduces the risks of job accidents which is highest in the construction 
industry. Less labor also means fewer errors and therefore fewer costs.
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Fig. 1. The surprising workforce crisis of 2030 (BCG, Rainer Strack, 2014) [1]



3DCP not only can help solve many of the existing shortcomings in the construction 
industry but it also holds the premise of transforming the industry into the digital 
era through automation. 

Sustainability is achieved by reducing CO2 emissions through an improved concrete 
mix, improved design, reduced material waste, less labor, fewer tools used, product 
Integration, and process automation.

A typical 3DCP concrete mix has the following characteristics:

Current 3DCP concrete mix is typically made of the following materials:

The global housing shortage is a very serious problem that is getting worse 
every year. A study by Mckinsey Global Institute entitled “A blueprint for 
addressing the global affordable housing challenge”, Oct 2014 [2], some 330 
million urban households around the world live in substandard housing. 
Furthermore, the housing affordability gap is equivalent to $650 billion per 
year, or 1 percent of global GDP. To replace today’s substandard housing and 
build additional units needed by 2025 would require an investment of $9 
trillion to $11 trillion for construction. 

3DCP can help with the housing shortage by offering lower labor costs, 
faster construction time and improved designs. As previously discussed in 
Section 1, 3DCP offers a great reduction in the number of workers on site. It 
is estimated that 50% of the costs in the construction industry comes from 
labor and manpower. A reduction in labor costs will directly and positively 
contribute to the solution to the global housing shortage.

3DCP can also reduce costs by the systemic reduction of material waste 
during construction projects. Cementitious material is fed to the printer on 
an as-needed basis and waste is reduced significantly. This topic is further 
discussed later in this paper. Figure 2 illustrates the differences between 
standard construction and 3DCP when it comes to waste.

3DCP allows for more diverse and numerous shapes and designs of houses 
and buildings than with the traditional construction practices. 3D printers 
are able to move along a tri-axial plane (x, y and z directions) allowing them 
to be programmed to create irregular and exotic contours that are difficult 
and expensive to achieve using traditional forms or molds. Critical functional 
designs and contour crafting can be achieved with much ease. This positively 
contributes to the global housing shortage by allowing mass customization 
at no additional costs.

4. 3DCP – Sustainability Perspective

4.1  3DCP Concrete Mix

3. Global Housing Shortage

Perhaps the most direct impact that 3DCP can have on the global housing 
shortage is in the reduction of construction time. For instance, a 12m x 
14m can be fully printed with support and internal walls in few days rather 
than weeks and months. The reduction in completion time is also significant 
when we consider financing costs during the build period. Table 1 shows a 
comparison between conventional construction and 3DCP.

18

Table 1. comparison between conventional construction and 3DCP.

Compressive strength (35+ MPa after 28 days).

Optimized layer bonding and adhesion (Figure 3).

Fully homogeneous.

Good flowability and rheology.

Ordinary Portland Cement (OPC).

Workable and buildable.

Supplementary Cementitious Materials (SCM) 
such as Fly Ash and Silica Fume.

Fast curing time.

Limestone as a filler.

Crack free.

Fibers for reinforcement.

Affordable locally sourced.

Retarders.

Aggregates.

 Conventional Construction  Conventional Construction

Concrete blocks manufactured at factory. 

Transportation of concrete blocks from 
factory to construstion site.

On site 3D Printing materials.

Mobile 3D Printer on site with minimal 
labor needed to operate.

Skilled labor needed for masonry work 
with a variety of tools and equipment.

Waste and grabage on site that need to be 
transported to waste sites. 
Environmental unfriendly.

Difficult to scale while cutting costs.
Unit cost for large projects will not be 

significantly reduced. 

2 to 3 months to build the outer walls and 
inner partitions for a 100 sqm house.

No need for skilled labor or additional tools  
or equipment. 3D Printer easy to operate

Only needed materials are used for 
printing with no or minimal waste. 

Environtmentally friendly.

Easily scaleable with reduced costs.
Unit cost for large projects significantly 

reduced.

4 to 5 days to build walls and partitions 
in the same run.

Cement is the second most used material in the world after water. 25 Gigatons 
of cement are used every year and the demand will keep increasing. Cement 
production accounts for up to 7% of global CO2 emissions. The reduction 
of concrete mix in construction is mandatory to reduce CO2 emissions. 
Increasing the SCM, fillers and aggregates contents in 3DCP concrete will 
positively reduce the need and production of OPC and therefore a direct 
reduction in CO2 emissions.
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This also means there are fewer tools needed to do the work.

3D Concrete Printing - Sustainability Perspective19

Fig. 3. Printed concrete layers

Fig. 6. Different products and insulation by 3DCP

New tools that utilize finite element analysis and topology optimization can 
be utilized to provide structures that consume less concrete without strength 
loss compared to regularly shaped structures using molds. This is especially 
true for difficult to produce formwork molds (Figure 4). It is possible that 3D 
printed concrete structures be load bearing. This has been done for G and 
G+1 houses. Less concrete implies lower costs and lower CO2 emissions.

3DCP allows for the integration of the different products within a construction 
project.  For instance, MEP elements and conduits can be included in the 
design of the 3D printed walls. Foam insulation can be mixed in-situ and 
poured using the 3D printer between the 3D printed wall cavities (Figure 
6). Roof slabs can also be 3D printed in-situ. These are only some ideas 
being done now, but more product integration can be achieved as the 
technology is developed further and is more widely used. Product integration 
will further reduce the need for additional steps, tools and materials in the 
building process and therefore contribute to a more viable and sustainable 
environment.

On-site 3D printing means that various time-consuming steps can simply be 
cut out from the design process. Clients can visualize the design through 3D 
representations. Client requests can be incorporated quite easily before the 
construction (mass customization). Structural analysis and integrity can be 
done online and directly with the approving authorities. There will be no need 
for 2D shop drawings. Printing videos, printer parameters, environmental data 
(temperature, humidity, etc.), can be collected and stored for future analysis. 
Process automation allows the client to view Realtime the progress of the 
building process. All of this automation leads to a reduction in paperwork, 
documentation, follow-ups, etc. and improves efficiency, transparency and 
sustainability.

3D Concrete Printing can significantly reduce material waste through the elimination 
of formwork. Formwork represents between 30% and 60% of the total cost of 
concrete structures. The production of the molds, transportation, installation, removal, 
disposal, labor, accessories, various tools, waste management, etc. are significant 
costs in construction. By eliminating formwork lower costs and lower CO2 emissions 
are achieved. 

3D Printing concrete mix uses less water than conventional. This is due to 
the high compressive strength requirement as well as set time and slump.

As stated previously, 3DCP significantly reduces the number of workers 
needed in construction because there is no need for formwork, blockwork, 
or plastering. Because of the elimination of formworks and blockwork, the 
workforce will be shifted to be more skilled and technology oriented.

4.2  Improved Designs

4.5  Product Integration

4.6  Process Automation

4.3  Materials Waste

4.4  Less Labor and Less Tools
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Fig. 5. Conventional construction Vs 3D printing -
Labor and tools perspective.

Fig. 4. Examples of irregular 3D concrete printed shapes
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3DCP is a disruptive technology trend in the construction industry. The 
objective of this paper was to explore the possibility of using 3DCP to solve 
many of the problems facing the construction industry such as labor shortage, 
housing shortage, and rising costs while at the same time transforming the 
industry to become more eco-friendly, viable and sustainable.

In comparison to the conventional method of concrete construction, 3DCP 
shows great advantages and benefits which include better labor efficiency, 
less material waste, more complex shapes at no additional costs, product 
integration, mass customization, sustainability, construction automation 
and faster construction time.

This paper showed that 3DCP is a sustainable construction approach with 
improved environmental impact. This is achieved through the systemic 
reduction of construction waste by the nature of the additive manufacturing 
process itself, the optimized material consumption and the reduction of labor 
and tools. Moreover, by developing an improved concrete mix, 3DCP may 
potentially be a low CO² approach to cement manufacturing.

In conclusion, 3DCP as a sustainable construction technology can be a 
faster, cheaper and better alternative to conventional construction.

5. Conclusions
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Energy Modelling and Indoor Air Quality Analysis 
of Cooling Systems for Buildings in Hot Climates

Abstract: Energy consumption due to cooling and ventilation of buildings has grown significantly within the last two decades, and therefore advancement in
cooling technologies has become imperative to maximise energy savings. This work numerically investigates the performance of vapour-compression unitary 
and centralised cooling systems for high-rise buildings using an office case-study in the United Arab Emirates (UAE). Energy modelling, thermal comfort and 
indoor air quality analyses have been carried out using the Integrated Environmental Simulation Virtual Environment (IES-VE). The study shows that a Variable 
Speed Drive (VSD) fan can reduce the overall energy consumption of the building by 8%, with 20% reduction in the cooling loads. The unitary cooling system 
operating on variable refrigerant flow principle achieved an energy reduction of approximately 30%; however, this system is not recommended in high-rise 
buildings as the CO2 concentration obtained is in excess of 3000 ppm, which is considerably higher than ASHRAE standards. It is essential for buildings running 
in hot climates to incorporate hybrid cooling techniques to relieve the load on conventional active cooling systems.

