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Foreword 

As part of the leadership supporting the Tees Valley Digital Transport Programme, and as delivery lead 
for the region’s Traffic Digital Twin, I have contributed to the implementation of what is widely 
recognised as the UK’s first operational, region-wide digital twin for transport network management. 
This has provided direct, practical insight into both the opportunities and the challenges associated 
with deploying digital twin technology within a real-world, multi-authority environment. 

As digital twin technology continues to gain traction across the UK, the conversation is increasingly 
shifting from concept and pilot projects towards questions of scale, integration and long-term value. 
This paper draws on that experience to explore what is required to move beyond isolated deployments 
and towards wider, coordinated adoption across the UK transport network. 

Sean Fryer 

Digital Transport Delivery Manager, Project Lead & Author 

Tees Valley Combined Authority 

Note: This paper reflects the views of the author, informed by delivery experience within the Tees 
Valley Digital Transport Programme, and is intended to support wider discussion across the sector. 
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1. Executive Summary 

Digital Twins have the potential to transform how transport networks are managed across the UK. 
However, despite growing interest and successful pilots, most deployments remain limited in scale and 
disconnected from live operations. 

The challenge is no longer technological feasibility, but the ability to scale Digital Twins in a way that 
delivers operational impact. Barriers relating to fragmentation, governance, capability, culture and 
procurement continue to limit progress beyond pilot stages. 

Drawing on experience from a live UK deployment, the paper outlines what Digital Twins can enable 
and identifies the key changes required to support wider adoption. These include greater integration of 
systems and data, evolution of operating models, development of organisational capability, and 
alignment of procurement and funding approaches with innovation. 

Digital Twins have the potential to become a core component of transport network management 
across the UK. Realising this opportunity requires a shift from isolated projects towards coordinated, 
system-level implementation. 

This is not a question of innovation, but of implementation. 

While the insights presented are informed by a specific UK deployment, the intention is not to 
prescribe a single approach, but to highlight principles and considerations that can support wider 
adoption across different transport authorities and operating contexts. 

2. Introduction: From Concept to Capability 

The UK transport system is entering a period of increasing complexity and pressure. Congestion 
continues to impact productivity across the road network (Department for Transport, 2023), while 
improving bus reliability remains a persistent challenge in many areas (Department for Transport, 
2021). At the same time, the transition to Net Zero is placing new demands on how networks are 
managed and optimised. Advances in real-time data, artificial intelligence and digital infrastructure are 
creating new opportunities to transform how transport systems are understood and operated. Recent 
national policy direction, including the Department for Transport’s Transport Data Action Plan (2026), 
further reinforces the importance of improving data sharing, interoperability and real-time data use 
across the transport system. 

However, traditional approaches to network management, often focused on infrastructure and 
localised optimisation, are increasingly insufficient to address the scale, complexity and real-time 
nature of modern transport systems. 

Digital Twins have emerged as a prominent concept within the transport sector, supported by growing 
interest from both industry and government (National Infrastructure Commission, 2022). While 
numerous pilots have demonstrated potential, implementation has often remained fragmented and 
disconnected from live operational systems. 
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Without the need for significant new physical infrastructure, Digital Twins provide a cost-effective 
means of improving network performance by enabling better use of existing data, systems and assets. 
Preliminary results from the Tees Valley deployment indicate that integrating real-time data with 
predictive modelling can support targeted interventions, improve network efficiency and enhance 
operational decision-making (Fryer, 2025). 

The question is no longer whether Digital Twins have potential, but whether the UK is ready to deploy 
them at scale, moving beyond isolated pilots and embedding Digital Twins as a core component of 
how transport networks are actively managed. 

3. Challenge: Why the UK is Stuck in Pilot Mode  

Despite increasing interest, most Digital Twin deployments across the UK remain at the pilot or proof-
of-concept stage. While these initiatives demonstrate technical feasibility, they often fail to transition 
into fully integrated, operational capabilities. 

The issue is not a lack of technology, but a mismatch between how Digital Twins are delivered and 
how transport networks are currently organised. 

This is not primarily a technological issue. The core challenge lies in how transport networks are 
structured and managed. Systems remain fragmented across organisations, legacy platforms and 
disconnected data environments. This fragmentation directly reflects wider challenges identified at a 
national level, where limitations in data sharing, interoperability and standardisation continue to 
constrain system-wide transport management (Department for Transport, 2026), limiting the ability to 
develop a consistent network-wide view and coordinate effective responses. This challenge is 
particularly evident where the Strategic Road Network and local authority networks intersect. Effective 
transport management in these areas depends on close collaboration between local authorities and 
National Highways, including shared access to data and coordinated operational approaches. The 
ability to deploy and integrate infrastructure such as traffic sensors, CCTV and variable message signs 
across network boundaries is critical to developing a unified, system-wide view of conditions. Where 
this collaboration is achieved, it enables more effective and coordinated responses; where it is not, 
Digital Twins risk being constrained to isolated parts of the network, limiting their overall impact. 

As a result, Digital Twins are often deployed as standalone analytical tools rather than integrated 
components of live operational systems. Their outputs are not always embedded within decision-
making processes, reducing their ability to deliver real-time impact. 

Operational approaches further reinforce this challenge. Many networks continue to be managed 
reactively, with interventions triggered by observed conditions or customer reports rather than 
predictive insight. This limits the opportunity to act early and prevent disruption. 

