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Page 2 – Project Description 

 

Scientific Excellence 
(500 words) 

Background 

Buildings are believed to responsible for over 50% of the 
energy consumed worldwide Sattary and Thorpe (2012). A 
reasonable proportion of this is represented by the embodied 
energy of buildings represented by building materials (Qarut, 
2017). For example, cement accounts for 83% of total energy 
use in the production of non-metallic minerals in the world 
(Alaka, 2016) 
 
Unfortunately, a large amount of construction materials end up 
as construction waste annually. The construction industry is 
responsible for 32% of the waste that goes to landfill (Ajayi, 
2015). These wastes are normally off-cut materials or left overs 
(e.g. from excess concrete) from material that require a lot of 
energy during production. The energy used to produce and cut 
the material wastes constitute part of embodied energy 
calculations of a building simply because calculations are 
usually based on purchases and not actual use.  Despite the 
many proofs from research that the best solution is to reduce or 
identify recyclable waste, and consequently reduce energy 
wastage, from the design stage of a building, there exist no tool 
that can be used by contractors and designers to effectively 
predict and minimize construction waste at the design phase 
(Akinade, 2017). Such tool will also be able to identify potential 
recyclable wastes thereby limiting the possibility of disposing of 
recyclable waste. This is important as recycling is known to 
greatly reduce the energy required to produce a product (Suez-
environment) 
 
This project is about a BIM system that would enable designers 
at an early design phase (RIBA Stage C to E) to predict & 
identify the main sources of construction waste, and identify 
potential recyclable wastes. None of the existing BIM software 
(e.g. ArchiCAD, Revit etc.) has waste reduction functionality or 
recyclable waste identification function to help reduce energy 
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wastage. The tool would therefore be interoperable with 
existing BIM design software. Current waste tools include 
design guides & checklists that do not realistically help 
designers to design out construction waste and consequently 
reduce embodied energy. Other tools (i.e. SMARTWaste, WRAP 
Net waste, etc.) can only be used after the production of bill of 
quantities, making it too late for designers to make any major 
changes to their design in order to reduce waste (Akinade, 
2015) 
 
This study will use expert judgement through interviews and 
focus group, together with Expert Systems to develop the tool. 
The tool that encourages early supply chain involvement (ESCI) 
in design. Ground-breaking Artificial Intelligence with heuristic-
based search optimization will be used on the collected data to 
create the intelligent BIM tool, which will be interoperable with 
BIM design software like Revit. The tool is the main expected 
outcome. This is about collaborative construction waste and 
associated embodied energy reduction at the design phase as 
against waste management after waste generation.  

Aim (400 words) 
 

Aim 

The main aim of the project is to develop an intelligent waste 
evaluation BIM tool that help designers to evaluate construction 
waste and associated embodied energy at early design stage.  

Functions of the tool include  

(1) identification of construction waste sources and prediction of 
construction waste quantities and associated embodied energy,  

(2) identification of realistic recovery and re-use potential of 
materials to avoid wastage of embodied energy,  

(3) optimisation of assembled unit sizes to reduce construction 
waste quantities and associated embodied energy 
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Objectives 
 
1. To identify and categorise construction materials according 

to the level and types of waste they generate, and 
associated embodied energy  

 
2. To identify all existing reuse purposes of the identified 

materials to avoid wastage of embodied energy 
 

3. To develop a dimensional coordination optimization tool for 
the materials identified as having off-cuts as their major 
contributions to construction waste 

 
4. To develop a predictive tool for predicting construction 

waste quantity of a building and associated embodied 
energy, and suggesting reuse potentials of materials in a 
building  buildings at the design stage 

 
5. To develop a theoretical framework for integrating the tools 

in objectives 3 and 4 into a major BIM software like Revit 
 
Research questions 
1. What are the levels of waste generated, and energy 

consumed in their production and disposal,  by the different 
construction materials and  

 
2. What are the existing reuse purposes of the various 

construction materials, especially for materials with high 
embodied energy 

 
3. What digital solution is available to solve the off-cut 

problems of construction materials as a major contributor to 
construction waste and wastage of energy 

 
4. How can the potential waste levels a building construction 

process generate and the associated embodied energy be 
evaluated digitally at the design stage 
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5. Can the digital solutions for construction waste reduction, as 
developed in question 3 and 4, be integrated into a major 
BIM software like Revit 

 
 
Methodology 
The pragmatism paradigm with a mixed method approach will 
be used to ensure all research questions are adequately 
answered. Interviews  and focus groups with experts will be 
used to understand the problem and used to inform project 
specific questionnaires. Questionnaire data will be processed 
with expert systems to develop digital tools 