Keywords: Buildings; Hybrid; Indoor Air Quality; Cooling; Thermal Modelling.

system were some of the cooling systems evaluated on the baseline office 
model. The aim of this study is to investigate a range of hybrid and active 
building cooling systems for buildings in hot climates in order to recommend 
the most appropriate cooling technique for reducing energy consumption, 
carbon emission and improve thermal comfort and indoor air quality. 
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Active cooling systems are responsible for consuming 80–85% of the 
building’s total electricity because of the extremely hot climatic conditions 
where outdoor temperatures reach up to 50°C with relative humidity up to 
60% during peak summer months. Intensive use of air-conditioning system 
emits greenhouse gases like carbon dioxide, methane, nitrous oxide, CFC 
into the atmosphere causing ozone depletion. In areas of extreme climates, 
users spend most of the time indoors, which makes it compulsory to maintain 
an optimum level of thermal comfort and indoor air quality. However, at the 
same time, these cooling systems must be resilient against the effects of 
climate change. There is a growing interest among the local community to 
adapt towards more energy-efficient cooling technology and sustainability 
is also the main theme for the United Arab Emirates (UAE) Expo 2020. The 
ducted split and packaged air conditioning systems mostly dominate the local 
market by having 30% of the local market share in the UAE. The centralised 
air conditioning systems also account for 25% of the local market share. 
While district cooling and split units/window AC have a similar market share 
of about 18%. The variable refrigerant flow systems only account for 2% of 
the market share since they are not very common in the local market [1-3].

Office buildings usually have higher energy consumption because the cooling 
systems must compensate for the continuous internal heat gains produced 
by office occupancy and equipment [4]. In this research, energy modelling 
of a high-rise office case-study building was performed using Integrated 
Environmental Simulation Virtual Environment software (IES-VE). The impact 
of different cooling systems based upon energy consumption, carbon 
emission, thermal comfort and indoor air quality was investigated. Fan Coil 
Unit (FCU) with a Variable Speed Drive (VSD) fan, Variable Air Volume (VAV), 
Variable Refrigerant Flow (VRF) and Cool Phase Hybrid cooling system were 
some of the cooling systems evaluated on the baseline office model. The aim 
of this study is to investigate a range of hybrid and active building cooling 

1. Introduction
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The UAE is well known for its dry arid climatic condition as it lies in the tropic 
of cancer with extremely hot temperatures during summer months and low 
temperatures with less rainfall in winter months. For this study, a baseline 
office floor was modelled, and various existing cooling systems investigated 
(Figure 1). A conventional Fan Coil Unit (FCU) air conditioning system was 
designed, alongside other cooling systems including a Variable Air Volume 
(VAV), Variable Refrigerant Flow (VRF), Monodraught natural ventilation and 
district cooling. 

For the Fan Coil Unit with Variable Speed Drive Fan, the air side consisted of 
the cooling coil, heating coil, supply fan and extract fan. The fan coil cooler 
controller temperature was set to 24°C. The VAV air side network consisted 
of the cooling coil, supply and extract fan, reheating coil in VAV box. For 
the VRF model, part-load-chiller-curve was modelled to replicate the direct 
expansion cooling model which only consists of compressor, condenser and 
evaporator. The air side network comprised of PTAC fan, damper, cooling 
coil, heating coil, time switch, air flow rate controller. Other modelling factors 
included building occupancy, equipment, internal heat gain assessment and 
operational profiles – all of which were set as a standard for all models.

2. Cooling System Methodology



A compilation of the main results is presented in this section. As observed 
from Figure 2, July had the highest electricity consumption because of the 
extremely high temperatures during peak summer months and February 
had the lowest energy consumption because of lower temperatures during 
winter months showing a strong correlation between the site microclimate 
and energy consumption. The energy trend had started to gradually increase 
from March onwards and came back to normal during mid-October. While 
the energy trend declined significantly between the months of November 
and February. 

As indicated in Table 1, the implementation of the Variable Speed Drive (VSD) 
fan in the baseline FCU system was a practical retrofit option with a reduction 
of 8% in annual energy consumption and carbon emission by targeting 
cooling and fan energy with a significant reduction of 20% and 9%. Ease of 
installation in an office environment causing less downtime at moderate cost 
can be regarded as some of the advantages. On the other hand, the adoption 
of VAV cooling system was not a practical solution as it increased the energy 
consumption and carbon emission by 42% because of the greater number 
of air side and water side components. The air side consisted of the filter, 
cooling coil, supply fan, exhaust fan and VAV box. While for the water side, 
virtual district cooling performance curve set, and pumps had been utilised 
for modelling the VAV system.

The VRF system was one of the most energy-efficient cooling system as it 
was able to cut down the annual energy consumption and carbon emission 

by 30% with 79.2% reduction directly from cooling because of the use of a 
direct expansion cooling coil on air side and scroll compressor on water side 
to regulate the flow of refrigerant as per the cooling demand. It can also be 
observed that the number of components on the airside and water-side were 
significantly lesser because the system was completely based upon a split 
system.

Monodraught natural ventilation was the second most energy-efficient 
cooling system which was able to reduce the annual energy consumption 
and carbon emission by 22% with specific cooling energy and central fan 
energy saving up to 18.5% and 70.6%. This cooling system took advantage 
of the intelligent AHU system and thermal batteries to absorb heat [5]. It also 
did not have any compressor or chiller on water side. While the air side only 
had sensors, actuators, VSD fan, controls and humidity monitoring systems.

Figure 3 illustrates the CO2 concentration level maintained throughout the 
day of 17th July by various cooling systems. The CO2 concentration trend 
started increasing once the occupants started entering the office from 8:30 
AM onwards and persisted until 20:30 PM. The peak CO2 concentration 
for the baseline office model was at 17:30 PM due to greater occupancy. 
The VRF system had drastically failed to maintain an optimum level of CO2 
concentration as it had surpassed the safety threshold causing sick building 
syndrome [6]. While the VAV system and Monodraught natural ventilation 
were able to maintain an optimum level of CO2 concentration proving that 
the quality of indoor air was suitable for human occupancy in the office 
environment. The cooling systems’ ability to supply fresh air into the indoor 
spaces could be considered as paramount to maintain a suitable level of CO2 

concentration for creating a pleasant work environment.

3. Main Findings
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Fig. 2. Trend in monthly energy consumption for different cooling systems

Table 1. Energy and carbon variation due to implementation 
of different cooling systems

Cooling system
Types

Energy
(kWh/m²)

Carbon Emission
(KgCO2/m²)

FCU (baseline)

FCU with VSD

VAV

VRF

Monodraught

331.5

304.1

469.8

230.9

259.0

172

158

244

120

134

Fig. 1. Schematic model of a Fan Coil Unit and a Variable Air 
Volume cooling system using IES-VE
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Fig. 3. Trend in monthly energy consumption for different cooling systems.

Energy modelling of cooling systems within an office space fitted with 
an FCU showed that the energy consumption and carbon emission was 
331.47 kWh/m2 and 172 KgCO2/m2 which is only fairly competitive with 
the typical industry benchmarks considering its age and the fan coil unit 
also played a crucial role in maintaining a higher level of energy efficiency. 
Adoption of variable speed drive (VSD) fans in FCU systems proved to be 
expedient in reducing the energy consumption and carbon emission by 8%. 
Implementation of VAV systems in baseline office drastically increased the 
energy consumption and carbon emission by 42%. But it had outperformed 
all the other HVAC systems in terms of thermal comfort satisfaction by 
having an average PMV of 0.66 and CO2 concentration of 559.5 PPM. 
In conclusion, finding the most appropriate cooling technique based upon 
energy efficiency and thermal comfort is challenging considering the local 
climatic conditions with excessive cooling requirements.

4. Conclusions
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Petroleum sludge treatment: A review

Abstract: Petroleum industry produces one of the popular hazardous waste known as Petroleum Sludge. The treatment and disposal of petroleum sludge have 
created a major challenge in recent years. This review provides insights into various approaches involved in the treatment and disposal of petroleum sludge. 
Various methods used in the treatment and disposal of petroleum sludge such as incineration, stabilization/solidification, oxidation, and bio-degradation are 
explained fully and other techniques utilized in oil recovery from petroleum sludge such as solvent extraction, centrifugation, surfactant EOR, freeze/thaw, 
pyrolysis, microwave irradiation, electro-kinetic method, ultrasonic irradiation and froth flotation were discussed. The pros and cons of these methods were 
critically considered and a recommendation for economically useful alternatives to disposal of this unfriendly material was presented.

