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Summary

The United Kingdom (UK) Transportation Sector (TS) does not currently align with the
governments’ wider Net Carbon Zero (NCZ) approach. The Architecture, Engineering and
Consulting (AEC) industries are anticipating strong growth over the coming decades and
require more modern, digital approaches to design and planning to help reduce carbon
emissions as well as improving carbon across project lifecycles. Building Information
Modelling (BIM) processes are still seen to be in an infancy stage with regards to
implementation on TS projects across the UK. However, The UK Governments BIM
mandate has encouraged and increase the utilisation of BIM within the TS with studies
demonstrating the positive effects BIM has by improving workflows efficiency, early
identification of carbon hotspots within a project and more accurate understand of where
design efficiencies can lead to a reduction in carbon emission.

The purpose of this paper is to understand the current usage of BIM within the UKs TS and
how general BIM practises and workflows can help contribute towards the NCZ approach,
echoed by the UK Government. A systematic Literature Review approach has been
conducted with the research question formed deriving from the Population, Intervention,
Comparison and Outcome (PICO) system. In addition to this, inclusion and exclusion criteria
to screen irrelevant information and help streamline research documents. After screening the
relevant information, 18 pieces of literature reviewed were reviewed and helped identify six
key drivers within this review such as Carbon reduction and BIM, BIM in Transportation
Design, BIM uptake and usage in Transportation, BIM in Transportation Construction and
Digital Twins and BIM. The conclusion of this review suggests uptake in of BIM in the TS
is low in relation to other sectors and further research is required to demonstrate the potential
for BIM workflows to help further align the TS with the UKs NCZ policy.

Keywords: Building Information Modelling, Transportation Sector, Digital Twins, Net
Carbon Zero.
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Track 30: Sustainable and Responsible Business
Introduction

The Transportation Sector (TS) within the United Kingdom (UK) is a key economic,
environmental and growth pillar of the nation. The predicted spend of Transport
Infrastructure (T1) in the UK is set to be over 19 billion GBP between 2020-2021 (Hawkes,
2020) and the National Infrastructure Commission (2017) indicate new infrastructure has a
large positive impact on economic growth of a nation when first delivered. In March 2016,
the UK Government set out a National Infrastructure Delivery Plan (NIDP), a strategic plan
for a future investment of over £100 Billion to made on UK Infrastructure by 2021, of which
will include key transport projects in rail, roads and airports according to the Infrastructure
and Project Authority (2016), an indication to the UKs commitment to infrastructure at
current and in future years. The National Infrastructure Committee (2021) highlights a year-
on-year increase in Tl spending by the UK Government, with national roads in 2020/2021
seeing the highest investment since 2013 of £3,641 million as highlighted in Figure 1. This
could be interpreted to be a positive sign for the TS industry with large scale investments
increasing.
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Figure 1 - Transport Infrastructure Expenditures (National Infrastructure Committee 2021)

Despite the clear economic advantages of investing into T1 projects, concerns regarding the
carbon outputs from the whole life cycle of these projects need to be considered. HM
Treasury (2013) indicated the capital carbon produced on infrastructure projects was set to
increase in 2025 to 2050 whereas operative carbon is set to decrease. This, combined with
the predicted growth and expenditure on Infrastructure projects, is a concerning sign. Further
to this, in 2021 the UK government published a report outlining the TS as the largest
contributor towards Carbon Emissions in the nation, producing 27% of the UKs GHG
emissions alone in 2019 based on operational usage (Department for Transport, 2021). The



planning of TI Projects and technological advances can help reduce such emissions and
provide a more sustainable sector within the coming decades.

The modernisation of the how TI is designed, constructed, and utilised throughout the UK
requires a different approach to the traditional methods. Through infrastructure, empowering
and enabling people to connect across countries produces current and futuristic economic
growth in both developed and developing nations (Pradhan, 2019). The utilisation of digital
processes such as Building Information Modelling (BIM) could offer efficiencies to the UK
TS’s emissions output, particularly at design stages. There are many ways in which BIM can
be defined, the National Building Specification (NBS) define BIM as ‘BIM is a process for
creating and managing information on a construction project throughout its whole life cycle.
As part of this process, a coordinated digital description of every aspect of the built asset is
developed, using a set of appropriate technology’ (Stephan, 2021).

