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SEEDS Conference Theme 2020
A national climate emergency has been declared and although some nations are still in denial, time is
of the essence as the moment for action slips away. More than any other sector, the built environment
has a responsibility to use less resource and develop environments so that they are net zero. There is
a need to consider how the built and natural environment can be integrated for natural carbon capture
and ensure eco and biodiversity is restored. The places that we live and work, and our national
ecosystems need to be sustainable, if we are to slow down greenhouse gas emissions, which continue
to grow at an accelerating pace. Current methods of development have led to a loss of biodiversity
that presents an immediate danger to our eco system needs and food security. Notwithstanding the
increasing threat that we are imposing on future generations, current living conditions, toxic emissions
and the loss of biodiversity is affecting us now, our urban habitats are inherently unhealthy.
The built environment has a significant role to play in climate change, it uses more natural resources
and produces more waste than any other industry. That in mind, research is being applied to address
the balance between the built and natural environment and reduce emissions and waste. It is
essential that we rapidly draw expertise and centres of knowledge together to address and better
understand the action required.
The International SEEDS Conference aim is to bring together experts from around the world focusing
on sustainability agenda and the positive and detrimental changes that are taking place. As well as
addressing technical issues, measuring energy efficiency and modelling energy performance,
emphasis is placed on the health and wellbeing of the users of spaces occupied and enclosed.
Understanding how buildings and spaces are designed and nurtured to obtain the optimal outcome is
the focus of discussion and debate. This holistic approach draws together the research themes of
energy, building performance and physics while placing health, wellbeing and ecology at the heart of
the conference.
Through review, research and proven practice, the aim of the SEEDS conference is to foster ideas on
how to reduce negative impacts on the environment while providing for the health and wellbeing of
society. The professions and fields of research required to ensure buildings meet user demands and
provide healthy enclosures are many and diverse. The SEEDS conference addresses the
interdependence of people, the built and natural environments, and recognises the interdisciplinary
and international themes necessary to assemble the knowledge required for positive change.
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The Problems of Achieving Social Sustainability.
Prof. J.L. Sturges, Leeds Sustainability Institute, Leeds Beckett University.
Introduction
The importance of social sustainability has been emphasised in the 2019 SEEDS conference
(Sturges, 2019). The only truly sustainable societies are those that have achieved social
sustainability, whereby every member of the society subscribes to the way that it is organised.
At the time of writing (Autumn 2019) the Extinction Rebellion protests are in progress in
Europe, USA and various other parts of the world. These protests are based on the idea of
directly influencing governments to take action on the current environmental crisis,
particularly climate change. Diamond (2006) has described how some societies that have
been sustainable have achieved this usually by bottom-up approaches, and in one case by a
top-down approach (Tokugawa Japan). These societies were physically cut off from the rest
of the world, or in the case of Japan they were cut off by edict of the ruling Shogun.
The 21st century world is a globalised world, whereby all societies are linked by trade,
transport and communication systems of various kinds. While this globalisation brings
benefits, it also contribute to our environmental impact and to the difficulty of achieving the
social cohesion required for the achievement of proper sustainability. Governments usually
wish to maintain the impression that they can solve all or most of society’s problems, and so
‘Extinction Rebellion’ aim their protests at governments and also at The United Nations
Assembly in New York. Unfortunately, they are not the only ones seeking to influence
governments. The worlds of industry and big-business also seek government influence via
lobbying and via substantial contributions to political parties and campaign funds. Over the
past 40 years or so, the number of lobbyists in Washington, USA has increased by a factor of
10, and the money spent on lobbying has increased from millions to billions of dollars. Clearly
this money is not donated altruistically, and the lobbyists are not in Washington for the ‘highlife’. Considerable efforts also go into producing misleading information about certain
products where the producers have an interest in maintaining or increasing sales levels
(Monbiot, 2007). Notable examples include the lobbies for tobacco and for the production
and use of chlorofluorocarbons (CFC’s) as refrigerants.
Extinction Rebellion are open, highly-visible influencers, whereas the lobbyists operate
covertly. Everyone is aware of Extinction Rebellion, whereas the lobbyists prefer to remain
unseen. Money and campaign contributions are powerful influences, and while street
protests have some effect, it appears to be limited to eliciting sympathetic utterances by
some government officials. Extinction Rebellion have staged demonstrations in various
capitals including London, and at the United Nations in New York. Are they making their case
to the right people? Are there others who need to hear the message? If progress is to be
achieved at the necessary scale and speed then everyone needs to be involved. What are the
barriers to getting the message and its urgency to everyone to get them on-side? This paper
will attempt to provide some answers to these questions, or at least to more clearly identify
some of the barriers.
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Building Performance
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IS IT POSSIBLE TO DEVELOP LAMELLA AND AIREY PROPERTIES
ECOLOGICALLY?
Elliott Young1, Tahira Hamid2
Leeds Beckett University, School of the Built Environment, Engineering & Computing, Northern Terrace,
Queens Square Court, Leeds, LS2 8AG, United Kingdom

Keywords: Post war, Non-traditional, Eco-friendly, Redevelopment.
ABSTRACT
After, the end of First World War the housing shortage in the UK caused the development
of 900,000 dwellings, Harrison et al. (2012) of Non-Traditional Houses. The majority were
quickly erected dwellings, with the primary structure not being that of loadbearing brick or
blockwork. The rationale for this is that Traditional methods of construction were deemed
unequal to the task of rapidly addressing the housing shortage. Also, there was a severe
shortage of orthodox building materials, which was to continue for the next four
years. (Harrison et al., 2012). These non-traditional buildings were to be temporary
structures and replaced with buildings of longevity at later dates. To this day thousands of
people, mostly below the poverty line, live in these dwellings which are now deemed to
be structurally unsound due to the lack of fire protection and poor thermal properties.
Furthermore, “Investigations by BRE [Building Research Establishment] showed that a
number of other house types built in the immediate post-war period exhibited similar defects
and that these would eventually lead to structural failure” (Harrison et al., 2012).
This paper focuses on the design possibilities for redevelopment and compliance to current
approved document standards, to ascertain whether to redevelop or demolish and replace
with new dwellings, whichever is the most eco-friendly solution. To do this, past
Professional experience is used alongside comparative research into two of the main
construction methods used during this period: Lamella (Timber Lamella grid structure with
sarking felt and plain over tiles) and Airey (PRC [Precast Reinforced Concrete] column
superstructures with external hung and exposed aggregate PRC panels).
The research exposed the current defects with the Lamella and Airey house types; the ways
in which these defects can be rectified; the carbon footprint of undertaking retrofit and
remedial work; then finally, an evaluation of the ecological viability of the works.
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IMPLICATIONS OF A NATURAL VENTILATION RETROFIT OF AN OFFICE
BUILDING
Ashvin Manga1 and Christopher Allen2
Department of Construction Management, Nelson Mandela University, School of the Built
Environment, Port Elizabeth, South Africa
Keywords: Natural Ventilation, Retrofit, Indoor Air Quality and Office Environment.

Abstract
Ventilation is critical to healthy indoor environments. The World Health Organization (WHO)
revealed that nine out of 10 people on this planet breathe air with high levels of pollutants,
resulting in seven million deaths every year. The Environmental Protection Agency exposed
that indoor levels of air pollutants may be as much as five times as high as outdoor levels.
However, many modern office buildings are designed to be reliant on energy demanding and
sometimes ineffective mechanical ventilation systems. The aim of this research is to
understand the impact a natural ventilation retrofit will have on indoor air quality of a
mechanically ventilated office building.
A quantitative experimental design was used in conjunction with a medical grade indoor air
quality monitor to capture the change in indoor air quality before and after openable windows
were retrofitted to the office building. The research showed that retrofitting a mechanically
ventilated office building with openable windows had a significant impact on indoor air quality
and occupant well-being. After the openable windows were retrofitted and in use, indoor
particulate matter (PM) 2.5 concentrations decreased by 22%. Indoor (PM) 10 concentrations
decreased by 17%. Office hours in which CO2 exceeded 1000 parts per million reduced from 36
office hours to zero. Recommendations include making use of an indoor air quality monitor as
a first step to quantify the indoor air quality. Natural ventilation retrofits to be effective and
have a return on investment must be holistically designed and include considerations such as
building location, climate, wind patterns, outdoor air quality and occupant usage.
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Efficient Management of Environmental Control within Electrical Substations
Mark Collett1, Professor William Swan1, Dr Richard Fitton1, Matthew
Tregilgas2
School of Science, Engineering and Environment, University of Salford, Maxwell Building 43
Crescent Salford M5 4WT
1

2

Electricity North West, Borron Street, Stockport, England, SK1 2JD

Keywords: Building resilience, Reducing consumption and waste, Building performance, analysis and
evaluation

.

