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Summary:
Industry 4.0 can provide a lot of opportunities for companies in various fields, however for companies to gain full benefit from Industry 4.0 solutions, the implementation of these technologies needs to be done in a manner where the full benefits are gained by the companies. Concerning Industry 4.0 strategies, a maturity model (MM) can be considered as a tool to describe and assess organisations’ processes concerning the environment, economy, and society, in addition, this allows them to better compare the best practices within their organisation and externally with competitors. It is argued that in terms of smart technology, there is a gap between MM and project management where a MM can allow organisations to assess the different levels of efficiency, project management, organisational management, and improvement of processes to enable the overcoming of their weaknesses allowing the promotion of smart transformation. The methodology of this research was undertaken through a pragmatic approach as the study is of a nature that has not been explored before. Secondary data was collected through a systematic literature review using the PICO model and primary data was collected following a qualitative methodology to study the objectives of the research. A purposive sampling method was selected for this research and further in the research snowball sampling was adopted due to the sensitive nature of the study. Semi structured interviews were chosen as the data collection method. Overall, the UK infrastructure sector is medium in terms of levels of implementation, despite there being six main technologies identified;(1) BIM, (2) 3D models, (3) Big Data, (4) Drones, (5) GIS and (6) Point clouds and Digital Survey, to have been implemented, more industry 4.0 agendas could positively impact the industry such as Artificial Intelligence, however from this study only one large organisation has started to invest in the technology. This study adopts the Maturity Model too allow the understanding on what level organisations in the UK infrastructure are in terms of industry 4.0 strategies implementation. This can allow the understanding of what plans to put in place to gain a higher level of maturity within this field.
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[bookmark: _Toc157627627]Introduction  

The concept of Industry 4.0 derives from advanced technology throughout the industrial sectors worldwide. The methodology is defined as the application of emerging technologies to transform current production methods to more machine-dominant processes and digital manufacturing (Oztemel and Gursev, 2018). It has been argued that Industry 4.0 does not only take into regard the integration of technologies but also takes into consideration the storing, sharing, use, and organisation of data and resources to allow a faster, more cost-effective, and sustainable way of delivering product and services (Piccarozzi, et al., 2018). The interest in Industry 4.0 and research on its related technologies have been growing at a fast pace, however, these studies have not been entirely focused on just Industry 4.0 but more on creating a relationship between Industry 4.0 and more topics, for example, Muller et al (2018) explore the relationship between Industry 4.0 and sustainability development. The manufacturing industry is now going through the fourth industrial revolution, however, the infrastructure sector compared to other businesses is behind in adopting these automated and digital processes. 
The maturity model has been implemented in this research to analyse the level of implementation of Industry 4.0 agenda within the UK's infrastructure sector. The maturity model will evaluate the capabilities of the organisations that took part in this study in terms of implementation of Industry 4.0 agenda which will address the organisations' maturity level. Assessing the maturity level will allow the analysis of the organisation and see where they are at in terms of entering the fourth industrial revolution. This will demonstrate if the organisations are still using processes established in the Third Industry revolution or if they have advanced into the digital and automated world. 
The aim is to evaluate the organisation’s level in terms of implementation of Industry 4.0 agenda, the maturity level was developed using the capability maturity model. The maturity levels have been defined through a critical literature review which is based on capability maturity models which have allowed the ability to establish the necessary indicators to develop the maturity level.  Firstly, the proposed goals to be achieved were identified as a first step of the maturity level, an in-depth literature review was then conducted of the organisations’ capabilities and digital strategy with the aid of the collected primary data. During this review, themes were observed which were characterised quantifying the results and providing proposed objectives for the next five-year period. 