Introducing the concept BIM to the TS can allow the industry to contribute towards ‘The
Net Carbon Zero’ (NCZ) pledge. Developed western countries, such as the UK, have further
committed towards the NCZ pledge by becoming the first major economy by law to commit
to achieve NCZ by 2050 through the Climate Change Act 2008, bettering their previous
pledge of an 80% reduction in all Green House Gases (GHG) from 1990 levels which are
embedded within the Climate Change Act of 2008 (Department for Business, Energy &
Industrial strategy, 2019). NCZ was an original commitment made by the UK Government
through The Paris Climate Agreement (PCA), a legally binding international treaty aimed at
preventing radical climate change. The purpose of the PCA is to reduce and limit global
warming to below 1.5 Degrees Celsius. As part of the PCA individual nations such as the
UK, have undertaken a pledge to achieve NCZ policy by the mid-century (United Nations
Climate Change 2021). Achieving NCZ can be defined as a counterbalance of GHG’s
produced by humans by removing equal amounts GHG’s from the atmosphere, also known
as carbon removal (Levin, et al., 2019).

Theoretical Background

The 2011-2015 UK Government Construction Strategy (GCS) proposed to mandate the use
of BIM level 2 on all centrally procured government projects from 2016. This was further
reiterated in the 2016-2020 GCS which emphasised the use of BIM by having a principal
aim to ‘embed and increase the use of digital technology, including Building Information
Modelling (BIM) Level 2’ (UK Government, 2016), a process since described by Simon
Rawlison, head of strategic research at Arcadis, as a seven out of ten for success to date. It
was also found by the NBS that three quarters of the industry now use BIM on their projects
(Harris, 2020). The application of BIM on Infrastructure projects has increased since the
GCS, Oktem, Akcamete and Ergen (2018, as cited in Dodge Data & Analytics 2017)
highlight within the UK BIM usage on Transport Infrastructure projects increased from 21%
in 2015 to 69% in 2017.

Globally, all nations have a moral responsibility to reduce their GHG emissions to achieve
the PCA recommendation reducing Global Warming to 1.5°C. The United Nations (UN)
highlight 110 parties of the 191 involved within the PCA have developed an action plan,
known as the Nationally Determined Contributions. The main contributors towards of GHGs
are the European Union, United States of America, and China, who between them contribute
46% of total GHGS (United Nations, 2021). Following the GCS 2016-2021, the policy paper
‘Transforming Infrastructure Performance: Roadmap to 2030 was produced by the UK



Government, a document with focus on the requirement for the UK to meet the NCZ pledge
made at the Paris Climate Accord (PCA). The report highlights how identifying the
requirement for BIM practises via the UK BIM Framework and Digital Twin (DT) models
can and how encouraging the use of BIM through the UK BIM Framework (UKBIMF) and
Digital Twins (DT)s through the Gemini Principles to ‘to make better, outcome focussed
decisions about how to optimise our infrastructure across the system’ which in turn
encourages a more sustainable TS (Infrastructure and Projects Authority, 2021).

The introduction of DT is a growing concept. DTs can be described as ‘a realistic digital
representation of assets, processes or systems in the built or natural environment” (Bolton,
etal., 2018). These are formed by generating a digital model of a physical asset, which with
further information derived from the Internet of Things (10T) and real time information from
sensory data can enable a powerful, real-time model to assess and monitor Transport related
infrastructure. According to Marr (2017) a DT can utilise a virtual model and apply smart
components to collect live, real-time information, which is analysed and contributes towards
efficient decision making, a further opportunity to contribute towards NCZ.

The climate change crisis is seen to be one of the major threats the mankind and its existence,
extreme weather conditions, increased natural disasters and scarce water supplies are some
of the detrimental outcomes of maintaining and increasing high levels of GHG. Shahbaz et
al (2020) identified how current research and development around environmentally friendly
practises are the most important way to set new policy for the UK to enable NCZ by 2050
and increasing innovation expenditure as part of new policies would increase environmental
health.

