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Key facts and figures  

ÅContracts for R&D&I services and not a grant  

ÅPre-Commercial Procurement (PCP) 

ÅUp to 100% of project costs 

Å61 R&D&I Contracts (incl. Control Systems) 

Å£25.3m spent/committed on programme  

(incl. landscaping/know how)  

Å163 Companies  
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NWEC Programme  
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SMMP Programme  
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Å Hybrid Structures using rotational moulding of polymers 
Å Elastomers 
Å Concretes 
Å Other alternative materials that could provide a step change in LCOE 

10 Projects 



Control Systems Programme  

2015 2016 2017 2018 

PTO1 PTO2 

SMMP1 

CS1 CS2 

Control 
Systems Call 

SG Control Systems 
 
Å Contracts currently being finalised 
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Wave Energy Scotland -  Objectives  

Å Seek to retain the intellectual property and know-how from device development in Scotland for 
future benefit; 

Å 9ƴŀōƭŜ {ŎƻǘƭŀƴŘΩǎ ƛƴŘƛƎŜƴƻǳǎ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ ǊŜŀŎƘ commercial readiness in the most efficient and 
effective manner, and in a way that allows the public sector to exit in due course; 

Å Ensure that the learning gained from support for wave device development and deployment to 
ŘŀǘŜΣ ƛƴ ǇŀǊǘƛŎǳƭŀǊ ǘƘŜ ƭŜŀǊƴƛƴƎ ŦǊƻƳ {ŎƻǘƭŀƴŘΩǎ ƭŜŀŘƛƴƎ ǿŀǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎΣ ƛǎ ǊŜǘŀƛƴŜŘ ŀƴŘ ǳǎŜŘ ǘƻ 
benefit the wave energy industry; 

Å Avoid duplication in funding, encourage collaboration between companies and research institutes 
and foster greater standardisation across the industry; 

Å Ensure value for money from public sector investment; and 

Å Promote greater confidence in the technical performance of wave energy systems in order to 
encourage the return of private sector investment. 
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Navigation  

ÅLayout of the site roughly follows the main WES programme activities 

ÅDevelopment Programmes 

ÅKnowledge Capture 

ÅOther Activities 

Å5ŀǎƘōƻŀǊŘ ƛǎ ŀ ǳǎŜǊǎ ΨƘƻƳŜΩ ǇŀƎŜ 

ÅAlso includes  ΨtǊƻŦƛƭŜΩ  

 Ψ{ŜŀǊŎƘΩ 

 



Available Information  

Development Programmes 
 
ωPower Take Off 
ωNovel Wave Energy Converter 
ωStructural Materials & 

Manufacturing Processes *  
ωControl Systems *  
 
 
* Denotes only project details 
available 

Knowledge Capture 
 
ωEMEC & Orkney Supply Chain 
ωAWS  
ωAquamarine 
ωPelamis 

Other Activities 
 
ωLandscaping Studies 
ωOperations & Maintenance 

Tool 
ωAnnual Conference 

Presentations 
ωPublic Presentations 



Knowledge Capture Projects  

ÅAquamarine (2015) 
ïOffshore Operational Experience 
ïCorrosion & Protection in a Disturbed Water Environment 
ïSupply Chain (marine components) 
ïTank Testing of WECs 
ïMaintainability Improvements from Oyster 1 to Oyster 800 

ÅAWS (2015) 
ïWave Power Development Experience 
ïAWS Technology Description and Status  
ïLCOE Parametric Modelling Tool 
ïCost of Energy Sensitivity Modelling 
ïRecommendations for Future R&D Work 



Knowledge Capture Projects  

ÅPelamis Wave Power (2015) 
ïTank Testing and Scale Models 
ïPower Take Off 
ïMooring and Connection Systems 
ïSimulation and Modelling 
ïEconomics 

ÅEMEC & Orkney Supply Chain (Summer 2017) 
ïGuidance on Compliance 
ïGuidance on Handling 
ïGuidance on Installation 
ïGuidance on Operations and Maintenance 

 
 



Other Activities  

ÅLandscaping (2016) 
ïStructural Forces and Stresses for Wave Energy Devices 
ïControl Requirements for Wave energy Converters 
ïStructural Materials and Manufacturing processes 
ïTechnology Transfer 

ÅWES Annual conference (2016) 
ïPresentations  

ÅIDCORE (2 EngD projects on Control Systems and O&M) 



Operations & Maintenance Model  

ÅEngD  Project (IDCORE)  

ÅInitially built for Pelamis, adapted for Albatern  

ÅWorking with other developers  

 

ÅAllowing more complete estimates of O&M costs  

ÅMore accurate LCoE calculations  

ÅBetter informed maintenance strategy  

ÅIdentify critical components for device design  



Search and Filter  

 