Keywords: Hazardous waste; Petroleum sludge; Sludge disposal; Waste management.

a very important maintenance practice. Every storage tank will accumulate 
sludge over-time, but the petroleum storage tank poses a bigger problem 
at production locations. Beneficial reuse of petroleum sludge from small 
production locations necessitates that the sludge material is reused without 
treatment. The use of this waste as a construction material should prove very 
economical and environmentally sustainable.
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In the production and exploration of petroleum, wastes are generated which 
includes drilling fluid, petroleum wastewater, petroleum effluent treatment 
plant sludge and bottom tank sludge. A petroleum refinery with a production 
capability of 105,000 drums per day makes approximately 50 tons of oily 
sludge per year [1]. The remains found at the base of the tank and other 
storage facilities are generally referred to as sludge. For crude oil storage 
vessels, this kind of sludge found at its base comprises hydrocarbons, 
asphaltenes, paraffin, water, and inorganic solids such as sand, iron sulfides 
and iron oxides. Hydrocarbon is the principal component of petroleum sludge, 
which is formed when crude oil’s properties are changed because of changes 
in external conditions. The formation of petroleum sludge is commonly caused 
by cooling below the cloud point, evaporation of light ends, mixing with 
incompatible materials, and the introduction of water to form emulsions [2]. 
According to the Resources Conservation and Recovery Act (RCRA) sludge 
is separated as a hazardous waste, alongside other hazardous wastes [3]. 
The elemental composition of petroleum sludge is Nitrogen, Phosphorous, 
Potassium, Iron, Copper, Calcium, Magnesium, Cadmium, Phosphate, 
Chromium, Zinc, Sodium, and Lead [4]. 

Crude oily sludge is a recurrent problem leading to corrosive effects and 
a reduction in oil storing capacity. The economic effect includes the cost 
of sludge removal and disposal, where the greater expense is the disposal 
fee of the environmentally unfriendly material. An assortment of methods 
for processing and disposing of petroleum sludge is used globally, including 
thermal, mechanical, biological, and chemical. Altogether, these are not 
economically sustainable. In summation to the cost of removing, transferring, 
and landfilling involved in cleaning up the petroleum sludge, the sludge also 
contains several toxic compounds. These contaminants include petroleum 
hydrocarbons, such as aliphatic hydrocarbons and polycyclic aromatic 
hydrocarbons (PAHs); over 33% of total petroleum hydrocarbons (TPH) with 
550 mg/kg of PAHs are present in petroleum oily sludge [5], polychlorinated 
biphenyls (PCBs), and heavy metals, including barium, lead, zinc, mercury, 
chromium, arsenic, and nickel [6-8]. Producers, refiners, and transporters of 
petroleum materials should take cognizance of the removal of tank sludge as 

Petroleum sludge compositions contain both organic components and heavy 
metals with a typical range of concentrations as reported by the American 
petroleum institute (API) [9]. According to more recent research works, high 
concentration of metals in petroleum sludge from refineries was reported 
as Zn (1,299 mg/kg), Fe (60,200 mg/kg), Cu (500 mg/kg), Cr (480 mg/
kg), Ni (480 mg/kg), and Pb (565 mg/kg) [10-13]. The improper disposal of 
petroleum sludge to the environment, create a major threat such as significant 
modifications in the chemical and physical properties of the surrounding 
soils, resulting in morphological change [14]. Deficiency in nutrient and 
stunted growth in the vegetation of receiving soils have been described [15]. 
The sludge’s high viscosity fixes it in soil pores and results in a continuous 
envelope of the airfoil of the land [16]. Reduction in hygroscopic moisture, 
hydraulic conductivity, and wetting power of soils have been described in 
the presence of petroleum sludge [16, 17]. Elements of high molecular 
weight have been observed to form hydrophobic crusts thus reducing the 
availability of water and water-air exchange into the soil [18]. Its long-term 
effect on farming land has been reported in western Canada [14]. Ineffective 
treatment and improper disposal of petroleum into the environment are of a 
major health concern, it contains petroleum hydrocarbons (PHCs) and PAHs 
that are genotoxic to humans and animals [14]. The PHCs can infiltrate the 
soil profile into the groundwater, causing a grave menace to the aquatic 
systems [16, 19]. The presence of PHCs in the soil decreases the diversity 
of soil microorganisms [17]. The petroleum sludge composition includes 
a heavy concentrate of PHCs and PAHs. Most of these components are 
recalcitrant because of their tight molecular bonds, heavy molecular weight, 
hydrophobicity and little solubility in water. Proper management of petroleum 
waste has received greater attention due to increased production and 

1. Introduction

2. Petroleum Sludge
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amount of ring compounds is most effective in dissolving asphaltenic components 
in petroleum sludge.

Hexane and xylene have also been proven to be an effective recovery, a 
solvent of hydrocarbons from petroleum sludge, recovering up to 67.5% of 
PHCs in sludge, mostly in the range of c9 to c25 [34].

Various solvents have been used by different researchers for oily sludge and 
as reported by El Naggar et al. [32] toluene solvent has proved to be the best 
and more effective for oily sludge treatment with the highest recovery rate. 
In summary, solvent extraction is a simple, efficient method of extraction that 
can be carried out in a short period. Nevertheless, when used in a large-
scale extraction, low efficiency and high variability were reported [35]. It will 
be necessary to develop some alternative methods to complement solvent 
extraction to improve its performance.

hazardous nature. Several approaches have been prepared to manage it 
with the aim of bringing down the hazardous contaminant concentration or 
rendering them motionless, and then as to relieve the environmental and health 
impact of the unfriendly material. These approaches include, but are not restricted 
to, the following: landfarming/landfilling, photocatalysis,  incineration, solidification/
stabilization, solvent extraction, ultrasonic treatment, pyrolysis, chemical handling, 
and biodegradation [19-24]. Regarding the nature of hazardous waste, environmental 
policies, and the cost of treatment, but a few of the approaches have been successful. 
Some of the methods employed in recycling hydrocarbons from petroleum 
sludge are solvent extraction, centrifugation treatment, surfactant enhanced oil 
recovery (EOR), frost and melt treatment, sludge pyrolysis, microwave radiation, 
electromagnetic method, ultrasonic radiation, and froth flotation. In most of the 
treatment methods, three phases of waste management technique are used 
[25], there are (1) reduction of petroleum sludge production through the use 
of technologies, (2) oil recovery from the oily sludge, and (3) disposal of the 
unrecoverable petroleum sludge [26, 27]. Stage one helps prevent and reduce 
petroleum sludge generation, while the other two phases focus on the effective 
treatment of crude oily sludge. In this segment we shall survey some of the 
available treatment techniques and oil recovery methods of petroleum sludge, 
their advantages and disadvantages will be spotlighted. Various methods 
utilized in the disposal of petroleum sludge involved Incineration, stabilization/
solidification, oxidation, and biodegradation will also be discussed [28]. 

Equally one of the 3 Rs of sustainability, recycling has proven to be one of the 
major alternatives to manage petroleum sludge. Recycle is the reprocessing 
and reformulation of oily sludge with a high concentration of oil (> 50%) and 
a relatively low concentration of solids (< 30%) by the petroleum industry for 
energy recovery. Recycling will positively reduce the volume of hazardous 
petroleum sludge from storage tanks, and therefore preventing environmental 
pollution and reducing the economic consumption of non-renewable energy 
resources. In the USA, eighty percent (80%) of PHCs sludge generated at 
the refinery are recycled, while the other 20% was effectively done through 
approved disposal method [29].

This is the procedure by which solvent is used at desired proportions to 
remove non-volatile and semi-volatile organic compounds from ground or 
water matrices, the oil is separated from the solvent through a distillation 
process of the mixture [30]. 

Gazinou et al. [31] investigated the use of turpentine as a solvent for the 
extraction of petroleum from petroleum sludge, they establish that the 
recovered oil amounts to about 13-53% of the initial sludge quantity. Zubaidy 
and Abouelnasr [22] investigated the impact of methyl ethyl ketone (MEK) 
and liquefied petroleum gas condensate (LPGC) as an extraction solvent. The 
outcome indicates that the high oil recovery rate of 39% can be obtained 
using MEK while 32% can be achieved using LPGC at a Solvent-to-Sludge 
ratio of 4:1. Recovered oil by MEK exhibits improved ash, carbon residue and 
asphaltene levels, though higher levels of sulfur and carbon residue thus 
require purification before use. 

El Naggar et al. [32] compare different solvents by measuring their extraction 
effects on dry/semi-dry petroleum sludge. Among the solvents tested were 
naphtha cut, n-heptane, kerosene cut, methylene dichloride, ethylene 
dichloride, toluene, and diethyl. The results show toluene as the solvent with 
the highest recovery rate of about seventy-five percent (75.94%). More also 
Meyer et al. [33] established that petroleum solvent containing a considerable

In this method, a pre-treated petroleum sludge is drawn through high-speed 
rotating equipment with strong centrifugal forces to break up its elements 
according to their different densities in a short duration. Pre-treatment of the 
oily sludge is done to reduce its viscosity and thus enhance centrifugation 
performance and save energy. Some of the pre-treatment methods include 
the addition of agents such as organic solvents, demulsifying agents and 
tension active chemicals, the injection of steam, and direct heating [22, 36-
38]. Cambiella et al. [37] found that the water-oil separation efficiency of 
centrifugation can be improved up to 92-96% with the gain of a modest 
quantity of a coagulant salt.

