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Preface 
 

It is a great privilege for us to present the proceedings of Research Conference held 

as part of the 3rd Festival of Research on 26th May 2022. The Festival of Research 

organised by the Faculty of Science and Engineering (FSE), brings together a wide 

range of researchers from different disciplines and seeks to promote, encourage, 

and recognize excellence in scientific research. We hope that you will find it useful, 

exciting and inspiring. 

We are emerging from what might be described as unprecedented times following 

the global pandemic, in which we have all had to adapt ourselves to new ways of 

working. While the last two years have been extremely difficult for various reasons, it 

has also shown the power of research. We have seen new vaccines being 

developed in record times and new ways of technology being adopted. However, we 

are still faced by various challenges faced by mankind. The UN Sustainable 

Development Goals (SDGs) or Global Goals are a collection of 17 interlinked global 

goals designed to be a "blueprint to achieve a better and more sustainable future for 

all. This provides the underpinning motivation for many of the research programmes 

running within the faculty, and so is the theme for this year’s Research Conference. 

We have had an excellent response to the call for participation from across our 

Postgraduate Research Student community and research active staff, which has 

resulted in the rich and diverse range of topics included in the conference 

proceedings. The topics represent a sample snapshot of the current on-going 

research programmes within the faculty. With increased emphasis being placed on 

the impact of our research, it is interesting to witness the wide-ranging areas of 

investigation, where our research continues to extend and develop new concepts as 

well as seeking solutions for real-life problems for the benefit of society. This year we 

have selected 36 submissions for oral presentation and 17 submissions for poster 

presentation.  

Research at the university and Faculty is at its highest ever level according to the 

Research Excellence Framework (REF2021) assessment of research quality. Staff 

from the Faculty were submitted to five Units of Assessment (UoA). We have seen 

substantial improvement in the overall scores compared to the last REF (2014) for 



 
 

 
 

most of the areas.  In many of the areas it has exceeded our expectations. These 

are fantastic results, and we are pleased by this excellent achievement. This year we 

decided to also include a Research Showcase Day as part of the Festival of 

Research to celebrate our research successes and showcase the cutting-edge-

research being carried out by the various research centres and institutes.  

We trust that you will find the event to be of value and we look forward to networking 

and meeting with you all during the presentations and poster sessions on Day 1 and 

Research showcase stand demonstrations and presentations on Day 2.  

 
       Dr Subashini Suresh 

      Professor Prashant Pillai 

Professor David Proverbs 

26-27May 2022
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A1 - Design and Additive Manufacture of novel bone scaffolds 

Edward Michael Andrews, Arun Arjunan and Ahmad Baroutaji 

Abstract:  

Background and purpose 

Bone is a complex material which possesses the unique ability to regenerate without 

intervention following a fracture. Past a certain point however it is unable to do this 

and is termed as a critical size defect (Schemitsch, 2017; Gómez-Barrena et al., 

2015). Bone tissue engineering (BTE) is a multidisciplinary field targeting the 

fabrication of synthetic devices used to treat critical defects and replace the outdated 

methods of bone grafting which are associated with several downsides (Arrington et 

al., 1996; Dodd et al., 1988; Sohn and Oh, 2019; Mroz et al., 2009; 

Rahimishahmirzadi et al., 2021; Rosso et al., n.d.; Amini, Laurencin and 

Nukavarapu, 2012). 

The purpose of an effective bone scaffold is to promote and support the natural 

tissue repair process through replication of the architecture and behavioural 

characteristics of bone. Coupled with the rise of advanced Additive 

Manufacturing1(AM) technologies, the ability to rapidly produce low cost and 

tailorable implants is becoming the new norm in BTE (Qu, 2020; Hutmacher, 2000). 

 

Figure 1 - An example of additively manufactured bone scaffolds (Arjunan et al., 2020) 

 

 



 
 

 
 

 
Figure 2-The recognisablemacro-structure of a human long bone (Dr.Samanthi, 2019) 

 

The purpose of this research is to address this unexplored theory through the 

conceptualisation, additive manufacture and analysis of novel bone scaffolds 

constructed from two materials combined into a single ‘hybrid’ architecture. The goal 

is to fabricate a biomimetic implant which is simpler to manufacture, cheaper and 

theoretically able to promote tissue repair more effectively than current designs 

through accurate mimicry of bone and its properties. 

Figure 2 highlights the recognisable macroscale components of a human long bone 

which primarily are ‘hard’ cortical and soft ‘spongy’ trabecular bone. While formed 

from the same primary elements, these possess very different mechanical properties 

(Rho, Kuhn-Spearing and Zioupos, 1998). From an engineering perspective, it could 

be argued that these act as different materials conjoined in a single structure. The 

majority of studies in BTE however focus on the construction of implants built from a 

single material; assuming though that bone is indeed a dual material structure, it is 

impossible to truly replicate its complex architecture using just one material. 

The purpose of this research is to address this unexplored theory through the 

conceptualisation, additive manufacture and analysis of novel bone scaffolds 

constructed from two materials combined into a single ‘hybrid’ architecture. The goal 

is to fabricate a biomimetic implant which is simpler to manufacture, cheaper and 



 
 

 
 

theoretically able to promote tissue repair more effectively than current designs 

through accurate mimicry of bone and its properties. 

Planned Methodology 

To unite these materials while preserving their individual characteristics, a novel 

solution is proposed whereby two separate structures are additively manufactured; 

one formed from a ‘soft’ material replicating spongy bone and the otherfrom a ‘hard’ 

material replicating cortical bone. These constructs are then combined post 

processing to form a single hybrid scaffold. 

Starting with a critical literature review to obtain key data to influence the design of 

implants, concepts are to be iteratively generated using CAD2 and then additively 

manufactured using appropriate technologies. 

Mechanical testing will follow manufacture to determine both individual and hybrid 

scaffold properties, focusing on their stress characteristics, mechanical strengths 

and failure behaviours. Results will then be subject toFEA3validation to confirm 

accuracy. Using the data acquired, a DoE4 method is to be employed to determine 

optimal parameters, influencing a final iteration and manufacture of optimised 

designs. 

While vital for the design of bone implants, a biocompatibility study will not feature in 

this research due to material and ethical limitations. Considerations will however be 

made when designing scaffolds to implement those geometrical properties 

evidenced in the literature to influence biocompatibility of tissue scaffolds such as 

porosity, permeability and scaffold topologies (Arjunan et al., 2020). 

Results and Anticipated findings 

An effective scaffold must closely match the attributes of the tissue it will support but 

achieving this in this study will be complicated. Individually, one scaffold will 

represent soft tissue behaviour and the other hard bone, but when combined they 

must maintain their separate properties and thereby accurately mimic bone. 

Data of initial interest will be the stress, strain and strength results of the individual 

scaffolds and how closely these reflect those of the element of bone they are 



 
 

 
 

replicating. In combination, particular attention will be paid to structural interaction 

between the combined scaffolds and how factors such as the deformation and failure 

modes of one may affect the other. Like the architecture of bone, it is intended that 

the hard element acts as mechanical support and protection to the soft core, but if for 

instance the hard scaffold fails in a particular way it could destroy the soft scaffold 

and theoretically damage any regenerated tissue. Therefore, analysing deformation 

and failure behaviour is of critical importance.   

The lack of studies following a similar methodology makes it difficult to estimate what 

the results of this research may be. Findings by Liu et al. (Liu et al., 2021) for a 

dental metal-polymer implant following a similar line of enquiry suggests that 

combining hard and soft materials to form a single implant enables fast, cost-

effective manufacture coupled with easier control over implant properties for patient 

specific cases. In the context of this research, is therefore anticipated a hybrid 

implant fabricated in the specified manner will have similar and more benefits. 

Practical implications and value 

A rise in average life expectancy worldwide is leading to a correlative increase in 

bone related disorders and fractures (Office of the Surgeon General, 2004; 

International Osteoporosis Foundation, 2021). The inadequacy of traditional 

treatments has sparked significant growth in the field of BTE, however many 

difficulties still exist is designing effective implants which meet all strict requirements. 

The methods to be employed here address several of these problems including low-

cost manufacture and the creation of effective patient tailorable implants. As a little 

explored area, the value of this work also lies in providing groundwork upon which 

future advancements in this field may be made. 
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A2 - The Evolutionary Digital Twin 

Hord Arsalan, David Heesom 

 

Introduction 

With the increased level of innovation in digital devices and technologies, the world 

is evolving and progressively utilising smart technologies in all industries 

(Edirisinghe, 2019). The construction industry is following this technological step 

change (Hardin & McCool, 2015), spearheaded by the application of Building 

Information Modelling (BIM) which is defined as “a set of interacting policies, 

processes and technologies generating a methodology to manage the essential 

building design and project data in digital format throughout the building's life-cycle” 

(Succar, 2009). BIM has unlocked the potential of a more digitised construction 

approach and this has been underpinned by emerging technologies such as laser 

scanning, Big Data, sensor technology and generative design (Hardin & McCool, 

2015). Furthermore, implementing new technologies supplies stakeholders with a 

thorough insight into the functioning and operations of their assets, from design to 

construction to operation, ensuing in better designs that need less construction 

material consequently lowering carbon and requiring less labour (Construction 2025, 

2013).  

As the industry becomes more digitally enabled through the application of BIM, the 

concept of the Digital Twin has emerged and has been defined as “The virtual 

representation of a physical object or system across its life-cycle…using real-time 

data and other sources to enable learning, reasoning, and dynamically recalibrating 

for improved decision making” (IBM, 2020). This is seen by many as a progression of 

BIM by leveraging not only the 3D digital model (BSI, 2018), but also the data which 

is really the ‘Heart of BIM’ (Mordue et al., 2016). Through the integration of sensor 

data and the Internet of Things (IoT) connected items can integrate live data through 

a range of mediums (Ye et al., 2018) within the BIM to provide continuous, bilateral 

communication without limitations of time and place (Buyya & Dastjerdi, 2016). 

However, there is a paucity of work to investigate the application of the Digital Twin 

paradigm to the CAPEX stages of construction.  



 
 

 
 

This research seeks to address this gap in knowledge by integrating digital twin 

concepts into the CAPEX / construction phases and aligning this with the field of 4D 

BIM and generative design. This will lay the foundation to more effective project 

delivery (Simmonds, 2017) and will provide a new evolutionary approach to the 

implementation of digital twin through site based activities which can then be 

enacted through the project’s life cycle. This research will introduce a new paradigm 

engaging BIM and Generative Design to support design & construction of built 

assets.  

Design/methodology/approach  

Design Science Research (DSR) will be the methodology adopted for this research 

as it is a method mainly directed to innovatively solve a real-world problem by 

designing an artefact based on prevailing knowledge and practice, different to 

acquiring theoretical knowledge as opposed to more traditional methodologies 

(Holmström, Ketokivi and Hameri, 2009).   

A multistage methodology developed by Peffers et al (2007) will be followed to 

execute the DSR approach for this study aligning with the research objectives.    

1) Problem Identification and motivation  

2) Define the objectives for a solution  

3) Design and development   

4) Demonstration   

5) Evaluation   

6) Communication 

Research Objectives 

The aim of this study is to implement the philosophies and technologies associated 

with digital twins into the construction phase of a project through 4D simulation and 

generative design.   

 



 
 

 
 

The objectives of the proposed research are:   

1- To undertake a critical analysis of Building Information Modelling technologies and 

processes throughout the construction stage, including prevailing 4D simulation 

techniques.  

2- To investigate the emerging ‘digital twin’ technology to identify potential integration 

and application prior to the asset management phase.  

3- To develop a framework for the implementation of an ‘Evolutionary Digital Twin’ 

which supports continual monitoring and forward planning of site activities through 

integration with Generative Design principles and 4D BIM planning.  

4- To implement the framework through COTS software platforms in a live project 

(nominally the Springfield NBI) to provide a test case.  

5- Evaluate the framework and the implementation by conducting qualitative 

interviews with construction professionals. 

Originality/value   

Digital twins are currently applied in the operational phase, as they are digital 

representations of tangible buildings reflecting the real operation of the building (BSI, 

2018). This supports the wider view of BIM as a lifecycle tool (Eastman et al., 2018). 

This research will address the application of the Digital Twin paradigm to the CAPEX 

stages of construction. Throughout these stages, BIM is evolving within the 

mainstream to support the design through the application of Generative Design 

(Chang et al., 2019) and construction through the use of tools such as 4D modelling 

(Heesom and Mahdjoubi, 2004; Butkovic, Heesom and Oloke, 2019).  

Link to SDG: (State which SDG the work fits into i.e. SDG 9 – Build resilient 

infrastructure, promote inclusive and sustainable industrialization and foster 

innovation.   

Keywords: Digital Twin, Building Information Modelling, Generative Design. 
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A3 - Olfactory signals and fertility in zoo-housed Alaotran lemurs  

Sara Fontani, Gale Glendewar, Stefano S.K. Kaburu, Giovanna Marliani, Pier Attilio 
Accorsi, Stefano Vaglio 

Purpose 

The Lake Alaotra gentle lemur (Hapalemur alaotrensis) is one of the 25 most 

endangered primate species in the world. With a population continuously declining, it 

is estimated that only around 2,500 gentle lemurs remain in the wild (Reibelt et al., 

2019). 

This species, due to its high risk of extinction, is now targeted by several 

conservation projects (Reibelt et al., 2019), such as the Ex situ Programme (EEP). 

This population management programme is endorsed by European Association of 

Zoos and Aquaria (EAZA) members and aims to maintain captive healthy 

populations and maximize the genetic diversity through breeding management 

recommendations. Nevertheless, gentle lemurs are currently showing a low success 

rate in captive breeding across EAZA institutions. In this context, it is becoming 

increasingly important to further understand their reproductive biology. 

Olfactory communication plays an important role in lemurs’ socio-sexual behaviour 

(Charpentier et al., 2010; Scordato and Drea, 2007), and chemical signals have 

great potential as tools to trigger olfactory and sexual behaviours (Snowdon et al., 

2006), which is remarkably important in critically endangered lemur species.     

The aim of this study was to conduct the first detailed chemical analyses of vaginal 

secretions in gentle lemurs, including volatile compounds of odour signals in 

breeding and non-breeding periods, to identify the chemical signature conveying 

information about female sexual receptivity and fertility. 

Design / Methodology / Approach 

This study used non-invasive methods that integrate cutting-edge semiochemistry 

with behavioural observations and faecal endocrinology. Chemical investigation of 

vaginal odour was combined with the timing of fertility, estimated by using 

behavioural observations combined with faecal progesterone and oestradiol level 



 
 

 
 

measurements, to evaluate cycle-dependent changes in female olfactory signals and 

their reliability as indicators of the fertile phase.  

This research work focused on a captive family group, consisting of a breeding pair 

and their offspring (i.e. one subadult male and two infants) (n=5), of gentle lemurs 

hosted at Jersey Zoo over two periods (non-breeding period: August/September 

2021; breeding period: December 2021/January 2022). 

Behavioural data were collected from early morning to early afternoon (non-breeding 

period: 6h/day; breeding period: 4h/day) for 5 days per week (non-breeding period: 

Mondays to Fridays; breeding period: Sundays to Tuesdays and Thursdays to 

Fridays), for a total of 318 hours, using sampling all occurrences of some behaviours 

and ad libitum sampling methods (Altmann, 1974). Observations were focused on 

olfactory (brachial and ano-genital scent marking, sniff genitals), affiliative 

(grooming), sexual (ano-genital self-grooming, follow, mating calls, mounting 

attempt, copulation), and aggressive (intimidation) behaviours. 

Faecal (n=54) and vaginal odour (n=35) samples of the breeding female were 

collected every morning. Samples were stored in a -20ºC freezer at the zoo and then 

transferred on ice to the Rosalind Franklin Science Centre, University of 

Wolverhampton, for laboratory analyses. Hormone levels were measured using 

Enzyme Immunoassay technique (Maréchal et al., 2011), while the volatile 

component of odour signals was investigated using solid-phase microextraction and 

gas chromatography-mass spectrometry (Walker and Vaglio, 2021).  

Linear regression analysis was used to test the association between olfactory, 

sexual and affiliative behaviours and female estradiol levels during the two study 

periods. Statistical analyses were performed using R Studio software (version 4.1.1). 

Findings 

A significant positive correlation was found between oestradiol and female 

anogenital scent marks (R2 = 0.1815, F (1, 35) = 8.983, p = 0.005), while male 

olfactory, sexual and affiliative behaviours were not significantly correlated with 

female hormone levels (p > 0.05), suggesting that male behaviour alone is not a 

clear indicator of female fertility. 



 
 

 
 

Sexual and aggressive behaviours were observed occasionally, and only during the 

breeding period; in particular, copulation was displayed one day when occurred 

several times over an hour.   

Hormone profiles showed a clear difference between the study periods (non-

breeding vs. breeding). Particularly, during the non-breeding period the profiles of 

progesterone and oestradiol showed a synchronized pattern, but the trend did not 

indicate any ovulation, while during the breeding period two potential ovulation 

periods were identified, with an increase of oestrogen accompanied by a decrease of 

progesterone concentrations, interspersed by around 20 days. Sexual swelling and 

progressive opening of the vaginal orifice, as well as mating, were observed only 

during the second ovulation period. Thus, based on endocrinological and 

behavioural data, a two-day fertile window has been estimated. 

A total of 56 volatile compounds, of which we tentatively identified 42, was detected 

in all female ano-genital odour samples, including a series of organic aliphatic acid 

esters, acetate esters, aldehydes, ketones, alcohols, terpenes, volatile fatty acids 

and hydrocarbons that have been identified in odour profiles of other primates. The 

vaginal odour profile changed over the study periods, with a small pool of volatile 

compounds which distinguished the breeding against the non-breeding period. 

Research & Practical Limitations / Implications 

Some major limitations have to be acknowledged for this work. First of all, the study 

focused on a small sample of subjects (i.e. one troop), due to the limited number of 

breeding pairs hosted by EAZA institutions. Additionally, because of the seasonality 

and the constraints related to zoo daily routine, the amount of daily sampling hours 

varied between the two study periods (i.e. breeding vs. non-breeding). Finally, less 

vaginal odour samples were collected during the non-breeding period due to the 

needed change of sampling protocol (i.e. from spontaneously released anogenital 

scent-marks to training for vaginal odour sampling). Nevertheless, this study 

improved our understanding of gentle lemur reproductive biology, and supported the 

hypothesis that fertile odour signals may play an important role in sexual 

communication and convey information about fertility and sexual receptivity in this 

lemur species. 



 
 

 
 

Originality / Value 

This novel project, co-designed with the gentle lemur EEP Coordinator and Studbook 

Keeper, has provided findings which can then be applied to captive gentle lemur 

management across European zoos in order to enhance the success of their captive 

conservation breeding programme. Particularly, based on this study findings a new 

scent enrichment will be designed, tested and implemented to trigger male mating 

behaviour and so improve reproductive success in breeding pairs of gentle lemurs. 

This study would then entail quantifiable impact, such as best practices adopted by 

zoos through amendments in management and husbandry policies released by the 

EAZA. 

Link to SDG: As this project aims to enhance captive conservation breeding 

success in a critically endangered lemur species, it fits perfectly into the United 

Nations Sustainable Development Goal SDG 15 - Protect, restore and promote 

sustainable use of terrestrial ecosystems, sustainably manage forests, combat 

desertification, and halt and reverse land degradation and halt biodiversity loss. 

Keywords: captive conservation breeding, chemical signalling, faecal 

endocrinology, Hapalemur alaotrensis, reproductive biology. 
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A4 - Effects of fertility control on endocrinological and chemical profiles in 
cervids  

Giovanna Marliani, Donatella Gelli, Pier Attilio Accorsi, Stefano Vaglio 

Purpose  

Over the last decades in Europe the population of wild ungulates has increased, and 

accordingly a rise of wildlife-human conflicts in densely human-populated areas has 

been reported (Putzu et al., 2014). Lethal methods (i.e. selective hunting), 

traditionally used for the control of wildlife overgrowth, bring concerns about animal 

welfare, environmental impact, and human safety. Contraception is therefore a viable 

alternative to lethal methods in the management of wildlife (Barrell et al., 2009; 

Fagerstone et al., 2010; Massei and Cowan, 2014).  

This study considered two species of cervids – red deer (Cervus elaphus) and fallow 

deer (Dama dama) – whose breeding seasons in temperate regions occur in autumn 

(Asher, 2011). It aimed to combine testosterone measurements with the chemical 

investigation of scent-gland odour secretions in order to test the effect of a 

pharmacological castration through a gonadtropin realising hormone (GnRH) agonist 

on testosterone level and the relationship between testosterone and chemical 

signals. As GnRH agonists interfere with the hormonal cascade of the hypothalamic-

pituitary-gonadal (HPG) axis, reducing sexual hormones levels (Barrell et al., 2009), 

and that gonadal hormones influence the emission of odours (Petrulis, 2013), the 

predictions were: a) pharmacological castration would result in maintenance of low 

testosterone levels; b) volatile chemical profiles would be influenced by testosterone 

levels.  

Design / Methodology / Approach 

Four male red deer (n=4) and two male fallow deer (n=2) living in semi-free-ranging 

conditions at a wildlife recovery center in Tuscany (CRAS Samia onlus, 

Montespertoli – Florence) were studied from September 2020 to August 2021. Deers 

lived in a mixed-sex group housed in a 1.4 ha enclosure and have access to the 

same quality of food items. Therefore, any dietary impact on the chemical 

compounds excreted was avoided. In September 2020 implants of deslorelin acetate 

(Suprelorin® F, Virbac, 4.7 mg) were deposited subcutaneously on the left side of 



 
 

 
 

the neck both in male and female subjects. Sampling of blood and odours was then 

conducted during mornings (9.00 am-1.00 pm) over November 2020, January 2021, 

March 2021 and August/2021. The plasma testosterone concentration was 

determined by radioimmunoassays (RIAs) at the Department of Veterinary Medical 

Sciences, University of Bologna (Italy). The odour secretions were collected by 

rubbing, with steady pressure, sterile cotton swabs on the metatarsal gland of male 

subjects. Samples were transferred on dry ice to the Rosalind Franklin Science 

Centre, University of Wolverhampton (UK), and analyzed using established solid-

phase microextraction (SPME) and gas chromatography-mass spectrometry (GC–

MS)(Walker and Vaglio, 2021). Descriptive statistics (median+/-IQR) of the data and 

boxplots were made in RStudio 2021.09.0+351 (RStudio Team, 2020).  

Findings 

The results (fig. 1,2) show that testosterone blood levels were higher in September, 

when the implant was deposited, than during the following sampling periods. 

However, red deer showed more variability, while in fallow deer the level of 

testosterone remained low. These findings suggest that the efficay and duration of 

the implant were different in the two study species, and that the implant works better 

in fallow deer. 

Figure 1. Blood testosterone levels in red deers over the study period. 



 
 

 
 

 

Figure 2. Blood testosterone levels in fallow deers over the study period. 

 

A total of 138 (red deer) and 92 (fallow deer) volatile compounds, of which we 

tentatively identified 85 and 58 compounds respectively, was detected in male scent-

gland secretions, including several compounds that have been identified in odour 

profiles of other mammals. The study findings show that richness, but not total 

odour, changed according to testosterone levels in red deer; however there is a large 

variablity among individuals and sampling days. 

Research & Practical limitations / Implications 

To minimize the risks for the animals due to the anaesthesia, the sampling protocol 

was completed over a few days interspersed by long periods, and only a limited 

number of male subjects were considered. Because of the small sample size, it was 

not possible to conduct an inferential statistics. Furthermore, weather conditions 

have influenced the choice of sampling days, and during the summer a long 

interruption was necessary because of the very high temperatures. These factors 

and the lack of control subjects (i.e. looking at the same subjects under control 

conditions, before castration) are the major limitations of this preliminary research 

work. Further research is needed to investigate the effective duration of the 

treatment, the long-term consequence on animals’ health, and the effects on 

females. 

 



 
 

 
 

Originality / Value 

During the overall study period (September 2020 – August 2021), there were no 

births and no anomalous growth of the antlers, as in surgically castrated animals 

(Fletcher et al., 2016). Furthermore, the red deer scent-gland odour profile changed 

according to testosterone levels, which implies potential disruptive effects on socio-

sexual communication between males and females. Thus, overall we can support 

the hypothesis that this contraception method could be an efficient alternative to 

lethal methods in the control of cervids populations even if it has only a temporary 

efficacy.  

This is important as, in captive facilities, contraception is highly desirable because of 

space limitation, inbreeding risk, and the need for control of intra- and inter-specific 

aggressivity (Asa and Porton, 2005; Barrell et al., 2009). In addition, finding a non-

lethal-reversible method for the control of wildlife overgrowth may be crucial for the 

mitigation of wildlife-human conflict and the future conservation of the species, 

allowing the maintenance of potential reproductive subjects and source of genetic 

diversity. 

Link to SDG: This study fits with the goal 15 of United Nations Sustainable 

Development (SDG) - protection of terrestrial ecosystems and biodiversity loss, 

because it explores alternative possibilities for a sustainable control of wildlife-human 

conflicts. 

Keywords: Cervus elaphus, chemical signals, Dama dama, fertility control, 

testosterone. 
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A5 - The production and characterisation of silver nanoparticles for 
biomedical applications 

Abhishek Gupta, Iza Radecka, Kiran Gulia and Brian Johnston 

Purpose: 

The emergence of nanotechnology enabling the production of metal nanoparticles 

has served a new therapeutic modality. Because of their characteristic broad-

spectrum antimicrobial properties, silver nanoparticles (AgNP) have received 

increased focus in biomedical applications. Most of the AgNP synthesis methods 

involve the use of organic solvents and toxic reducing agents with the potential threat 

to the environment and cytotoxic effects. In the current project, the green synthesis 

of nanoparticles was accomplished using a natural reducing agent, curcumin, which 

is a natural polyphenolic compound that is well known for its medicinal properties 

including, but not limiting to, anticancer, antimicrobial, antioxidant and anti-

inflammatory features. These nanoparticles were tested for their anticancer 

properties. Also, their application was extended to chronic wound management by 

loaded in biosynthetic matrix to produce hydrogels for potential as dressings.   

Design/methodology/approach 

The hydrophobicity of curcumin was overcome by its microencapsulation in solubility 

enhancing carriers, cyclodextrins (CD). A novel green chemistry approach was 

developed for AgNP synthesis by reducing silver nitrate (AgNO3) with an aqueous 

solution of CUR:CD (Gupta et al., 2019). The solution of CUR:CD inclusion complex 

was prepared by dissolving in deionized water. CUR:CD solution was added 

dropwise with constant stirring to AgNO3 aqueous solution under the boiling 

condition in conical flasks. The mixed solutions were boiled for reduction of Ag ions 

followed by cooling at room temperature for 30 min. The flask was covered with 

aluminium foil to maintain dark conditions throughout the reduction process to avoid 

any photo-chemical reactions. 

The physicochemical and morphological studies were undertaken. The silver 

nanoparticle-loaded hydrogels were characterized (in vitro) for potential biomedical 

applications including for wound-management as dressings. 



 
 

 
 

Findings 

Transmission Electron Microscopy (TEM) imaging (Fig. 1) revealed that the 

morphology of the nanoparticles was mainly spherical in shape with smooth edges. 

The majority of bioreduced AgNP were in the diameter range of 20−55 nm (80%) 

and the average size of 42.71 ± 17.97 nm. It emerged from the results that 

nanoparticles were homogeneously surrounded by a thin layer of capping material. 

As the method employed in the current work involved only AgNO3 and CUR:CD, 

without the use of any organic solvents and additional capping agents, this suggests 

that CUR:CD was acting both as a reducing and capping agent. 

Dynamic Light Scattering (DLS) measurements identified nanoparticles with the 

hydrodynamic diameter in the range of 182.10 ± 8.83 nm and the polydispersity 

index (PDI) value of 0.196 ± 0.009. Zeta potential studies revealed a negative charge 

on the synthesized nanoparticles with the magnitude of −20.1 ± 0.702 mV. 

Scanning Electron Microscopy (SEM) of lyophilized AgNP-loaded hydrogels revealed 

that AgNP penetrated through the voids and gets physically trapped.  These 

hydrogels exhibited promising healing properties. The cytotoxicity as determined by 

MTT assay revealed that cAgNP-loaded hydrogels are cytocompatible against 

human cell lines. The human cell lines exhibited cytotoxic/anticancer properties 

when cAgNP was tested in a colloidal form. 

cAgNP exhibited a broad-spectrum anti-microbial property as tested by the disc 

diffusion assay when tested against Staphylococcus aureus and Pseudomonas 

aeruginosa.   

Figure 1. TEM photomicrograph of cAgNP  



 
 

 
 

 

Originality/value 

To the best of our knowledge, the protocol presented herein to produce cAgNP is 

novel, and our group is first in reporting the production of cAgNP-loaded biosynthetic 

hydrogels with the potential biomedical applications (Gupta et al., 2020). 

Keywords: Biomedical application, Biomedicine, Hydrogel dressings, 

Nanotechnology, Silver nanoparticles 
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A6 - Using scents to trigger mating behaviours in lemurs 

Emily Elwell, Dr Stefano Kaburu, Dr Christopher Young, Dr Stefano Vaglio 

Purpose 

Communication is vital for most animal species, and in particular for animals that 

have complex social systems (Campbell-Palmer and Rosell, 2011). Lemur species, 

found only in Madagascar, show extensive scent communication behavioural 

patterns, including scent-marking via specialised glands (Scordato and Drea, 2007). 

Through scent messages, lemurs are able to communicate information about their 

individual identity, sex, age, social and reproductive status (Scordato and Drea, 

2007). 

Lemurs are a conservation priority with several species endangered and facing 

severe threats in the wild, such as deforestation, habitat fragmentation, hunting and 

the illegal pet trade (Eppley et al., 2020). Zoos play a crucial role in ex-situ 

conservation of endangered lemur species through captive conservation breeding 

programmes (Britt et al., 2003). However, the mismatch between the zoo 

environment and the wild can lead to physical and psychological health problems, 

such as obesity and stress, which in turn may impact upon breeding success 

(deAlmeida et al., 2018). To overcome these issues, modern zoos incorporate 

environmental enrichment, which comes in many forms including scents, into their 

husbandry practices (Carlstead and Shepherson, 1994). Scent enrichments are less 

used than others and most studies focusing only on essential oils, herbs and 

species, with little attention being received by biologically relevant scents (Campbell-

Palmer and Rosell, 2011). In addition to this, the links between enrichment and 

possible impacts on breeding is poorly understood (Carlstead and Shepherson, 

1994). 

The purpose of this project was to develop a novel and biologically-relevant scent 

enrichment based on ruffed lemur (Varecia spp.) female scent-marks that signal 

fertility. The scent enrichment has been tested with different groups of critically 

endangered ruffed lemurs in order to understand if it is possible to trigger breeding 

behaviours in males (Plate 1 and 2). 



 
 

 

Methodology/Design/Approach 

Scent samples were collected from the anogenital gland of a female red-ruffed lemur 

gland during routine veterinary checks in two different time periods, once during the 

breeding season and once during the non-breeding season. The scent samples were 

analysed using solid-phase microextraction and gas -chromatography-mass -

spectrometry and the chemical compounds in both breeding and non-breeding 

samples were identified (Walker and Vaglio, 2021). The breeding and non-breeding 

samples were compared to identify the key chemical compounds that likely play a 

role in signaling female fertility (i.e. volatile compounds which were either absent or 

less abundant in non-fertile samples). 

The chemical compounds that were identified only during the breeding period were 

mixed together to form the basis of a new scent enrichment to be presented to ruffed 

lemurs. The scent mixture was diluted in water and was placed in enclosures on 

cotton strips (Vaglio et al., 2021). The enrichment was presented to the red-ruffed 

pair (n=2) at Twycross Zoo, as well as a family group (n=3) and a bachelor group 

(n=4) of black-and-white ruffed lemurs (Varecia variegata) at Dudley Zoo. 

Behavioural data and faecal samples were collected before (baseline period), during 

(enrichment period) and after (post-enrichment period) the presentation of the scent 

enrichment. Behaviour of all study subjects was recorded every 30 seconds for five 

hours each day using scan sampling (Altmann,1974). Faecal samples were collected 

for each individual every day of behavioural observations. Male faecal samples were 



 
 

 
 

analysed to measure testosterone concentrations using Enzyme immunassay 

techniques (Maréchal et al., 2011). 

A non-parametric Kruskal-Wallis text and post-hoc Whitney-Mann U tests were 

carried out in SPSS (v26) to compare male breeding behaviours and hormone 

concentrations between different testing periods. Graphs were made in GraphPad 

Prism 9. 

Findings 

A total of 12 chemical compounds were identified in the scent samples from the 

breeding season. The identified compounds consisted of alcohols and aldehydes, 

many of which have been previously identified in other primate and mammals 

species. 

The synthesized scent enrichment triggered mating behaviours in male ruffed 

lemurs, with males displaying mounting and solicitation of females. Some breeding 

behaviours continued into the post-enrichment period. The breeding behaviours 

changed significantly during both the scent enrichment and post-enrichment periods 

in comparison to the baseline (P < 0.001; Figure 1). Faecal testosterone 

concentrations in male samples was highest during the post-enrichment period; 

however differences were not significant (P =0.409; Figure 2). 

 



 
 

 
 

 

Research and Practical Limitations/Implications 

The synthesized scent enrichment was based on the scent from only one red ruffed 

female and so some important compounds may have been missing. Furthermore, 

due to practical difficulties scent samples were taken during veterinary checks rather 

than collected from spontaneously released scent-marks, again potentially affecting 

what compounds were identified. The sample size for the enrichment test is also 

relatively small (n=9) and needs to be increased by including different groups from 

other zoos. 

Originality/Value 

Currently it is still unclear environmental enrichment used in zoos could be used to 

influence the breeding success of endangered animals. As part of this study a novel 

scent enrichment based on fertile ruffed lemur scent-marks was developed and its 

potential effects on conservation breeding were tested. This study could have 

practical implications including potential enhance reproductive success for zoo-

housed ruffed lemurs. This project could then entail quantifiable impact, such as best 



 
 

 
 

practices adopted by zoos through amendments in management and policies 

released by the European Association of Zoos and Aquaria. 

Link to SDGs: This study links into SDG 15 Life on Land in relation to the halting of 

biodiversity loss. 

Keywords: Breeding, Conservation, Enrichment 
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A7 - Cardiovascular blockages, a veiled foe: Advanced therapeutics vs 
nanorobotics 

Kiran Gulia, Brian Johnston, Abhishek Gupta, Rajiv Kumar, Sandeep Mitten 

Abstract 

Strokes, Arteriosclerosis and Heart Attacks are still the top killers in spite of the 
magnitude of advancement in Medicine and Surgical Sciences. It is estimated that 
the  societal cost of stroke is £26 billion per year, including £8.6 billion for NHS and 
social care, the estimated aggregate cost of stroke substantially exceeds previous 
UK estimates [1]. 

The nanotechnology-stem cell has enabled the engineering of nanotopographical 
surfaces for mimicking the topological features of nano-stem cell interface and stem 
cell niches. The science ‘Hippo pathway underlined signaling cascade responsible 
for inhibiting cell proliferation, and promoting apoptosis and played a key role in the 
regulation of cardiomyocyte proliferation’. Notch signaling is a key pathway that 
regulates the modulation of cardiomyocyte's survival, cardiac stem cell 
differentiation, and angiogenesis interlinked with the pathological cardiac remodeling. 
The Wnt/β-catenin signaling involved in the chronic infusion of angiotensin II (Ang II), 
cardiomyocytes, and cardiac fibroblasts [2]. 

Based on our research [3], nanotechnology-stem cell, an abiotic–biotic model, the 
impact of the multifunctional materials underlying support on nanomaterials 
interactions with stem cells plays a significant role in the development of the 
nanoscale tools for tackling the top killer, arteriosclerosis, strokes, and heart attacks. 
Our in-house capability of manufacturing such nanomaterials and inhouse 
capabilities of designing, 3D printing the nanorobotics aim to bio mimic topographical 
surfaces, employed in cell mechanobiology (cell adhesions, migrations, and 
differentiation) and tissue engineering. Research aims to provide tangible 
assessments on conformational features of the scaffold such as ridges, grooves, 
whorls, pits, and pores and symmetry that alter stem cell behavior and differentiation. 
This opens potential for Nanorobotics to be mainstream treatment for artisclerosis, 
strokes and heart attacks by reducing the financial impact of NHS and global health 
care, by eliminating the diseases and self replicating to replace worn out units [4]. 

Keywords: Nanotechnology-stem cell, nanotopography-mechanobiology, biotic-
abiotic interfaces, arteriosclerosis, strokes 
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A8 - Bone scaffold for load bearing critical size bone defects 

Martin Appiah, Dr. Arun Arjunan and Dr. Ahmad Baroutaji 

ABSTRACT 

The primary purpose of tissue engineering is to reverse or reverse the damage 

caused by tissue or organ disease, injury, or congenital malformations. Tissue repair 

and tissue engineering now help repair damaged tissue and organs. These 

attachments will be used for subsequent cell growth. During cell growth, the 

gastrointestinal tract is gradually biodegraded, and the final product is a new tissue 

with the desired shape and characteristics. Recent research workplaces have 

focused on enzyme development through biophysical methods to achieve rapid, 

accurate and cost-effective formulation of this structure. Many promising techniques 

appear to be rapid prototyping because of its high degree of accuracy and control. 

However, this approach still needs to address a wide range of issues before being 

efficiently used for scaffolding construction. In this research, an investigation of 

different strategies will be adopted for the design of fully porous critical size bone 

scaffolds to numerically analyse the compressive, bending and shear behaviour of 

bone scaffolds and associated fixing mechanisms considered biocompatibility, 

porosity, stiffness, strength, and permeability which are critical in achieving the 

desired results.  

INTRODUCTION  

Bone conditions are of significant worry due to their increased prevalence in the 

median age. Bone fractures and segmental bone defects are a significant cause of 

morbidity in patients and place a heavy economic burden on the healthcare system. 

The burden associated with diseases such as bone defects is significant, and their 

management is challenging. These injuries have a profound clinical and economic 

impact, and outcomes are limited by high rates of complication and reoperation, as 

well as poor functional outcomes. The annual cost of treating bone defects in the 

United States has been estimated at $ 5 billion, while bone grafts incur a huge cost 

on bone damage, tumours, and other conditions associated with poor fracture 

healing. A critical bone defect can occur due to severe trauma or tumours that will 

cause segmental bone removal. A systematic literature search on treatment and 



 
 

 
 

outcome of critical-sized bone defects was performed. Treatment strategies such as 

autografts cannot be used for filling such large defects. Allografts may be used to 

reconstruct large bone defects, but these grafts may not incorporate in the healing 

response. Consequently, it is still a challenge for reconstructive surgery to 

reconstruct large bone defects. A variety of treatment strategies have been 

progressed to promote the healing response and close the bone defects.  Additive 

manufacturing (AM) technology is a newer option than traditional grafts, which may 

defeat many limitations of bone graft usage. Bone conditions are of significant worry 

due to their increased prevalence in the median age. Bone fractures and segmental 

bone defects are a significant cause of morbidity in patients and place a heavy 

economic burden on the healthcare system. The remaining write-up include sections 

on the following themes respectively: Methodology/Design Approach, Findings and 

Conclusion.  

METHODOLOGY  

Cellular architecture can be considered composites where one phase is solid and the 

empty space filled with fluid, as proposed by Lakes [1]. The solid phase is made up 

of a network of struts known as lattices or cells. Cellular solids are typically 

distinguished by UCs with specific symmetry elements [2]. Modelling UCs at milli or 

micrometre-scale allows the overall solid to be considered both as structure and as a 

material, according to Ashby [3]. As a result, the cellular solid microscopic properties 

such as stiffness (elastic modulus E), strength (compressive yield strength), and 

permeability (K) are governed by both material and structural properties [4–7]. 

Taking these considerations into account, five different UCs are conceived in this 

study, as shown in Fig. 1, that allow for interconnected pores when assembled. The 

cellular architecture can accommodate many different designs with varying porosity, 

pore size, strut thickness, shape, and orientation of UCs to mimic the macroscopic 

properties of bone structure. All the scaffolds will be manufactured using the EOS 

M290 Additive manufacturing process with a 30 μm layer thickness. Using Ti6Al4V 

with a density of 4430 Kg/𝑚𝑚3. The material is composed of a mixture of Body-

Centred Cubic (β) and Hexagonal Close-Packed (ά) phases [8–10].  The tests will be 

conducted at room temperature and the scaffolds will be compressed to plastic 



 
 

 
 

failure. Zwick-1474 universal materials testing machine in combination with a Nikon 

high-definition video capturing device, as shown in Fig. 1.    

 

Fig. 1. Experimental test rig used for uniaxial compression of the SLM scaffold prototypes.  

FINDINGS    

It’s expected that effective bone scaffold design must bring a multitude of properties 

such as biocompatibility, porosity, stiffness, strength, and permeability. Permeability 

is determined by the amount and type of porosity in the scaffold and is related to its 

effectiveness in waste removal and nutrient supply required for bone growth. While 

low permeability is ineffective for bone growth due to insufficient waste removal and 

nutrient supply, high permeability results in cell washout. The pore shape and 

surface curvatures expected to have a significant impact on the scaffold's 

permeability. Because recent advances in additive manufacturing have increased 

design freedom, the potential for using geometrical design to improve bone tissue 

regeneration is greater than ever.  

ORIGINALITY  

Critical analysis of other research showed that the shape and distribution of the 

pores can result in both reticulated and stochastic behaviour of the scaffolds, which 

in turn affects the mechanical performance. Low stiffness, high strength and closer to 

bone permeability can significantly reduce both stress shielding and maladapted 

stress concentration while improving osseointegration and bone ingrowth. 



 
 

 
 

Consequently, this work demonstrates a methodology to develop functional porous 

bone scaffolds paying close attention to porosity, pore shape, stress concentration, 

permeability to develop optimum scaffold that can be additively manufactured.   

CONCLUSION  

It was clear from initial analysis that the shape and distribution of the pores can 

result in both reticulated and stochastic behaviour of the scaffolds, which in turn 

affects the mechanical performance. Consequently, this work demonstrates a 

methodology to develop functional porous bone scaffolds paying close attention to 

porosity, pore shape, stress concentration, and permeability. The parameters used in 

this study can be systematically considered to develop optimum scaffold designs that 

can be additively manufactured at a targeted porosity.   

Links to SDGs: SDG (3) - Ensure healthy lives and promote well-being of all ages. 

Keywords: Bone Scaffold; Critical Size; Permeability; Porosity; Stiffness; Strength. 
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A9 - Assessment of physical properties of starch-based packaging films for 
food application 

Constance C. Ojo, Aman Dhir, Arun Arjunan, and Fideline Tchuenbou-Magaia 

Introduction 

The preservation of food quality and safety remains the primary function of food 

packaging. However, 40% of food packaging end up in landfill corresponding to 9 

million tons of plastic packaging waste (Guillard et al., 2018). Non-degradability of 

plastic packaging materials and associated environmental problems have prompted 

an urgent need for the development of alternative food packaging materials that are 

bio-degradable and environmentally friendly. Currently marketed bio-based 

biodegradable plastics use food resources such as corn which contribute to increase 

food security concerns and pressure on agricultural land. This study form part of the 

project that aims at the development of active packaging films using starch from 

agricultural wastes.  It is well established that plasticizers such as polyols including 

glycerol are effective to improve the flexibility and processability of polymers films 

(Bocqué et al., 2016). However, this effectiveness depends of the type of polymers. 

Packaging films may burst under stress generally encountered during food handling 

and transportation which would compromise the protection of the packaged contents. 

This property of the film can be determined by measuring the bursting strength of the 

firm using a texture analyser. The effect of the glycerol concentration of corn and 

potato starch-based film properties has been investigated. 

Design 

Commercially available starch (corn and potato) and glycerol were used in this 

experiment. Film development was carried out as previously described by Tarique et 

al. (2021) with some modifications. Briefly, three film formulations containing starch 

(3.3% w/w) and different concentrations of glycerol (20%, 30% and 40% w/w of 

starch) were used. Aliqouts (20 g) of gelatised films were poured in petri dishes and 

dried in an oven set at 45oC. This temperature was selected to prevent thermal 

degradation of the bioactive compound to be added in the firm to enhance its 

functionality at the latter stage of the project. After drying the thickness of films were 

measured using a micrometre screw gauge. The amount of water-soluble materials 



 
 

 
 

in each film sample was measured by soaking pre-weighed film samples in water for 

24 hours and dried in an oven set at 45oC until constant weights are obtained. The 

amount of water-soluble material was expressed as a percentage of the initial weight 

of the film sample. Also, burst strength and distance to burst of films were analysed 

using a Stable Microsystem Texture Analyser fitted with a film support ring 

(HDP/FSR) probe.  

Findings 

Thickness of films made with potato starch were 76.0±6.0µm, 67.0±4.0µm and 

94.0±15.0µm respectively for the films made with 20%, 30% and 40% glycerol. No 

significant difference in thickness was observed when compared with thickness 

obtained for films made corn. Water solubility and burst strength of films expressed 

as functions of the plasticiser concentration are presented in Figure 1a and 1b 

respectively. Water solubility of edible films indicates the extent of the deformation 

and dissolution occurring as the hydrogen bond between polymeric chains of the 

plasticiser compete with water molecule (Kim et al., 2015). The percentage of water-

soluble components was observed as 27.44±0.78% for potato-starch film containing 

20% w/w glycerol (Figure 1a). Increasing the concentration of glycerol to 30% w/w 

reduced the amount of water-soluble components by 11.6%. However, increasing 

glycerol concentration to 40% w/w produced a 26.2% increase in water solubility. 

Though these differences were not statistically significant at P<0.05, these results 

indicate a linear increase in water that increasing the concentration of glycerol to 

30% reduced potato-starch film deformation/dissolution whereas further increase in 

glycerol to 40% resulted in increased deformation/dissolution of potato-starch films. 