Abstract
Electrical substations are critical infrastructure assets that require environmental control. A
maximum of 50% relative humidity is required to prevent corrosion and damage to the
electrical distribution equipment housed within substations, a minimum temperature is
required to enable dehumidification systems to operate effectively.
Remote monitoring and site investigations are utilised to investigate the effectiveness of
installed environmental control systems in three archetypal substations. A series of
interventions to improve the efficiency of the environmental conditions are modelled using
dynamic simulation modelling to assess impact on heating demand and analytical calculations
used to assess dehumidification demand.
The recorded energy consumption and environmental conditions show a performance gap
resulting in both over and under conditioning of the internal environments. This is caused by
sensor drift occurring in the heating controls, positioning of humidity controls and reduced
effectiveness of dehumidification systems in cold climates.
Interventions are derived and modelled based on reducing undesirable air infiltration,
segregation of conditioned and non-conditioned spaces, lowering the thermal conductivity of
building fabric and replacing heating control systems. The interventions devised show
potential to reduce the heating demand as much as 67% and dehumidification demand up to
50%. These result in payback periods under 10 years and annual energy savings of over
19,000kWh.
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Nearly Zero Energy Buildings (nZEB) and their Effect on Social Housing in
Ireland: A Case Study Review
Joseph Glennon1, Michael Curran2 and John P. Spillane3
School of Engineering, Schrodinger Building, University of Limerick, Castletroy, Limerick,
V94 T9PX, Ireland

1&3

School of Natural and Built Environment, David Keir Building, Queens University Belfast,
Stranmillis Road, Belfast, BT9 5AG, UK

2

Keywords: Building Performance, Cost, Nearly Zero Energy Buildings (nZEB), Social Housing.

Abstract
Nearly Zero Energy Buildings (nZEB) are a relatively new concept, and they are buildings
designed with a very high energy performance. Current EU Directives legislate that all new
public buildings are nZEB compliant by 2021, where new buildings are expected to use up to
three times less energy than current buildings, and ultimately impact on costs involved. This
potentially has huge implications for social housing developments, particularly in Ireland,
where social housing is a key area of construction, accounting for 10% of all Irish households.
Therefore, the aim of this study is to undertake research on social housing in Ireland, and by
identifying whether it can be nZEB compliant, factoring design, materials usage, construction
techniques, labour approaches and appropriate cost-cutting methods. To assist with the
research, a mixed methods approach is adopted, combining a literature review, three case
studies, semi-structured interviews, focus group and questionnaire survey, with experienced
construction professionals in the Irish construction industry. The resultant data is organised in
a tabulated format, with components from each case study listed and discussed, identifying
their similarities and differences. Cost comparisons are undertaken to illustrate cost
differences between each case study and establishing if nZEB benefit or hinder the costs
associated when constructing social housing. From analysing the results, extra costs are
evident for social housing nZEB buildings in areas including higher performing windows,
increased insulation in walls and attics, heat recovery ventilation and airtight attic hatches.
Cost savings can be made by not having a chimney stack, and the elimination of a traditional
heating system, amongst others. Overall, the key contribution of this research identifies that
new nZEB buildings have many advantages and disadvantages, nevertheless, in the short-term
they are more expensive to construct, but in the long-term, have potential financial savings
for new social housing construction projects in Ireland.
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Performance of distributed energy resources in three low energy dwellings
during the UK lock down period
Rajat Gupta, Matt Gregg
Low Carbon Building Research Group, Oxford Institute for Sustainable Development,
School of Architecture, Oxford Brookes University, Oxford OX3 0BP, email: rgupta@brookes.ac.uk
Keywords: housing, energy performance, net-zero, distributed energy resources

Abstract
Under the scope of UK’s net-zero emissions target by 2050, decarbonisation of the housing
sector is necessary. With the need to move to a smarter energy system with flexible demand,
there is a drive to install batteries in homes to maximise the utilisation of local renewables.
This paper empirically examines the effectiveness of distributed energy resources (DERs)
comprising smart home batteries coupled with rooftop solar on actual energy use and peak
demand in three dwellings designed to high thermal standards in York, England. The paper
also explores the change in daily energy use and performance of DERs during the Covid-19
lockdown period (23 March to 31 May 2020). All three dwellings are occupied continuously
by families, have identical heating systems (district heating), rooftop solar PV (4kWp) and
home batteries (14kWh). The energy use, generation and charge-discharge of the batteries
are monitored every five minutes using remote sensors.
Analysis shows that the solar PV and battery combination reduced average direct grid
consumption during peak hours by over 95%. Since the PV system installed for each dwelling
was large (4kWp), instantaneous self-consumption (SC) was low, ranging between 20 – 30%.
The batteries helped to increase SC up to 50%, resulting in an 80% reduction in net total
energy consumption over four months Though the occupants in two of the dwellings claimed
to be ‘always at home’ even before the lockdown there was a slight increase in electricity
consumption for these two dwellings, and a notable increase in the other. Space heating
consumption did not reflect the same impact possibly because of the unseasonably warm
weather during the Covid-19 lockdown period.
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Developing a Sustainable Urban Environment through Teaching Asset
Management at a Postgraduate Level
David Thorpe1, Nasim Aghili1
School of Civil Engineering and Surveying, University of Southern Queensland, Toowoomba, Australia

1

Keywords: Sustainability, Education, Asset Management, Urban Environment, Building Information Modelling,

Abstract
More than half of the world’s population live in cities, with this proportion expected to grow
over time. Cities and other urban areas tend to be significant consumers of natural resources
and producers of greenhouse gases. The effective sustainable management of their assets is
therefore critical in ensuring that they achieve and maintain a positive living environment that
provides safety and security for their citizens while achieving sustainable management goals.
A significant contributor to the achievement of this goal is a modern and sustainable asset
management process that facilitates well planned and managed roads and other
infrastructure, such as water supply, sewerage and communication systems.
Developing, managing and maintaining a sustainable urban environment is underpinned by
comprehensive asset management systems, supported by other processes, such as risk
management, management of engineering projects and taking a strategic approach to
managing assets on a life cycle basis. The use of advanced approaches, such as building
information modelling (BIM), geographical information systems (GIS), improved asset
planning and design, and automated data collection supports these systems.
The effective education of engineers and other professionals in advanced asset management
is considered to have a major role in developing the strategic asset management leaders who
can implement these advanced processes. To meet this requirement, the University of
Southern Queensland has developed and updated on an ongoing basis a postgraduate
engineering management course in asset management, along with related courses in areas
like risk management and project management. These courses take a strategic approach to
developing their students and are integrated where possible with relevant standards and
systems. Initiatives to incorporate modern asset development and management approaches
through utilising them to educate strategic asset managers of the future are discussed.
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BIM education through problem-based learning exercise: challenges and
opportunities in an inter-professional module
Shariful Shikder
School of Built Environment, Engineering and Computing, Leeds Beckett University, Northern
Terrace, Leeds, LS2 8AG, United Kingdom
Keywords: BIM education, problem-based learning, engineering, group-project, project-based
learning, inter-professional.

Abstract
Building Information Modelling (BIM) has become an integral part of the UK construction
industry since the enforcement of the government’s BIM mandate in 2016. However, one of
the biggest challenges of industry-wide BIM adoption is the shortage of BIM skills. Higher
education institutions also face the pressure to update their curriculum and education
methods within the compact architecture, surveying and engineering curriculum; and it is
claimed that there is a lack of knowledge of BIM pedagogy. Hence the need to evaluate
existing teaching methods and exploring opportunities for the future is necessary. Existing
literature suggests that project-based education is widely used in construction and
engineering education, and also adopted in BIM education.
In this study, based on the constructivist learning principles a problem-based learning (PBL)
technique was applied in an inter-professional studies (IPS) module to explore opportunities
for BIM education. The IPS module was not dedicated specifically for BIM education,
however, in this project, the aim was to identify the prospect of inter-professional group
projects (problem-based learning exercise) as a method of educating BIM among the
architecture, surveying and construction management students. The results show, although
the students developed a better awareness of the BIM process and standards, collaborative
group activities were not intuitive to follow the principles of BIM. Also, the use of specific BIM
tools/application was not used by most of the students. Previous experience of using BIM
specific software was lacking among the students and most of them did not want to learn
new software in a short period. The results also identified that the students did not feel that
the group projects encouraged them to learn about the collaborative working environment.
Based on these findings, this study developed a set of recommendations to incorporate BIM
principles throughout the module. Findings from this study would be beneficial to set
discipline-specific learning outcomes to promote BIM education.
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Optimisation of the process for generation, delivery and impact assessment of
toolbox talks on a construction site with multiple cultures.
Máire Feely1, James G Bradley2 and John Spillane3
1,2,3 Department of Construction Management and Engineering, School of Engineering, University of
Limerick, Limerick, Ireland.

