UK Technology and Research Roadmap – Shipyards: Design and Build

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 shipyard types; mature supply chains, standards and operational practices.













	Themes
	2025 - 2030

	2030 - 2040

	2040 - 2050


	
	Targets
At least 30% reduction in shipyard operational emissions by 2030 (Scope 1 and 2, with relevant Scope 3 categories quantified).
Productivity uplift: move towards leading Northern European shipyard productivity benchmarks by 2030.
Workforce transition: Reduce modelled critical skills shortfalls by 35% by 2027 and 50% by 2030, relative to the 2024 skills-shortage modelling baseline.
Deployment of autonomous/automated shipyard capabilities and Centres of Excellence for digital/innovation by 2030.
	Targets
Progress towards at least 80% reduction in shipyard operational emissions by 2040 (Scope 1 and 2, with relevant Scope 3 categories quantified).

	Targets
Net-zero shipyards by 2045 (Scope 1 and 2, with deep reductions across material Scope 3 categories).

Full capability to build/retrofit zero-emission and autonomy-enabled vessels at scale by 2045.

	
	Technologies
	Technologies
	Technologies

	Sustainable Shipyard Operations & Energy Systems
	
Shipyard energy efficiency and heat decarbonisation packages - Test/Uptake
Grid upgrades, onsite renewables integration and energy storage - Test/Uptake
Electrification of yard equipment and cargo-handling plant - Uptake
Low/zero-emission yard vehicles and service craft - Test/Uptake
Shipyard energy management systems and microgrids - Test/Uptake
	
Smart microgrids with demand response and flexibility integration - Uptake/Scale
Electrified equipment fleets at scale; low-carbon powertrains for hard-to-electrify assets - Uptake/Scale
Net-zero shipyard buildings and industrial heat systems - Uptake/Scale
shipyards as integrated energy hubs with local renewables and grid services - Uptake/Scale
	
Net-zero shipyard energy hub architectures (power, storage, flexibility) - Scale
Zero-emission yard logistics and service fleets at scale - Scale

	Digital Ship Design, Engineering Data & Cybersecurity
	
Industrial connectivity, sensorisation and data acquisition across shipyard assets - Uptake
Shipyard data platform and digital thread (Product Lifecycle Management / Manufacturing Execution System /quality integration) - Test/Uptake
Baseline shipyard digital twins (production, energy, emissions) - Model/Test
Foundational cybersecurity architecture for shipyard IT/OT systems - Uptake
Model-based design and simulation for low-carbon and autonomy-enabled vessels - Uptake
	
Continuously updated shipyard digital twins (design-build-commission) - Uptake
Interoperable data exchange standards across yards, suppliers and ports - Uptake/Scale
Automated quality assurance and traceability (materials, welds, assemblies) - Uptake/Scale
Advanced cyber resilience and incident response capabilities - Scale
Continuous assurance toolchains for software, models and data - Uptake/Scale
Trusted data provenance frameworks for design, materials and certification evidence - Scale

	
Safety-assured cyber-resilient digital backbone for autonomous shipyards - Scale
Closed-loop production optimisation using verified real-time data - Scale

	Advanced Manufacturing, Robotics & Automation
	
Robotic welding/cutting/painting and advanced manufacturing cell pilots - Uptake
Modular construction and pre-outfitting optimisation - Uptake
Additive manufacturing (3D Printing) for spares, tooling and fixtures - Test/Uptake
Automated material handling pilots (autonomous yard vehicles) - Test
Automated inspection and metrology (machine vision, laser scanning, Non-Destructive Testing automation) - Test/Uptake
Digital production scheduling and resource optimisation (Manufacturing Execution System. + AI decision support) - Uptake/Scale
	
Integrated robotic production lines for blocks/panels - Uptake/Scale
Yard automation at scale (autonomous logistics vehicles; automated cranes where viable) - Uptake/Scale
Automated inspection and certification evidence capture - Uptake/Scale
Robotics and automated maintenance at scale for yard assets - Scale
	
Cyber-physical shipyard automation (end-to-end production and logistics) – Scale

End-to-end automated quality and configuration management – Scale





	Clean Vessel Integration & Test Capability (Ship Enabler)
	
Alternative fuel integration readiness (methanol/biofuels) - Uptake
High-voltage integration and commissioning facilities (battery/hybrid) - Test/Uptake
Fuel cell and hydrogen integration test rigs (PEM) - Model/Test
Ammonia-ready system integration and safety case development - Model/Test
OCCS integration and commissioning capability (selected ship types) – Test
Autonomy/remote-operations package integration and verification (comms, redundancy, interfaces) - Uptake
	
Multi-fuel integration and fuel switching systems (methanol/hydrogen/ammonia) - Uptake/Scale
Megawatt-scale fuel cell integration and commissioning capability - Uptake
zero-/near-zero technologies and alternative fuels retrofit packages at scale (hybridisation, energy efficiency, OCCS) - Uptake/Scale

	
High-power zero-emission propulsion integration capability (multi-fuel, incl. ammonia/hydrogen) - Scale
Autonomy assurance and validation toolchains embedded in build and retrofit processes - Scale
Standardised modular zero-/near-zero technology integration packages (newbuild and retrofit) – Scale

	Low-Carbon Materials, Circularity & Supply Chain Integration
	
Supply-chain digital integration and traceability (product data, certificates, quality records) - Test/Uptake

Low-carbon structural materials qualification (green steel pathways, recycled-content alloys, low-carbon welding consumables) - Model/Test

Lightweighting and advanced materials packages (high-strength steels, aluminium superstructures, recyclable composites) - Model/Test

Circularity pilots (segregated scrap streams, component reuse/remanufacture, coatings/solvent recovery and circular waste recovery and reuse systems) - Test/Uptake
	
· Verified low-carbon material procurement as standard practice (embedded-carbon data in contracts, supplier assurance) - Uptake/Scale

· Lightweighting and advanced materials packages (high-strength steels, aluminium superstructures, recyclable composites) – Uptake

· Life-cycle assessment and embedded-carbon accounting integrated into  design and procurement workflows - Uptake/Scale

Design for disassembly, modular upgrade and circular retrofit ability (standardised interfaces) - Uptake
	
Circular shipbuilding at scale (closed-loop steel and equipment recovery/remanufacture; end-of-life integration) – Scale

Low-carbon and lightweight materials as standard for relevant vessel types (net-zero steel, low-carbon aluminium, recyclable composites) – Scale

Port–shipyard industrial symbiosis (circular materials, heat recovery and CO₂ logistics) – Scale