For films made with corn starch, the percentage of water-soluble material was 

16.28±0.95%, 22.00±2.41% and 27.51±1.56% for films made with 20%, 30%, and 

40% w/w glycerol respectively.  These results suggest almost a linear increase in 

water solubility with the increase in glycerol concentration for corn starch based 

formulations. Compared to corn film made with 20% w/w glycerol, changes in the 

percentage of water-soluble constituents were significantly different at P<0.01, 

indicating that changes in glycerol concentrations produced significant changes in 

the degree of film dissolution/deformation upon exposure to water.  Burst strength 

indicates the scalability and tensile strength of films (Srinivasa et al., 2004). Mean 



 
 

 
 

force at target (burst strength) obtained for corn starch films ranged between 

1393.0±356.9g (obtained for 30% glycerol formulation) and 2585.0±348.0g (obtained 

for 20% glycerol formulation) while the values obtained for potato films ranged 

between 1180.0±91.15g (40% glycerol formulation) and 1449.0±308.8g (for 30% 

glycerol formulation). The distance to burst for the 20% glycerol formulation 

(2.39±0.13mm) increased by 1.3-fold (n.s) and 2.1-fold (P<0.001) as the percentage 

of glycerol increased to 30% and 40% respectively in the film made with corn starch. 

A similar trend of increase in distance to burst with increasing concentration of 

glycerol in the formulation was observed for the film made with potato starch. These 

data indicate increase in the tensile strength of films as the concentration of glycerol 

increases.  

Figure 1:  Water solubility (a) and burst strength (b) of films made with potato and corn starch. For water solubility, 
film samples were weighed and soaked in water for 24 h. Films were subsequently dried until constant weight at 45oC. 

Values are mean ± SEM with n = 3. *P<0.05, ***P<0.001 compared with potato starch film. For burst force, samples 
were analysed using a T.AXT texture analyser. Values are mean ± SEM with n = 3. *P<0.05, ***P<0.001 compared with 

potato starch film 

This study is the first step of a project which focuses on the development of active 

packaging films using starch isolated from agricultural wastes. Results obtained is an 

indication of the validity of the research protocol. However, further preliminary 

studies to validate the protocol for the characterisation of chemical as well as other 

physical properties of starch-based packaging films are needed.  

Link to SDGs: This study is related to SDG 11 (sustainable cities and communities) 

and SDG 14 (life below water). 
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A10 - Aberrant Expression Of Mir-133a In Endothelial Cells Attenuates 
Angiogenesis 

Suhail Ahmed, Sathishkumar Kurusamy1, Ezra Leander Santhosh D, Kinza Khan, Krithika 
Kalyanakrishnan, Miebaka Ian-Gobo, Teja Manidhar Kola, Vinodh Kannappan, Weiguang 
Wang, Manuel J Gómez, Juan Miguel Redondo, James Cotton, Angel L Armesilla 

Introduction 

Angiogenesis, the formation of new blood vessels from pre-existing ones, is tightly 

regulated by a balance between pro-angiogenic and anti-angiogenic factors. 

Although angiogenesis is a physiological process essential for proper embryonic 

development and wound healing, deregulation of the balance in pro-/anti-angiogenic 

factors is associated with severe human diseases characterised by excessive 

(tumoral angiogenesis and neovascular ocular disease) or insufficient blood vessel 

formation (such as peripheral arterial disease, coronary artery disease, or stroke).  

Among the pro-angiogenic factors characterised in the last two decades, the axis 

Vascular Endothelial Growth Factor (VEGF)/VEGF Receptor 2 has been identified as 

a pivotal inducer of both physiological and pathological angiogenesis. However, the 

molecular mechanisms that transduce the binding of VEGF to its receptor into the 

expression of genes essential for angiogenesis are not fully understood. Recently, 

small cellular molecules called microRNAs, have been identified as important 

regulators of VEGF-induced angiogenesis.    

MicroRNAs (miRs) are small non-coding RNA molecules, which inhibit gene 

expression by inducing mRNA degradation or suppressing protein translation. Some 

miRs are expressed ubiquitously, whereas others are only expressed in specific 

cellular types or tissues. This is the case of miR-133a, that is preferentially 

expressed in muscular cells such as cardiomyocytes, and smooth or skeletal muscle 

cells. In endothelial cells, miR-133a is expressed at very low levels in physiological 

conditions. However, increased expression of this microRNA in the endothelium has 

been strongly associated with cardiovascular disease.  

During the process of miR-133a maturation two different strands miR-133a-3p and 

miR-133a-5p are generated as mature miRs. In this work, we have investigated, 

whether aberrant expression of miR-133a in endothelial cells has any effect on 



 
 

 
 

VEGF-induced angiogenesis and in particular the effect of each of its mature strands 

(3p or 5p) on the expression of key angiogenic regulators. 

Methods 

Primary human umbilical vein endothelial cells (HUVEC) were transfected with 

mimics miR-133a-3p, mir-133a-5p, or a negative control scramble mimic miR-NC. 

The effect of miR-133a in angiogenesis was evaluated in the transfected cells by 

conducting tubular morphogenesis matrigel assays, organotypic co-culture 

angiogenesis assays, wound healing cell migration assays, cell viability MTT assays, 

and flow cytometry cell cycle assays. To analyse the effect of aberrant miR-133a in 

endothelial cell expression, RNA isolated from these cells was used to screen gene 

arrays containing genes which play a key role in the regulation of angiogenesis, such 

as genes related to notch signalling, cell cycle, cell adhesion and extracellular matrix 

biology. miR-133a gene target was also predicted in silico using miRWalk, Target-

scan, and miRDB databases. Genes differentially expressed were subjected to 

bioinformatic Ingenuity Pathway Analysis to predict cellular functions enriched in 

endothelial cells expressing ectopic miR-133a. 

Results 

Our results show that ectopic expression of miR-133a significantly inhibits VEGF-

induced tubular morphogenesis, proliferation, and migration of endothelial cells. 

Furthermore, specific analysis using either the -3p or -5p strands revealed a stronger 

effect for the 3p than the 5p strand. Aberrant levels of miR-133a in primary 

endothelial cells result in a strong increase in the expression of angiogenesis 

inhibitors, but a decrease in the expression of angiogenesis inducers. These 

changes in endothelial gene expression support the overall inhibitory effect of miR-

133a in pro-angiogenic cellular functions that we have described above. Moreover, 

bioinformatic Ingenuity Pathway Analysis of enriched cellular functions based on the 

observed changes in gene expression induced by miR-133a-3p, predicted a 

significant decrease in the cellular functions “vasculature branching” and “endothelial 

cell proliferation” that underlies the results observed in our cellular experiments. 

Conclusion 



 
 

 
 

These results show that aberrant expression of miR-133a in endothelial cells impairs 

pro-angiogenic cellular processes by altering the expression of specific target genes. 

Our results suggest that specific delivery of miR-133 in endothelial cells might have 

important therapeutic applications to treat patients suffering from cardiovascular 

pathologies that occur with excessive angiogenesis such as tumor progression and 

neovascular ocular disease. This possibility is specially intriguing because 

preliminary results in our laboratory indicate that, in addition of VEGF-induced 

angiogenesis, miR-133a also inhibits angiogenesis induced by basic Fibroblast 

Growth Factor (bFGF). This fact is particularly important because one of the reasons 

why anti-VEGF based therapies fail to stop tumor progression in clinic is, that after a 

first period of strong reduction, the tumor starts to regrow due to the expression of 

pro-angiogenic factors different to VEGF such as bFGF. Anti-VEGF therapies are 

totally innocuous to the presence of bFGF, and therefore cannot stop a second wave 

of angiogenesis in the tumor. The possibility of targeting angiogenesis induced by 

several pro-angiogenic factors by ectopic expression of miR-133a in tumoral 

endothelial cells deserves further investigation. 

Link to SDG: SDG 3. 



 
 

A11 - TLR Activation in Iron Replete and Deplete Monocytes 

Hannah Cooke, Dr Hafid Omar, Prof Matthew Brookes 

Purpose 

Iron plays a key role in immunity, bacterial proliferation and inflammation in the gut. 

Toll like receptors (TLRs) are critical for the regulation of the immune response to 

cancer through dendritic cell maturation, antigen presentation and T-cell toxicity. We 

study the effect of iron depletion and repletion with intravenous iron on the 

expression of TLRs in an anaemic cancer population. 

Methodology 

Iron replete and iron deplete peripheral blood mononuclear cells (PMBCs) from 

healthy volunteers were co-cultured with serum from anaemic advanced cancer 

patients with iron deficiency collected before and after IV iron treatment. Patient 

samples were obtained from the ICaRAS randomised controlled trial. Cells were 

labelled for TLR2, TLR4, and HLA-DR, a dendritic cell marker, before undertaking 

multicolour flow cytometry to assess expression. In addition, the bacterial glycolipids 

lipopolysaccharide (LPS) and lipoteichoic acid (LTA) were added to PBMCs to 

assess their impact on immune cell activation. 

Findings 

Serum from 13 anaemic ICaRAS trial participants were studied. There were no 

significant differences in TLR2 expression between iron replete and iron deplete 

control subjects (mean % gated [SD] 80.62 [9.95] vs 82.78 [10.31], P=0.152). TLR2 

expression was significantly higher in iron replete PBMCs incubated with serum from 

iron deficient anaemic cancer patients compared to control (80.62 [9.95] vs 87.79 

[4.97], P=0.005). Iron depletion did not affect TLR2 expression when PBMCs were 

incubated with LPS (iron replete 59.9% [SD7.4], iron deplete 59.1% [15.2], P=0.831) 

or with LTA (iron replete 57.8% [5.7], iron deplete 57.4% [12.4], P=0.902). Depletion 

of iron increased TLR4 expression for both LPS and LTA exposed PBMCs. 

TLR4 expression was significantly higher in iron deplete PBMCs compared to iron 

replete healthy controls (iron replete 72.7% [4.44] vs 75.2 [3.47], P=0.005). The 



 
 

 
 

addition of serum from anaemic cancer patients did not lead to any significant 

differences in TLR4 expression compared to control regardless of intravenous iron 

treatment. 

Expression of HLA-DR saw significantly increased expression across all treatment 

samples compared to healthy control PBMCs. Expression was highest in iron 

deplete PBMCs without co-culture with ICaRAS participant serum (control 80.61 

[2.46], iron deplete 93.55% [1.98], P<0.001). 

TLR2 expression was significantly increased in samples co-cultured with serum 

anaemic cancer patients. The depletion of iron appeared to attenuate this effect. 

However, further administration of iv iron did not increase TLR2 expression. The 

addition of LTA and LPS to the model increased TLR2 but iron depletion did not 

affect this. TLR4 expression was higher with iron depletion and reduced in response 

to both LTA and LPS. Depletion of iron also led to a marked increase in HLA-DR 

expression. The addition of patient serum post IV iron treatment further increased 

HLA-DR. These findings suggest that correction of anaemia may promote DC 

activation leading to initiation of the adaptive immune response and improved tumour 

surveillance. 

Originality/Value 

This is the first time that such study was conducted on human samples using serum 

from IV iron treated patients. The outcome suggests that IV iron treatment in CRC 

patients may promote tumour immune surveillance leading to an immune response 

against tumours. 

Therefore, this would be significant within research as it may improve the treatment 

and prognosis of CRC patients, possibly improving their quality of life and wellbeing 

through a relatively simple and cost-effective addition to their treatment.  

Link to SDG: This research relates to the SDG Good health and well-being. 

Keywords: Colorectal cancer, immune surveillance, Toll like receptors, leukocytes, 

antigen presentation. 



 
 

A12 - The PMCA4 Ca2+ transporter in endothelial inflammation 

Kinza Khan, James M Cotton, Angel L Armesilla 

Purpose 

Aortic aneurysms (AA) are degenerative conditions characterised by the progressive 

dilation of the aortic wall. The dilation of an artery to a diameter at least 50% greater 

than its normal size is classified as an aneurysm. Depending on their anatomical 

location above or below the diaphragm, the aortic expansions are classified as 

thoracic (TAA) or abdominal aortic aneurysms (AAA), respectively. Aortic Aneurysms 

and Dissections (AAD) account for 1-2% of deaths in industrialised countries with a 

prevalence of up to 10% in older age groups (Ladich et al., 2016; Oller et al., 2017). 

AAA have a higher incidence, affecting approximately 6-8% of men aged over 60, in 

comparison to TAA which affects 5 to 6 individuals from 100,000. The expansion of 

the vessel wall can ultimately lead to an aortic rupture, which is associated with an 

80% mortality rate (Basu & Kassiri, 2013). The current treatment is to monitor the 

progression of aneurysms until they meet the threshold for surgical intervention. 

Often the presence of AAA is unknown until it ruptures, therefore there is a 

requirement to slow the progression of the aortic dilation. 

The enlarging abdominal aortic diameter correlates with a higher density of 

inflammatory cells in the adventitia (Sun et al., 2018). The leukocyte derived 

proteases disrupt the orderly lamellar structure of the aortic media, causing a 

predisposition to dilation. The inflammatory response relies on the well-coordinated 

trafficking of leukocytes from the circulation to sites of tissue injury. The endothelial 

expression of cell adhesion molecules, namely the selectin family, mediates the 

initial adhesive interactions between leukocytes and the endothelium. The 

subsequent firm adhesion and trans-endothelial migration of leukocytes involve their 

interaction with immunoglobulin-like adhesion molecules such as ICAM-1 and 

VCAM-1 on the endothelium. In addition to the reorganisation of cell adhesion 

molecules, the endothelial layer has been found to trigger vascular wall remodelling 

by releasing proteases. Thus, a thorough investigation of endothelial inflammation 

may provide a better understanding and new perspective on AAA formation. 



 
 

 
 

Emerging evidence suggests that the plasma membrane calcium ATPase 4 

(PMCA4) regulates pro-inflammatory signal transduction initiated at the apical 

endothelial membrane (Holton et al., 2010). PMCA4 tethers interactor proteins to low 

calcium microdomains created by the extrusion activity of the pump. Through these 

interactions, the calcium ATPase has been described to mediate intracellular 

signalling induced by several pro-inflammatory factors (Armesilla et al., 2004; 

Baggott et al., 2014; Stafford et al., 2017). This work investigates the PMCA4 in the 

endothelial response to inflammatory stress and characterises a role in leukocyte 

adhesion and trafficking. 

Methodology 

Quantitative real-time polymerase chain reaction (RT-PCR) and western blot 

analyses were used to study the effect of IL-1β stimulation on PMCA4 expression. 

Loss-of-function assays were performed to investigate the function of PMCA4 in 

aortic ECs. RNA-sequencing and SYBR Green RT-PCR were subsequently 

performed to determine the differential gene expression and Ingenuity pathway 

analysis (IPA) of disease biofunctions. RT-PCR and flow cytometry were employed 

to validate relevant gene candidates. Luciferase reporter and RT-PCR assays were 

performed to investigate the mechanisms involved in PMCA4 regulated gene 

expression. Finally, apolipoprotein E-deficient (ApoE−/−) mice were fed a Western 

diet, and infused with angiotensin II to induce AAA. Aortic lesions were extracted and 

PMCA4 expression was analysed in comparison to untreated ApoE−/− mice control 

groups. 

Findings 

IL-1β is a product of myeloid cells, primarily monocytes and macrophages. The pro-

inflammatory cytokine downregulates the expression of PMCA4 in Aortic Endothelial 

Cells (hAoEC). The differential gene expression in PMCA4 silenced AoEC was 

determined using an ECM-CAM RT2 Profiler PCR Array and RNA-sequencing. The 

siRNA mediated knockdown of PMCA4 induced the expression of cell adhesion 

molecules Selectin P (SELP) and SELL. Silencing enhanced the IL-1-induced 

expression of the metalloproteinases ADAMTS-1 and -4. IPA revealed a role in 

immune cell trafficking with a propensity to develop aneurysms (activation z-score,-



 
 

 
 

1.177). Similarly, silencing PMCA4 enhanced the VEGF-induced ADAMTS-1, 

VCAM-1 and SELE expression. To investigate the implication of CN/NFAT 

transcriptional activity the silenced cells were transduced with an adenovirus for the 

NFAT promoter upstream of a luciferase reporter vector (Ad-NFAT-Luc). An increase 

in luciferase activity was observed. Furthermore, cyclosporin A partially ablated the 

enhancement mediated through VEGF, implicating NFAT transcription in the 

regulation of gene expression, although this effect was not observed on stimulation 

with IL-1β. Consistent with the IPA, a significant decrease in PMCA4 mRNA 

expression was determined in abdominal aortic lesions from hypercholesterolaemic 

ApoE-deficient mice infused with angiotensin. 

Research implications 

An inflammatory environment leads to a decrease in the expression of PMCA4 in the 

aortic endothelium. High throughput assays determined the differential gene 

expression governed by the loss of the Ca2+ transporter. The downregulation of 

PMCA4 is associated with a state of endothelial activation, indicated by the induction 

of cell adhesion molecules. IPA revealed that silencing PMCA4 promotes immune 

cell adhesion and diapedesis in the aortic endothelium. Interestingly, selectins have 

been reported to promote the recruitment and infiltration of immune cells early in the 

formation of AAA (Hannawa et al., 2005, 2006). The reduction in PMCA4 in an AAA 

experimental model suggests that it may be involved in the disease progression. 

This work provides new insight into the trans-endothelial migration process in 

vascular disease and suggests PMCA4 may be an approach to manipulate 

endothelial inflammation.  

Link to SDG: This study works towards the SDG 3 goal of good health and 

wellbeing. 

Keywords: Aortic Aneurysm. Endothelium. Inflammation. Leukocyte adhesion. 
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A13 - Oil Pollution of The Arabian Gulf Ecosystem: Impact and Control 
Management 

Osman Hamed, Prof Craig D. Williams, Dr Catherine Duke, Abdullah Shanableh 

Introduction 

Interest in pollution issues associated with Arabian Gulf has been growing in the last 

few years. These issues include identification and documentation of the major 

sources of oil pollution in the Gulf region, evaluation of the analytical methods used 

to identify the different types of pollutants, review of the recent advances in oil 

pollution impact treatment and prevention, develop stronger cooperation ties 

between interested members of the community, and encourage awareness of the oil 

pollution as a serious environmental problem in the region (Al-Azab, El-Shorbagy 

and Al-Ghais, 2005). 

About 25,000 tanker movements sail in and out of the Strait of Hormuz annually and 

transport about 60% of all the oil carried by ships. In combination, these sources 

provide on a long-term a kind of input sources of petroleum. Activities associated 

with oil traffic include shores heavily contaminated with oil residues, tar balls and 

trace metals. About two million barrels of oil are spilled annually from the routine 

discharge of dirty ballast waters and tank washing, partly due to the lack of shore 

reception facilities. Some major spills, either unintentional or as consequence of 

military activities, have added occasional dramatic pulses of oil contamination to 

long-term background (Al-Saad and Salman, 2012). 

This study will examine oil spills in the Arabian gulf using satellite images over the 

last 30 years to see the impact different currents, water temperature, bacterial 

activity and coastal topology has on the spread of oil spills and to look at the 

variations in crude oil composition and how it also affects the spread.  This is then 

related to the methods used to control the spill at the time it occurred and to 

ascertain which methods were most effective and if the same methods can be used 

in events. 

This research seeks to provide new knowledge and insights regarding the 

environmental issues associated with oil and gas production in the Gulf Cooperation 

Council (GCC) region (also known as the Arabian Gulf and hereafter referred to as 



 
 

 
 

GCC). Its aim is to develop new insights about how the oil/gas industries handle 

emissions, pollution, effluent, and waste issues, and how effective are their policies. 

Problem statement 

Industries continue to use natural resources for their raw materials and also 

discharge waste into the environment, Ocheni (2016) says “The activities of oil 

companies, utilities, manufacturing companies in many cases, waste management 

companies, construction companies, and mining companies have posed serious 

threats to human existence”. 

The issues of pollution, gas flaring, indiscriminate waste dumps, erosion, flooding 

amongst others, have continued to top the agenda of environmental regulatory 

bodies and made activities that will help to mitigate their impacts become important 

(Chidimma, 2014). 

Oil and gas revenues for GCC countries have enabled exceptional and accelerated 

development in all aspects of life. These countries have become a hub of intense 

activity in many spheres: geopolitical, economic, industrial, construction, and 

tourism, to name a few. However, the scale of oil and gas production and use has 

also led to severe environmental problems (Raouf, 2008). 

The threats to the natural environment can bring about critical changes in many 

aspects of the business environment. Concern for health, financial integrity, safety, 

quality, and consistency are part of the framework of best practice in multiple of 

ways, and detailed regulation ensures both that these obligations are complied with, 

and that public security is possible. Within this context, the environment is becoming 

something of test case for everyone (Omorokpe, et al, 2012). 

Research question 

What is the present environmental state of the GCC after 1991 war oil spill disaster 

and what ecological impacts have occurred? 

Objectives 



 
 

 
 

The purpose of this research is to examine the characteristics of current 

environmental concerns, by focusing on key oil/ gas development and to investigate 

the preparedness of external auditors in the GCC to meet up with the challenges 

posed by these developments. 

The objective of this study is to review the available literature about the 

organizational and methodological problems of the environmental auditing in the Gulf 

Cooperation Council (GCC). This is the gap this study attempts to fill and add to 

existing literature. The main objectives of the study are to: 

• Assess the present environmental state of the GCC 

• Identify principles of environmental sustainability applicable to the GCC 

countries. 

• Elaborate these principles in scientific, technological, and socio-economic 

terms.  

• Consider current and future priorities for environmental sustainability in the 

region.  

• Assess existing political, socio-economic, ethical, cultural, and legal 

frameworks for  

• environmental decision making in GCC. 

• Assess GCC progress in environmental sustainability.  

• Assess the various action plans for the sustainable development of the region 

by governments and their levels of implementation 

Methodology and data analysis 

Remote sensing was used in several projects and studies to characterize this 

pollution and offer invaluable information on the status of the oil-polluted surfaces 

(Al-Ajmi et al. 1994; El-Baz et al. 1994; Kwarteng and Al- Ajmi 1997; Koch and El-

Baz 1998; Kwarteng 1998, in Shafiullah, 2016). 



 
 

 
 

For this study, all relevant data for analysis will be collected mainly from primary 

sources:  

1. Remote sensing imagery data  

2. Visual data (Site visits observation). 

3. Textual data (Documentary review, Inspection, Statistics). 

Results and discussion 

Having performed the image classification for the two time period, before oil spill 

even and during the event of oil spill on January 16, 1991, when the UN coalition 

forces launched an assault against Iraqi military occupying Kuwait, using the remote 

sensing approach discribed in the methodology, the classification results was 

validated using the Google Historical Imageries and ESRI Basemap Archive. This 

was archieved by comparing randomly selected locations in the classified images 

across the study area, compared the classified land use information with the 

reference base map image. This is to ensure the relaiblity of the classification results 

and to limit misclassification error which may lead to incorrect interpretation. See 

figure below to highlight the validation process. 

it is evident in figure 4 below that which is intended to depict the normal and initial 

state of the study area has four (1) states namely, Water, Developed, Barren Land, 

and Vegetation. This mapped classes summarized all other sub-classes that may 

exist within the study area to ensure that all possible user introduced error is 

avioded. This was used as a base for the subsequent comparison with other data 

from periods after the recorded oil spill event. Although smoke/plumes as a class is 

not a type of land form, there is a significant coverage of smoke/plumes observed 

across the coastal portion of the study area which covers Kuwait City, Saudi Arabia 

and Abu Ali Camp in the March 1991 classified image. This is inline and accurate 

with the historical record of oil spill that occurred in January 1991. As a result of this 

recorded oil spil event, this is a significantly obvious presence of huge fire and 

smoke/plumes in the March 1991 classified image. As documented in literature 

findings that the oil spill started in the Kuwait city area and over time flushes down to 

the Abu Ali, this is substantiated as shown in figure (2) below. It was illustrated that 



 
 

 
 

the base of the mapped heavy spreeded fire or smoke/plumes is around the Kuwait 

city area and extends down south-east of the study area which entials Abu Ali Camp 

area. 

To affirm that this mapped fire and smoke/plumes in the study area within this 

observed period, the output of a late image in June 1991 was also evaluated to 

access the state of impact of the oil spill event. Deducing from the classified image in 

figure 6 below, the result of the late date image examined in June 1991 shows that 

the mapped heavy presence of fire and smoke/plumes ealier had significantly reduce 

and has almost become more contained just in the southern part of Kuwait City and 

stretches all the way across Saudi Arabia. This finding also help to validate the 

record that with a few months from the time of the oil spill event in January, the spill 

flushes away from Kuwait City. As a result of the limited remotely collected data to 

map the presence of the oil spillage in the Persian Gulf, the potentials of been able 

to tidy the significant mapped fire/smoke in the study area about the same time with 

the recorded oil spill clearly delineates the impact of the oil spill event. 

 



 
 

 
 

 

Figure 1: Composite Image of Landsat 5 TM (Top) and Classified (Bottom) in November 1990 

 



 
 

 
 

 

Figure 2: Composite Image of Landsat 5 TM (Top) and Classified (Bottom) in March 1991 

Although progress has been made in some areas, (GCC) is struggling to harmonize 

economic development and environmental protection (American Chemical Society, 

2007). Research by Raouf (2008) suggests that the GCC countries face a multitude 

of “traditional” environmental challenges, such as desertification, biodiversity loss, 

pollution in marine and coastal areas, air pollution, and water scarcity and quality 

(Raouf, 2008). Van Lavieren (2011) states that, the coastal region of the GCC, like 

many other places in the world, faces continuous environmental degradation (Van 

Lavieren et al, 2011). 

These countries have continued to play an increasingly important role in the climate 

change field; they are at once the producers and exporters as well as victims of 

climate change. Thus, they must be fully backed and supported by the international 

community. It is the view of Raouf (2008) that, over the next two years, there is a 

very good opportunity for GCC countries to garner financial and technical support 

from the industrial world to help them combat the negative impacts of desertification 

and climate change (Raouf, 2008). 

 



 
 

 
 

Impact on environment 

According to Al-Azab, El-Shorbagy and Al-Ghais (2005) the oil-related activities 

cause significant damages to different ecosystem components such as coral reefs, 

algal mats, mangrove, and other habitats. In addition to the increasing potential of 

pollution and its adverse effect on the ecosystem, oil spills and relevant implications 

can severely affect the main source of desalinated water for the Gulf countries due to 

their limited water resources. 

The Gulf War of 1991 sparked widespread concern and attention on a national, 

regional, and worldwide level. The question of whether environmental projections 

about the 1991 Gulf War matched reality is still being debated. According to current 

research, a straightforward solution is impossible to supply for a variety of reasons. 

To begin with, projections have varied greatly, ranging from the Gulf being nearly 

dead to quite minor effects. Furthermore, not all sections of the Gulf saw the same 

level of obvious devastation. Furthermore, various ecosystems exposed to oil or 

smoke did not necessarily suffer the same effects. The extent of environmental 

damage caused by an event such as a war is also determined by the time span over 

which its impacts are assessed (Price, 1994). 

Conclusion  

It is hoped that this study on completion would provide a ready guide to policy 

makers and other stakeholders in the GCC region to make informed decisions in 

relation to implementing action plans geared towards the sustainable development of 

the region. It would also help in updating existing policies and interventions aimed at 

empowering the local communities of the region economically. 

The researcher feels that this project is of great contemporary academic significance 

and would be of value both to Wolverhampton University and to the wider academic 

community. 
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A14 - Antibiotic Prophylaxis for Dental Extraction: Systematic Review and 
Meta Analysis 

Elham Torof, Hana Morrissey, Patrick Ball 

Introduction 

Third molars (3Ms) are commonly known as ‘wisdom teeth’. Potential complications 

following third molar surgery are pain, swelling, trismus, haemorrhage, localised 

alveolar osteitis, or dry socket, which manifests as throbbing pain accompanied by 

foul odour, soft-tissue infection, damage to the inferior alveolar or lingual nerves and 

periodontal damage (Sayed et al., 2019). According to the Scottish Intercollegiate 

Guideline Network (SIGN) guideline, antibiotic prophylaxis schedules can be 

classified according to the time of administration in two courses of antibiotic regimen; 

short-course prophylaxis begins with pre-surgical doses any time prior or after 

surgery and maintained for and/or up to 24 hours post operatively and long-term 

antibiotic prophylaxis that is continued beyond 24 hours after surgical procedure 

(SIGN, 2014). 

Aim 

The aim of the study was to investigate whether antibiotic prophylaxis can effectively 

reduce the postoperative infections after third molar tooth extraction. 

Method 

Electronic research was undertaken using the PubMed® database, for clinical trials 

published since 2000 and Medical Subject Headings (MeSH) were applied, following 

selected key words used in various combinations in the PubMed® database: (‘‘dental 

extraction’’ OR ‘‘dental extractions’’ OR ‘’extractions’’ OR ‘‘extraction’’ OR ‘‘third 

molar’’ OR ‘‘third molar surgery’’ OR ‘’dental procedure’’ OR ‘’third molar removal’’) 

AND (‘’Antimicrobial’’ or ‘‘antibiotics’’, ‘’prophylactic’’ OR ‘‘prophylaxis’’ OR ‘’pre-

operative’’ OR ‘‘preoperative’’ OR ‘‘peri operative’’) AND (‘‘efficacy’’ OR 

‘’effectiveness’’ OR ‘’effect’’ OR ‘’effective.’’ This was to identify RCTs investigating 

the efficacy of any antibiotic prophylaxis as part of treatment, regardless of sample 

size. Trials comparing any systemic single or combined antibiotic prophylaxis versus 

a placebo alone or control or no antibiotic following third molar tooth extraction 



 
 

 
 

procedure. The Mantel Haenszel method with the random-effect analysis model was 

used in pooling of effect estimates. Results were pooled using RevMan® version 5.4, 

Cochrane Collaboration Ltd. Statistically significance was defined as a p < 0.05. 

Heterogeneity of included data was calculated using χ2 test with a cut-off of ≥50% to 

define a significant degree of heterogeneity. Number needed to treat (NNT) was 

calculated for implant failure analysis for infection, dry socket (alveolar osteitis or 

alveolitis) and risk of adverse events. 

Results 

Of 494 articles identified, 16 RCTs with 2539 participants met the inclusion criteria 

for this systematic review and meta-analysis. Of these, two studies with a total of 281 

participants included in systematic review and 14 studies with 2258 included in the 

metanalysis. Meta-analysis of infection complications showed that antibiotics reduce 

the risk of infection by 58% based on 1919 healthy patients. The risk of adverse 

reactions from prophylactic antibiotic administration was statistically significant (p = 

0.002) suggesting broad-spectrum antibiotic treatment carries the risk of adverse 

effects. With regard to the efficacy of antibiotic regimens on reduction of dry socket 

complications, individual results suggest no difference in dry socket outcomes 

between the regimens assessed, but further research is required. 

Prophylactic antibiotics were beneficial in reducing infections those undergoing third 

molar extraction (p < 0.001). However, side effects were increased (p = 0.002) but 

no significant difference in occurrence of dry socket was found (p = 0.55). 

 



 
 

A15 - Reducing Medication Errors in Kuwaiti Government Hospitals through 
pharmacovigilance. 

Mohammed Saada, Hana Morrissey and Patrick Ball 

Introduction 

Medication error reduction has been a focus of pharmacy practice research to 

improve patient safety, reduce unnecessary hospital admissions and emergency 

department visits. 

Aim 

To understand the extent of medication errors in government hospitals in Kuwait, 

evaluating the effectiveness of current medication error recording systems and 

developing a national online system, whilst assessing healthcare professionals’ 

medication management knowledge to develop effective training. 

Methods and design 

The study used a mixed methodology; examination of patients’ clinical notes, an 

audit of recorded medication errors and interviews with healthcare professionals at 

six Kuwaiti government hospitals. The records audited included: incident reports, 

reports of medication errors and near-misses, prescribing, dispensing and 

administering error.  

This research follow the UN Department of Economic and Social Affairs, Sustainable 

Development goal 3: Ensure healthy lives and promote well-being for all at all ages 

(at: Goal 3 | Department of Economic and Social Affairs) (un.org). 

reference: 2022EA – 045 

Results 

The study found that pharmacists made the lowest number of medication errors 

(30.5%) compared to errors made in the processes of prescribing (44.6%) and 

administration (20.6%). Drug-drug interaction errors were most prevalent in the 

incident reports at 39%. Notably, 60% of the pharmacists indicated that they do not 

double check the medication dispensed before handing them to the patient. Of the 



 
 

 
 

pharmacists interviewed 39.5% stated that they double checked the prescribed 

medication and found that the most common errors to be; wrong dose (16.7%), 

sound-a-like medication (16.8%) and controlled (12.5%) vs. immediate release 

medications (29.5%). 

Discussion 

Medication errors are unintentional.2 This study found that interdisciplinary staff 

training was lacking, and clinical vigilance needs to be enhanced strategically at all 

points of the medication management process (prescribing, dispensing and 

administration). 

Conclusion 

The findings of the research support the strategic objective of reducing the likelihood 

and severity of medication errors through appropriate and effective clinical vigilance 

processes that mitigation risk in the long-term against medication errors. 
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A16 - Exploring Patients’ Experience with Home Parenteral (Injectable) 
Therapy: Preliminary Qualitative Findings 

Marko Puzovic, Hana Morrissey and Prof Patrick Ball 

Introduction 

Increasingly, patients are discharged with parenteral (injectable) therapy to continue 

at home for a specified period of time or life-long. Home parenteral therapy (HPT) 

can vary in its complexity, from subcutaneous injections to complex technology of 

home parenteral nutrition administration that requires expertise in managing aseptic 

techniques, central venous catheter care and infusion technology equipment. When 

patients are allowed to be treated at home, significant medical decisions are 

delegated to non-medically trained individuals. New home care patients are often 

overwhelmed during the first few days following discharge home. Early studies 

focused on the clinical outcomes and complications of the treatment rather than 

patient experience. HPT effect on Quality of Life has been studied globally in the 

United States of America, Australia, Canada, and Japan but not in the United 

Kingdom (UK). 

Aim 

To explore if patient immediate-, short- and long-term experience with self-

management and HPT matches the expectation of the healthcare professionals who 

requested it, with the intention to develop better patient education programme on 

HPT and to suggest strategies and guidelines to improve homecare service in the 

UK. 

Method 

A qualitative study was conducted using a semi-structured phone interview with 45 

consented patients who were identified to be on HPT for various medical conditions 

(multiple sclerosis, atopic dermatitis, inflammatory bowel disease, psoriasis, high 

cholesterol and intestinal failure). Audio recordings were transcribed verbatim, 

anonymised and managed using NVivo software. Data was explored using an 

inductive, grounded theory framework approach to identify key themes relating to 

patients’ experiences and perceptions of strengths and challenges of HPT.  



 
 

 
 

 

Results 

Patients described various strengths and positive experiences with HPT, while also 

identifying several challenges they were facing. Specific challenges included: 

perceived lack of support, guidance, training, reassurance and follow up, concerns 

about injecting the drug (fear of injections, concerns about side effects, injection site 

problems, troubleshooting), problems with travelling and special storage 

requirements, challenges with access to information, scepticism towards treatment 

options, problems with home deliveries or supply, and various communication 

issues. 

Conclusion 

This study highlights the importance of exploring patients’ experience with HPT to 

identify areas of improvement and to facilitate service development and better 

patient support. Our findings will be used to suggest strategies for improving 

homecare service in the UK. 

Link to SDG: SDG3 Good health and well-being. 

 



 
 

A17 - Exploring Patients’ Experience with Home Parenteral (Injectable) 
Therapy: Preliminary Qualitative Findings 

Elham Torof, Hana Morrissey and Prof Patrick Ball 

Introduction 

Dental implants (with an artificial tooth root) are the substitution of one or more 

missing natural teeth or non-working teeth. There are several factors influencing the 

failure rates of placed implants. The implant related factors such as poor quantity 

and quality of bone, inappropriate prosthesis design, inadequate number of implants, 

and absence or loss of implant integration with hard and soft tissues and the dentist's 

experience. The main patient related predictors of implant failure are advanced age, 

systemic diseases, smoking, unresolved caries or infection, poor oral hygiene, and 

parafunctional habits (Porter & von Fraunhofer, 2005). Lifestyle related factors such 

as smoking status negatively affects the oral microbial profile, supress the immune 

systema and alter the microvascular environment, leading to disrupted tissue healing 

activation (Levin & Schwartz-Arad, 2005). 

Aim  

The purpose of this systematic review and meta-analysis was to assess the efficacy 

and safety of prophylactic antibiotics among patients undergoing dental implantation 

procedures. 

Method  

A systematic review and meta-analysis was designed that investigated the effect of 

perioperative antibiotic prophylaxis to prevent implant failure and postoperative 

complications during dental implantation procedures. The efficacy of different 

antibiotic prophylaxis strategies in preventing implant failure, postoperative 

complication and antibiotic adverse events was compared. The following terms were 

used in the PubMed® databases: ((Dental Implant insertion OR dental implants OR 

dental implant OR dental implant surgery OR Dental surgery OR dental implant 

placement OR oral implant surgery OR implant surgery [MeSH Terms]) AND 

(Implant failure OR implant loss OR Implant survival OR implant survival)) AND 

(Antimicrobial or antibacterial or antibacterial or antibiotics or antibiotic)) (AND 



 
 

 
 

(efficacy OR Effect OR effectiveness)) AND (prophylactic or prophylaxis or pre-

operative or preoperative or peri operative).  

All statistical analyses were performed using Review Manager (RevMan®) statistical 

software version 5.3.5 (Cocharne Collaboration UK) The random-effect model was 

applied using the Mantel-Haenszel test. Relative Risk was calculated for 

dichotomous variables using the random-effects model. The statistical unit for 

‘implant failure by patients’, ‘post-operative infection’ and antibiotic adverse events 

was the number of patients. Six studies identified implant failure by number of 

patients, eight studies investigated the number of implants failed by implants, eight 

clinical trials assessed comparative data on postoperative complications and the 

remaining five clinical trials reported data on the total adverse events that occurred 

between groups during the study period. number needed to treat (NNT) was 

calculated for implant failure analysis for implant, implant failure analysis for patients, 

infection rate, postoperative complication, and risk of adverse events. 

Results 

Of 103 published studies, 12 studies accurately fitted the inclusion criteria. twelve 

RCTs with a total of participants of 1923 met the criteria for inclusion in this 

systematic review and meta-analysis. Of these, two studies with a total of 1008 

participants were included in systematic review. Our results regarding implant failure 

by implant number were 67% lower in the antibiotic group than in those receiving 

placebo. Regarding analysis of implant failure by number of patients, our results 

shows that antibiotics prophylaxis reduced the risk of failure by 65%. For 

postoperative complications, our results suggested no benefit of antibiotic 

prophylaxis in postoperative complications. Regarding the incidence of adverse 

events, no difference was found in the incidence of adverse events detected when 

comparing antibiotic versus placebo. 

Implant failure was significantly reduced by pre-operative antibiotic (p<0.001) and 

prophylactic antibiotics was statistically beneficial in those undergoing implant 

surgeries (p<0.001). There was no significant difference for postoperative 

complications following dental implant placement (p=0.89) or of adverse events 

detected when comparing antibiotic versus placebo. 



 
 

A18 - Use of waste materials for production of bacterial cellulose mulch films 

Zinnia Mansoor, Habib Khan, Iza Radecka, Hazel Gibson, Gina Manning 

Purpose 

The technique of mulching has been a part of agricultural practices for a long time. In 

simple terms mulches are defined as materials that are applied directly on the 

surface of the soil for various purposes such as protection of seedlings and shoots 

through insulation, retardation of evaporation, reduction of weed growth and 

prevention of soil erosion (Scott, 2007). They specifically protect delicate crop 

species from unfavourable abiotic and biotic stress that may incur as a result of 

extreme weather conditions, insects, pests and weeds, and are therefore commonly 

used in agriculture to prevent loss of crop yield (Khan et al., 2020). 

Mulches may be organic or synthetic. Organic mulches include wooden chips, pine 

needles, straws and husks, which may be easily spread onto fields but pose the 

threat of harboring pests that adversely affect crops (Iqbal et al., 2019). A safer 

alternative is polyethylene-based plastic mulch film that is synthetic, cheap and 

effective. However, the removal of plastic mulch film from fields after harvest is 

laborious and often leaves behind debris that contributes to plastic pollution 

(Velandia et al., 2019). These are mostly single-use mulch films and add to the 

amount of plastic added to landfill sites. Moreover most countries are now banning 

the use of single-use plastics and looking for more sustainable and environment 

friendly alternatives (Zhang et al., 2021).  

Biopolymer-based mulch films can be used as an eco-friendly alternative. Starch, 

poly lactic acid (PLA) and cellulose are three options among biopolymers that can be 

used. However, it has been found that both starch and PLA have low tensile strength 

and the films tear while being spread on the field (Liu et al., 2010). Conjugates of 

starch and PLA with other compounds may be made to strengthen these films, but 

these have proven to considerably increase the cost of production, making 

commercial production difficult (Ban et al., 2006). Cellulose however, has good 

tensile strength and can be used as a mulch film without any modification (Menossi 

et al., 2021). The two main sources of cellulose are plants and bacteria. Bacterial 

cellulose is preferred over plant cellulose owing to the relative abundance as well as 



 
 

 
 

ease of production and extraction. Moreover, it is a promising material for mulch 

owing to its properties such as mechanical strength, water retention and 

biodegradability (Esa et al., 2014). It is produced by many bacteria of which the most 

well characterized and widely used is the soil-borne bacterium Gluconoacetobacter 

xylinus. It is a gram-negative bacteria that synthesizes and secretes cellulose as a 

part of its glucose metabolism (Vazquez et al., 2013). For lab scale production of 

bacterial cellulose standard Hestrin and Schramm (HS) medium is used that 

comprises mainly of glucose, yeast extract and bactopeptone (Sperotto et al., 2021). 

However, for commercialization of bacterial cellulose-based films the production 

process needs to be cost-effective including the use of a cheap substrate or medium. 

This study aims to utilize different waste materials including both household and 

industrial waste for the production of bacterial cellulose. 

Design 

For the lab scale production of bacterial cellulose, a starter culture of 

Gluconoacetobacter xylinus will be used to inoculate the HS medium and incubated 

at 30°C in a static incubator for 14-21 days. The production of BC films will be 

checked and once a clear, thick films is produced, it will be separated from the 

medium and its thickness will be measured. The film will then be purified using 1% 

NaOH solution to remove any bacterial cells, and subsequently washed with distilled 

water. It will be subjected to freeze-drying and stored in a dessicator till further use. 

Various waste materials including algal waste, tea and coffee waste, fruit and 

vegetable peels, and waste from brewery industry will be tested and characterized 

for bacterial cellulose production under static conditions at 30°C. The waste material 

will be used to supplement the carbon and nitrogen sources in the standard HS 

medium and separately as well. The composition of waste material will be analyzed 

using FTIR and other techniques. The feasibility of waste materials and specific 

conditions for efficient production of bacterial cellulose will be optimized in the 

project, including the concentration of waste, contents of production media, pH of the 

medium, time of incubation and the amount of inoculum. 

Findings 



 
 

 
 

The preliminary results of the experiments indicated that algal extracts may not 

support the growth of bacterial cellulose production because it yielded very thin films 

that lacked mechanical strength. However, tea waste produced films that were 

comparable in thickness to BC produced in HS medium. Both algal waste and tea 

waste were used to replace yeast extract in HS medium to reduce the cost of the 

nitrogen source in the medium. These results indicated that tea waste can be used 

as a promising source of nitrogen to replace the expensive yeast extract, as well as 

a carbon source to promote the growth of bacteria. 

Further experiments are being carried out to verify the results. 

Originality 

The cellulose-based mulch films have been tested in some field trials, but these are 

still not used commercially owing to high cost of production. To promote sustainable 

development and reduce the cost of BC films production, an ideal strategy is to 

utilize common household waste or industrial waste for this purpose. Little work has 

been reported on the use of such waste materials for production of bacterial 

cellulose and its subsequent characterization. 

Link to SDGs: SDG 2 – Zero Hunger, SDG 12 – Responsible Consumption and 

Production 

Keywords: Bacterial cellulose, mulch films, biodegradable, waste utilization 
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A19 - Next Generation Sequencing strategies in the diagnosis and prognosis 
of Autosomal Recessive Polycystic Kidney Disease (ARPKD). 

Taylor Richards, Professor Patricia Wilson, Dr Paraskevi Goggolidou 

Purpose  

Autosomal Recessive Polycystic Kidney Disease (ARPKD) is a rare, recessively 

inherited disease characterised by the formation of cysts within the patients’ kidneys, 

kidney enlargement, liver fibrosis and death due to poor lung development. ARPKD 

develops early and is primarily observed in newborns and young children. The 

incidence of ARPKD is 1:20,000 live births within Europe and North America, but it 

may be more common in smaller, isolated populations. It is estimated that 

approximately 40% of ARPKD live births will die within the first month because of 

poor lung development. Those who survive this first month have better survival rates, 

with an estimated one-year and ten-year survival of 85% and 82% respectively. 

However, this does not account for the progressive loss of kidney and liver function 

and their impact on a patient’s health and wellbeing.  

ARPKD results from the inheritance of mutations in PKHD1 and DZIP1L; however, 

most cases are associated with mutations in PKHD1. Like other Polycystic Kidney 

Diseases (PKD), ARPKD shows a range in disease presentation in human disease 

and animal models. In humans, the severity and presentation of clinical symptoms 

can vary wildly, with some patients presenting with more severe kidney disease at 

birth. In contrast, some patients may be diagnosed during childhood or early teens. 

Additionally, the presentation of the disease varies, with some patients having a 

more prominent kidney or liver disease and some individuals presenting with severe 

or mild disease in both organs. The presentation of ARPKD is complicated further by 

the range in intra-familiar variability, where siblings who inherited the same 

mutations may present with differing disease presentations or disease severity. 

Studies in animal models suggest that the genetic background may play a role in 

disease severity and supports the potential for mutations in other genes influencing 

disease severity. 

Further complicating the diagnosis of ARPKD is the ability of other diseases that 

feature a cystic kidney phenotype to phenotypically copy ARPKD, making a 



 
 

 
 

differential diagnosis for patients with ARPKD important for determining the best 

course for disease management. There are currently no treatments for ARPKD 

outside of managing the symptoms of the disease. Additionally, all patients with 

ARPKD will reach Chronic Kidney Disease Stage 5, requiring either a kidney 

transplant or dialysis to treat.  

Given the range in disease presentation and the ability of other diseases to copy the 

presentation of ARPKD, new methods for the diagnosis and prognosis of ARPKD are 

required. Next-Generation Sequencing (NGS) technologies allow investigators to 

sequence nucleic acids, which allows a global view of patient genetics. NGS could 

prove a valuable tool in the differential diagnosis of ARPKD and in determining 

potential treatment pathways or prognostic markers in ARPKD.   

Methodology  

Whole Exome Sequencing (WES) was used to screen a small cohort of ARPKD and 

age-matched normal kidneys for mutations within genes associated with ARPKD and 

other cystic kidney diseases. RNA-Sequencing (RNA-Seq) was utilised on this 

cohort of ARPKD and normal kidneys to identify dysregulated gene expression and 

genetic pathways associated with chronic kidney disease stage 5.  