Keywords: andragogy, construction health and safety, toolbox talk, impact assessment.

Abstract
Toolbox talks (TBTs) are one of the most common practises on a construction site used to
highlight safety messages. Key objectives for any project are to eliminate and reduce risks to
health and safety where possible. An easy way to do this is through delivering TBTs. They are
considered to be a good method to communicate current topics, both national and
international or highlight when a main contractor and project manager observes safety
hazards, or a task being carried out incorrectly. This pilot study investigated the current
method of delivery and structure of TBTs on a London construction site, paying particular
attention to the different learner types on a construction site, examining what category
workers fall into in the workplace. The basic hypothesis would be that current TBT formats
used on site do not have the level of positive engagement and impact that they could or
should have because of inconsistencies with content, design and delivery of the TBT. The
research method involved an action research approach with two types of TBTs designed and
delivered to managers and workers, followed by a discussion-based analysis. Workers and
managers perception of TBTs, their current participation and preferred delivery methods
were the main themes emerging from interviews and when coupled with information from
the literature, formed suggested changes. These suggested changes involve having
consistency of duration and frequency of TBTs, a modified delivery method that considers
worker learner types, through an andragogy approach, combatting perception and
participation through a reward system, worker led discussion TBT format and overcoming the
language barrier that exists in a predominately non-native environment through assistive
technology.
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The Impact of Department of Construction Management Facebook
Environment-related Posts
John Smallwood
Department of Construction Management, Nelson Mandela University, PO Box 77000, Port Elizabeth, 6031,
South Africa

Keywords: Construction, Environment, Facebook, Posts, Social media

Abstract
Tertiary education departments use social media to communicate with their
respective publics, for varying reasons. One reason being to promote interest in a
page and the related ‘owner’, other reasons being to ‘educate’, and create awareness
relative to related issues. Experience, anecdotal evidence, and research indicate that
visitors to Facebook pages find certain posts more interesting than others. This is the
reality that administrators of Facebook pages must contend with, the challenge being
to respond in terms of the 80/20 principle, while not ignoring the ‘20’ of the 80/20.
The purpose of the study reported on is to determine the impact of ‘environmentrelated’ posts during a calendar year to determine which attract the most interest.
The research method can best be described as experimental, in that posts pertaining
to various environmental aspects were undertaken periodically. The salient findings
include that non-environmental posts can be deemed to have had a greater impact
than environment-related posts, and that certain environment-related posts are of
greater interest than others. It can be concluded that certain posts are of greater
interest than others, and Facebook can be used to promote awareness, and interest
in a subject area. It is recommended that Facebook page statistics be regularly
reviewed to determine the impact and relevance of posts. Facebook page
administrators must evolve a ‘cocktail’ of posts to optimise interest in, to inform, and
raise the level of environmental awareness, and the impact of their pages. Doing so,
is likely to promote interest in a page, the issues addressed, and the ‘owner’.
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‘The Breakfast Room Game’ – A Case of an Innovative Construction Project
Management Simulation for Year 6 Children
Ian C. Stewart
Department of Mechanical, Aerospace and Civil Engineering, The University of Manchester,
Manchester, M1 3BB.

Keywords: LEGO, Simulation, Construction project management, Primary school.

ABSTRACT
Part of the Association for Project Management (APM) strategy in its ‘Chartered’ era is to have
'project management (PM) as a life skill for all'. If PM is truly a life skill, then it is important to
start learning it at an early age, but can it be taught to children and if so, how? If PM can be
taught, is it possible to integrate STEM, construction industry practice and sustainability
themes? This is an important question for developing a generation of young people who are
familiar with sustainable construction project management and see it as a first career. These
questions were answered through the work of an academic/industrial partnership between
the University of Manchester Management of Projects Research Group and the Beaumont
Morgan construction company. Between them, they invented and delivered a Lego-based
construction project management game, for year 6 pupils, to build a freestanding ‘Breakfast
Room’ for the school: The ‘Breakfast Room Project Management Game’. The aim was to teach
basic PM theory, construction PM techniques and associated team skills in a fun and
accessible way for children. This case will demonstrate the game and show how life skills were
experienced and used and the interactions between academic, practitioner, teacher and
child. The success of the game and teacher feedback proved that children’s natural, intrinsic
appreciation of PM can be built upon, theory and techniques can be accepted if they are
quickly demonstrated through practice and PM games are indeed a valid means of teaching
and practicing life-skills, sustainability and construction industry practices. Questions for
further research and development are proposed. The case will also hopefully give colleagues
ideas for how this successful practice can be replicated.
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Energy and Buildings

22

THE FUTURE OF LOW CARBON DISTRIBUTED ENERGY SYSTEMS:
COMMUNITY-BASED ENERGY IN NIGERIA
Author Names: Ibrahim Sadiq and Will Swan

School of Science, Engineering and Environment, University of Salford, Sustainable Development, The
Crescent, Salford, M5 4WT, United Kingdom
Keywords: Community, Renewable Energy, Distributed System, and Sustainability.

