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1 I ntroducti on

1.1 Overview

This guidance document is a resource designed to assistthe New Zealand Transport Agency Waka Kotahi
(NZTA) contractors, suppliers, and partners in their efforts to decarbonise transport infrastructure. It
addresses the urgent global need to limit greenhouse gas (GHG) emissions and explores the role of various
digital technologies in the decarbonisation of infrastructure. The document also provides case studies to
support stakeholders in selecting the most appropriate tool for their needs.

Aligned with NZTA's Sustainability Action Pl an ( Toi t t ResourcE Efficienty) Stratagyd(Te Hiringa
o te Taiao), this guidance document supports emission reduction and resource optimisation using digital
technologies. The guidance compares digital technologies implementation readiness with emissions
reduction impact so that organisations can maximise their effectiveness within NZTA's overall
decarbonisation strategy.
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Fig. 1 - Key policy and strategy drivers for the Resource efficiency guideline

The guidance shows how digital technologies impact decarbonisation across project phases. It introduces a
decarbonisation-focused evaluation matrix that streamlines project decision-making processes using the
People Process Data and Technology (PPDT) change management frameavork. However, the real value lies
in the real-world case studies, which illustrate how these digital technologies operate in practice and
showcase their successful implementation.

This guidance supplements the 'Technical guidance for evaluating resource efficiency and circular design
opportunities' by offering a roadmap for effectively using various technologies. The roadmap includes cost
assumptions, data conformity assurance intervals, and standards compliance requirements.

Additionally, the guidance highlights emerging trends like Al, blockchain applications, autonomous vehicles,
and data analytics, which can enhance operational efficiency in the context of decarbonisation efforts.
1.2 Purpose and audience

The purpose of this document is to be a practical resource for NZTA staff and stakeholders, providing
insights into digital and innovative solutions that can accelerate efforts to reduce carbon emissions.

It has been developed to support the real-world application of digital technologies in various project phases.
It also guides good practice in utilising digital tools and associated data to support emission reduction efforts.
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mailto:https://www.nzta.govt.nz/assets/resources/resource-efficiency-guideline-for-infrastructure-delivery-and-maintenance/Technical-guidance-for-evaluating-resource-efficiency-opportunities.pdf

Stakeholders can use this document to make informed decisions and leverage digital solutions to achieve
decarbonisation outcomes throughout the project's lifecycle.

This document is intended for use by:
1 Stakeholders who participate in the planning, design, construction, operation, and maintenance of
the land transport systems. These include consultants, contractors, and project managers.
1 NZTA staff whose work and actions affect resource efficiency.
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2 Il dentifying technology opportuni

2.1 Overview

Decarbonising the transport sector involves finding solutions to challenges such as high consumption of
virgin materials, low recycling levels, construction and demolition waste, and knowledge gaps. Strategic use
of digital technologies across the project lifecycle® planning, design, construction, and operation and
maintenance® can help address these challenges effectively.

A rubric and evaluation matrix has been developed to guide NZTA staff and stakeholders, such as
contractors, suppliers, and partners, in supporting informed decision-making when selecting digital
technologies for each phase. For example:

1 During the planning and design phase, digital technologies can help reduce emissions by optimising
transportation routes and integrating electric vehicles.

1 Inthe construction phase, the technologies can aid in refining the design and effective planning to
support reducing carbon emissions.

91 Digital technologies can enhance operations and maintenance practices through predictive
maintenance and smart traffic management systems, reducing emissions.

Stakeholders engaged in different project phases can refer to the guidance to evaluate the readiness and
suitability of different digital technologies for their specific projects.

The evaluation matrix and rubric used in this guidance build upon a solid foundation grounded in active
engagement with partners and stakeholders through workshops, application of the PPDT, Circular Economy
principles, consideration of PAS2080, and ISO 19650.

2.2 Digital technology selection

The guidance focuses on specific technologies identified as significantly enabling the decarbonisation of

transport infrastructure. These technologies include:
1 Traffic simulation software

Travel demand modelling tools

Carbon footprint assessmenttools

Digital twin platforms

Design optimisation software

Electric vehicle (EV) charging

infrastructure planning tools

Connected vehicle technologies
Traffic management systems
Predictive maintenance software
Construction management platforms
Drone-based monitoring systems
Building materials selection tools

=A =4 =4 -4 -4
= =4 =4 4 -4 4

Additional information about these tools and their capabilities can be found in Appendix A of this document.

These digital technologies were selected based on several factors that contribute to decarbonisation efforts.
These factors include:

1 Impact: The chosen technologies can potentially reduce GHG emissions directly or indirectly .

91 Availability: The selected technologies include well-established technologies and emerging
innovations. They were evaluated for effectiveness and practical implementation.

1 Compatibility : The selection aimed to include a variety of technologies that can work together and
complement each other's functionality.
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Additionally, cost-effectiveness, user adoption, and existing integration were also considered in the selection
process.

It is important to note that other technologies may be relevant depending on specific contexts and priorities.
By evaluating these factors, stakeholders can choose the most appropriate combination of digital
technologies to support specific decarbonisation objectives.