Findings  

WES successfully identified mutations within PKHD1 in ARPKD kidneys, when using 

a gene panel approach to screen all genes associated with cystic kidney disease. 

Additionally, RNA-Seq analysis was able to identify pathways related to ARPKD and 

the genes related to these dysregulated pathways and may be useful prognostic 

markers or treatment targets in future studies.   

Research Limitations and Implications 

ARPKD is a rare inherited disease that makes acquiring donor kidney samples 

complicated and significantly reduces the sample size of human studies. 

Additionally, such samples are only acquired at the point of kidney failure making 

such research only representative of chronic kidney disease stage 5, the point at 

which a patient must undergo a nephrectomy. Recent advances have made it 



 
 

 
 

possible to use urine to investigate gene expression profiles in kidney disease, but 

such studies on patient cohorts require preliminary data. This work provides 

evidence that NGS technologies could prove effective in the diagnosis of ARPKD 

and the potential of such studies to identify potential prognostic markers and 

treatment targets in ARPKD.  

Practical Implications  

The investigations carried out within this study form the basis of a preliminary study 

into using NGS as a diagnostic tool for rare genetic kidney disease and as a 

prognostic tool in determining patient disease severity. Further work would utilise the 

tools highlighted within this study in a larger cohort of ARPKD patients to test the 

effectiveness of these tools in a living cohort.  

Originality / Value  

Although a few previous papers have used WES technologies to investigate ARPKD, 

these papers typically focus on mutations in PKHD1 and not on other genes that 

could be associated with the differential diagnosis of ARPKD. Additionally, no other 

investigation has currently used RNA-Sequencing to investigate the global changes 

in gene expression in ARPKD patients. These gene expression changes show 

potential pathways responsible for ARPKD, which could be used to give a prognosis 

of disease severity.   

Link to SDGs: SDG 3, Ensure Healthy Lives and Promote Well-being for all ages.  

Keywords: ARPKD; PKD; WES; RNASeq; NGS. 

 



 
 

A20 - Dissecting the role of the lung in ARPKD 

Soniya Malik, Dr. Charlotte Dean, Dr. Paraskevi Goggolidou 

Introduction  

Autosomal Recessive Polycystic Kidney Disease (ARPKD) is a rare genetic disorder 

with an incidence rate of around 1/20,000 neonates and infants, and no gender bias. 

The disease presents with several abnormalities including bilateral kidney 

enlargement due to fluid-filled sacs known as cysts throughout the collecting ducts of 

the kidney and bile ducts of the liver; oligohydramnios; hepatic fibrosis and 

pulmonary hypoplasia. Consequently, patients suffer from renal failure, hypertension, 

portal hypertension and respiratory insufficiency with death due to the latter reported 

in around 30-40% of ARPKD patients. It is generally believed that pulmonary 

hypoplasia results from enlarged kidneys in utero, which in turn restricts lung 

development. However, recent findings challenge this idea and suggest the lung 

phenotype is a primary cause rather than a secondary consequence of ARPKD. 

Unfortunately, the lack of pharmacological treatment also increases the stress 

placed upon patients and families as they are faced with decisions regarding dialysis 

and transplantation of organs, which isn’t always straightforward. 

ARPKD has been associated with mutations in Polycystic Kidney and Hepatic 

Disease (PKHD1), which encodes a large, single transmembrane protein, 

Fibrocystin; and more recently, DAZ Interacting Zinc Finger Protein 1 Like (DZIP1L). 

Expression of both PKHD1 and DZIP1L have been linked to compartments of the 

primary cilium in the kidney, including the basal body and centrioles. Since, ARPKD 

has been established as a known ciliopathy with evidence having identified a role for 

cilia in kidney development and disease. In ARPKD cells, cilia were shorter and 

abnormal compared to those of normal foetal collecting tubule cells as presented by 

the Polycystic Kidney (PCK) rat model. As well as this, defects in a highly conserved 

signalling pathway, the Wnt signalling pathway, have also been associated with 

ARPKD with evidence in cell lines, mice, and human samples stressing this. For 

example, our previous research highlights significant increases in WNT5A, VANGL2 

and SCRIBBLE in human ARPKD kidneys when compared to normal kidneys. As 

well as this, the Vangl2Lp mouse displays kidney and lung defects, mimicking 

ARPKD.  



 
 

 
 

Recently, the lungs have become increasingly important in understanding the 

molecular mechanisms of ARPKD. Expression of PKHD1 has also been reported in 

other organs such as the liver and lungs, with further evidence having found that 

pulmonary defects can result from cilia dysfunction. By understanding whether the 

lung is a primary or secondary characteristic of ARPKD, we will have a better 

understanding of the involvement of the lung in ARPKD; the molecular mechanisms 

involved in ARPKD and understand the grounds for disease severity with potential of 

enhancing current diagnostic procedures. Should our research prove successful, our 

data will well characterise a novel ARPKD mouse model and we will have a new, 

useful tool for ARPKD study and for use in in pre-clinical trials. 

Methods 

We were recently able to generate a novel CRISPR/Cas9 gene edited 

Pkhd1T36M/T36M mouse model that carries the most common missense mutation 

in ARPKD, T36M, leading to a truncated protein. To determine the role of Pkhd1 in 

the lung, haematoxylin & eosin (H&E) staining was performed to identify any 

abnormalities or changes in the gross structure of the lung at different developmental 

stages including postnatal day 2 (P2)/P3 and 4-month-old.  Further investigations will 

also be carried out at 9-months-old. In addition, immunohistochemistry will be 

performed to assess any potential modifications or defects to the alveolar structure 

and Wnt signalling proteins including Vangl2 and Scribble at the same 

developmental stages as mentioned previously. Assessment of apoptotic and 

proliferative markers via immunohistochemistry will also be performed. We have also 

performed quantitative real-time polymerase chain reaction (qRT-PCR) to assess 

any potential changes in gene expression and to identify whether there are any 

genetic modifiers of Pkhd1. This includes Wnt signalling genes that have previously 

been associated with ARPKD such as Vangl2, Scribble, and Nphp2; and Atmin, 

which has been identified as a potential genetic modifier of ARPKD. These samples 

will further be analysed via RNA sequencing to confirm differential expression of 

genes of interest. Aside from this, analysis of protein expression is currently being 

investigated to identify whether there are any changes in protein expression in 

Pkhd1T36M/T36M mice. 

Results  



 
 

 
 

Preliminary findings in P2/P3 Pkhd1T36M/T36M lungs found a significant 

downregulation in mRNA expression of Pkhd1 (32%) and Wnt5a (55%). Reduced 

mRNA expression of Vangl2 (17%) was also observed, albeit non-significant. Upon 

ageing of the mice, H&E staining at 4-months-old revealed a significant decrease in 

alveoli when compared to normal age-matched lungs. This was further validated via 

the total airspace count per mm2 which was also reduced in Pkhd1T36M/T36M 

mouse lungs when compared to normal age-matched lungs. In addition, our findings 

have also found a significant decrease in mRNA expression of Wnt signalling 

components including Pkhd1 (72%), Pkd1 (60%), Atmin (48%), Vangl2 (79%), 

Inversin (67%), Scribble (60%) and Wnt5a (70%). 

Conclusion  

So far, the lung phenotype observed in the Pkhd1T36M/T36M mouse suggests that 

the lung phenotype observed in ARPKD may well be a primary characteristic of the 

disease rather than a secondary implication of kidney enlargement. By 

understanding whether the lung is a primary or secondary characteristic of ARPKD, 

we will have a better understanding of the involvement of the lung in ARPKD; the 

molecular mechanisms involved in ARPKD and understand the grounds for disease 

severity with potential of enhancing current diagnostic procedures. Should our 

research prove successful, our data will well characterise a novel ARPKD mouse 

model and we will have a new, useful tool for ARPKD study and for use in in pre-

clinical trials. 

Link to SDGs: SDG 3 – to ensure healthy lives and promote well-being for all at all 

ages. 



 
 

A21 - Investigations into RND3 as a potential modifier gene in Polycystic 
Kidney Disease  

Kavindiya Modarage, Dr. Angel Armesilla, Dr. Paraskevi Goggolidou 

Introduction 

Polycystic kidneys are a hallmark of inherited kidney diseases such as Autosomal 

Dominant Polycystic Kidney Disease (ADPKD) and Autosomal Recessive Polycystic 

Kidney Disease (ARPKD). ADPKD, which is the most common form of Polycystic 

Kidney Disease (PKD), affects ~12.5 million people worldwide and is predominately 

an adult-onset disease. Causative genes associated with ADPKD include Polycystic 

Kidney Disease 1 and 2 (PKD1/2), that encode for Polycystin-1 (PC1) and 

Polycystin-2 (PC2). PC1 and PC2 co-localises to the primary cilium and to the basal 

bodies of both the renal and bile duct. ADPKD is a disease of variable severity. 

Evidence has suggested progression of ADPKD is accelerated because modifier 

genes effect polycystic-mediated signal transduction pathways. These genes can 

influence the molecular and/or phenotypic expression of other genes, altering the 

range of symptoms and the severity of the disease. To date, only a small number of 

genes haves been investigated in relation to modifier genes and disease progression 

of ADPKD.  

RND3, also known as RhoE, is an atypical GTPase that remains constitutively active 

as it does not undergo GTP hydrolysation unlike other GTPases. RND3 is a plasma 

membrane associated protein, concentrated at adherent junctions both in fibroblasts 

and in epithelial cells. Published literature has made it evident that RND3 plays 

distinct role in actin cytoskeleton reorganisation, which has shown to contribute to 

other biological processes such as arresting cell cycle distribution, inhibiting cell 

growth, and inducing apoptosis and differentiation. To date, RND3 has not been 

directly linked to any PKD. However, due to similarities in phenotypes between 

genetically modified Rnd3tm1b(EUCOMM)Hmgu mice and ADPKD patients, there is 

a possibility that RND3 may behave as a modifier gene in the onset of ADPKD.    

To investigate the role of RND3 in ADPKD as a potential modifier gene, a novel 

mouse model was created by the International Mouse Phenotyping Consortium 

(IMPC). Rnd3tm1b (EUCOMM)Hmgu mouse model has a deletion of Exon 2 which 



 
 

 
 

is considered the critical exon needed for the correct formation of the protein 

structure. This results in the knockout and inactivation of the Rnd3 gene. By 

characterising the novel mouse model, we hope to better understand the molecular 

mechanisms involved in ADPKD and identify whether RND3 is a modifier gene for 

ADPKD. 

Method 

Kidney tissues and sections from Postnatal Day 2 (P2) homozygote 

Rnd3tm1b(EUCOMM)Hmgu mice and age-matched normal mice were provided by 

Mary Lyon Centre, MRC Harwell. To confirm knockdown of Rnd3 and measure gene 

expression levels of genes associated with the onset of PKD i.e., Pkd1, Real-Time 

Polymerase Chain Reaction (PCR) was performed. Lastly, followed by the 

generation of epithelial spheroids in a 3D kidney cell line, mouse inner medullary 

collecting duct 3 (mIMDC3) cells, we are able to detect potential defects in cell 

proliferation, cell migration, cell adhesion, cell behaviour, and ciliogenesis.  

Results 

Haematoxylin and Eosin (H&E) sections at P2 exhibited an enlargement of the 

kidneys in homozygote Rnd3tm1b(EUCOMM)Hmgu mice compared to age-matched 

normal mice.  Real-Time PCR revealed a statistically significant 2.25-fold-change 

increase in Pkd1 expression in homozygote Rnd3tm1b(EUCOMM)Hmgu mouse 

kidneys. Alongside this, an upregulation of Wnt5a, which is a component of the Wnt 

signalling pathway was also observed, however this was not statistically significant. 

The Wnt signalling pathway has been strongly linked to kidney organogenesis with 

defects in this pathway being associated with PKD. Lastly, we are currently working 

on successfully growing and developing 3D spheroids for analysis of different 

markers associated with ADPKD. For example, via fluorescent 

immunocytochemistry, we are looking to investigate abnormalities in ciliogenesis as 

well as staining for tight junctions to identify whether there are any cytoskeletal 

changes in mIMDC3 cells. Future experiments include RNA sequencing of 5-month-

old Rnd3 tm1b(EUCOMM) Hmgu mouse kidneys to confirm differential expression of 

genes of interest as well as performing western blotting to identify whether there are 

any changes in protein expression when compared to normal age-matched mice. We 



 
 

 
 

also intend to conduct further studies to characterise the kidney phenotype in 9-

month-old Rnd3tm1b(EUCOMM) Hmgu mice. 

Conclusion 

In conclusion, by understanding the role of RND3 in ADPKD, we hope to better 

understand the molecular mechanisms involved in ADPKD and identify whether 

RND3 is a modifier gene for ADPKD. In future, we hope for this to advance our 

current diagnostic procedures and identify new therapeutic targets for ADPKD.  

Link to SDGs: SDG 3- To ensure healthy lives and promote well-being for all at all 

ages.  



 
 

A22 - Development Of Scale Up Workflows For Human Skeletal Myoblast 
Secretome Bioprocessing 

Amani Rageh, Tracy Warr, and Bernice Wright 

Rationale/Background 

Cell secretomes are major developing business models for a number of 

biopharmaceutical companies. Those developments have led to a demand for 

bioprocesses for industrial scale manufacture of secretome products. The key aim of 

the current study is to scale up manufacture of human skeletal myoblast secretomes 

using efficient bioprocess workflows. 

Methods/Results 

Human skeletal myoblasts seeded at densities of 1E5 and 2E5 in 3 mL or 5mL 

differentiation medium on a 25cm2 surface area and cultured over a period of 5 days 

to achieve 50% or 80% confluency. Those cells (2E5) were also seeded onto poly 

lactic-co-glycolic acid (PLGA) microcarriers (1.2E5 microcarriers) and differentiated 

over a period of 7 days in 1mL differentiation medium in a low bind 12-well plate. The 

myogenic culture was scaled up by culturing myoblasts in 10mL differentiation 

medium on a 75cm2 surface area over 5 or 7 days. Extracellular vesicle and soluble 

protein fractions were isolated using size exclusion chromatography or a polymer 

precipitation procedure, and protein quantification (bicinchoninic acid assay) was 

used as a measure of secretome yield.   

Results showed that increasing differentiation medium volume and myoblast density 

on 25cm2 culture surfaces enhanced yields of secreted soluble and extracellular 

vesicle proteins. The amount of soluble protein (3mL – 76.1 µg/mL; 5mL – 163.9 

µg/mL) and extracellular vesicle (3mL – 38.3 µg/mL; 5mL – 122.8 µg/mL) protein 

from cells cultured in 5 mL differentiation medium was 2-fold and 3-fold greater 

respectively than that from cells cultured in 3mL differentiation medium. Cells that 

were 80% confluent (577.5 µg/mL) on a 25cm2 surface area generated 47% more 

secreted protein than those that were 50% confluent.  

Skeletal myoblasts anchored to and differentiated on PLGA microcarriers generated 

measurable yields of extracellular vesicles. A 1 mL volume of conditioned medium 



 
 

 
 

from a PLGA microcarrier culture containing 1.2E5 microcarriers and 2E5 

differentiated skeletal myoblasts, yielded 106 – 126 µg/100 µL protein.   

Conclusions  

Results demonstrated that production of the myogenic secretome can be scaled up 

to increase yields of extracellular vesicles and soluble proteins on a 2D culture 

surface. The production of myogenic extracellular vesicles from differentiated 

skeletal myoblasts on 3D biomaterial microcarriers may also be scaled up.  

Link to SDGs: SDG3 – Good health and wellbeing. 

Keywords: Myogenic secretome, secretome bioprocessing workflow, secretome 

yield, cell microcarriers and secretome production 



 
 

A23 - Comparing antipsychotics efficacy and safety in patients diagnosed 
with schizophrenia: Systematic Review and Meta Analysis 

Zina Sherzad Qadir, Hana Morrissey and Patrick Ball 

Introduction  

Psychosis is an abnormal mental state where a person experience distressing loss, 

or partial loss, of their ability to connect to reality, leading to total or partial loss of 

perception and thought. It is characterised by 3 main symptoms, hallucinations, 

delusions, and confusion with disturbed thoughts. Psychosis is not considered a 

psychiatric illness, it rather is a cluster of signs and symptoms that can be triggered 

by underlying mental illness, a physical injury or somatic illness, substance abuse or 

the withdrawal from drugs and/or alcohol. Antipsychotic medications are generally 

effective in relieving positive symptoms, but their efficacy is less on negative 

symptoms. Schizophrenia is the most common type of psychotic disorders. affecting 

1% of the world’s population. Antipsychotics are initially used to manage acute 

psychosis and return the patient to the basic level of functioning, but some patients 

require maintenance therapy lifelong. The choice of antipsychotic agent depends on 

various factors such as the potential to cause side-effects and patient preference to 

avoid discontinuation, promote remission and prevent relapse. 

Aim  

The aim of this systematic review and meta-analysis was to explore the evidence for 

safety and efficacy of antipsychotic medication to manage and prevent recurrence of 

psychosis in schizophrenia antipsychotic naïve patients. 

Method  

This systematic review according to the PRISMA statement, was developed to 

search for studies. 

Review Manager v5 (Cochrane collaboration, UK) was used to evaluate and analyse 

the data. Thematic analysis by the Braun and Clarke 6 steps was used to conduct 

thematic analysis.  

Results  



 
 

 
 

Weight gain: Olanzapine was shown to be significantly more associated with weight 

gain (more than 7% of body weight) compared to other antipsychotics. ziprasidone 

showed least weight gain. Clinical efficacy: PANSS score reduction showed 

haloperidol was the least desirable treatment. EPS symptoms: Haloperidol patients’ 

group were significantly more likely to experience EPS symptoms, than therapy with 

any other antipsychotics.  

Sexual dysfunction: Risperidone showed the most adverse sexual effects. 

Aripiprazole showed the lowest level of sexual side effects following by quetiapine. 

Sleepiness: Quetiapine had highest rate of sleepiness and increased duration of 

sleep. Constipation: patients on ziprasidone were least likely to experience 

constipation and quetiapine patients were most likely to have constipation.  

Total discontinuation rate was highest for haloperidol followed by quetiapine and 

ziprasidone, respectively. Olanzapine showed the lowest discontinuation rate. 

Discontinuation due to side effects was highest in ziprasidone, olanzapine and then 

quetiapine.  Discontinuation due to lack of efficacy was more prominent for 

Haloperidol. The lowest discontinuation rates were ziprasidone for nonadherence, 

aripiprazole for side effects, and quetiapine for lack of efficacy.  



 
 

A24 - Reducing Medication Errors in Kuwaiti Government Hospitals through 
pharmacovigilance. 

Mohammed Saada, Hana Morrissey and Patrick Ball 

Introduction  

Medication error reduction has been a focus of pharmacy practice research to 

improve patient safety, reduce unnecessary hospital admissions and emergency 

department visits.1 

Aim  

To understand the extent of medication errors in government hospitals in Kuwait, 

evaluating the effectiveness of current medication error recording systems and 

developing a national online system, whilst assessing healthcare professionals’ 

medication management knowledge to develop effective training. 

Methods and design  

The study used a mixed methodology; examination of patients’ clinical notes, an 

audit of recorded medication errors and interviews with healthcare professionals at 

six Kuwaiti government hospitals. The records audited included: incident reports, 

reports of medication errors and near-misses, prescribing, dispensing and 

administering error.  

Results  

The study found that pharmacists made the lowest number of medication errors 

(30.5%) compared to errors made in the processes of prescribing (44.6%) and 

administration (20.6%). Drug-drug interaction errors were most prevalent in the 

incident reports at 39%. Notably, 60% of the pharmacists indicated that they do not 

double check the medication dispensed before handing them to the patient. Of the 

pharmacists interviewed 39.5% stated that they double checked the prescribed 

medication and found that the most common errors to be; wrong dose (16.7%), 

sound-a-like medication (16.8%) and controlled (12.5%) vs. immediate release 

medications (29.5%).  

Discussion  



 
 

 
 

Medication errors are unintentional.2 This study found that interdisciplinary staff 

training was lacking, and clinical vigilance needs to be enhanced strategically at all 

points of the medication management process (prescribing, dispensing and 

administration).  

Conclusion  

The findings of the research support the strategic objective of reducing the likelihood 

and severity of medication errors through appropriate and effective clinical vigilance 

processes that mitigation risk in the long-term against medication errors. 



 
 

A25 -  Structural Health Monitoring (SHM) of composites structure and the 
mechanical components in aerospace application. 

Kiran Gulia, Gerard Fernando, Pratik Shukla, Bama Perumal and Lawrence Blakeley 

Abstract  

Structural health monitoring (SHM) of engineering materials is an active area of 

research and a wide range of optical and electrical-based sensor systems have been 

developed to address this need.  With reference to the global drive to reduce 

greenhouse gas emissions to achieve net-zero targets, the aviation industry is 

investing in electrical vertical take-off and landing technologies (eVTOL). There is 

significant potential in integrating sensor system that is currently available for 

structural health and condition monitoring into battery management systems. The 

global battery market size in 2019 was valued at U$ 108.4 billion and it is predicted 

to grow at a compound annual growth rate of 14% from 2020 to 2027 [1]. Optical 

fibre sensors are ideal for this application as they are immune to electromagnetic 

interference. Moreover, their circular cross-section means that they can be 

integrated with relative ease in/on engineering structures and battery cells. An 

appropriate sensor protection system can be engineered to ensure their long-term 

durability in service. This dual-use strategy for the condition monitoring of structures 

and batteries, using the same sensing technology, will enable a common platform for 

data acquisition, reduction and transmission. To-date, optical fibre sensors are used 

for monitoring parameters such as strain, temperature, the concentration of specified 

chemicals, acoustic emission and vibration. The current proposal is to develop 

intrinsic and extrinsic fibre Fabry-Perot interferometric sensors that will fulfil the dual-

use approach for condition monitoring of structures and batteries. The sensors will 

be fabricated using a state-of-the-art Focused Ion Beam [2]. 

Keywords: Structural Health Monitoring, eVTOL, Optical Fibre Sensors, 

Composites, Battery. 
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A26 - Key factors to manage a sustainable road Infrastructure scheme in 
Nigeria. 

Emeka Luke Okolie, Dr. Emmanuel Daniel, Dr Tochukwu Moses, Dr David Oloke 

Background  

The potential of the construction sector is exceptional as it can boost investment and 

provide the masses with employment opportunities.  Covid 19 have caused many 

countries a huge amount money to recover from the financial crisis of mainlining their 

roads. Also, Investment in Infrastructure are vital to achieving sustainable 

development in any country. About 93 billion dollars need to be expended yearly by 

Africa to bridge the gap of infrastructure requirements. In Nigeria’s drive towards a 

viable economy and social stability, infrastructure development remains key and 

various administrations have adopted it as a major part of their policies, especially 

road construction. In Nigeria, the federal and state governments are responsible for 

most of the road projects at 64.5% and 22.7% respectively. The problem of road 

construction project abandonment has affected the economy of the Southeast 

(SE)states and Nigeria as a whole.  

Aim  

The aim of this study is to understand the causes of road construction abandonment 

and the effectiveness and efficiency of the existing framework for road construction 

in SE Nigeria. Therefore, a sustainable framework will improve road construction and 

management using Public Private Partnership(PPP) model. 

Method  

This is a qualitative research whereby the units of analysis are staff of state ministry 

of works in Enugu, Ebonyi, Anambra, Abia and Imo States, staff of registered 

construction companies engaged in road construction work within the region, 

investors, road users, and entrepreneurs within the case study area. Interviews and 

case file will be utilised for the various bodies mentioned above for the research 

method. NVivo will be used to analyzed the result from the data collected to get the 

themes. An Effective and Efficient Road Construction(E2RC) framework will be used 



 
 

 
 

to serve as a template for clients, contractors and investors to achieving a viable 

road construction and development scheme. 

Result  

As the Nigeria populace continues to demand for good road infrastructure, there is 

probability of higher rate of success in construction work with a management 

approach even though road construction is a highly technical field. The result so far 

from the study have identified corruption, inconsistency in government policy, poor 

project planning and scheduling, poor project estimates and inadequate technical 

knowledge as key factors responsible for road construction abandonment. The 

literature review shows that a good sustainable framework to manage roads in 

developing countries will help remove the number of roads abandoned in Nigeria and 

other developing countries. 

Conclusion  

There is consequence for Government funding majorly road projects in Nigeria, 

numerous agencies regulating and enforcement is poor. Therefore, this study will 

answer the research question which is, what procurement strategy could be 

employed to achieve the desired effectiveness and efficiency in road construction 

and management, especially in SE Nigeria? Thus, a modern sustainable PPP 

framework should address it and this study is gradually doing it. The PPP framework 

that will be developed will involve all the stakeholders and target to recommend it for 

the government to use it in maintaining of roads in South-East Nigeria. 

Link to SDGs: The Government and private business should feel concern about 

sustainable development. They are entitled to a healthy and productive life in 

harmony with nature. Sustainable development needs this factors industry, 

innovation and infrastructure to meet its target in our communities in Nigeria and 

other developing countries. This is goal 9 of the UNSDG.  

Keywords:  Project abandonment, Road infrastructure, Framework, Procurement 

Strategy, Public-Private Partnership. 



 
 

A27 - Implementation of principles of circular economy in offsite construction 
to minimize waste in UK construction industry 

Jagtar Singh 

Abstract 

Resources are the major aspects of the construction projects to provide effective 

support in finishing the projects to have better results. The resources of the project 

are needed to be managed in the best possible way to have possible support. 

Gonçalves and Virtudes, (2020), stated that the technological and human resources 

are two major parts that need to be controlled in the correct way to have effective 

support in accomplishing the targets. 

The construction projects are one of the complex activities to have effective 

outcomes in the form of the structures. In that case, the construction projects are 

about constructing three essential buildings to facilitate the students to conduct the 

respective courses to have effective result in the educational area. Therefore, the 

various factors related to the construction process has been described in many 

searches to have effective results. On the other hand, there are many master plans 

has been developed in a perfect way to have an effective idea of using them in the 

construction projects. In that case, also the steps of developing the master plan have 

been provided to have a proper idea to use it in the construction projects. 

Large amounts of material wastage is one of the biggest problems on most of the 

construction sites (Butler,1982). Wastage of material can take place during any 

process, storage, and utilization (Hendrickson,1998). During procurement the wastes 

can be due to buying wrong material, extra material, and improper handling of the 

material. Wastage during storage can be due to damages during handling, theft, 

short shelf life etc. Excessive wastage is a matter of concern as it results in the extra 

cost. 

Few years ago, construction industry was considered as the father of all engineering 

branches but with the time elapsed the status transferred from construction to 

mechanical branch. 



 
 

 
 

Construction industry manifest many innovative techniques to build up the buildings 

efficiently effectively. With the increase demand of affordable houses in Uk, the 

techniques will also be quick to meet the demands. But in fulfilling the demand 

effectively, there is one factor that needs to come into practical life i.e., to control the 

wastage of material occurring in construction industries. Mostly all the material used 

in construction process are manufactured from natural occurring sources on earth 

like Timber, soil, iron, water, oil, aggregates. The current emphasis is on developing 

new techniques, strategies for construction. However, neither living organism nor 

non- living things on earth is mortal everything comes to an end. By keeping in mind 

this natural process, offsite construction is the best practice to minimize the wastage 

on-site, that ultimately results in securing natural sources. Offsite construction is the 

process in which building parts are manufactured in factories and assembled at site 

to control the wastage of material.  

Whereas circular economy is also a helping hand for offsite construction that 

endeavour to recycle, reuse the waste material for next construction process or 

project. 

Offsite construction – When the buildings are manufactured in factories in small 

different parts then assembled on site for making a complete building without 

undergoing any construction process on site, it is called as offsite construction. 

Circular economy – The waste produced from different undertaking works then 

recycling that waste material for further production is called as circular economy. For 

example, plastic bottles are used to manufacture a block piece. 30 waste bottles 

contribute to make one piece of block.  

To control the shortage of construction material in future offsite construction in 

collaboration with circular economy will overcome the problem by minimizing the 

wastage and less use of natural sources. Construction industry not only leads to the 

constructing better infrastructure but also the environment. Both concepts are 

peaked important in the current era. With the increase in development of off-site 

construction meanwhile there will be high rise in industrialisation as well to speed up 

the construction process and this high industrialisation have direct effect on 

environment. Let us include a current instance here; due to increase in temperature 



 
 

 
 

an ice mountain in antarctica has been recorded as separated due to melting and the 

main cause is pollution that has been produced by the industries, here construction 

industry is also contributing to such situations. 

This is a great threat to all the industry sectors and mankind and moreover a 

challenge for all that will become very soon. 

It will be a positive action towards the reaction of construction industry by 

implementing the principles of circular economy (Closing loops) in offsite 

construction. 

Offsite construction not only enough method to have better future for construction, 

but there should also be update in offsite construction methods, policy 

recommendations or strategies. Implementing principles of circular economy in 

offsite construction is one of the best practice to update the process. 

In the past time the waste produced by the Uk was exported to china therefore china 

is considered as the biggest importer of waste from Uk but from some time china 

stopped the waste importing business with Uk due to which there the role of circular 

economy and offsite construction is indeed. Major reason behind it is that Uk itself 

doesn’t have sufficient plants or space to dispose-off the waste produced every year. 

Many methods like Direct use, Minimalism are very beneficial concepts in relating 

too with offsite and circular economy. 

Direct use – It is a method in which various parts of demolishing building from tiny 

particle to large will be saved for any further project by matching their 

measurements. For example ;- In situation of Ukraine crisis there is need to build the 

houses as effectively as possible not eeven enough time to recycle the or products 

and use them so in this situation the method of DIRECT USE is best possible way to 

rescue the situation and provide shelter.    

Minimalism – Minimalism is a concept that has been used very rare. It works on it’s 

own logic   that having less input with more output. That means putting less and 

getting more. No doubt minimalism doesn’t have much popularity but have great idea 

of reducing waste.  



 
 

 
 

  

At last, implementing principles of circular economy in offsite construction will update 

the offsite construction policies or strategies and collectively fulfil the growing 

demand of buildings with better environment control approaches.  



 
 

A28 - Machine-Learning Approach for optimizing aquaponics water 
replenishment rate  

Praveen Chandramenon, Professor Amar Aggoun and Dr Fideline Tchuenbou-Magaia  

Abstract 

Food and agricultural sustainability have become quintessential for today's world. 

Producing food for the growing population with the limited availability of resources is 

one of the key global challenges. Aquaponics is an innovative and sustainable 

agricultural approach that combines fish and soilless plants production in a 

recirculating ecosystem where natural bacteria convert fish waste into plant nutrients 

(Delaide et al., 2017). The plants take up the nutrients from the water to grow whilst 

purifying the water which returns to the fish tanks. Water is the blood of any 

aquaponic system. The water quality unquestionably affects the ecological balance 

and the productivity of a recirculating aquaponics system (Ngo Thuy Diem et al., 

2017, Delaide et al., 2017). Water quality parameters include pH, dissolved oxygen, 

temperature, total ammonia, and nitrogen which must be kept at an acceptable level 

to maintain the optimal growth of both the fish and plants (Gnanasagar et al., 2020). 

This water quality depends on the water replenishment rate which in the literature 

vary between 5 to 10 % of the circulating volume (Gnanasagar et al., 2020). 

However, given the complexity of this symbiotic biological system more research is 

required to establish the optimal water replenishment rate to maintain the 

performance and stability of aquaponics systems.  

The main purpose of this research is to develop a predictive model for forecasting 

the optimal water replenishment rate to maintain the performance and stability of 

aquaponics systems. Specific objectives are:  

1. To predict the optimal rate of water replenishment of aquaponics systems 

using optimization algorithms.  

2. To study how the determined rate of water replenishment affects fish 

productivity and the plant nutrient availability through IoT and sensor data.  



 
 

 
 

3. To study how the identified optimum water replenishment rate is effective in 

different environments and variable inputs using IoT and sensors and communicate 

with farmers the rate and time of replenishment.  

 It is identified that the main research problem is optimization to maximize 

productivity and minimize loss. The determination of the optimal rate of water 

replenishment is directly connected with water quality parameter(Rossana 2016).The 

literature review has been conducted in web of science, google scholar and science 

direct. The keywords used were “Water replenishment”, “water replacement” and 

“water recharge”, “water exchange” and water change” in aquaponics.  

The key research findings are the following based on the literature and consultation 

with the farmer (www.aquapona.co.uk.) are:  

1. An optimum replenishment rate will enhance fish and plant productivity.  

2. Secondary data shows that the water quality is terribly affected when there is 

no adequate and timely water replenishment due to the accumulation of toxic 

chemicals. Furthermore, the literature review shows that researchers have mainly 

focused on parameters affecting water quality and basic control and monitoring. No 

specific articles have been found that show the water replenishment rate 

optimization and its effectiveness.   

Therefore, this research will attempt to solve this real-world problem which to the 

best of our knowledge has not been investigated by developing novel algorithms and 

output data for optimal water replenishment using machine learning and IoT.  

Link to SDG: This research is linked to SDG 2. That is “End hunger, achieve food 

security, improved nutrition and promote sustainable agriculture.”  

Keywords: Aquaponics, Internet of Things (IoT), Machine Learning, Sensors, 

Precision Farming  
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A29 - Women in the Construction Industry: A Review of the Challenges and 
Barriers In The Nigerian Contest 

Lauretta Emeurude, Dr. Lovelin Obi and Dr. Gyon Louis 

Introduction 

The construction industry is seen globally as one of the major contributors to the 

economic development of a nation. The industry is widely considered to be the 

world’s largest industrial employer of labour. However, the construction industry 

despite being a huge employer of labor remains a male-dominated sector. 

Globally, the construction industry has a huge gender imbalance. According to 

Bigrentz, Inc. of all the people working in construction, women comprise only 10.9%. 

Even smaller is the number of women on the front lines of a job site -only 1 for every 

100 employees in the field. Considering that women make up 47% of all employed 

individuals, this means that the construction industry is only benefiting from about 

1.25% of women in the workforce. 

 In the US, women make up 47% of the workforce. According to the United States 

Department of Labour, only 9% of U.S. construction workers are women, which is a 

relatively small percentage compared to other industries.   

In Europe, as cited by Aulin, R., & Jingmond, M. (2011), Germany and Austria have 

higher participation of 10% of women in construction with 12% and 13.5% 

respectively actively employed. Contrary, Greece has the lowest women participation 

in construction with only 2% while Malta and Portugal have around 4% of women 

participation in construction. Countries such as Netherlands, Romania, Bulgaria, 

France, Lithuania, and United Kingdom have between 9- 10% of participation in the 

construction 

According to Considerate Constructors, despite comprising over 50% of the UK 

population, women still make up only 11% of the construction workforce, this number 

drops to 1% of operatives on site. 

In developing countries like Asia and Africa, the amount of research on the level of 

women’s participation in construction is very low. More women are found engaged in 

the industry as laborers  



 
 

 
 

In South Africa for instance, where social-related jobs are occupied by 55% of 

women, the construction industry only boasts of 12.4% of all job categories because 

of the unpopular interest in the sector as cited by Jwasshaka, S. & Amin, N. (2020).  

In Nigeria, the level of women’s participation is low with more women employed as 

laborers than in administrative roles. Traditionally, Nigerian society believed that 

possession of construction skills is solely men’s job. This societal belief is not 

peculiar to Nigeria alone but it cuts across the African Nationsas cited by Shirka 

Kassam Jwasshaka & Nor Fadila Amin (2020). 

This gender gap has not changed considerably over the recent period in the 

construction industry. Moreover, the distribution of women throughout the industry is 

highly skewed, with most of the women employed in administrative and service roles 

rather than in construction roles  

It has been perceived from several works of literature that one of the difficulties 

facing today’s construction industry is skill shortage due to its inability to entice 

young women to pursue careers in such professions. 

Evidence from existing literature suggests that one of the difficulties in today’s 

construction profession is discrimination among gender. The industry is mainly 

stereotyped as a profession for men. In considering the risk implication for women's 

participation in the construction industry, it is seen that percentage of women 

engineers is low as a result of occupational segregation, irregular work hours, shared 

facilities, and equipment  

The percentage of women engaged in the construction industry in part-time roles is 

higher than that of men. Women also are more likely to be underemployed than their 

men counterparts because they get fewer hours than they are willing and available to 

work. It was discovered that the industry disciplines workers who indicate interest for 

extra-flexible working patterns as a result of family commitments. The long and 

inflexible work hours create severe restrictions on women’s careers compared with 

those of their male counterparts, Based on that, women with dependent children are 

severely under-represented in project-based positions. It was revealed that single 

women who had not been married previously remained in the industry in higher 

numbers compared to married women. On the contrary, men have are high 



 
 

 
 

likelihood of balancing their work and family lives successfully. In addition to the 

sociocultural and family barriers, women face the male-dominated culture of the 

industry despite progress in gender equality in many countries. The manly work 

culture of the industry has remained a significant barrier to women’s success.  

Purpose 

The purpose of this study is to investigate the level of women involvement in the 

Nigerian construction industry, challenges faced by professional women, and 

barriers to women entry into the industry with the aim of encouraging more women 

participation in the Nigerian construction industry. 

Research methodology and approach 

The research was designed to generate quantitative data on women participation in 

the construction industry in Nigeria and the challenges they face. The sample was 

drawn from a 10males and 100 males working in medium and large construction 

companies in the south-south region of Nigeria. The focus was on the male/female 

numerical strength in some selected categories of workforce e, the suitability of 

some construction tasks for women and constraints to female entry into the 

construction industry. Data was collected using questionnaires. 

Findings 

Findings revealed that only about 15 per percent of the sampled companies' 

workforces were women. Approximately, 55 per coerce these women were 

employed as laborers, 32 per cent as administrative staff, 10 percent as 

management staff, and 3 percent as craftswomen. This shows that women are 

underrepresented in the construction industry in Nigeria. Other findings from the 

survey reveal that other factors limiting women from entering the construction 

industry in Nigeria include negative perception of women’s capabilities, harsh 

working conditions, and family obligations. 

 

 



 
 

 
 

Originality/value 

The findings from this research represent the unbiased level of women's participation 

in Nigeria's construction industry and the data are useful for developing policies and 

strategies to encourage more women entrants in the construction industry. 

Keywords: Barriers, Construction, Women, Nigeria. 



 
 

A30 - The Role of Analytics in Smart HealthCare Management in India   

Chandrashekhar Subbarao, Dr Suresh Renukappa, Dr Shyam Menon and Dr Subashini 
Suresh  

Purpose   

The purpose of this research is to critically examine the smart healthcare strategy in 

India with special focus on the use of data analytics.  India’s healthcare system is 

without a doubt, highly stressed and many times inadequate to cater to its 

population. Traditional, medical systems and establishments are found wanting in 

ability to scale, to reach the maximum number of people and simultaneously keep 

the costs affordable. Considering the challenges, a digital health strategy has been 

adopted which has laid out a transformative mission-mode programme called the 

Ayushman Bharath Digital Health Mission (ABDM). This programme aims to develop 

the backbone necessary to support the integrated digital health infrastructure of the 

country. The goal is to bridge the existing gap amongst different stakeholders of 

healthcare ecosystem through digital highways. The Indian National Health policy 

(2017) focus is “The attainment of the highest possible level of health and wellbeing 

for all at all ages, through a preventive and promotive health care orientation in all 

developmental policies, and access to good quality health care services without 

anyone having to face financial hardship as a consequence”.  

Smart healthcare is not one single technology. It instead uses many other underlying 

technologies such as Internet of Things (IoT), big data, cloud computing, mobile, 

artificial intelligence, machine learning, cyber-physical system, digital twin etc.  It is 

also not one single monolithic application. It is in fact a complex and a heterogenous 

ecosystem bringing together all the stakeholders as seamlessly as possible through 

well-defined interfaces and applications.  

Any smart system or solution is bound to generate considerable amounts of digital 

data. A complex ecosystem such as the ABDM (Figure 1) when at scale, will 

generate humongous amounts of data where even ‘big data’ will be an 

understatement. It is important and imperative to be able to understand and make 

sense of this data. Data, as we can see from the ecosystem, will be stakeholder 

specific. i.e., there is data of and for a patient, there will be (aggregated) data for the 



 
 

 
 

policy makers or the administrators/regulators. Data analytics will help organisations, 

governments or policy makers, healthcare providers or even individuals to harness 

this big data, get insights and be able to take informed decisions using these 

insights. Data and insights will be different for different stake holders. Some 

examples are: Clinical-data analytics can help in monitoring at a patient level and 

helps healthcare providers provide personalised treatment. Patients themselves are 

using many such applications for personal health data analytics right from analysing 

sleep patterns to blood pressure to glucose levels. On the other hand, aggregated 

data will be useful for governments and policy makers. Analyses of trends and 

patterns of disease-spread at a regional, state or even national levels will aid in 

developing intervention and response strategies. Likewise, an analysis of 

infrastructure or healthcare facilities’ availability across regions or geographies will 

help in strategising infrastructure spending and spread. Analytics of information or 

data flow and workflows across different systems and stakeholders could provide 

insights about bottlenecks in the system. This will help make change to processes or 

tune the system for optimal performance. Hospitals or other healthcare facilities like 

diagnostic labs use analytics for understanding the patterns of admissions, re-

admissions, history and progress of patients, etc. Other stakeholders like 

pharmaceutical companies already use very advanced analytics to aid their 

businesses. It could be for strategising their sales, understanding consumption 

patterns, drug behaviours or even for customer outreach. Insurance companies who 

too are a very critical stakeholder in the ecosystem use analytics for various insights.  



 
 

 
 

 

Figure 1: The ABDM ecosystem- source ABDM(2021) 

Therefore, analytics and business intelligence are critical at every stage and for 

every stakeholder in the smart healthcare ecosystem. The National Health Stack 

which is a realisation of the ABDM proposes a National Health Analytics platform – 

Section 2.6, Health Data Analytics. The importance of analytics is underlined and 

also specifies some capabilities of this analytics platform. 

“Advanced analytics tools including GIS visualizations capabilities will be available to 

generate a wide variety of reports that would be useful to the policy makers, 

researchers, and public in general. The tools would be made available to data 

analyst teams working in both Centre and States. The data from the Analytics 

platform will also be made available to any interested stakeholder under the National 

Data Health Management (NDHM) Data Sharing Policy”.  

Data by itself is passive. Analytics transforms this passive data to actionable 

insights. 

Design Methodology/ approach  

This study adopts a systematic literature review followed by mixed method approach 

which includes qualitative and quantitative data collection and analysis.  

 



 
 

 
 

Findings  

A critical assessment of the smart healthcare programme, the flagship Ayushman 

Bharath Digital Health Mission (ABDM) has already helped identify many possible 

challenges in its adoption and has assessed the mission’s readiness to address 

these challenges. Lack of analytical data and applied analytics is itself a challenge 

which needs to be addressed.  

Research limitations/ implications  

Since the ABDM is still nascent and is work-in-progress, there is very little available 

literature.   

Originality/value  

The healthcare sector in India is undergoing a massive transformation through 

ABDM. Such a massive programme being rolled out newly has to depend on 

continuous assessments and feedback. Analytics with intuitive interactiveness and 

good data visualisations along with advanced analytical applications using Artificial 

intelligence and machine learning brings tremendous value to the stakeholders such 

as policy makers, healthcare sector decision makers and public and private sector 

organisations.  

Link to SDGs:  SDG-9 

Keywords: Smart healthcare, Digital Health, ehealth, Health Analytics. 
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A31 - Investigating the adoption of smart cities strategies for competitive 
advantage: MENA perspective 

Salih Osman Hamed, Dr Suresh Renukappa and Dr Subashini Suresh 

Purpose 

Humans are deemed as the poles of cities worldwide. Therefore, satisfying these 

human centric needs require empowering cities as such that they are not only 

permitting sustainability, but also exceptional knowledge and progressive innovation 

in order to offer improvements and increasing the value in living environments for 

civilians, companies, communities and society along with the factor of preserving the 

nature. Consequently, cities can be viewed as organized connotations that show the 

multidimensional inter-connections achieved by implementing a strategic approach 

and vision of digitalization in the form of a smart city, a universal agenda for 

sustainably transforming the existing or newly formed civilizations altering the future 

of urban areas with technical advancements. 

This study seeks for utilising the frameworks of sustainability initiatives in the Middle 

East and North Africa (MENA) to explore various factors and elements that are 

employed in planning strategies for adoption of smart city in MENA region. 

Design/methodology/approach  

The present study is investigative research which takes into account approaches for 

enhancement of inferred evidence in order to achieve the research objectives. The 

current study will utilize both quantitative and qualitative methods for the purpose of 

focusing on the concurrent understanding of previous literature on successful smart 

strategies over the globe and in MENA region along with the aim of devising a new 

theoretical framework for adoption of smart city strategies in MENA countries.  

The extensive questionnaire will be employed as the qualitative method. The critical 

drawback of using questionnaire and survey type approaches for collecting smart 

cities professional views lies in the allusive nature of the questions that can make 

them suggestive. This shortcoming will be avoided by appending mixture of both 

open and closed types of questions which will be helpful in types of questions that 

will help in building a compendium of viewpoints in its authentic form. The 



 
 

 
 

assortment of query types assisted in collating different forms of data e.g., statistical, 

verbal, or discrete in its nature (Grant, et al., 2017). 

Participants of the survey would be employed from the MENA region, mainly 

professionals of civil engineering, as well as those belonging to the other 

organizations that are either involved or are experts in the knowledge of functioning 

of Smart Cities. Survs, a web-based tool for making and facilitating remote 

responses, will be utilized to efficiently develop, circulate and analyze the survey 

results. The distribution of questionnaire will be by email with an embedded hyperlink 

to redirect the targeted groups straight to the Survs questionnaire. 

Expected Findings  

The thorough review of literature was conducted to develop the concept of a smart 

city and how it utilizes the inclusion of smartness by the Internet of Things (IoT) in 

transforming the cities. Subsequently, previously adopted agendas in the MENA 

regions and their strategic frameworks were reviewed. The findings so far indicate a 

lack of understanding of the concept of smart cities and lack of policies that link 

sustainability and smart cities in hindering the uptake of urban innovation in the 

MENA region. 

Research limitations/implications  

This research is subject upon limitations, it is directed to MENA regions, 

subsequently summing up its outcomes will be relevant to this context. The sample 

size of this research may be extended by incorporating all nations for MENA region. 

This could empower analyst to analyse the outcomes among a wide scope of MENA 

nations. 