The centrifugation treatment process involves mixing the pre-treatment 
agents with the oily sludge and the mixture is treated in a pre-treatment 
tank to reduce the viscosity. During the centrifugation process, the water 
is separated from the oil (though still containing water and solids), the 
separated water will be further treated for PHCs removal, while the oil 
will also be separated from the solids and water to recover the oil using a 
gravimetric separator. All the separated water and solids are further treated 
in accordance with the environmental standards.

Centrifugation is an advanced clean and efficient method for petroleum 
sludge treatment. It does not require high energy consumption. However, it 
requires large space for the installation of the plant, it is very costly and poses 
environmental concern (noise and pollution) [26, 39].

2.1  Oil Recovery from Petroleum Sludge

Solvent Extraction

Centrifugation treatment

Petroleum sludge treatment: A review25

In conclusion, as the dependency on petroleum products is increasing, which 
in turn unavoidably leads to an increase in the generation of petroleum sludge, 
it will be indispensable to develop an economically useful alternative to the 
conventional disposal of petroleum sludge without violating the environment 
and health safety. Through the development of innovative disposal approaches 
and a new application of petroleum sludge, its disposal problem can be 
overcome. 

3. Conclusions
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Abstract: Business as usual within construction is productivity that falls substantially below other sectors, and a growing mental health crisis.  Lean approaches 
appear to have stopped delivering improvements.  In fact, a highly controlled and pressurized environment of low value work, and limited opportunities, lead to 
reduction in human capital at the front line. Construction requires the opposite. A sociotechnical approach may offer the solution. 

Keywords: Sociotechnical, Lean Construction, Productivity

people to work. A sociotechnical approach creates skilled, agile, self-
synchronizing organisations who can work positively to solve problems and 
resolve risks at source.

The phrase ‘sociotechnical’ refers to the interaction of ‘social’ and ‘technical’ 
systems within projects.  Social systems are the ‘soft’ elements of projects; 
the people, team-working, social processes and culture.  Technical systems 
refer to the ‘hard’ elements of projects; the equipment, the built surroundings, 
the rules, procedures, and wider organisational structures people work within.
When socio and technical systems are put to work two types of interaction 
occur.  Linear interactions are those that tend to be ‘designed’ and describe 
how work is expected to occur (e.g. Method Statements, Risk Assessments, 
Permits To Work, etc.).  Non-linear interactions tend to be those that are 
‘un-designed’ and often describe how work actually occurs (e.g. the best 
practices accumulated from diverse experience and skill).

For projects to be a success, linear and non-linear interactions are needed at 
different times and in different situations.  There are situations which require a 
highly controlled, rigid, linear, or Lean approach, and situations which require 
a more open, adaptive, even artisan approach.  A rigid adherence to a rule 
or procedure may be absolutely required in one setting, but the difference 
between a harmless incident and a major catastrophe could equally require 
a more flexible, adaptable approach for which no procedure may exist.  The 
key is to ensure the right type of interaction occurs at the right time in the 
right situation.

The sociotechnical approach goes further.  It does not focus solely on front-
line personnel.  It is a systems approach.  The right types of interaction need 
to occur at the right time and situation across an entire organisation or 
project, from the supply chain to project management, design staff to front-
line construction workers.  The sociotechnical approach is a ‘whole workforce 
approach’.

In 2019 there were 79,000 cases of work-related ill health in the UK 
construction sector, 54,000 non-fatal injuries, and 30 worker deaths [1].  
The current fatal injury rate is three times the rate for all other industries 
combined.  It gets worse. 

Productivity in construction lags significantly behind other sectors.  
Manufacturing is approximately twice as productive in terms of revenue per 
worker.  The widespread adoption of methods inspired by the manufacturing 
sector, such as Lean Production, has not closed the productivity gap.  Since 
2005 the gap has widened.  98% of large-scale projects face cost overruns 
or delays [2].  There is still “dissatisfaction with construction among both 
private and public sector clients.  Projects are widely seen as unpredictable 
in terms of delivery on time, within budget and to the standards of quality 
expected” [3].  These issues are mirrored by “the City’s view of the industry 
as a poor investment”.The industry is, therefore, under significant pressure 
to raise productivity.  Unfortunately, a business culture which focusses on the 
bottom-line, uses Lean Production methods, and demands compliance with 
ever more stringent safety standards, is also a high-pressure environment.  
It is no coincidence that mental health problems in the construction sector 
are rising [4].  The suicide rate in construction is more than three times the 
national average and six times more than the rate for falling from height [5]. 

Even when these pressures can be managed in an enlightened way by a 
lead organisation, issues of health and wellbeing can be difficult to address 
at the level of sub-contractors and other lower tiers of the supply chain.  
The same productivity drivers which demand a focus on lowest cost also 
create recruitment and retention problems.  Low paid work, and limited 
opportunities for training and development, lead to reductions in the quality of 
human capital at the front line. The 2011 Crossrail Strategic Review identified 
key issues which help to explain why.  There are “tensions” in relations with 
partners, the need to “empower” certain teams to avoid them performing low 
value tasks, and “trusting and empowering” contractors and other primary 
deliverers.  How do we actually do this?

Sociotechnical systems theory is a set of evidence-based methods for putting

Sociotechnical systems theory is not merely theoretical.  It is practically 
focussed.  It makes available a wide range of actionable methods to help 
achieve joint optimisation in projects.  Behind these methods lie three core 
principles. They describe how people can be put to work in projects in such a 

1. Introduction

2. The Sociotechnical Approach

3. Core Sociotechnical Principles
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to large amounts of poor-quality work.  All in all, what were designed to be 
highly rational operations often end up growing quite irrational” [6].

The problems construction currently faces with productivity and wellbeing challenge 
us to confront an alternate reality.  In extreme cases, high levels of control (e.g. 
Lean approaches) can create inefficiency (instead of efficiency), unpredictability 
(instead of predictability), incalculability (instead of calculability) and – perversely 
- a loss of control.  A sociotechnical approach is a way to find the right balance.

way their inherent adaptability can be maximised and used to service safety, 
constructability and productivity goals.  Instead of humans in projects being a 
problem to be managed and controlled, they become the solution:
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Responsible autonomy is about carefully devolving aspects of internal 
supervision and leadership to teams.  The team becomes the primary unit 
of analysis, and the devolution of internal supervision and leadership helps 
to create High-Performance Teams (and High-Performance Organizations).

A large variety of potentially unfavourable and changing conditions will be 
encountered in a large construction project, many of which will be very 
difficult to predict, or if predictable, impossible to change.  The component 
within construction projects best able to cope with this complexity is the ‘mk1 
human’ (the socio) rather than the ‘technical’.  There is a need to harness this 
capability in order to deliver high levels of constructability and productivity.

Sociotechnical systems theory is quite different in tone and language 
to current lean approaches.  It is important to emphasise again that 
sociotechnical systems theory is not a mere academic construct.  It has been 
applied widely in other sectors with remarkable success.  At various times, 
and in various industries, it has been more popular than Lean.

The most famous large-scale case study is Volvo.  This company invested 
heavily in the sociotechnical approach.  They designed two new car plants 
with a value in excess of $500million, explicitly around the principles of 
responsible autonomy, adaptability and meaningfulness of tasks.  It led to a 
step-change in productivity and wellbeing.

The defining feature of Volvo’s Kalmar and Uddevala car plants was a break 
from the traditional production line.  It was replaced with batch-work serviced 
by self-organising autonomous groups in their own work areas.  The factory 
itself was designed around this method of work.  Multiple hexagonal cells 
made the factory resemble a honeycomb.  Within these cells each group 
would build a complete car, rather than have the task split into small, unskilled 
components on a production line.  Batch-work is how some construction 
tasks are already organised.

The new sociotechnical approach at Volvo shifted the primary task of 
managers away from processes of internal regulation or ‘micromanagement’ 
to an outward focus.  A ‘group ombudsman’ related individual teams to 
other groups and the production managers.  Managers then undertook a 
coordinating function, ‘designing behaviours’ for the teams rather than 
arduously ‘scripting tasks’.  Teams could influence strategic production 
issues, be involved in tactical decision-making, and solve problems at source.
Prior to the introduction of the sociotechnical method the auto industry was 
plagued by absenteeism.  Quality and efficiency had declined.  Companies 
had trouble recruiting young people.  These challenges are very familiar to 
the construction sector.  ‘’It was clear we had to offer workers something 
besides pay”, said Volvo’s chairman.  “I want the people in a team to be able 
to go home at night and really say, ‘I built that car’’’. [7]

“Being engaged in all aspects of work makes the production comprehensible 
and the employees become, as part of their job, involved in the customer’s 
demands and in striving after constant improvement.  Work intensity is 
high.  Whereas the former organisation had been maintained in a steady 
state only by the constant and arduous efforts of management, the new one 
proved to be inherently stable and self-correcting” [8]. The introduction of 
the sociotechnical approach resulted in a step-change in manufacturing 
performance. The number of labour hours needed to build a car at the plant, 
and the number of defects, dropped by more than 40 percent.  Worker 
surveys showed that 90 percent preferred the less-structured pre-assembly 
work to the more regimented assembly tasks on the [production line], even 
when the pace of pre-assembly operations is faster.  During this time Volvo 
was one of the most profitable car manufacturers in the world. Sociotechnical 
interventions applied in practice by companies are numerous and varied.  