Research Methodology

A Systematic Literature Review (SLR) will be used to conduct research in this literature
review. SLRs are known as ‘a method of making sense of large studies of information’,
helping to understand areas of uncertainty within a chosen subject and establishing gaps in
research areas. By establishing a set of criteria of information to study, SLRs help eliminate
any form of bias by covering a range information irrespective of the review’s initial views,
in relation to answering a particular question (Petticrew and Roberts, 2006).

According to Borrego et al., (2014) SLRs are most common in other disciplines such as
medicine, psychology, and education, where quantitative based studies are freely available
due to historical studies. The application of SLRs in engineering-based education is growing
and becoming more popular due to its structured approach to review select criteria-based
information.

Systematic Review Steps

The following steps were taken when producing this SLR:

e Produce a research question.

Create inclusion and exclusion criteria.

Identify key terms.

Produce qualitative analysis of literature with the specified criteria.

Outline the findings of the literature review and relate them back to the research question.

Research Question



A research question is in essence the driving force behind every literature review with all
studies, reviews and methodology information based around the research question.
Identifying research question too broad can lead to too much scope and make the literature
review become ‘unmanageable’ (Xiao and Watson, 2019). Therefore, to help support this
process, the Population, intervention, control, and outcomes (PICO) approach was used to
ensure a well scoped research question was developed. Using the PICO process allows for
an evidence-based answer to be framed to enable a directly relevant answer to be applied
(Jayant, 2017). Table 1 outlines the typical PICO process (Borrego, et al., 2014). Table 2
highlights the applied PICO approach to this research.

Component Description/considerations

Population of interest

how are these described country, race, gender, disability status

Intervention What is and what isn’t required as part of the intervention.
Comparison What alternative is the intervention being compared to?
Outcome what is the expected outcome of the study?

Table 1 - Typical PICO approach

Reliability of Inclusion and Exclusion Data

The research question above was derived using the PICO framework as per the below Table
2.

Component Description/considerations
Population United Kingdom’s Transportation Sector
. reviewing Building Information Modelling practises for

Intervention oS . -

sustainability improvements on infrastructure projects
. United Kingdom’s Transportations Sector current

Comparison >
Carbon Emissions

Outcome Net Carbon Zero in the United Kingdom’s Transport Sector

Table 2 - PICO method applied to this research
General Analysis of Key Words

To ensure a timely and efficient review of appropriate literature, systematic inclusion and
exclusion criteria were produced. The definition of inclusion criteria can be described as
identifying ‘key features’ of the target documentation appropriate to the research question
whereas exclusion criteria can be described as documentation that meets the criteria for the
research question but offers ‘additional characteristics’ that may interfere with the success
of the study (Fernandez-Olit and Porras, 2020). Tables 3 identifies the inclusion and exclu-
sion criteria | have set out for this literature review.



Inclusion Criteria

Exclusion Criteria

Date

Geographical
Location

Language

Type

Publications

Participants

Design

Focus

20009 - to date

United Kingdom, America, Europe, China
English

Original Research papers and textbooks

Conference Proceedings, Government Reports,
Peer Reviewed articles, Websites, Published
books, Government Reports, Professional
Interviews

Professionals, Organisations using BIM

Quantitively, Qualitative, case studies and
surveys

study must include information regarding BIM
and its use cases to reduce carbon, GHG or how
to contribute towards Net Carbon Zero

Table 3 - Inclusion and exclusion criteria

prior to 2009

Not located within geographical locations
highlighted in ‘inclusion data’

Paper not in English

Informal/non-scientific data

Documents focussing on technical elements of
Transportation, BIM & Net Carbon Zero

None professionals and those with no knowledge of
BIM

Information documentation

Studies with limited or no information regarding Net
Carbon Zero

To further refine the literature search criteria, the following key words were used when
searching for literature regarding the research question: ‘How 3D Building Information
Modelling in Transportation Engineering can contribute towards the United Kingdom’s
pledge to Net Carbon Zero’.

The search timeframe

Duration (weeks) Phase

Analysis of findings

R NN R P

Preparation and development of review protocol
Identifying relevant studies
Inclusion and Exclusion assessment

producing literature review
Conclusion and recommendations



Table 4 - Search timeframe

Data Extraction

To establish a rounded understanding of the current literature, the following documents were
reviewed and elaborated to conclude the research question.