Site Statistics  

ÅLƴ ƭŜǎǎ ǘƘŀƴ у ǿŜŜƪǎΧ 

Å316 registered users 

ÅFrom 25 countries 

Å80 documents available 

ÅAlmost 1000 document downloads 

 



Live Demo  

ÅWES stand - afternoon coffee break 

Å16.00  

Å16.25 
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 WES Future Calls and Innovation Landscaping  



Contents  

 

 

Å Status of WES Innovation Programme  

 

Å Future plans  
ï Innovation Landscaping projects  

ï Joint WES -SuperGen research projects  

ï Future calls  



WES Work Programme  

Novel Wave Energy Converters 

Power Take-Offs 

Late 2015 ς Mid 
2016 
Landscaping  

studies 

Structural Materials  

Control Systems 

Call 5 
Materials 

Forces 

Controls 

SuperGen Joint Research Call 

Landscaping 
studies 

Today 



 

 

Cost Reduction in Supporting Infrastructure  

 

1. Electrical Connection  

 

 

 

2. Moorings & Foundations  
 

 

Innovation Landscaping  

% Typical 
CAPEX PTO and 

Control  

Structure 
and Prime 
Mover  

Installation  



Objective:  

ÅOpportunities for step -change cost reductions  
ÅInfrastructure sharing  

ÅCombination of sub -systems and/or their functions  

ÅResulting component/sub -system deletion, re -sizing or 
replacement  

ÅApplication of innovative or novel techniques or technologies  

Å Scope  

 

 

Innovation Landscaping  

Electrical generation 
to 

Grid Connection 

Entire station 
keeping function 



 

Next generation of competitive solutions:  

 

3. Very Large Scale Wave Energy Generation  

 

 

 

4. Alternative Generation Technologies  

Innovation Landscaping  



Very Large Scale Wave Energy Generation  

Objective :  

ÅOpportunities for step -change cost reductions  
 

Å Scope  
ÅOther renewables  

ÅTheoretical limits  

ÅSuitability of existing or novel device types  

ÅImpact, benefits and practical considerations  

ÅCAPEX, OPEX and LCOE benefit to common baseline  
 

 

 

 

Innovation Landscaping  



Alternative Generation Technologies  

Objective :  

ÅOpportunities for step -change cost reductions  
 

Å Scope  
Å Generation capacity and scale opportunities  
Å Suitability for a realistic wave energy environment  
Å Technology readiness and availability  
Å R&D activity  
Å Supply chain  
Å Physical routes to implementation  
Å CAPEX, OPEX and LCOE benefit to common baseline  

 
 

 

 

Innovation Landscaping  



Å 4 projects  

 

Å 3 - 4 months duration each  

 

Å £70 - 80k each excl. VAT  

 

Å Open tender via Public Contracts Scotland ï open 
shortly  

Innovation Landscaping  

waveenergyscotland.co.uk  
twitter.com/waveenergyscot  

 
publiccontractsscotland.gov.uk  

http://www.waveenergyscotland.co.uk/
https://twitter.com/waveenergyscot
https://www.publiccontractsscotland.gov.uk/
https://www.publiccontractsscotland.gov.uk/
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Structured Innovation and Metrics  



Structured Development  

ÅWhat? 

ïContinuing to apply structured processes to wave 
energy technology development 

ÅWhy? 

ïFund the right technologies 

ïIncrease likelihood of success 

 



Technology Development  

Cost-effective 
Wave Energy 
Technology 

WES Innovation Programme 

NWEC 

PTO 

Χ 

Stage-gates and Metrics  

Stage Gated Process 

New 
concepts 

Funding 
Strategy 

Stakeholder 
requirements 

Structured Innovation 



Stage Gate Metrics  

Functional 
Requirements 
& Capabilities  

Areas for 
measurement 

of success  

Defined 
Metrics  

Tools  

Tools 

Achievability 

Attractiveness 

Cross- sector approval 
           Key stakeholders 



Structured Innovation  

ÅTechniques for problem solving and design improvement 

ÅSuccessfully used in Automotive and Defence industries 

ÅBespoke process for ocean energy sector 

Quality Function 
Deployment (QFD) 

TRIZ: Physical & 
Technical 

Contradictions 

Design Solution 
generation toolkit 

TRIZ: Cause Effect 
Chain Analysis 

Process for concept 
generation which is: 
Å Objective  
Å Structured 
Å Methodical 
        Increase likelihood        
 of success 



Tools  

Structured Innovation tools 

 

Design tools 

Assessment tools 

Method of assessing performance: 
Å Numerical models 
Å Optimisation 
Å Calculations, relationships, 

equations 
Å Qualitative and quantitative 



Tools  

Structured Innovation tools 

 