Abstract
The community-based organisation may be viewed as a catalyst to deploy renewable energy
through distributed systems. However, the governance associated with the deployment and
use of can be a barrier when looking at the implementation of renewable distributed systems
in developing countries. The purpose of this paper is to investigate the impacts of socialtechnical factors of community-based low carbon systems focusing particularly on the
financial and management aspects. Community-based low carbon projects such as the use of
solar and wind require well-structured management system to ensure effective and ongoing
operation. The study employs comparative analysis from four cases based in the urban rural
border in Nigeria. The urban rural border was chosen as this often had larger communities
not attached to the grid. The study used a qualitative case study approach, reflective of the
complex factors of the development of community energy system in Nigeria. Data was
collected on issues such as diverse stakeholders’ views, commercial arrangements and the
technical performance of the systems to give a complete picture of sociotechnical
performance, reflecting the interaction between technical, processes and human aspects of
the system. Lack of utility investment, barriers relating to renewable energy technologies and
maintenance capabilities are all issues to be considered in the adoption of the communityowned energy system. The ﬁndings indicate that community-based energy projects may need
structural programmes to support demonstrators or early adopters. Incentives may also be
needed to support communities in the adoption of the technology. The study identifies
potential for the application of these types of energy systems, but there are significant
barriers around supporting the installations at a policy level and ensuring that the systems
remain community focused in the longer term. The analysis of the wider cases form the basis
of recommendations to improve both the level of taking up and ways of improving
stakeholder benefits.
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Abstract
In view of improving the sustainability performance of buildings, universities globally are
turning to the use of photovoltaic (PV) systems. However, current evidence suggests that the
transition in African universities is happening too slowly due to several factors which influence
deployment. Thus, this study aims to ascertain progress of PV installation at a South African
University (SAU), identify the key factors adversely influencing scaling up, and the
corresponding strategies to boost diffusion of the technology. Based on review of literature
and textual interview data collected from a SAU, seven major factors were identified and
measures which can engender further deployment of PV systems are set forth.
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Abstract
Underground utility services play a major role in construction projects and are in huge demand
across many sectors. As the growth of cities and urban populations accelerate, the need for
services such as water, sewage, internet, gas and power also rapidly increase. In Ireland, the
economy is expanding at an exceptional pace, thus, the demand for services is greater than
ever before, leading to an increase in utility works. Therefore, the aim of this study is to
evaluate current work practices within the Irish underground utility service industry.
Specifically, it aims to analyse services that are regulated and implemented by the Irish Health
and Safety Authority’s (HSA) Code of Practice, and to determine if these practices impact
safety on utility projects from a positive or negative perspective. The research method
undertaken is qualitatively based, encompassing six semi-structured individual interviews with
construction professionals working with utility services and have a wealth of industry
experience in Ireland. The resultant data is accumulated and assessed manually using coding
techniques and grouped into three main themes; 'Various factors that influence Strikes'; 'How
to improve Safety around Services'; and 'The HSA Code of Practice'. The findings reveal that
'Scanning', 'No as-built drawings' and 'Key indicators not being studied' are the three main
causes of strikes from a list of ten. Also from a list of ten strategies, the top two methods on
how to improve safety are; 'Scan the full works area' and 'Accurate and on time as-builts'.
Overall, the key contribution of this research reinforces that the HSA Code of Practice is
effective in promoting safety in the underground utility services industry in Ireland. However,
the research also highlights that the Code of Practice is not being followed and utilised
effectively by operatives in the industry and provides recommendations for appropriate
implementation and use.
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Abstract
The construction industry has a poor health and safety (H&S) record globally, and South Africa
is no exception. The study reported on, endeavoured to evolve a solution to mitigate the
fatalities, injuries, occupational health hazards, and non-compliance with H&S legislation
experienced on Eastern Cape Department of Roads and Public Works’ (ECDRPW) projects in
the Sarah Baartman District of the Eastern Cape province. A quantitative study was adopted
to gather and analyse data within the Eastern Cape province of South Africa, which entailed
the circulation of a self-administered questionnaire among contractors’ site managers (SMs).
The study determined: required H&S actions are undertaken frequently as opposed to
infrequently; H&S training is undertaken frequently as opposed to infrequently; construction
activities entail exposure to ergonomics hazards; hazards are primarily attributable to
contractors, and contractors are primarily the origin of the causes of accidents. Conclusions
include: clients and designers are to a degree, complying with H&S requirements; contractors
are committed to H&S training; construction is physically demanding; a range of factors
contribute to the existence of hazards, and a range of factors are the causes of accidents,
however, some predominate. Recommendations include: H&S awareness should be
maintained at all levels in the industry, and among all stakeholders; H&S should be a value on
all projects; the construction process and its activities need to be re-engineered, and worker
H&S training should be intensified, worker participation should be promoted, and constant
H&S feedback provided.
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ABSTRACT
Traditional safety management does not always improve the results of safety because of its
focus on technical requirements and attainment of short-term results. It is more reactive than
proactive and often not integrated with the rest of the functions of an organization. The
concept of resilience divulges a new way of dealing with safety in complex sociotechnical
systems. A systematic review of related literature on Resilience in safety management systems
published from 2009 to 2019 was conducted using top tier academic journals and databases
including Scopus, Google Scholar, and Semantic scholar. It has emerged from the review that
there are four capabilities that underpins the concept of resilience in safety management
systems i.e., ability to respond, ability to monitor, ability to learn, and ability to anticipate. The
study contributes to the literature and practice of resilient safety management by offering
safety officers and researchers with insights into the concept.
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Abstract
Corporate Social Responsibility (CSR) is a driver for business procurement strategies across the
architecture, engineering and construction (AEC) sectors. Responsible and ethical sourcing
throughout their procurement supply chains creates an expectation for construction product
manufacturers to deliver materials achieving certified standards (such as BES 6001). Building
Information Modelling (BIM) is a recent process of allowing AEC industries to efficiently plan,
design, construct and manage buildings and infrastructure. However, to date, the integration
of a purchasing mechanism for acquiring certified materials within BIM operations remains
an oversight. Therefore, this is the first known study to examine stakeholder perceptions of
the benefits and barriers of implementing and integrating responsible sourcing within BIM
systems. Opinions were sought through questionnaire surveys completed by industry
professionals from SME companies across the AEC sectors. Participants work for companies
who already have sustainability policies (67%) or are in the process of creating them (33%).
Furthermore, almost all the companies (92%) claim to have a policy for responsible sourcing
in their supply chains. Results reveal competitive advantage and stakeholder value are
considered the most important organisational benefits of responsible sourcing; whilst cost and
availability of information are perceived as the greatest barriers of responsible sourcing. In
terms of integrating with BIM, time management and collective collaboration are professed
as the main organisational advantages; whilst training and client requirements are considered
the utmost challenges. It is concluded that there needs to be a stepwise change, so clients are
not a primary driver for the implementation of responsible sourcing and integration in BIM
systems. Therefore, rather than relying on the morals of clients, it is recommended that
responsible sourcing is made mandatory on all construction projects requiring the use of BIM.
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Abstract
This research aimed to determine whether the use of visualisation of data can support
improved interaction and decision-making in projects. It acknowledges the Rethinking Project
Management initiative that criticises the classical, hard, deterministic paradigm that
dominates the project management discipline. This initiative embraces the need to
incorporate a soft paradigm encompassing participation and communication to improve
project success; and for practitioners to focus on the messy front end of problem formulation
and project conception. The literature review briefly explores problem solving, which is
intrinsically linked to decision-making before examining behavioural economic theory and
cognitive limitations in general and more specifically in a project setting. Visualisation of data
is considered a powerful tool to minimise cognitive biases through the development of shared
knowledge, engaging discussions and the identification of problems. These benefits together
with cognitive fit theory are reviewed within existing literature, which has seen limited
research in the project management field. A positivist epistemology supports the unpaired,
comparative experiment designed to test the hypothesis that visualisation of data can
enhance group interaction and decision-making. The controlled experiment was conducted in
a Hydra Suite laboratory with intervention groups presented with the independent variable of
visual data, compared to the control groups who only received written documentation;
allowing one variable to be tested. Statistical significance was not achieved (a type 2 error)
due to the study being underpowered and therefore the H0 (null hypothesis) could not be