Theoretical background
Industry 4.0 is the fourth industrial revolution that involves the automation and digitisation of the manufacturing industry. The Industrial Revolution began in 1781, this had a slow start, however over time it has massively changed and impacted how products are produced, communication, the way we live, and many more day-to-day processes (McKinsey and Company, 2022). The UK construction industry is undergoing significant changes since the 18th century, the manufacturing industry which includes the construction industry saw its first industrial revolution with the creation of the steam engine (Bank of England, 2020). Industry 4.0 can provide a lot of opportunities for companies in various fields, however for companies to gain full benefit from Industry 4.0 solutions, the implementation of these technologies needs to be done in a manner where the full benefits are gained by the companies. There is little experience within the construction industry as to how to implement Industry 4.0 practices, in addition given its complex nature implementation strategies will need to be tailored to individual organisations and specific technologies associated with the implementation. 
The infrastructure sector takes an active part in the UK economy (Department for Business Innovation and Skill, 2013), which was represented in the government's growth review back in 2015 (UK Commission for Employment and Skills, 2016). During the last quarter of 2018, the UK has seen an increase of 0.28% despite the increase in employment, productivity in the UK seems to not have the same effect on growth (Jackson, et al., 2019). 
The construction industry has been identified as a primary influence on performance and productivity when good practices are used (Adetunji, et al., 2003), business practices within an organisation take a massive part in improving productivity. Adopting the right business practices such as efficiently managing data and producing time and cost-saving processes can improve productivity while saving costs and enabling sustainable production. 
Infrastructure consumes a great number of resources to build (Mandele, 2006), the production of infrastructure assets typically involves a major amount of planning; time; and the participation of different stakeholders to ensure that the people involved have their needs and requirements prioritised, in addition maintaining the asset produces challenges to the asset managers which is why infrastructure organisations are changing their business processes to increase efficiency to improve their delivery services to clients and customers. The development of infrastructure has been a bit challenging over the years and so has the management processes of the post-production. There have been a few noted challenges as to why countries need infrastructure production which are summarised below: 
· Economies need economic and social developments within the country to accommodate the growth of the population. 
· Infrastructure is ageing and getting close to the end of its useful life (Too, et al., 2006) 
· Current planning and construction processes do not provide a long-term focus on the asset (Too, 2011) 
· The need to please the multiple stakeholders involved. 

These challenges are just a few which have been creating a massive issue within performance, Too (2011) has reported on how the construction of infrastructure ends up at a reported high cost due to delays in the project, and sectors such as railways often fail to earn the revenue which ends up being a loss in profit. Industry 4.0 is still in its early stages when it comes to the construction infrastructure sector (Machado, et al., 2019), over the past twenty years, there have been numerous technologies such as the Building Information Model (BIM) which have been adopted by most construction companies in charge of public sector projects, BIM has given the different disciplines in organisations a different outlook on how to improve construction at all stages (Jallow, et al., 2020). Based on a survey in 2017, 67% of UK manufacturers are aware that Industry 4.0 can provide benefits and opportunities, however only 25% feel that they understand these opportunities (McKinsey Digital, 2017). This study discusses the key industry 4.0 agenda that has been adopted and implemented within the UK infrastructure sector by evaluating the levels of implementation. 
Research Methodology
This study focuses on the assessment of Industry 4.0 strategies within the UK infrastructure sector. As briefly mentioned previously, there is limited literature available on industry 4.0 relating to the infrastructure sector. In addition, there is a need to gain a deeper understanding of the topic with the limitations of the literature available. Interviews are appropriate for research if the researcher needs to collect in-depth information on people’s opinions, thoughts, feelings, and experiences surrounding a specific topic (Kumar, 1987). According to Adhabi and Anozie (2017), there are three main types of interviews; (1) Structured, (2) Semi-structured and (3) unstructured, the main differences between these types of interviews are what type of power the interviewer has on the interview. It has been recognised by analysts that qualitative interviews always have a structure (Jamshed, 2014), however structured interviews are under the full control of the interviewer and provide less flexibility to the interviewee (Adhabi and Anozie, 2017). Unstructured interviews can be described as conversations that are based on the interviewers’ interest, there are a variety of different forms of unstructured interviews which include nondirective interviews in which case the researcher is usually unprepared with no pre-planned questions, another form of unstructured interview is a focused interview in which the researcher is a bit more prepared and they manipulate the conversation to discuss the topic of interest for the research (Jamshed, 2014), unstructured interviews have an irregular structure however they are still an important method of collecting qualitative data. Semi-structured interviews were chosen as the best fit for this study as it presents a structured interview but also allow the participants to explore outside of the structure presented allowing more of a conversation. 
The validation of the theoretical framework began with semi-structured interviews being conducted with seven case studies to reflect the status of Industry 4.0 within the infrastructure sector. The interviews were collected over six-months. The interviews were between fifteen to thirty minutes each. Twenty-one experts participated in Semi-structured which included BIM Leads, Head of BIM, Digital Leads, Engineers, and Surveyors all with a minimum of three years’ experience within the UK infrastructure sector. 
The recruiting of participants for research is a crucial step and can determine the success of the research. Tinker et al (2017) have stressed that despite there being high importance for a participants recruitment strategy, studies are still lacking the availability of a proper strategy which affects the research in terms of the availability of suitable participants or overestimating the number of participants. This study adopts a recruitment strategy where organisations have been targeted that is suitable for this study and the potential respondents were emailed as a first contact, following this, the interviews were then conducted with either a phone call or Microsoft Teams call. The list of participants is demonstrated in Table 1 and Table 2 highlights the overview of the organisations.
[bookmark: _Toc157614813]Table 1: Classification of the Interviewees
	Interviewee
	Assigned Number
	Profession
	Organisation

