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Abstract
In this report the Author has researched Industry 4.0 principles relevant to Building Information Modelling (BIM) assets, the overarching legislation driving BIM in the UK and the market trend evidence for its adoption. This research has been used to evaluate a process adopted by Nuaire, a ventilation product manufacturer, whereby BIM assets are created on request from existing digital CAD models.
[bookmark: _Int_rtEHAHxT]The study has shown that, while many of the steps in the current process are highly automated, system driven and align generally with the principles of Industry 4.0, there are opportunities for further improvement – particularly around sharing of data between models. Aligning the fields of the CAD model with those in the BIM model would effectively ensure that data is from a single source of truth, removing the opportunity for data inconsistencies. This aligns nicely to one of the basic pillars of Industry 4.0 which promotes the connecting of systems so they can work separately but in a cohesive manner (Gilchrist, 2016).
Recommendations for improvements have been made in line with the principles of Industry 4.0 obtained during the research phase. Implementation of these improvements are out of scope of this project; however, the Author may choose to explore these in future assessments.
Introduction
Industry 4.0 to the uninitiated suggests this topic affects only the “manufacturing” sector – this could not be further from the truth. Advancements in Industry 4.0 enabling technologies are now a part of our everyday lives (for those who pay attention); smart phones sharing geofencing information with intelligent thermostats help to efficiently control our homes energy usage; RFID tags and other NFC technologies providing us with relevant product information or targeted marketing materials; Amazon Alexa and other IoT connected devices sharing information to make our lives easier. Industry 4.0 straddles the border where the physical and digital assets meet; sharing information between the physical and digital world to make our collective lives easier.
[bookmark: _Int_oEvJ5Nf5][bookmark: _Int_P99PpZrH]Capturing data and sharing information is not a new concept; Factories have been early adopters in their ongoing effort to achieve their “Goal” (Goldratt & Cox, 1992) to “...make money by increasing throughput while simultaneously reducing inventory and operational expense”. This is relatively easy when the factory “owns” end-to-end control of the process: A Board of directors can set the coherent vision and strategy; Products can then be designed to meet that strategy through the collaboration of multidisciplinary teams using 3D CAD, simulation and CFD packages resulting in a high level of digital product detail; These products can then be mass produced in a repeatable manner under environmentally controlled factory conditions.
[bookmark: _Int_ghE18lS4][bookmark: _Int_dD5FwyYJ]In contrast, the Construction sector lags well behind its Manufacturing counterpart: Every project is unique in design, application, and physical location; Projects require skilled labour from several different (and often competing) contractors where roles and responsibilities are often blurred; Building sites can be plagued by weather and other environmental factors; Construction information is shared in analogue formats (paper) often resulting in confusion, errors, and waste.
Gilchrist (Gilchrist, 2016) defines one of the basic pillars of Industry 4.0 as “connecting systems...and work units in order to create intelligent networks....that can work separately...but in a cohesive manner”. Building Information Modelling (BIM) aims to address some of these shortfalls by creating “digital twins” of the built environment so that simulations can be run on energy usage, optimal build sequence and even service clash detection in advance of a spade in the ground. BIM will be instrumental in delivering the construction “Goal”.
[bookmark: _Int_zwvBmKMx]The Author is the Engineering Director for Nuaire, part of the FTSE 250 Genuit Group. Nuaire is a manufacturer of ventilation products that perform top of The Department of Business, Energy, and Industrial Strategy (BEIS) Standard Assessment Procedure (BEIS,2013), which is currently the accepted government method for calculating building energy efficiency and underpins the energy performance certificate (EPC) of a building. As a manufacturer of products for the construction industry, Nuaire are at the interface between the manufacturing and construction sector. In recent years, Nuaire has seen an increase in the demand for BIM models of the product it manufactures and has deployed a high degree of automation to deliver these BIM models to its construction Customers.
[bookmark: _Int_Dw0MV6WP]This report seeks to evaluate the efficiency of the current Nuaire BIM process for digital asset creation and then compare this to Industry 4.0 technologies, processes, and ideologies to see if any comparisons or improvements can be found. 
Aims and Objectives
In this report, the author seeks to address the following objectives:
· Understand and validate the BIM market and determine if there is an ongoing demand for these BIM models.
· Identify and investigate the current process for the creation of a BIM digital asset and then compare and assess the efficiency of this process with respect to the current operation of the organisation.
· Using Industry 4.0 methodologies, determine methodologies and opportunities for improvement.