Author(s)

Document type

Data Information

Produced in

Blanco and Chen,

2014

Omoregie
Turnbull, 2016

Sanchez et al,

2014

Liu,
Nederveen
Hertogh, 2016

Zhao, Liu
Mbachu, 2019

D’Amico et al.,

2020

Whitlock et al.,

2018

Schooling, Enzer

and Broo, 2020

Chong et al., 2016

Shou et al., 2014

Shahat, Hyun and

Yeom, 2021

and

van
and

and

Journal Article

Journal Article

Book

Conference Pa-
per

Case Study

Journal Article

Journal Article

Journal Article

Journal Article

Journal Article

Generic

Summary of the benefits and drawbacks of BIM when applied to
the design, building and management of infrastructure projects in
the UK

A comparative study of traditional design methods against the use
of BIM on a UK Highway related project. A qualitative study
which included a questionnaire for Civil Engineering profession-
als.

A study into the benefits of utilising BIM on Infrastructure pro-
jects. The Study highlights various literature documents to support
the use of BIM and into benefits and contributions towards sustain-
ability.

An exploratory study into the links between BIM and Sustainabil-
ity with comparisons between European and Chinese. The study
identifies BIM Is more applied to maintenance and renovations n
European compared to China, seen to be a more emerging econ-
omy, which sees more BIM related focus on new infrastructure.
This study suggests using BIM can enable designers to identify the
most optimal design for large highway design schemes which can
therefore enable a more environmentally friendly design. The ap-
proach was applied to a design project and allowed designers to
identify optimal designs quicker than traditional methods.

A study of the application of BIM and GIS for Airport designs. A
case study of airport design is conducted with strong reference to
Italian/European law.

A study aimed at Identifying the how BIM can be used for con-
struction logistic management

An ICE publication that identifies the need to see infrastructure as
a benefit to people as opposed to cost based metrics. As such, the
paper suggests the environmental outcomes of infrastructure, using
BIM, can therefore contribute towards 'human flourishing'

A case study of a highway related project in Australia and China.
A BIM process was applied to the projects and found significant
findings to suggest using BIM was beneficial to the projects and
found elements of sustainable practises to improve the project effi-
ciency

A study mainly based around the use of BIM in the building sector
but demonstrates the progress required for BIM in infrastructure
which can contribute towards more efficient design and construc-
tion.

A study conducted to identify the benefits of Digital Twins and
how BIM can contribute towards the producer of a Digital Twin.

UK

UK

Australia

Holland

Holland

Italy

UK

UK

USA

Holland

Korea



Wang, Zhang and Journal Article A study of Digital Twins that suggests only using BIM may have China
Qin, 2021 limitations and reports how the use of GS alone could provide just

as relevant information

S. lvanov et al.,, Conference pro- A study providing the concept of a Digital Twin City and their im-  Russia

2020

ceeding pacts on the environment using advanced technologies

Jiang etal., 2021  Journal Article  This article describes the differences between BIM and Digital UK

Twins concluding BIM and DT can be combined and used simul-
taneously and confirms DT can promote and develop smart con-
struction, which therefore can lead to a more efficient/environmen-
tally friendly design through the effective use of BIM.

The institute of Report An in-depth of Digital Twins and their primary functions whilst UK
Engineering and also reviewing how they can be implemented and what benefits
Technology, 2019 they'll bring. OF which, sustainable construction is identified.
Kaewunruen and Case study Case study into the application of 6D BIM (DT) of Kings Cross UK
Ningfang, 2018 Railway station. The study suggests there are benefits to using DTs

to capture existing Carbon Footprints of Railway Infrastructure
Kivimaki and Book A paper reviewing the application of BIM related project quality Finland
Heikkild, 2015 control, demonstrating the use case of BIM during live construction

to improve construction efficiency
Matejka, 2014 Journal Article A study conducted to identify how BIM can improve highway con- Czech Re-

struction and who the main beneficiaries are. public

Table 5 - Identified literature reviewed

Results and Discussion
Carbon Reduction and BIM

Giesekam Jannik, (2020) highlighted between 2010-2018 Capital Carbon (CC) within the
infrastructure sector has increased approximately 60%, a contrast to Operation Carbon (OC)
and User Carbon (UC) outputs which has declined within the same timeframe. The Net Zero
Infrastructure Industry Coalition (NZIDC) (2021), also identified CC as being ‘largely
ignored” within infrastructure, a concerning statement given approximately 2/5" of total
carbon emissions of a 60-year project lifecycle being derived from CC. The NZIDC report
also suggests reviewing the whole lifecycle of carbon outputs and encourages the
identification of accurate ‘Carbon Hotspots’ to enable a more proactive approach on CC
reductions. The report also suggests ‘This may mean that we collaborate earlier, and design
Is supported by other organisations through tendering work prior to planning application’
as a method to help reduce the carbon footprint of infrastructure projects.