	Interviewee 1 
	PARE1 
	BIM Lead 
	Organisation E 

	Interviewee 2 
	PARE2 
	Head of BIM 
	Organisation A 

	Interviewee 3 
	PARE3 
	GIS manager 
	Organisation C 

	Interviewee 4 
	PARE4 
	BIM manager 
	Organisation B 

	Interviewee 5 
	PARE5 
	BIM manager 
	Organisation E 

	Interviewee 6 
	PARE6 
	BIM Lead 
	Organisation B 

	Interviewee 7 
	PARE7 
	Head of Digital and  Technical Assurance 
	Organisation D 

	Interviewee 8 
	PARE8 
	BIM manager 
	Organisation D 

	Interviewee 9 
	PARE9 
	BIM Lead 
	Organisation A 

	Interviewee 10 
	PARE10 
	Survey Manager 
	Organisation A 

	Interviewee 11 
	PARE11 
	Site Engineer 
	Organisation F 

	Interviewee 12 
	PARE12 
	Utilities Coordinator 
	Organisation F 

	Interviewee 13 
	PARE13 
	Project manager 
	Organisation F 

	Interviewee 14 
	PARE14 
	Site agent 
	S and M 
Organisations 

	Interviewee 15 
	PARE15 
	Senior Design Manager 
	S and M 
Organisations 

	Interviewee 16 
	PARE16 
	BIM Coordinator 
	Organisation C 

	Interviewee 17 
	PARE17 
	Design Manager 
	S and M 
Organisations 

	Interviewee 18 
	PARE18 
	Quantity Surveyor 
	S and M 
Organisations 

	Interviewee 19 
	PARE19 
	Site Engineer 
	S and M 
Organisations

	Interviewee 20 
	PARE20 
	Site Supervisor 
	S and M 
Organisations 

	Interviewee 21 
	PARE21 
	Site Supervisor 
	S and M 
Organisations 



[bookmark: _Toc157614814]Table 2: Overview of organisations
	Organisation
	No of Employees in the UK
	Location
	Nature of business

	A
	5,300
	Global
	Housing and infrastructure assets construction

	B
	20,000
	UK
	Construction and infrastructure (Roads and Rail)

	C
	3,500
	UK
	Water, Nuclear Process and Oil and Gas and Infrastructure which include Highways, Rail and Power

	D
	26,000
	UK
	Education, roads, street lighting, renewables 

	E
	71,000
	Europe
	Landscaping, railway structures, bridges, tunnelling, and roads

	F
	6,700
	UK
	Construction and infrastructure, Property services, urban generation