accepted or rejected. However, video observations of the experiments demonstrated problems
were identified quicker in the intervention groups and although inconclusive supported the H1
(alternative hypothesis). The study was based upon sound methodology and further iterations
of the experiment could potentially achieve statistical significance. Visualisation of data could
be a collaboration and communication catalyst that provides a conceptual link to bring the
two paradigms together.
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Abstract
The ‘Post Project Review’ is an established feature of a typical approach to the project lifecycle.
It imagines that flush with a fresh experience of project completion project team would be
primed to reflect and capture that learning, serving their own development and crucially that
of future and ongoing projects in the organisation or programme. No project management
writers could be found that contest this notion. However, writers on organisational learning
see the continuously learning organisation a difficult, if desirable, achievement. This study
sought to examine the post project review through the lens of learning theory, which predicts
a difficulty for the post project review in learning transfer. A set of interviews using a sample
of experienced project managers, with a minimum of 20 years working on projects, inducted
some themes that supported learning theory. It highlighted lost opportunities as being a
feature of projects that had undertook formalised and facilitated post project reviews. Post
project learning seems limited to the immediate team, with critical lessons for other
organisational projects and organisational performance, being actively dismissed or
suppressed by organisational interests. Recommendations are made for future practice to
better capture the benefits that are left latent in post project learning; these are that further
work is undertaken to identify ways for the soft skills paradigm to assist the enhancement of
the learning and planning for, predictable risks, and the exploitation of opportunities, at: preproject, mid-project and post project, thus improving the management of issues known to
arise on projects.
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Abstract
Project Management has been noted to focus on the ‘control paradigm’, and central
to the promotion and predominance of the ‘control paradigm’ might be the prevalence
of proprietary project methodologies. In the U.K. PRINCE2 (P2) has some prevalence
and support from the professional body, (APM). Anecdotally P2 received much criticism
but remains a key qualification for the profession, and features prominently in a
positive light, in professional literature. This research study sought to test the
utilisation and adoption of this methodology in practice. Utilising a quantitative survey
to test the alternative hypothesis (H01) “PRINCE2 supports the development and
delivery of projects for practitioners”. H01 was not supported by the data (The null
hypothesis could not be rejected due to a type 2 error, insufficient data volume). The
survey results contradict claims for the methodology, and some damning commentary
from more experienced respondents contradict a minority of acolytes in the sample
who saw no flaws in P2. Organisational adoption is not widespread, contradicting
claims. The survey also sought clarification of the use of the functional aspects of the
method that could be associated with PM good practice. These questions received a
mixed reaction, and the qualitative support suggested that the method did not
sufficiently identify these as important P2 elements. There was a consensus that P2
was of limited value, with an important suggestion that it was “a distraction from
better project management”. It would seem that P2 might be revised to remove its
bureaucratic flaws, include tools to support good practice, and present itself as a
simpler version, as indeed some recent P2 authors have sought to achieve through a
reinterpretation. It may be that the need to sell the method and include a national
test, serves to compromise its utility. This confounding commercial interest might be
removed through the provision of a freely available project method[ology].
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Abstract
The professional field of project management relies on a narrow theoretical foundation of the
management of projects that is misaligned with the lived reality of projects in practice
(Koskela and Howell, 2002; Smyth and Morris, 2007). The traditional approach to project
management, rooted in a hard systems engineering paradigm has experienced constant
challenges in dealing with front-end work, managing the uniqueness of individual projects
and managing the complexity of human behavior. Social movements are by definition projects
which are largely characterized by; impossible ambition; moral imperative; voluntary team
membership; democratic decision making; flat cell structures; rapid learning; continuous
communication; spontaneous adaptation and innovation. Learning from social movement
projects can provide project management multi-disciplinary knowledge and experience that
can provide valuable instruction to improve future approaches to the management of
projects. This paper employs a systematic review to reveal emerging themes and concepts (n
= 25) relevant to social movement strategy and organizing efforts. This paper discusses the
value and importance of integrating these key themes into the professional field of project
management in order to address issues and challenges facing projects in practice. Suggestions
include the incorporation of diverse project stakeholders through the use of the internet and
social media platforms, utilization of organizational networks as well as grassroots and
horizontal organizational structures to facilitate “open and inclusive” project environments,
use of a physical space, strategic utilization of a broad topic/issue focus and/or a narrow
topic/issue focus, and the recognition and acceptance of tensions and conflicts as inherent to
“the processes by which organizations construct collective identities, formulate political
demands, manage internal conflicts and build alliances” (Chironi, 2019, p.1476; Laperrière
and Lépinard, 2016, p. 374).
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Abstract
A later development of project management is that of program management which might be
characterized as the coordination management of projects with a common strategic aim. This
idea includes that of ‘portfolio management’ which is described as the method by which
projects are selected (and deselected) for inclusion in the program. Literature on portfolio
and program management agrees that; critical to the successful development of a program
of viable projects is the decision-making process that selects projects. This is typically carried
out by either a project board or some hierarchical management level authority in the
organization. Generally, this decision-making process is termed ‘governance’ in modern
organization parlance. Much critique is levelled at management decisions in the literature and
one candidate is the limited time decision makers might have to assimilate summarized and
complex project data to make a governance selection decision, thereby leading to the
availability error, a core source of human decision-making frailty. In order to make the best
use of stakeholder input, there is a need for organizations to establish channels of
communication, with a clear framework, to allow stakeholders to participate in project
selections and address preferential bias. This study sought to develop an experimental test of
the decision-making qualities that governance decision makers might be reasonably expected
to make during the project selection process. The experiment relies on comparing alternative
group decision making processes with less democratic frameworks that are used in project
selections. Gathering data involved the use of a ranked choice survey used to analyze
participants’ preferential project selections, a Likert scale questionnaire to measure
participants’ satisfaction levels, and collecting qualitative responses from participants
explaining their motivations for selecting projects. The findings show that unless careful
consideration of the design of project selection processes are made, then sub-optimal and
subjective prioritization of projects in programs seems likely; leading to lower satisfaction
levels amongst employees.
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Abstract
Project management texts, and their planning chapters, agree on the desirability of plan
development from the first outline draft to a more optimum pure logic coordination. In
observations of practice this seems largely abandoned in further of a less taxing
approach. Observationally plans that are sub-optimal and include built-in delays to the flow
of work, appear typical. Candidates for drivers to avoid more complex planning that would
improve the flow of work, are found in: The priority given to achieving a build sequence that
is technically 'feasible'; A lack of confidence in operating planning software; Assumptions
about logical sequences; The desire to avoid potential re-work; A company or sector wide
common understanding of the sequence of the work; and The cognitive challenges of
determining an appropriate level of detail. This study proceeded from the hypothesis that
these challenges would lead to operational plans for project delivery that were typically suboptimal and compromised on both efficiency and end user benefits. The testing of
hypotheses around ‘projects’ is difficult in project environments in praxis simply because
almost all projects are unique from one another, and so not so easily comparable. To
address this methodological challenge the study utilises a series of different cases studies
from a range of sectors. The sample utilised is limited to case studies in which verification of
the feasibility of the changes was possible. Each plan is built based on interviews with project
workers in the case study organisations. The plan is base-lined and then analysed for logic
and other plan errors. These corrections were then reviewed for their feasibility with the
sources. The findings illustrate that time gains are possible from the baselined schedule start
points. In the sample proposed improvements would lead to: Competitive advantage in the
marketplace; More predicable time forecasts; The reduction of dependency risk; More
concurrent operations; and the potential for increased bid winning, were the changes to be
adopted. What might be surprising is the small amount of take up of the proposed
advantage, and this has led to a proposal for further research.
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Abstract
Bidding competitively, and based on price, is a feature of projects in the engineering
construction sectors. U.K. white papers, and literature, has questioned this practice and its
impact on overall project efficiency. Recommendations for more collaborative approaches
between client and supplier; adopting approaches more typical in other sectors, have been
made, but not wholeheartedly adopted. U.K. construction engineering is heavily invested in a
competitive bidding approach and literature charts its reluctance to fully commit or adopt