2.2.1 Future trends in digital technology

Combining identified decarbonisation technologies with emerging digital technologies can support the design
of more sustainable transportation systems. Examples are provided below.

Al and Traffic Management: Al analyses traffic data from Traffic Simulation Software to optimise traffic flow.
Machine Learning (ML) predicts future patterns for smoother operation of Traffic Management Systems. This
collaborative approach significantly reduces emissions in transportation networks.

Data Analytics and Personali sed Mobility: Data analytics powers personalised mobility apps that provide
low-carbon transportation options. Optimising the use of Electric Vehicle Charging Infrastructure and
promoting a shift away from personal vehicles contributes to GHG reduction efforts.

2.3 Digita | technologies and GHG impact

The guidance document simplifies the challenge in transportation projects by categorising digital tools that
help reduce various types of GHG emissions.

Enabled Emissions:

Emissions resulting from the public use of infrastructure (i.e., tailpipe emissions due to vehicle kilometres
travelled (VKT)). The recommended technologies support electric vehicles and efficient infrastructure
operating practices to reduce enabled emissions.

Embodied Emissions:

Embodied emissions result from manufactured products and materials used in the construction of the built
environment. The tools support the minimisation of embodied emissions by enabling the consideration of
low-carbon materials, efficient manufacturing, and transportation to the site.

Operational Emissions:

Emissions from energy use during infrastructure operation. Tools optimise efficiencies, employ smart
systems for resource management, and apply circular economy principles to minimise waste.

Lifecycle Emissions:

Emissions resulting from the entire project lifespan, from planning to end-of-life replacement,
decommissioning and deconstructing. The tools allow for holistic approaches that optimise resource use
outcomes and reduce GHG emissions throughout the project's lifecycle.

The table categorises technologies to clarify their target emissions, aiding stakeholders in informed decision-
making for emissions reductions.
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Traffic simulation software

Enabled Embodied Operational Lifecycle
Emissions Emissions Emissions Emissions
Travel demand modelling tools . .

Carbon footprint assessment tools

Digital twins platforms .

Design optimisation software .

EV charging infrastructure planning tools .

Connected vehicle software .

Traffic management systems

Building materials selection tools . .

Construction management platforms .
Drone-based monitoring systems .
Traffic management systems .

Figure 2 2 The table provides an overview of which emissions type each technology primarily addresses.

2.4 Rubric : Choosing the right technologies

This guidance presents a rubric that classifies availabletechnologies based on their ability to support
decarbonisation efforts and readiness for implementation. The assessmentconsidered:

1 implementation readiness and

1 decarbonisation potential.

Implementation readiness of the digital technologies assessed potential cost savings, ease of use,
stakeholder capacity and skills, and technology requirements. Potential cost savings include the tool's ability
to reduce project costs using fewer resources and better planning. The decarbonisation impact assessment
evaluates the extent to which each technology contributes to reducing emissions.

Based on the above considerations, certain technologies emerged as offering high potential for emissions
reduction but required high implementation efforts (higher stakeholder capacity and skills to navigate the
complexity of the tools). The technologies requiring higher implementation readiness showed potential for
higher cost savings through reduced use of materials, better planning, and maintenance of assets.
Additionally, more accessible options were identified that still provide moderate potential for emissions
reduction.
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Implementation readiness
Low Medium High
Implementation High potential saving costs, Medium potential saving costs, Low potential saving costs,
readiness ease of use, stakeholder ease of use, stakeholder ease of use, stakeholder
capacity and skills, and capacity and skills, and capacity and skills, and
technology requirements. technology requirements. technology requirements.

Decarbonisation High potential to reduce Medium potential to reduce Low potential to reduce
potential emissions emissions emissions

Figure 3. Rubric showcasing the digital tools in relation to decarbonisation impact and implementation readiness.
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The digital technologies rubric provides valuable insights into selecting appropriate technologies for driving
decarbonisation efforts while managing implementation readiness. The earlier the right technologies are
introduced, the bigger the potential impact. For example:

1 Digital twins had the highest impact, demonstrating significant potential for reducing emissions.
Using virtual models, real-time monitoring and analysis can be done, including testing of various
scenarios. For example, by creating a digital twin of a building or a transportation network,
stakeholders can analyse its energy consumption patterns and identify energy savings and emission
reduction opportunities .

1 Other noteworthy technologies included Connected Vehicle Technologies, Building Materials
Selection Tools and Construction Management Platforms, which balanced implementation readiness
and decarbonisation impact.

1 On the other hand, technologies such as Traffic Simulation Software, Travel Demand Modelling
Tools, and Electric Vehicle Charging Infrastructure Planning Tools are more accessible options for
organisations aiming to make sustainable improvements without significant effort.

2.5 Evaluation matrix : Technology evaluation

The evaluation matrix is designed for use by various stakeholders involved in transportation infrastructure
projects’ planning, design, construction, operation and maintenance phases. It aims to provide them with
information to help them understand the technology and where the highest impact of decarbonisation lies.

The evaluation matrix uses the People, Process, Data, and Technology (PPDT) change management
framework to facilitate decarbonisation through digital technology. Appendix B provides more information on
the PPDT framework and other factors that contributed to its development.