Design tools 

Concept generation & 
technology selection 

Assessment tools 
Levelised Cost of Energy, 
Achievability, Attractiveness 

Optimisation for 
performance, reliability, cost  

TRL 
0 

TRL 
2 - 4 

TRL 
4 - 6 

TRL 
6 - 9 

Competitive 
LCoE 

Tools to be applied at all TRL levels 



Collaboration  

ÅNetwork of international collaboration on metrics to 
support stage- gated development 
 

ÅUK: Wave Energy Scotland 
Ireland: WestWave 
USA: Department of Energy 
 
 



Structured Innovation & Metrics  

Cost-effective 
Wave Energy 
Technology 

WES Innovation Programme 

NWEC 

PTO 

Χ 

ïFund the right technologies 

ïIncrease likelihood of success 
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WES and ETP bringing academia and  

industry closer together  

 

Cooperation in marine energy  



What is ETP?  



What is ETP?  

ÅETP is arranged by ñthemesò 



Marine theme  

Marine energy expertise  
 

Å Resource assessment  
Å Resource modelling  
Å Tank testing  
Å CFD modelling  
Å Economic modelling and assessment  
Å Moorings and foundations  
Å Subsea engineering  
Å Machine design  
Å Array design  
Å Environmental impact modelling  



Marine theme  

Scottish Energy Laboratory  

 

Å OceanLab  sea testing facility  

Å Curved wave tank and wave flumes  

Å Machine and power electronics test laboratory  

Å FloWave  TT 

Å Heriot Watt University wave basin  

Å Kelvin Hydrodynamics Laboratory  

Å Energy Technology Centre -  component test facilities  

Å European Marine Energy Centre  

 



ETP programmes  

ETP Energy Industry Doctorate Programme 

Funded by SFC & the Scottish Government 

Studentships in partnership with industry 

Team of 7 BDMs covering low-carbon sector 

Foster and manage collaboration between industry and academia 

KEN (Knowledge Exchange Network) 

PECRE (Post-Graduate Early Career Researcher Exchanges)  

Bursaries of £3k available for international exchanges 

Available to all PECRs in ETP universities 



ETP achievements  

Å 95  Energy Industry Doctorates 
supported, nearly £3M industry funding  
 

Å 400  SMEs in low carbon sector 
supported  
 

Å 120  low carbon innovation projects 
funded  
 

Å Over next 2 years, a further 150  SMEs 
supported, and 40  additional projects 
funded  



What about WES?  

Å Many WES programmes are collaborative between academic 
institutions and industry  
ï Over 150  organisations and 14  academic institutions  

Å Actively seek companies from industry to bring expertise to wave 
energy sector  
ï Brokerage events and targeted engagement  

Å Partnering with Supergen UK Centre for Marine Energy Research  
ï Joint call to encourage collaboration  

Å Planning to support more studentships  
ï In partnership with ETP  

ï Dissemination of previous PhDs via knowledge library  

 



Get involved  

Å Collaboration is at the heart of WES and ETP philosophies  
 

Å Ensuring that research community and industry are not working in 
isolation  
 

Å Use the knowledge library to familiarise yourself with the projects  
 

Å Consider the landscaping activities  
 

Å Research ᵮ Industry  
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MeyGen Update 

Atlantis Resources: Confidential and not for distribution 



Atlantis Resources Ltd (ARL:LN) 
Leading the global development of tidal power generation  

Turbine Division  
Turbine & equipment sales 

Our Turbine Division sells tidal turbine 
generation equipment into our projects 
and to third party project developers. 
Supported globally by our technology 
partners, Lockheed Martin Corporation, 
Atlantis can provide drivetrain, nacelle 
fixation, subsea connection and power 
export equipment to the highest 
specification, capable of withstanding the 
harshest environments for the project life. 
Our new 1.5MW turbine, AR1500, has been 
deployed on the MeyGen project in 2017 

Atlantis Resources 2017 Confidential and not for distribution  74 

Power Generation Division  
Global portfolio of projects 

!ǘƭŀƴǘƛǎ ƛǎ ǊŜŎƻƎƴƛǎŜŘ ŀǎ ƻƴŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ 
leading developers of tidal power projects. 
Our Power Generation Division takes 
greenfield sites from concept through to 
commissioning. The Atlantis project 
portfolio currently under development is 
truly global, inclusive of activities in 
Scotland, China, Canada, India and 
Australia. We are constantly searching for 
new tracks of seabed real-estate to secure, 
consent, develop and finance  

 

The MeyGen Project 
²ƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǘƛŘŀƭ ǇƻǿŜǊ ǇǊƻƧŜŎǘ  

At 398MW, MeyGen ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ 
tidal power project. Located in the inner 
sound of the Pentland Firth in Scotland, 
aŜȅDŜƴ ƛǎ ǘƘŜ ¦YΩǎ ŦƭŀƎǎƘƛǇ ǇǊƻƧŜŎǘΦ 
Construction commenced in late 2014 
subsequent to achieving financial close in 
October 2015 for Phase 1A. Atlantis owns 
86.5% of the MeyGen project, and the 
funding syndicate includes the Scottish 
Investment Bank, The Crown Estate, DECC 
and HIE. 269 turbines will be installed on 
the site. 