more partnering approaches. In U.K. construction the professions also include the 'Quantity
Surveyor' profession, relatively unique to the U.K. this profession addresses itself to the
preparation of cost estimates and the bidding and contract price negotiations before, during
and post project. Consequently, Quantity Surveyors are well placed to project manage projects
and are frequently called on to do so, and this group often progress their careers as project
managers. This research speculated whether a working environment of adversarial
contracting practice might influence professional attitudes towards a more conflict
orientated approach to projects. The study tested this hypothesis using the 'prisoner’s
dilemma' game (fig. 1), to create an experimental basis against which to compare whether a
sample of 'Quantity Surveyors' would adopt more un-cooperative strategies towards the
game, when compared to a control group of people recruited from society in general. The
study found that the sample of professionals adopted more competitive/adversarial (and less
collaborative) strategies towards the game than the control group. This finding might have
implications for practice, as the study inferred that the competitive procurement environment
they worked in, turned professionals away from the consideration of more partnering
approaches. Much attention is given to cooperative approaches, such as partnering, when
proposing project solutions to creating conditions for generating more sustainable project
outcomes. The findings may help understand why the repeated recommendations for more
collaborative
partnering
approaches
to
contacting
remain
untypical
in
construction engineering.
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Abstract
Twenty-first-century literature on projects has stressed concern for understanding project
management as the management of uncertainty. This perspective is informed by two fields
within normative project management, those of risk management; and the management of
complexity. Such perspectives and these responses for practice conform to the ‘control
paradigm’. Related to this control, and firmly established in normative project management, is
the so-called ‘iron triangle’ which links the project management challenge to first set and then
stick to budgets of time, cost and ‘quality’. Problems with this interpretation of the iron
triangle of constraints have seen adaptations being proposed. Such as performance, client and
stakeholder satisfaction, value, learning, and more recently under the structuring of
‘programme management’, time, cost and benefits. This paper proposes to address the
relevance of the current theory of project constraints specifically relating to the Iron Triangle
through the lens of an inductive cross-case analysis of nine past mega-projects. These variables
add a whole new dimension of uncertainty and accompanying complexity to the project
challenge including the project success rates of projects. The underlying, theory, of the Iron
Law for megaprojects would therefore appear to be obsolete. An introduction of a more
“Contemporary Iron Triangle” as a performance measurement tool is made. With
megaprojects continued to be regarded, a multi-trillion-dollar global delivery model the
magnitude of influence mega-projects exerts on society necessitates the theory of project
management to encompass changing perceptions of success over longer time frames. While
for more obvious mega-projects, this might be a more useful interpretation for all projects,
arguably project management’s thornier test.
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Abstract
Projects perform variably, several audits of programmes suggest that high levels of failure are
normal. Several persistent issues negatively affecting the successful management of projects
are observable in practice and include: Planning inaccuracy; failure to identify known risks;
contract relationship issues; an absence of innovation; reporting inaccuracies; fallacious
business cases and challenges to effective team working. Suggestions made by: Prominent
writers in the management of projects, selected for their interest in the rethinking
management agenda, call for a rethinking of how the ‘project’ is conceptualised, suggesting
that ‘normative project management’ as presented by the leading project management
professional organisations in their ‘bodies of knowledge’ contain an implied theory of project,
and of ‘project management’, and this is one that is incongruent with the ‘lived experience’ of
project practitioners. Arguably this incongruence has a detrimental impact on the
management of projects and their subsequent performance. It may be that alternative
approaches that reconceptualise ‘project’ and ‘the management of projects’ might also offer
important enhancing innovations for industry and project management in general. These reconceptualisations might also be important facilitators of other technology adoption,
precursors even. This desktop study compares the calls for new theory in project management
with their potential to address the contemporary project management challenges evident in
the U.K. This study points to the need for project management to explicitly reject some of its
earlier deterministic approaches and recognise that these failed approaches continue to hold
back performance in practice. Examples of more radical non-deterministic approaches
illustrate how the profession might enhance project practice and project outcomes with new
approaches. A preliminary new theory of project is proposed: Projects seek to create a valued
outcome, as defined through facilitating a negotiation with the (open) social system that
comprises, internal (Strategic) and external interests; Acknowledging this will lead to an
emergent (multiple) outcome(s) from necessarily multiple (and innovated) possibilities.
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Abstract
Fair competition in lucrative industries is increasingly difficult to ascertain. Despite the
presence of regulations and authorities, illegal practices are ever-present in expanding
overseas construction industries, and concerns arise from a specific lack of clarity; whether the
UK follows this trend. From this perspective, the primary aim of this study is to investigate the
potential for the UK Construction Industry to conspire in collusive activities. To achieve this
aim, a mixed method approach of exploratory sequential design using a combination of
qualitative and quantitative research was implemented. Secondary research was initially
adopted by reviewing previous findings of overseas construction industries to establish a
benchmark. Primary research followed this with a qualitative phase involving the interviewing
of industry professionals to provide a comparison with previous literature findings. The results
indicated a mixed response. In general, there is no evidence that the UK Construction Industry
is involved in any collusive activities, but a small number of respondents indicated that the
potential for collusion exists. Moreover, many respondents to the study perceived collusion to
be unethical practice which would give rise to the contributions to beliefs surrounding such a
limited potential. On the contrary, despite the vast majority believing that the potential for
collusion is non-existent, the interview findings suggested the potential, contradicting the
findings of the online questionnaires. In conclusion, although there are some dissimilarities in
opinions, overall the research concluded that there are areas on the construction industry that
need improving but changing the attitudes and behaviours through education will significantly
reduce the potential for collusion within the UK construction industry.
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Abstract
This paper explores the use of remote sensing techniques for the planning of sustainable
crops in the Sierra Nevada de Santa Marta (Colombia), in areas affected by deforestation
caused by the spread of illicit crops. Remote sensing, digital cartography, and satellite images
were used to identify the places affected with coca crops; followed by a vegetation quality
analysis using the normalized difference vegetation index (NDVI). This observation, combined
with the test and modelling of environmental indices such as hydrometeorological
parameters (temperature, precipitation, and relative humidity) were used to select
sustainable crops to be considered in a simulation model for the study area. The results
revealed that the range of NDVI index where coca crops are found is between 0.36 to 0.51;
In addition, the results of the mathematical programming model recommend that
mechanized rice, plantain, and cassava should be cultivated, as substitute alternatives that
maximize the profits and availability of farmers, according to the agroclimatic conditions
that allow the development of sustainable crops.
The analytic protocol and the results of this work have the potential to better inform illegal
crop substitution policy, the strategic planning of economic inclusion for the affected
communities, and to inform and optimize the impact of field interventions, both, in the short
and long term.
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Abstract
With diffusion of new technologies and accelerating developments in many aspects of daily
life, projects relating to ‘Smart Cities’ development are evolving more than ever. This
research aims to critically discuss and examine the challenges that the development of
‘Smart Cities’ imposes on the projects that support them. It aims to investigate how current
approaches to managing, developing and delivering projects might inform the specific
challenges identified with smart city projects. Through the use of a qualitative and inductive
method, a “scoping review” as the research design was utilised. The relevant studies have
been identified, studied, collected, and summarised throughout this research to produce an
all-embracing view on the subject. The smart cities challenges have been mapped to
available project management techniques, and their potential capacity for addressing these
challenges have been examined. It has been observed that the chosen project management
methodologies have the capability to fix some issues that face smart cities, but not all of
them, since these methodologies, on their own, lack certain elements to constitute accurate
results in the given context. However, considering modular levels/skills within these
methodologies such as; value management, benefit realisation, engagement, innovation,
etc. have led to provide a basis for addressing most, if not all the issues. Accordingly, this
research concludes with proposing a simple and flexible “model” for ‘Smart Cities’ projects
development. Recommendations have been made to move the research forward towards
more value centric approaches; increasing the social interaction amongst people – the users
of smart cities – emphasising on the role of soft skills, entrepreneurial perceptions,
innovation, and adapting new technologies. Arguably this is what project management in
general might need to concern itself with in any case to substantiate its existence in view of
the challenges faced as a result of developing new types of projects. Hence, some
hypothesises have been proposed to initiate further research studies.

