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1 Scientific Support 

1.1 Experimental Hydrodynamics 

Best practice processes across: Civil Engineering and Maritime. 

Maritime 

At the design stage, the performance of ships and offshore platforms are demonstrated and 

designs refined through the use of physical model testing and computational simulation and 

analysis. 

 Specialist facilities and mathematical models are used to cover: 

 Offshore wave, wind, and current profiles 

 Resistance and propulsion of hullforms – model testing and computationally 

 Propeller testing – model testing and computationally 

 Seakeeping and manoeuvring – model testing and computationally 

 Towing of bodies in waves – model testing and computationally 

 Mooring systems in waves and current – model testing and computationally 

Physical model testing and latterly computational simulation for hydrodynamic purposes are 

conducted to the procedures and guidance produced by the International Towing Tank 

Conference (ITTC), and organisation which brings together the model testing organisations of 

the world.  

ITTC actively participates at the International Maritime Organisation, advising on the legislative 

aspects regarding safety and performance of ships and offshore structures. 

The organisation seeks to enable model testing providers to demonstrate to their clients that 

their tests or analysis have been performed to best practice methodologies and to an 

appropriate level of quality. 

Civil Engineering 

Similarly, coastal civil engineering design makes use of model testing and simulation to 

demonstrate performance and refine designs. Specialist facilities and mathematical modelling 

are employed by hydraulics specialists to cover: 

 Coastal wave, wind, current and bathymetry profiles 

 Model testing of coastal infrastructure such as ports/harbours/road/beaches to inform 

material selection and design through influence of wave and current 
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 Model testing of flooding scenarios on coastal infrastructure 

 Model testing of tsunami scenarios on coastal infrastructure 

 Model testing to investigate sediment transport, scour and morphology 

Applicability to Wave Energy 

Wave energy device developers are already making use of the test facilities and computational 

methods available as described to provide the evidence that their devices will have the required 

performance and robustness in their chosen site.  

It should be noted that there a wide variety of organisations offering these services. At the lower 

cost end of the scale, there are a number of universities in the UK and Europe with model test 

and computational facilities. These are usually capable of testing at small scale only – testing at 

small scale would be recommended at an early stage of design to provide ‘proof of concept’ 

standard evidence. As the design progresses, model testing at larger scale is recommended 

before full scale testing to provide an interim step at an increased level of detail and accuracy. 

Professional organisations who are members of the ITTC are located around Europe able to 

conduct this testing for wave energy device developers.  In addition, computational modelling 

can be conducted – Computational Fluid Dynamics and mooring analysis can now be 

conducted at full scale, meaning that there are no scaling effects to be considered. 

 

1.2 Physical Oceanography 

Physical oceanography is defined as the study of the physical conditions and physical 

processes within the ocean such as waves, currents, eddies, gyres and tides; the transport of 

sand on and off beaches; coastal erosion; and the interactions of the atmosphere and the 

ocean.  

Oceanographers and Hydrodynamicists are able to simulate through model testing or 

computational methods the wave energy climate in a specific location and then consider the 

effect of changes to infrastructure in that location.  

Applicability to Wave Energy 

Oceanographers and Hydrodynamicists can assist wave energy device developers in 

understanding wave energy generally, and in mapping the specific wave climate in the location 

selected for the device or farm deployment.  

Consideration of the underwater radiated noise of the device or farm may also be required to 

feed into an environmental impact assessment and specialist oceanographers or 

hydrodynamicists are able to model this. 

 



ORE Catapult Ref: PN000149-LRT-001 – Annex A  WES_LS03_ER_TechTransfer_AnnexA 

ORE Catapult Page 5 of 43  

 

1.3 Wave Hydrodynamics 

Designs an efficient primary convertor shape 

Best practice processes across: Civil Engineering and Maritime. 

Maritime 

The design of ships in terms of their hydrodynamic performance was first formalised by William 

Froude and his contemporaries around 150 years ago.  

IMO legislation and accompanying standards do not specify the hydrodynamic performance for 

a ship, save that it must meet the requirements for manoeuvring for safety reasons, and newly 

implemented, the Energy Efficiency Design Index – demonstrating that the hullform is efficient in 

terms of its power requirement to propel it at the design speed. 