Originality/value  

The Middle East and North Africa (MENA) is the region that constitutes of developing 

countries out of which most are rapidly urbanizing populations that is expected to get 

doubled by the end of 2030 (United Nations, 2022; WHO, 2022). Although many of 

the major countries in the Middle East are becoming aware of their rapidly coupling 

populace, i. e., Abu Dhabi, Dubai, etc., which not only consists of natives but also 



 
 

 
 

foreign expatriates, the evidence of shift towards technology and competitiveness of 

being a benchmark of standardized culture and science mix has been witnessed only 

in economic centers. Other MENA countries have been prone to social or political 

unrest which has made them hesitant in strategising their approach towards 

digitalising and not relying on natural fuels to avoid unrest. Nevertheless, the data 

from the World Bank further presses the needs of smart development to sustain the 

growth potential by the system that can manage the sudden population boom which 

is expected to double by 2050 (World Bank). However, the successful initiatives by 

some MENA countries to pave their way forward in streamlining their future potential 

to facilitate sustainability through digitalization can help in laying out a baseline 

framework for adoption of the guidelines for moving towards smartness. For 

instance, in Middle East, Saudi Arabia, Qatar, UAE have been successively 

introducing many initiatives like SQP in Qatar through TASMU and an application of 

‘one-stop shop’ in United Arab Emirates (UAE) for smart inclusion and governmental 

techniques.  

In North Africa, Morocco has taken its initiative by hosting the first smart city summit 

internationally in order to bring the policy makers and research organizations from 

around the world on the same table to plan the accessible and manageable 

strategies and scenarios in Africa (Khabara, 2014). Other MENA countries are also 

planning and prioritizing for formulating new strategies for technological 

advancements in infrastructures as well as other core sectors.  Therefore, this 

research contributes to knowledge by identifying the drivers and challenges for 

implementing smart cities strategies in the MENA region. 

Link to SDGs: SDG 9 – Industry, innovation, and infrastructure 

Keywords: Infrastructure, Innovation, MENA Countries and Smart Cities.  
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A32 - An Outlook on Poly(γ-Glutamic acid): an Application Specific 
Sustainable Biopolymer  

Mattia Parati, Ibrahim Khalil, Fideline Tchuenbou-Magaia and Iza Radecka 

Abstract 

Polymers are macromolecules made of monomer building blocks. The industrial 

process involves the use of monomeric moieties used to synthesise polymers, and 

they are often derived from crude oil [1]. The application of biologically derived 

monomeric moieties (lactic acid) has significantly benefitted the sustainable 

production of plastic-like raw materials. The main advantage of chemical 

polymerisation methods is their ability to provide consistent, and reproducible 

materials, whereas biotechnological processes usually result in more varied products 

[3].  

Poly-γ-glutamic acid (γ-PGA) is a bio-derived water soluble, edible, non-

immunogenic nylon-like polymer that resembles the biochemical characteristics of a 

polypeptide [3], [4]. This pseudo-polypeptide varies significantly in physico-chemical 

properties, compared to other bio-derived compounds. Most bacterial polymers are 

synthesised through ribosomes, and follow a defined mRNA template, γ-PGA does 

not [5]. The biosynthesis of the latter is dictated by the expression of specific 

enzymes which regulate its synthesis as well as molar mass (pgsBCA cassette) and 

enantiomeric composition (racemase – racE) [6], [7]. The nature of microorganism, 

its environment, substrate used, and precursors all play a fundamental role in γ-

PGA’s synthesis (Figure 1) [8]. Further, these variation in chemical structure greatly 

affects the physical properties of the biomaterial and ultimately the application for 

which it can be used.  

Currently, numerous Bacillus strains are known to produce this polymer and secrete 

it extracellularly. Further, the parameters affecting the chemical composition of γ-

PGA have been studied for many of these Bacillus strains. For example, it is now 

well-established that Bacillus licheniformis 9945a and Bacillus subtilis natto both can 

synthesise γ-PGA with molar mass between 1x104 and 1x107 and D to L-glutamic 



 
 

 
 

acid ratios ranging from 10%:90% D:L to 95%:5% D:L [9]. Most γ-PGA have been 

shown to be stereo-co-polymers with repeating blocks of D-glutamic acid units and 

L-glutamic acid units [3].  

Depending upon the pH of the surrounding environment, γ-PGA can exist either in it 

is acid or anionic form. Further, depending upon the degree of ionisation, γ-PGA can 

self-arrange into either an α-helix, a β-sheet or a random coil [10]. Given the 

abundancy of carboxylic groups, the polymer displays a high interaction with water. 

This allows for the material to generate gels containing >3000 times its weight [10]. 

Although susceptible to hydrolytic degradation, the material is very resistant to 

enzymatic degradation given the γ-bond characteristic of this composite [11].  

Herein we discuss the parameters that can be controlled to affect crystallinity 

(through enantiomeric D/L split), molar mass and polymeric state (free acid or salt 

form) of the material. Further, insights into novel substrate optimisation methods are 

also presented. 

The aim of this study was to up-scale the production of this material whilst 

maintaining its properties and reproducibility. To do so, an increase in fermentation 

volume from 250 mL to 4000 mL was assessed. micro or macro algal fractions were 

employed as a complex substrate. All small-scale shake-flasks experiments (250 mL 

volume) were performed under aerobic conditions. Medium scale experiments were 

performed using a 4 L volume bioreactor. In both scenarios Bacillus subtilis natto 

ATCC 15245 cells were grown at 37OC for 96 hrs, at pH 7 under aerobic conditions.  

The data suggests that best γ-PGA yields in shake flask and 4L fermenter were 

obtained with a 25 g/L NaCl standard, GS media. Isolated polymers were 

characterised using Fourier Transform Infrared Spectroscopy (FT-IR), Differential 

Scanning Calorimetry (DSC) and Gel Permeation Chromatography (GPC). Such 

behaviour is a response to the unfavourable conditions imparted by NaCl. 

Comparable γ-PGA yields were obtained between shake flask, fermenter and waste 

complex media in 0 g/L NaCl. These yields were not as high as those observed with 

25 g/L NaCl but still higher than 50 g/L NaCl. Different media compositions stimulate 

the biosynthesis of γ-PGA with varying compositions and properties. These 

variations in properties might be a direct result of polymer molecular weight 



 
 

 
 

polydispersity and/or variation in D- and L- glutamic acid enantiomeric split. Overall, 

all media were suitable for the production of γ-PGA and macroalgae based media 

were yield and cost-competitive with standard GS media.  

These characteristics make this biopolymer suitable for: drug delivery systems, 

cosmetics, cryoprotectant, biodegradable plastics, heavy metal sequestration and in 

agriculture [9]. The use of this novel biomaterial would see use across several 

sectors to displace plastic/petroleum- based solutions. 

 

 

Figure 1:  Diagram of γ-PGA production and its application. a). type of substrate; b). type of microorganism used; c & 
d).  type of fermentation and downstream processing; e). characterisation; f). applications. DDS- Drug Delivery 

System; *represents a probiotic strain (such as Bifidobacteria sp. or Lactobacillus sp.). 

Link to SDGs: 3 (good health & wellbeing), 9 (industry, innovation & infrastructure), 

12 (responsible consumption and production) 

Keywords: Biomaterials, biotechnology, Bacillus, polymer chemistry, polymer 

engineering. 
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A33 - Developing Workplace-based Training to support the pharmacists 
evolving community pharmacy clinical services 

Amardeep Singh, Hana Morrissey and Patrick Ball 

Introduction  

Pharmacists are considered as vital part of the UK’s NHS services with well-defined 

roles in various sectors of community setting, primary care, secondary care, CCG 

and other government and pharmaceuticals manufacturing sectors which currently 

include non-medical independent prescribing after short postgraduate courses. This 

is an attempt to understand their opinions and their personal experience during their 

training and how their training prepared them for the first few years post-qualification. 

This approach allowed the understanding of the different participated healthcare 

personal experience of the effectiveness of their placements rather than just 

reviewing the different curriculum, and how it prepared them for their first year in 

practice. 

Aim  

The study aimed to develop a new model of clinical pharmacy placement for 

undergraduate students which prepare them to the new clinical integrated 

pharmacists’ role in the NHS 

Method  

A Set of 30 questions was designed with a mix of closed ended or multiple choice-

single option objectively driven questions and open-ended questions to provide 

subjective reasoning or explanations. 

Results  

ELP opportunities for MPharm students need to start from early years of the course. 

Additionally, the benefit from ELP in clinical setting needs to shift to students benefits 

or become equal to the organisational benefits. Also, critical thinking was identified 

as another key determinant that performs a crucial role in understanding the 

practicality of supervisory role combined with routine roles.  

Discussion  



 
 

 
 

Pharmacist role is getting more and more clinical with expansion to various health 

care sectors in recent years. NHS has recognised the potential of pharmacists in 

implementing structured patient review for medication and long-term condition 

reviews. Although expectations from the pharmacy sectors are high but various 

studies time to time prompted on training and funding compromise within the sector. 

Conclusion  

A comparative analysis of healthcare professional survey highlighted the need of 

further exploration of training requirements of pharmacists to equip them for future 

challenges like PCN roles, independent prescribing, general practice and hospital 

specialist roles. 



 
 

A34 - Antibiotic Prophylaxis in Dental Implantation: Systematic Review and 
Meta Analysis 

Elham Torof, Hana Morrissey and Patrick Ball 

Introduction  

Dental implants (with an artificial tooth root) are the substitution of one or more 

missing natural teeth or non-working teeth. There are several factors influencing the 

failure rates of placed implants. The implant related factors such as poor quantity 

and quality of bone, inappropriate prosthesis design, inadequate number of implants, 

and absence or loss of implant integration with hard and soft tissues and the dentists 

experience. The main patient related predictors of implant failure are advanced age, 

systemic diseases, smoking, unresolved caries or infection, poor oral hygiene, and 

parafunctional habits (Porter &amp; von Fraunhofer, 2005). Lifestyle related factors 

such as smoking status negatively affects the oral microbial profile, supress the 

immune systema and alter the microvascular environment, leading to disrupted 

tissue healing activation (Levin &amp; Schwartz-Arad, 2005). 

Aim  

The purpose of this systematic review and meta-analysis was to assess the efficacy 

and safety of prophylactic antibiotics among patients undergoing dental implantation 

procedures. 

Method  

A systematic review and meta-analysis was designed that investigated the effect of 

perioperative antibiotic prophylaxis to prevent implant failure and postoperative 

complications during dental implantation procedures. The efficacy of different 

antibiotic prophylaxis strategies in preventing implant failure, postoperative 

complication and antibiotic adverse events was compared. The following terms were 

used in the PubMed® databases: ((Dental Implant insertion OR dental implants OR 

dental implant OR dental implant surgery OR Dental surgery OR dental implant 

placement OR oral implant surgery OR implant surgery [MeSH Terms]) AND 

(Implant failure OR implant loss OR Implant survival OR implant survival)) AND 

(Antimicrobial or antibacterial or antibacterial or antibiotics or antibiotic)) (AND 



 
 

 
 

(efficacy OR Effect OR effectiveness)) AND (prophylactic or prophylaxis or pre- 

operative or preoperative or peri operative). 

All statistical analyses were performed using Review Manager (RevMan®) statistical 

software version 5.3.5 (Cocharne Collaboration UK) The random-effect model was 

applied using the Mantel-Haenszel test. Relative Risk was calculated for 

dichotomous variables using the random-effects model. The statistical unit for 

‘implant failure by patients’, ‘post-operative infection’ and antibiotic adverse events 

was the number of patients. Six studies identified implant failure by number of 

patients, eight studies investigated the number of implants failed by implants, eight 

clinical trials assessed comparative data on postoperative complications and the 

remaining five clinical trials reported data on the total adverse events that occurred 

between groups during the study period. number needed to treat (NNT) was 

calculated for implant failure analysis for implant, implant failure analysis for patients, 

infection rate, postoperative complication, and risk of adverse events. 

Results  

Of 103 published studies, 12 studies accurately fitted the inclusion criteria. twelve 

RCTs with a total of participants of 1923 met the criteria for inclusion in this 

systematic review and meta-analysis. Of these, two studies with a total of 1008 

participants were included in systematic review. Our results regarding implant failure 

by implant number were 67% lower in the antibiotic group than in those receiving 

placebo. Regarding analysis of implant failure by number of patients, our results 

shows that antibiotics prophylaxis reduced the risk of failure by 65%. For 

postoperative complications, our results suggested no benefit of antibiotic 

prophylaxis in postoperative complications. Regarding the incidence of adverse 

events, no difference was found in the incidence of adverse events detected when 

comparing antibiotic versus placebo. 

Implant failure was significantly reduced by pre-operative antibiotic (p&lt;0.001) and 

prophylactic antibiotics was statistically beneficial in those undergoing implant 

surgeries (p&lt;0.001). There was no significant difference for postoperative 

complications following dental implant placement (p=0.89) or of adverse events 

detected when comparing antibiotic versus placebo. 



 
 

 
 

 

Link to SDGs: This research follows the UN Department of Economic and Social 

Affairs, Sustainable Development goal 3: Ensure healthy lives and promote well-

being for all at all ages (at: Goal 3 | Department of Economic and Social Affairs) 

(un.org). 



 
 

A35 - Hepcidin levels in pregnant women on iron replacement therapy  

Yvonne Chibanda, Professor David Churchill and Dr Hafid   

Purpose  

Iron deficiency anaemia (IDA) during pregnancy is highly prevalent with up to 30% of 

pregnant women affected in the UK. In pregnancy, it is treated with oral iron as 

recommended in the British Society for Haematology (BSH) UK guidelines. However, 

treatment is problematic with up to a third of women failing to respond to the 

standard therapy. It has been suggested that a more accurate diagnosis of iron 

deficiency and assessment of response to treatment can be obtained using other 

markers of iron metabolism. One such marker is hepcidin, which controls iron 

absorption from the gut and its release into circulation from macrophages. The aim 

of this ongoing study is to compare standard iron status testing with serum hepcidin 

in pregnant women with IDA at diagnosis and in response to maternal iron 

replacement.  

Methodology  

Levels of serum ferritin and hepcidin were measured at first, second, third trimesters 

and post-partum (n=20) by quantitative sandwich Enzyme-linked immunosorbent 

assay (ELISA) before and after 100-200mg/day iron therapy. A paired two-tailed t-

test was utilized and p-value of 0.05 was considered as statistically significant. 

Linearity was determined by Pearson’s correlation coefficient.  

Findings  

The serum hepcidin values were significantly increased in post-partum (12.70ng/ml) 

compared with first, second and third trimesters, 7.56ng/ml, 7.25ng/ml and 

6.72ng/ml, respectively (p<0.002). Serum hepcidin levels significantly correlated with 

those of ferritin (r=0.99, p<0.01).  

 

  

 



 
 

 
 

Originality/Value  

Iron treatment stimulates the production of hepcidin, which reduces the gut 

absorption of further doses of iron, negating the effect of treatment. Since the start of 

this project, the BSH lowered the recommended dose of iron supplementation in 

pregnancy to 65mg/day; the results of this study provide evidence to support this 

change.  

The correlation of serum hepcidin and standard biomarkers of iron status suggest it 

may be useful in the assessment of iron deficiency in pregnant women. This is an 

ongoing study to determine whether other biomarkers such as systemic cytokines, 

can be used in the diagnostic of iron deficiency during pregnancy.   

Link to SDGs: The current and future findings from this research programme are 

linked to the United Nations’ Sustainable Development Goals – Good Health and 

Well-being, as potentially, this study will lead to the development of a more reliable 

and accurate diagnostic test for iron deficiency.   

Keywords: Hepcidin, iron supplements, iron-deficiency anaemia, pregnancy. 



 
 

A36 - Dithienylethene Molecular Photoswitches: from synthetic design to drug 
delivery and photocontolled materials  

Dr Nikolay S. Kondratyev, Dr Daniel J. Keddie 

Diarylethenes are the molecular photoswitches used in novel advanced 

photocontolled materials. 1 Their subgroup, dithienylethenes (DTE) (Scheme 1) are 

prone to UV-induced degradation and thermal reverse switching (Scheme 1, a). 

Coupled with bio-active structural motifs, they can be used to design novel light-

controlled therapies2 and drug-carrying materials.3,4 At the same time, the synthesis 

of linkable, non-symmetrical DTEs is complicated, due to the low functional group 

tolerance of the commonly used n-Butyllithium-based approach.5,6 

Non-symmetrical DTEs are used to propagate functional group effects in such 

materials. (Scheme 1, b) 6–8. However, the common n-butyllithium methodology9 is 

not compatible with electrophilic functional groups, such as carbonyl. The milder and 

more synthetically versatile Suzuki-Miyaura Coupling10 reaction was applied to DTE 

synthesis5, but only the double substitution product was observed even with the 

excess of 1,2-dichlorohexafluorocyclopentene 3, limiting the method only to 

symmetrical switches. (Scheme 2) We have therefore decided to develop a versatile 

method for the synthesis of non-symmetrical DTE switches 6. 

 

Scheme 1 

To do so, we synthesised two boronate coupling partners, one described the in 

literature, bearing the formyl group, and the other novel, bearing the cyclic acetal 

group. These thiophene boronates were studied in Suzuki-Miyaura coupling reaction 



 
 

 
 

with 1,2-dichlorohexafluorocyclopentene 3, and the products were isolated and 

analysed by standard analytical methods. 

First, excesses of both boronates were reacted with the dichloride 3. (Scheme 1, b) 

The formyl boronate gave a very poor yield similarly to the previous study. 5 

Additionally, we discovered the formation of a large amount of monoarylated alkene 

product. Surprisingly, the acetal derivative gave not only a high yield in diarylation 

but also was able to react with an equimolar amount of 3 to give monoarylated 

chloride 4, never reported before with thiophene substrates. (Scheme 1, b) Such 

products can be involved in further Suzuki coupling to synthesise the non-

symmetrical diarylethene switches.11 

In summary, we have developed a novel approach for the synthesis of acetal-

protected carbonyl-functionalised monoaryethene intermediates and demonstrated 

its efficiency on thiophene acetals, which opens a road to novel non-symmetrical 

photoswitches bearing electrophilic functionality. 

Link to SDGs: SDG 9, SDG 3. 

Keywords: SDG 9 - Advanced Materials; Self-Regenerating Composites; SDG 3 – 

Ocular Drug Delivery; Medicinal Photoresponsive Polymers; Self-Healable 

Organogels.  
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B1 - Transpiration cooling in hypersonic turbulent boundary layer 

Adriano Cerminara 

Abstract 

The design of new-generation reliable and efficient hypersonic flight vehicles 

requires analysis and validation of an effective technique to suppress the intense 

heat loads that generating on the vehicle surface. The purpose of the present 

contribution is to study the characteristics of a hypersonic turbulent flow over a 

porous-injecting wall, representative of a transpiration cooling system, and to 

analyse the pore-size effect on the coolant performance. Direct numerical 

simulations (DNS) are carried out for a Mach 5 flow over a flat plate. A porous 

injection model has been designed which mimics coolant injection from a bed of 

equally-spaced circular pores. Rapid transition to turbulence is triggered by high-

amplitude disturbances imposed on the wall upstream of the porous region. Results 

show that a turbulent wedge-shaped flow structure generates just downstream of the 

injection region, which produces a reduction of the surface coolant concentration. 

The pore size influences flow features and coolant concentration in the laminar 

region, however has a marginal effect within the turbulent region, where the wall-

cooling performance depends predominantly on the fluid dynamics of the turbulent 

flow. The present work sheds light on the effects of turbulence and pore size on 

transpiration-cooling characteristics in hypersonic flow, still poorly understood and 

not in-detail explored in the literature. Results indicate that the turbulent-wedge flow 

features must be deeper investigated with focus on the coolant redistribution, and 

that a parametric-study-informed tailored calibration of different porousinjection 

parameters is vital for controlling the flow features to optimise the cooling 

performance.  

 

 

 

 



 
 

 
 

Introduction 

Motivation 

Hypersonic flight is characterised by extremely high values of the heat flux on the 

vehicle surface, and consequently surface temperatures that can reach values well 

above the tolerable limit of the structure. This is due to the aerodynamic heating 

phenomenon. In addition to that, transition to turbulence contributes to dramatically 

increasing the heat flux, due to the enhanced mass and energy exchange within the 

boundary layer. To guarantee the vehicle structure integrity an effective cooling 

technique must be applied on the surface, which dissipates the intense heat loads 

and keep the temperature within a tolerable value. Transpiration cooling represents 

an innovative wall cooling technique with the potential to enable long-duration 

hypersonic cruise flight in virtue of its high efficiency. However, the mechanisms 

governing the cooling performance in a turbulent boundary layer, including the way 

key parameters of the porous structure and injection patterns affect the turbulent flow 

features are still unknown. This makes difficult any tentative of an ad-hoc design of 

the porous structure for maximising the cooling effectiveness. It is hence crucial to 

study the influence of different porous injection parameters on the characteristics of 

the turbulent flow and the resulting cooling performance. The present study aims to 

analyse, through DNS simulations, the characteristics of a turbulent boundary layer 

in hypersonic flow with porous injection and the effects on the coolant concentration 

features, as well as to assess the effect of an important parameter of the porous 

surface, i.e. the pore size, on the cooling performance. 

Film cooling and transpiration cooling techniques 

Film cooling (Fitt et al., 1985) is an active cooling technique in which a coolant flow is 

injected into the hot hypersonic boundary layer to suppress the wall heat flux by 

forming a coolant film adjacent to the surface. Two injection strategies can be 

considered, namely injection through localised holes, i.e. effusion cooling (Baldauf et 

al., 2001), and through a porous structure, i.e. transpiration cooling (Langener et al., 

2011). The latter is considered more efficient due to the formation of a more 

homogeneous coolant film via the porous structure. Injection through two-

dimensional slots, as opposed to localised holes, helps reducing the three-



 
 

 
 

dimensional flow effects correlated with effusion cooling, hence delaying transition 

(Keller et al., 2015; Keller and Kloker, 2017). Latest studies (Cerminara et al., 2020b, 

2021) have found that transpiration cooling performs better then slot injection when 

transition to turbulence occurs, as porous injection enhances the coolant mixing 

within the boundary layer. However, the mechanisms through which the parameters 

of the porous structure and the injection patterns affect the mixing and the 

associated fluid dynamics features of the turbulent boundary layer have not been 

investigated yet. This, in turn, is crucial as it enables informed design and accurate 

calibration of the transpiration cooling system for optimal performance in both 

laminar and turbulent flows. 

Methodology 

Direct numerical simulations of the full compressible Navier-Stokes equations are 

performed through the code SBLI, consisting of a 4th -order central finite difference 

base scheme combined with a 2nd order Harten-Yee total-variation-diminishing 

(TVD) shock capturing scheme (Yee et al., 1999). The nondimensional governing 

equations, including the continuity equation for the coolant species, which in our 

case is the same as the freestream gas, i.e. air, are shown below: 

 

For brevity reasons, the definition and corresponding normalisation of the quantities 

within the system of equations is omitted here, and for all the details the reader is 

suggested to refer to Cerminara et al. (2020a, 2020b). Sutherland’s law is used to 

model the viscosity. A rectangular-box computational domain for a flat plate is 

considered, with dimensions Lx = 300, Ly = 30, and Lz = 48. The mesh size in the 



 
 

 
 

different directions is Nx = 1874, Ny = 201, Nz = 360, and a grid stretching in the 

vertical direction towards the wall has been applied in order to accurately resolve the 

boundary layer. The present grid provides values of Δy+ = 0.34, Δx+ = 8.2, Δz+ = 6.8 

at x = 250 within the fully developed turbulent region, hence guaranteeing DNS 

resolution in all the directions, according to the work of Coleman and Sandberg 

(2010), being the thresholds 1, 15 and 8 for Δy+, Δx+, and Δz+, respectively. 

Simulations are carried out at the Reynolds number 12600, relative to the boundary-

layer displacement thickness at the inlet. An isothermal wall is considered, with wall 

temperature of 290 K, whereas periodic conditions are imposed at the side 

boundaries. Details on the flow and boundary conditions are described in Cerminara 

et al. (2020b). Porous injection is modelled on the wall through a x-wise and z-wise 

periodic function, which spans the whole domain in the z-direction and extends from 

x=55 to x=100, mimicking a bed of aligned circular equally-spaced injecting pores. 

Two cases with different nondimensional pore diameters are considered, namely 

D=1.2 and D=2.4. The same blowing ratio (F=ρ𝑢𝑢𝑢𝑢) is considered for both cases, F 

=0.003. Figure 1 provides a conceptual representation of how transpiration cooling 

can be applied over the surface of a hypersonic vehicle (NASA X-43 is considered 

as an example).  

 

Figure 1: Representation of a bed of injecting pores in a transpiration cooling system (right) over the surface of a 
hypersonic vehicle (NASA X-43) (left)  

Result analysis  

Figure 2 shows instantaneous contours of the coolant concentration on the surface 

for both cases of pore diameter D=1.2 and D=2.4. In the region from x=55 to x=100 

the bed of injecting aligned circular pores can be observed. The wedge-shaped dark-

blue region downstream represents the developed turbulent wedge flow structure, in 



 
 

 
 

which the coolant concentration is about an order of magnitude lower than in the 

adjacent calmed (laminar) flow region.   

Figure 2: Instantaneous coolant concentration on the wall for D=1.2 (top) and D=2.4 (bottom) 

Figure 3 shows instantaneous temperature contours within the boundary layer, which 

provide details of the transition patterns, including the nonlinear breakdown 

downstream of the porous region, and details of the turbulent structures within the 

turbulent wedge expanding downstream. Figure 4 shows instantaneous contours of 

coolant concentration at the distance y=0.44 from the wall, which highlights details of 

the coolant mixing features within the boundary layer. The coolant coming from the 

coolantrich (i.e. the laminar) region appears to mix with the turbulent flow more 

effectively in the region just downstream of the pores (x>100), however the local 

coolant concentration gradually decays in the downstream region as the turbulent 

wedge spreads in the spanwise direction.    

 
Figure 3: Instantaneous temperature field at y=1.4 within the boundary layer (D=1.2)  

 

 Figure 4: Instantaneous coolant concentration at y=0.44 within the boundary layer (D=1.2)  



 
 

 
 

Figure 5 shows comparison of time-averaged results for the streamwise distribution 

of the wall heat flux and the coolant concentrations in the spanwise direction at 

different x stations, between the different pore size cases. As can be observed, the 

wall heat flux is slightly reduced from the higher pore diameter in the porous injection 

region, just downstream of the pores, however it reaches a similar value for both 

pore diameters inside the turbulent wedge. The spanwise coolant concentration 

profiles show that coolant concentration decays rapidly as moving from the laminar 

(at the sides) to the turbulent region, and that values in the laminar flow are higher 

for the higher pore size, whereas converge to approximately the same value in the 

turbulent region for both pore sizes. 

 Figure 5: Time-averaged spanwise-averaged wall heat flux within the turbulent wedge (left) and time-averaged z-wise 
coolant concentrations at different x stations downstream of the injection region (right) 

Discussion 

Results shown in the previous section highlight the flow patterns and the influence of 

the pore size, including the effect on the wall heat flux. As observed in Figure 1, the 

coolant concentration just downstream of the pores is higher, and forms streaky 

structures for the higher pore diameter, D=2.4, whereas it appears more uniform for 

the lower pore size (D=1.2). This is consistent with the features observed in Figure 5, 

where pronounced oscillations with same wavelength of the pore diameter are 

formed in the higher pore-size case, in the laminar region, as opposed to a flatter 

profile shown by the smaller pore-size case. The flow rapidly transitions to 

turbulence due to an unsteady high-amplitude disturbance imposed on the wall 

upstream of the porous region. Nonlinear breakdown of the boundary layer starts 

above the porous region, leading to the development of the typical turbulent wedge-

shaped flow structure downstream, as seen in Figure 3. Patterns of the turbulent 

mixing revealed in Figure 4 indicate that coolant mixing from the (laminar) sides 



 
 

 
 

within the turbulent wedge is more effective just downstream of the pores, where the 

turbulent wedge is generated. However, as moving downstream, the turbulent wedge 

spreads towards the sides, and mixing appears to be located only in a confined 

region at the edges between turbulent and laminar flow, whereas inside the turbulent 

wedge the level of coolant decays to very low values. This effect is due to the 

turbulent convective transport of coolant away from the wall, and results in both the 

cases with different pore size showing a similar value of the wall heat flux and 

coolant concentration inside the turbulent region.   

Conclusions 

DNS results have shown the flow features of a turbulent boundary layer in 

hypersonic flow with transpiration cooling and transition to turbulence induced from 

high-amplitude disturbances upstream of the porous region. It was found that a 

turbulent wedge rapidly develops downstream of the porous injection region, and 

that the effect of doubling the pore diameter produces relevant differences in the flow 

patterns near the porous region and within the calmed flow region, with higher 

observed levels of the coolant concentration. However, doubling the pore diameter 

provides almost negligible differences inside the turbulent wedge, where the cooling 

performance are strongly reduced due to the turbulent convective transport that 

increasingly reduces the values of coolant concentration at the wall as the wedge 

spreads laterally. These results indicate that an in-depth study of the flow features 

within the turbulent wedge, including how these affect the near-wall coolant 

concentration levels and wall cooling effectiveness corresponding to different 

parameters of the porous structure and injection patterns, is necessary in order to 

enable appropriate design and parameter calibration of the transpiration cooling 

system, which is crucial for the design and assessment of next-generation 

hypersonic vehicles.   
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B2 - Ai-Based Call Admission Control Scheme For 5g-Satellite Network 

Mobolanle Bello, Prashant Pillai, Ali Safaa Sadiq 

Abstract 

The emerging 5G wireless networks are coexisting with other radio access 

technologies (RATs) such as WiMax, UMTS, WLAN, Satellite etc in the next-

generation wireless networks. Integrating different RATs in these heterogeneous 

wireless networks (HWN) requires radio resource management for optimal radio 

resource utilisation and increased user satisfaction. In HWN, admitting a call to the 

most appropriate RAT based on several selection criteria is a significant challenge. 

In HWN, call admission control (CAC) is one of the most important techniques that 

guarantee the quality of service (QoS) offered to users.  An efficient call admission 

control algorithm is required to optimise the cellular network system. Many CAC 

algorithms have been recommended in the literature, however, the majority of them 

used the conventional methods, which are limited in light of the new technical 

constraints encountered by network operators. The next-generation wireless 

networks are increasingly sophisticated and dynamic, posing numerous design 

problems for network planning and management. 

In this paper therefore, an artificial intelligence (AI)- based CAC scheme is proposed 

in 5G-Satellite networks to support the QoS.  The CAC scheme uses Genetic 

Programming (GP) for decision making in selecting the most suitable RAT to admit a 

call considering redefined decision parameters. In comparison to the conventional 

Random Selection CAC algorithm, the simulation results show that the GP algorithm 

greatly boosts system throughput and reduces the blocking rate. 

Introduction 

The development of 5G wireless network will not supersede the current radio access 

networks but will eventually integrate together to create an extensive and closely-

packed heterogeneous network [1]. Emerging 5G network will consist of a variety of 

technologies, including LTE, Wi-Fi, WiMAX, Satellite, and others, all of which are 

projected to coexist to provide mobile users with ubiquitous access and high data 

speeds via multi-mode terminals.  



 
 

 
 

In the developing 5G framework, Satellite Communication (SatCOM), in particular, 

will emerge as a promising technology, providing a robust solution in the majority of 

outdoor use cases and applications. 5G-satellite integration will support 5G network 

global coverage as well as machine-type communications, paving the way for new 

applications like animal tracking and environmental protection, smart transportation, 

smart agriculture etc. [2]. 

Hence in areas where both 5G and Satellite networks coexist, a user can connect to 

either. The ability to redirect users from one RAT to another has several advantages, 

including improved performance and connectivity, and more efficient HWN with 

multi-RATs [3]. 

However, a diverse set of challenges presented by HWN environments must be 

tackled to meet this expectation. Efficiency in CAC techniques and radio resource 

management to support numerous types of applications with different QoS needs is 

one of the primary issues that need to be solved in HWN.  

Call admission control is crucial in HWN because it provides an effective solution to 

reduce network traffic congestion while also ensuring a high level of quality of 

service (QoS) to users.  A CAC algorithm determines whether an incoming call 

should be allowed or rejected in the network; It also determines which of the RATs is 

suitable for handling the incoming call [4]. 

In the literature, several CAC algorithms for heterogeneous wireless networks have 

been proposed [5], [6]. These algorithms, on the other hand, do not offer a unified 

solution to the diverse designs that define the next-generation wireless networks. 

Telecommunications companies are currently confronted with new issues. The fifth-

generation mobile networks would include new distinguishing features such as 

increased traffic needs, improved QoS and increased mobility. Using cutting-edge 

techniques like artificial intelligence in a 5G network increases the network's capacity 

to manage data. Artificial intelligence can be utilised to help in decision-making in the 

event of network overload. Thus, 5G with AI can meet projected needs while also 

addressing new technical obstacles [7]. 

Artificial intelligence-based techniques have largely superseded traditional methods 

in a variety of technical applications, including telecommunication networks. Its 



 
 

 
 

findings provide evidence to support overcoming the CAC problem, lowering call 

rejection, and improving QoS [8]. 

In this paper, a CAC-based scheme for RAT selection in the 5G-Satellite network 

using genetic programming (GP) is proposed. The objective of this approach is to 

maximise wireless network utilisation, satisfy users’ QoS requirements and reduce 

call blocking. 

The rest of this paper is structured as follows: Section II discusses CAC-related 

work; Section III explains the Call admission control system model. Section IV 

presents the simulation results and scenarios. Finally, section V brings the paper to a 

close. 

Related work 

Many research efforts have focused on CAC in heterogeneous wireless networks in 

recent years, and various CAC algorithms have been suggested in the literature to 

handle resource allocation difficulties in HWNs. The primary role of a CAC algorithm 

is to determine whether a new or transferred call can be accepted into a network with 

limited resources without compromising the previously accepted calls connection 

commitment [9]. 

For the CAC scheme in the early research investigations, the authors employed 

standard approaches. Intelligent approaches, on the other hand, are now frequently 

deployed in telecommunication networks. These new methodologies have numerous 

advantages, including the capacity to learn from experience, scalability, adaptability, 

and flexibility. 

[10] proposed using artificial intelligence technology for CAC for the 5G network. 

Using fuzzy systems minimises call rejection and improves QoS. [11] suggested a 

call admission and network selection technique based on Nash Q-learning. Its 

findings confirmed an increase in average energy efficiency and total system 

throughput, as well as a decrease in call blocking. In [12], the authors investigated 

multi-attribute intelligent VHO algorithms based on artificial neural networks and 

fuzzy logic to obtain more accurate parameters and improve decision-making during 

call admission.  



 
 

 
 

Therefore, this paper also takes into consideration the use of artificial intelligence for 

CAC in the 5G-Satellite Network. To address the resource allocation problem in this 

HWN, the system dynamics are specified using the GP framework. 

Call admission control system model 

In this paper, GP is employed for CAC in a 5G-Satellite HWN; the algorithm 

determines which RAT is best for accepting a new call. GP is a relatively new type of 

Genetic Algorithm that uses customised genetic operators to work with specific types 

of solutions [13]. Genetic programming employs unique optimization approaches to 

"evolve" basic programmes, simulating how humans write programmes by rewriting 

them incrementally.  

In this model, a geographic region is considered to have an overlapping connection 

of two broadband RATs: a major which is 5G and a secondary RAT served by 

Satellite; typically, a 5G cell will be covered by numerous satellite gateway ports [3]. 

Mobile users use the Poisson process to enter each network at a rate of λn users per 

minute and exit at a rate of vn users per minute. It is assumed that mobile users are 

randomly located in the overlapping coverage area of 5G and satellite and that the 

UT is a multimode mobile terminal that can connect to multiple RATs simultaneously. 

Furthermore, only mobile users in the dual coverage area of 5G BS and satellite 

gateway are taken into account; mobile users outside the dual 5G BS and satellite 

gateway coverage area will always connect to either 5G or satellite, with no decision 

made in this case. 

GP is utilised to make intelligent CAC decisions by determining which RAT is best for 

the incoming call based on the network attributes such as network cost, signal 

strength, network load, and available bandwidth. This framework's goal is to increase 

users’ QoS while improving throughput and reducing call blocking. The GP learn the 

network attributes and makes a precise prediction to estimate when a call should be 

accepted in dynamic circumstances. The CAC scheme can then improve QoS by 

reducing call blocking. 

Simulation 



 
 

 
 

This section uses numerical simulations to demonstrate the effectiveness of the GP 

call admission system. GP is used to study performance for various call arrival 

scenarios, taking into account network attributes such as network cost, signal 

strength, network load, and available bandwidth as decision criteria. The simulation 

parameter settings are shown in Table I. Table II lists the values for the function set's 

additional parameters. The common practice in an evolutionary algorithm is to let 

evolution work as naturally as possible and use parameters that fall within a range of 

commonly used values [13]. The parameters used are common in the genetic 

programming literature. 

In the 5G-Satellite HWN, the effectiveness of the proposed GP framework is 

measured in terms of Average throughput and call blocking instances. To 

accomplish this, a simulation experiment is run to determine the number of MTs 

admitted by the wireless network after GP is implemented. 

Table I: Simulation Parameters 
Size of population 500 
Number of Generations 50 
Number of runs 30 
Crossover setting One point at 0.9 probability 
Mutation setting Point mutation at 0.1 probability 
Selection method tournament selection of size 3 
Replacement strategy generational replacement 
Tree depth limit 17 

 
Table II: Function Set 

Mathematical add, subtract, mul, div, sin, cos, negation 
Logical If-Then-Else, Less-Than, and Greater-Than; Boolean AND, OR, and NOT; 
Terminals Input variables, constants (100 with min = 0.05, step: 0.05), True and False. 

Scenarios and Results 

Four scenarios are investigated using the settings provided in Tables 2 and 3.  

Scenario I: The network cost of the 5G and Satellite RATS are varied and the impact 

of these variations on the RAT selection is investigated.  

Scenario II: The signal strength of the 5G and satellite RATs are varied and the 

impact of these variations on the RAT selection is investigated. 



 
 

 
 

Scenario III: The network load of the 5G and Satellite RATs are varied and the 

impact of these variations on the RAT selection is investigated. 

Scenario IV: The available bandwidth of the 5G and Satellite RATs are varied and 

the impacts of these variations on the RAT selection are investigated. 

Results 

The effectiveness of the proposed GP- CAC scheme for the 5G-Satellite HWN 

networks is measured with respect to Average throughput and call blocking 

instances. For evaluation, a random-selection based CAC scheme [14] which selects 

a RAT for an incoming call randomly is also modelled and simulated. The numerical 

simulation is performed using Python version 3. 

The GP- CAC simulation experiments are performed for different call admission 

scenarios as shown above. The proposed algorithm takes into consideration the 

network attributes before making its call admission decision.  

However, the Random selection algorithm lacks the consideration of network 

attributes since the choice of network for call admission are chosen randomly. This 

resulted in large fluctuations in the average throughput and call blocking instances. 

As shown in Figures I and II, the Genetic programming CAC scheme outperforms 

the Random selection algorithm with respect to average throughput and call 

blocking. GP improves the average throughput and reduces the call blocking 

instances because of its ability to learn and make accurate decisions over time 

resulting in efficient network resource management. 

Figure I: Average Throughput 



 
 

 
 

 
Figure II: Call Blocking Instances 

Conclusion 

In this paper, an AI-based CAC scheme using GP is proposed. The CAC scheme 

uses GP to decide the most suitable RAT to admit the calls considering different 

decision-making parameters.  

The effectiveness of the proposed AI-based CAC scheme is compared with the 

random-selection based CAC scheme. The results showed that the GP framework 

achieved efficient resource utilisation by improving throughput and reducing call 

blocking instances.  Future work will explore more scenarios and decision-making 

parameters to obtain an optimal load-balanced network. 

Link to SDGs: 5G Sustainable Development Goal (SDG) is to build resilient 

infrastructure, promote inclusive and sustainable industrialisation and foster 

innovation. Communication technology is crucial to achieving sustainable 

development and empowering communities in many countries. 

Keywords: 5G Network, Artificial Intelligence, Call Admission Control, Genetic 

Programming, Heterogeneous Wireless Network, Satellite Network 
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B3 - Techniques and Technologies for Managing Knowledge in the Context 
of Smart Cities 

Wala Abdalla, Suresh Renukappa, and Dr Subashini Suresh 

Abstract 

Meeting the needs of changing demographic and efficient use of natural resources 

will be challenging for public and private sector decision-makers for smart cities. City 

planners and managers need to find innovative and radical solutions to the problems 

presented by growing urbanisation. However, developing smart cities projects 

encounters various complex challenges. This often calls for creation, use, capture, 

and exploitation of new knowledge. Knowledge management is considered one of 

the instruments that helps organizations and supports managers in making effective 

use of key resources and in identifying actionable problem-solving knowledge and 

practice. Thus, it is vital to conduct appropriate KM activities to facilitate effective 

decision-making efforts. Moreover, advanced technologies have made significant 

contribution to improving the knowledge management processes and provided 

several tools and mechanisms to enable and facilitate knowledge capturing, sharing, 

and transfer. The aim of this paper is to explore the use of knowledge management 

techniques and technologies used for managing smart cities related knowledge. The 

findings are in the main, based on thorough a systematic review of literature. The 

findings denoted that various IT-based and non-IT-based KM tools are deployed to 

manage smart cites related knowledge. The findings indicated that advanced and 

modern KM techniques and technologies as well as conventional, simple and cost-

effective KM techniques and technologies are used mutually. The findings concluded 

that knowledge management techniques and technologies played vital role in 

managing smart cities related knowledge. Espeicially during COVID-19 pandemic. 

For example, in facilitating remote working, promoting knowledge share, transfer, 

and translation, facilitating collective /innovation, and in facilitating remote mentoring 

and training. Social media platforms (e.g., Twitter, Facebook, WhatsApp, etc.), 

Zoom, MS Teams, Virtual Meeting, Video Conferencing, as well as Email and 

knowledge maps are among the most used knowledge management techniques and 

technologies used to manage smart cities related knowledge. The paper concludes 

that to gain competitive advantage, it is necessary for organisations to integrate a 

blend of information and communication technology (ICT) and non-ICT-based KM 



 
 

 
 

techniques and technologies. KM techniques and technologies roles are not mutually 

exclusive, and organisations may adopt any combination of them to tackle their 

particular issues or support particular motives. Therefore, it is recommended to 

deploy and combine the simple, low cost, and easy to use with minimum training 

needs KM techniques and technologies. 

Introduction 

In recent years, knowledge management (KM) has become a critical subject of 

discussion in the business literature (Bhatt, 2001). According to Drucker (1995) 

knowledge has become the key economic resource and the dominant, perhaps even 

the only, source of competitive advantage. Both business and academic 

communities believe that by leveraging knowledge, an organization can sustain its 

long-term competitive advantages. The resource-based view (RBV) of organizations 

and competencies perspectives highlight the reflection of this changing trend in the 

business strategy arena (Bhatt, 2001). KM is a discipline that promotes an integrated 

approach to identifying, capturing, evaluating, retrieving, and sharing all the 

enterprise's information assets included databases, documents and procedures, 

among others (Nisar et al., 2019). As organizations must consider a wide variety of 

technical and human issues when choosing the ‘right’ mix of a KM system in order to 

lever knowledge effectively, the firm's energy, organizational activity, and investment 

can often result in ineffective KM initiatives (Nisar et al., 2019). However, the 

implementation of KM requires the availability of a range of elements, such as the 

appropriate organisational structure and tools for KM, leadership, organisational 

culture, and information and communication technology (ICT) infrastructure 

(Renukappa et al., 2017). 

Tools are usually required to facilitate KM (Renukappa et al., 2017). However, the 

authors argued that, just as it can prove difficult to arrive at a single definition of KM, 

firm definitions of KM tools can also prove elusive owing to the lack of consensus 

regarding what constitutes a KM tool. Non-IT-based tools are termed as KM 

techniques and the IT-based tools termed as KM technologies (Egbu, et al., 2005; 

Massingham, 2014). Moreover, Pfeffer et al, (2013) assert that KM tools can be 

information technology-based but are not necessarily so. Davenport and Prusak 

(1998) noted that KM tools are more than information technology it is about the 



 
 

 
 

people who add value by transforming static data into meaningful information and 

knowledge by mixing it with their own experience and interpretations (Davenport and 

Prusak, 1998). Črešnar et al., (2019) noted the generally accepted differentiation 

between two main strategic focuses in KM; ICT strategies and human strategies. KM 

technologies (ICT strategies) involve an information technology infrastructure and 

require the input of explicit knowledge. On the other hand, KM techniques are 

people-based and require the input of tacit knowledge that can be derived from 

personal interaction such as brainstorming (Renukappa et al., 2017; Črešnar et al., 

2019). However, other research argued that not all tools are computer based but 

much emphasis is placed on the electronic tools due to their dynamic capabilities, 

quick evolution, and organisational impacts. Thus, it does not differentiate the term 

KM techniques and technologies whereas he terms it as KM tools (Renukappa et al., 

2017). According to Ardito et al., (2019), the development of smart cities is becoming 

more and more based on KM frameworks (Ardito et al., 2019). The authors noted 

that “governmental bodies, universities and firms understand each other only when 

the social and intellectual soil connecting them is fertile for knowledge flows”. 

Researchers and academics have taken different perspectives on KM, ranging from 

technological solutions to the communities of practices, and the use of the best 

practices (Bhatt, 2001). For instance, most business managers believe in the power 

of ICTs in KM, as they argue that it can provide an edge in harvesting knowledge 

from piles of old buried data repositories. Some others, however, contend that 

knowledge resides in human minds and, therefore, employee training and motivation 

are the key factors to KM (Bhatt, 2001). Recent technological developments have 

made a significant and positive impact on the ability and desire to manage 

knowledge. Even though the evident importance of KM in the development of smart 

cities projects, yet there is little research on the KM techniques and technologies that 

are used in managing smart cities related knowledge. Therefore, the aim of this 

paper is to explore the usage of key KM techniques and technologies in managing 

smart cities related knowledge. 