Implementation Methodology
The task will be broken down into the following steps:
1. [bookmark: _Int_Q7V55r0T]Establish the need for BIM objects:  The author will first determine if there is legitimate demand for BIM objects in the construction industry and what the benefits might be (if any) of having accurate BIM construction assets. This will be done by assessing the market, reviewing surveys, and understanding the legislation which underpins the adoption of BIM.
2. Establish the status quo: Obtain a clear understanding of the company’s current BIM process and then compare this to the Industry 4.0 principles.
3. Find opportunity for improvement: Determine what improvements can be made to this process based on additional Industry 4.0 research.
Background Research
BIM - Is there a Need?
Research has shown that the built environment is the largest single energy consumer in Europe accounting for 40% of the EU’s total energy consumption and circa 36% of all greenhouse gas emissions (Gilchrist,2016). The European Union is directing member states to decarbonise their construction stock via the Energy Performance of Buildings Directive (2010/31/EU) (Eur Lex, 2021), which cascades into UK legislation as the UK Statutory instrument 2012 No. 3118 “The Energy Performance of Buildings (England and Wales) Regulations 2021”. We can see the ramifications of these regulations reflected in the UK Governments guidance on public works projects, where contracting authorities are directed to adopt and support the UK BIM Framework and the creation of the National Digital Twin with the goal to improve performance, sustainability, and value for money (The Construction Playbook - Government Guidance on sourcing and contracting public works projects and programmes, 2022). 
[bookmark: _Int_gUkJBLp1]Reviewing the UK BIM Framework document, it aligns with the Directives and Regulations above, whereby the UK Government’s UK BIM Mandate requires that all procurement and contractual processes be compliant with the standards set out in the UK BIM Framework at the time of delivery (UK BIM Framework,2022)
[bookmark: _Int_j32uDkaq]Additionally, optional EU Regulation 2020/2155 (Eur Lex, 2021), which supports 2010/31/EU above, describes the EU vision for a common method of measuring and comparing building’s “smart readiness”. This promotes the use of digital models and digital twins when calculating smart readiness scores. The calculated score is a culmination of several variables, which includes the buildings energy consumption and the ability for the building to respond to the occupants needs. We have already established that buildings consume a sizeable proportion of the EU’s energy, so clearly the technical domains of heating, cooling and ventilation listed within scope of this directive will have an impact on energy usage and are core characteristics of the products manufactured by Nuaire. 
[bookmark: _Int_HrJMocxv]The National Building Specification (NBS, 2021) conducts annual industry BIM surveys; the 2021 survey had only 906 responses, so while the statistical sample is small, it still provides a useful indicator as to where the BIM industry might be heading. Looking at the survey results, it shows that there has been a steady increase in the adoption of BIM since 2011, settling around the 71% mark. This suggests that there are certain project types (perhaps below a certain scale or value) where the adoption of BIM may not be viable, efficient, or value-added. 
[image: ]	Comment by Alun Thomas (2220595): http://www.thenbs.com/digital-construction-report-2021/_download/NBS_digital_construction_report.pdf
Figure 2: NBS(2021) survey results showing the annual adoption of BIM in the construction industry
The survey also showed that 49% “strongly agreed” and 31% “agreed” that manufacturers should provide BIM models, suggesting there is a strong demand for BIM models from manufacturers such as Nuaire.
[image: ]
Figure 3: NBS(2021) survey results showing the demand on manufacturers for BIM models
Based on the research conducted above, we can conclude that there is indeed a growing requirement for data rich BIM models, which contractors will require to help meet their legal obligations for the delivery of energy efficiency buildings. It is also evident that this requirement is gaining momentum and the demand for these models is likely to increase in the coming years.


The current BIM process
[image: ]In November 2020 Nuaire was awarded the BSI BIM Kitemark (KM733764) for the BIM objects it creates and this process forms part of the Integrated Management System (IMS). Nuaire IMS adopts the PAS99:2012, which covers ISO 9001: Quality Management, ISO 14001 Environmental Management and ISO 45001 Occupation Health and Safety and this is audited annually by BSI to ensure they continue to follow their quality process and remain compliant.