Ramboll (2021) suggest there are two types of carbon outputs in relation to T, embodied
carbon (also known as CC) and OC. The report identifies how Life Cycle Assessments
(LCA) are the most effective way to reduce embodied carbon and costs on a Tl project,
supporting the comments made within the NZIDC. Applying an LCA can enable designers
to identify carbon hotspots such as material choice, construction site logistics and actual
construction methodology. Specifically focussing on tunnels, rail and bridges, the report
demonstrates logistics construction technology and materials contribute 3%, 17% and 70%
of total embodied carbon respectively.

The Transport Quality Of Life (2020) also identify current levels of embodied carbon within
Transport Projects as being too high in relation to other types of carbon, highlighting the



drawbacks of the UK Governments second Road Investment Strategy (RI1S2), reported to be
the largest investment in SRN ever within the UK, suggesting an increase in the capacity of
vehicles on the SRN and increasing speeds will not only produce more operational carbon
but also increase embodied carbon such as land removal (trees and natural resources),
material extraction and energy consumption used for constructing new infrastructure. The
report identifies approximately 31%-91% of GHG from road construction schemes derive
from embodied carbon. In sum, the report implies the commitments made by the UK
Governments to achieve NCZ, in accordance with the PCA, will be very challenging to
achieve given the expansive investments proposed when incorporating current construction
and operational practises on the SRN.

The ICE State of the Nation 2020: Infrastructure and the 2050 net target zero report further
suggests collaboration with supply chains and stakeholder throughout a project to improve
carbon footprints, as well as how ‘smart infrastructure’ such as BIM, are key methods of
producing low carbon products and solutions within infrastructure. Again, like NZIDC and
Ramboll, the report also highlights application of a whole life cycle approach to an asset will
increase efficiency and longevity as well as reduce waste.

BIM in Transportation Design

Utilising BIM at the design stage of TS projects has been investigated to identify efficiencies
within a project. Blanco and Chen (2014) studied the implementation of BIM in the UKs TS
through a positivistic methodology via online questionnaires to a range of professionals
working for British based transportation consultancies. Responses from participants
identified the uptake in BIM on Transport Projects was still within its infancy stages and still
faced major challenges within the industry due to the cultural shift from traditional working
methods such as 2D Computer Aided Design (CAD). However, participants also stated
collaboration and coordination allowed the project design to be more efficient and therefore
lead to less waste, and BIM can also help ‘The reduction of the time of the project is directly
related to the cost of the project and the diminishment of carbon emissions’. These findings
correlate with the NZIDC report suggestion of early collaboration as a key metric to help
reduce CC on infrastructure projects.

Despite the positive findings by Blanco and Chen, validity of their results must be
questioned. With only 15 participants involved the results may not represent the wider AEC
industry. Low participation rates within the study questions the validity of results and their
applicability across the TS. In addition to this, 73% of participants within this study worked
for large companies with over 500 employees. The UK BIM Alliance 2021 study of over
1170 participants established a trend of the larger the company, the more aware employees
are of BIM and more usage occurs. This suggests the Blanco and Chen (2014) may not have
an enough coverage of Small to Medium Enterprises (SME)s to gain a wider understanding
of BIM usage and applications. In addition to this, the UK BIM Alliance, 2021 survey
suggests only 2% of participants believe sustainability improvements are the main benefits
of BIM, offering an alternative suggestion to Blanco and Chen (2014). Finally, the date of
Blanco and Chen’s study was in 2013-2014, the 2016 UK BIM Mandate was not
implemented at this time, arguably preventing a more recent reflection of BIM usage.