As a result, the best practice procedures and guidelines for hydrodynamic testing and design 

are captured and published by the International Towing Tank Conference (ITTC) – an 

organisation comprising many of the model testing organisations around the world. 

Civil Engineering Port infrastructure design 

Port infrastructure design practice utilises model testing and simulation in the same way as the 

marine industry in order to determine the mechanisms influencing design.  

Applicability to Wave Energy 

Wave energy converter hydrodynamic design requires the application of the same principles as 

the design of ships and floating platforms. These principles are well known to Hydrodynamicists 

and Naval Architects and device developers are able to readily access this knowledge through a 

number of professional hydrodynamic design and testing organisations in UK and Europe. 

 

1.4 Statistics and Probability 

Computing and communication technologies have been developing at a fast rate over the past 

decade, thus, so too have the capabilities to collect and analyse new data sets. The benefits of 

collecting and analysing these datasets include the provision of insight into operational, 

environmental and performance conditions. This insight can then be used for a number of 

advantages, including but not limited to: 

 Informing key decisions and strategies 

 Monitoring performance 

 Learning from past trends and forecasting future expectations 
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Data used to achieve these benefits is often termed Big Data, which has become a hot topic 

across many industries. However there are many definitions and interpretations understood for 

the term: ‘Big Data is one of those sexy terms that will possibly disappear as quickly as it 

arrived.’ Government interviewee’ [Ref  3]. In an ISO news article [Ref  11] a sentence definition 

from the book Ethics of Big Data is quoted … 

“This aspect of technology is unique in that its very nature (its essence) is to create, connect, 

correlate, aggregate, store, process, and report on massive amounts of information.” [Ref  11] 

Misleading from its name, a key attribute of Big Data is that can be used to describe a variety of 

datasets and not just those that have a large volume. Setting big data analysis aside from 

traditional data analytics, big datasets be considered in terms of the following characteristics: 

Volume (how much data e.g. more than can be stored locally?), Velocity (the frequency and 

speed of data acquisition e.g. nearly real time?), Variety (the format of the data e.g. numerical, 

text, audio, emails [Ref  5]) [Ref  1] [Ref  6]. Furthermore, the Variability (inconsistencies in data 

flows) and Complexity (e.g. coming from multiple sources) of the data are also key 

considerations for defining Big Data sets [Ref  1].  Ref  2 provides varying definitions of Big 

data, used by companies such as Microsoft, Intel and Oracle. The ISO/IEC JTC 1, Big data 

Preliminary Report 2014 [Ref  4] uses the following definition summary:  

‘While Big Data has been defined in a myriad of ways, the heart of the Big Data paradigm is that 

is too big (volume), arrives too fast (velocity), changes too fast (variability), contains too much 

noise (veracity), or is too diverse (variety) to be processed within a local computing structure 

using traditional approaches and techniques.’ 

 

1.4.1 Application of big data for wave energy and its benefits 

There are many ways in which data and Big Data could be used to generate insight, inform 

decisions and improve operations related to wave energy devises in both the design and 

operational phases.  The benefits in several design and operational cycle stages, including but 

not limited to: installation planning, maintenance planning, fatigue of device/structure, design 

loads on device/structure, design for device/structure failure limit protection. Jacobsen & 

Rugbjerg [Ref  9] discuss these application areas for metocean data in the context offshore 

wind farms; along with the main sources for metocean data, types of sensors (e.g. for water 

level, currents and waves) and modelling techniques. 

Dependent of the analysis questions to be answered, big data can be used  to evaluate both 

bottom up (e.g. what energy can be supplied?) and top down (e.g. what energy is required?) 

analyses.  

Table 1 provides a list of possible uses for Big data, and the type of data fields that might be 

collected in the Big Data sets. 

 



ORE Catapult Ref: PN000149-LRT-001 – Annex A  WES_LS03_ER_TechTransfer_AnnexA 

ORE Catapult Page 7 of 43  

 

Table 1: Big Data for wave energy applications 

Data interests Beneficial Use A few Example data fields 

Operating 
environment 

 To understand the operating environment in 
which the wave energy device must survive 

 To know what energy was/is available to be 
harvested by the wave energy device 

 To analyse past trends in operating 
environments to: understand trends; provide 
insight for forecasting models. 