43

I Spy with my Little Eye: Improving User Involvement in Elderly Care Facility
Design through Virtual Reality
Abdul-Majeed Mahamadu, Udonna Okeke, Abhinesh Prabhakaran, Colin A.
Booth and Paul Olomolaiye
Faculty of Environment and Technology, University of the West of England (UWE), Coldharbour Lane, Bristol
BS16 1QY, UK

Keywords: Health Ageing, Virtual Reality, Building Design, Users

Abstract
Recent studies have established that an ageing population is currently the most prevalent
problem in healthcare provision as a result of an increasing number of people living with agerelated chronic conditions such as dementia and stroke. More recently, this has been
exacerbated by the outbreak of the COVID-19 pandemic which has exposed elderly people to
more risks. One of the ways of improving the quality of life of aged patients is to design care
facilities that meet their care and personal user needs. One area of innovation is participatory
design where stakeholder views are sought in the design process in order to enhance the
patient experience when the facilities are built. However, the current approaches to
participatory design are challenging because of reliance on single interface methods based on
2D and 3D visualization and communication of design information. This study aimed to
enhance elderly user participation in healthcare facility design through interactive Virtual
Reality (VR). A novel methodology for incorporating fully-immersive and interactive VR into
the workflow of care facility design is proposed highlighting potential challenges and safety
considerations. A prototype VR application was developed and used in an experiment
involving care experts and designers (n=7) to ascertain the usefulness of the methodology for
capturing user requirements during building design specifically for elderly care scenarios.
Findings indicate that VR improves design communications and user engagement in the
process, however, there remain safety issues that hamper the full deployment of a fullyimmersive VR application for elderly participants. This includes loneliness in virtual space,
potential dizziness when navigating as well as usability challenges associated with disability
and loss of dexterity which is often more prevalent among the elderly. Features such as
teleportation while stationary were found as very useful in offering a safer approach to
navigation in VR for elderly users. Also, for future developments, it is proposed that semiimmersive and augmented reality approaches are tested in order to ascertain their relative
advantage when compared to fully immersive solutions.
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Abstract
An asset is anything with actual or potential value to an organisation. An asset costs money
to operate and its performance should be measureable, therefore an asset could be university
building, an office block, a meeting room, a lift or an air conditioner unit. Sustainability within
a built environment should be considered throughout the asset’s whole lifecycle - from Design
and Build (D&B) phase into Operational phase and with insights fed back into D&B /
Refurbishment or Decommissioning phase. A holistic and cyclic end-to-end approach for
sustainability throughout the whole lifecycle asset management should cover key areas such
as: (i) Building / refurbishing only what is needed using evidence based data; (ii) Reducing
waste, inventory, re-works, unnecessary resource effort and energy consumption; (iii) Using
right suppliers, products and materials, and only ordering and using parts when needed –
ensure right time, right part from preferred supplier; (iv) Measuring, optimising and
maximising existing asset performance and demonstrating ‘fit for purpose’; (v) Improving
compliance, health and safety and well-being. To deliver these, organisations need to be
collaborative to ensure respective solutions and services within a whole lifecycle asset
management approach are open, interoperable (non-proprietary), modular that can be
tailored to meet customer needs as well as remaining cost-effective and able to deliver on
desired business outcomes including the growing importance of sustainability. Our proposed
Smart Enterprise Asset Management Ecosystem brings together partners covering innovative
technology such as IoT, Asset Management (CMMS, CAFM), 3D Scanning and BIM, Digital
Twin, E-procurement and Supply Chain, Big Data Analytics, Blockchain, all underpinned by
industry sector expertise and academic rigor. This unique breadth and depth of partner
collaboration focuses on end-to-end asset whole lifecycle management which helps remove
silos and barriers for the end customer therefore allowing them to deliver on desired business
outcomes such as energy sustainability, performance, cost reductions, well-being, etc., rather
than them getting embroiled and lost with systems and technology architecture.
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Abstract
The factors such as an increase in population, unplanned urbanization, increasing level of
comfort expected from the built environments increase the consumption of energy and cause
environmental problems; therefore, the sustainability concept has gained importance among
the researches. While increase of costs and decrease of natural resources remain the need for
sustainable structures in the built environment; Building Information Modeling (BIM)
technologies have radically changed the way of architecture, engineering, and construction
(AEC) industry as an emerging technological innovation by leading the transformation of the
construction industry. Another driving force for the construction industry has become lean
approaches with the philosophy of minimizing wastes and increasing efficiency. The interest
in the synergy between these three emerging concepts has increased to reduce the social,
environmental, and economic impacts of the built environment. The purpose of this paper is
to present a bibliographic literature review about the BIM-Lean-Sustainability synergy. Scopus
database is relied on to search articles published between 2011-2020 to address the
relationships among the concepts changing the way of constructing by determining the mostused keywords, the most-productive and the most cited authors. The paper aims to propose
useful insights for future research by identifying the challenges in existing studies to create a
dynamic platform for the trinity between BIM-Lean-Sustainability.
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ABSTRACT
Building Information Modelling (BIM) is an intelligent 3D model-based process that gives asset
managers the insight and tools to manage buildings and associated infrastructure more
efficiently. BIM is the industry standard model to deliver insight on how a building will
perform once built and to manage its performance and asset lifecycles. While BIM processes
are established for new buildings, older buildings are not maintained, refurbished, or
deconstructed using this method. BIM enables the benefits of efficiency, resource
management and compliance. It can overcome uncertainties of building condition and
deficient documentation that are prevalent in older buildings. It also acts as a centralised
platform, accessible by all stakeholders to hold ‘one version of the truth’. Due to complex
built forms and increasing legislative pressure from the government for multiple occupancy
buildings, a state-of-the-art overview with an easy to use visualisation of compliance and
accountability is required for our existing building stock. From a review a step by step proof
of Concept (PoC) digital twin model is proposed. The work will show accountable outcomes
that can be validated at each stage, the time and cost saving, as well as Halton Housing’s
goals of creating places to be proud of, addressing customer safety, and asset strategy can be
achieved. The aim is to assist in creating a healthy organisation by improving IT platforms,
making it easier for colleagues to do their jobs and promote brand and reputation, cementing
position and maintaining a strong voice in the sector. Furthermore, the review will
demonstrate how an existing building can be modelled into a digital twin via a 3D BIM
implementation. Starting small with clear phases and utilising data already available, the
development proposed offers an exciting innovative cross platform implementation, that
aims to explore the ‘art of the possible’ and opportunities to scale-up by adding important
assets and integrating IOT sensors to gain further insights. Most importantly, the review
highlights the advantages to the business at every stage and can adapt to business assets in
an exciting and innovative way.
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Abstract
Corporate Social Responsibility (CSR) in the UK construction industry has been growing in
awareness and expectation over the previous decades. Whilst at first the focus of CSR was on
environmental issues; more recent developments have shifted the focus onto the Social Value
(SV) aspects of CSR. Such a change has been driven by changing stakeholder demands and the
introduction of the Public Services (Social Value) Act (2012). Contractors now need to measure
their CSR and SV in order to effectively communicate with stakeholders. Such SV measurement
needs to be understood by a plethora of stakeholders, be accurate, and withstand scrutiny.
However, there exists at the heart of SV a conflict between its subjective nature and the
objective way SV is often measured. This objectivity manifests itself in the use of quantitative
variables such as the monetisation of SV. Monetary figures are easy to communicate and
universally understood. However, reducing SV to monetary metrics arguably misses the wider
positive impacts, and the accuracy and reliability of such measurement tools can also be
questioned. It therefore needs to be asked that if monetary metrics are increasingly used for
SV measurement, does this result in the wider SV benefits being missed. There is also a gap in
literature around how exactly contractors measure SV and why, and what the ramifications of
this are. This paper aims to explore this gap and help understand construction contractor SV
measurement behaviour, motivations and knock on effects. Semi-Structured interviews are
conducted with staff from ten construction contractors. The results reveal monetary methods
of SV measurement are widely adopted despite acknowledgements over their limitations, as
they are easier to conduct and easier to communicate. This paper contributes to the
construction management literature with an understanding of contractor SV measurement
motivations and practices.
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Abstract
The Social Value Act (2012) (SVA) has legitimised public clients’ use of socially responsible
procurement criteria in construction and is used by some Local Authorities (LA's) with the
ultimate aim of reducing inequality. Despite this, reports suggest inequality is increasing year
on year. It could therefore be argued that the SVA is, at best, making no positive difference to
inequality. At worst it is further amplifying the gap between rich and poor. LA's are also being
forced to depend less on central Government funding, spending only the money they generate.
It could therefore be argued LA's in socially disadvantaged areas will never generate the
financial capital to invest in construction works. Therefore, never experience social value,
unlike more affluent LA's, further exacerbating inequality. This paper aims to explore social
value (SV) in more detail, analysing the changes in LA behaviour due to the SVA and funding
cuts. The paper also explores if there is a link between increased SVA use and inequality.
Interviews were conducted with LA's and construction contractors with the results revealing
that in some instances the SVA serves to widen and reinforce inequality. Therefore, some LA's
are potentially at risk of becoming trapped in a cycle of low income, low construction
investment, and low levels of SV, resulting in low income and high deprivation. This research
contributes to the previously unexplored negative ramifications of the SVA and what this
means for contractor Corporate Social Responsibility practices.
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Abstract
With a global increase in climate change, natural disasters are becoming increasingly frequent
in the Caribbean (Acevedo and Novta, 2019). The increased frequency and the intensity can
be directly attributed to climate change (Giugale, 2017). However, climate change may also
be the driving force behind fewer, yet more powerful hurricanes and tropical storms (Elsner,
2015). The death toll, destruction and trauma are worse than have been previously
encountered. According to research reported in “Unbreakable", the poor suffer
disproportionately when a disaster strikes; they are more exposed, more vulnerable, and less
able to recover due to a lack of disaster management planning and resilience within their
country (Hallegatte, Vogt- Schilb and Rozenberg, 2004 p.4). Natural disasters are common
problems to many Caribbean countries. Therefore, it is imperative to understand why
structures fail and how can it be mitigated to prevent such failures from reoccurring during
this phenomenon. This research paper aims to identify the reasons behind structural failures
during a natural disaster and the impact of disaster management and resilience planning
within the Caribbean.
Within this context disaster management can be defined as the organisation and
management of resources and responsibilities for dealing with all humanitarian aspects of
emergencies, preparedness, response and recovery to lessen the impact of disasters, whereas
being resilient is the ability to withstand or recover quickly from difficult conditions.
(International Federation 2010).
Questionnaires were distributed to professionals within the industry and the questions are
focused on structural failure challenges faced within the Caribbean, specifically the Turks &
Caicos Islands and how to resolve the matter. The objective is to identify why structures fail
and how disaster management and urban resilience planning can mitigate these structural
failures from happening and adopting a resilient approached to building designs.
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Abstract
The built environment has a responsibility to prevent climate change and use fewer
resources. Sustainable construction is a powerful way of lowering the negative
environmental impacts of built environment activities. It is the creation and
responsible management of resource efficiency and ecological principles incidental
to project delivery. However, barriers such as perceived initial cost, lack of political
commitment, lack of legislation, lack of professional knowledge and technological
difficulties must be tackled. The focus of this study is on actions, which Ghanaian