Smart Cities 

The notion of smart city development is emerging as a major response to the rapid 

urbanization and socio-economic challenges faced by cities globally (Israilidis et al., 



 
 

 
 

2021; Albino et al., 2015; Chourabi et al., 2012). According to an estimate by the 

United Nations (UN, 2015), today, 55% of the world’s population lives in urban areas, 

a proportion that is expected to increase to 68% by 2050. This significant 

urbanisation growth drives the consumption of resources causing resource 

shortages and climate change (Abdalla et al., 2019). Israilidis et al., (2021) noted 

that the increase in population and rapid demand for energy imposes a greater 

impact on the environment, with 70 percent of the world’s carbon emissions 

attributed to urban consumption. These challenges also have significant impact on 

basic amenities such as housing, transportation, and healthcare, leading to 

inadequate transport infrastructure, affordable housing, and safe sanitation facilities. 

As a result, there is a crucial need for innovative delivery systems and to generate 

smarter infrastructures to efficiently manage and control resource consumption in 

cities (Abdalla et al., 2019). Bouton, et al., (2015) claimed that smart growth is the 

best way to do that sustainably, added that in order to deal with budget pressure, 

cities must find innovative ways to collect, control, and use their resources efficiently. 

Smart cities is a fuzzy concept (Albino et al., 2015). The term is often used to refer to 

the increasing scope to which cities are deploying information and communication 

technologies (ICT) in different urban structures and management systems (Hollands, 

2008; Albino et al., 2015; Bouton, et al., 2015; Angelidou, 2015; Letaifa, 2015). 

Ardito et al., (2019), stated that with the emergence of the knowledge economy, 

more knowledge-intensive than labour-intensive activities take place in urban areas, 

which ask smart city planners to develop cities that take advantage of local 

knowledge and intellectual capital of the population, promote new businesses, and 

facilitate access to information both locally and internationally. 

Managing Smart Cities Related Knowledge 

According to Ardito et al., (2019), smart cities integrate and combine knowledge 

about technology, people, and business before actions to create smart economy, 

smart environment, smart people, and smart living initiatives can be formulated and 

implemented. Therefore, smart cities projects require integrating efforts composed of 

public and private players, the academia, and the wider community. Letaifa (2015) 

noted that this increases the pool of available knowledge and the possibility to 

address the development of smart city initiatives from multiple, albeit complementary 



 
 

 
 

perspectives. The development of smart cities can be driven by combining 

knowledge generated and owned by projects partners with knowledge that originates 

beyond their boundaries (Ardito et al., 2019; Pancholi et al., 2015). Therefore, smart 

cities necessitate that governments and citizens provide the local knowledge to 

shape cities with respect to local resources, priorities, values, and needs (Angelidou, 

2014). Similarly, firms and universities working on smart city projects are asked to 

contribute with their technical and scientific know-how to the development of smart 

cities (Scuotto et al., 2016). Additionally, the acquisition of best practices from other 

successful smart city projects may be also beneficial (Ardito et al., 2019). Moreover, 

other actions to complement the internal knowledge base of project partners are 

needed, such as the attraction and retention of skilled human capital (e.g., 

scientists), the establishment of living labs to involve more citizens, companies, 

and/or associations, and the adoption of social media and crowdsourcing platforms 

to acquire new ideas (Ardito et al., 2019). On the other hand, managing external 

knowledge comes with the need to modify or establish novel KM processes that can 

favour the acquisition, internalization, and retention of knowledge (Natalicchio et al., 

2017). According to Renukappa et al., (2017), KM tools can amass data from various 

sources and classify, integrate, and codify these data. Thus, these tools make it 

possible to retrieve and reveal knowledge and can also be employed to disseminate 

knowledge among staff. 

Methodology 

The aim of this study is to explore the usage of key knowledge management (KM) 

tools, techniques, and technologies for managing smart cities related knowledge. 

The study follows a systematic literature review (SLR) to achieve this aim, which can 

be defined as a tool to identify, evaluate, and interpret available and relevant studies 

regarding a particular research question (Kitchenham, 2004). A research literature 

review is a: “systematic, explicit, and reproducible method for identifying, evaluating, 

and synthesizing the existing body of completed and recorded work produced by 

researchers, scholars and practitioners” (Castaneda et al., 2018). Systematic 

reviews differ from ordinary literature surveys in being formally planned and 

methodically executed. They are intended to be independently replicable, and so 

have a different type of scientific value than ordinary literature surveys. The method 



 
 

 
 

used in this study followed that proposed by Tranfield et al., (2003) with three stages: 

planning the review, conducting the review, reporting, and disseminating the results. 

Thus, the first stage is planning the review, which involves the core aspects of the 

systematic review protocol, developing a list of keywords, and criteria for the 

inclusion of articles, as well as defining the search string to be given in input to the 

data source. A university’s library search engine, which gives access to various 

databases including Science Direct, Scopus, TRID, Web of Science, and Wiley 

Online Library, was used to complete an online search. To this aim, we identified and 

then, combined three keywords, namely ‘smart cities’, ‘knowledge management’, and 

‘techniques’, and ‘technologies.’ Thus, the resulting search string is [‘smart cities’ 

AND ‘knowledge management’ OR ‘KM’ AND ‘tools’ OR ‘techniques’ AND/ OR 

‘technologies’], and, to include the role of smart cities strategies or technologies, the 

term ‘smart cities’ or ‘technolog*’ has been added to the research string] to search 

the titles, abstracts and keywords of available articles. Included studies must satisfy 

all inclusion criteria including they must be peer-reviewed journal articles, written in 

English, available online, and have relevance with respect to the research aim. 

These choices are justified by the fact that those inclusion criteria may assure the 

identification of the most relevant articles related to the topic under investigation 

(Natalicchio et al., 2017). The second stage involved carrying out the review of 

relevant articles and selection procedure. This includes screening research results 

and applying the inclusion criteria. The selected articles were reviewed, categorised, 

and analysed. Finally, reporting and dissemination are considered in the third phase. 

Findings and Discussion 

Techniques and Technologies for managing smart cities related knowledge  

Knowledge is often conceived as the core component of the smart city (Ardito et al., 

2019). Laurini (2021) noted that the concepts of smart cities cannot be understood 

without examining their links with the knowledge society. Jiang et al., (2021) noted 

that in developing smart cities, the implementation of social connections, 

collaboration, innovation, exchange of views by observing, exploiting and integrating 

various types of knowledge is required. The authors argued that citizens use social 

networks to acquire information, share their feelings, exchange views with each 



 
 

 
 

other, etc. Rubí et al., (2021) noted that smart cities must provide interoperable tools 

that facilitate knowledge acquisition, store, and dissemination. 

According to APQC (2022) deploying and integrating the right KM tools enhance 

cross-boundary collaboration and promote knowledge flow capabilities especially in 

digital workplaces. Moreover, they provide the needed capabilities to facilitate and 

enable KM procedures amongst employees working in different spaces, at different 

times, while still working together. However, APQC (2022) noted that deploying KM 

tools for digital workplace should not only enables accessing knowledge but also 

enables and facilitates contributing and sharing knowledge, e.g., enabling 

collaboration in communities of practice (by integrating built-in tools for video 

conferencing, chat, collaborative document creation, etc.) 

Furthermore, with the help of advanced technology development, the depth and 

breadth of knowledge dissemination have been continuously expanded in recent 

years, and the development of new media knowledge sharing platform has become 

increasingly prosperous (Jiang et al., 2021). For example, smart cities strategies 

provided various tools that facilitate KM procedures during COVID-19 pandemic 

(Alomari et al., 2021; Abdalla et al., 2022a). ICT based tools and social media 

platforms (e.g., WhatsApp, Twitter), MS Teams, Video Conferencing, virtual 

communities, Virtual Meeting, instant messaging, and mobile applications are 

considered key sources for knowledge capturing and knowledge sharing during 

COVID-19 pandemic (Alomari et al., 2021). Similarly, Drew et al., (2020) noted that 

mobile phone applications and web-based tools facilitate self-guided collection of 

population-level data which can be rapidly redeployed to inform participants of urgent 

health information. In addition, during and post-COVID-19 pandemic the use of 

online video conferencing tools, webinars, Zoom, Skype and Microsoft Teams 

enabled distance-working, facilitated knowledge sharing between employees 

(Acharya et al., 2022; Tomé et al., 2022). 

Moreover, the role of social media is highlighted in promoting and facilitating 

effective knowledge transfer, share and acquisition especially during COVID-19 

pandemic (Ammirato et al., 2021; Xie et al., 2020). During the early months of the 

pandemic, social media platforms (e.g., Facebook) were the main source for public 

information and engagement instead of official COVID-19 government sites (Xie et 



 
 

 
 

al., 2020; Tran et al., 2021). Nisar et al., (2019) explored the extent to which social 

media knowledge and learning benefits affect organizational performance. The study 

focused on measuring the degree to which communities of practice (CoP)-based 

discussion groups (DGs) can exploit the potential of social media and further develop 

the organization's knowledge base. The authors concluded that CoP-based DGs can 

benefit greatly from social media-based two-way communication channels that are 

much more effective and personal. The authors highlighted the role of the internet-

based technologies that have created a revolution in the way we communicate with 

each other. Alomari et al., (2021) noted that social networking platforms such as 

Twitter streams hundreds of millions of posts daily. They can be treated as a useful 

medium for the dissemination of information. This provides a great opportunity to 

study and capture the dynamics of real-world events and understand the various 

public measures being undertaken by governments, as well as the changes in the 

daily activities of people. Moreover, the proliferation of social media usage within 

society has permeated organizations both formally and informally. A range of 

technologies from blogs to social networks have extended the reach of the digital 

revolution to the organization, creating challenges and opportunities that are 

expected to be compounded over time as social media is further integrated into the 

organizational landscape (Nisar et al., 2019). Interestingly, communication and 

organizational especialists have also benefited from the opportunities this forum 

offers. They endeavour to exploit every bit of this space as an alternative path 

through which to connect with and thus reach out to individual employees, and 

sometimes even groups, and provide them with alternate — sometimes even more 

exciting — opportunities against conventional means to communicate and 

collaborate with each other (Nisar et al., 2019).  

Conclusion 

In conclusion, it is not simply enough for knowledge to reside within an organisation 

as knowledge that is not effectively utilised is essentially a wasted resource, instead 

knowledge needs to be actively managed. There are several mechanisms that can 

be used to manage public sector or private sector organisational knowledge. The 

paper concludes that defining KM through technological or social systems alone 

engenders the bias in overemphasizing one aspect at the expense of the other. 



 
 

 
 

Technologies and social systems are equally important in KM (Bhatt, 2001). There 

are various terminologies that have been used to distinguish between information 

technology tools and non-information technology tools in the empirical literature. This 

is because in most scenarios techniques and technologies are interdependent and 

support KM activities such as knowledge mapping, knowledge capturing and 

knowledge sharing. The Internet makes it possible for individuals to connect, 

collaborate and share knowledge, information, document, photo, video, etc. 

continuously with anyone in the world (Renukappa et al., 2017). It is advisable to use 

conventional, simple, low cost, and easy to use with minimum training needs KM 

techniques and technologies. It should note that KM techniques and technologies 

roles are not mutually exclusive, and they any combination of them may be adopted 

of to tackle their particular issues or support particular motives. 

Keywords: knowledge management, smart cities, techniques, technologies, tools.  

Link to SDGs: SDG 11- Sustainable Cities and Communities. 
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B4 - Additive manufacturing aluminium auxetic cellular material 
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Abstract 

Purpose: Additive manufacturing allows fabrications of cellular structures which are 

highly customisable. Auxetic cellular materials have shown to provide high strain rate 

along with stiffness and energy absorption. As such this research can aid in the 

development of lightweight auxetic structures for a range of structural application 

where stiffness control is required. 

Design/methodology/approach: This paper presents the design and development of 

an auxetic architecture that can be parametrically optimised using the strut thickness 

(t) and angle (θ). The 20x20 mm lattice structures are build-up of repeating unit cells 

of a single design based around a hexagonal topography 

Findings: A total of nine design are considered each featuring a distinctive thickness 

and angle configuration. The stiffness of the architecture is characterised using the 

parameter E (elastic modulus). The influence on the wall thickness and angle on the 

relative density was studied within the context of predicting the theoretical elastic 

modulus. The results showed that the varying the angle had a minimal effect on E 

while both the relative density and geometry variation was primarily affected by θ. 

Lastly the reason for the variation in relative density was explored through scanning 

electron microscopy. 

Originality/value: This study demonstrates the design and fabrication of AlSi10Mg 

novel re-entrant architecture based on a hexagonal topography. 

Introduction 

Auxetic structures are architectures that offer negative Poisson’s ratio (Yang et al., 

2004; LAKES, 1987; Maskery et al., 2016; Arjunan et al., 2020). Auxetic structures 

shrink radially under axial compression and expand laterally during axial tension. As 

such these materials demonstrate extraordinary properties as compared to 

conventional lattice structures (Xue et al., 2018; Govindaraman et al., 2021). 

Previous research on auxetic lattice structures manufactured using AM were mainly 



 
 

 
 

concentrate on periodic structures featuring unit cells such as regular honeycomb, 

cubic cell, and diamond-based architectures. Although emerging, the research on 

AlSi10Mg auxetic materials are largely investigated on well-established cellular 

structures. In this regard, the present work demonstrates the design and 

development of a novel AlSi10mg Auxetic lattice structures manufactured using 

SLM. 

Methodology 

Design 

The current study presents a novel auxetic unit cell designed based on a hexagonal 

topology as shown in Figure 1a. The equivalent lattice material based on a 4x4 

assembly is shown in Figure 1b. Based on unit cell design the lattice structures were 

designed using linear patterning of the unit cell in x, y and z direction. The lattice 

structure had global dimension of 20 × 20 𝑚𝑚𝑚𝑚 across length and breath. However, 

the height of lattice structure varied according to strut angle, the maximum 

20 𝑚𝑚𝑚𝑚 height when the angle (θ) was 90 degree and thickness (t) is 1𝑚𝑚𝑚𝑚 as shown 

in Table 1. 

 
Figure 1. Design of lattice material showing (a) unit cell and (b) unit cell assembly 

The design has parameters of wall thickness (t) and angle (θ) as shown Figure 1a. 

By fixing length and height and different angle so that various effect of changing 

parameters in design on mechanical behaviour will be considered. Using this 

parameter, nine different designs were carried out by varying the t between 0.3 to 1 

mm and angle θ between  45°𝑡𝑡𝑡𝑡 90° as shown below Table 1. The design parameter 

was informed by central composite design function. 

 

𝑡𝑡 
𝑡𝑡 
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Table 1. Parametric design considered for unit cell 

Design iteration Thickness, 𝑡𝑡 (𝑚𝑚𝑚𝑚) Angle, 𝜃𝜃 (𝑑𝑑𝑑𝑑𝑑𝑑) 

1 0.65 67.5 
2 0.40 83.40 
3 0.30 (min) 67.50 
4 0.65 45 (min) 
5 0.65 90 (max) 
6 0.89 51.59 
7 0.40 51.59 
8 1 (max) 67.5 
9 0.89 83.40 

 

Additive manufacturing 

AlSi10Mg powder with a composition as shown in Table 2. The laser sintering of the 

material was conducted through an overhead laser system that modulates based on 

the process parameters such as laser exposure of 370 W, scan speed of 1300 mm/s, 

layer thickness of 30 µm and a 190 µm hatch distance. These parameters were 

selected as they were found to be optimum for the size of the smallest wall thickness 

(0.3 mm) being manufactured and resulted in a 99.8% dense part. 

Table 2. Material composition of AlSi10Mg used for additive manufacturing 

Al Si Fe Cu Mn Mg Ni Zn Pb Sn Ti 
Balance 9.0 0.55 0.005 0.2-0.45 0.25-0.45 0.05 0.10 0.05 0.05 0.15 

 

Result and discussion 

Stiffness prediction 

A total of nine lattice structures informed by Table 1 were analysed using Ashby’s 

criterion. The results of interest were relative density (ρ_r) and the associated 

performance in terms of the elastic modulus (E_thr). The density for each of the 

designs were evaluated using Equation (1); where the mass and volume were 

obtained from the associated CAD geometries. Further to this, relative density to the 

bulk material was reviewed using Equation (2). Where, ρ is the density of the lattice, 

m is the mass and V_B is the volume of the bulk material. 

 



 
 

 
 

𝜌𝜌 =  
𝑚𝑚
𝑉𝑉𝐵𝐵

 (1) 

𝜌𝜌𝑟𝑟 =
𝜌𝜌
𝜌𝜌𝐵𝐵

 (2) 

𝐸𝐸𝑡𝑡ℎ𝑟𝑟 ≈ 𝐸𝐸𝐵𝐵  ∙  𝜌𝜌𝑟𝑟2 (3) 

 
Figure 2. Elastic modulus predicted for the parametric designs 

The elastic modulus was calculated using Equation (3) where, E_B is the Young’s 

Modulus of bulk material which AlSi10Mg taken as 70 GPa from data sheet. ρ_r is 

the relative density of and ρ_B is the bulk material density of AlSi10Mg which is 2670 

kg/m3. For the unit cell design 3 exhibited the lowest relative density which was 

expected as model featured the smallest thickness with an angle of 67.5°. The 

largest ρ_r was found for model 8 featuring the largest thickness of mm while sharing 

the same angle of 67.5°. Comparing the theorical elastic modulus of the designs as 

shown in Figure 2, design 3 and design 8 exhibited the lowest (2.48 GPa) and 

highest (18.14 GPa) performance respectively. 

Additive manufacturing 

The as build SLM AlSi10Mg prototypes based on the geometrical parameters 

dictated by the parametric matrix are shown in Figure 3. As expected with SLM, a 

rough surface finish was created due to the layer-by-layer process SLM process. 

Even though Bai et al. (Bai et al., 2019) demonstrated a 99.9% density for SLM 

AlSi10Mg parts under the optimum process, a few studies (Buchbinder et al., 2011; 

Thijs et al., 2013; Yang et al., 2018) demonstrated density variation depending upon 

the material thickness of the part. Since density variation can directly affect the 

mechanical performance, ρ_r of the AlSi10Mg were analysed and compared to 
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quantify any variation. Accordingly, Figure 4 compares the relative density of the 

SLM samples with ideal values calculated from the respective CAD geometry. 

Analysing the influence of the angle on ρ_r (Figure 4a), highest difference of 5% was 

observed at 67.5°. When the angle increased to 85°, the difference reduced to 1%. 

The trend was similar when the angle was lowered and exhibited a difference of 2% 

at 45°. This shows that the SLM process resulted in a 2-5% geometrical variation 

with the worst case at 67.5°. Looking at the effect of wall thickness on the ρ_r as 

shown in Figure 4b, the highest difference of 10% was observed between CAD and 

physical samples with the lowest thickness of 0.3 mm. However, as the thickness of 

the part increased to 0.65 mm and 1 mm, the difference in ρ_r decreased to 5% and 

1% respectively. Even though the overall discrepancy is below 10%, it can be seen 

that t has a higher influence in comparison to θ on the quality of the AlSi10Mg SLM 

parts. According to previous studies (Weißmann et al., 2017), at 9-14% variation on 

selective laser melted samples are generally observed depending on the strut angle. 

Therefore, the variations here are comparatively smaller being within acceptable 

limits. 

 
Figure 3. Additively manufactured AlSi10Mg lattice structures 

  
(a) (b) 

Figure 4. The influence of SLM process on the relative density of AlSi10Mg auxetic lattice materials in comparison to 
the ideal where (a) shows the effect of angle and (b) the thickness. 
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Figure 5. SEM analysis of the AlSi10Mg structures showing influence of surface roughness on the overall thickness 

and quality of junction along with horizontal walls. 

The variation in relative density can be further explained by studying the samples 

under SEM as shown in Figure 5. The data reveals the influence of surface 

roughness on the fabricated samples. The thickness of both inclined and horizontal 

struts has been significantly affected by the infringement of the surface roughness 

and partially fused particles; a salient feature of the SLM process. 

Conclusion 

Manufacturing techniques capable of exploiting the benefits of complex shapes and 

sizes are increasingly being used to develop auxetic structures. In this regard, this 

study demonstrates the design and fabrication of AlSi10Mg novel re-entrant 

architecture based on a hexagonal topography. Parametric analysis on the influence 

of the strut thickness (t) and angle (θ) on the elastic modulus (E) was evaluated. 

Analytical evaluation using Ashby’s criterion were used to predict the influence of t 

and θ on the relative density and therefore the elastic modulus. It was found the 

design that featured the highest thickness and an angle of 67.5° offered the highest 

elastic modulus. Comparing the predicted ρ_rwith the actual samples a variation of 

10% was observed largely driven by the strut thickness. This was found to be the 

influence of the surface roughness and the semi molten particles influencing the strut 

thickness which can be reduced through post-processing. 

Link to SDGs: This Research is linked to SDG 9 – Industry, innovation, and 

infrastructure. 

Keywords: Aluminium alloy; additive manufacturing; auxetic material; 3D printing. 
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B5 - An Exploratory Study into Factors Influencing Cloud Computing 
Adoption in the Upstream Oil and Gas Industry 

Mahmud Maina Lawan, Chike F Oduoza, Kevan Buckley 

Abstract 

The dependency on cloud technology is increasing exponentially due to the 

numerous benefits it offers such as cost reduction, flexibility, and scalability. Despite 

the several benefits the cloud offers, the upstream oil and gas industry which 

explores and produces oil and natural gas has been cautious in moving towards the 

technology. The literature indicates that migrating to a cloud platform depends on 

several factors. Exploring these factors from the perspective of the upstream oil and 

gas sector is very important. Hence, this study aims to identify the factors influencing 

cloud services adoption in the context of the upstream oil and gas industry. A 

qualitative approach was used to review a conceptual model proposed from literature 

and explore other factors specific to the industry. As the initial model comprised of 

factors derived from literature, it was essential to justify and contextualise the factors 

to the upstream oil and gas sector. A semi-structured interview conducted with 11 

experts from different upstream oil and gas organisations in Nigeria. Content 

analyses using NVivo 11 software were used to analyse the interview data. The 

findings of the study indicated that all factors proposed in the initial model impact 

adoption. Moreover, the analyses resulted in the emergence of new factors that 

affect adoption of cloud technology in the Nigerian upstream oil and gas industry. 

These factors are power availability, trading partner agreement, local content, and 

social instability.  

Introduction 

Cloud computing is a paradigm which offers IT services such as storage, network, 

and processing power via the internet. The characteristics of cloud technology 

include broad network access, rapid elasticity, measured service, resource pooling 

and on-demand self-service. The cloud provides several benefits to organisations 

such as cost benefit, flexibility, and scalability. The upstream oil and gas industry 

also known as the exploration and production sector, identifies and produces oil and 

natural gas.  Figure 1.1 is an illustration of the upstream oil and gas sector. The 



 
 

 
 

industry depends on real-time information and accurate results for faster and better 

decision making. Cloud computing is a technology can offer the industry numerous 

benefits including storage of exploration, drilling and production data, real-time 

information monitoring and collaboration, remote access to data and services, and 

timely interpretation of seismic data to maintain the quality of hydrocarbons (Lawan 

et al., 2020). Another interesting concept of cloud technology is that it can help the 

upstream oil and gas industry make their operations greener (Lawan et al., 2021). 

However, the technology has not penetrated the industry. Therefore, this study aims 

to identify factors influencing cloud computing adoption in the upstream oil and gas 

industry. The paper is structured as follows; first it provides the research model and 

methodology, followed by findings and discussion and finally conclusion.  

 

 

Figure 1.1 Upstream oil and gas sector 

Research Model and Methodology 

The proposed model from literature is based on the TOE framework, DOI theory and 

IS theory. Figure 1.2 illustrates the research model. This research adopted a 

qualitative in the form of a semi-structured interview. The reason for conducting the 

interview is to confirm the challenges/factors identified in the literature. Also, to 

explore other challenges/factors that might not be reported in the literature. The 

semi-structured interview was conducted with participants from different upstream oil 

and gas organisations in Nigeria. The interview helped to obtain a first-hand 

perspective on the area of study. Yin (2003) stated that the reliability of interviews 



 
 

 
 

could be questioned if there is bias, especially if the number of interviewees is eight 

or less in a qualitative study (Lam, 2005). Therefore, the interview was conducted 

with a sample of eleven (11) experts to reduce bias. The participants include IT 

managers and other employees such as senior managers, operation managers, field 

explorers, reservoir modellers, drilling and production engineers from the upstream 

sector. All participants had at least five years of working experience. Content 

analyses using NVivo 11 software were used to analyse the interview data. 

 

 

Figure 1.2 Research model 

Findings and Discussions 

Table 1.0 Factors supported by Interview respondents 

Factor Participants 

 A B C D E F G H I J K 

Technological Factors  

Security √  √   √   √     √  √  

Trust  √  √   √    √    √  

Privacy √    √   √    √    
Data integrity √  √  √    √  √    √   

Service Quality  √   √  √   √   √  √  √  



 
 

 
 

Compatibility  √   √  √   √   √  √  √  

Complexity √    √  √      √  √  

Relative advantage  √  √  √        √  

Trialability √   √   √   √   √    

Cost √   √  √  √        

Organisational Factors  

Top management support   √  √   √  √     √  

Technology readiness  √  √  √  √     √    

Workers’ attitude √   √   √   √  √     

Existing IT apps & Inf.  √   √         

Environmental Factors  

Industry pressure  √   √   √  √  √     

User/Technical support  √   √  √       √  

Regulatory compliance √  √  √  √         

Internet availability  √  √   √   √     √  

Social and Political Factors 

Culture  √           

Government support √  √  √  √         

Newly Emerged Factors 

Power Availability  √  √          

Trading partner agreement   √  √         

Local content    √         

Social instability   √          

Technological Context 

The security of cloud computing technology has been found to be a very important 

factor. The findings revealed that other factors such as data privacy, data integrity 

and trust are all connected to security. None of the interviewees disagreed on the 

significance of these factors towards cloud adoption in the upstream oil and gas 

industry. Most experts pointed out that these factors may be reasons to non-

adoption. In terms of service quality, the findings showed that it is important. 

However, the level of importance among the interviewees depending on their 

positions. One of the IT managers said this challenge could be overcome by 



 
 

 
 

installing subsea fibres. Meanwhile other experts see it as a critical factor that should 

be considered before adoption. 

The compatibility of cloud computing with the upstream oil and gas sector’s way of 

practice is an important factor towards adoption. According to the experts, cloud 

services should be compatible with way the industry operates. This finding is 

relevant to previous literature (Lian et al 2014). Regarding the complexity of cloud 

technology, not all the interviewees as a major challenge to adoption. According to 

them, the importance of this factor towards adoption depends on the skill level and 

how familiar the employees are with cloud technology. Nevertheless, cloud services 

should be user friendly to attract adoption. In terms of relative advantage, the 

findings revealed that this is one of the most important factors. The experts pointed 

out that the benefits offered by cloud services could influence adoption in the 

upstream oil and gas sector. Triability which is an element of diffusion of innovation 

is an important factor. The interviewees believe that upstream oil and gas 

organisations should try cloud services for some period before adopting it. Finally, 

the interview findings revealed that the upfront cost of implementing a cloud service 

is a significant factor towards adoption. Almost all the experts believe that cost is 

crucial and should be considered before adoption.  

Organisational Context 

The characteristics of upstream oil and gas organisations also have impact of 

adoption of cloud computing. The findings of the interview revealed that top 

management support is key to adoption. The experts pointed out that the top 

management has the final decision in deploying any new technology. This finding is 

in line with previous studies that found top management support to be an important 

factor (Albugmi et al., 2016; Ming et al., 2018). Regarding technology readiness, the 

findings of the interview revealed that this is an important factor towards adoption. 

Most of the interviewees emphasised that having the right human resources and 

infrastructure is essential to establish a cloud platform. The findings agree with 

previous studies which found technology readiness to be an influential factor towards 

adoption (Alkhater et al., 2015; Idoga et al., 2019). 



 
 

 
 

The attitude of workers in the industry is crucial. The findings indicated that a positive 

attitude from the users of the technology is required to facilitate adoption of cloud 

computing. This finding is relevant to that of Sing and Manstora (2019) which found 

workers’ attitude to be an important factor to adoption of cloud services. In addition, 

existing IT applications and infrastructure was also supported by the experts. The 

interviewees think that significant amount have been invested on technology 

solutions that may discourage the adoption of cloud computing. 

Environmental Context 

Competition within the upstream oil and gas industry is an important factor that may 

affect adoption. The experts in the industry believe that pressure from competitors 

may drive an organisation to adopt cloud technology. This finding is in line with 

previous literatures which found industry pressure to be an important factor towards 

cloud adoption (Albar and Hoque, 2018; Singh and Manstora, 2019). In terms of 

support from service provider, this factor was found too crucial. The emphasised on 

the importance of this factor before adoption. The finding is consistent with prior 

studies (Mascati and Al-Badi 2016; Singh and Manstora, 2019) which indicated that 

user/technical support has a significant impact on cloud adoption. 

In addition, compliance with regulations was found to be an important factor. The 

experts stressed that this factor should be considered before adoption in the 

upstream oil and gas sector. The finding is also supported by previous studies that 

found this factor to impact the adoption of cloud technology in organisations 

(Alkhater et al., 2015; Albar and Hoque, 2017). Moreover, the analysis of the 

interview reveals that internet availability is one of the most important factors 

influencing cloud adoption. The experts stated that some upstream operations take 

place in conventional geographical locations that has poor internet connection. 

However, this could be solved by installing fibre optics to overcome this concern. 

The finding is relevant to other studies (Deil and Brune, 2017; Kandil et al., 2018). 

Under the environmental context, two important factors emerged from the findings of 

the interview. These factors are power availability and trading partner agreement. In 

terms of the former, experts believe that uninterrupted power supply is necessary to 

have a full penetration of cloud computing in the upstream oil and gas sector. 



 
 

 
 

Regarding the latter, some interviewees stated that some upstream operations 

involve multiple partners. And that all trading partners need to agree when it comes 

to the adoption of a new technology. Hence, trading partner agreement is an 

important factor that could affect adoption in the industry. Consequently, both power 

availability and trading partner agreement will be added to the new improved model. 

Social Factors 

The findings of the study shows that government support is an important that would 

encourage adoption in the upstream oil and gas industry. Experts believe that 

necessary support the government will ease the cloud services. Previous studies 

have found that government support is an important factor that impacts cloud 

computing adoption (Alkhater et al., 2015; Idoga et al., 2019). In addition, the 

findings of the interview reveal not culture but rather culture of the organisation is an 

important factor. Some experts sated that if a culture of an organisation is to adopt a 

new technology, then that could influence adoption. The finding is in line with that of 

Alsanea et al. (2014) which found that organisational culture impact cloud adoption. 

Furthermore, two factors emerged from the analyses of the interview which include 

local content and social instability. One of the experts pointed out that local content 

is a major concern that should be considered before adoption. Government may fear 

that cloud adoption could result in redundancy of the locals. Regarding social 

instability, an expert mentioned that government may fear that cloud services from 

the first world countries may be used to monitor the development of the upstream oil 

and gas industry and use it against the industry. Both new factors shall be part of the 

new model as illustrated in figure 1.3 



 
 

 
 

 

 

Figure 1.3. Model for cloud computing adoption in the upstream oil and gas sector 

Conclusion 

Cloud computing offers numerous benefits to organisations, hence making them 

agile and productive. However, a successful adoption of cloud services depends on 

several factors that may influence such adoption. This study has identified the 

factors influencing adoption in the upstream oil and gas industry. The findings 

indicated that all factors in the proposed model affect adoption. Moreover, new 

factors have emerged from the exploratory study which include power availability, 

trading partner agreement, local content, and social instability. A subsequent study 

will examine the improved model through a quantitative study. 

Link to SDGs: This work fits into SDG 9 which is industry, innovation, and 

infrastructure. 
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B6 - Sensor Fusion in Autonomous Vehicle 

Folakemi Omotoye, Dr Sayed Muhammad and Dr Graham Sparey-Taylor 

Abstract 

Autonomous vehicles are key to achieving the future smart cities and sensors or 

data fusion is employed for achieving more robust and efficient performance of 

autonomous vehicles by exploiting the strength of one or more sensors to eliminate 

the demerit of other sensors. This paper presents the different types of sensors; 

reviews data fusion systems that combined data from Light Detecting And Ranging 

(LIDAR) sensors, Radio Detection And Ranging (RADAR) sensors, cameras, and 

other sensors in the environmental perception tasks, connected vehicles, Assisted 

Driver Assistance System (ADAS) aspects of autonomous vehicles; summarizes the 

recent work done in the application of multi-sensor or data fusion in these fields of 

autonomous vehicles with the aim of demonstrating the importance of data fusion for 

efficient implementation of autonomous vehicles; and identifies some improvement 

that need to be done in these areas. 

Introduction 

Autonomous Vehicles (AV) also known as Unmanned Ground Vehicles (UGV) are 

fast becoming the focus of future mobility and vehicles. The technology of road 

driving is evolving at a high rate with constant research on how to reduce or 

eliminate existing challenges that are vehicle related. Society of Automotive 

Engineers (SAE)(Zanchin et al., 2017) 2014 defined the various level of automation. 

Autonomous vehicles offer a variety of benefits including fewer accidents on the 

road, lesser consumption of fuel which in turn reduces air pollution and global 

warming, and less need for a human driver amongst others which reduces the 

chance of human error and more time for productivity.  

Multi-Sensor Data fusion in autonomous systems can be said to be the integration of 

data from different sensors for decision making in autonomous systems. The design, 

architecture and implementation of data fusion depend on the application and the 

type of sensors needed. The sensors adopted can either complement one another 

for extended coverage, collaborate with one another by providing the information that 



 
 

 
 

the other sensors cannot provide, or compete with one another by enhancing the 

reliability of the system. 

Section I – Introduction to sensors 

Sensors are devices employed for taking measurements or measuring changes in an 

internal or external system. It is part of the architecture that an automated vehicle 

uses to interact with its environment. Sensors can be classified based on the 

environment they measure. Thus, sensors can be proprioceptive when it measures 

the internal environment of a system such as a vehicle’s speedometer or position 

measuring sensors i.e., GNSS receivers, IMU, inertial sensors i.e., gyroscopes and 

magnetometers; and exteroceptive when it measures the external environment. 

Sensors can also be classified based on how their perception systems work. They 

can also be passive or active. Active sensor releases energy into the environment 

and determines the measurement of the environment based on the feedback 

response received e.g., distance sensors while passive sensors do not emit energy 

into the environment, instead they measure energy received from the environment 

such as an accelerometer. Examples of active sensors include Light Detecting and 

Ranging (LIDAR), Radio Detection and Ranging (RADAR) sensors. Exteroceptive 

sensors can be further divided into contact and non-contact sensors. Contact 

sensors work similarly to proprioceptive sensors while non-contact sensors measure 

from a distance without physical contact with the target. Some of the sensors 

adopted for autonomous driving include Light Detecting and Ranging (LIDAR), Radio 

Detection and Ranging (RADAR) sensors, vision base sensors, an example being 

cameras, inertial – based Sensors, beacon – based sensors. 

Section II – Introduction to sensor fusion 

Combining data from different sensors helps to compensate for the demerit of a 

sensor with the strength of another sensor. There are many methods for combining 

information from sensors. The method to be adopted depends on the prior 

knowledge of the environment, the required information, and the right sensor to use. 

Common sensor fusion combinations include Camera-LIDAR(CL), Camera-

RADAR(CR), Camera-LIDAR-RADAR(CLR) with the most common being CR for 

environmental perception followed by CLR and CL (Yeong et al., 2021). The 



 
 

 
 

conventional arrangement of sensors for an AV and their functionality is shown in 

figure 1 (Yeong et al., 2021). 

Section III – Review of recent research in data fusion 

Numerous works have been done for sensor or data fusion in many aspects of the 

autonomous vehicle. These aspects include  

Data Fusion for fault detection in Autonomous Vehicle 

data fusion for fault detection is shown by the works of  Chaudhary et al (2021) who 

used the fusion of data from two cameras in conjunction with an ultrasonic sensor 

(for distance measurement) to quantify errors in environment perception using the 

triangulation method, Pan et al (2021) who proposed a multi-sensor fusion method 

for a fault detection and avoidance mechanism using multiple cameras, Geissler, 

Unnervik and Paulitsch (2020) investigated a plausibility-based, perception faults 

diagnosis system in a distributed roadside sensor network. 

Data fusion for vehicular environmental perception  

Schueler et al proposed a method (2012) that was able to detect surrounding 

vehicles, although the sensors encountered difficulties detecting the corners of the 

vehicles when they used RADAR sensors and laser scanners for a 360 degree for 

ADAS for the recognition of stationary and moving objects. The results demonstrated 

improved performance due to the data fusion as the running time was the least 

among the other algorithms for comparison with higher percentage rate of 

performance for the three levels of difficulty for the KITTI dataset. Wang et al (2019) 

developed a real-time vehicle detection algorithm for a vision-LiDAR fusion. In 

comparison with the YOLO detection algorithm, the proposed architecture performed 

better in car detection even in an occluded scenario. The detection’s average 

accuracy improved by 12%, 20%, and 17% in easy, moderate, and hard scenarios 

respectively. Baftiu, Pajaziti and Cheok(2016) proved that sensors data can provide 

a 360-degree view of the surrounding of a vehicle, and that fuzzy – C mean 

algorithm outshines the competitive learning neural network and the K – mean 

algorithm in terms of; Adaptive Cruise Control (ACC), Parking assistance (PA), 

Brake Assistant (BA), Lane keeping Assistant (LKA), and Traffic Sign Recognition 



 
 

 
 

(TSR). Also, Thomaidis et al (2013) used a fusion system of multiple sensors, 

Automated Queue Assistance (AQuA), for driver assistance when the vehicle is in a 

queue. The results of the real scenario test showed that the percentage of false 

alerts and missed detections of the central tracker were less than compared to that 

of the individual sensors. Asvadi et al (2018) demonstrated that Depth Map (DM) and 

Reflectance Map (RM) from a LIDAR sensor have prospects for better vehicle 

detection for a real-time multi-sensor multimodal decision-level fusion system using a 

LIDAR and a color camera in an artificial neural network for vehicle detection.  

Data fusion for Road detection 

Caltagirone et al (2019) demonstrated that multimodal fusion is better than a single 

modality for road detection. The authors fused LiDAR point clouds with camera 

images for road detection in a Fully Convolutional Neural Network (FCN), while Hu et 

al (2014) proposed a fusion of a monocular vision system and LiDAR data for road 

detection and segmentation. Tsiakas et al (2021) demonstrated that the fusion of the 

semantic and spatial data from a LiDAR resulted into better area detection than 

using the semantic data alone for environment perception and navigation in AV in an 

outdoor semi-structured area, while Koh et al (2021) proposed a fusion of camera 

and LiDAR sensors data for joint object detection and tracking, DetecTrack, using 

spatio-temporal features. 

Data fusion for Detection and classification of road users 

Aziz et al (2020) adopted the use of RADAR and camera fusion for the road 

perception task of detecting vulnerable road users and their classification into 

pedestrians, bicyclists etc. The camera video data was processed using the YOLO 

algorithm and the sensor data were time-stamped for the purpose of synchronization 

since the data acquisition rate differs for the camera and RADAR sensor. Similar 

work was performed by Creno, Senouci and Zitouni (2021) who fused a Lidar and 

camera data for the detection and localization of pedestrians. Al-Qassab et al (2018) 

proposed a similar idea, a Cooperative Pedestrian Collision Avoidance System for 

detecting pedestrians with the fusion of camera data on connected vehicles in a 

region. After the detection of the pedestrian, the distance and the angle of the 

pedestrian are estimated for the Driving Assistance System.  



 
 

 
 

Data fusion for vehicular localization 

Meng, Wang and Liu (2017) demonstrated that Unscented Kalman Filter can 

improve the accuracy of the localization of an autonomous vehicle, the use of 3D 

LIDAR for the detection of curbs and calculating lateral distance from the vehicle to 

the curb for the correction of lateral localization errors. In another work, Meng, Duan 

and Feng (2021) employed LiDAR and camera data, installed on three vehicles, to 

generate an occupancy grid.  

Also, Chakraborty et al (2016) proposed a fused data from a GPS, INS, LIDAR and 

ultrasound sensors in a decentralized Kalman filter for localization using dead 

reckoning for self-localization which was used to reset the estimated GPS position 

for reliable navigation.  

Data fusion for Connected Vehicles 

In addition, Al-Qassab et al (2018) employed a DSRC in their proposed Cooperative 

Pedestrian Collision Avoidance System where vehicles share information to better 

detect pedestrians in real time and increase the awareness of autonomous vehicles 

within a connected vehicle network.   

Data fusion for Advanced Driving Assistance System (ADAS) 

While Chakraborty et al (2016) had in their proposed design, an application layer 

with the aim of rendering assistance in driving such as finding the shortest route 

within the shortest travel time for the autonomous vehicle, Liu et al (2021) 

demonstrated a camera and a cloud digital twin information fusion in a lane change 

case study with good accuracy performance and Intersection over Union (IoU).  

Wei et al (2018) fused data from a LiDAR and an RGB camera for more robust real-

time beacon detection in a collision-avoidance system. Images are obtained from the 

camera including the bounding boxes of the beacons and the confidence score, 

these were then mapped into a neural network to estimate the distance and angle to 

allow for fusion with the distance and angle estimate of the lidar to output the final 

distance, angle, and confidence score for each detection. The result showed that the 

camera alone could not produce better detections above 40m, and its position 



 
 

 
 

estimate is not accurate unlike the LiDAR, however the LiDAR had high false 

detection rate. With the fusion, the detection rate was greatly better with accurate 

distance estimation. 

Conclusion 

In this paper, an overview of the different sensors used in unmanned ground 

vehicles was presented and their functions were briefly introduced, some recent 

work of authors in data fusion for autonomous vehicles were reviewed, and recent 

works adopting multiple sensors or data fusion in autonomous vehicles with the aim 

for improving reliability and performance has been reviewed. It has been 

demonstrated by several authors that combining information from two or more 

sensors help to get a more robust outcome for an AV system.  

Keywords: Autonomous Vehicle, Data Fusion, Multi-sensor fusion, Sensor Fusion. 

References 

Al-Qassab, H. et al. (2018) “Visual Sensor Fusion and Data Sharing across 

Connected Vehicles for Active Safety,” in SAE Technical Papers. SAE International. 

doi:10.4271/2018-01-0026. 

Asvadi, A. et al. (2018) “Multimodal vehicle detection: fusing 3D-LIDAR and color 

camera data,” Pattern Recognition Letters, 115, pp. 20–29. 

doi:10.1016/j.patrec.2017.09.038. 

Aziz, K. et al. (2020) “Radar-camera Fusion for Road Target Classification,” in IEEE 

National Radar Conference - Proceedings. Institute of Electrical and Electronics 

Engineers Inc. doi:10.1109/RadarConf2043947.2020.9266510. 

Caltagirone, L. et al. (2019) “LIDAR–camera fusion for road detection using fully 

convolutional neural networks,” Robotics and Autonomous Systems, 111, pp. 125–

131. doi:10.1016/j.robot.2018.11.002. 

Chakraborty, S. et al. (2016) “High precision localization for autonomous vehicles via 

multiple sensors, data fusion and novel wireless technologies,” in 2016 IEEE 7th 

Annual Ubiquitous Computing, Electronics and Mobile Communication Conference, 



 
 

 
 

UEMCON 2016. Institute of Electrical and Electronics Engineers Inc. 

doi:10.1109/UEMCON.2016.7777799. 

Chaudhary, P. et al. (2021) “An Efficient System to Quantify Error in Sensor Fusion 

for Cameras in ADAS.,” in 2021 International Conference on Smart Generation 

Computing, Communication and Networking (SMART GENCON). IEEE, pp. 1–4. 

doi:10.1109/SMARTGENCON51891.2021.9645774. 

Creno, D., Senouci, B. and Zitouni, R. (2021) “FPGA based approach for 

Heterogenous Sensors Data Fusion in Autonomous Vehicles,” in International 

Conference on Ubiquitous and Future Networks, ICUFN. IEEE Computer Society, 

pp. 369–371. doi:10.1109/ICUFN49451.2021.9528721. 

Geissler, F., Unnervik, A. and Paulitsch, M. (2020) “A Plausibility-Based Fault 

Detection Method for High-Level Fusion Perception Systems,” IEEE Open Journal of 

Intelligent Transportation Systems, 1, pp. 176–186. doi:10.1109/ojits.2020.3027146. 

Hu, X. et al. (2014) A Multi-Modal System for Road Detection and Segmentation A 

Multi-Modal System for Road Detection and Segmentation A Multi-Modal System for 

Road Detection and Segmentation. Available at: https://hal.archives-ouvertes.fr/hal-

01023615. 

IEEE Staff and IEEE Staff (no date) 2012 IEEE Intelligent Vehicles Symposium. 

Institute of Electrical and Electronics Engineers and IEEE Robotics and Automation 

Society. Malaysia Chapter (no date) 2016 IEEE 4th International Symposium on 

Robotics and Intelligent Sensors : “Empowering Robots with Smart Sensors” : 17-20 

December 2016, Tokyo, Japan. 

Koh, J. et al. (2021) “Joint 3D Object Detection and Tracking Using Spatio-Temporal 

Representation of Camera Image and LiDAR Point Clouds.” Available at: 

http://arxiv.org/abs/2112.07116. 

Liu, Y. et al. (2021) “Vision-Cloud Data Fusion for ADAS: A Lane Change Prediction 

Case Study,” IEEE Transactions on Intelligent Vehicles, pp. 1–1. 

doi:10.1109/tiv.2021.3103695. 



 
 

 
 

Meng, X., Duan, D. and Feng, T. (2021) “Multi‐vehicle multi‐sensor occupancy grid 

map fusion in vehicular networks,” IET Communications [Preprint]. 

doi:10.1049/cmu2.12314. 

Meng, X., Wang, H. and Liu, B. (2017) “A robust vehicle localization approach based 

on GNSS/IMU/DMI/LiDAR sensor fusion for autonomous vehicles,” Sensors 

(Switzerland), 17(9). doi:10.3390/s17092140. 

Pan, H. et al. (2021) “Deep Learning Based Data Fusion for Sensor Fault Diagnosis 

and Tolerance in Autonomous Vehicles,” Chinese Journal of Mechanical Engineering 

(English Edition), 34(1). doi:10.1186/s10033-021-00568-1. 

Thomaidis, G. et al. (2013) “Multi-sensor tracking and lane estimation in highly 

automated vehicles,” IET Intelligent Transport Systems, 7(1), pp. 160–169. 

doi:10.1049/iet-its.2011.0166. 

Tsiakas, K. et al. (2021) “Autonomous Vehicle Navigation in Semi-structured 

Environments Based on Sparse Waypoints and LiDAR Road-tracking,” in 2021 

IEEE/RSJ International Conference on Intelligent Robots and Systems (IROS). 