Large construction projects require many thousands of people to perform 
many thousands of highly complex skilled tasks, often with relatively simple 
equipment.  Job simplification has long been associated with lower moral 
and diminished job satisfaction.  The advantage the construction sector has 
is the opportunity to create small, diverse, inclusive, face-to-face groups who 
experience the full cycle of construction tasks – from start to finish – giving 
their work significance and closure.  Left to its own devices this is quite often 
how construction work self-organises.

Lean approaches seek to push construction projects along the continuum 
towards an increasing number of linear, predictable, controllable and 
specifiable interactions.  The idea of ‘control’ has a common-sense appeal 
and is based on a set of fundamental beliefs.  The academic literature refers 
to these beliefs as ‘Formal Rationality’.  The beliefs are based on the notion 
that:

Despite the promise of efficiency and effectiveness, the evidence in support 
of a formally rational approach cautions that: 

“Instead of remaining efficient, [large projects] can degenerate into 
inefficiency as a result of ‘red tape’ and the other pathologies we usually 
associate with them.  [Large projects] often become unpredictable as [role 
incumbents] grow unclear about what they are supposed to do and clients do 
not get the services they expect.  The emphasis on quantification often leads 

3.1  Principle 1: Responsible Autonomy

3.2  Principle 2: Adaptability

5. Sociotechnical Approaches in Action

3.3  Principle 3: Meaningfulness of Tasks

4. The Irony of Lean Construction

1.

2.

3.

4.

A rational organisation is the most efficient structure for handling 
a large project

A rational project will deliver predictable outcomes at predictable 
times for predictable costs

A rational project will quantify all aspects of its functioning in 
order to accurately specify value, eliminate waste, and monitor 
performance

A rational project uses rules, regulations and structures to control 
the work programme and ensure project success.
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The effects are usually transformative.  Sociotechnical approaches commonly result 
in “a significant and sustained improvement in mean percentage efficiency and 
a decrease in mean percentage damage…the improvements were consistently 
maintained throughout a long period of follow up” [9].  Meta analyses show that 
out of 200 companies who instituted various sociotechnical methods of working, 
94% reported improvements in workforce engagement and satisfaction, and 87% 
reported improvements in productivity and efficiency [10].

The sociotechnical approach has its origins in the 1940s.  Some of the largest 
practical applications occurred 30 years later in the 1970’s.  Throughout 
the 1980’s and 90’s the pressures of globalisation and the availability of 
inexpensive foreign labour tended to favour Lean Production techniques.  
These had been shown to deliver quality and productivity improvements in 
Japan where such approaches were pioneered.  These approaches eventually 
became dominant. 

The sociotechnical science-base continued to build into the 2000’s and beyond.  
This is because the limitations of Lean Production were becoming increasingly 
exposed. Many organisations started to look again at the sociotechnical approach. 
It offered a way to harness human and technical resources so that complex 21st 
century challenges could be confronted. While lean approaches can successfully 
drive out costs and efficiencies from relatively stable and predictable operations 
such as mass production, other types of endeavour – such as construction –are 
much less predictable and stable.  A lean approach has more limited effectiveness 
in these cases.  Historically the sociotechnical approach has been applied within 
the manufacturing sector. A present-day application to the construction industry 
would enable the sector to take a bold step beyond Lean.

6. Conclusion
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Abstract: Construction industries are among the most complex and hazardous industries. With the highest rates of accidents, thousands of workers are 
killed and injured every year. Fatalities also lead to immense financial loss, interruption of the project progress and affect the morals of the workers. Artificial 
Intelligence (AI) techniques have been used in the construction sector to identify, observe and support safe work behavior and increase awareness of unsafe 
conditions. In this paper, we focus on two AI techniques that can support health and safety for construction: computer vision and chatbot applications. Computer 
vision allows continuous and real-time monitoring of the construction scene through captured images and videos. This can automate the identification of unsafe 
acts or conditions and can provide a timely response to mitigate risky situations. We summarize current approaches for using computer vision in various health 
and safety scenarios in construction. Besides, we outline some of the technical and practical challenges preventing the successful deployment of computer 
vision technologies in the construction practice. We also present a pilot study on using chatbots or conversational agents as a means of training and knowledge 
management to enhance awareness and safety procedures. We conclude by shedding light on the general ethical implications of using AI technologies in the 
workspace. 
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this model for practical use. Finally, we conclude this paper by shedding light 
on some implications of using AI technologies in the work environment.

Health and safety are of major concern for the construction industry, as fatalities 
can be as high as 20% as opposed to other industries [1]. Construction 
businesses will maintain rigorous safety programs to mitigate risks, protect 
workers and save costs incurred from both fatal and non-fatal injuries. 

Real-time and continuous monitoring of construction site activities can 
help to reduce accidents and fatalities. Artificial Intelligence (AI) techniques 
provide a vast collection of models that can help identify risks and hazards 
and support safety procedures.

AI refers to the study of computational models that attempt to mimic 
human thinking and perception. Computer vision and natural language 
processing (NLP) are subfields of AI. Computer vision is about analyzing 
and understanding visual information by combining image processing and 
machine learning techniques. NLP is the ability of computers to understand 
human language. With the recent advancements in computational models, 
language ambiguities and complex structures can be learned from text 
examples and used to develop intelligent systems that can interact with the 
users in a human-like manner.

In this paper, we focus on presenting how AI technologies like computer 
vision and NLP can be used to support health and safety practices for the 
construction industry.

This paper is organized as follows: section 2 classifies various research on health 
and safety using computer vision and briefly discusses practical limitations. 
Section 3 presents a pilot study of a chatbot application to enhnace safety 
awareness in the construction and provides recommendations for improving

1. Introduction

Computer vision techniques have been used for extracting safety-related 
information from monitoring construction sites. 

The study in [2] reviews research work on computer vision for health and 
safety in construction and classifies the techniques according to the type of 
information extracted from the images or videos. Computer vision techniques 
can be classified into object detection techniques, object tracking techniques 
or action recognition techniques. Object detection techniques can work on 
static images from the construction site to identify unsafe conditions like 
failure to wear protective gear or the existence of damaged structures (Scene 
based on risk identification). 

Object tracking can be used to analyze risks associated with movement by 
analyzing the location of workers against project equipment, hence issuing 
warnings for possible threats like collisions or operation at improper speed 
(Location-based risk identification). On the other hand, action recognition is 
used to identify unsafe behavior that could lead to accidents like dangerous 
lifting, leaning or climbing [3]. 

Figure 1 shows a typical computer vision system for health and safety 
monitoring. The different image capturing devices are used to collect scene 
data. Data from the captured images or videos are analyzed and relevant 
information about health and safety is extracted. As seen, object detection is 
an important step for both objects tracking and action recognition.

2. Computer Vision for Health and Safety
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Fig. 1. Computer vision-based system for health and safety [2]

Fig. 2. Computer vision-based system for health and safety [2]

Despite the advancements in computer vision, the adoption of the technologies 
by the construction sector, either for productivity analysis [4] or for health 
and safety monitoring, is in its early steps. Some of the main technical 
and practical issues that prevent computer vision systems to be applied in 
practice are lack of quantitative measures to describe unsafe conditions 
and acts, identifying multiple actions and comprehensive understanding of 
potential risks in the construction scene [2]. Besides due to the dynamic and 
complex characteristics of the construction working environment, technical 
challenges arise related to the selection of camera positions to capture the 
data from the correct views and the adaptation to outdoor conditions [5]. 
In addition, continuous monitoring of construction sites causes concerns 
related to privacy and ethics. 

The field of computer vision has experienced enormous advancements lately 
and can provide a wealth of solutions for health and safety problems in the 
construction sector. It is an opportunity for researchers and practitioners to 
address current challenges and limitations and advance the field of science 
in future studies. This will also lead to the wider adoption of this technology in 
real practice and provide wider benefits for enhancing and supporting health 
and safety procedure in the construction.

Chatbots can be categorized as open domain or closed domain. Open-
domain chatbots are trained to answer general queries, while closed domain 
(task-oriented) chatbots are designed with a specific application area in 
mind, like telecommunication, construction, customer service [7]. Because 
of the confined knowledge base used in the domain-specific chatbots, they 
were reported to work better in practical applications.

Domain-specific chatbot applications targeting health and safety in the 
construction sector are still in their infancy. The following section presents 
some preliminary studies.

32 Computer Vision and Chatbot Applications for Health and Safety in Construction

Chatbots are AI-enabled programs that allow users to engage in a conversation 
with a computer, either through text or voice. Through a chatbot application, 
a user can get information by asking questions. Typically, chatbots have been 
used in customer service applications and task automation to simulate how 
humans would respond in a conversation. The recent rise in the application 
of chatbots in various industries is believed to be possible due to advances in 
machine learning and natural language technologies.

A typical chatbot architecture is depicted in figure 2. The user interface 
component receives user input (text or voice) and returns back a suitable 
output (for example answer to a question). The dialog system is the heart 
of the natural language processing (NLP) engine, which is responsible for 
computationally parsing, analyzing and understanding the ambiguities and 
the context of the human language. Based on this analysis the dialog system 
produces an adequate response that can be presented to the user.  The 
dialog system is where novel machine learning techniques can be plugged 
in, to generate intelligent feedback [6].