The Nuaire process for BIM model creation is NA-QS-W030-37 and this can be seen in the image below (The coloured borders below have been added and will be referenced in later parts of this document):
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Figure 4: Current Nuaire BIM Process

Suggested Improvements based on Industry 4.0 Principles
Gilchrist has derived six design principles which underpin Industry 4.0, which will now be used to evaluate the Nuaire BIM process. The current position will be described and then some opportunities for improvement will be suggested in line with Industry 4.0 principles:
Interoperability: 
[bookmark: _Int_duH5dhbI]Current: The existing process follows a predefined set of steps, with the information needed for the creation of the BIM asset being manually obtained from the NPD engineer responsible for the product (Orange box above). This means that the BIM model and the CAD model are not currently “connected”, exist as two separate entities and are not communicating information between themselves. 
Improvement: This could be significantly improved if the digital fields used in the CAD model were the same as those used in the BIM model, so that the information could be seamlessly transferred from one system to another and shared in a revision controlled and structured way.
[image: ]
Virtualisation:
Current: Currently digital designs are prototyped and tested; the test data residing in the technical folder as per the requirements of the Machinery Directive/Low Voltage Directive. However, following testing, the performance data resides in a spreadsheet separate to the model which must be manually reviewed (Red box above). There is no digital twin of the product kept which could virtually display product information and performance based on different parameter inputs.
Improvement: Performance information could be linked to the CAD unit as well as all other performance related characteristics. This would allow simulations to be conducted on units and potentially offer some additional competitive benefits.
[image: ]
Decentralisation: 
[bookmark: _Int_0Gib02Al][bookmark: _Int_hahx80x1]Current: The procedure here aligns well to the principles of Industry 4.0 (Green box above). Once the information has been obtained, there is a high level of automation here, whereby an automated system interrogates the BIM model to check which parameters are included, then automatically creates the Product Data Template without human intervention. This removes the opportunity for data processing errors and aligns to the idea of “autonomous decisions” required for decentralisation.
[bookmark: _Int_ZnevBdsI]Improvement: The Product Data Template could be created dynamically based on parameters which a Customer was interested in. They could select these from a list and then obtain Product Data Sheets with pertinent information relative to their particular design responsibility.
[image: ]
Real-Time Capability:
Current: The process starts with the creation of a ticket from outside the NPD area. This ticket can be tracked through stages of completion, like an airport departure lounge, and serves as the teams real-time workflow. This workflow aligns well with the principles of Industry 4.0
[bookmark: _Int_Cf8GY39u]Improvement: If the CAD models contained the main list of parameters, then conceivably a Customer could service their own requests for data (in a controlled and secure way). A automated query could be sent to the CAD model to retrieve the relevant performance information and effectively removing significant portions of the current BIM process.
[image: ]
Service Orientation: 
Current: Presently there are no additional services offered by the BIM process. The ticket is raised noting the request and then the information and BIM model are created.
Improvement: 3D Digital Twins could contain significant amount of additional information which would help Customers. This could include: embedded installation videos; maintenance alarms; automated spares ordering; remote help and diagnostic assistance; recyclability information; etc.
[image: ]
Modularity: 
[bookmark: _Int_Qm7eHAjP][bookmark: _Int_pPEJxMsm]Current: Currently there is a good degree of modularity deployed in the Product Data Template because a single primary template governs the creation of all the subordinate templates and can be used interchangeably. This aligns well with the principles of Industry 4.0.
[bookmark: _Int_CaMoaaF8]Improvement: Perhaps more time could be spent capturing digital twin data of the components used to make the product. That way better simulations could be run to compare how one product deploying component A compares with the same product deploying component B. This would help greatly when trying to predict how a product might be affected when, say, fan from manufacturer A is substituted with a fan from manufacturer B.
[image: ]
Conclusion
This report has sought to validate the industry requirements for BIM, compare the current BIM asset creation process at Nuaire to the principles of Industry 4.0 and then use knowledge and understanding gained from additional research to find opportunities for improvement.
The research has shown a strong correlation between BIM and industry 4.0 with many of the principles highlighted by Gilchrist applicable to both. It is evident that the construction industry’s demand for BIM is gaining momentum, underpinned by legislation tailwinds and macro trends of the digital 4th industrial revolution. 
[bookmark: _Int_EFyBAS1x]The process adopted by Nuaire could be improved by allowing databases to digitally collaborate resulting in a single source of truth, reduced waste, and improved customer service opportunities. 
Recommendations
The implementation of the recommendations in this report were deemed as out of scope due to the time that would be required to implement. However, further research could be conducted on the benefits of implementing a sub-set of the recommendations above. The author would recommend tracking two products; one “as-is” today as the baseline and then a second product where effort has been expended to create a digital twin. Research could then be undertaken to compare the features and benefits of both methods; comparing the additional effort required to create the initial digital twin to the efficiency savings thereafter.
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