 Area congestion 

 Wave characteristics (surface 
waves/ swell, wave length, wave 
height, direction) 

 Wind characteristics(strength, 
direction, profile) 

 Sea and air characteristics 
(temperature, density, salinity) 

 Tide and current characteristics  

 Shipping routes and activity 

Wave energy 
device response to 
the operating 
environment / 
Wave energy 
device’s 
performance 

 Determine energy harvested 

 Develop and/or validate a simulation model 
which can be used for  

 To monitoring performance of maintenance 
issues 

 The impacts on the surrounding bio system  

 To validate developed models or non-full 
scale testing 

 Motions & Accelerations 

 Pressures & temperatures 

 Torque 

 Stresses 

 Rotational speeds 

 Tensions 

 Electric voltage / current 

 Magnetic Flux 

 Noise & vibration 

Energy delivered 
and demanded 
from the grid 

 Develop and/or validate a simulation model 
which can be used for  

 

 Energy provided 

 Energy demand  

 Energy demand fluctuations 

 

 

1.4.2 How to capture big data 

When it comes to capturing data there are two options: 

Collect the data from a third party  

Capture the data directly (e.g. sensors). 

Data capture via a third party 

There are several companies and organizations that specialize in data capture for specific 

purposes. This data can be purchased and / or utilized by customers. One benefit of using a 

third party data supplier is that they may have been collecting the data for many years: allowing 

for the opportunity to collect historical data (e.g. operating conditions), if required, as well as real 

time data. The data collection methodology and datasets may have also undergone verification 

and validation; although this is not always the case and should be considered if using.  

Examples of third party companies that provide data services at a cost or for free, include, but 

are by no means limited to:  

 National Oceanic and Atmospheric Administration (NOAA) via the National 

Oceanographic Data Center  (NODC): 

https://www.nodc.noaa.gov/access/allproducts.html ; 

http://www.bodc.ac.uk/data/where_to_find_data/ 

 Met Office  providing: weather data for the energy industry to feed into their planning 

models to help balance energy supply and demand; forecasts for specific operating 

https://www.nodc.noaa.gov/
https://www.nodc.noaa.gov/
https://www.nodc.noaa.gov/access/allproducts.html
http://www.bodc.ac.uk/data/where_to_find_data/
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sites; wind and wave resource input to the 'Atlas of UK Marine Renewable Energy 

Resources' - a strategic environmental assessment report, produced by the Department 

for Business, Enterprise and Regulatory Reform (BERR): 

http://www.metoffice.gov.uk/media/pdf/m/r/12_0697b_ReMap_datsheet_wip1.pdf; 

http://www.metoffice.gov.uk/renewables/metocean 

 British oceanographic data center (BODC): providing a wealth of publicly accessible 

marine data collected using a variety of instruments and samplers and collated from 

many sources and with nearly 22,000 different oceanographic variables. 

http://www.bodc.ac.uk/data/where_to_find_data/ 

 Marine Traffic: providing historical Automatic Identification System (AIS) data for 

vessels, available since 2009. Marine traffic analyses AIS positions data in relation to 

port boundaries and have extracted the time of arrival and departure of vessels in ports 

all around the world.  

http://www.marinetraffic.com/en/p/ais-historical-data#Yp513UPr3S0ZOC0y.99 

 

Data capture via sensors 

There are many different types of sensors available on the commercial market and there are 

several considerations when deciding which sensor to select/install. A high-level overview of 

some of these considerations includes: 

 What analysis will the data used for? To answer which analysis question? Which sensor 

would provide the data required to answer this question? 

 What is the required/expected accuracy of the sensor and other sensors, data 

calculations and analyses related with the analysis results? For example, selecting a 

highly accurate sensor may not provide any advantage if other sensors used in the 

analysis contribute a high degree of uncertainty to the result. 

 How robust is the sensor for use in the marine environment? What are the sources of 

uncertainty with the sensor? What maintenance requirements might be required?  

Furthermore, O’Donnell et al [Ref  7] highlight the importance of considering sensor choice, 

placement and measurement for the monitoring of offshore renewable energy devices at the 

scaled testing stage1. It is identified that operations and maintenance costs could outweigh the 

benefits of installing expensive sensing systems.  

Lindroth & Leijon [Ref  10] review wave power projects that ‘made ocean trials, and that also 

have reported what has been measured during the trials, and how it has been measured’. 