Omoregie and Turnbull (2016) conducted a similar study to Blanco and Chen (2014) by
comparing the use of BIM on highways infrastructure projects against traditional project
design methods through a case study of the A1 Leeming-to-Barton (A1L2B) infrastructure



improvement scheme. Amongst highlighting other benefits and drawbacks and using BIM,
respondents clearly identified the use of 3D modelling as part of the BIM process would
‘result in more sustainable design by identifying issues before construction’ and ‘there is an
improvement in environmental and sustainability design using BIM’. Emphasis was also
made on how BIM contributes towards a more collaborative way of working by bringing
multiple disciplines together, allowing different industries to work together. Again, this can
be related to the NZIDC reports regarding the necessity of collaborative working to produce
a more carbon efficient design, a process BIM can encourage. Similarly, to Blanco and Chen
(2014), the participation rate of this study was relatively low, only 80 respondents were part
of this study and therefore the conclusions can’t be associated with wider TS. Notably in
both UK based studies, the respondents offered majority of qualitative information, no
quantitative findings or comparisons were demonstrated throughout their findings.

Zhao et al., (2019) conducted a study of the DuAn Highway based project-based Guizhou,
China, utilising BIM to identify the optimum design both sustainably and economically. The
study proposed an algorithm-based approach to review key parameters for three separate
options, including criteria such as total cost, earthwork production and impact of forestation.
The study concluded the use of BIM related design processes enabled a more efficient design
and helped identify an optimal sustainable design, providing a set of comparable results
which allowed designers to assess and identify the best design. Sanchez et at., (2014) also
identify whole life cycle of project to achieve sustainability targets, as well as improving
overall project productivity through interoperability.

D’Amico et al (2020) further endorse the use of BIM during design stages to achieve a better
carbon footprint on TI schemes, their study reviews the use case of both BIM and
Geographical Information Systems (GIS) on airport infrastructure whilst adhering to Italian
based legislation. Whilst confirming the success of applying BIM in accordance with most
recent legislation, the report identifies how BIM data enabled designers to accurately
calculate cut and fill volumes of a proposed taxi rank within a project, which in turn allowed
a better understanding of new material required to construct it and therefore reduce the need
for any unnecessary material wastage, contributing towards a better whole life cycle and
carbon footprint.

A case study conducted by Chong et al., (2016) made comparisons of BIM applications on
two highway infrastructure projects in China and Australia, in comparison to traditional
methods such as 2D paper-based designs. The study identifies the great success BIM had on
both projects at design and construction phases of the projects, with particular emphasis on
coordination across design teams which enabled a more collaborative working environment
which contributed towards the speed of construction, creating greater efficiencies across
both projects. However, the paper also suggests the adoption of BIM in infrastructure is
slow, this was the first project where BIM had been implemented by both projects lead
stakeholders (designers and contractors), demonstrating the low uptake of BIM. This is also
supported by Shou et al., (2014), who’s qualitative study into the comparison of
implementation of BIM in Building and Infrastructure projects identified the infrastructure
sector lags the building sector with regarding to BIM application but does suggest there is
evidence for sufficient growth.

BIM uptake and usage in Transportation



Liu et al., (2016) study into sustainability and BIM outlines the progress of European based
countries with their individual government policies towards BIM and sustainability, again
highlighting a general movement towards whole life cycle Transport Infrastructure as a
method to improve sustainability in Transportation projects, particularly within the UK. The
study also concludes Government intervention is a key method of encouraging and
standardising sustainability using BIM and how further work is required to establish a clear
link between BIM and sustainability on infrastructure projects, a concept also suggested by
the ICE State of the Nation 2020: Infrastructure and the 2050 net target zero report which
also identifies how focussing on the whole lifecycle of an asset can improve the overall
sustainability of a project, from design stage through to operational stage.

In addition to this, the National Building Specification, (2020) further supports Liu et al.,
(2016) lack of government guidance as a barrier to BIM. Their widespread survey identified
a key factor behind lack of implementation of BIM was predominantly due to client demand,
a by-product of legislation. The NBS study also highlights key statistics regarding the usage
of BIM, indicating BIM awareness and uptake in 2020 compared to 2011 has risen from
13% to 73% respectively in the UK. The survey demonstrated the uptake amongst smaller
practises (15+ employees) lags larger practises (50+ employees), primarily due to suggested
initial costs. This is also supported by Ayinla and Adamu, (2018) who’s study indicated
SME’s and micro firms again fall behind large firms when utilising and implementing BIM
practises. Further to this, Vidalakis et al., (2020) research of SMEs and their use of BIM
highlights the main indicator of low uptake is due to high costs to implement BIM and
associated software as well as a lack of in-house skills, with further guidance and
understanding of how to adopt BIM being a crucial barrier for uptake.