Findings 

Key industry 4.0 initiatives implemented.
In this study, the results are split into two main sections which are the thematic analysis being used to identify the key industry 4.0 agenda which have been adopted in the UK infrastructure sector; and the maturity model which assesses the level of adoption and implementation across the organisations that took part in the study from the participants results. The maturity model was chosen to assess and represent the level of the organisations’ implementation of industry 4.0 agenda. The final section of this paper summarises the results and provide recommendations. 
[bookmark: _Toc157627629]BIM 
The UK government mandated the Building Information Model (BIM) minimum level 2 for all public sector projects in the UK over the contract is over 12 months and worth £10,000,000 or more. Due to this, most large-scale infrastructure public sector projects have BIM standards implemented as most if not all their projects will cost over £10,000,000. Jallow et al (2019) demonstrate many cases within the UK infrastructure sector projects that have implemented and adopted BIM at the time of the study. 
Gledson and Greenwood (2017) have described that adoption of 4D BIM in organisations that took part in their study, 4D BIM was adopted by a high number of organisations at the time of their study, however despite being adopted, 5.2% of those participants who adopted 4D BIM emphasise that 4D BIM is not compatible with their current implemented work practices and processes which will cause more disruption than benefits adopting a new process. One of the participants PARE4 noted that: 
“We have BIM as a huge part of our project, we have 4D strategy and 5D strategy". 
Cheng et al (2017) explain the benefits that 4D and 5D can provide as different scenarios can be tested before implementation to evaluate risks, health and safety, space proofing, cost, and time for the project. Cheng et al (2017) focus on the decommissioning stage of construction using 4D and 5D BIM, they have highlighted decommissioning options for an offshore oil and gas platform, and they have expressed that 4D and 5D BIM Interviewee PARE1 noted: 
“We have had a great promotion of the project due to the implementation of BIM, especially 4D and 5D which we used during scheme design which has increased client satisfaction and cost savings through saving CO2 emissions and finding better ways of building.” 
Despite the mandate and adoption of BIM across organisations, there is still a massive amount of upskilling to be undertaken, as Interviewee PARE5 highlights:  
“I started on this project a few months ago but there is a push for people to get BIM certified encouraging more awareness by training our staff members.” 
The interviewees' statement revealed that despite BIM being one of the major industry 4.0 technologies adopted and implemented widely within the sector, organisations are still providing upskilling and training opportunities for their staff as BIM as a process can only have a successful implementation and adoption if it is widely adopted across all members of the organisation. 
Despite the BIM mandate by the UK government, there are still large organisations that fit the criteria to follow the mandate but have not implemented or adopted BIM within their projects. Several interviewees have highlighted that despite their role being in the digital team of their organisations, the project they are working on does not have BIM of any levels adopted or implemented. Interviewee PARE8 cites when asked what Industry 4.0 agenda was implemented within their organisation: 
“There is none, no technologies at all have been implemented so far…..” 
Interviewee PARE7 also noted when presented with the interview question, simply: 
“There is none.” 
The interviewee expressed that within the project they are working on as a head of digital and technical assurance there is no Industry 4.0 agenda adopted or implemented BIM being one of the technologies not adopted despite being a large organisation and the UK government mandate.  
[bookmark: _Toc157627630]3D Models 
Within the UK infrastructure sector, 3D models are widely implemented mainly because 3D models are a part of BIM standards which have been mandated. 3D models benefit the sector as visualisation virtually is made possible which is a benefit that can lead to saving costs and time while increasing productivity and eliminating risks for any construction project. Interviewee PARE5 cites: 
“We work with 3D models, however now with the current project I’m working for we have 3D models with more information in terms of data.” 
In line with the UK Government’s mandate, 3D models are being adopted within the UK infrastructure sector following the BIM standards mandated. Sharif et al (2017) explain how 3D models can be manipulated to provide a variety of viewpoints and assessment within construction. Sharif et al (2017) express how automation with the use of 3D models can enable monitoring of construction to become a lot more efficient as a process with automated tools. not only is progress monitoring a benefit, but also assessing different scenarios and quality control for example Interviewee PARE15 noted: 
"We have found that using the Building Information Model during the early stages of lockdown helped in coordinating virtually while we were not allowed to be on-site due to lockdown rules and restrictions which has helped us maintain productivity." 
To explain Interviewee PARE15‘s statement, they found using the 3D model available as part of the Building Information Model implemented on their job has helped immensely. A task was set on site however this was delayed due to Covid-19 by three weeks as the task involved a beam of a viaduct being demolished, though this was not proving possible as something was blocking the beam into the viaduct. With the aid of the 3D model, the beam could be visualised as the survey manager was not able to go on-site and survey the beam due to the lockdown rules. 
[bookmark: _Toc157627631]Big Data
With the BIM mandate in the UK, the standards involve gathering information throughout the assets lifecycle from the pre-construction stage to operation and maintenance, different systems may also be involved which is why organisations within the infrastructure sector have adopted and implemented Big Data to assist in information management within this complex process. Motawa (2017) explains that within the construction industry, massive volumes of data are required to be managed whether it is structured or unstructured. The data is all created through the construction process which is why Big Data can create major benefits to the industry despite organisations adopting Big Data, the industry is still behind on Big Data adoption, however, Motawa's (2017), study shows that Big Data is a technology which is known within the industry but limited adoption within the industry. In line with Motawa (2017), Interviewee PARE4 states: 
“So, we are trying to apply automation within our projects with the use of data from the supply chain. We are looking to check data automatically instead of the tasks being manual due to the nature of our projects consisting of many third parties and interfaces….” 
To explain Interviewee PARE4’s statement, the participant explains how their organisation is focused on Big Data adoption. Within the infrastructure sector, most projects involve many different third parties and interfaces, this means that data is to be shared between them and these third parties and interfaces also have information and data which may be required for the project, such as utilities lines underground. 
The implementation of Big Data can allow organisations to review and share data efficiently, in addition to this quantity analysis also becomes a more automated process, for instance, Interviewee PARE9 cites: 
“We have been using Big Data, which is big within our organisation currently, on the projects I am working on we have a lot of earthworks, we created a Power BI dashboard to summarise volumes for us which is not only useful for the site team but the commercial team in calculating costs or labour, how many days we would need to hire excavators and so on.” 
To explain Interviewee PARE9’s statement, Big Data can assist in summary calculations, especially for large projects where calculating the amount of material required to be excavated or the amount of material to fill can be time-consuming and involve many risks in the estimation of quantity. In line with the PARE9’s statement, Maeda and Fujiwara (2016) highlight the importance of using Big Data in construction mining, Maeda and Fujiwara describe how Big Data can be utilised in mining to calculate scenarios such as earthquakes, ground motion, quantity and material of the ground. Reyes-Vera et al (2021) argue that despite the benefits of Big Data, businesses find it difficult to define the term, Big Data, in addition, some of the data can be incompatible with characteristics of Big Data, which can create more work and more costs at the start of implementation to ensure competent staff and proper implementation of the new process is successful.