Innovation 
This study will be the first to develop an expert systems for 
construction waste prediction and dimensional coordination 
optimization of construction materials to reduce off-cuts 
 
 
Resources 
The key resources needed include normal computers which 
university will provide, expert systems algorithms which are 
freely available, and some transport costs to meet with 
respondents hence project can cover all costs  

 
Strategic Relevance 
(300 words) 

Owing to its waste intensiveness and consumption of large 
resources and associated energy, construction industry has 
particularly remained a major target for environmental 
sustainability (Anderson and Thornback, 2012). Evidence shows 
that the industry consumes over  50% of energy used globally 
(Sattary and Thorpe, 2012), consumes mineral resources from 
nature (Anink et al., 1996) and generates up to 35% of waste to 
landfill (Solís-Guzmán et al., 2009). It also contributes over 33% 
of global CO2 (Baek et al., 2013). In addition, waste reduction 
and reduced resource usage have significant economic benefits 
(Coventry and Guthrie, 1998). Evidence shows that reducing 
construction waste will reduce natural resource consumption 
leading to reduced energy usage (Sattary and Thorpe, 2012). 
Evidence also shows that reducing construction waste by 5% 

https://www.sciencedirect.com/science/article/pii/S0921344915300203#bib0015
https://www.sciencedirect.com/science/article/pii/S0921344915300203#bib0020
https://www.sciencedirect.com/science/article/pii/S0921344915300203#bib0295
https://www.sciencedirect.com/science/article/pii/S0921344915300203#bib0025
https://www.sciencedirect.com/science/article/pii/S0921344915300203#bib0060
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could save up to £130 million in the UK construction industry 
(BRE, 2003). Although, these clearly show that reducing waste 
generated by construction activities tends to provide both 
economic and environmental benefits, waste generated by 
construction and demolition (C&D) activities remains alarming. 
These concerns have influenced formulation of various strategic 
policies towards diverting construction waste from landfill sites. 
In addition, evidence shows that despite increasing waste 
management research and policies, proportion of construction 
waste landfilled increases. For instance, proportion of C&D 
waste in UK landfill sites increases from 33% in 2010 (Paine and 
Dhir, 2010) to 44% in 2013, according to the Department for 
Environment, Foods and Rural Affairs. This increasing 
proportion of C&D waste is not necessarily because of 
increasing construction activities. Rather, while other sectors 
have effectively put a check on their waste going to landfill 
through digital solutions, waste landfilled by construction 
industry remains alarming. As such, there is a decrease in rate of 
landfill waste from household, industrial, commercial, mining 
and other activities (DEFRA, 2013). This suggests the 
construction industry needs up its ante in providing a digital 
solution to its waste problem 

Interdisciplinarity and 
fit with DTA3 

This study is interdisciplinary between construction, IT and 
energy 

Industrial Relevance 
(300 words) 
Detail external 
placement 
opportunities or 
collaborations 
available as part of 
the project 

This study will help towards reducing the global extreme energy 
demand by helping to reduce the natural resource consumed 
by the construction industry and the associated energy required 
to extract these resources. It will also help to reduce the factory 
level energy required to turn these resources into proper 
construction materials. This study will help contribute to solving 
the UK government’s industry challenge of providing more 
digital solutions for the construction industry. The industry is 
fact getting to that point where information/digital technology 
will be a serious component of all construction projects. Early 
adopting and implementing firms will definitely have a 
noticeable advantage over those who do not take technology 
seriously. 
 

https://www.sciencedirect.com/science/article/pii/S0921344915300203#bib0045
https://www.sciencedirect.com/science/article/pii/S0921344915300203#bib0100
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The project will provide the opportunity to collaborate with 
Clientrix and Clytell which area world class firms for applying 
digital technologies to construction processes 
 
Risks 
Although there is a  risk of not being able to access these 
external facilities/collaborations. The impact of this risk is very 
low as the university has the key resources needed as earlier 
identified 
 

Economic and 
Societal Impact (300 
words) 

As at the year 2008, the UK construction industry accounts for 
8% of Gross Domestic Products (GDP), generates employment 
for over three million workers and contributes annual value of 
over £100billion. A reduction in waste generation and 
associated consumed energy can further improve the industry’s 
contribution to the economy. The reduction in waste can also 
contribute positively to sustainability, quality of life and the 
environment. 
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Specific Admission 
Requirements 
Detail any subject 
specific degree 
qualifications or 
disciplines, relevant 
skills, experience 

Degree and MSc in IT or Construction related course 
 
Degree in a construction/information technology course. 
Having a degree in one and a secondary qualification in the 
other is most welcomed. In terms of IT, good command of 
artificial intelligence/expert systems is key. 

Minimum IELTS score 7.0 
 

 