Research by Matejka (2014) suggests the uptake of BIM in TI projects is low in relation to
other sectors such as the building sector. Highlighting BIM is more than just a 3D model,
their study suggests the wider BIM use case for products such as Information Project
Delivery system will enable better collaboration and therefore offer better project outcomes.
Matejka also suggests when BIM is applied on TI projects it has a positive effect of the
efficiency of the project. Lee and Borrmann (2020) suggests policy and legislation in leading
technology countries such as the UK, Singapore and Australia has undoubtably contributed
towards the increasing uptake and usage of BIM. However, they suggest further studies are
required to identify the true effects of said legislation and highlight the need for industry to
take a lead and further the usage of BIM alongside legislation to aid adoption.

BIM in Transportation Construction

The use of BIM on TI projects is apparent in many forms, maximising use cases of BIM
processes and software aspects can provide great benefits in both design and construction.
Whitlock et al (2018) discuss the use of BIM in Transport Construction projects and establish
unique ways of utilising BIM to understand construction material logistics. Their study
identified the use of BIM to establish material quantities and storage locations of materials
on site, the findings highlighted how using BIM can provide an effective Logistic
Management Strategy to reduce waste. However, the study also indicated several drawbacks
of implementing such software by suggesting more policy is required around the training
requirements for BIM software users on site to ensure maximum efficiency. In relation to
Net Zero Infrastructure Industry Coalition, (2021) this study supports the supplier/contractor
engagement theory to help deliver ‘incremental and transformational reductions’ to achieve
lower emissions produced. Participants also supported the idea of improving collaboration.



Large scale contractors such as Skanska are also beginning to target the use of BIM. The
Skanska Net Carbon Zero 2045 report in 2017 highlighted the emissions produced across
different supply chains and through their construction methods, and ultimately identifying
BIM as a key metric to reduce said emissions by stating they were to ‘optimise environmental
performance and life-cycle cost of their projects’. The report highlights a focus of reducing
carbon using BIM processes, an example of which is the River Humber Tunnel project where
BIM processes were utilised alongside the use of emissions data to identify areas of high
carbon which in turn helped reduce the project carbon footprint by 11%.

Kiviméki and Heikkild (2015) conducted a construction phase BIM application study of two
projects based in Finland. The purpose of the study was to identify whether BIM could
contribute towards the overall quality control during the construction phase of the project.
By utilising BIM processes and BIM based 3D models, the contractors were able to feedback
information from site to design teams during construction such as live cross sections,
earthwork slopes and underground utility data, of which would be compared to original
designs and allowed designers to updated BIM models accordingly with further analysis to
identify potential issues and accurately understand material usage insitu. Despite no direct
identification of BIM reducing carbon footprint, it was noted how the live updates from
contractors to designers enabled better collaboration. Allowing designers to have real time
information can allow for better decision making with regards to construction practises such
as cut and fill volumes and design adaptations to suit a more friendly carbon design.

Digital Twin and BIM

As well as capital carbon, operation and maintenance carbon phases can be improved using
Digital Twins (DT)s. lvanov et al., (2020) discuss how DTs in smart cities allow for real
time updates of urban environment details, which can lead to a better understanding of
infrastructure requirements to improve the efficiency of transport systems. Specifically,
highlights a case study in Takamatsu city, Japan where DTs analysis identified bespoke
locations where cycling infrastructure would be most useful to tourists in certain areas of the
city, therefore allowing transport planners to plan and design suitable routes in accordance
to demand.

Shahat, et al., (2021) discuss the use of DTs within cities using BIM related models to
improve the whole lifecycle sustainability of infrastructure. Identifying that DTs are still
within their infancy stage, practical examples such as the Zurich DT demonstrate integration
of BIM based DTs which, alongside sensory detectors and 10T processes, can enable
transport planners to assess areas of congestion and predict potential optimum routes and
therefore reflect this within future planning.