In addition, governance structures are often not designed to support integrated, cross-boundary 
systems, creating uncertainty around ownership and decision-making. There are also gaps in 
organisational capability, particularly in data integration, modelling and digital operations, alongside a 
reliance on external suppliers without sufficient internal capacity. 
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Cultural and organisational factors also play a role. The introduction of automated and data-driven 
approaches represents a shift in how networks are managed. Without clear positioning of these tools 
as enablers rather than replacements, adoption and confidence can be limited. 

Finally, procurement and funding models can reinforce a pilot-focused approach. Requirements for 
competitive tendering and traditional appraisal processes can make it difficult to evolve systems 
incrementally, particularly where solutions build on existing capability. While recent updates to 
guidance have improved flexibility, challenges remain in aligning procurement with the pace of 
innovation. 

These challenges can be broadly grouped into the following categories: 

Category Key Barrier 
Structural Fragmented systems and organisational silos 
Operational Predominantly reactive network management 
Governance Unclear ownership and accountability 
Capability Limited in-house digital and analytical capability 
Cultural Resistance to automation and change 
Commercial Procurement and funding constraints 

Table 1: Key Barriers to Scaling Digital Twins 

4. Opportunity: What Digital Twins Enable  

Digital Twins enable a fundamental shift in how transport networks are managed, moving from 
reactive, fragmented approaches towards integrated, predictive and system-wide operation. 

Traditional Approach Digital Twin Approach 
Reactive response to incidents Proactive and Predictive management 
Siloed systems and data Integrated, system-wide visibility 
Manual monitoring and intervention Data-driven decision support 
Corridor-level optimisation Network-wide coordination 
Delayed decision-making Real-time, adaptive responses 

Table 2: From Reactive to Proactive Network Management 

Digital Twins enable a shift from reactive to predictive transport network management. By combining 
real-time data, simulation and analytics within an integrated environment, they provide a continuously 
updated view of network conditions (Department for Transport, 2023). 

Ultimately, it’s about turning data into insight and insight into action. 

This supports earlier identification of issues, more coordinated responses and improved use of existing 
infrastructure. For public transport, this enables more effective management of delays and improved 
service reliability, supporting wider modal shift objectives (National Infrastructure Commission, 2022). 
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Digital Twins can integrate a wide range of data sources, including traffic flows, journey times, public 
transport operations, active travel movements and environmental data such as air quality. This enables 
a more holistic understanding of how networks operate and interact. Realising this potential depends 
on interoperability between systems and data sources (Centre for Digital Built Britain, 2020). This 
aligns with national priorities to improve data integration and accessibility, recognising that better use 
of data is fundamental to delivering more efficient, responsive and sustainable transport networks 
(Department for Transport, 2026). 

They can also support varying levels of automation. While some interventions can be automated, these 
capabilities are optional and can be configured to maintain appropriate levels of human oversight, 
ensuring that control remains with network operators. 

Importantly, Digital Twins also have the potential to reduce disparities in capability across different 
authorities. By enabling better use of existing data and infrastructure, they provide a cost-effective 
means for smaller or less well-funded authorities to deliver traffic management approaches that are 
increasingly comparable to those of larger, better-resourced organisations. 

Early UK deployments have demonstrated how these capabilities can be applied in practice. In the 
Tees Valley, preliminary monitoring and evaluation indicates that targeted interventions informed by 
the Digital Twin have delivered improvements of up to 13.7% in network performance, alongside 
increases in average speeds of up to 11.6mph within 15 minutes of strategy implementation (Fryer, 
2025). 

Evidence from early deployments also indicates that these approaches can deliver measurable 
improvements in network performance, supported by programme-level economic assessments. (Arup, 
2024) 
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5. From Pilot to Scale: What Needs to Change  

The transition from pilot to scale can be understood as a progression through the following stages: 

 

Illustration 1: A continuous pathway for scaling transport digital twins, highlighting the iterative nature 
of deployment, integration and optimisation 

Moving from pilot to scale requires a shift from project-based delivery towards system-level 
implementation. 

First, Digital Twins need to be effectively integrated into operational systems and decision-making 
processes, rather than existing as standalone analytical tools. This requires alignment between data, 
modelling and control systems. 

Second, operating models must evolve to support network-wide management, with clearer roles, 
responsibilities and coordination across organisational boundaries. 

Third, organisations must invest in capability, including skills in data, digital systems and operational 
integration, alongside stronger internal ownership of systems. 

Fourth, governance structures must support cross-boundary collaboration and provide clarity on 
accountability for data and decision-making. 
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Finally, procurement and funding approaches must better align with the iterative and evolving nature 
of digital systems, enabling continuity and long-term development rather than discrete, time-limited 
projects. 

6. Conclusion 

Digital Twins represent a significant opportunity to transform how transport networks are managed 
across the UK. However, the challenge is no longer technological, but structural. 

The UK has already demonstrated that Digital Twins can work. A key priority is to move beyond pilots 
and embed them as integrated, operational capabilities within transport networks. 

Achieving this requires a shift towards system-level implementation, supported by appropriate 
governance, capability, operating models and funding approaches. 

This is not a question of innovation, but of implementation. The question is no longer whether Digital 
Twins should be adopted, but how quickly and effectively they can be scaled. 

Without this shift, there is a risk that Digital Twins remain a promising concept rather than a 
transformative capability. 
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