 



ϷрмƳ tǊƻƧŜŎǘ CƛƴŀƴŎƛƴƎ ƻŦ ǘƘŜ CƛǊǎǘ tƘŀǎŜΧ 
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Update |  MeyGen 1A 
First power in 2016 achieved 

Atlantis Resources: Confidential and not for distribution 76 

Onshore electrical building complete 

Power converters commissioned and grid 
connected 



Update |  MeyGen 1A 
Foundations installed in record time  

Atlantis Resources: Confidential and not for distribution 77 

Foundations constructed and ready for load 
out 

All four foundations installed and fully ballasted 



Update |  MeyGen 1A 
Turbines installed in record times ς less than 30 minutes  

Atlantis Resources: Confidential and not for distribution 78 

James Fisher Marine Services installed the 
nacelles and cables for Phase 1A in record time 



Update |  MeyGen 1A 
Atlantis teams deploy improved AHH turbines to time and budget 

Atlantis Resource: Presentation Title 79 



Update |  MeyGen 1A 
Turbines operating as planned. 

Atlantis Resource: Presentation Title 80 



Update |  MeyGen 1A 
Production Report.  
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Record Production ς 700MWh in August, 
Approaching 2GWh of predictable output. 
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Scotrenewables Tidal Power Ltd 



7ÏÒÌÄȭÓ ÌÁÒÇÅÓÔ ÔÉÄÁÌ ÔÕÒÂÉÎÅ ɀ 2MW. 
Launched May 2016. 
2 x 1MW nacelles with 16m rotor diameters. 
500T mass. 
<£5m / MW installed. 



De- risk project economics by removing 
dependency on high spec, high cost, low 

availability specialist vessels. 



All site construction work completed by multi-cat vessels 
(£3k per day). 



 
SR2000 capable of quick installation and recovery from 

site with multi -cat (in under 30 minutes). 





Measured vs Predicted Dynamic Mooring Load.  The turbine is operating at 
1MW in waves of Hs = 1.2, Tp = 8s opposing of tide of 2.3m/s  

Å Thrust and mooring loads in close correlation 
to simulations = good numerical 
characterisation of system at large scale. 

ÅUltimate mooring loads driven by controllable 
generation thrust (i.e. highly survivable in 
storm conditions: 6m Hmax experienced). 

ÅDynamic loading variation due to surface 
waves manageable for generation across ~97% 
of annual occurrence. 







www.scotrenewables.com 



Simon Forrest 

Chief Executive Officer 

Nova Innovation 



Tidal Solutions Company 

www.novainnovation.com 

commercial in confidence 

Nova Innovation 
Tidal Solutions Company 

Scottish Renewables - Inverness 

12 September 2017 



Tidal Solutions Company 

www.novainnovation.com 

commercial in confidence 

Nova Innovation ς Timeline 

Company 

founded 

Seabed lease: 

Å Nova 30 

Å Shetland 

Tidal Array 

ÅNova 30 design 

complete 

ÅMajor contracts 

signed 

ÅNova 30 build 

complete 

ÅNova 30 

installed & 

commissioned 

ÅShetland Tidal 

Array contracts 

signed 

ÅShetland Tidal 

Array under 

construction 

ÅAll onshore 

works 

complete 

ÅWorldôs first 

offshore tidal 

array 

ÅDirect Drive 

Prototype 

ÅSTA operation 

Å2nd tidal array 

planning and 

development 

ÅEC funded R&D 

projects 

2010 2011 2012 2013 2014 2015 2016 2017 



Tidal Solutions Company 

www.novainnovation.com 

commercial in confidence 

bƻǾŀ LƴƴƻǾŀǘƛƻƴΩǎ {ǘǊŀǘŜƎȅ 

Turbine scaling in the wind industry 

Source: IEA technology perspectives 2008, Nova Innovation 2010 

Lessons from the wind 
industry 

Å Follow the Danish 
model 

Å Deploy smaller 
devices  

Å Reduce engineering 
and financial risk  

Å Accumulate 
operating hours 

Å Prove reliability 
Å Accelerate 

technology evolution 

Start small, think big, 
move fast! 