IEEE, pp. 1244–1250. doi:10.1109/IROS51168.2021.9636082. 

Wang, H. et al. (2019) “Real-time vehicle detection algorithm based on vision and 

LiDAR point cloud fusion,” Journal of Sensors, 2019. doi:10.1155/2019/8473980. 

Wei, P. et al. (2018) “LiDAR and camera detection fusion in a real-time industrial 

multi-sensor collision avoidance system,” Electronics (Switzerland), 7(6). 

doi:10.3390/electronics7060084. 

Yeong, D.J. et al. (2021) “Sensor and sensor fusion technology in autonomous 

vehicles: A review,” Sensors. MDPI AG, pp. 1–37. doi:10.3390/s21062140. 

Zanchin, B.C. et al. (2017) On the Instrumentation and Classification of Autonomous 

Cars. doi:10.0/Linux-x86_64. 



187 
 

B7 - The use of moringa oleifera for water purification 
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Abstract 

The scarcity of clean water is one of the major challenges of the 21st century. 

Moringa oleifera plant has enormous potential in decontaminating water and 

wastewater to various degrees. Herbal solutions obtained from moringa oleifera 

seeds can be used to detoxify water depending upon the types and concentrations of 

the contaminants present. Published research papers were explored to find the 

method of extraction of the coagulant protein, optimum dose, and the coagulation 

mechanism of moringa oleifera seeds. It was concluded that generally, the water-

based extracts are safer and more efficient than oil or alcoholic extracts, although 

they require a higher dose comparatively. The raw materials are globally available 

and require limited processing, thus making the treatment of water to be cost 

effective. However, we found big variations in dose rate and method of extraction of 

the coagulant protein. Under these primes, this study looks at identifying the main 

methods to obtain moringa extracts in simpler and cost-effective ways. Additionally, 

the limitations and possible lethal effects of using Moringa oleifera have also been 

explored.  

 

Introduction 

Consumption of contaminated water is globally causing even more diseases than the 

atmospheric pollution (Hasan, Shahriar and Jim, 2019; Alzahrani, Collins and 



 
 

 
 

Erfanian, 2020). If the issue is not dealt properly, two-thirds of the world population 

may be living in water stressed region by 2025 (Food and Agriculture organization 

United Nations, 2017). The issue needs to be addressed by devising new cost 

effective methods to purify the drinking water (US Environmental Protection Agency, 

2017; Binnie Chris, Kimber Martin, 2018; WHO, 2018). Since 21st century, Moringa 

oleifera (MO) is one of the most investigated plants for water purification (Saleem 

and Bachmann, 2019). Active components of MO include alkaloids, tannins, 

flavonoids, saponins, and triterpenoids having  anthelmintic and antibacterial effect 

when used properly (Fouad, Abu Elnaga and Kandil, 2019). Its seeds can be used 

as a flocculant to reduce turbidity with or without oil extraction (Khor et al., 2020). 

MO can remove up to 99% turbidity depending upon the concentration used and the 

initial water turbidity (Lea, 2014). The word turbidity is from turbid which is defined by 

Collins Concise English Dictionary (1993) as a liquid cloudy with suspended particles 

and is muddy or opaque. 

Jahn et al. (1988) explored the use of MO seeds to purify drinking water in rural 

areas. MO water extract was able to remove 95% turbidity and 99% bacteria from 

the water samples. Megersa et al. (2019) compared the coagulation efficiency of MO 

seeds with and without using salt to extract the protein. Abbas (2018) studied the 

removal of heavy metals (HMs) from wastewater to make it fulfil the discharge 

consent. 1MHCl was used for the activation of coagulant activity. The coagulation 

mechanism was attributed to absorption and neutralization. In a study conducted in 

India (Ramesh, Sudarsan and Jothilingam, 2016) MO seeds were dried in oven for 

24 hours at 50°C. At 5mg/lit dose, a coagulation efficiency of 55% was obtained for 

low turbidity water and 86% for high turbidity water. Martin and Peres (2012) focused 

on studying the effect of contact time and speed of stirring on the coagulation 

efficiency. Turbidity removal was found to be up to 95% as the time of contact was 

increased to 40 minutes. Shan et al. (2016) used a magnetic stirrer for alcoholic 

extraction of MO seeds. Kansal and Kumari (2017) decontaminated coffee 

wastewater using MOSE at a high dose of 4 gm/liter. Wang & Lin [173] investigated 

the removal of heavy metal ions like Cd, Cr, Ni, Pd and Cu from wastewater by using 

spiked aqueous solutions of these metals. Delelegn et al. (2018) compared the 

efficacy of MO with alum to treat river water in African region. The turbidity removal 

by MO was on par with alum, without altering the water pH. A study on low initial 



 
 

 
 

water turbidity showed high requirement of the coagulant dose for purifying water 

(Katalo et al., 2018). Another novel research was done to hybrid sand filtration and 

MOSE to efficiently treat wastewater in Ghana (Kwabena Ntibrey, Kuranchie and 

Gyasi, 2020).  Hybrid of MO with chitosan resulted in decreasing the dose for both 

coagulants and better turbidity removal as well (Vigneshwaran et al., 2020).  Keeping 

in view all the merits of using MO, for treating drinking water and wastewater, the 

commercial restraints for large scale use need to be addressed (Saleem and 

Bachmann, 2019). 

Aims  

To review the efficacy of using MO extracts for removing pathogens, heavy metals 

and other contaminants from drinking water and wastewater. 

Motivation of the research: Purging the toxicants from wastewater and potable water 

needs either costly equipment as reverse osmosis, microfiltration, ultrafiltration or the 

use of chemicals like alum, chlorine, ferric chloride which are expensive and attract 

health hazards as well. The conventional water treatment methods are expensive 

(Kailash, D., Dharmendra, P. and Anil, V., 2010; Jones, 2016) and some of them 

result in formation of disinfection bye products (DBPs) (Palansooriya et al., 2020). As 

advocated by WHO, water may be treated in each region depending upon the 

available resources. Moringa Oleifera is almost available globally and the treated 

water meets WHO standards. It is biodegradable, ecofriendly and a sustainable 

source. This paper aims to promote green chemistry. 

Method 

Published literature on Sciencedirect, GoogleScholar® and Scopus® was explored 

for the use of moringa oleifera for the removal of contaminants from drinking water 

and wastewater. To retrieve articles, the terms like “moringa and wastewater 

treatment”, “moringa and drinking water treatment”, “removal of contaminants from 

water using moringa oleifera” were used. To specify the subject and retrieve most 

relevant articles, curly brackets were used as {Moringa} AND {Water treatment} 

{Moringa} AND {Wastewater- treatment} {Moringa} AND {Drinking water treatment} 

and {Moringa} AND {Potable water treatment}. 



 
 

 
 

57 published research papers were selected to review the role of moringa oleifera to 

remove either organic or inorganic contaminants or pathogens from water (not all 

included in this paper). The optimum dose of coagulant (mg/lit) and the method of 

extraction was also reviewed for each selected plant. 

Analysis and Results 

This research reviewed past studies on the role of moringa oleifera in water 

purification. The results are described in the table below: 

Sr. 
No 

Reference Coagulant utilization  Coagulant dose 
used in the 
research  

Results 

1 Abbas (2018) Treatment of industrial 
wastewater 

Up to 100 
mg/lit MOSE 

Cu, Cd, Cr, Zn, Pb in 
wastewater were removed to 
the compliance limits in 
Nigeria 

2 Ramesh et al. 
(2016) 

Drinking water 
treatment 

5 mg/liter 
MOSE 

55 – 86%% turbidity removal 

3 Jahn et al. (1988) Drinking water 
treatment 

   40-250 mg/lit  Removal of turbidity to <10 
NTU. 99% bacteria removed. 

4 Martin and Peres 
(2012) 

Drinking water 8-16 mg/lit 
MOSE 

98% turbidity removal 

5 Shan et al. (2016) Wastewater 50-150 mg/lit 
MOSE 

Up to 98% removal of Cu, Cd, 
Pb. 98% turbidity removed. 
DO improved by 2.58-4.0 
mg/lit 

6 Kansal and Kumari 
(2017) 

Wastewater  Up to 4 gm/lit 
MOSE. pH 3-7 
was maintained 
for aiding 
coagulation 

Reduction in TSS, COD, 
Nitrite, Nitrate 

7 Megersa et al. 
(2019) 

Drinking water 4ug/ml for 
deionized 
water. 
2ug/ml for 
0.5M NaCl 
extract 

37% turbidity removal 
 
93% turbidity removal 

8 Delelegn et al. 
(2018) 

Drinking water 16 mg/lit 
MOSE 

Turbidity removal from 208.3 
NTU to 33.66 NTU and 129.5 
NTU to 33.4 NTU. No pH 
change was observed. 

9 Katalo et al. (2018) Drinking water 2 ml/lit MOSE Turbidity removed from 7.8 
NTU to 1.1 NTU 

10 Ntibrey et al. 
(2020) 

Wastewater 2 gm/lit MOSE Removal to SS, turbidity and 
bacteria to meet the discharge 
consent 



 
 

 
 

11 Saleem and 
Bachmann (2019) 

Drinking water 75-250 mg/lit 
MOSE or 40 
mg/lit MOSE + 
40 mg/lit alum 

Water meets WHO standards 
for drinking purposes. 

12 Vigneshwaran et al. 
(2020) 

Synthetic turbid water 10-16 mg/lit 
MOSE + 
Chitosan 

95% turbidity removal 

Discussion  

The findings of Abbas (2018) are same as Shan et al. (2016) that MOSE effectively 

removes turbidity and heavy metals (HMs) from water. These findings could be 

supported through a study by Katalo et al. (2018). However, the later used much 

higher dose as compared to the first two researchers. This may be attributed to the 

initial low turbidity in water. Problem associated with using excess dose of coagulant 

is that it may re-attract pathogens. To address this issue, some  researchers 

(Ndabigengesere, Narasiah and Talbot, 1995; Oladoja, 2015; Saleem and 

Bachmann, 2019; Ueda Yamaguchi et al., 2021) suggest to extract the coagulant 

protein to avoid excess organic load. However, as indicated by Ghebremichael et al. 

(Ghebremichael et al., 2005), Agarwal et al. (Agrawal, Shee and Sharma, 2007), 

Kansal and Kumari (Kansal and Kumari, 2014) and Okuda et al. (Okuda et al., 2001) 

the purification process attracts high cost. Therefore it is currently limited to research 

purposes and cannot be implemented at commercial scale. 

Ma et al., (2016), in line with Vigneshwaran et al., (2020), and Wang et al., (2015) 

studied the combination of MO extract with other coagulants for reducing organic 

load. Improved performance of coagulant mixture was analysed via zeta potential 

and scanned electron microscopy (SEM). However, there is a debate among 

researchers whether to add MO before or after the synthetic coagulant. 

Ghebremichael et al., (2017) suggested that the MO should be added prior to the 

chemical coagulant like alum. The suggested argument to support was that initially 

the water turbidity is high and MO initiates small flocs which get adsorbed when the 

synthetic coagulant is added. Contrarily, the findings of Freitas et al. (2016) suggest 

that using alum prior to MO gives better results both in terms of reducing turbidity 

and toxicity. The researchers postulated that when MO is dosed after alum, it will 

help forming larger flocs and reduce the residual aluminium level. 



 
 

 
 

To ensure the safe use of natural products, it is vital to study their possible effects to 

damage the human cells (Araújo et al., 2013). The same is suggested by Jahn (Al 

Azharia Jahn, 1988) that before recommending MO as an approved coagulant for 

drinking water purification, its toxicologic effects need to be studied. The point raised 

by Lea (Lea, 2014) seems valid that MO seed extract shall not be used along with 

chlorine-based disinfectants. The reason being that MO seed extract is an organic 

based coagulant (Katalo et al., 2018) and thus it adds to the organic load of treated 

water. The chlorine added for water disinfection may react with these organics 

forming THMs which are carcinogenic in nature (Ghebremichael et al., 2005; 

Camacho et al., 2017). 

Conclusions  

In the light of the reviewed researches, it could be suggested that although MO is a 

cost effective coagulant to treat water, the optimum dose rate and method of 

extraction need to be elucidated to expand it to commercial scale from bench scale. 

Link to SDGs: The provision of clean water is among one of the 17 SDGs of the 

United Nations aimed to be achieved by 2030. 

Keywords: Water treatment, wastewater, moringa oleifera, coagulant protein 
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B8 - Auxetic bone scaffolds using selective laser melting  

Chameekara T. Wanniarachchi, Arun Arjunan, Ahmad Baroutaji and Manpreet Singh  

Abstract  

Additive manufacturing allows the development of auxetic materials based on 

repeating unit cells. Currently there are no literature on the development of CoCrMo 

auxetic bone scaffolds. As such this paper demonstrates the use of digital design 

tools and SLM additive manufacturing to develop CoCrMo auxetic bone scaffolds. 

Five open porous unit cells are investigated for their auxeticity using the finite 

element method (FEM). The results informed the selection of potential unit cell 

candidates for the design of five auxetic bone scaffolds at a porosity range of 80-

87%. These designs were fabricated using SLM using CoCrMo powder feedstock. 

The study found SLM to be suitable for the development of CoCrMo bone scaffolds 

that offer high porosity. This in turns contribute to the united nations sustainable 

development goals 3 and 9. Keywords: Auxetic materials; biomaterials; bone 

scaffolds; selective laser melting   

Introduction  

Auxetic structures offer exceptional properties due to negative Poisson’s ratio 

(Scarpa, 2008). Auxetic bone scaffolds, dental implants, neck braces, dilators, cage 

spacers for spine surgery and the femoral component of the total hip implant are 

some of the auxetic structural applications that are being explored in the biomedical 

industry. Baker (Baker, 2013) showed the potential application of auxetic materials 

for the reconstruction of intervertebral discs using finite element analysis. This study 

concluded that the use of intervertebral disc with a negative Poisson’s ratio would be 

helpful to prevent disc degeneration disease. Choi (Choi et al., 2016) investigated 

the use of auxetic PLGA (D, L-lactic-co-glycolic acid) scaffolds where it was shown 

that a negative Poisson’s ratio architecture will conduct high compressibility in all 

directions offering improved bone reintegration.  

Abdelaal et al. (Abdelaal and Darwish, 2012a) explored the fabrication of auxetic 

cellular structures for biomedical applications within the context of femoral hip 

replacement. The study showed the potential of functionally graded auxetic (FGA) 

polymer structure that shows negative Poisson’s ratio. The study also found that an 



 
 

 
 

increase in structure porosity using auxetic architecture leads to increase in −𝜐𝜐 of the 

structure (Abdelaal and Darwish, 2012b). This study demonstrates the use of auxetic 

architecture in hip replacement due to mimic the bone’s stiffness through the use of 

additively manufactured titanium alloy (Abdelaal and Darwish, 2012b).   

It is clear from the literature that auxetic materials are gaining momentum in tissue 

engineering. However, studies on auxetic metallic biomaterials are limited. As such 

this paper presents the development of CoCrMo auxetic bone scaffold based on 

repeating unit cells conceived at the micron level. The use of finite element analysis 

to qualify the Poisson’s ratio of the materials are also demonstrated. Lastly the 

selective laser melting technique is demonstrated as a potential on-demand 

fabrication technology for the manufacturing of auxetic bone scaffolds.  

Methodology  

Unit cell design  

Cellular architectures as proposed by Lakes (Lakes, 1993) can be considered 

composites where one phase is solid, and the empty space filled with fluid. The solid 

phase consists of a network of struts often referred to as lattices or cells. Cellular 

solids are typically characterised by unit cells (UCs) with certain symmetry elements 

(Baroutaji et al., 2019). Informed by literature 5 different auxetic UCs were 

considered for this study as shown in Figure 1 that allow for interconnected pores.   

Figure 1. Auxetic unit cells considered for scaffold design 

The unit cells were designed without overhangs greater than 45° to avoid extensive 

support requirement difference during SLM fabrication process (Arjunan et al., 2020). 

All unit-cells were designed using the ‘Solidworks 2019’ CAD software. The designs 

considered the philosophy of Limmahakhun et al. (Limmahakhun et al., 2017), which 

recommended lattice materials at the millimetre scale to be the best way to reduce 



 
 

 
 

the stiffness of metallic implant. Consequently, each of the unit cells were conceived 

at global length, width, and height of 2 mm resulting in a bulk volume of 8 mm3.  

Finite element analysis  

All the unit-cells were claimed in literature (Bruggi and Corigliano, 2019; Fei et al., 

2020; Gao et al., 2019; Krödel et al., 2014; Rad et al., 2015; Wu et al., 2018) to be 

auxetic; meaning they demonstrate lateral shrinkage while being axially compressed. 

However, the auxeticity of each unit cells were qualified using finite element analysis 

(FEA) for scaffold design. To do this a lattice structure composed of each unit cell 

arranged in 3x3x3 format as shown in Figure 2 was designed. The non-linear elastic-

plastic performance of all the scaffold designs were studied using the finite element 

method (FEM). The Ansys non-linear mechanical solver was used to simulate the 

structural behavior closely following the physical test conditions. Two square platens 

were modelled with boundary dimension and thickness of 10 mm and 0.5 mm 

respectively to acted as rigid body displacement-controlled actuators as shown in 

Figure 3.  

 Figure 2. Unit cell assemblies designed for finite element analysis  

The thickness of the square plates is irrelevant as they were assumed to be rigid 

bodies. Consequently, the 0.5 mm thickness was randomly assumed in comparison 

with the overall dimensions of the unit cell assembly being simulated. A fixed support 

was placed for the bottom surface and a -10% vertical displacement ramped at 100 

substeps along the 𝑦𝑦 direction. To avoid any spurious effects the displacement of the 

compression plate was constrained in 𝑥𝑥 and 𝑢𝑢 similar to the physical rig. For 

computational efficiency, the contact between the rigid body and scaffold were 

modeled frictionless.  

  



 
 

 
 

 

Figure 3. Finite element model showing (a) boundary conditions and (b) element type  

The material model was based on the Bilinear isotropic strain hardening (BISO) to 

model the unit cell assemblies. Accordingly, the material behavior is described by a 

bilinear stress-strain curve where the initial slope described using E (200 GPa). The 

curve is assumed to be perfectly plastic post the yield strength (1060 MPa). Other 

parameters used were a density of 8300 kg/m3 and Poisson’s ratio of 0.29. The unit 

cell assemblies were modelled using 3D, 10 node higher order tetrahedral element 

SOLID187 as shown Figure 3b.  

Additive manufacturing  

All scaffolds were manufactured using biocompatible CoCrMo super alloy with 

composition as listed in Table 1. The samples were built by using an EOS M290 

SLM machine with a laser spot size of 100 µm and layer thickness of 40 µm. Argon 

inert gas atmosphere was used inside the chamber. Steel base plate with 

dimensions of 250×250×25 mm fixed on a heating plate at 230°C has was used as 

the substrate. All samples were heat treated post-printing at 1150°C for six hours. 

Table 1. Chemical composition of the CoCrMo alloy used  

Elements  Co  Cr  Mo  Si  Mn  Fe  C  Ni  
Composition  

 (wt. %)  60-65  26-30  5-7  ≤ 1.0  ≤ 1.0  ≤ 0.75  ≤ 0.16  ≤ 0.1  

  

   

Mesh resolution   

𝑚𝑚𝑦𝑦 = − 10 %   ( 𝑛𝑠𝑢𝑢𝑏   100 )   

Fixed rigid body   
  

Scaf fold   

Moving rigid body   

( a )   ( b )   



 
 

 
 

Results and discussion  

Unit cell properties  

The theoretical performance of the unit cells based on Ashby’s criterion is listed in in 

Table 2. The lowest performance was exhibited by UC2 at 1.577 GPa (𝐸𝐸𝑡𝑡ℎ𝑟𝑟) and 

28.049 MPa (𝜎𝜎𝑦𝑦 (𝑡𝑡ℎ𝑟𝑟)), which is representative of their high porosity. In summary, the 

theoretical modulus of all unit cells falls below the elastic modulus of tibial cortical 

bone at 18 GPa (Hoffmeister et al., 2000; Rho et al., 1993; Zysset et al., 1999). This 

was expected due to the high porosity of the UC designs considered.  

Table 2. Properties of the unit cell designs where 𝑚𝑚𝑚𝑚𝑚𝑚, 𝑉𝑉𝑚𝑚𝑚𝑚, 𝜌𝜌𝑟𝑟, 𝐸𝐸𝑡𝑡ℎ𝑟𝑟 and 𝜎𝜎𝑦𝑦 are mass, volume, relative density, 
theoretical elastic modulus and yield strength respectively  

Scaffold  
 Design    

  Properties    

𝑚𝑚𝑚𝑚𝑚𝑚 (g)  𝑉𝑉𝑚𝑚𝑚𝑚 (mm3)   𝜌𝜌𝑟𝑟  𝐸𝐸𝑡𝑡ℎ𝑟𝑟 (GPa)  𝜎𝜎𝑦𝑦 (MPa)  

UC1  0.0134  8  0.2018  8.144  96.092  
UC2  0.0059  8  0.0888  1.577  28.049  
UC3  0.0110  8  0.1656  5.484  71.432  
UC4  0.0078  8  0.1174  2.756  42.639  
UC5  0.0074  8  0.1114  2.481  39.412  

Numerical results  

Using the numerical model, the unit cell assemblies (UCAs) were evaluated for their 

potential to be used as auxetic bone scaffold. Table 3 shows that all the assemblies 

(UCA1-UCA5) exhibit negative lateral strain indicating a -𝜐𝜐. The reason for this can 

be comprehended from Figure 4 which presents the lateral deformation under axial 

compression. The lateral deformation exhibited by UCA1 to UCA5 (Figure 4a-4e) 

shows auxetic behaviour with lateral walls deforming in opposite direction. The 

number of unit cells engaged in lateral shrinkage by UCA1 is demonstrates the 

highest negative Poisson’s ratio of -0.31. As all UCs are suitable for the design of the 

auxetic bone scaffolds.  

Table 3. Properties of the lattice candidates evaluated for scaffold design  

Property  UCA1  UCA 2  UCA 3  UCA4  UCA5  
𝜀𝜀𝑎𝑎𝑥𝑥𝑎𝑎(× 10−5)  4.16  4.65  4.17  4.78  5.38  
𝜀𝜀𝑙𝑙𝑎𝑎𝑡𝑡(× 10−5)  -1.31  -0.83  -0.56  -1.19  -1.56  
𝜐𝜐  -0.31  -0.18  -0.13  -0.25  -0.29  

 



 
 

 
 

   

Figure 4. Auxeticity of UC assemblies by FEA  

Design and manufacture of auxetic bone scaffolds  

The linear mirroring of UCs in x, y and z coordinates resulted in five respective 

scaffold designs designated AX1 to AX5 as shown in Figure 5. The global cylindrical 

dimensions where derived to fit an equivalent tibial segmental horizontal cross 

section of 180.024 mm2. The diameter of an equivalent circle that can fit the tibial 

cross section dictated the scaffolds radius of 7.25 mm. Accordingly, the length of all 

the scaffolds developed in this study has 18 mm, qualifying as critical length 

scaffolds. The resulting properties of the scaffold designs are listed in Table 6. The 

scaffold properties satisfy the porosity requirements of higher than 50% for open 

porous bone scaffolds. The highest and lowest porosity was exhibited by scaffolds 

AX5 and AX1 at 80.49% and 85.69% respectively. Selective laser melting was used 

to additively manufacture the five different scaffold designs (AX1-AX5) as shown in 

Figure 6.   

  

 Figure 5. Scaffold designs featuring auxetic unit cells UC1 to UC5  
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Table 4. Properties of the auxetic bone scaffold designs  

Properties  
 Scaffold Designs   

AX1  AX2  AX3  AX4  AX5  
Relative density (𝜌𝜌𝑟𝑟 )  0.1951  0.1614  0.1662  0.1326  0.1431  

Porosity (%)  80.49  83.86  83.38  86.74  85.69  

 

Figure 6. Selective laser melted CoCrMo auxetic bone scaffolds  

Conclusion  

Auxetic materials are designer biomaterials with unusual and unprecedented 

properties that originate from their geometrical architecture at micron scales. In this 

context, this paper demonstrates the use of selective laser melting to fabricate 

porous auxetic CoCrMo bone scaffolds and reports their design and fabrication for 

the first time. The finite element analysis identified five auxetic assemblies (UCA1-

UCA5) exhibiting a 𝜐𝜐 of -0.13 to -0.31. The theoretical elastic modulus and yield 

strength of the unit cells were found to be in the range of 1.5-8.1 GPa and 28-96 

MPa respectively. As such all the five designs presented in this paper are suitable for 

the development of auxetic bone scaffolds using additive manufacturing. Overall, 

SLM was found to be suitable for the fabrication of a range of CoCrMo auxetic bone 

scaffolds that offer high porosity.  

Link to SDGs: This in turns contribute to the United Nations sustainable 

development goals 3 and 9.  

Keywords: Auxetic materials; biomaterials; bone scaffolds; selective laser melting.   
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B9 - Experimental and Programmed Application for Flow Regimes 
Identification 

Richard Ekpedekumo, Chike Oduoza, Adebayo David 

Abstract 

This paper discusses the experimental data and programmed application flow 

regime pattern identification of gas-liquid two phase flow in tubes. The experiments 

were carried out on a 54.8 mm internal diameter vertical pipe in the oil and gas 

multiphase flow facility. The experimental data in the vertical riser system for the 

gas-liquid flow were analysed and found to be appropriate for two-phase flow regime 

identification. 

The visual observation plots and the fluid flow simulation modelling software 

approaches are used as reliability and validation for the experimental data.  

The fluid flow simulation modelling software is observed to characterize the flow 

regime pattern completely. The study provides an insight of the flow pattern 

development in the piping system and shows that a good understanding of these 

flow patterns with proper analyses will help in predicting the critical velocity; prevent 

unwanted bidirectional flow reversal scenario in the oil and gas industries, which may 

lead to liquid accumulation in a well bore. This will ultimately be useful for a 

sustainable energy in the future.  

Keywords: Annular flow, Churn flow, Slug flow, Flow patterns, Two-phase flow, 

bidirectional flow reversal 

Introduction 

The importance of multi-phase flow (gas-water or gas- oil) in a pipe riser, production 

systems, and other industrial application facilities cannot be overemphasised. The oil 

and gas industry are characterized with these flows. The flow regime patterns that 

occur in multi-phase flow are of great importance in predicting the superficial gas 

velocity that is linked to the development of bidirectional flow reversal in a piping 

system. The understanding of these flow patterns provides insights of the flow 

occurrences within the pipe, which can also be used as a tool for the prediction of 

critical velocity. The flow regime patterns that occur in multi-phase flow are of great 



 
 

 
 

importance in predicting the superficial gas velocity that is linked to the development 

of bidirectional flow reversal in a piping system. The understanding of these flow 

patterns provides insights of the flow occurrences within the pipe, which can also be 

used as a tool for the prediction of critical velocity. 

These flow regime patterns as shown in Figure 1 include bubble, slug, churn, and 

annular and possess distinctiveness characteristics that is linked to the physical 

mechanisms which drives them as observed and reported by Wu et al. (2019), Taitel 

et al. (1980), and Hewitt (2012). The prediction of flow regime patterns has been 

studied empirically for decades and it has been discovered that there is a 

relationship between these patterns and their superficial gas and liquid velocities 

(Wallis, 1969; Mishima and Ishii, 1984; Towler et al., 2016). However, Towler et al. 

(2016) noted that all such predictions are restricted to the facilities and the working 

fluid properties on which the experiments were carried out. 

Elperin et al. (2002) used the wavelet transform-based approach to establish and 

validate their experimental data for flow regime identification, using time series of 

differential pressure fluctuations. Their results show that the wavelet spectrum of the 

measured signals characterized the flow regime patterns. Wu et al. (2017) reported 

that only a few of the experimental investigations in tubes have concentrated on the 

counter-current flow limitations that have been empirically predicted with 

modifications following the correlation proposed by Wallis (1969). And this same 

technique of prediction has been used in this study for comparison with the acquired 

experimental data acquired presented in Figure 4. Towler et al. (2016) stated that all 

predictions of flow regime patterns on co-current to counter-current flow processed 

without experimental data in a riser depend on invalidated models. Ghosh et al. 

(2012) investigated a co-current to counter-current flow pattern maps in a 25.4 mm 

internal diameter riser tube but could not distinctly adopt the phase changes. The 

authors observed that during the transition from churn to annular flow, there is 

oscillatory up and down fluctuating turbulent flow within the system, and further 

observed that, the film thickness of the annular regime turns higher. 

 

  



 
 

 
 

                              

Figure 1: Flow regime patterns in a vertical pipe. (national   measurement systems, 2010) 

Problem statement/motivation of the research 

Most flow regime pattern identification in literature for multi-phase flow have been 

made by visual observation. The lack of programmed application flows regimes 

pattern identification of multi-phase flow in vertical tubes in literature has motivated 

this study. What could be an alternative and appropriate technique for identifying 

flow regime patterns? This study has combined the visual and the programmed 

application methods. 

Methodology  

To observe the flow regime patterns for two-phase flow of oil and gas in a vertical 

pipe riser system, series of experiments were carried out on a 54.8 mm internal 

diameter vertical pipe in the oil and gas multiphase flow facility. This facility is an 

industrial standard multiphase flow experimental rig, in which the working fluids are 

gas, oil and water. The testing rig consists of a Perspex pipe section that allows for a 

visual inspection of two-phase flow reversal phenomenon, as shown in Figure 2. 



 
 

 
 

 

Figure 2: Schematic of the 54.8 mm horizontal to vertical riser test section of the 3-phase facility produced for this 
study. 

Results and Discussions 

Figure 3 presents the flow pattern in a vertical air (oil, water) flows during the 

experiments. Figure 3 (a) shows a co-current annular churn regime. In figure 3(b), 

the liquid film growth is seen close to the liquid inlet which is the onset of 

bidirectional flow reversal at the critical point. In figure 3(c), settled wave are 

observed close to the liquid inlet, while in figure 3(d), liquid film flow reversal is 

triggered due to decrease in the gas flow area. Finally, figure 3(e) shows flow 

reversal film continuous to descend the tube, and in figure 3(f), flow reversal films 

continue to increase. At each liquid flow rate, the gas flow was decreased from a rate 

that produced a definite up-flow of liquid to a definite down-flow of the liquid, and a 

churning ridge or ring of liquid became visible in the test section. This churning ring 

of liquid (oil, water) appeared at flow rates close to the onset of the bidirectional flow 

reversal point but would remain stationary if the gas flow rate was not lowered 

further. With slight decreases in gas flow, the churning liquid ring began to recede 

down the pipe (in the direction of the gravity force). Figure 4 is the conventional plot 

of the experimental data on the Wallis (1980) flow correlation map. 

 



 
 

 
 

 

 

Figure 3: Images of the two-phase flow reversal flow structures observed for a fixed liquid flow rates of 0.052 m/s in 
the 54.8 mm i.d. tube: (a) Usg 9.68 m/s, (b) Usg 9.68 m/s, (c) Usg 8.57 m/s, (d) to (e) Usg 5.22 m/s, (f) Usg 1.26 m/s. 

 

 

Figure 4: Flow pattern map for the range of flow rates in the present gas (oil - water @ 0.7 bar) 

Figure 5 presents the simulation result from the experimental data of the study. The 

fluid flow simulation modelling software allows the visualization of the flow regime 

pattern map for a given pipeline riser system. When the pipe riser type, such as the 

horizontal for a stratified wavy flow pattern or the vertical section is selected, the 

required flow regime is displayed on the chart. However, with a change in the 

elevation to 90 degrees (90o), a flow regime pattern of annular/annular mist is 

produced with increase in the gas flow rate. This is because the superficial gas 

velocity increases with the pipe inclination. 

As observed in Figures 4 and 5, the conventional plot of this study data against the 

Wallis (1980) correlation shows the flow reversal point in the churn/annular flow 



 
 

 
 

region Which are in close agreement with the results from the literature. This is also 

observed in the programmed application simulation plot that lies within the same 

churn/annular flow region (red dot) in figure 5. 

 

          Figure 5: Simulation result of the vertical riser section of the pipe with the red dot (churn/annular) as the flow 
reversal point). 

The slight discrepancies in the results could be due to the increase in friction losses 

in the pipe, the gas volume, as well as fluid property effects that would have 

occurred due to temperature changes across the system. These factors could 

possibly have led to differences in the flow regime patterns.  

Conclusions 

This study considered an experimental investigation on flow regime patterns of two-

phase gas – liquid that ensue in a vertical riser system.  

The flow regime patterns are captured by means of visual observation. During the 

experiments, various flow patterns are observed such as the slug, churn, annular 

and annular mist. The plot of the experimental data from this study against the Wallis 

(1980) correlation shows the flow reversal point in the churn/annular flow region. The 

observed flow pattern using the fluid flow simulation software is also in good 

agreement with the results from the experimental data and from literature. The study 



 
 

 
 

provides evidence that programmed application software can be used for flow 

regime pattern identification for multi-phase flow in vertical tubes. 

Keywords: Annular flow, Churn flow, Slug flow, Flow patterns, Two-phase flow, 

bidirectional flow reversal. 
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B10 - Talent management for Net-Zero: Construction industry perspective 

Mark Stride, Suresh Renukappa, and Subashini Suresh  

Abstract 

COVID-19 has further challenged the construction industry to improve talent 

management methods whilst the 2021 United Nations Climate Change Conference 

(COP26) met to understand how the world can strive to produce a carbon net-zero 

climate which directly relates to Sustainable Development Goals 11 (sustainable 

cities and communities) and 13 (climate action). Therefore, this paper provides a 

richer insight into the understanding and awareness of net-zero talent management 

strategies and how the UK construction industry must adapt to help it become more 

sustainable whilst upskilling and providing enhanced leadership throughout the 

workforce. This paper contributes towards informing policymakers on how 

organisations and the construction industry can improve net-zero workforces, new 

job roles being created and directly relating to other construction issues. The findings 

of this paper has helped produce five key recommendations (i.e. innovation, 

implementation, industry 4.0/5.0, incentivise and inclusion) that should be used as a 

basis to implement strategies for both employers and employees to progress net-

zero talent management.    

Introduction 

In October 2021 the 26th Conference of the United Nations Climate Change 

Conference (COP26) met to understand how the world can strive to produce a 

carbon net-zero climate whilst producing 4 key goals: 

1. Secure global net-zero by mid-century and keep 1.5 degrees within reach 

2. Adapt to protect communities and natural habitats. 

3. Mobilise finance. 

4. Work together to deliver. 

 



 
 

 
 

Using these goals, the UK workplace, in particular the UK’s construction industry 

must take responsibility for its actions. The UK construction industry has the largest 

gross domestic product (GDP) contributing to 9.2% of the UK economy (ONS 2022). 

Therefore, as the UK progresses out of the COVID-19 pandemic where the 

construction industry has had to become increasingly innovative and leaner this is an 

opportune moment for the sector to concentrate on contributing to world goals by 

aiming to produce net-zero workforces.   

Deloitte (2021) explain that whilst the construction industry strives to improve, the 

sector must also understand that the manufacturing and construction sectors 

account for 16% of total UK emissions that must not be accepted. Kramer (2020) 

explains that the COVID-19 pandemic has forced the industry to become 

increasingly innovative producing new methods of working to enable businesses to 

continue and this is an opportune moment to improve upon this by enhancing digital 

skills, improving leadership and creating new positions to allow the construction 

world to become more sustainable.  

Research Gap 

The construction industry has been notoriously slow at adopting change, including 

industry 4.0 where other sectors are progressing towards industry 5.0 (Garcia 2019). 

It is essential that businesses and the UK Government improve methods of net-zero 

talent management whilst building on global sustainability strategies. There is now a 

lack of research to understand how the sector can now improve using the learnings 

from the coronavirus pandemic as an impetus to improve businesses talent 

management strategies in respect to net-zero talent management. 

Research Aim 

The aim of this research was to understand how the construction industries the 

construction industry can strive towards a net-zero workforce. Covid-19 has changed 

the way employees work and therefore some of the objectives was to review the 

implications of Covid-19 and how industry 4.0 and digitalisation is advancing within 

the sector and the importance of it. 

 



 
 

 
 

Methodology 

Moher et al., (2015) explains that detailed, well-described protocols can facilitate the 

understanding and appraisal of the review methods, as well as the detection of 

modifications to methods and selective reporting in completed reviews.  Therefore, a 

systematic review is used for this paper to review 15 reports. A literature review was 

the only method of research used for this study which enabled a good understanding 

of the need to improve net-zero talent management throughout the sector which has 

been increasingly necessary during COVID-19. Scopus was used as the main 

database to obtain published evidence to help complete this study as it is a robust 

database, containing a large amount of relevant material that has been used to 

support this document. Further to this, peer reviewed journals including Government 

publications and professional construction bodies have been used to gain a further 

understanding of how net-zero talent management can help improve sustainability, 

productivity and efficiency within the workplace. Therefore, this has evidenced what 

organisations are currently doing to improve net-zero talent management, what the 

drivers are and where there are research gaps.   

Literature Review  

Deloitte (2021) explain that a systematic shift is needed across all sectors of the UK 

economy to support the government’s net-zero commitment by 2050 as the 

manufacturing and construction sectors that account for 16% of total UK emissions. 

Further to this Kramer (2020) and Li et al., (2020) explain that COVID-19 has 

brought immediate unprecedented change to many construction companies and their 

workplaces. The pandemic has drastically changed the way we work, communicate 

and socialise leaving us with significant daily changes. This has helped the 

construction sector become leaner and increasingly efficient. The sector now has the 

opportunity to go beyond expectations on improving the environmental and social 

impact of their products and services. Ultimately, they need to create value and 

competitive advantage by putting sustainability at the centre of business strategy and 

pursuing meaningful decarbonisation objectives. Improvements are being made and 

an example of this is that prior to the pandemic Motamarri et al., (2022) explains that 

8% of the workforce worked remotely, however this has increased to 38% who now 

have the option to work remotely. Bane (2020) explains that this has had a 



 
 

 
 

subsequent effect on the UK economy offering a £1.1 billion saving which includes 

commuting costs and office closures, however, key construction bodies including 

Deloitte (2021), RPS Group (2021) and Chartered Institute of Building (CIOB) (2021) 

still feel that this must be improved on this where organisations must be prepared to 

make complex decisions whilst forging new alliances with other companies, centres 

of innovation and educational institutions. 

Whilst organisations and employees have been working remotely and learning new 

techniques of working the House of Commons explains that the UK construction 

industry is responsible for over 6.6% of the UK workforce and 9% of gross domestic 

product (GDP), but lag behind many other industries that are now advancing from 

industry 4.0 to industry 5.0. The sector is still teaching very traditional methods of 

working; however, many construction professionals insist that new skills sets are 

required to overcome the challenges of net-zero talent management and Garcia et 

al., (2019) explains that there is no question that industry 4.0 will have a profound 

impact on the industry and will disrupt jobs; but the exact consequences on the 

workforce have not yet been calculated due to the fast pace digitalisation is moving 

at. Therefore, a holistic approach across the sector involving every employee will be 

needed to upskill and retrain the labour market which may dissipate sections within 

businesses in order to achieve government goals and meet SDG goals including 

Development Goals 11 (sustainable cities and communities) and 13 (climate action).  

Many employees have environmental concerns and want to be employed for 

organisations who are ambitious to improve upon sustainability. Accenture (2021) 

show that more than eight in 10 women and seven in 10 men want to play a role in 

tackling climate change and further to this Forbes (2021) and Pellegrini et al., (2018) 

explain that when sustainability is valued and promoted by the organisation and line 

managers, employees are more likely to comprehend and make sense of 

sustainability, which is subsequently reflected in a higher commitment to adopt 

strategies. Therefore, it is important that organisations invest in sustainability that will 

help attract new talent that will buy into new company aims and objectives. This 

compliments Deloitte’s (2021) reports which revealed that strong leadership is 

essential to produce a lean efficient workforce that can articulate the benefits of 

sustainability in a workforce, and it is essential that the construction industry uses the 



 
 

 
 

economic downturn to attract new talent from other industries whilst promoting the 

construction industry to young enthusiastic students who will offer a new dimension 

of digital working whilst the aging workers are retiring. This will be essential to meet 

decarbonisation targets across the UK. New positions within organisations will 

become essential by employing sustainability officers to design, implement and 

monitor net-zero standards within businesses and meet government legislation.  

The UK built environment is constantly challenged with talent management issues 

which could be eased by a greater use of industry 4.0 methods such as digital 

twinning, smart manufacturing and factories, robotics and artificial intelligence, which 

would improve the digital platforms and technology used within the sector. 

Digitalisation is the backbone for the sector to produce a net-zero workforce and is 

integral for all advancements that can be made. However, the UK Parliament Post 

(2021) explain that around a fifth of the UK population do not have essential digital 

skills for life and 44% of organisations suffer from a digital skills gap. This directly 

relates to the construction industry as many industry professionals including Froese 

(2010), FMI (2020) and Chowdury et al., (2019) all explain that the construction 

industry must improve talent management using digitalisation within the sector to 

help improve quality, sustainability, productivity and profitability. However, smaller 

organisations are resilient against taking financial risks in an uncertain climate, but 

Accenture (2021) and Deloitte (2021) explain that it is essential that businesses 

invest in decarbonising talent management strategies whilst exploring in new 

methods of working. 

Discussion 

It is evident that organisations need to improve their aims and objectives to strive 

towards a net-zero workforce that helps the world’s broader sustainability approach. 

Whilst doing this, businesses will need to be innovative, creating new positions to 

manage sustainability within organisations, enhancing digitalisation within 

businesses and improving modern methods of construction. COVID-19 has helped 

the sector become increasingly efficient where organisational policies and 

procedures have been amended to allow employees to work remotely which has 

seen a huge increase of video technology and office closures, however this still isn’t 

enough. Small to Medium Enterprises must be persuaded to invest in new 



 
 

 
 

technology as other sectors are now working towards industry 5.0 where the 

construction sector is still aiming to achieve industry 4.0. 

Recommendations 

Using the research and conclusion, 5 I’s have been produced to offer 

recommendations that are viewed as essential to benefit the construction industry:  

1. Organisations need to be brave and show trust in their employees to be 

innovative developing new methods of working whilst becoming more efficient. 

Throughout the COVID-19 pandemic businesses had to show innovation whilst 

enabling employees to work remotely and using increased amounts of technology, 

however, businesses must review other industries methods of improving technology 

and use this within the construction industry. 

2. Whilst the construction industry is reviewing other industries methods of 

working and understanding how key improvements have been made, it is imperative 

that organisations design implementation plans to ensure that improvements are 

made whilst measuring against progress for continual success.  

3. It is imperative that industry 4.0 is at the forefront of the construction 

progression plans that will lead to industry 5.0. All aspects must be considered and 

implemented within the sector to provide assistance to the skills shortages, pre-

fabrication, programming and health and safety.  

4. Both government and the industry must incentivise smaller organisation to 

invest in digitalisation and methods of working to help the sector progress and 

become more efficient. Smaller organisations are essential to the industry, however 

it is important that they have the same sustainable aims and objectives as larger 

organisations. 

5. It is important that organisations include employees in plans to produce net 

carbon zero workforces and help both individual businesses and the construction 

industry to become increasingly sustainable. Part of this will be employing leaders to 

help progress a lean efficient workforce, however, employees will be essential to 

working groups offering opinions and assistance. 



 
 

 
 

Research Limitations and Further Research 

This research was based on a limited sample of literature that was worthy evidence 

for this document. However, to expand this research a wider source of literature 

would be necessary in conjunction with live data to truly understand what strategies 

organisations are implementing to improve their workforces. By doing this, a greater 

understanding of net-zero talent management would be obtained from all sizes of 

organisations who have varying budgets to implement their strategies.  

Link to SDGs: Sustainable Development Goals 11 (sustainable cities and 

communities) and 13 (climate action). 

Keywords: Carbon net-zero, Industry 4.0, Leadership, Sustainability, and Upskilling. 
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B11 - Batteries degradation, and performance monitoring using different 
sensors 

Obinna Nwadiuto, David Adebayo, Zlatka Stoeva, Fideline Tchuenbou-Magaia 

Abstract 

The importance of this study is to aid future battery design and improve the lifespan 

which would be accomplished by employing a variety of sensors to monitor battery 

performance and degradation. These batteries need periodic recharges to 

compensate for lost power, and generally have a relatively short service life and age 

or degrades even if not in use. Secondary data i.e., journals/articles, sources, books, 

websites were used for the research. The evaluation of the literature contains the 

methods that others have used to measure battery degeneration, as well as the 

benefits and drawbacks of various sensors. The findings of the literature study 

dictated the experimental design of the research currently in progress.  

Based on my findings from the literature it was observed that there is no practical or 

cost-effective way to measure internal strain in the lithium-ion battery during 

operation and not much work has been done on implanting strain gauge sensor to 

measure circumferential internal strain in a cylindrical battery.  

Also, not much work has been done on the utilisation of thermistors to measure 

battery degradation. According to the findings, most thermistors monitor the surface 

temperatures of batteries, leaving the other batteries unmonitored, and this 

potentially results in dangerous hazards like thermal runaway. Moreover, the novelty 

of this project resigns in the validation of the newly developed graphene-based 

sensors. 

Introduction 

Rechargeable batteries are mainly Lead-, nickel- and lithium-based batteries though 

there is a growing interest in sodium-ion batteries. These batteries need periodic 

recharges to compensate for lost power, and generally have a relatively short service 

life and age even if not in use.  Lithium-ion batteries (LIBs) are the most used 

because of their better specific energy for longer runtimes and improved specific 

power for good power delivery on demand. Their broad applications vary from simple 



 
 

 
 

mobile phone devices and electric mobility to multi-megawatt battery storage 

systems. Indeed, the global demand for lithium-ion batteries is expected to climb 

elevenfold between 2020 and 2030, reaching more than two terawatt-hours in 2030 

probably due to societal and regulatory pressure for emission reduction which 

operates primarily by lithium-ion batteries (Statista, 2021).  Lithium-Ion batteries can 

nowadays be found in many applications, ranging from mobile computing devices 

over electric mobility up to multi-megawatt battery storage systems.  

Repeated charge and discharge cycles, high temperature and depth of discharge 

create fatigue in lithium-ion battery electrodes, resulting in electrode degradation and 

fracture, lowering battery performance, and bringing the battery's lifetime to an end.  