[bookmark: _Toc157627632]Drones
Drones are currently widely known and used across many businesses and currently, the Construction infrastructure sector is adopting drones' technology within their projects. drones have many uses such as photogrammetry for 3D and aerial surveys just to name a few.  Li and Liu (2019) express the importance of land surveying within construction, especially in land development as there are many moving parts whether it be in the form of excavation, filling of land or transferring of soil. Within the construction infrastructure sector health and safety is a key factor as workers are exposed to the possibility of fatalities and severe injuries, the construction industry initially saw drone technology as a potential to improve safety measures of projects. In line with Li and Lui (2019), Yi and Sutrisna (2021) also express the risks of safety in construction, as within the industry there is a possibility of fatalities, in addition, especially for linear infrastructure projects monitoring of project progress can be difficult as the project can tend to be miles long and for projects with a lot of earthworks, the monitoring of works carried out daily may go un-noticed as it may not be grand enough to be obvious when viewing in real life. Interviewee PARE2 has expressed the use of drone technology within their organisations and especially on the project they are working on, Interviewee PARE2 states: 
"Drones for our sector have been amazing for seeing progress within our sector as its linear, compared to buildings which may not be that useful to have drones." 
The analysis of Interviewee PARE2’s statement uncovers that within the infrastructure sector in the UK, organisations are aware of drone technology. Drone technology in the industry, specifically in the project Interviewee PARE2 is currently on has been useful in terms of creating point clouds. the survey team within the project are using drone technology to create point clouds every week monitoring the progress of work. As the drone surveys are being conducted weekly, these can be overlayed where the progress from the previous week or previous weeks can be compared to the current state of work. The interviewee expresses that as the projects they are working on is a linear project, the monitoring of work tends to be a lot easier with the drones surveys provided by the survey team, especially during Covid-19 most staff working from home cannot view the work progressing on site, the availability of these drone point cloud surveys allowed staff members that have not been on site due to the pandemic to understand the working being carried out despite working from home full-time. 
[bookmark: _Toc157627633]GIS 
Geographical information systems are very common within the sectors of the construction industry. Location and logistics are a big part of the construction which is where GIS implementation assists massively within the industry. GIS has been predominantly 2D in previous years, however with the BIM mandate leading to most organisations already having access to 3D models as it is part of BIM Level 2 standards, BIM and GIS can be integrated where the proposed design 3D models can be integrated with GIS allowing proposed/designs to be viewed with current information and visualization (Basir, et al., 2020). Floros et al (2020) however argue that despite BIM and GIS integration being a beneficial outcome, there are interoperability issues to this day. Despite challenges, Floros et al (2020) have expressed that BIM and GIS can work collaboratively presented by the initiative known as "GeoBIM Benchmark 2019”, this demonstrates the capabilities of the two tools and software as both are dominant standards within the industry. A few of the participants that took part in this research have cited the implementation and adoption of GIS within projects they are working on, for instance, Interviewee PARE6 noted: 
“The only systems that have benefited from it are GIS and power BI within my organisation. We have had drones to monitor progress and we have fully implemented BIM and looking at Virtual Zone training.” 
To explain Interviewee PARE6’s statement, on the project that they are working on, GIS has been the main Industry 4.0 agenda implemented which has been beneficial towards the project. the project uses FME and Power BI which are beneficial for projects in terms of Data location extraction and specifically Power BI for data management. Similarly, for most of the participants that have taken part in this study, Interviewee PARE6 expresses that both BIM and GIS have been implemented in their project, this goes in line with Floros et al (2020) who have highlighted that BIM and GIS are the two main standards implemented within projects in the industry. Floros et al (2020) also describe the BIM and GIS integration, which was highlighted by one of the participants, Interviewee PARE3 cites: 
“We have incorporated our BIM 3D models into our GIS JV maps which we call 3D GIS, it provides the site team visualisation of our assets in real-time integrating our design models with existing maps and surveys.” 
To expand on Interviewee PARE3’s statement, the project has integrated BIM and GIS, which is like Floros et al (2020) idea of bringing the two main standards together. Interviewee PARE3 ‘s project has achieved a BIM and GIS integration where the 3D design models are combined with existing logistics and information. This provides a GeoBIM environment for the project which has been very useful for the site team in terms of looking at the right data and information at the right time, Basir et al (2018) also discuss BIM and GIS integration which seems to be a trend within the construction industry.  