In a study [8], a chatbot application is proposed to train the construction 
workforce on how to respond and act in the case of an emergency. In 
particular, the chatbot is built using a set of coupled questions and answers 
extracted from an emergency management manual. The document identifies 
various hazards and the required action plan to respond to each type of 
emergency. It lists the required response to internal and external risks like 
fire, accidents, oil spills, bomb threats or natural disasters (i.e., earthquakes, 
floods or severe storms).  The developed application provides field employees 
with a training knowledge base for safely procedures that they can use on 
their smart devices to practice and implement the recommended response.

The proposed chatbot uses deep learning models to learn question-answer 
associations [9]. Deep learning models have recently transformed the area 
of natural language processing and solved complex problems through 
automatically computing rich features from data, eliminating the need for 
handcrafted language-engineered features. 

In [8], the author compares different Seq2Seq models in combination with 
word-embedding techniques. Seq2Seq models are deep learning models that 
perceive the text as a sequence of words and can hence capture more of the 
language semantics and context. Recurrent Neural Networks (RNN), LSTMs, 
GRU and Bi-directional Seq2Seq models are among the popular sequence 
models that have been used in rich NLP applications like machine translations, 
question answering systems and language generation [9]. 

3. 

3.1. 

NLP Applications: Case 
Study on Chatbots

Chatbot for Emergency 
Response Training



Research Bulletin 
 No.2 December 2020

Despite the advancements in computer vision, the adoption of the technologies 
by the construction sector, either for productivity analysis [4] or for health 
and safety monitoring, is in its early steps. Some of the main technical 
and practical issues that prevent computer vision systems to be applied in 
practice are lack of quantitative measures to describe unsafe conditions 
and acts, identifying multiple actions and comprehensive understanding of 
potential risks in the construction scene [2]. Besides due to the dynamic and 
complex characteristics of the construction working environment, technical 
challenges arise related to the selection of camera positions to capture the 
data from the correct views and the adaptation to outdoor conditions [5]. 
In addition, continuous monitoring of construction sites causes concerns 
related to privacy and ethics. 

The field of computer vision has experienced enormous advancements lately 
and can provide a wealth of solutions for health and safety problems in the 
construction sector. It is an opportunity for researchers and practitioners to 
address current challenges and limitations and advance the field of science 
in future studies. This will also lead to the wider adoption of this technology in 
real practice and provide wider benefits for enhancing and supporting health 
and safety procedure in the construction.

On the other hand, word-embeddings are encoding methods that represent 
words using a dense numerical vector representation. In contrast to 
the sparse “hot-one-encoding”, word embeddings represent words in a 
much lower dimensional space and preserve semantic relations of the 
represented words; so that similar words have similar representations. Using 
reduced word representations as input to deep learning models is another 
breakthrough that gave rise to wider applicability. The most used word-
embedding techniques are Word2Vec by Google [10], GloVe by Stanford [11] 
and FastText by Facebook [12].

In the proposed domain-specific chatbot application for emergency response 
[8], promising results were obtained using Bidirectional LSTMs with GloVe 
word embeddings. The data used for training was based on a limited set 
of 94 question/answer pairs. With a larger dataset, more involvement from 
the construction section to evaluate the results and the experimentation 
with domain-specific word-embedding techniques, this study can be further 
enhanced. 

 The authors in [13] release one of the largest publicly available construction-
specific text sources (corpora) and show how it can be used to learn word-
embeddings that represent construction concepts. Figure 3 projects some 
of the learned word-embedding representations and shows how similar 
words (e.g., worker, employee, and crew, or sand and dirt) are close in the 
embedding space. Besides, words that usually appear in similar contexts are 
also close together (e.g., bolt, beam, and steel).

Word embedding can also represent interesting mapping in the form of “X” is 
to “Y” as “Z” is to “Q”. Figure 4 depicts an almost similar mapping from body 
parts and their respective personal protective equipment PPE.

Word-embeddings provide powerful domain encodings to represent words 
for machine learning models and therefore are a cornerstone for successful 
NLP applications in construction. In a different NLP application context, 
another study learns word-embeddings from a construction domain corpus 
using the Word2Vec skip-gram model [14]. The learned word embeddings 
are used as an input to a hybrid structured deep neural network for accident 
report classification.

A further pilot study presents a chatbot application to answer Chinese and 
Hong Kong English question addressed by construction workers to inquire 
about construction safety information [15]. The authors recommend that 
for such an application to be useful in a practical context, interviews with 
construction safety officers and other stakeholders needs to be conducted. 
This is particularly helpful to understand the requirements of such an 
application and to validate the benefit of enhancing awareness and safety 
practices among workers.
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AI can benefit the construction industry by enhancing safety, supporting employers’ 
training, reducing errors and automating jobs. 

In general, applications of AI technologies in the work environment can come 
with some ethical and privacy concerns [16]. For example, constant worker 
monitoring raises questions about whether the collected information breaches 
individual privacy and personal space. Some studies report that automated 
surveillance of the workspace can have negative effects on the workforce 
like stress, anxiety, reduced commitment and motivation and a general sense 
of detachment and lost trust towards management and supervisors [2].  
Applications of chatbots come with fears to deskill current expertise and 
concerns about job loss and replacement.

The study in [16] looks at the general benefits and risks of applying AI-
enhanced technologies in the workplace and its implications on occupational 
safety and health (OSH). In particular, it looks at OSH risks on workers and 
employees from integrating AI technologies like people’s analytics, wearable 
devices, co-bots and chatbots . To mitigate the negative effects of the 

4. AI Technologies Privacy and Ethics

Fig. 4. Shows constant linear transformation between body parts and 
respective PPE [13].

Fig. 3. Visualizing word embedding for the construction domain [13].
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application of technology in the workplace, individuals need to be trained and 
well informed about the rationale of the used technology. Prior consent is 
required for any user collected data. Besides, policies need to be put in place 
to protect sensitive personal information. 

The future will continue to pose many ethical questions related to integrating 
AI in the work environment. Standardizations, government regulations and 
the ‘human in command’ approach should be strictly observed to ensure safe 
and fair integration of AI into the workspaces.

I would like to thank Mr. Maged El Hawary and the company ASCG for 
providing us with the emergency management manual that was used to 
develop our machine learning models. I would also like to thank Dr Karima 
Hamani for introducing us to this application domain and Dr Mustafa Batikha 
for his continuous encouragement throughout writing this article.
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News July 2020 – December 2020

Summary: 

Summary: 

Summary: 

Full Article:

Full Article:

Heriot-Watt University announced that His Excellency Dr Abdullah bin Mohammed Belhaif Al Nuaimi, 
UAE Minister of Climate Change and Environment, will take on the position as Chair of the Board for the 
University’s visionary research hub, the Centre of Excellence in Smart Construction (CESC).
The appointment cements the strong links already in place between Heriot-Watt University Dubai 
and the UAE government, and shows continued commitment to encouraging academia, industry and 
government to collaborate in order to drive forward initiatives for a smarter, safer and more sustainable 
construction industry in the country. His Excellency Dr Al Nuaimi said, “I am proud to accept my 
appointment as Chair of the Board at CESC. The mission of the Centre aligns with the global pledge 
to build back better in the post-COVID-19 world, and its pioneering research helps address the most 
pressing challenges in the construction sector. I look forward to contributing my combined experience 
in the infrastructure development and environmental sectors to CESC’s efforts to implement the 
sustainable development plans of our wise leadership.”

The Centre of Excellence in Smart Construction (CESC) has appointed Dr Anas Bataw as a new director. 
Heriot-Watt University announced the appointment of Dr Anas Bataw as Director of its visionary centre, 
the Centre of Excellence in Smart Construction (CESC). Dr Bataw will be responsible for positioning CESC 
and HWU as pioneer in global research and enterprise and partner with sector-leading organisations 
to address opportunities and challenges faced in the construction sector by establishing and leading 
vibrant and collaborative initiatives with a strong emphasis on smart construction to drive innovations 
in the sector.
Speaking on his appointment, Dr Anas Bataw commented “The work that CESC have undertaken and 
have planned moving forward is even more crucial to assist and enable the construction industry 
to adapt to a post – pandemic world. Our collaboration with government and industry partners will 
continue to assist and aid not only the digital transformation of the industry but also meeting improved 
sustainability targets and wellbeing in the workplace.”

