UK Technology and Research Roadmap – Ship Systems and Technologies


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 sea trials; performance and safety being validated in operationally representative trials.
· Uptake: Early commercial deployment in real operations (first movers/early adopters); limited fleet share and maturing supply chains and standards.
· Scale: Widespread adoption as a standard solution across relevant ship types; mature supply chains, standards, and operational practices.




	





Themes
	2025 - 2030
	2030 - 2040
	2040 - 2050

	
	Targets
· At least 30% reduction in fuel-lifecycle GHG emissions from UK domestic maritime by 2030 (vs 2008).
· 5–10 large vessels (Length ≥ 24 m) operating routinely in UK waters under approved remote operations and/or supervised autonomy, across 2–3 enabled corridors, supported by 1–3 Remote Operations Centres by 2030.
	Targets
· At least 80% reduction in fuel-lifecycle GHG emissions from UK domestic maritime by 2040 (vs 2008).
· 20–30 large vessels (Length ≥ 24 m) operating routinely in UK waters under remote operations and/or supervised autonomy, across 3–6 enabled corridors, supported by 3–5 Remote Operations Centres.
	Targets
· Zero fuel-lifecycle GHG emissions from UK domestic maritime by 2050.
· 60–100 large vessels (Length ≥ 24 m) operating routinely in UK waters under remote operations and/or supervised autonomy, across 6-12 enabled corridors, supported by 5-10 Remote Operations Centres.
· Routine high autonomy/remote operations in defined domestic routes by 2050.

	
	Technologies
	Technologies
	Technologies

	Sustainable Propulsion & Power Systems
	Battery-electric propulsion - Scale
Hybrid-electric powertrains - Scale
Maritime battery management systems - Uptake
Shore charging interfaces and onboard power conversion - Uptake
Methanol dual-fuel engines - Uptake
Hydrogen fuel cell propulsion (PEM) – Test
Hydrogen internal combustion engines - Model/Test
Ammonia-ready engine designs – Model/test
	Megawatt-scale fuel cells (PEM/SOFC) - Uptake
Liquefied hydrogen storage and handling systems - Uptake
Hydrogen-ready hybrid propulsion (fuel cell + battery) – Uptake
Hydrogen internal combustion engines - Uptake
Ammonia-fuelled engines - Uptake
Methanol dual-fuel engines – Scale
Nuclear propulsion concepts - Model/Test
Integrated power and propulsion plant control - Uptake
	High-power zero-emission propulsion system architectures (multi-fuel capable, incl. ammonia/hydrogen) – Scale

Next-generation energy storage – Uptake

High-efficiency integrated electric propulsion – Scale

Nuclear propulsion concepts – Uptake/Scale 

	Digital Systems, Data & Modelling
	Onboard sensorisation and data acquisition - Uptake
Edge computing and onboard data platform - Uptake
Ship–shore connectivity architecture – Uptake
Baseline digital twin (energy-propulsion-emissions) - Test/Uptake
Real-time emissions monitoring - Uptake
Voyage optimisation systems - Scale
Fleet-level performance analytics and benchmarking (energy, emissions) – Uptake/Scale
Cybersecurity architecture for ship systems - Uptake
	Continuously calibrated digital twins - Uptake
Automated emissions accounting and compliance optimisation - Uptake
Integrated ship-shore data exchange standards - Uptake/Scale
Predictive maintenance analytics – Uptake/Scale
Advanced cyber resilience for remote/autonomy-enabled operations - Uptake
Resilient navigation integrity (spoofing/jamming detection) - Uptake
	Ecosystem digital twins (ship-fleet-port) - Scale
Trusted data provenance frameworks - Scale
Continuous digital assurance toolchains (software, models, data) – Scale
Safety-assured cyber-resilient digital infrastructure for autonomy – Scale
Closed-loop optimisation using verified real-time data - Scale

	Zero- and Near-Zero Technologies
	Onboard carbon capture and storage (OCCS) - Test
Exhaust after-treatment architectures - Uptake
Air lubrication systems - Scale
Wind-assisted propulsion - Scale
Waste heat recovery - Scale
Hull and propulsor efficiency technologies - Scale
Alternative fuel readiness packages (methanol/biofuels) - Uptake
	High-capture OCCS with integrated CO₂ conditioning/offloading and verified accounting – Uptake/ Scale
Integrated energy management systems - Uptake
Multi-fuel control and fuel switching systems - Uptake/Scale
Ammonia fuel systems (safety/conditioning) - Uptake
Liquefied hydrogen fuel systems (storage/handling) – Uptake

	Integrated alternative-fuel storage and fuel supply architectures – Scale

Ultra-high-efficiency whole-ship energy architectures – Scale


	Automation & Autonomy
	Decision-support automation (bridge and engine-room) - Uptake
Automated navigation assistance – Uptake/Scale
Automated situational awareness - Test/Uptake
Remote diagnostics and remote support - Uptake
Automated machinery and power management – Uptake/Scale
Automated docking assistance – Test/ Uptake
Inspection robotics – Test/ Uptake
Human-machine interface for supervisory control – Uptake
Remote operations capability (shore control integration) - Uptake

	Supervised autonomy (human-in-the-loop) - Uptake
Autonomous docking/berthing – Uptake/ Scale
Fault-tolerant control and redundancy management - Uptake
Autonomy-ready perception stack - Uptake
Operational envelopes and fallback systems - Uptake
Robotics for inspection and maintenance at scale - Scale
Autonomous route execution in defined operating areas - Uptake
	Operational autonomy in mixed traffic with co-operative behaviours (ship–ship / ship–shore intent sharing and coordinated manoeuvres) – Scale

Mission and fleet autonomy (goal-based mission management with dynamic replanning; fleet-level orchestration for multi-vessel tasking and scheduling) – Scale

Autonomy assurance and certification toolchain (verification and validation, scenario libraries, safety-case evidence, and runtime assurance/monitoring) – Scale



Note: The vessel, corridor and Remote Operations Centre figures are indicative planning ranges, not forecasts.
Note: Ship measures are goal-based and ship-specific; the roadmap sets out options, but the optimal package depends on many factors, including (but not limited to) vessel design, vessel type, vessel’s age, operational profile/trade, infrastructure readiness, safety and assurance requirements, and economics.
· Corridor: A defined route or operating area with agreed procedures, communications arrangements and assurance requirements for routine remote and/or autonomous operations.
· Remote Operations Centres: Numbers are based on indicative supervision-capacity assumptions and will be refined with operators and regulators (for example, one centre may support approximately 10–25 large vessels, depending on autonomy level, traffic complexity and operating model).

