UK Technology and Research Roadmap – Ports and Infrastructure

Maturity tags used in the table: Model, Test, Uptake, Scale.
Model: Concept/design stage using modelling and simulation (including techno-economic assessment and safety case development); not yet validated in operationally representative trials.
Test: Demonstration/pilot stage through prototypes, land-based rigs, and/or operational trials; performance and safety being validated in operationally representative trials.
Uptake: Early commercial deployment in real operations (first movers/early adopters); limited coverage and maturing supply chains, standards, and operational procedures.
Scale: Widespread adoption as a standard solution across relevant port types and terminals; mature supply chains, standards, and operational practices.














	







Themes
	2025 - 2030
	2030 - 2040

	2040 - 2050

	
	Targets
Publish port decarbonisation baseline and transition plan (Scope 1-2 and material Scope 3 categories) for major ports/terminals.
>=30% reduction in port-operator Scope 1-2 GHG emissions by 2030 (vs baseline), on a pathway to net-zero port operations by 2050.
OPS and/or equivalent zero-emission at-berth capability delivered at priority berths in major ports (aligned to domestic ferry and high-frequency routes).
Supply up to ~10% of the energy demand of ships calling at ports through zero- and near-zero greenhouse gas fuels and energy by 2030.
2-3 ports/terminals routinely capable of handling supervised-autonomy/remote-operated vessel calls (digital handover, situational awareness and secure connectivity), aligned to initial enabled corridors.
	Targets
>=80% reduction in port-operator Scope 1-2 GHG emissions by 2040 (vs baseline), with most cargo-handling assets and harbour craft transitioned to zero/near-zero emission operation.
OPS/zero-emission at-berth solutions deployed across all priority berths in major ports; majority of eligible port calls at berth supplied by OPS or equivalent.
Alternative-fuel readiness: methanol/biofuel bunkering available across priority ports; hydrogen and ammonia bunkering operational at selected ports under standardised procedures.
Routine support for supervised-autonomy/remote-operated vessels at major ports, including port traffic management integration with ship/ROC operations.
	Targets
Net-zero port operations (Scope 1-2) by 2050, with deep reductions in material Scope 3 categories through hinterland measures.
Zero-emission port-call operations (end-to-end value chain) are mainstream by 2050 (OPS/zero-emission energy + zero-emission cargo handling and harbour craft).
Ports operating as integrated net-zero energy hubs by 2045-2050 (power, storage, flexibility and fuel hubs), with resilience for critical loads.
2 UK ports established as regional European ZNZ fuel & energy hubs (import/production, storage, distribution) serving UK and key European/International shipping corridors.
Port systems and procedures routinely support high-autonomy and remote vessel operations in mixed traffic by 2050.

	
	Technologies
	Technologies
	Technologies

	Net-Zero Port Operations and Energy Systems
	Grid upgrades and port microgrids (energy management) - Test/Uptake

Onsite renewables integration and energy storage - Test/Uptake

Electrification of port equipment and cargo-handling assets – Uptake

Low/zero-emission harbour craft and service vessels - Test/Uptake

Net-zero port buildings and heat decarbonisation packages - Test/Uptake

Zero-emission hinterland logistics enablement (charging/refuelling interfaces; rail integration) - Test/Uptake

Port energy resilience and black-start capability for critical loads (shore power, fuel safety systems) - Model/Test


	
Smart microgrids with demand response and flexibility integration - Uptake/Scale

Port equipment decarbonisation at scale (electrification; low-carbon powertrains for hard-to-electrify assets) - Uptake/Scale

Zero-emission harbour craft and service vessels at scale – Scale

Net-zero buildings and heat systems - Uptake/Scale

Resilient energy systems for continuous operations - Uptake/Scale

Ports as integrated energy hubs with local renewables and grid services - Uptake/Scale
	
Net-zero port energy hub architectures (power, storage, flexibility) – Scale


Resilient, cyber-secure critical energy infrastructure - Scale

	Alternative Fuel Supply, Storage and Bunkering Infrastructure
	
Methanol bunkering infrastructure (storage, transfer, metering, safety systems) – Uptake

Biofuel bunkering compatibility and fuel-quality assurance systems – Uptake

Liquid Hydrogen bunkering pilots – Test

Ammonia bunkering readiness (hazard studies and terminal concept design) - Model/Test

Multi-fuel safety management, emergency response and training – Uptake

Digital custody transfer and monitoring, reporting and verification for bunkering - Uptake

Near-port green hydrogen production pilots (electrolysers) and distribution – Model


	
Methanol bunkering network expansion across priority ports – Scale

Hydrogen bunkering at selected ports (standardised operations) – Uptake

Ammonia bunkering at selected ports (standardised operations) – Uptake

Standardised multi-fuel bunkering interfaces and operating frameworks - Uptake/Scale

Near-port green hydrogen production and distribution (selected ports) – Uptake

e-fuel supply chain integration (import, storage, bunkering operations) – Test/ Uptake
	
Multi-fuel bunkering at major ports (methanol, hydrogen, ammonia pathways) – Scale

Mature standards, assurance and emergency response frameworks for alternative fuels – Scale

Resilient alternative fuel supply chains and contingency operations – Scale

Integrated port fuel hubs (power-to-fuels, storage and bunkering) - Scale

	At berth Emissions Mitigation 

	
High-voltage and fast Onshore Power System (OPS) at priority berths and berth integration systems – Uptake