[bookmark: _Toc157627634]Point Clouds and Digital surveys
Surveys are a normal process within the infrastructure sector as when constructing assets, a survey of the existing land is necessary for organisations to be aware of aspects such as utilities, ground level, and ground conditions which is why the infrastructure sector has been increasing the use of point cloud and survey data as some projects in the industry have witnessed an increase in productivity, quality and safety through the adoption and implementation of these industry 4.0 agenda (Mirzaei, et al., 2022). The UK infrastructure sector takes into consideration many factors during their projects with Health and Safety being one of the key priorities for the industry, therefore organisations across the infrastructure sector and construction sector have adopted Digital surveys and point clouds. For instance, Interviewee PARE2 states: 
 “Point clouds we have implemented in our surveying team, I would not say the use of it is consistent, however, it is implemented in some way.” 
To analyse Interviewee PARE2’s statement, it is evident that point clouds and digital surveys are implemented within the infrastructure sector, however despite the technology being available it is not consistent as staff members within the organisation and project do not seem interested in utilising the benefits provided by the technology. The point clouds and digital surveys allow the site team to digitally recreate real-life objects on a real-life scale which can be visualised by all teams of the organisation.
Tang et al (2010) argue that laser scanners can be used to capture information throughout the lifecycle of the asset. The use of laser scans and point cloud survey can be used during post-construction at the asset’s operation and maintenance stage. While surveys are of great use within projects while construction, during the post-construction stage laser scans can be utilised to capture the as-built state of the built assets. 
Industry 4.0 agenda Maturity model
Challenges that come with Industry 4.0 are very important to analyse and identify to allow a roadmap to be created leading to a more efficient implementation, this will allow the establishment of the relationship of the organisation’s innovative performance while allowing awareness to be raised within the sector. 
The maturity model was developed to assess the organisations positioning in terms of industry 4.0 agenda implementation. Organisations’ visions and objectives were used to assess the maturity level, which was divided into four levels, the first level demonstrates low maturity, following that levels two and three represent medium maturity while level four represents a higher maturity. The model is demonstrated in detail in Table 3 with descriptions of each level also explained and accounts for the six key Industry 4.0 technologies that were mainly implemented derived from the primary data. The primary data from the participants and their organisations were used to assess the organisations' vision for the future and current state to assess their maturity level. The maturity level will allow organisations to gain a better understanding of the level of implementation they are currently on compared to others, motivating them to progress and keep up within the sector. The organisations have low- medium maturity when it comes to industry 4.0 agenda implementation with barriers to the adoption and implementation of these innovative technologies. The small and medium-sized organisations that took part in this study sit at the very low end of the maturity model, while most of the larger organisations fall at the medium level. One large company however has been assigned to low maturity, which is very poor, two organisations however are at the highest level of maturity despite a few challenges. In addition, the results clearly show the difference between small and medium size organisations and larger organisations in the infrastructure sector as their levels are at each end of the spectrum, additionally, small and medium size organisations tend to not have the capabilities to adopt industry 4.0 agenda, this may be since Industry 4.0 agenda require a lot of investment through funding and competent staff. The SMEs within the industry may not have the capacity to obtain all requirements to adopt these strategies and gain value due to their size and revenue while the requirements are vital for a successful implementation of Industry 4.0 agenda. 
 