Moreover, battery cells are often used under high demanding operating conditions 

such as charging at high current rates or charging at low temperatures which could 

result in lithium-plating and deposition of metallic lithium at the anode surface, 

internal short circuits, and localised exothermal decomposition of the electrolyte 

(Waldmann, Hogg and Wohlfahrt-Mehrens, 2018). Overcharging is particularly 

dangerous since it can cause each cell to overheat, causing further catastrophic 

events such as an explosion. For applications with high specific power requirements, 

these risks are usually reduced by overdesigning the cooling system or having the 

available charge- or discharge power reduced by the battery management system 

(BMS) even at moderate temperatures (Zappen, Fuchs, Gitis and Dirk U Sauer, 

2020). However, as abovementioned, error mechanisms, such as internal short 

circuits or overcharging can ultimately lead to cell failure. In situ monitoring of cells 

with highly sensitive sensors would contribute to overcoming this challenge.  

 

Different types of sensors for measuring battery degradation 

Strain gauge sensors 

Strain gauge sensors (Figure 1 a) can detect the length change induced by an 

external force and convert it to an electrical signal, which can subsequently be 

converted to digital values, displayed, captured, and analysed) (Smith, 2020).This 

works because when a strain gauge sensor is stretched or compressed, the 



 
 

 
 

resistance changes. Strain gauge sensors are utilised to measure strain, force, 

pressure and stress. 

 

Figure 1(a) Strain gauge sensor(Michigan Scientific Corporation,2020) (b)  and thermistors (microdigisoft,2020)  

Thermistor 

An NTC thermistor (Figure 1 b) is one of the most crucial components for charging 

Li-Ion batteries. A thermistor ensures that charging is both efficient and secure. They 

achieve this by supplying users or systems with essential temperature data that is 

required to keep the Li-Ion in optimal condition throughout charging cycles. The use 

of a thermistor to protect charging ensures longer battery life and fewer dangers) 

(Thermistors and Battery Safety, 2019) 

Problem statement/motivation of the research 

The motivation of the research is to improve future battery design and diagnose to 

make a battery last much longer. Also, as there is a growing quantity of second-life 

batteries and their use in less demanding applications precision monitoring at the 

level of the cell will have a big impact. This could be achieved by using different 

sensors to measure battery degradation and performance. 

 

Methodology 

There are three major parameters that play a vital role in battery ageing namely 

voltage, temperature, and current. Charging and discharging cells at the extremes of 

their working voltage ranges could damage the battery. Charging a battery at a low 

temperature could cause lithium plating and the deposition of metallic lithium at the 

anode surface and dendrites formation which leads to an internal short circuit of the 



 
 

 
 

battery. Lithium-ion batteries operate best at temperatures ranging from 20 to 40 

degrees Celsius. The electrode materials and electrolyte systems widely utilised in 

this temperature range exhibit great performance with acceptable lifetimes. Higher 

temperatures are generally expected to lead to a stronger ageing process, according 

to (Zappen et al. 2020). The Arrhenius behaviour, which is based on an approximate 

doubling of the reaction speed for a temperature increase of 10 K, is frequently 

observed in capacity loss and internal resistance increases. 

In terms of practical operation, a suitable thermal management design will usually 

avoid high-temperature variation range. Such temperatures are likely to be attained 

locally, especially when big cells are used in the battery pack for applications with 

high current rates. The same holds if the cooling system is inadequately constructed 

or if other scenarios of overuse occur (Zappen et al. 2020). 

Strain gauge sensors, DZP graphene sensors and thermistors would be placed in 

the lithium-ion battery pack fabricated in the lab for critical analysis. After that they 

would be cycled for long periods of time and measurements would be taken. The 

cycling process entails charging and discharging the battery for long periods until 

they age. This experiment would generate mechanical stress data i.e., volume 

expansion of the battery, heat, and the temperature all at once. The strain gauge 

sensors measure volume changes, graphene DZP sensors measure the heat of the 

batteries and the temperature sensors measure their temperature.  The aim is to 

measure the degradation rate and the state of health of the battery using the three 

types of sensors and use the data to validate the newly developed sensors and 

develop predictive models for battery performance and lifespan.  

Analysis and discussion 

Strain gauge sensor 

Many studies concentrate on the deformation of electrodes in an in-situ cell, whereas 

the deformation and mechanical failure of the structure of jelly roll is less well-known. 

However, the mechanical failure of the jelly roll could play a significant role in the 

commercial lithium-ion battery's performance degradation.(Carter et al., 2019; Pfrang 

et al., 2019). It is more important to measure internal strain in a commercial lithium-

ion battery to figure out how the jelly roll structure fails mechanically.  Despite the 



 
 

 
 

severe electrochemical environment and the lithium-ion battery's strong 

performance, the difficulty of detecting the internal strain of the lithium-ion battery is 

still a real challenge. However, there is still no practical or cost-effective way to 

measure internal strain in the lithium-ion battery during operation. As a result, by 

examining mechanical failure in commercial lithium-ion batteries, an acceptable 

method for obtaining the internal strain was pursued (Zhu et al., 2021). According to 

Zhu et al. (2021), this was the first time an implanted strain gauge sensor was 

utilised to measure circumferential internal strain in a cylindrical battery. The 

observed results indicated that the thin-film strain gauge sensor was a good 

technology for monitoring internal strain in lithium-ion batteries and provided a 

platform for assessing the effect of several aspects on the safety of lithium-ion 

batteries, such as anode materials, internal strain distribution, and jelly roll 

dimensions. 

A 18650-lithium-ion battery with thin-film strain gauge sensor was evaluated by the 

battery testing equipment, as shown in Figure 2.  During the charging and 

discharging procedures, the strain recorder system monitored the circumferential 

internal strain (angular strain). The radial displacement resulted in the circumferential 

strain of the jelly roll, which is caused by the volume changes of the electrodes 

during the charge and discharge operation. A cycle test was conducted with a 

current rate of 0.2C (0.44A) which was performed on an integrated 18650 lithium-ion 

battery. Using a constant current/constant voltage protocol, the integrated 18650 

lithium-ion battery was first charged at a current rate of 0.44A until the voltage 

reached 4.2 V, and then discharged at a current rate of 0.44A until the voltage hit 2.5 

V using a constant current procedure. 

 



 
 

 
 

 

Figure 2 Thin film strain gauge sensors for measurement of internal strain (Zhu et al., 2021) 

The inserted thin film strain gauge sensor had no visible impact on the 18650 LIBs 

during the 15 initial cycles at a current rate of 0.44A, according to a comparison of 

the performance of the normal and integrated 18650 LIBs. The slope of the strain 

curve for the constant current charging process was virtually linear at first, then 

decreased. As a result, the slope rises. When the lithium-ion battery was discharged, 

the slope changes from 4.2 V to 2.5 V in the opposite direction. The volume 

fluctuations of the negative graphite electrode dominated the slope changes of the 

measured strain curves. Furthermore, during the first 15 cycles, an irreversible 

deformation was noticed, which continued to develop throughout the cycling. The 

negative electrode expanded in volume due to lithiation when lithium-ion battery was 

charged. The negative graphite electrode's volume expanded by 10% ,(Louli et al., 

2017; Louli, Ellis and Dahn, 2019) whereas the volume of the positive electrode also 

expanded somewhat due to delithtion. The NMC (nickel, manganese and cobalt) 

positive electrode had a volume shrinkage of 3% (Louli, Ellis and Dahn, 2019). 

Whenever the lithium-ion battery was discharged, the volume changed in the 

opposite direction. As a result, the volume changes of the negative electrode 

controlled the circumferential internal strain changes in the 18650-lithium ion battery 

which resulted in an increment in circumferential strain during charging and a 

decrement in strain during discharging. As a result, the volume changes of the 

negative graphite electrode in the 18650-lithium ion battery were identical to the 

changes in the observed strain. The circumferential internal strain variations 

recorded were identical to Dahn's experimental results (Louli, Ellis and Dahn, 2019), 

indicating that the proposed strain measurement method was a valid one. Willenberg 

et al. (2020) used another approach which measured the volume changes of the 



 
 

 
 

external part of the battery and looked at an ageing matrix made up of 51 Samsung 

35E battery cells. A minimum of three batteries per ageing point were evaluated 

under each of the twelve different ageing circumstances. The C-rate was also altered 

with two batteries at each of the three ageing sites. Before all data from the batteries 

can be analysed in-depth, the measuring method was verified. Because of the 

study's long-time frame and projected impacts in the lower micrometre range, it 

necessitates a thorough review of the procedure. In this regard, the authors 

examined the use of strain gauges as a useful instrument for precisely monitoring 

geometric changes in cylindrical cells. To begin, the strain gauge's validity was 

assessed by looking at signal drifts as a function of temperature and time. The strain 

gauge data, when combined with electrochemical analysis, provided information 

about lithium-ion batteries and their degradation, and design parameters for battery 

systems. 

According to the accompanying manufacturer's instructions, the strain gauge 1-

LY11-6/120A from HBM (Hottinger Baldwin Messtechnik) was bonded to the lithium-

ion battery housing with superglue Z70 . Because there is enough buffer in the 

housing in this direction, it was anticipated that the battery's height (z-direction) does 

not vary. As a result, only the diameter is expected to vary. The strain gauge was 

placed in the middle of the housing height in the circumferential direction to measure 

the change in diameter without the influence of edge effects. (Willenberg et al., 2020) 

The strain gauge's area and measuring grid area were 6 x 13 mm2 and 6 x 2.7 mm2, 

respectively. The electrical resistance between the two connected cables was the 

strain gauge's resistance. The strain on the measuring grid was generated by the 

change in volume of the measuring body. The resistance of the measuring grid 

changed because of the strain on it. This resistance change generated a signal, 

which was amplified by a measuring amplifier Q.bloxx A116 120/350 and converted 

to a strain in m/m by Gantner Q.station 101DT  

Thermistors 

Thermistors possess the benefits of being cheap, extremely sensitive to temperature 

changes, useful over a wide temperature range (〖-55〗^0C to 300^0C) available in 

a variety of forms, and small. Because of its small size, it can react fast to 



 
 

 
 

temperature changes. For a variety of applications, thermistors are amongst the 

most extensively utilised temperature sensing devices. The Toyota Prius and Honda 

Civic Hybrid, for instance, utilize thermistors to monitor battery temperature 

(Raijmakers et al., 2007). 

Thermistors can be utilised on the surface, at the terminals, or near a battery in 

today's practical uses. This setup in Figure 3 simply monitors the surface 

temperatures of these two batteries, leaving the other batteries unmonitored, 

potentially resulting in dangerous circumstances if one of the other batteries 

overheats (Raijmakers et al., 2007). Thermal investigations must also show hot 

spots during the battery pack design. A thermistor can be installed at the matching 

'hot' locations to display the highest surface temperature. More so temperature 

gradients and probable hot spots at other points on or within the battery, would not 

be detected easily, hence the indicated temperature can deviate significantly from 

the max temperature (Raijmakers et al., 2007). 

 

Figure 3 NTC thermistor with a battery pack (Raijmakers et al., 2007) 

According to (Raijmakers et al., 2007) the usage of thermistors for research 

purposes is limited, despite their widespread use in practical applications. The 

surface temperature of cylindrical 18650 batteries and three different pouch-type 

batteries was measured using NTC thermistors with a ±1^0C precision. Non-

specified thermistors were utilised to monitor the temperature within the mandrel of 

cylindrical 28650 batteries to validate a thermal model. Thermistors were employed 

for experimental purposes within the chemical environment of a battery, according to 

(Raijmakers et al., 2007). Debert et al. (2013) also used a mass-produced thermistor 

to measure the battery module temperature.  The thermistor was inserted in an 

interstice in the module, and the results were compared to the results of the model 

simulation. Grosch et al. (2015) created a novel low-cost PTC thermistor that can be 



 
 

 
 

quickly printed. In comparison to commercially available NTC thermistors and 

thermocouples, the accuracy of this novel thermistor was slightly lower. However, it 

was determined that sensor tweaks and more precise calibrations could improve the 

current design. The system cost can be decreased or more thermistors can be 

employed at the same cost by using this new thermistor. 

Conclusion 

Lithium-ion battery degrades over a period due to certain conditions like 

overcharging, higher operating temperatures, and faster-charging rate as this causes 

mechanical damage/volume changes of active materials, depth of discharge and the 

charge to discharge rates. These aged batteries are not completely useless because 

they can be used for other purposes like backup power, electric vehicle charging, 

energy storage for renewable energy systems (i.e. solar energy and wind), grid scale 

energy storage, residential energy storage, commercial and industrial energy 

storage. This report provides an overview of batteries degradation, ageing and 

performance monitoring using different sensors. The parameters in which this ageing 

is measured by the sensors include strain, temperature, and the state of charge. To 

measure the strain/ volume change of the batteries strain gauge sensors are utilized 

whereas temperature sensors such as thermocouples, RTDS, thermistors, and 

mercury in glass thermometers are used to measure the temperature of the battery. 

All these sensors have their advantages and limitations, so it is important to select 

the ones most applicable or suitable to conduct the experimental procedure as 

stated in the methodology. Therefore, these batteries would be charged and 

discharged in the laboratory for some periods of time while utilizing strain gauge and 

temperature sensors and newly developed graphene DZP sensors to monitor the 

volume change, temperature and heat of the battery, respectively. Experimental data 

will be used to validate the newly developed sensors and to develop predictive 

models for battery performance and lifespan. There are no results to analyse 

because the experiment is yet to be done. 

Link to SDGs: This research fits into some of the SDG goals which include 

affordable and clean energy, sustainable cities, and communities. 
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B12 - A categorisation of Sustainable Business Model Innovation (SBMI) for 
addressing UK net zero goals 

Gabriel Martinez, Suresh Renukappa, and Subashini Suresh 

Abstract 

The purpose of this paper is to improve knowledge on innovative and sustainable 

business models that could support current UK net zero goals. To achieve this, the 

study adopts a three stages iterative methodology that includes literature review on 

SBMI themes with net zero potential, current development of SBMI categorisation 

and SBMI examples from practice. Through the years the UK has shown an 

increased focus on reducing greenhouse emissions. This is driven by genuine efforts 

to mitigate the impact of global warming and climate change, and to seize the 

economic opportunity that it creates. Therefore, transformation must happen in every 

sector. That is why it is important to identify the potential of sustainable business 

model innovations to propel the UK towards Net Zero. This study informs 

practitioners and policy makers with innovative approaches that might not be already 

linked to net zero goals in the UK. Thus, enabling them to strategise under the 

current industrial environment. Further research could aim to gain deep insights on 

the proposed categories and how they help address specific targets.  

Introduction  

Considering the environmental and social impacts associated with emissions of 

greenhouse gases, it has become a priority to make they are reduced as close to 

zero as possible (Krishnan et al., 2022). The effects of climate change such as 

global warming, raising sea levels, drought, floods, and increasing risk of extreme 

weather events risk the wellbeing of humankind all over the world (Clinton and 

Whisnant, 2014). Therefore, to prevent this, greater commitment and collaboration is 

needed from governments, communities, public and private institutions (Krishnan et 

al., 2022).  

 

The UK have shown its commitment to address challenges posed by climate change 

and continuously reduce emissions. In 2019, the UK ratified this commitment by 



 
 

 
 

becoming the first major economy to pledge net zero emission by 2050 (O'Beirne et 

al., 2020). The Net Zero strategy aims to create a pathway for the UK to capitalise in 

the economic opportunities of a green industrial revolution driven by innovation 

(Department for Business, Energy & Industrial Strategy, 2021). To pursue this is 

necessary to create appropriate conditions for the private sector to create and grow 

their green industries. 

Therefore, businesses the success of net zero initiatives relies on their commitment 

and capabilities for innovation. The context of sustainable business model innovation 

is the focus of this study. Sustainable business models expand the profitability logic 

to cogenerate social and environmental value (Alberti & Varon Garrido, 2017; 

Baldassarre et al., 2017; Geissdoerfer et al., 2018; Evans et al., 2017; Shakeel et al., 

2020). Furthermore, sustainable value is created through interaction with 

stakeholders to develop mutually beneficial relationships (Teece, 2010; Rey-Garcia 

et al., 2021).  

This study aims to explore sustainable business model innovations from literature 

and practice to categorise SBMIs that aligns the current UK net zero goals. This is 

achieved by reviewing SBMI trends toward net zero, available categorisations and 

examples from literature and practice.  

Literature Review  

Sustainable Business Model Innovation (SBMI), which has gained a lot of attention in 

recent years, is recognised as a way for organisations to thrive in challenging and 

constantly changing business environments (Lüdeke-Freund and Dembek, 2017; 

Bocken and Geradts, 2020). Thus, allowing organisations to enhance resilience and 

competitive advantage, while delivering sustainability value.  

A business model is a visual representation of the system organisations apply to 

create and deliver value to consumers while ensuring value capture for the 

organisation. The concept of sustainable business model expands this value creation 

logic to the cogeneration of social, economic and environmental value. Making the 

transition to this new business logic require entrepreneurs and stablished business 

leaders to shift their way of thinking towards value creation for a wider range of 

stakeholders. This sustainable business thinking seeks to maximise positive while 



 
 

 
 

minimising the negative impact of the firms’ operation and the value offering. This 

thinking is favoured by a range of existing literature (Alberti and Varon Garrido, 2017; 

Baldassarre et al., 2017; Bocken et al., 2015; Volkova and Jākobsone, 2016). 

At the time of conducting this study there is limited evidence of literature that focus 

on SBMI classification. The first studies on the subject matter tried to define 

categories from a wide range of examples from diverse sectors (Bocken et al., 2014; 

Clinton and Whisnant, 2014).  Bocken et al. (2014) proposes technological, social, 

and organisation as major grouping to explain the findings. However, Clinton and 

Whisnant (2014) categorisation is based on the type of sustainable value created 

and delivered by the sustainable business model cases. A more recent work develop 

SBM archetypes for the banking industry which interestingly studies an specific 

context (Yip and Bocken, 2018). Similarly, this research focuses on the context on 

Net Zero UK supporting industries.  

Methodology 

In this section, the methodological considerations for this study are presented. The 

methodology follows the procedures conducted in Bocken et al. (2014). Moreover, 

the study is guided by the following research objectives:   

1. To review literature to identify SBMI themes with potential for supporting 

current net zero goals in the UK.  

2. To explore the advancement of literature that cover categorisation of SBMIs. 

3. To review examples from practice and literature of SBMI that could support 

UK net zero goals.  

To address objective 1, the process begins with the definition of keyword strings for 

database search for relevant sources. The keywords "Sustainable business model 

innovation", "emissions reduction", "net zero", "circular economy", "sustainable 

transportation", "social enterprises", "industrial sustainability", and "renewable 

energy" were used. Furthermore, ScienceDirect and Scopus databases were used 

for the literature search. Articles were assessed against the research aim and 

relevant sources were included in the study. Articles that discuss sustainability 



 
 

 
 

innovations that support the pillars of the UK Net Zero Strategy were included for the 

power, fuel supply and hydrogen, industry, heat & buildings, transport, natural 

resources and greenhouse gas removals.  

Databases are also enquired to identify studies that propose categorisation for SBMI 

in different contexts to address objective 2. The strings use for this search include: 

"SBMI", "Types", "Categorisation", and "Archetypes". The criteria applied were 

innovations that contributes with: Product and service innovation for net zero, green 

investment, green jobs and skill development, local climate action and stakeholder 

collaboration. 

Articles that fitted on the selection criteria were reviewed to explore categories 

developed to evaluate their relation to net zero goals. 

Objective 3 is tackled by a search real life example from practice by reading mostly 

grey literature in which examples of sustainable business models appear 

(e.g.,websites, industry reports, sustainability reports) and literature that covers 

business case studies aligned with the net zero goals. Figure 1 presents an overview 

of the research methodology adopted for the study. 

  

Figure 1 Methodology overview. Adapted from Bocken et al., (2014). 

 

Findings and Discussion 



 
 

 
 

This section presents the findings from the exploration of literature and examples 

from practice. The goal is to categorise SBMIs into archetypes that frame how they 

support emissions reduction across the economy aligned with the UK Net Zero 

Strategy (Department for Business, Energy & Industrial Strategy, 2021). The primary 

groupings used for the identified types of SBMI are: "Power generation", 

"Manufacturing", "Construction", "Transport", and "Sufficiency". Table 1 provides an 

overview of the groupings. The grouping is helpful to directly link SBMI with the 

current net zero goals and main UK government targets.  

Table 1 Major grouping based on UK Net Zero Strategy 

Group Description 

Power generation and fuel 
supply 

Decarbonise UK power supply. It covers 
the production of low carbon 
alternatives from oil and gas.  

Manufacturing Optimise resources and materials 
utilisation through production systems.  

Construction 
Emissions reduction from construction 
activities and through the lifecycle of 
buildings.  

Transport 
Adoption of automotive sustainable 
technologies and supporting 
infrastructure.   

Sufficiency Promote actions from consumers to opt 
for responsible alternatives.  

Sustainable business model innovation from the "Power generation" category reduce 

environmental impact due to the transition towards cleaner energy sources. Also, 

this contributes towards reduction of emissions through all levels of our society from 

industries to households across the UK. This is achieved while preserving planet 

resources and reducing pollution (Sáez-Martínez et al., 2016). Models that promote 

decentralised renewable energy solutions are important to support communities in 

need and provide energy reliability on remote locations (Clinton and Whisnant, 2014; 

Wadin and Ode, 2019).  

Findings on manufacturing sustainable business model show the value creation 

opportunities that arise from the optimisation of processes and resources across the 

value chain. In closed-loop production systems, for examples, resources are 

continuously reutilised through the processes to eliminate potential waste. Another 



 
 

 
 

important theme emerged in this category is the sourcing of materials from 

recovered waste (Naidoo and Gasparatos, 2018). Therefore, these circular economy 

approaches rely on extracting the highest value from materials which result in 

emissions reduction from lower usage of materials (Pieroni et al., 2019; Tura et al., 

2019).  

The case for the construction sector mostly presents themes associated with 

reducing embodied energy and carbon footprint from developing infrastructure. 

Through the lifecycle of buildings, the models are concerned with efficient operation 

of the structures. Therefore, reducing the carbon footprint during the usage stage 

(Zhao et al., 2016). However, governance structures are needed to ensure cross-

sectorial alignment to the goals while promoting collaboration among multiple 

stakeholders to jointly develop strategies to address current pressing challenges 

such as lack of policy coordination, financial incentives schemes, clarity in current 

policies, affordable low carbon solutions and access to low carbon technologies 

(Abuzeinab et al., 2017).  

Transport initiatives address transport systems offering safe and secure conditions 

through the application of technology.  The implementation of smart mobility 

strategies enables dynamic real time information sharing, enhance communications 

with passengers and users experience, they also offer a wider range of affordable, 

multimodal, on-demand mobility options. thus, aim to improve the customer's quality 

of life.  Therefore, contributing to urban sustainability and emissions reduction (Van 

Den Heuvel et al., 2020). 

The sufficiency component was included due to its relevance to systematically 

address net zero challenges. Bocken et al. (2014) discusses this as it is discussed 

that radical changes are needed from both production and consumption. Sufficiency 

is concerned with consumption and the positive effect reduced consumption have in 

material and energy throughputs. Thus, promoting sustainable consumption habits 

(Evans et al., 2017). Figure 2 summarises the findings of the study.  

  



 
 

 
 

 

Figure 2 Categorisation of SBMI towards UK Net Zero strategy 

Conclusions 

The current literature on SBMI categorisation is still limited. However, it is noticeable 

that it has gained greater attention in recent years. This opens the opportunity of 

conducting similar studies in a variety of settings which can contribute to crucial 

elements of our society. The sources reviewed for the study greatly contribute 

towards SBMI theory and practices. Also, the proposed categorisation serves to 

unify SBMI contributions that address current Net Zero challenges.  

The main theoretical contribution of the study is that it expands understanding on the 

mechanism in which organisations pursue sustainability as a core strategy. It also 

expands literature on sustainable innovation. Furthermore, it helps to develop a 

research stream that focus on applying sustainable innovation at the business 

strategy level that could help transform industry and help address contextual 

challenges faced by our society.   

Furthermore, it informs practitioner with current trends. Organisations could apply 

any of the SBMIs presented, or they could make use of a selection of SBMI themes 



 
 

 
 

to shape their own business model. Thus, reaching for more comprehensive 

approaches towards sustainability.  

The main limitation of the study is that is reflective in light of literature and real-life 

examples. Further research is needed to validate the degree in which these 

sustainable business model would contribute towards the net zero agenda stablished 

by the UK government. In addition, a study that review how the different archetypes 

interact with each other to promote the net zero strategy as the diverse organisation 

within an industry develop partnerships and collaborative strategies. 

Further research can evaluate how sustainability support other aspects of our 

society. For example, developing understanding on how the private sector promote 

smart cities from different geographies or analysing SBMIs that contribute towards 

climate change mitigation and adaptation.   

Link to SDGs: Affordable and clean energy (SDG 7). 

Keywords: Sustainable business model innovation, net zero, strategy, United 

Kingdom, industrial sustainability. 

References 

Abuzeinab, A., Arif, M. and Qadri, M.A., 2017. Barriers to MNEs green business 

models in the UK construction sector: An ISM analysis. Journal of cleaner 

production, 160, pp.27-37. 

Alberti, F. G., and Garrido, M. A. (2017). Can profit and sustainability goals co-exist? 

New business models for hybrid firms. Journal of Business Strategy, 38(1), 3–13. 

Baldassarre, B., Calabretta, G., Bocken, N., & Jaskiewicz, T. (2017). Bridging 

sustainable business model innovation and user-driven innovation: A process for 

sustainable value proposition design. Journal of Cleaner Production, 147, 175–186. 

Bocken, N., and Geradts, T. (2020). Barriers and drivers to sustainable business 

model innovation: Organization design and dynamic capabilities. Long Range 

Planning, 53(4), 1-23. 



 
 

 
 

Bocken, N.M.P., Rana, P. and Short, S.W., 2015. Value mapping for sustainable 

business thinking. Journal of Industrial and Production Engineering, 32(1), pp.67-81. 

Bocken, N.M., Short, S.W., Rana, P. and Evans, S., 2014. A literature and practice 

review to develop sustainable business model archetypes. Journal of cleaner 

production, 65, pp.42-56. 

Clinton, L., & Whisnant, R. (2014). Model Behavior–20 Business model innovations 

for sustainability. SustainAbility, London. 

Department for Business, Energy & Industrial Strategy. (2021) Net Zero Strategy: 

Build Back Greener. HH Associates Ltd. on behalf of the Controller of Her Majesty's 

Stationery Office. 

Evans, S., Vladimirova, D., Holgado, M., Van Fossen, K., Yang, M., Silva, E., & 

Barlow, C. (2017). Business model innovation for sustainability: towards a unified 

perspective for creation of sustainable business models. Business Strategy and the 

Environment, 26(5), 597-608. 

Geissdoerfer, M., Vladimirova, D., and Evans, S. (2018). Sustainable business 

model innovation: a review. Journal of cleaner production, 198, 401-416. 

Krishnan, M., Samandari, H., Woetzel, J., Smit, S., Pacthod, D., Pinner, D., Nauclér, 

T., Tai, H., Farr, A., Wu, W. and Imperato, D. (2022). The Net-Zero Transition. 

McKinsey Publishing. 

Lüdeke-Freund, F., and Dembek, K. (2017). Sustainable business model research 

and practice: emerging field or passing fancy? Journal of Cleaner Production, 168, 

1668–1678. 

Naidoo, M. and Gasparatos, A., 2018. Corporate environmental sustainability in the 

retail sector: Drivers, strategies and performance measurement. Journal of Cleaner 

Production, 203, pp.125-142. 

O'Beirne, P., Battersby, F., Mallett, A., Aczel, M., Makuch, K., Workman, M. and 

Heap, R., 2020. The UK net-zero target: Insights into procedural justice for 

greenhouse gas removal. Environmental Science & Policy, 112, pp.264-274. 



 
 

 
 

Pieroni, M.P., McAloone, T.C. and Pigosso, D.C., 2019. Business model innovation 

for circular economy and sustainability: A review of approaches. Journal of cleaner 

production, 215, pp.198-216. 

Rey-Garcia, M., Mato-Santiso, V., and Felgueiras, A. (2021). Transitioning 

Collaborative Cross-Sector Business Models for Sustainability Innovation: Multilevel 

Tension Management as a Dynamic Capability. Business & Society, 60(5), 1132-

1173. 

Sáez-Martínez, F.J., Lefebvre, G., Hernández, J.J. and Clark, J.H., 2016. Drivers of 

sustainable cleaner production and sustainable energy options. Journal of cleaner 

production, 138, pp.1-7. 

Shakeel, J., Mardani, A., Chofreh, A., Goni, F., and Klemeš, J. (2020). Anatomy of 

sustainable business model innovation. Journal of Cleaner Production, 261, 1-14. 

Teece, D. (2010). Business models, business strategy and innovation. Long Range 

Planning, 43(2), 172–194. 

Tura, N., Hanski, J., Ahola, T., Ståhle, M., Piiparinen, S. and Valkokari, P., 2019. 

Unlocking circular business: A framework of barriers and drivers. Journal of cleaner 

production, 212, pp.90-98. 

Volkova, T. and Jākobsone, I., 2016. Design thinking as a business tool to ensure 

continuous value generation. Intellectual Economics, 10(1), pp.63-69. 

Wadin, J.L. and Ode, K.A., 2019. Business models for sustainability-change in 

dynamic environments. Journal of Business Models, 7(1), pp.13-38. 

Yip, A.W. and Bocken, N.M., 2018. Sustainable business model archetypes for the 

banking industry. Journal of cleaner production, 174, pp.150-169. 

Zhao, X., Pan, W. and Lu, W., 2016. Business model innovation for delivering zero 

carbon buildings. Sustainable cities and society, 27, pp.253-262. 



246 
 

B13 - THE IMPACT OF PUBLIC PRIVATE PARTNESHIP TO MANAGE ROAD 
INFRASTRUCTURE MANAGEMENT SCHEME IN SOUTH-EAST NIGERIA. 

Olaadayo Olayinka 

Abstract 

The construction sector is critical in the economic growth of any country. Nigeria is 

faced with the need to provide adequate road infrastructure. Regardless of Nigeria’s 

enormous human and natural endowments, the road infrastructure within the country 

is in a poor state, especially in South-East Nigeria. This research aims to identify 

Public-Private Partnership (PPP) as a panacea for inadequate road infrastructure 

development schemes in South-East Nigeria. An in-depth literature review was 

carried out to explore the benefits of PPPs in the delivery of road infrastructure in 

South-East Nigeria. Findings from the literature review showed that PPP allows the 

government to concentrate on policy making while the private sector carries out the 

role of infrastructure maintenance and operation. It also allows the private sector to 

generate income through user levy or contract sums. The review identifies high cost 

and complexity as challenges facing PPP implementation. It further showed that PPP 

has been successful in countries like Sri Lanka, South Africa, India, the United 

Kingdom and even South-West Nigeria. The key recommendations of the research is 

that the existing PPP regulatory framework be reviewed, a transparent procurement 

process be put in place, and proven PPP models such as Build-Own-Operate-

Transfer (BOOT) and Build-Own-Transfer (BOT) be explored for road infrastructure 

delivery in South-East Nigeria. 

Introduction 

Globally, the necessary environment for business to thrive rests on accessible 

infrastructure and the various tools of science and technology (Okonkwo et al., 

2019). 

When the needed infrastructure is made available, business thrives, the innovative 

capability of the people becomes activated, employment is created, and wealth goes 

around. The road infrastructures in Nigeria are not just poorly maintained but largely 

insufficient (Babatunde et al., 2014). Infrastructure Concession Regulatory 

Commission (ICRC, 2012) confirmed that about 70% of Nigeria’s 193,000km of 



 
 

 
 

roads is poor, and 60% of the populace have no access to electricity. South East 

Nigeria possesses the capacity to host a considerable number of investment 

endeavors and enhance Nigeria’s economic development. Still, it has been largely 

hampered by inadequate infrastructure ranging from roads to air and seaports 

(Okonkwo et al., 2019). For South-East Nigeria to attain its full capability economic-

wise, there is a need for critical infrastructure development policy. Ukiwo (2012) also 

submitted that South East Nigeria happens to be the only landlocked geopolitical 

zone as it has no international exits, which has negatively affected the region's 

economy. Obviously, the traditional means employed for infrastructure development 

in Nigeria is inadequate; this is more evident in South East Nigeria where it is hard to 

get a standard road connecting the states. The inability of the government to provide 

the needed finance to put this infrastructure in place makes them resort to Public-

Private Partnership arrangements (De Morais, 2017). This research aimed at 

presenting PPP as a solution to the inadequate road infrastructure scheme in South 

East Nigeria. To achieve this aim, critical review of literature on Public-Private 

Partnerships was carried out to identify the features, benefits to countries where PPP 

has been adopted, discussion and Conclusion.  

Methodology 

This research adopted a qualitative research approach which is based on Secondary 

data. A critical review of the literature was carried out to address the aim of the 

research. It is a semi systematic approach to gathering and analyzing research that 

has been earlier conducted (Tranfield, Denyer & Smart, 2003). When findings and 

perspectives are brought together from various empirical studies, a literature review 

can help achieve the aim of research better than a single study. Synder (2019) 

corroborated this view. As a research method, a literature review is relevant because 

it helps to examine the body of evidence available in a particular research area. This 

study searches public and private partnerships, definitions, benefits, challenges, and 

solutions. The methodology below captures the procedure for arriving at the selected 

literature. A search through Scopus and Web of Science databases using the 

keyword “Public-Private Partnership” resulted in an initial result of 1356 articles. The 

initial query term was combined with “road” “transport” and “infrastructure” to give 

105 articles. The resulting 105 articles were examined and a total of 22 were 



 
 

 
 

selected for this study based on the following criteria: (1) the usage of PPP (2) the 

area of application other than engineering (3) emphasis on road infrastructure. The 

22 resulting articles were grouped into 15 peer-reviewed journals and 8 conference 

proceedings. The study covers the review of literature on PPP, discussion of 

findings, the way forward and conclusion. 

Literature review 

The concept and features of public-private partnership 

According to the Hong Kong Institute of Surveyors (2009) there is no general 

definition for Public Private Partnership. PPP can refer to different contractual 

arrangements that enable public and private sectors to work together (Farquharson 

and Yescombe, 2011). According to Adamu (2016) Public Private Partnership was 

conceived as a supplement of the private finance initiative (PFI) in the United 

Kingdom in the early 1990s; since then this concept has gained wider acceptance in 

infrastructural development. Aderibigbe (2008) defined PPP as an agreement 

involving government and private firms to make available public infrastructure, 

facilities, and services to understand sharing gains, risk, investment, and roles. 

Overview of PPP in other countries 

PPP in the UK 

According to UNISON (2005), in the UK, about a 60billion pounds worth of services 

were carried out by PPP IN 2006 and PPPs are largely successful with over 407 

signed PPP Projects put at 42bn pounds in March 2005. In the UK, PPP found 

applications across various sections such as education, transport, and health care. 

Examples in the UK include M6 Toll (a 53-year concession), Mersey Gateway 

bridges and Severn Crossing (a 30-year concession agreement). However, the 

United Kingdom is still facing problems with PPP implementation. According to 

Roehrich et al (2014), PPPs in the United Kingdom cost so much, take much time 

and are too rigid. They further state that the private sector benefits more from the 

partnership. 

PPPs in Sri Lanka 



 
 

 
 

According to the Finance Commission of Sri-Lanka (2017), the government has 

adopted PPP as an alternative to the traditional approach of funding projects solely. 

Due to the paucity of funds, the government is left with no other choice than to seek 

the assistance of private investors to fund projects. There is no legislation on PPPs 

in Sri Lanka. According to USAID (2016), PPP as a procurement method has been in 

use in Sri Lanka since 1990. A total of 73 PPP projects amounting to a total 

investment of more than $86bn have been executed as of 2014 in various sectors. 

Many developing countries have adopted PPP in telecommunication, road and 

energy sectors and Sri-Lanka is not left behind. However, according to Adikari 

(2018), PPP transactions cost much in Sri Lanka, making the method unpopular in 

the country. Conducting PPP project in Sri Lanka is also said to be difficult due to its 

complex nature (Barlow et al., 2013) 

PPPs in Chile 

The Third Global Infrastructure Investment Index (2016) submitted that in Latin 

America, Chile is the best destination for investment in the infrastructure market. It 

reported that Chile adopted a three-phase approach to PPP viz: between 1991 and 

1994, Chile invested in the highway road network, between 19995 and 2002, Chile 

invested in urban highways and airports, between 2003 and 2010, the government of 

Chile focused on other infrastructure. According to Hill (2011), PPPs were largely 

successful in Chile because they put a practical regulatory framework and a 

transparent procurement process, which gives investors confidence. 

PPP in Australia 

Australia is one of the countries at the forefront of implementing PPP projects. PPP 

in Australia dates back to the 1980s. According to Jetro (2010), Australia is well 

known for transparent procurement processes. Their success has been attributed to 

an effective Institutional and regulatory framework, an open procurement process, 

clear policy guidelines set out by a Federal Minister of Infrastructure. 

PPPs in Africa 

According to Mutambatsere et al., (2017), PPP found its way into Africa during the 

mid to late 1990s and various African countries have continued to utilize it. It has 



 
 

 
 

been adopted for physical infrastructure development in the Telecommunications 

and energy sector. More recently, it has found usage in other sectors such as health 

and education. Typically, these services were provided by the public sector due to 

the enormous funds required. About US $14bn of the entire investment of $496bn 

made in PPP Project in developing countries between 1990 and 1998 is from Africa. 

However, this figure is low compared with $237bn for Latin America and the 

Caribbean, $147bn for East Asia and Pacific and $38bn for South Asia. For Africa to 

achieve the necessary social infrastructure, the private sector must partner with the 

government in providing the needed funds. South Africa Commands the highest 

number of PPPs in Africa with about 350 of such Projects between 1994 and 2005. 

The problem of PPP implementation in Africa is mainly due to corruption, inadequate 

regulatory framework and poor leadership (Saiia,2005). 

Prevalence of public private partnership 

Many countries have adopted PPPS as a solution to specific infrastructure needs in 

the face of a lack of government funds. However, there is inconsistency in its usage. 

This situation does not mean that PPPs have not been successfully implemented 

across the globe, but that there has been no much proof that it works. This position 

is supported by Klein (2015). As at 2015, only about 15-20% of infrastructure 

projects are executed using PPPs in various countries (Klein, 2015). In a similar 

study, the World Bank’s Africa Infrastructure Country Diagnostic Study (AICD) in 

2010 reported that only 29% of funds invested in infrastructure development came 

from the private sector. Also, in a survey of 22 countries, Burgen and Harkworth 

(2011) reported that only 10% of their public infrastructure needs were met via PPPs. 

Between 2000 and 2015, the United Kingdom reported that their PPPs is just about 

12%. Mexico and Chile have implemented PPPs to about 20%. In developing 

countries, the usage of PPPs is just about 15-20% of the total infrastructure 

investment. However, these lower figures do not suggest that PPPs have not been 

successful but only that their usage have fallen below expectation. The above 

scenario only shows more opportunity in developing countries such as Nigeria to 

acquire public infrastructure by adopting proven PPP models.  

 



 
 

 
 

Discussion 

Although the literature on PPP in developed and developing countries is increasing 

exponentially with various implications and frameworks being introduced, 

discrepancies arise due to policy and implementation procedures in each country. 

This is evident because the government alone cannot provide the needed fund for 

infrastructure development. The relevant literature that has been cited above in 

regards to different developing and developed countries like the UK and Sri Lanka 

suggests that various issues such as high cost and complexity can be overcome by 

creating a sound PPP regulatory framework as done in Australia and a transparent 

procurement process as obtainable in Chile where huge success has been recorded.  

To be more specific to the African region, policy making and management issues are 

prevalent and need to be addressed to have a viable PPP for road infrastructure. 

Moreover, political stability in African counties is also a critical factor for the success 

of PPP. In this regard, the government needs to play a significant role, particularly in 

policy-making for PPP, a supporting legal system, and good governance practices 

are required (Debela, 2019). These recommendations are also backed by Mugarura 

(2019), who based their study on PPP in Uganda and suggested that governance 

and management issues in PPP for road infrastructure are compromised, resulting in 

substandard outcomes from the projects. The study also stressed the importance of 

legal framework and policy making that supports PPP projects is of immense 

importance for such projects. PPPs in Nigeria are also deemed to be successful if 

the relevant laws and policies in place and implemented projects are appropriately 

managed and organized through a public agency. These recommendations are also 

aligned in the Nigerian context where similar implications are derived (Ibikunle et al., 

2021). Overall, the Nigerian road infrastructure PPP projects are faced by the 

challenges including managerial incompetency, poor legal framework and 

government policy and hurdles in public acceptance and negative perception 

(Bolomope et al., 2021, Mugarura, 2019).   

Conclusions 

This study explored the concept of Public-Private partnership as a panacea for 

inadequate road infrastructure development schemes in South East Nigeria by 



 
 

 
 

assessing the features of PPP, the benefits to countries. It also examined the use of 

PPPs in multiple countries, followed by the overview of PPPs in Nigeria. It also 

highlighted the possible solutions to the difficulties and area for further research. 

Despite the setbacks experienced in countries where PPP have been adopted, the 

study concluded that PPPs may not hold all the answers to the problem of public 

infrastructure development in South East Nigeria, but it is an available option that 

has been proven to work in UK, Chile, Sri Lanka, Australia and even South West 

Nigeria. This study recommends that the suitable PPP model, regulatory framework 

and a transparent procurement process be put in place to experience the success 

recorded in the places mentioned above. Thus, the next phase of this study is to 

develop a PPP framework for road infrastructure development in South East Nigeria. 

A study of suitable PPP models for infrastructure development in the South East 

Nigeria can be another rewarding venture. As is the case with some research in 

developing countries, this study is constrained by lack of empirical evidence from 

South-East Nigeria. Thus, application of PPPs in many countries could not be 

explored. However, this can be taken care of in future research. 

Keywords: Build-own-transfer, Build-Own-Operate-Transfer, Road infrastructure, 

Road abandonment and public-private-partnership. 
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B14 - Numerical evaluation of Auxetic and Non-Auxetic structures 

Aaron Vance, Arun Arjunan and Ahmad Baroutaji  

Abstract 

The aging global population necessitates improvements to the current healthcare 

provision. Personalised femoral stem implants have the potential to mitigate the 

occurrence of revision surgeries. The femoral stem implant when in position 

experiences a bending load-case, as such lateral expansion of geometries under 

both tensile and compressive loading is considered advantageous to facilitate 

enhanced osseointegration. Exploring such geometries under compressive loading is 

considered original and forms the basis for future investigative works.  

The purpose of this study was to evaluate numerically, Auxetic and non-Auxetic 

honeycomb geometries to inform combination strategies that might achieve a lateral 

strain ratio of one for personalised femoral stem implant application. Finite Element 

Analysis (FEA) was undertaken to investigate the quasi-static compressive response 

of ten geometries. To better evaluate the contribution of volumetric porosity, 

Poisson's values were normalised against the structure relative density. In doing so, 

the Poisson’s ratio values were enhanced in each case, with variance values ranging 

between 0.01 for HC-3 and 0.40 for HC-6.  

These works demonstrate the potential of combining such geometries to achieve 

v→0. The structure combination strategy highlights the opportunity for implant 

personalisation through optimised geometries. Whilst the findings suggest v values 

are sensitive to material volume, the degree of sensitivity is not constant for each 

structure; as such, there exists some structural independency to porosity when 

considering Poisson’s ratio.  

Limitations of the presented works are such that only singular arrangements of each 

geometry were investigated and that numerical modelling was not validated to 

experimental test data. Future works would seek to further explore and 

experimentally validate each geometry and the potential combined structure.  

The application of the presented Poisson’s ratio balancing strategy to achieve 

enhanced and prolonged bone formation has the potential to mitigate many painful 



 
 

 
 

and debilitating femoral stem revision surgeries that would benefit both patient and 

the healthcare provider. 

Introduction 

Cellular structures have the potential to transcend interdisciplinary boundaries 

through enhanced strength to weight ratios. Such structures are defined as 

composites comprised of bulk solid and space, (Fleck, 2004). Two-dimensional 

cellular structures are termed honeycombs, a broader descriptor than that of the 

beehive and are repeatable prismatic geometries extruded in the third dimension, 

(Gibson and Ashby, 1999). Conventional, bulk materials possess positive Poisson’s 

ratio values; under tensile loading materials undergo longitudinal extension and 

transverse cross-sectional reduction. Similarly, under compressive loading, the 

material exhibits axial reduction and transversal increase. 

The field of metamaterials has the potential to disrupt and innovate advancements 

beyond that of naturally occurring phenomena. The study of metamaterials are 

inherently interdisciplinary and are actively being researched across acoustics, 

(Chen, Li and Yu, 2021) aerospace, (Montemayor et al., 2022), crash-worthiness, 

(Baroutaji et al., 2022), medical, (Kolken et al., 2020) and thermal, (Zhang et al., 

2021).  One such example of metamaterials are those with negative Poisson’s ratios.  

The term Auxetic, derived from the Greek Auxetos, with literal meaning of width and 

volume increase when stretched, was introduced by Evans et al., (1991). Auxetic 

structures are materials that possess negative Poisson’s ratio values whereby, the 

material exhibits counter-intuitive transverse cross-sectional increases during axial 

tension and transverse cross-sectional decreases under compressive load, (Sanami, 

2015; Kolken and Zadpoor, 2017; Warner et al., 2017; Kolken et al., 2018; Xiao et 

al., 2019). 

Isotropic Auxetic structures have bounding Poisson’s (v) values between -1 to +0.5, 

as derived from the relation between v, bulk and shear moduli as per classical 

elasticity theory, whereas for anisotropic materials, neither of these bounding limits 

apply, (Evans et al, 1991; Mott and Roland, 2013; Andreassen, Lazarov and 

Sigmund, 2014; Sanami, 2015; Kolken and Zadpoor, 2017). There are many 

geometric permutations exhibiting negative Poisson’s ratio, extensively researched 



 
 

 
 

two-dimensional Auxetic honeycomb structures include the re-entrant hexagonal 

honeycomb (bow-tie re-entrant), re-entrant arrowhead, chiral and anti-chiral 

structures,  (Sanami, 2015; Saxena, Das and Calius, 2016; Warner et al., 2017; de 

Jonge, Kolken and Zadpoor, 2019; Easey et al., 2019).  Though, the combination of 

Auxetic and non-Auxetic structures is yet to be fully explored, (Kolken et al., 2018; 

Xu et al., 2019; Guo, Yang and Ma, 2020). In this study, such geometries were 

numerically evaluated under quasi-static compression to inform structure pairings 

with potential to exhibit combined Poisson’s ratio values approaching zero.  