Berth load management and smart power allocation - Test/Uptake

Port-call optimisation and just-in-time arrival interfaces – Uptake

Ship-port data exchange for energy use and emissions 

CO2 offloading and handling pilots for OCCS-equipped vessels – Test

At-berth and port-interface emissions monitoring system- Uptake

Differentiated tariffs and incentive platforms for shore power and low-emission port calls - Test/Uptake

Assisted/automated shore power connection systems (where applicable) – Test/ Uptake


	
High-voltage and fast Onshore Power System (OPS) rollout and optimisation across priority berths – Scale

CO2 conditioning, storage and offloading infrastructure (liquid CO2 handling where relevant) - Uptake/Scale

Green corridor port-call procedures and service-level agreements – Uptake

	
CO2 logistics hubs integrated with transport and storage value chains – Scale

Zero-emission port-call operations (value chain) - Scale 

	Digital Port Systems, Data and Modelling
	
Port Internet of Things sensorisation (assets, energy, environment) – Uptake

Port data platform (dashboards and application interfaces) – Uptake

Baseline port digital twins (operations, energy, emissions) - Model/Test

Cybersecurity architecture for port IT/OT systems – Uptake

Secure remote connectivity and digital identity for ship-port interactions – Uptake

Real-time port and at-berth emissions monitoring and analytics (port operations and ship interface) – Test/Uptake

Port Community System (PCS) for ship-terminal-hinterland coordination – Uptake

GHG inventory and emissions accounting systems (Scope 1, 2 and material Scope 3 categories) – Uptake

Port call, berth, and terminal optimization (AI decision support)

	
Continuously updated port digital twins – Uptake

Interoperable ship-port-logistics data exchange standards - Uptake/Scale

Advanced cyber resilience and incident response capabilities – Scale

Ecosystem digital twins (port, energy system, city logistics interface) – Scale

	
· Continuous digital assurance toolchains (software, models, data) - Scale 

	Port Automation and Autonomous Vessel Enablement
	
Terminal automation (automated gates; Terminal Operating System optimisation modules) - Uptake/Scale

Remote operations for selected terminal assets (cranes, equipment) -Uptake

Yard automation pilots (automated stacking cranes and/or autonomous yard vehicles) - Test/Uptake

Port traffic management system -Uptake

Routine remote/virtual pilotage for designated corridors - Test

Port-side situational awareness sensor coverage (radar, cameras, Automatic Identification System integration) – Uptake

Shore-side integrated situational awareness services (multi-sensor fusion) (port perception support to ship/shore operator) - Test/Uptake
Secure ship-port-Remote Operations Centre connectivity and communications coverage (low-latency where required) – Uptake
Remote/virtual pilotage tools and automated mooring pilots (where applicable) – Test
Designated autonomy operating areas and port “autonomy zones” (digital boundaries and rulesets) - Model/Test
Autonomy-ready berth infrastructure (docking aids, smart fenders, mooring load sensors) - Test/Uptake
	

Automated berth and yard resource optimisation (integrated control) -Scale

Routine remote/virtual pilotage for designated corridors - Uptake/Scale

Autonomy-capable berthing/mooring systems and interfaces with Remote Operations Centres - Uptake/Scale

Port-Remote Operations Centre operational integration layer - Uptake/Scale

Cyber-resilient autonomy enablement for port operational technology- Uptake

Dedicated autonomy-ready berths and port-call operating envelopes (designated terminals) - Uptake/Scale
	
Highly automated terminal operations (where viable) – Scale

Routine support for high-autonomy and remote vessels at major ports – Scale

System-level optimisation of port operations across ship, terminal and hinterland systems – Scale

Autonomy-ready port operations as standard (including resilience, assurance and contingency management) - Scale




Note: Port fuel systems, shore power, CO2 logistics, ship-port data exchange and autonomy-ready interfaces are sequenced to mature in step with the ship roadmap.
Note: In this roadmap, port decarbonisation, digitalisation and automation are considered across three interlinked domains: (i) the ship–port interface (port-call and at-berth operations), (ii) port and terminal activities (landside operations and equipment), and (iii) the port–city and hinterland interface (logistics, energy and environmental interactions).
Note: The Department for Transport has stated in its Net Zero Ports Call for Evidence that it does not intend to set a quantitative decarbonisation target that applies solely to ports (for example, requiring ports to reduce emissions by a specified amount of carbon dioxide equivalent (CO₂e). However, ports still operate within the United Kingdom’s legally binding net-zero framework under the Climate Change Act 2008 (as amended to require net zero by 2050) and the wider carbon budget regime. Air quality regulation is largely devolved, but statutory duties relevant to port areas include the Local Air Quality Management framework under Part IV of the Environment Act 1995 in Great Britain and equivalent provisions in Northern Ireland.
In addition, the Environment Act 2021 established a framework for setting legally binding air quality targets through secondary legislation (including fine particulate matter (PM2.5) targets in England). Finally, the planned expansion of the United Kingdom Emissions Trading Scheme to domestic maritime from 1 July 2026, including in-port emissions in the United Kingdom, strengthens the policy and economic rationale for ports to prioritise at-berth decarbonisation measures such as onshore power supply and port-call optimisation.