construction must expedite to make a significant progress in the reduction of carbon
and ecological footprints. It is argued that the desire for sustainable construction in
Ghana is gaining traction based upon a purposive selection and review of the related
literature. Although sustainable construction is at the infant stage, construction work
in Ghana has improved over the years, and it is contributing to the achievement of
sustainable development goals relevant to the construction industry. The study
concluded that despite common practice challenges, there are efforts to implement
sustainability in Ghanaian construction. There are opportunities and drivers through
policies and regulations, which should be explored to prevent further damage to the
environment.
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Abstract
Numerous care and procedures have been declared to address the problem of global
warming and building construction emissions, all to minimise the health negativities
that arise due to high pollution levels. Construction markets are now more awake to
sustainability accomplishments; thus, it is vital to educate construction stakeholders
on preferred natural or alternative materials for construction purposes based on their
significance to sustainable development. This paper is aimed at conducting a
structured literature review on the subject of particle emissions of natural and
alternative building materials and to provide an overview of the associated health
challenge. Documentary data on particulate matter emissions of these materials were
collected through desk research. The study showed that the problem of selecting good
quality material with emission-free health challenges stems from the fact that the built
environment professional has little clue of knowing about the toxicity of building
materials. Throughout the review, literature has been quiet on the emissions of PM10
and PM2.5 released from the use of both natural and alternative materials; thus, calling
for concern, and a more significant research direction towards the study of this
phenomenon to yield the required results.
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Abstract
The benefits that urban forestry can bring to viable urban futures is increasingly well known,
and the research into the concept of urban forestry, which includes trees, other vegetation
and green spaces in general, is getting increasingly sophisticated. We are now beginning to
be aware for example of the benefits and dis-benefits that specific species, particularly tree
species, can contribute to viable urbanism, especially their mitigation of the urban heat island
effect, their ability to reduce urban air pollution and how we need to design our streets so
that trees can biologically carry out what they have been put there to do. This is also
influencing the concept of reconciliation ecology, the idea that urban areas have got to “step
up to the plate” to encompass natural processes in their viable futures, including assisting the
migration of species northwards as the effects of climate change alters current ecological
zones. This thinking is incorporated in the UN’s FAO concept of ‘critical Infrastructure’,
whereby green, blue and grey infrastructures are now deemed to be equal partners in the
creation of viable urban futures.
This paper will consider these ideas, and how we might incorporate them into the planning,
design, delivery and management of our viable urban futures. It will suggest that urban
forestry / urban greening is no longer merely a ‘green cosmetic’, softening the hard design
decisions of traditional urban design, but is a metaphysic – a first principal of urban design.
That said, there is some evidence that we sometimes ‘over design’ our public domain, creating
public areas that are too formal, when a more informal design would engage better with
natural processes and benefit our multi-ethnic city people more positively.
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Abstract
The emerging technological advancement of electronics attracts consumers to continuously
update their gadgets (e.g., smartphones and their smart accessories, smart TVs, etc.). Indeed,
the growth of electronic production coupled with shorter life span contributes to the alarming
rapid transition of electronics to Electronic waste (e-waste). The latter describes all electrical
and electronic products that are close to or have exceeded the end of their useful life, as well
as outdated electronics in the case of developed countries. In the higher education sector,
particularly in engineering, laboratory e-waste consists of outdated computers, oscilloscopes,
signal generators, printed circuit boards (PCBs), etc. This work, therefore, proposes a
management policy for the e-waste of engineering laboratories in universities, whereby
outdated or discarded electronic laboratory equipment in the developed countries can be
utilised in educational institutions of developing countries. The proposed grave-to-cradle ewaste management enables repair and maintenance of the to-be rescued electronics through
laboratory learning activities at either end. Not only would this pioneer policy lead to the
reduction of e-waste but it would also cater for sustainable education and a global transition
towards a circular educational economy. The challenges and opportunities for such a policy
will be investigated in terms of public (i.e., students, technicians, academics, and policy
makers) acceptance and engagement in the UK in comparison to that of developing countries
in Africa.
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Abstract
Homes must become low-energy and resilient to climate change. In Leeds, the goal is to be
carbon neutral by 2030. The majority (58%) of Leeds homes are owner-occupied (UK SAP
median score 60, 2016), with lower energy performance ratings than publicly owned
dwellings (UK SAP median score 67, 2016), and account for greater gas consumption than
other tenure groups. Space heating accounts for 14% of all UK CO2 emissions. Therefore,
owner-occupied householders’ must be equipped to make decisions to proceed with retrofit
to decarbonise their homes. This is in line with the Clean Growth Strategy in the UK.
In the UK, almost 19 million energy performance certificate (EPC) records are for existing
dwellings (based on BREDEM, RdSAP methodology), are publicly available. In addition, open
access postcode level gas data, enables comparison of postcode level gas consumption data
(heat, hot water and cooking), once adjusted for external temperature; with EPC data.
However, this data is top-down and Governed. There is a move to operational data, but as yet
this has not taken a citizen-led approach. Retrofit of homes can be considered a bottom-up
challenge requiring householders to engage with middle-out building professionals.
Co-production of knowledge and data, with engagement of citizens could assist in delivering
effective urban governance. Therefore, this paper aims to explore an avenue towards open
and citizen led data informing dwelling retrofit strategies. It does this by 1) identifying data
sources which are open and can inform local area retrofit strategy; 2) discussing common
tools used to store data openly; and 3) outlining data informing retrofit evaluation 4)
presenting the gaps for citizen led data to inform, towards dwelling retrofit. Householders are
particularly well placed to co-produce, own and share their data, with ethical consent, on
energy demand, preferred temperatures and indoor environment quality. This could assist in
reducing uncertainty around retrofit choices, in addition to informing future retrofit decisions
through increased post-occupancy evaluation data.
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Abstract
To meet statutory carbon reduction targets in the UK, a radical transformation of existing
building stock is needed. To achieve this, engagement of the practitioners involved in the
Repair-Maintain-Improve (RMI) subsector – small builders and tradespeople - is essential.
Previous attempts at investigating this topic have been atheoretical, presenting lists of drivers
and barriers. Such lists are frequently arbitrarily categorised, limiting their usefulness to
programmes of change. This study makes a novel contribution by applying an established
model of behaviour change, the Capability, Opportunity, Motivation – Behaviour (COM-B)
model, to a data set of 31 interviews with RMI practitioners in the UK. COM-B proposes that
behaviour results from individuals possessing the capability to take action as well as the
opportunity and the motivation to do so. The analysis identified capabilities including
knowledge and co-ordination of people and resources; opportunities including state action
and customer demand; and motivations including pride in work, maintaining a viable business,
and co-worker and customer relationships. Recommendations are presented on the
implications for policy. For successful transition to zero carbon homes, initiatives are needed
to address the multiple factors which determine engagement in energy-efficient retrofit:
capacities, opportunities and motivations.
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Abstract
Government figures (Parliament Publications, 2017), show that the car is king when it comes
to commuting, even for very short distances. This publication shows that 60% of all journeys
of 1 to 2 miles and 80% of all journeys of 2 to 5 miles, were made by car. These distances are
typical of commuting between home and the workplace, or the school run. However, the level
of pollution in cities and commuting corridors can be many times higher than World Health
Organisation (WHO) safe limits, with a city centre street in Leeds being the most polluted
outside of London, (ICCT, 2018). The toll on the population, is significant, for example, 9,500
Londoners are killed every year, due to air pollution (Wallop, H, 2020). It seems nonsensical to
drive, especially when the average speed in London is now on average 7mph slower than the
Victorians achieved when being pulled along by horse and carriage. A car requires over 5 miles
to get a catalytic convertor to work and the mpg is at its very polluting worst under this
distance and speed.
Alternative forms of transport are available, for example for distances of between 2 and 5
miles, 15% of these journeys are made by public transport and approximately 7% use a
physical means ie walking or cycling.
Many councils have introduced cycle routes. However, many are situated in close proximity to
commuting corridors and so cyclists breath polluted air deep into their lungs at a faster rate
than a shallow breathing car driver.
This paper presents an alternative approach to commuting, using an electric bike. A
comparison is made between a cyclist, a car driver and a low cost retro fitted electric bike,
using a typical commuting route of under 5 miles in Leeds. The study shows the level of
pollution inhaled, time taken and contribution to green house gases by each mode of
transport.
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Abstract
Technological advances in electrification of the transport sector increasingly emerging as
promising alternative to tackle air pollution. The maturity of electrical vehicles (EVs) however,
is still modest in comparison to that of internal combustion engine vehicles. To date, the
sustainability of manufacturing and fuelling of EV pose great challenges in simulating interest
and accelerating the acceptance of such technological shift. In the U.K. with the existing grid
infrastructure, the increase of electricity consumption and carbon emissions are the key
challenging factors for large-scale implementation of EVs. Today, the enhanced conversion
efficiency of renewable energy generators coupled with their reduced cost continue to pave
the way for stand-alone, renewable-powered and fast charging stations for EVs.
This has urged the need for better communication channels to communicate the implications
of such technological advancement to members of the public. As well as educating the public,
such public engagement through surveys and questionnaires would introduce a sense of
acknowledgement, which would in turn motivate the uptake of the technology. Furthermore,
direct surveying of public opinion gives general markers for how the public would respond to
policy changes and projects, improving governmental decision making.
This study, therefore, analyses consumer’s attitude towards EV and examines key factors that
are likely to affect the consumer’s choice. As well as, the sustainability of the fuel, the role of
EV automation in supporting social distancing measures is also investigated. The study is
based on the City of Leeds and the outcomes are expected to provide a guide to local policy
makers on the electrifications of transports, both in the private and the business sector.
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Abstract
The exponential increase in human population on earth and corresponding anthropogenic
activities are jeopardizing the environmental sustainability of the planet. Two of the main
anthropogenic influences are transport and waste. The escalating demand of transport is
increasing the energy need, thereby, placing an incredible strain on fossil fuel reserves that
are depleting fast. On the other hand, owing to growing commodities (both in variety and
number), waste generation has ever been accelerating. In the waste management industry,
the sustainable waste hierarchy is a fundamental benchmark, according to which, landfilling
is the least preferred option and waste-to-energy is relatively more preferred option (i.e.
incineration). Furthermore, the transport sector is the second largest energy consumer
amounting to 25% of the total global energy production. Transport can be categorized into
three main types as follows: terrestrial (land), aviation (air), and maritime (water). Among
these three types, waste-to-energy is more practically feasible in the maritime transport.
From the review of the relevant literature, it seems that much studies have not been carried
out specific to this possibility. The paper focuses on this knowledge gap, thereby, aiming to
create a clear account of challenges as well as benefits of replacing the consumption of fossil
fuel by waste-to-energy i.e. a kind of on-board waste incineration to propel maritime vessels.
Thus, killing two birds (transport and waste) with one stone (energy). This study establishes
the potential of waste-to-energy in the transport sector, with the main focus on maritime
transport. The paper also presents innovative insights in terms of how maritime transport
being driven by energy-from-waste instead of fossil fuels, can improve environmental
sustainability and help climate emergency agendas, and also contribute to Climate Action
which is one of the seventeen SDGs (Sustainable Development Goals) introduced by the UN
(United Nations).
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