Methodology 

Geometry design 

Ten, two-dimensional unit cell geometries were selected for investigation, Figure 1. 

The design of these unit cells and subsequent honeycomb assemblies was achieved 

using three-dimensional computer aided design software, SolidWorks from Dassault 

Systemes.  Each unit cell was designed with consideration of minimum achievable 

additively manufactured geometry, relative density values and vertical pattern repeat 

conforming to a strut width of 0.3mm, 13%-35% and 4.7mm respectively. Preliminary 

studies had informed the necessity of a matched vertical pattern repeat value to 

ensure that each unit cell could be paired with an appropriate mate later in the study. 

These initial works also informed the need for bounded relative density values; it was 

inappropriate to match these values precisely whilst maintaining these constraints. 

Normalising this relative density value provides insight into the relative effects of 

material and geometry. Previous studies within the research group had established 

this minimum repeatable strut width value of 0.3mm using Ti6Al4V material and 

matching processing parameters, (Arjunan et al, 2020).  

 



 
 

 
 

Figure 1 - Unit cell geometries 

The designed unit cell models were converted to surface bodies within SolidWorks 

and to represent the compression setup used within the experimental methodology, 

two contacting planar bodies were created. These surface plates were generated in-

plane at both lower and uppermost positions to replicate the fixed and repositionable 

compression platens. The platen surfaces adjacent to the unit cell vertices were 

extended in x and y axes ensuring uniform overhang. This method of surface body 

creation was subsequently repeated for the unit cell honeycomb assemblies. 

It was reported by Khan et al., (2021) that the use of a five by five unit cell schematic 

somewhat mitigates the edge effects and, ensures a central unit cell, this framework 

was adopted. Using the Boolean addition function within SolidWorks, the patterned 

structures were combined, with typical surface-body assemblies as per Figure 2. 

Each unit cell and assembled honeycomb were exported to ParaSolid format (X.T) 

for ease of import into the Ansys Workbench application.  

  

Figure 2 - Surface body assembly – a) unit cell, b) 5*5 arrangement 

 



 
 

 
 

Numerical simulation  

The linear-elastic region was of most interest, as such, it was appropriate the 

Ti6Al4V, Bilinear Isotropic Strain Hardening (BISO) material model was applied with 

material properties as shown in Table 1, obtained from previous works. This material 

model facilitates interrogation of stress concentration effects, yield strength 

(compressive strength) and effective elastic modulus of the honeycomb structures. 

The stress-strain relationship of the material is defined by a bilinear stress-strain 

curve, a curve with two (bi-) sections with the initial slope described from bulk 

material Young’s Modulus (EB) and secondary slope, beyond bulk material yield 

value assumed as perfectly plastic, described by the tangent modulus, (ET).  Bulk 

values were extrapolated from fully dense specimens of matching materials and 

selective laser melting processing parameters under experimental tensile testing 

following BS EN ISO 6892-1, (2019).  

Table 1 – Ti6Al4V BISO finite element analysis material model properties 

Material property Value 
Young’s modulus (EB) 39.42 (GPa) 
Yield strength (σy(B)) 1162 (MPa) 
Tangent modulus (ET) 2791(MPa) 
Poisson’s ratio (v) 0.3 (assumed value) 

Unit cell mesh convergence analysis 

Preliminary studies sought to establish simulation accuracy independent of mesh 

configuration of singular unit cell structures. The mesh convergence analysis 

identified element length values less than 0.1mm presented insignificant (<5%) 

advantage in respect of numerical accuracy whilst consuming undue computational 

resource when considering total deformation values.  

Honeycomb analysis setup 

Each honeycomb assembly was imported into Ansys Mechanical, where two-

dimensional Plane-Stress behaviour was selected with out of plane stress values 

considered negligible.  Whilst high-powered-computational (HPC) resources were 

available, it was appropriate to solve locally using an Intel Core i7-9850 CPU at 

2.6GHz, maximum RAM allocation of 16GB. Total solution time, nodal and elemental 

distribution are shown in Table 2. 



 
 

 
 

The boundary conditions for each analysis were identical, including upper rigid body 

compressive displacement of 0.5mm. This displacement was set to the longitudinal 

axis only, with each remaining degree of freedom locked thus negating unrealistic 

and uncharacteristic deformation behaviour. It was further necessary to constrain the 

rigid lower plate as body-to-ground ensuring only prescribed motion as shown in 

Figure 3. Preliminary studies indicated appropriateness of the mechanical physics 

preference and quadratic plane element,  

PLANE-183. Considering 2D analysis, rigid plate bodies were meshed as simplified 

contact regions at the contacting upper and lower edges.  

Table 2 - Honeycomb structure element distribution 

Model reference Total nodes Total elements Total CPU time (seconds) 

HC-1         27,446            7,688  19.3 
HC-2         38,493          10,840  25.1 
HC-3         34,991            9,764  25.6 
HC-4         51,877          14,584  32.8 
HC-5         53,312          15,186  31.5 
HC-6         53,566          15,058  9.3 
HC-7         51,778          14,478  41.6 
HC-8         74,524          21,270  44.2 
HC-9         38,773          11,027  35.2 

HC-10         44,481          12,779  31.7 

Frictional effects between flexible honeycomb structures and the rigid plates were 

explored and near insignificant difference was found in respect of total deformation 

whilst being computationally expensive, as such, bonded contacts were assigned 

between upper and lower plates and contacting geometric struts.  

The unit cell and honeycomb structures were set as flexible with a thickness of 10 

mm whilst rigid upper and lower plates set to a notional 10 mm thickness. This 

thickness value was inconsequential due to the rigid state. Out-of-plane deformation 

effects were not considered and omitted from further study.  

The Poisson’s ratio for each structure was estimated by means of displacement 

probes at the geometric extremities, excluding those contacting the rigid plates; it 

was observed that lateral repositioning of these struts was explicitly controlled by 

rigid bodies rather than displacement of the honeycomb geometry. Each lateral 

displacement value was recorded ensuring appropriate sign convention; the 

averaged values were used to equate lateral strain (Equation. 1) and subsequently 

the Poisson’s ratio, (Equation. 2).  



 
 

 
 

For future validation of analysis to experimental data, force-displacement responses 

of the simulated structures were recorded. Auto-time stepping was enabled with 

minima and maxima sub-steps of 30 and 50 respectively, thus the loading, or in this 

case the prescribed displacement, was incremented equally. It was found that this 

configuration ensured convergence with efficient solution times, Table 2. 

Furthermore, the force displacement graphs consisted of sufficient points to capture 

deformation responses. 

 

Honeycomb structure evaluation 

Structure density values were calculated using Equation. 3, where m_HC (mass) and 

V_(B (HC)) (volume) and were obtained from CAD. Structure relative density values 

were reviewed using Equation. 4, where ρ_HC was the density of the honeycomb 

structure and ρ_B was the density of the bulk material.  

 

Figure 3 - FE model and boundary conditions 

The maximum equivalent Von-Mises stress value was obtained from Ansys 

Mechanical. Where it was considered that stress concentration artefacts had 

occurred at the contact sites or due to geometric inconsistencies to the periphery of 

the structure, these elements were omitted and the simulation result recalculated. 

The lateral and longitudinal strain values for each structure were extracted and using 

Equation. 2, and the Poisson’s ratio was calculated. To evaluate the contribution of 



 
 

 
 

volumetric porosity, Poisson's values were normalised against the structure relative 

density using Equation. 5.  The absolute variance of v to v_norm was calculated 

using Equation. 6 using the absolute function in Microsoft Excel.  

 

The combined structures were subsequently evaluated using Equation. 7, simply 

averaging the two Poisson’s values, this was repeated for the normalised values, 

(Equation. 8). 

 

Results and Discussion 

Numerical simulation 

The unit cell structures were evaluated, Table 3. The equivalent Von-Mises stress 

plots are shown in Figure 4 for each investigated structure. The maximum stress 

values, (σ_(FEA-max)) were within the range 820.63 MPa and 1196.70 MPa, for HC-

8 and HC-5 respectively. Relative density, (ρ_(r (HC))) values were within the range 

0.13, (HC-1) and 0.34, (HC-8) with each structure comprising greater than 60% pore 

space. HC-8 exhibited the lowest stress (820.63 MPa) and highest〖 ρ〗_(r (HC)), 

(0.34) whilst HC-1 exhibited the lowest ρ_(r (HC)) (0.13) and σ_(FEA-max) of 

1169.40 MPa, within 2.4% of the overall maximum recorded value. This suggests 

correlation between relative density and structural load capacity; however, HC-5 

comprised nearly twice the material per unit area than HC-1, suggesting HC-5 to be 



 
 

 
 

significantly less structurally efficient. It was observed HC-2 and HC-3 exhibited 

cross and diagonal stress bandings respectively. This indicated much of the load 

being carried by these regions; the areas of heightened stress intensity for both 

these structures graphically resemble the original unit cell geometry. HC-4 

comprised diagonal and horizontal beams with near uniformity of stress distribution. 

The hexagonal honeycomb geometry, HC-1, exhibited near uniform lateral and 

longitudinal strain resulting in Poisson’s ratio (v) of 0.99, in good agreement with the 

works of (L. J. Gibson and Ashby, 1999). HC-6, a geometric derivative of the 

hexagon with inversely angled struts exhibited v = -1.63, the result of significantly 

greater lateral displacement than of longitudinal compression.  

Whilst conventional bulk materials, under compressive loading uniformly change 

dimension perpendicular to load as per the Poisson’s effect, honeycomb 

architectures exhibit geometric-related strain behaviour. The total equivalent strain 

(ε_(FEA-max)) values ranged between 0.044, (HC-5) and 0.0272 (HC-4 and HC-8). 

The closeness of recorded ε_(FEA-max) values for structures HC-4 and HC-8 

suggests geometric response independent of relative density with recorded values of 

0.24 and 0.34 respectively. Structures HC-8, HC-9 and HC-10 exhibited ρ_(r (HC)) 

and ε_(FEA-max) of (0.34, 0.0272), (0.17, 0.0356) and (0.19, 0.0349) respectively. 

Each comprised of circular elements joined tangentially by straight ligaments. During 

compressive loading, these chiral structures exhibited bending of the ligaments into 

that of a sigmoid shape and, within the linear elasticity domain these ligaments 

remained tangent to the nodes, behaviour not dissimilar to the works of Prall and 

Lakes, (1997).  

For each geometric variant,  v_norm values deviate from the FEA figures between 

0.01 and 0.40 for HC-3 and HC-6 respectively with average variance across the 

geometries of 0.19. Each of the investigated structures exhibited variance from the 

FEA derived Poisson's ratio as a result of relative density normalisation. It can be 

observed that Auxetic geometries are at the extremity of variance response with 

structures HC-6, HC-8 and HC-7 each exhibiting negative Poisson's ratios and, the 

greatest variance between v and v_norm with values of 0.4, 0.35 and 0.24 

respectively. Conversely, structures HC-3 and HC-9 exhibited the lowest variance 

values of 0.01 and 0.07 respectively. The remaining structures, HC-4, HC-10, HC-1, 



 
 

 
 

HC-2 and HC-5 each presented intermediary variance values and positive Poisson's 

ratios.  

Comparing v and  v_norm , in each case the Poisson’s response was enhanced; this 

suggests that relative density is a significant factor in determining Auxetic and non-

Auxetic behaviour.  

Table 3- Honeycomb structure results 

# εFEA(x) εFEA(y) 
σFEA 
(max) 
(MPa) 

εFEA 
(max) 𝑣𝑣 ρHC 

(kg/m3) 
ρr (HC) 𝑣𝑣 norm 𝑣𝑣𝑎𝑎𝑟𝑟𝑣𝑣/𝑣𝑣𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛  

HC1 0.0208 -0.0210 1169.40 0.0300 0.99 590.07 0.13 1.14 0.15 
HC2 0.0192 -0.0213 1128.40 0.0365 0.90 763.46 0.17 1.09 0.19 
HC3 -0.0010 -0.0210 1127.10 0.0286 -0.05 699.77 0.16 -0.06 0.01 
HC4 0.0079 -0.0210 945.32 0.0272 0.38 1045.80 0.24 0.50 0.12 
HC5 0.0140 -0.0213 1196.70 0.0440 0.66 1074.95 0.24 0.87 0.21 
HC6 -0.0342 -0.0210 1113.60 0.0330 -1.63 869.71 0.20 -2.03 0.40 
HC7 -0.0177 -0.0204 1084.80 0.0295 -0.87 965.76 0.22 -1.11 0.24 
HC8 -0.0142 -0.0213 820.63 0.0272 -0.67 1514.92 0.34 -1.02 0.35 
HC9 -0.0067 -0.0213 1021.90 0.0356 -0.31 761.65 0.17 -0.38 0.07 
HC10 0.0112 -0.0202 1152.10 0.0349 0.56 841.35 0.19 0.69 0.13 

 

 

Figure 4 - Equivalent Von-Mises Stress Distribution (MPa) 

  



 
 

 
 

Geometry combinations 

Potential geometric combinations where v→0 were explored, Figure 6. It was 

considered appropriate to investigate both v and 〖v 〗_norm values for the ten 

honeycomb structures combination. To assess the potential compatibility of each 

structure, a pairing exercise was completed, whereby each Auxetic and non-Auxetic 

honeycomb structure Poisson’s ratios were averaged to predict the combined 

structure value, Equation. 7 and  Equation. 8. Figure 5 presents the resultant 

combination values CB-1 through to CB-25 for both v and 〖v 〗_norm. 

Poisson’s ratios estimated from averaged FEA derived honeycomb values ranged 

between +0.47 and -0.62 for CB-1 and CB-8 respectively. Combination values where 

v →0, within the boundary of ±0.1 were identified for structures CB-19, CB-12, CB-

23, CB-20 and CB-11 with values -0.01, +0.02, +003, -0.06 and +0.06 respectively. 

Conversely, considering the normalised values, the range of combined Poisson’s 

ratios spans between +0.54 (CB-1) and -0.77 (CB-8) for the combinations of HC-

1/HC-3 and HC-4/HC-6. Applying the same boundary of ±0.1, geometric 

combinations CB-12, CB-11, CB-17, CB-23, CB-16 and CB-19 exhibited values 

where v →0, with estimated Poisson’s ratios of -0.01, +0.02, +0.04, +0.06, +0.06 and 

-0.07 respectively.  

The combined estimations for Poisson’s ratio from FEA (v) and normalised values (

〖v 〗_norm) are shown in Figure 6. Combination variants CB-14, CB-23, CB-12, 

CB-25, CB-21 and CB-11 each show good agreement between v and 〖v 〗_norm 

with maximum variation of 0.04. The maximum variation between v and 〖v 〗_norm  

is 0.14 (CB-8) whilst the minimum is 0.02, (CB-14).  

It was observed that when 〖var〗_(v/v_norm ) was grouped into quartiles using a 

modified version of  Equation. 6, appropriate for combination structures, the fourth 

quartile were comprised of not-dissimilar geometries; CB-7 (HC-2/HC-6), CB-20 

(HC-10/HC-8), CB-18 (HC-4/HC-8), CB-6 (HC-1/HC-6), CB-10 (HC-10/HC-6) and 

CB-8 (HC-4/HC-6). Hence it can be suggested that secondary structures HC-6 and 

HC-8 contribute significantly to the Poisson’s ratio modulation.  



 
 

 
 

Similarly, when considering the first quartile, CB-14 (HC-5/HC-7), CB-23 (HC-4/HC-

9), CB-12 (HC-2/HC-7), CB-25 (HC-10/HC-9), CB-21 (HC-1/HC-9) and CB-11 (HC-

1/HC-7), originating geometries HC-7 and HC-9 were present; it can be suggested 

that these do not significantly contribute to the Poisson’s ratio modulation.  

Figure 5 - Combination pairing grid- (a) v and (b) 〖v 〗_norm  combining Auxetic and non-Auxetic structures 

 

 Figure 6 – Averaged Normalised Poisson's ratio values and combination variant descriptor (top)  

 



 
 

 
 

Conclusion 

Numerical and analytical methods were used to investigate geometric dependency of 

combined structures with v→0. The ten geometries considered each presented 

varying lateral deformation response under the same compressive displacement of 

0.5mm. Limitations of the presented works are such that only singular arrangements 

of each geometry were investigated and that numerical modelling was not validated 

to experimental test data. Future works would seek to further explore and 

experimentally validate each geometry and the potential combined structure.  

The structure combination strategy highlights the opportunity for implant 

personalisation through optimised geometries. Poisson’s ratio normalisation was 

employed to explore porosity contribution and associated variance between v and 〖

v 〗_norm. Whilst the findings suggest v values are sensitive to material volume, the 

degree of sensitivity is not constant for each structure; as such, there exists some 

structural independency to porosity when considering Poisson’s ratio. 

 The application of the presented Poisson’s ratio balancing strategy to achieve 

enhanced and prolonged bone formation has the potential to mitigate many painful 

and debilitating femoral stem revision surgeries that would benefit both patient and 

the healthcare provider.  

Link to SDGs: These works link directly to SDG 3 - Ensure healthy lives and 

promote well-being for all at all ages. 

Keywords: Ansys, Auxetic, Compression, FEA, Poisson’s ratio. 
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Abstract 

In developing countries, particularly in Nigeria, environmental management often 

comes with formidable pollution, conflicts, risks and concerns, especially in the oil 

and gas (O&G) sector. A key feature of these concerns has been identified as the 

paucity of sustainable frameworks for oil and gas Environmental, Health and Safety 

(EH&S) Management Systems, which brings risk to EH&S. Inadequate sustainable 

management has been identified as a significant reason behind environmental 

pollution concerns in Nigerian O&G producing communities.  

This research uses a mixed-method approach to evaluate the development of a 

sustainable framework for EH&S risk in the Nigerian O&G sector. The paper argues 

that EH&S is impaired by risk of incidents relating to O&G environmental pollution, 

the effects of which are amplified by inadequate sustainable EH&S management 

Systems. The study highlights the steps taken to develop the framework for 

sustainable EH&S processes in Nigerian O&G management Systems. 

Introduction 

Crude oil has existed before new technologies. Fritzie (2009) revealed that 40,000 

years ago, asphalt was used in the construction of the walls of the tower of Babylon. 

and there were oil spots in Zacynthus, Lnian Island, close to Babylon. A great 

quantity of oil was found in the banks of the river Issus of Ardericca (Fritzie, 2009). 

This is confirmed in Genesis Chapter 11 verses 3 and 4 (especially 3), ‘They said to 

each other, “Come, let’s make bricks and bake them thoroughly”. They used brick 

instead of stone, and tar for mortar. Further corroboration existed in the Darius 

Palace in Susa and the Ziggurats of Ur (Anonymous 1, 2015). 

According to Sabitova and Shavaleyeva (2015), oil was exploited in Roman 

Moldavia, Dacia, in 1769 by Dimitrie Cantemir, named Picula in the Romanian 

language. Likewise, oil was named ‘burning water’ in Japan and ‘石油 Shíyóu, 

literally rock oil’ in China. Between 1881 and 1950, significant oilfields were 



 
 

 
 

discovered across the globe. Examples are Peru in 1863; Zorritos District, Dutch 

East Indies, in 1885; Sumatra, Persia, in 1908; Masjed Soleiman, Venezuela, in 

1914 and Maracaibo Basin, Alberta, Canada, in 1947. This includes Oil Rocks Neft 

Dashlari in 1949 at the Caspian Sea, off Azerbaijan (Kalyuzhnova, 2008). However, 

coal exploration and extraction remained paramount till the 1950s, before it was 

replaced by oil spinoffs. In 1956, oil was discovered at Oloibiri in Bayelsa State, 

which is in the Niger Delta region of Nigeria (Gighi et al., 2012).  

This natural resource has a variety of uses. to extract maximum value from crude oil, 

it first goes through a refinement process to produce gasoline, known in some 

countries as petrol or petroleum products (Hough, 2017). There are other products 

that can be obtained from a barrel of refined crude oil. These include liquefied 

petroleum gas (LPG), fuel oil, naphtha, gas, oil and kerosene. According to Maizar 

(2004), over 4,000 different petrochemical products can be obtained when crude oil 

is refined, although only a few of these are considered basic products. 

According to the United Nations World meter data, as at 31 December 2021, 

Nigeria’s estimated population of 213 million is 2.58% of the total world population 

(Simona Varrella 2021). It is situated on the west coast of Africa and lies on the 

latitudes of 3° to 14° on the east of the Greenwich Meridian and 4° north of the 

equator. It has an area of 923,768.64 billion m² (Toyin and Mathew, 2012). Its 

currency is Naira & kobo and it has a three-tier political structure: federal, state and 

local government. Nigeria shares boundaries with the Republics of Benin, Niger, the 

Gulf of Guinea, Cameroon and Chad. 

Problem statement/motivation of the research 

For decades, the value of management practises in fostering fair environmental 

health and safety has been a source of heated dispute in Nigeria's oil and gas 

sector. While some scholars and practitioners perceive it as a production system that 

exposes ecology to poor health and safety, others see it as a way to promote 

environmental safety hazard. However, Evidence reveals that the average Nigerian 

Oil and Gas manager is authoritarian or autocratic in protecting the EH&S system. 

The word ‘management’ in Nigeria’s system is less considerate of ecology, workers, 

or their ideas, including H&S, but is concerned with personal interest (Taiwo, 2010) 



 
 

 
 

Dibia and Onwuchekwa (2015) and Emuedo (2015) reviewed the dynamics of EH&S 

struggles in Nigerian O&G sectors (mostly in O&G host communities). The violence 

between host community youths in Choba, Rivers State and ODI, Bayelsa State, has 

claimed over 100 lives due to environmental pollution and corrupt EH&S 

management. According to Tarabinah (2015), Nigerian oil-bearing communities have 

been left desolate in environmental degradation for four decades, thus, 

transportation via the ecosystem became difficult (shown in Figure 1). 

 

Figure 1 

The situation has been described as a graveyard, due to the high mortality rate 

experienced (Omeje, 2017). The frustration of long periods of neglect due to 

environmental pollution resulting from unsustainable management by multinational 

O&G companies, the federal government, political parties and state/federal 

environmental agencies pushed the host societies to the wall. They took the law into 

their hands, taking up arms against O&G management and their political allies and 

establishing local refineries to earn a living (see Figures 2); these increased the cost 

of fuel and resulted in more EH&S hazard to the public.  

 

Figure 2 

Bratton and Gold (2017) stated that deficiency of sustainable management systems 

in the Nigerian Oil and Gas sector not only affects EH&S, but also impacts workers 



 
 

 
 

competence, cost-effectiveness and commitment. It also determines long-term 

consequences for H&S and environmental well-being. other evidence suggests that 

unsustainable management effects mental  and physical health, as well as longevity 

of life itself (Qing-gui et al., 2012). 

Evidence calls for a reassessment through a sustainable management system in 

Nigeria’s O&G sector, particularly the EH&S management system (Tarabinah 2015 

and Dibia and Onwuchekwa (2015). 

Methodology  

To achieve the study aim, a large sample was used to explore the past, present and 

future of EH&S management in the Nigerian Oil and Gas sector. The quantitative 

study was chosen as the best approach for testing the different components of the 

sustainable framework. However, when it came to gathering the necessary data, 

analysing the results and determining the validity of the findings, the mixed method 

approach was found to be the most appropriate. The mixed method was also used to 

investigate the relationship in order to better develop the sustainable framework 

while considering the study limitations and constraints. 

 Analysis and Results 

The analysis of the main study survey combined data from 61 respondents from the 

oil and gas, environmental, health and safety management sectors, to determine the 

causes of environmental pollution in Nigeria and how this sustainable management 

model might reduce its impact.   

the responses are instructive, regarding the impact of the failure by the management 

system of the Nigerian regulatory body to prevent EH&S degradation. Based on the 

mean scores, majority of the 61 respondents agreed with the five statements cited 

below, that is, the top five possible impacts of the failure of the environmental aspect 

of Nigeria’s regulatory body. Higher mean scores indicated higher agreement with 

the statements. The top five impacts are as follows:   

(1). Unsuitable O&G EH&S organisational structure M = 2.14; SD = 0.94. (2). Lack of 

O&G EH&S management skills M = 2.14; SD = 0.73 (3). Overlaps in O&G EH&S 



 
 

 
 

regulator functions M = 2.06; SD = 0.71 (4). Lack of collaborative planning across 

O&G EH&S functions M = 2.02; SD = 0.70 (5). Inadequate data in O&G EH&S 

management system M = 2.00; SD = 0.67 

The results indicate that depletion of environmental pollution is significant in the 

sectors. Management applied varying skills across organisations. In some cases, 

some executives applied the same tool but in a different way. Despite managerial 

acts to minimise environmental pollution, the study found that there have not been 

efforts towards sustaining the EH&S management system. The analysis identified a 

number of deficits across managerial sectors. For example, adequate data, 

appropriate regulation and collaborative planning, which is a popular practice used 

by successful organisations to sustain management system Is rarely practiced in 

Nigerian O&G firms.  

The participants provided several suggestions to resolve these difficulties and 

improve the EH&S management system. This corresponds to one of the research 

aims, which is to design a sustainable EH&S management framework to prevent 

environmental degradation.  

Discussions 

The sustainable goal in developed countries is to develop a stakeholder engagement 

plan, embraced community development and consult stakeholder’s on O&G 

environmental pollution concerns. The stakeholder engagement plan includes 

royalties, taxes and profit payments made to governments in support of sustainable 

development of local communities, the opposite of which is the case in Nigeria. 

Therefore, in order to achieve a sustainable framework that will resolve challenges of 

unsustainable management in the Nigerian Oil and Gas Sector, four implementing 

steps were recommended, labelled L1, L2, L3, and L4.  

L1, Effective communication, transparency, and teamwork among stakeholders and 

other relevant departments. 

L2, Data collection, / dissemination centre or switch board such as: Receiving, 

keeping and dissemination of information in utmost working condition via L1. 



 
 

 
 

L3, Introduction of new strategies, example: Sustainable policy for EH&S 

management system, Selection of a Sustainable management task force, 

Appointment of sustainable facility managers, Establishment of a sustainable 

enforcement agency, Incorporation of a sustainable culture in national 

environmental, health and safety regulatory Act 

L4, Automation that support transparent record keeping, to improve safety, 

environmental quality and sustainable efficiencies. 

Conclusions 

According to the research findings, practitioners believe the Oil and Gas 

management system is built on a defective organisational structure. Thus, research 

findings suggest a sustainable framework and appropriate implementation with 

stakeholder representatives such as federal and state governments, the oil and gas 

host communities, local management and the Oil and Gas Personnel Forum. It also 

Includes the environmental, health and safety emergency rescue team and 

enforcement agencies for better management of the proposed framework. The thesis 

findings point to the need for development of a sustainable framework that guides 

operators in using a sustainable management system as a strategy for promoting 

environmental, health and safety practices. This shows that the sustainable 

management system can be adopted by the Oil and gas sector as a way of 

minimising environmental pollution. Furthermore, a sustainable management system 

can be incorporated into government environmental, health and safety initiatives to 

improve health and safety performance and reduce environmental pollution in 

Nigeria’s Oil and Gas sector. 

Keywords: Environmental pollution, health care, Safety risk, sustainable 

management system. 
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Introduction 

Interest in pollution issues associated with Arabian Gulf has been growing in the last 

few years. These issues include identification and documentation of the major 

sources of oil pollution in the Gulf region, evaluation of the analytical methods used 

to identify the different types of pollutants, review of the recent advances in oil 

pollution impact treatment and prevention, develop stronger cooperation ties 

between interested members of the community, and encourage awareness of the oil 

pollution as a serious environmental problem in the region (Al-Azab, El-Shorbagy 

and Al-Ghais, 2005). 

About 25,000 tanker movements sail in and out of the Strait of Hormuz annually and 

transport about 60% of all the oil carried by ships. In combination, these sources 

provide on a long-term a kind of input sources of petroleum. Activities associated 

with oil traffic include shores heavily contaminated with oil residues, tar balls and 

trace metals. About two million barrels of oil are spilled annually from the routine 

discharge of dirty ballast waters and tank washing, partly due to the lack of shore 

reception facilities. Some major spills, either unintentional or as consequence of 

military activities, have added occasional dramatic pulses of oil contamination to 

long-term background (Al-Saad and Salman, 2012). 

This study will examine oil spills in the Arabian gulf using satellite images over the 

last 30 years to see the impact different currents, water temperature, bacterial 

activity and coastal topology has on the spread of oil spills and to look at the 

variations in crude oil composition and how it also affects the spread.  This is then 

related to the methods used to control the spill at the time it occurred and to 

ascertain which methods were most effective and if the same methods can be used 

in events. 



 
 

 
 

This research seeks to provide new knowledge and insights regarding the 

environmental issues associated with oil and gas production in the Gulf Cooperation 

Council (GCC) region (also known as the Arabian Gulf and hereafter referred to as 

GCC). Its aim is to develop new insights about how the oil/gas industries handle 

emissions, pollution, effluent, and waste issues, and how effective are their policies. 

Problem statement  

Industries continue to use natural resources for their raw materials and also 

discharge waste into the environment, Ocheni (2016) says “The activities of oil 

companies, utilities, manufacturing companies in many cases, waste management 

companies, construction companies, and mining companies have posed serious 

threats to human existence”. 

The issues of pollution, gas flaring, indiscriminate waste dumps, erosion, flooding 

amongst others, have continued to top the agenda of environmental regulatory 

bodies and made activities that will help to mitigate their impacts become important 

(Chidimma, 2014). 

Oil and gas revenues for GCC countries have enabled exceptional and accelerated 

development in all aspects of life. These countries have become a hub of intense 

activity in many spheres: geopolitical, economic, industrial, construction, and 

tourism, to name a few. However, the scale of oil and gas production and use has 

also led to severe environmental problems (Raouf, 2008). 

The threats to the natural environment can bring about critical changes in many 

aspects of the business environment. Concern for health, financial integrity, safety, 

quality, and consistency are part of the framework of best practice in multiple of 

ways, and detailed regulation ensures both that these obligations are complied with, 

and that public security is possible. Within this context, the environment is becoming 

something of test case for everyone (Omorokpe, et al, 2012). 

Research question 

What is the present environmental state of the GCC after 1991 war oil spill disaster 

and what ecological impacts have occurred? 



 
 

 
 

Objectives 

The purpose of this research is to examine the characteristics of current 

environmental concerns, by focusing on key oil/ gas development and to investigate 

the preparedness of external auditors in the GCC to meet up with the challenges 

posed by these developments. 

The objective of this study is to review the available literature about the 

organizational and methodological problems of the environmental auditing in the Gulf 

Cooperation Council (GCC). This is the gap this study attempts to fill and add to 

existing literature. The main objectives of the study are to: 

• Assess the present environmental state of the GCC 

• Identify principles of environmental sustainability applicable to the GCC countries. 

• Elaborate these principles in scientific, technological, and socio-economic terms.  

• Consider current and future priorities for environmental sustainability in the region.  

• Assess existing political, socio-economic, ethical, cultural, and legal frameworks for  

environmental decision making in GCC. 

• Assess GCC progress in environmental sustainability.  

• Assess the various action plans for the sustainable development of the region by 

governments and their levels of implementation 

Methodology and data analysis 

Remote sensing was used in several projects and studies to characterize this 

pollution and offer invaluable information on the status of the oil-polluted surfaces 

(Al-Ajmi et al. 1994; El-Baz et al. 1994; Kwarteng and Al- Ajmi 1997; Koch and El-

Baz 1998; Kwarteng 1998, in Shafiullah, 2016). 

For this study, all relevant data for analysis will be collected mainly from primary 

sources:  



 
 

 
 

1. Remote sensing imagery data  

2. Visual data (Site visits observation). 

3. Textual data (Documentary review, Inspection, Statistics). 

Results and discussion 

Having performed the image classification for the two time period, before oil spill 

even and during the event of oil spill on January 16, 1991, when the UN coalition 

forces launched an assault against Iraqi military occupying Kuwait, using the remote 

sensing approach discribed in the methodology, the classification results was 

validated using the Google Historical Imageries and ESRI Basemap Archive. This 

was archieved by comparing randomly selected locations in the classified images 

across the study area, compared the classified land use information with the 

reference base map image. This is to ensure the relaiblity of the classification results 

and to limit misslcaasification error which may lead to inccorrect interpretation. See 

figure below to highligh the validation process.  

it is evident in figure 4 below that which is intended to depict the normal and initial 

state of the study area has four (1) states namely, Water, Developed, Barren Land, 

and Vegetation. This mapped classes summarized all other sub-classes that may 

exist within the study area to ensure that all possible user introduced error is 

avioded. This was used as a base for the subsequent comparison with other data 

from periods after the recorded oil spill event. Although smoke/plumes as a class is 

not a type of land form, there is a significant coverage of smoke/plumes observed 

across the coastal portion of the study area which covers Kuwait City, Saudi Arabia 

and Abu Ali Camp in the March 1991 classified image. This is inline and accurate 

with the historical record of oil spill that occurred in January 1991. As a result of this 

recorded oil spil event, this is a significantly obvious presence of huge fire and 

smoke/plumes in the March 1991 classified image. As documented in literature 

findings that the oil spill started in the Kuwait city area and over time flushes down to 

the Abu Ali, this is substantiated as shown in figure (2) below. It was illustrated that 

the base of the mapped heavy spreeded fire or smoke/plumes is around the Kuwait 

city area and extends down south-east of the study area which entials Abu Ali Camp 

area.  



 
 

 
 

To affirm that this mapped fire and smoke/plumes in the study area within this 

observed period, the output of a late image in June 1991 was also evaluated to 

access the state of impact of the oil spill event. Deducing from the classified image in 

figure 6 below, the result of the late date image examined in June 1991 shows that 

the mapped heavy presence of fire and smoke/plumes ealier had significantly reduce 

and has almost become more contained just in the southern part of Kuwait City and 

stretches all the way across Saudi Arabia. This finding also help to validate the 

record that with a few months from the time of the oil spill event in January, the spill 

flushes away from Kuwait City. As a result of the limited remotely collected data to 

map the presence of the oil spillage in the Persian Gulf, the potentials of been able 

to tidy the significant mapped fire/smoke in the study area about the same time with 

the recorded oil spill clearly delineates the impact of the oil spill event.  

 

 

Figure 1: Composite Image of Landsat 5 TM (Top) and Classified (Bottom) in November 1990 



 
 

 
 

  

 

 

Figure 2: Composite Image of Landsat 5 TM (Top) and Classified (Bottom) in March 1991 

Although progress has been made in some areas, (GCC) is struggling to harmonize 

economic development and environmental protection (American Chemical Society, 

2007). Research by Raouf (2008) suggests that the GCC countries face a multitude 

of “traditional” environmental challenges, such as desertification, biodiversity loss, 

pollution in marine and coastal areas, air pollution, and water scarcity and quality 

(Raouf, 2008). Van Lavieren (2011) states that, the coastal region of the GCC, like 

many other places in the world, faces continuous environmental degradation (Van 

Lavieren et al, 2011). 

These countries have continued to play an increasingly important role in the climate 

change field; they are at once the producers and exporters as well as victims of 

climate change. Thus, they must be fully backed and supported by the international 



 
 

 
 

community. It is the view of Raouf (2008) that, over the next two years, there is a 

very good opportunity for GCC countries to garner financial and technical support 

from the industrial world to help them combat the negative impacts of desertification 

and climate change (Raouf, 2008). 

Impact on environment  

According to Al-Azab, El-Shorbagy and Al-Ghais (2005) the oil-related activities 

cause significant damages to different ecosystem components such as coral reefs, 

algal mats, mangrove, and other habitats. In addition to the increasing potential of 

pollution and its adverse effect on the ecosystem, oil spills and relevant implications 

can severely affect the main source of desalinated water for the Gulf countries due to 

their limited water resources. 

The Gulf War of 1991 sparked widespread concern and attention on a national, 

regional, and worldwide level. The question of whether environmental projections 

about the 1991 Gulf War matched reality is still being debated. According to current 

research, a straightforward solution is impossible to supply for a variety of reasons. 

To begin with, projections have varied greatly, ranging from the Gulf being nearly 

dead to quite minor effects. Furthermore, not all sections of the Gulf saw the same 

level of obvious devastation. Furthermore, various ecosystems exposed to oil or 

smoke did not necessarily suffer the same effects. The extent of environmental 

damage caused by an event such as a war is also determined by the time span over 

which its impacts are assessed (Price, 1994). 

Conclusion 

It is hoped that this study on completion would provide a ready guide to policy 

makers and other stakeholders in the GCC region to make informed decisions in 

relation to implementing action plans geared towards the sustainable development of 

the region. It would also help in updating existing policies and interventions aimed at 

empowering the local communities of the region economically. 

The researcher feels that this project is of great contemporary academic significance 

and would be of value both to Wolverhampton University and to the wider academic 

community. 
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B17 - 3D reconstruction with drones utilising 360° videometry 

Hamlet Reynoso Vanderhorst, Dr Subashini Suresh, Dr David Heesom, Dr Renukappa 
Suresh and Prof. Keith Burnham 

Abstract 

Purpose: The aim of this paper is to illustrate the workflow of Unmanned Aerial 

System (UAS) with a mounted 360° camera and its application in construction. 360° 

cameras are useful for gathering imaging data from a various angle, but in terms of 

practically videometry seems an option for rapid data acquisition. Nevertheless, the 

literatures in photogrammetry with panoramic view are low as this approach still 

under development and it presents many challenges in their user experience 

adoption from the virtual reality perspective (Zhang, et al., 2021).  

Design/methodology/approach: In the literature, a quantitative approach is normally 

used with drones and 360° cameras. This combination of tools is only used in 

panoramic and stereoscopic images rather than in videos (Ullah, et al., 2020). 

Therefore, a design science research methodology was conducted utilising a DJI 

phantom 3 Professional and mounting a Nikon Key mission 360° for the test. 

Furthermore, the video was framed and processed with the software 3DF Zephyr 

Lite in order to provide a 3D reconstruction of the site.  

Findings: The 360° videos with the UAS presented challenges on imaging resolution 

for the 3D reconstruction. The propellers were elements that interfered in the 

reconstruction process (Figure 1). Furthermore, The camera mounted presented 

issues with Wi-Fi connectivity. In terms of human skills, there is a need for 

explorations in the 360°-camera drone videometry techniques as it presents a 

different photogrammetry pattern of reconstruction (Figure 1).  

Research limitations/implications: The limitation was related to access to different 

types of platforms for testing various perspectives and evaluating the results.  

Practical implications: The access to the equipment and specialised software 

allowed professionals to have virtual reality experiences as a complement of the 2nd 

outcome of the test. On one hand, it is the reconstruction, and on the other is the 

virtual reality experience.   



 
 

 
 

Originality/value: There are a few studies in the 360° videometry with drones and it is 

intended to be a foundation for data capturing experiences in construction. The value 

of data acquisition with drones represented in a virtual reality view from a helicopter 

perspective make cost-effective explanations of the actual project and provide the 

differentiator factor of experiences in a safe environment in case of pandemics. 

Furthermore, from a technical perspective, the 360 approaches allow professionals 

to capture complex geometries at a lower cost instead of investing in multiple 

sensors (Ullah, et al., 2020). Furthermore, in teaching, aerial experiences provide the 

facility of merging and reducing the time in access to physical spaces throughout 

metacities.  

Introduction  

The interactions between humans have been changing since the pandemic on a 

global scale. The awareness of the digital spaces has been imprinted in more than 

20 countries, simultaneously, facilitating the understanding of rapid access to 

communication. As reality is limited by the degree of elements processed under the 

cognitive perceptions of humans, the interactions with other types of sensors and 

realities expand the reach of experiences that humans can embody. Through time, 

platforms have existed for satisfying human needs that rely upon sets of rules 

beyond the actual experience of living. The video game industry has been profiting 

from this approach by applying platforms for entertaining humans and establishing 

rules of interactions with preprogrammed computer software, with another human or 

with both players. However, as the technologies, societies changes, innovations, and 

platforms are progressing, other sectors may adopt digital strategies to adapt to the 

changes. The video game industry has produced different pieces of knowledge 

significantly for the massive proliferation in accessing technologies, for example, 

drones ready to fly. The construction industry is purely physical, the introduction to 

other types of interactions have been challenging. The advancement in digital 

designs for preconstruction stages of projects and utilising of artefacts for reality 

reconstruction have contributed to develop video game capabilities in the physical 

industry. It is costly to build, repair, change or alter designs during the construction 

phase of projects and even more costly make trials for clients. Hence, the 

development of digital designs and virtual experiences significantly defeat the 



 
 

 
 

challenge of the physical reality up to our human’s understanding. Building 

Information Modelling (BIM), which is named for storage and represent the 

parametric information of the buildings, has made possible the consideration to 

create a virtual environment for clients. Artefacts used for reconstructing the 

geometry and other elements such as radiation and heat levels of the environment 

are called reality capture technologies such as drones. They are useful for gathering 

data in large, risky and inaccessible environments for humans. Along with the RGB 

camera sensors, the techniques of drone photogrammetry have been popular for 

reconstructing buildings and monitoring infrastructures. However, since the process 

of reconstruction and monitoring are not purely 3D, as a consequence of the 

inaccuracy in virtual models, the professionals rely on 2D images as an alternative. 

Furthermore, testing other sensors, such as 360° cameras, for the same purpose 

allowed professionals to produce a higher set of data beyond the technical aspects 

of the construction, connecting them with virtual reality experiences such as the 

metaverse (Agha & Monnet, 2019). The tool of virtual reality (VR) technologies 

assists the process of visualising a copy of the physical environment digitally. The 

professionals can produce a more trustworthy copy of the environment. Even though 

artificial intelligence may not be capable of rending videos to optimise them for 

metaverse platforms and virtual reality experiences, capturing data with 360° 

sensors, the reality, supports the generation of scenarios for training in construction 

as well as business aspects such as virtual tours in case of the necessity of remote 

work globally.  

Problem statement/motivation of the research  

Virtual reality technologies are designed to produce immersive experiences for the 

user. These experiences may be created purely digitally (as in the metaverse 

currently) or recreating the physical experiences with virtual tours (360° immersive 

training). In the construction industry, the 360° immersive training have been useful 

for safety training (Sepasgozar, 2022; Eiris, et al., 2020), but the need for studies in 

virtual tours and data reconstruction should be explored deeper. Furthermore, the 

implications of suitability and feasibility of the approach are still in doubt regarding 

360° cameras and drones. The contribution of new sensors allows understanding of 

the best practices in generating this type of information towards BIM and the 



 
 

 
 

metaverse. For this reason, the aim of this paper is to illustrate the workflow of UAS 

with a mounted 360° camera and its application on a heritage building, Columbus 

Alcazar.   

Methodology   

Currently, there is no pre-designed drone with an embedded 360° camera. Previous 

studies showed that particular drones have a camera that fits into their housing, 

considering the weight and the shape of the camera (Humpe, 2020; Colonnese, et 

al., 2018). Quadcopter drones and Insta360 cameras are normally used for 

experiments of this type by their quality and accessibility but do not represent, in all 

cases, affordability. There are other options unexplored such as Nikon 360°. The 

camera was attached to the DJI phantom 3 pro to produce videos of the heritage 

buildings. The practice of photogrammetry is commonly in drones, but the 

methodology of videometry is still not entirely explored yet. Furthermore, the 

literature on stereoscopic photogrammetry is low as this approach is still under 

development and present many challenges in their user experience adoption from 

the virtual reality perspective (Zhang, et al., 2021). Therefore, the approach of 

videometry was taken in order to produce a deep understanding of easy real-time 

method of data capturing.   

    

Figure 1. Methodology implemented  

 

 



 
 

 
 

Analysis and Results  

The flight was carried out in front of the Colombus Alcazar where regulatory 

boundaries are flexible for deploying UAS less than 2 kg, weather and light 

conditions are usually constant. The site of deployment was 25 m from the building. 

The attached camera presented issues of connection to the app by the distance and 

the position of the camera (on top of the housing) provided the stereoscopy images 

with limited visibility of the building. The operation was intended to be a circular path 

in which the area of the building could be examined. The flight was carried out at 

only one height. The video was useful in understanding the heritage environment. 

Moreover, the reconstruction of the heritage with the 360° videos required a software 

capable of separating the frames and aligning them into a 3D reconstruction, as in 

Figure 2. The 3DF Zephyr Lite was an alternative software for frame extractions and 

processing them for reconstruction. 136 frames without GPS coordinates were 

extracted and processed. Therefore, the model of reconstruction was digitally built, 

but it presented issues in generating a comprehensive model. The flight plan of data 

collection for reconstruction was similar to the operations in photogrammetry. 

However, the approach of videometry takes into consideration the degree of visibility 

of the heritage in the frames as it was considered a barrier during the processing 

step. The model or point cloud in Figure 3 describe the interpretation of the 

processing step with the panoramic images.  

       

 Figure 2. Panoramic extracted   Figure 3. 3D Reconstruction  

Discussions  

The task of maintenance of heritage could be considered with the 360° approach. 

The immerse experience of 360° allows professionals to understand the feelings, 

impressions and improvements adhered to in the heritage. The experiment provided 



 
 

 
 

3 essential parts of the reality capture technologies. 1) how 360° camera should be 

integrated and its influence in designing the drone, 2) Training is required for proper 

data acquisition, 3) understanding of the algorithms of data processing related to this 

type of approach. The video captured can be aligned in a stereoscopic view for 

virtual reality and be used as a tour movie or inspiration to build an experience inside 

the metaverse. In the same line of thought, the reconstruction of the building in a 

metaverse through the point cloud generated from the videometry process requires 

further tests as the geometry was not defined well. Furthermore, there is a need for 

further tests on different platforms or drone in order to understand the feasibility 

involved in this approach.  

Conclusions  

The use of reality capture technologies for feeding digital space is a valuable 

approach in construction. During the project life cycle, the maintenance stage 

represents a considerable task for 360° cameras. The actual configuration of the 

drone brought insights into drone design as well as techniques in data acquisition. 

The experiment requires more tests to rely on the feasibility of this approach. The 

outcomes of the experiment were video and 3D data. The video accomplished the 

mission by providing a description of the site but as the location of the camera was 

not contemplating the propellers, issues related to visibility were encountered. 

Furthermore, this same issue had repercussions on the frames extracted and finally 

reduced the clarity of the reconstruction model. Nevertheless, the approach has 

adequate applicability for movies in the metaverse, but it requires investigations in 

the different patterns of videometry for heritages.  
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