The evaluation framework refers to the relative assessment of different factors associated with each digital
technology for decarbonising transportation infrastructure. Below is a breakdown of the grading categories:

High impact or Medium impact or Low impact or restricted impact or
capability capability capability capability
- Planning

The legend guides the optimal deployment of each technology to
maximise benefits. It also illustrates how different technologies serve
various functions in different project phases.

Design

Construction

Operation and maintenance

r_ﬁ
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Figure 4. Digital technologies framework for decarbonisation
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3 Good prfaoopgtiicapapll i c attea olmn wlfogi es

This section explores the optimal practices and application of tools at different phases of the project to
support decarbonisation. To start, the strategic use of digital technologies in project phases is important for
reducing carbon emissions. However, different stakeholders have different abilities at different phases to
accelerate decarbonisation.

To illustrate this, a figure has been developed, showcasing various digital technologies that can beused by
different stakeholders across the project life cycle. This section serves as a good practice roadmap,
demonstrating how shortlisted technologies can be deployed in different project phases. This figure is
derived from the PAS 2080 guidance document.

Ability to influence whole life carbon

Community and users

Government, regulator

Financier

Asset owner/manager
2 2Lk3 2] 4

Designer
0000 X

Constructor

Engagement and collaboration

_______________________ Revisit need g

fm———————-

Key
-Traﬁ'lc simulation software nDesign optimisation software nF’redictive maintenance software
Travel demand modelling tools “EV charging infrastructure planning tools BRI Construction management platforms
nCarbon footprint assessment tools Connected vehicle software 48 B8 Drone-based monitoring systems
nDigital Twins platforms nTrafﬁc management systems 4”28 Building materials selection tools

Figure 5. How different stakeholders can influence emissions reduction through the project lifecycle .

In addition, there are key considerations that can enhance collaboration, support transparency of
assumptions, verify data integrity, optimise technology usage, and ultimately reduce costs while increasing
decarbonisation efforts. These are as follows:

i Data standards: Establishing common data standards and formats for consistency across teams and
project phases.

1 Data management plan: Developing a comprehensive plan for collecting, managing, and securing
data throughout the project.

1 Documentation: Recording key variables, models used, and underlying assumptions at each project
phase.

1 Independent reviews: Incorporating external reviews to assess assumptions, calculations, and
verification processes.

u
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The following figure shows the different tools and their functionality within the different phases. This supports
an understanding of how to best use the tools with consistency across phases, to help generate a higher
decarbonisation impact and improved systems and processes.

* Use carbon lifecycle assessment tools to assess carbon emissions associated
with different design and operational choices.

* Incorporate design optimisation software to optimise sustainable and low-carbon
solutions.

* Implement a digital twin platform for real-time data-driven analysis of
transportation networks.

+ Leverage automated traffic management systems to improve traffic flow efficiency
and reduce overall emissions.

« Utilise traffic simulation software to model different scenarios and evaluate
environmental impacts.

* Incorporate travel demand models to understand future transportation needs and
promote sustainable modes of transportation.

+ Consider planning for connected vehicle technologies and EV charging
Infrastructure to support electric mobility.

+ Continue utilising carbonlifecycle assessment tools and design
optimisation software to maintain decarbonisation goals throughout the
project.

+ Apply digital twin technology and traffic simulation software to
simulate alternative design scenarios.

* Incorporate travel demand models to inform decisions and encourage
environmentally friendly transportation options.

* Include the use of building materials selection tools to minimise
emissions during the design phase.

A + Continuously monitor construction activities' carbon emissions using

carbon lifecycle assessment tools for compliance with emission

. reduction goals.

Construction +  Apply design optimisation software throughout construction
implementation.

« Ultilise digital twin for ongoing monitoring, issue identification, and
process optimisation.

+ Employ predictive maintenance software effectively for optimal
resource utilisation and reduced energy consumption.

* Ultilise construction management platforms for efficient
communication and coordination among stakeholders.

* Deploy drone-based monitoring solutions for improved site
surveillance with reduced manual inspections.

+ Continue utilising predictive maintenance software and digital twin
for proactive asset maintenance management.

+ Adopt advanced traffic simulation software for efficient operations and
emission reduction efforts.

Figure 6. Good practice for implementing digital technology across various phases.
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4 Case Studi es

Digital technologies can advance decarbonisation at any infrastructure project stage by supporting resource
efficiency and enabling circular design. These technologies facilitate automated identification of
decarbonisation opportunities across the lifecycle, from sourcing sustainable materials to maintenance.

Figure 7. PAS 2080 (2023) hierarchy of decision-making.

Optimal decarbonisation outcomes are often achieved by using digital technologies in preliminary planning

stages to evaluate the whole-of-life impact and make design changes. Technology supports decision-makers

in assessing -avoid, s wi Inaddition, the chseistutpes belovweid@ntity bogvl i cabi | it
technologies have been introduced at each project stage to accelerate decarbonisation.

The case studies provide practical illustrations of digital technologies in action, showcasing their impact on
emissions reduction, improved design and operation. In addition to the case studies, Appendix C aligns the
various project types with digital technologies.
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