Table 3: Industry 4.0 maturity model

	Industry 4.0 agenda
	Level 0
	Level 1
	Level 2
	Level 3

	BIM
	The organisation has no form implemented. 
	Level 0 or Level 1 BIM Implemented 
	Level 2 BIM fully Implemented
	Level 3 BIM adopted and implemented

	3D Models
	The organisation has no form implemented. 
	2D CAD/drawings adopted and implemented
	3D models adopted and implemented
	3D smart models adopted and implemented

	Big Data
	The organisation has no form implemented. 
	Database adopted across projects to store project data
	Common Data Environment adopted, and projects have smart models with useful project data integrated.
	Level 2 category implemented, and data management systems and dashboards used on projects.

	Drones
	The organisation has no form implemented. 
	Strategy created to adopt the technology.
	The technology was adopted and implemented on at least one of the organisations' projects.
	The technology is adopted and implemented on more than one of the organisations' projects.

	GIS
	The organisation has no form implemented. 
	GIS JV maps adopted
	3D GIS integrated GeoBIM
	Integrated 4D GIS GeoBIM

	Point Clouds and Digital Surveys
	The organisation has no form implemented. 
	Traditional survey methods were adopted and implemented.
	Point cloud and digital survey adopted.
	Point cloud and Design integration; As-built point clouds adopted.



Conclusion
The manufacturing industry is now going through the fourth industrial revolution, however, the infrastructure sector compared to other businesses is behind in adopting these automated and digital processes. this study has identified six key Industry 4.0 technologies that organisations within the infrastructure sector have implemented most on their projects. The implementation levels of these Industry 4.0 technologies differ across all the larger organisations, however, the small to medium-sized organisations seems consistent. The industry 4.0 agenda BIM implementation is High to medium for large organisations within the infrastructure sector, however for small to medium-sized organisations the level is extremely low. 3D models are another industry 4.0 agenda identified, this sits at a high level for large organisations and very low for small and medium size organisations, with the BIM mandate this is expected as the implementation of BIM and UK Government standards require 3D models. The third technology identified is Big Data, the level of implementation for Big Data is medium-to-high for large organisations and low for small to medium size organisations, one of the large organisations that took part however achieved a low to medium level in terms of implementation of the top three technologies identified, this is due to no digital strategy established at the time of interview.  The fourth technology GIS also received a level of medium to high for larger organisations whereas small to medium-sized organisations received a low level. The final two technologies Drones and Point clouds and digital surveys receive a medium to high level while small to medium sized organisations are at a low level for drones but low to medium level for point cloud and digital survey implementation. 
The implementation levels vary across large organisations within the sector as they have different competencies and capabilities within each organisation, however small to medium size organisations appear consistent in having low implementation levels. The results show that government mandate technologies have a high such as BIM which includes 3D models and Data, it is evident that large organisations consider the government's mandate and follow standards meaning the implementation of Industry 4.0 agenda. This is the reason why some organisations are ranked Tier 1 contractors as their performance has been seen by clients as improved due to new processes creating competition for other organisations.  
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