By implementing advanced processes such as DTs, Schooling, et al., (2020) discuss how
infrastructure should be identified as a ‘system of systems’, suggesting DTs and overall
digitalisation of infrastructure can offer an opportunity to review ‘life cycle’ approaches to
assets which will benefit society through not only improved connectivity but
environmentally as well. The paper discusses how utilising BIM is a key foundation to
digitalising infrastructure by managing information and further elaborates how DTs can lead
to better decision making and therefore enable ‘addressing systemic challenges and
addressing resource use and efficiency’.



This is further supported by Jiang et al., (2021) who establish BIM and DTs, along with other
processes such as Cyber Physical Systems, can be interlinked to form a wholistic DTs and
enable ‘smart construction’, a process to help digitalise the construction sector which in turn
can lead to better and more sustainable decision making. The institute of Engineering and
Technology (2019) study also highlights how DTs can help achieve sustainability goals set
by the United Nations when used and help identify where BIM involvement at specific
maturity levels of a DT will provide further sustainable practises. In addition to this, a case
study of the Taipei Metro, Taiwan, with BIM embedded within the DT suggests BIM has a
‘strong use case’ within a DT where the project enhanced a reduction in energy consumption
and carbon footprint. Notably, the study concluded BIM played a vital role to improve
‘Design, construction, operation, maintenance and decommissioning phases’ which in turn
all contributed towards the whole lifecycle of the asset which enabled the DTs to better
understand material deterioration.

Sakdirat and Xu Ningfang (2018) study into sustainable evaluation of Kings Cross Railway
found the use of BIM to create a DT was effective and BIM as a standard alone process can
optimise construction processes as well as logistics to help reduce Carbon Footprints.
However, the study suggests applying the method used may prove difficult for other Railway
stations due to a lack of existing data, and therefore more information should be collated
prior to conducting a DT, citing sensory data as a route to obtain such data. Broo and
Schooling (2021) set out to review the sustainability of infrastructure through design,
construction, operation, and maintenance phases using DTs. The study included a series of
interviews with eight infrastructure professionals where it was established the use of DTs
can ‘build better’ and more ‘sustainably’. However, the integration of DTs is currently slow
due to a lack of cultural shift within the industry. Despite this, further research of DTs by
Wang et al., (2021) used for Highway Transportation design suggest the use of BIM can be
bypassed and supports the use of GIS combined with a DT to allow for more optimal designs
and therefore offer sustainable design solutions without using BIM.

Conclusion and Recommendations

As the largest carbon producing sector in the UK economy, the TS requires accelerated
progress to reduce its carbon footprint. The modernisation and digitalisation of how
Engineers approach project design stages is found to be a key metric to producing the most
carbon efficient project. From concept design stages through to operation phases, research
suggests a clear need to broaden communication, improve collaboration and modernise the
way in which infrastructure is designed, used, and maintained to improve the industries
carbon footprint.

The utilisation of BIM can have a positive impact on the carbon footprint of Transport
Infrastructure, but gaps remain in research and areas are still needed to be explored.
Particularly in the UK, there is little research to understand the methods appropriate to reduce
embodied carbon within the TS. The research conducted in this literature review identifies
uptake and usage of BIM is dramatically increasing across the AEC industries both within
the UK and across the world. However, there is low levels of research regarding current
usage of BIM on Transportation Projects in the UK, mainly research is focussed on
qualitative information not broad enough to demonstrate accurate findings across the sector.

However, the studies highlighted suggest more adoption of BIM process across first world
countries is leading to more effective design and construction methods, providing a better
carbon footprint across project life cycles. With more research into the direct implications
of utilising BIM processes, such as a 3D BIM model, and how this can mitigate waste, reduce



material, and provide live information to be shared across multiple stakeholders can further
address the issues towards achieving NCZ in the UK.

Quantitative information from BIM related results in Asian and Australia have been
identified and demonstrate how the use of BIM at design stages can lead to more sustainable
outcomes on projects. The UK studies outlined in this report were conducted prior to the UK
BIM Mandate and have validity questions regarding the scope and general review approach.
By demonstrating quantitative studies of BIM use cases regarding sustainability, a clearer
path to NCZ in Transport Infrastructure can be obtained.
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