The Centre of Excellence in Smart Construction (CESC) launched a dedicated 
site designed to engage and inform users of all CESC activities and initiatives.
https://www.hw.ac.uk/dubai/research/smart-construction.htm 

you can now also keep up to date with all the CESC news via Twitter - 
@cescDubai and LinkedIn https://www.linkedin.com/company/centre-
of-excellence-in-smart-construction-cesc/

• 21st September 2020

• 28th September 2020

• 1st October 2020

https://www.hw.ac.uk/news/articles/2020/HWUD-UAE-minister-CESC-chair.htm

https://www.hw.ac.uk/news/articles/2020/newdirectordubai.htm

UAE Minister announced as CESC Chair of the Board

New Director appointed for CESC

CESC launches website and social media channels
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Summary: 

Details about Non-executive board members: 

CESC was honored to welcome His Excellency Abdullah bin Mohammed Belhaif Al Nuaimi, Cabinet Member, UAE Minister of Climate Change and 
Environment at the first non – executive board meeting held in Dubai. His Excellency was joined by the other esteemed members of the CESC 
non- executive board.
The meeting saw presentations, discussions and ideas being put forward – for a smarter and safer construction industry.
Front (L-R) Dr. Roger Griffiths, Dr.Anas Bataw, HE Dr Abdullah bin Mohammed Belhaif Al Nuaimi, Professor Ammar Kaka, Mohammad Mahmoud 
Mashroom, Dr Ghanim Kashwani
Back (L-R) Dr. Olisanwendu Ogwuda, Dr. Sabith G. Khisaf, Jim Parker, John Hammond, Maged El Hawary, Charlotte Turner, Gwyn Taylor.

• 8th October 2020

https://www.hw.ac.uk/dubai/research/cesc/non-executive-board.htm

CESC Non-Executive Board Meeting 
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Published articles July 2020 – December 2020

Author:

Author:

Publisher:

Publisher:

Summary:

Summary:

Full Article:

To Subscribe:

Dr Anas Bataw, Director of Centre of Excellence in Smart Construction

Tadhg O’Donovan - Head of the School of Engineering and Physical Sciences, Heriot -Watt University  

CPI Media

MEED

An expert opinion piece published in the October issue of tier one print 
and digital titles, The Big Project and www.meconstructionnews.com 
heard Dr Anas Bataw’s thoughts on the future of Digital Twins in the 
Built Environment.

An in-depth report detailing the technology trends which are shaping the construction industry.

• 1st August 2020

• November 2020

• 6th October 2020

Summary: 

Bulletin Link:

CESC was delighted to publish the first of its bi -annual bulletin in August 2020.  The aim of the bulletin 
is to engage both academia and industry to highlight the latest developments and trends which can 
cause a significant future impact in the construction sector toward the three themes of CESC. Designed 
to appeal to a wide audience the CESC bulletin aims to keep readers up to date on scientific advances in 
the construction area and highlights the activities and events of the important work CESC is undertaking

https://www.hw.ac.uk/dubai/doc/CESCBulletinAugust2020.pdf

https://meconstructionnews.com/43691/digital-twins-a-high-
benchmark

https://www.meed.com/

First CESC bulletin published

MEED – The Future of Project Delivery

The Big Project – Digital Twins: A high benchmark
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Author:
Publisher:

Summary:

Full article: 

Dr Anas Bataw, Director of Centre of Excellence in Smart Construction

MEED

An expert opinion piece published by leading Middle East publisher, 
MEED which focuses on the importance of academic and corporate 
research, which can lead to the development of innovations to boost 
the UAE economy.

• 25th November 2020

http://www.meed.com/uae-big-research-opportunity

MEED - The Region’s big research opportunity
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Events July 2020 – December 2020

Moderator: 

Moderator: 

For more details:

Event Recording link: 

Dr. Anas Bataw, Director, PwC 

Gaye Ibrahima, Corporate Director of maintenance / Facility management, 
Abu Dhabi National Hotels 

• 13st July 2020

• 27th July 2020

https://www.eventbrite.com/e/cesc-from-bim-to-digital-
twins-tickets-112609756814# 

https://youtu.be/FPmslhvZo3U 

CESC Webinar- From BIM to Digital Twins

CESC Webinar - How can Smart Buildings Technologies Help Post-Lockdown

Presenter:

Presenter:

Summary:

Summary:

Panel members:

Panel members:

Charbel Moussallem, EngD candidate, Heriot Watt University.

David Carey, PhD candidate, Heriot Watt University.

This is about the concept of digital twin, its applications and success 
factors in the construction industry and how it relates to BIM and BIM 
processes.

The ‘Smart Buildings’ webinar was hosted by a panel of academic and 
industry experts who discussed how embedded technologies could provide 
improved operational efficiency, maximum comfort and a reduction in its 
environmental footprint for our smart cities of the future. The panel also 
explored which technologies will deliver growth for the sector post pandemic 
in the ‘new normal’.

Alexander Kolpakov, Associate Director, Digital Project Delivery, 
Middle East AECOM 
Paul Mullet, Group Eng and Technology Director, 
Robert Bird Group 
Arsen Safaryan, Head of BIM & Digital Construction, ALEC 

Subramanian Mookkaiah, Senior Manager – operations & facility, 
Dubai Silicon Oasis Authority 
Andrea Deutschbein, Director FM - Soft Services, 
EMAAR FACILITIES MANAGEMENT LLC
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Speakers: 

For more details: 

Hrvoje Cindric, Lead Associate - Middle East Urban Design, Arup   
Rasheed Mikati, Director, Arabian Construction Company (ACC)    
Kenneth Linn, Capital Project Services Leader, PwC Middle East
Prof. John Ludden, Bicentennial Research Professor, Heriot-Watt    
Mohammad al Shouli, Executive Vice President, 
Global Head of Contracting Finance, Mashreq Bank

• 17th September 2020

https://youtu.be/FPmslhvZo3U 

https://www.meed.com/webinar-construction-megatrends-
in-the-uae 

Summary: The Construction industry in the Middle East is going through an enormous 
period of transformation. Much of this transformation is taking place as 
a result of local market conditions such as the slowdown in the Dubai 
real estate market or the disruption from the COVID-19 pandemic. But 
other factors are long-term structural changes in the industry such as 
the agenda to reduce carbon dioxide emissions to limit climate change 
and the growth in the regional population.

CESC were delighted to take part in the MEED Mashreq Construction 
Club Connect Series examined these underlying structural trends that 
are set to define the future shape of the construction industry in the 
UAE and in the region and what it means for companies and societies 
in the region.
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• 29th September 2020

CESC Webinar - The Pandemic’s Potential Impacts on Payments, 
Insolvency and Dispute Resolution post pandemic

Moderator: 

Event Recording link: 

Dr. Hagir Hakim, Associate Professor, Heriot Watt University 

https://youtu.be/kI19D6_4z-A 

Summary:

Panel members:

The Organisation for Economic Co-operation and Development has 
described COVID – 19 as “the biggest danger since the financial crisis” 
to the global economy. With far reaching and immediate consequences 
the construction industry will undoubtedly face challenges as economic 
output slows.
Careful analysis of contractual risk allocation and entitlement, dealing 
with possibly insolvency issues and the sensitivity needed while 
handling disputes will all be subjects discussed by our panel of leading 
academics and industry experts during this webinar.

Rob Jackson, Managing Director, RICS
Euan LLoyd, Senior Counsel, Al Tamimi & Company 
Yasmine Nashawati, Head of DRS EMEA, RICS

MEED webinar - Construction Megatrends – The Future of The UAE Construction Market
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Knowledge without Borders lecture - Sustainability 
and Climate Change Action Beyond Covid-19

Event link: https://www.linkedin.com/posts/activity-6728582978345164801-3SiR

Summary:

Summary:

Presentation Title:

Celebrating the work undertaken by the engineering Sector in Bahrain. 

A History of Sustainable development awareness and actions. Status of Sustainable 
Development pre and post COVID-19. Sustainable recovery plans.

Sustainability and Climate change Action Beyond Covid-19

Speakers: 

Speakers: 

Maged El Hawary, Managing Director, Analytica Management Solutions, 
Dubai.

Dr Karima Hamani, Assistant Professor, Heriot Watt University
Dr Yasemin Neilson, Eng. Doc Program Director/Associate Professor, 
Heriot Watt University

• 13th October 2020

• 14th October 2020

• 11th November 2020
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Bahrain Engineers Day

CESC Webinar - HVAC Systems: A Control Tool or An Accelerator 
for The Spread of The Coronavirus? 

Moderator: 

Event Recording link: 

Dr Hassam Chaudry, Assistant Professor, Heriot Watt University 

https://youtu.be/_BeGGw0yTzo 

Presenter:

Summary:

Panel members:

Dr Fan Wang, Assistant Professor, Heriot Watt University 

During COVID-19, the relationship between our indoor environment and 
our health has taken on a new level of importance.

It is agreed that Heating, Ventilation and Air-Conditioning (HVAC) systems 
play a key role in improving indoor air quality and enhancing occupants’ 
comfort, but could they become an accelerator of coronavirus transmission? 
Are there settings and features that can be controlled or improved to 
prevent the spread of the virus? What should property owners and facility 
managers do to keep indoor air safe for occupants and visitors?

Hassan Younes, Director & C-Founder, Griffin-Consultants 
Dr John Calautit, Assistant Professor, University of Nottingham 
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For more details: https://www.cm-today.com/page/smart_built_environment_
forum/?ref=sbef-Inf#

Topic:

Summary:

Property Management

A virtual event that was aimed to connect visitors to the latest information 
and technology in the built environment. The 4-day virtual event was a 
knowledge-based platform that gave the visitors the information they 
needed to arrive at an informed decision on how to make their built 
assets more economic for owners and more functional for occupiers.

The show targeted 4 main sectors – Property Management, Community 
Management, Facilities Management, and Prop Tech. Each day dedicated 
to one of the sectors, witnessed keynote speeches, panels, presentations, 
and more that covered the biggest issues driving real estate development 
and management in the Middle East region. Highlighting the most pressing 
issues, the virtual conference looked at the way the industry could 
mitigate risks, what the road to recovery will look like for them, how we 
can learn from challenges, and what new opportunities were in store for 
the industry over the next few years.

Speakers: Dr Anas Bataw, CESC Director                       

• 16th - 19th November 2020

CM Today - Smart Built Environment Forum
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• 24th November 2020

The Big Project BIM Summit – Creating a viable BIM Mandate

Speaker: 

For more details: 

Dr Anas Bataw, CESC Director                       

http://2020.mebimsummit.com/agenda/#day2   

Topic:

Summary:

Property Management

World- class experts discussed and debated the critical needs for a viable 
BIM mandate to be established for the AEC industry, emphasising that current 
circumstances have urgently increased the need for greater transparency 
and openness across a project’s workflow, no matter the software tools being 
utilised. The discussion also focused on creating a common language for 
processes, which will allow the industry and governments to procure projects 
with transparent commercial engagement, compare service evaluation and 
assured data quality.
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• 14th December 2020

• 19th January 2020

MEED - Smart Construction Virtual Summit

Speaker: 

Speakers: 

For more details: 

Dr Olisanwendu Ogwuda (CESC Manager) 

TBC

https://smartconstruction.meed.com/

Summary:

Summary:

Advancements in Fourth Industrial Revolution (4IR) technologies such 
as AI, robotics, 3D printing, IoT and big data analytics have disrupted 
industries worldwide, including the construction sector. The MEED Smart 
Construction Virtual Summit will focus on innovation in the construction 
sector, exploring how new technologies are transforming the design 
and construction process and helping to reduce waste and mitigate 
environmental 

In a marketplace made primarily of an expatriate workforce, with varying levels of knowledge, education system and skills, ensuring construction 
employees are competent in their discipline is a growing priority for all construction organisations operating in the Middle East. This need is even 
stronger during the COVID 19 crisis where efficiency and optimised productivity are essential for companies to emerge stronger. In this one-hour 
webinar, industry and academic experts will explore the expected contribution of universities to bridging this gap through a focus on employability 
and job readiness?

CESC Webinar - Closing the graduate skill gap in the Middle East 
Construction Market – What can Universities do? 

• 8th December 2020

CESC Webinar - Collaborative Approach and Integrated 
Design Towards Net-Zero Construction

Moderator: Lisa Girrbach-Terry, Environmental and Sustainability Consultant, 
Mott Macdonald

Presenter:

Panel members:

Prof. Tadhg S. O’Donovan, Professor, Heriot Watt University 

Ioannis Spanos, Regional Manager Sustainability and Environmental 
Services, KEO Int. Consultants
Phillipa Grant, Director of Sustainability, AESG
Harry Sealy, Environmental & Sustainability Manager, Jacobs

For more details: 

Recording Link: 

https://www.hw.ac.uk/dubai/events/cesc-approach-design-
net-zero-construction.htm 

https://youtu.be/y9KRwB0FZmA

Summary: The Net Zero Carbon Buildings Commitment set by the World Green
Building Council calls for companies, cities, states and regions to reach 
Net Zero operating emissions by 2030, and to advocate for all buildings 
to be Net Zero in operation by 2050. It is widely recognised that a 
collaboration – based approach is becoming essential for effective and 
sustainable building design, which would lead to the achievement of 
the ambitious Net Zero targets.
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Dr Olisanwendu Ogwuda (CESC Manager) 

https://smartconstruction.meed.com/

• 24th February 2021

 Construction Technology Awards

Speaker/Judge: 

For more details: 

Dr Yasemin Neilson, Eng. Doc Program Director, 
Heriot Watt University

https://dchub.me/awards/construction-technology-awards-
by-ctf/ 

Summary: The Sustainable Organisation of the Year Award recognizes AEC 
companies that have embedded Environmental, Social and Governance 
(ESG) principles into their strategy and have systematically executed 
ESG initiatives within their business. Expert judge esteemed Prof. Dr. 
Yasemin Nielsen talks about the award and the types of initiatives that 
should enter to gain credibility and recognition in this space.

The Construction Technology Awards by CTF celebrate new approaches 
and best-in-class use of technology within the built environment. 
They look for outstanding examples of technology implementation, 
transformation and leadership that have helped design, build or 
operate projects better – be that through improved design, efficiency, 
cost reduction, sustainability, or improved workplace safety. Technology 
is changing the way construction companies work and how projects 
are delivered. As stakeholders increasingly seek to get more from 
their existing assets, it is changing the way projects are handed over 
and operated with more focus on the complete life cycle of assets. 
Construction 4.0 is fast upon us and these awards pay homage to 
those forward-thinking companies, startups and individuals that have 
embraced change and are now reaping the benefits.
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• 14th - 16th  December 2021

• Launching in 2021

• Continuing in 2021

CIB International Conference on Smart Built Environment

CESC Talks

CESC Webinar programme

For more details: 

Dr Taha Elhag (Associate Professor, Heriot-Watt University) 

A series of Podcasts which focuses on key topics discussed by industry leaders.
See our CESC Social Media channels for further announcements

Join the conversation with world-class industry experts discussing relevant industry topics
See our CESC Social Media channels for further announcements

Follow us on social media for regular updates on events, news and industry opinion

https://www.hw.ac.uk/dubai/events/cib-international-
conference-on-smart-built.htm  

Summary:

Co-Chair:

Chair:

The Centre of Excellence in Smart Construction, Heriot-Watt University 
and the CIB TG96 along with several CIB Commissions are organizing 
an international conference on smart built environment at Heriot-Watt 
University, Dubai Campus. Which focuses on how best to accelerate 
innovation to deliver Smart Built Environment.

Professor Mohammed Dulaimi (Director of CIB MENA)

Upcoming Events 

Keep updated via social media

https://www.linkedin.com/company/centre-of-excellence-in-smart-construction-cesc
https://www.linkedin.com/company/centre-of-excellence-in-smart-construction-cesc
https://www.linkedin.com/company/centre-of-excellence-in-smart-construction-cesc
https://www.linkedin.com/company/centre-of-excellence-in-smart-construction-cesc
https://twitter.com/cescdubai?lang=en
https://twitter.com/cescdubai?lang=en
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CESC Partners’ News

Summary: 

Summary: 

Summary: 

For more details:

For more details:

For more details:

Mott MacDonald is the first engineering, management and development 
consultancy to be certified carbon neutral, globally. Mike Haigh, Mott 
MacDonald’s executive chair, said: “I am incredibly proud we are the 
first among our peers to have achieved carbon neutral certification. Our 
colleagues worked hard to make this happen. In playing our part, we 
believe it is important to show leadership and that there will be benefits 
to our business in making the transition.”

ASGC begun preventive measures to ensure the safety and well-being 
of their staff at project sites and at labour accommodations. David 
Robinson, HSE Director at ASGC, said: “ASGC takes the threat from 
Covid-19 extremely seriously, the potential effect on the welfare of our 
employees and staff is paramount to us as an organization. 

The National profiles the work of Jacob’s advisor Mr Mel Stewart. Including 
the mega-projects in Sharjah during his career as an engineer with Jacobs 
and the amazing story of how Mr Steward was an advisor to the Emir of 
Sharjah.  

• 5th October 2020

• 25th October 2020

• 25th October 2020

https://www.mottmac.com/releases/mott-macdonald-is-
certified-carbon-neutral-globally

Mott MacDonald certified as carbon neutral, globally

ASGC outlines measures to combat COVID-19

Profile of Jacob’s advisor Mr Mel Stewart

2.

How a British engineer helped Sharjah’s Ruler to build ports and 
airports that he hand-sketched - The National (thenationalnews. 
com)

ASGC outline measures to combat COVID-19 - Construction Business 
News Middle East (cbnme.com)

https://www.cbnme.com/news/asgc-outline-measures-to-combat-covid-19/
https://www.thenationalnews.com/uae/heritage/how-a-british-engineer-helped-sharjah-s-ruler-to-build-ports-and-airports-that-he-hand-sketched-1.1099015


Research Bulletin 
 No.2 December 2020

47 News and Events

Summary: 

For more details:

Leading publication, The Big Project speaks to ALEC’s digital committee, a group of high-powered executives 
within the group that are overseeing the company’s transition into a modern, innovative, digitally empowered 
construction company. 

• 1st November 2020

ALEC leads the way in digital transformation

Thank you for reading. 

The next Centre of Excellence in Smart Construction bulletin 
will be published in April 2021.

( Pages 20 - 26 ) Big Project ME November 2020 by CPI Trade Media - issuu

https://issuu.com/cpitrade/docs/big_project_november_2020
https://twitter.com/cescdubai?lang=en
https://www.linkedin.com/company/centre-of-excellence-in-smart-construction-cesc