Comments made in this review include:  

                                                           
1
 Many of the same considerations for testing scale will apply for full scale operation dependent 

on the quality of data required for collection. 

http://www.metoffice.gov.uk/media/pdf/m/r/12_0697b_ReMap_datsheet_wip1.pdf
http://www.metoffice.gov.uk/renewables/metocean
http://www.bodc.ac.uk/data/where_to_find_data/
http://www.marinetraffic.com/en/p/ais-historical-data#Yp513UPr3S0ZOC0y.99
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 Relatively few projects have reported on such measurements.  

 One likely reason for this is the great difficulties in working with experiments in an ocean 

environment. 

 Many of the projects reported on sensor failures, unforeseen events, and other general 

problems in making measurements at sea. 

 The most common site measurement found in the review was wave height. Such 

measurements were almost universal, although the technologies used differed 

somewhat.  

 The most common device measurements were electric voltages and/or currents and 

system pressures (air and water).  

 Device motion and mooring forces were also commonly measured.  

 The motion measurements differed the most between the projects, and many varying 

methods were used, such as accelerometers, wire sensors, GPS systems, optical 

systems and echo sounders. 

Ref  7 discusses the promises of Wireless sensor networks (WSN), and in particular their 

application to structural health monitoring (SHM) and the possible advantages and 

disadvantages: such as the power requirements for the WSM and battery life. 

 

1.4.3 How to process the data 

It is important to have a data processing and analysis strategy in place to ensure that the analysis question will be 
answered: i.e. where the value in Big Data and its analysis is realised.  

 
The elements that should be considered in a data processing and analysis plan, and which should then be 
implemented are briefly discussed under the following sub headings. 
 

Computational infrastructure 

Before collecting the data, the infrastructure of data storage and transfer is important to 

consider: ‘Brown says “People often neglect the computational infrastructure when designing 

things.” Consequently, some big data challenges in basic energy research – such as analyzing 

information from Berkeley Lab X-ray scattering experiments – must start virtually from zero.’ 

[Ref  14]. 

Data analysis has traditionally utilised data stored in databases on servers. However, due to the 

characterising of Big Data, including its volume and variety, software has been developed that 

offers a framework for the storage of Big Data. Two examples are given below:  
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 ‘The Apache Hadoop software library is a framework that allows for the distributed 

processing of large data sets across clusters of computers using simple programming 

models. It is designed to scale up from single servers to thousands of machines, each 

offering local computation and storage. Rather than rely on hardware to deliver high-

availability, the library itself is designed to detect and handle failures at the application 

layer, so delivering a highly-available service on top of a cluster of computers, each of 

which may be prone to failures.’ ‘The Apache™ Hadoop® project develops open-source 

software for reliable, scalable, distributed computing’ http://hadoop.apache.org/  

 ‘Azure will have a data warehouse service, a "data lake" service storing large amounts 

of data, and an option for running "elastic" databases that can store sets of data that 

vary greatly in size, explained Scott Guthrie, Microsoft executive vice president of the 

cloud and enterprise group.’ http://www.computerworld.com/article/2916719/big-

data/microsoft-to-offer-three-new-ways-to-store-big-data-on-azure.html 

 

The costs of cloud storage, and data transfer should be considered during the planning stage of 

the computational interface. 

Data Processing 

Not all data is needed, is relevant, or is correct for inclusion in every analyses. Therefore 

processing of the data should be carried out prior to analysis. The tasks of processing may 

include, but are not limited to: 

 Selecting only relevant data for the analysis (e.g. via queries); 

 Removing erroneous data (e.g. via filtering, sanity check calculations, expert judgment); 

 Removing outlying data (e.g. via filtering, statistical calculations); 

 Aggregating data (e.g. if an hourly average is required from data collected at 5 second 

intervals). 

 Removing inconsistent data (e.g. via filtering, statistical calculations); 

 Understanding and potential removing data that could skew results (i.e. taking an 

average of 4 measurements, where one measurement sensor of the four provides 

inflated results). 

The above processing tasks often require combined user skills in: technical expert knowledge 

and judgement, statistics, calculation, computational ability. It is important that the  

Analysis 

Having generated a processed data set, the analysis can be carried out. This may include but is 

not limited to: 

http://hadoop.apache.org/
http://www.computerworld.com/article/2916719/big-data/microsoft-to-offer-three-new-ways-to-store-big-data-on-azure.html
http://www.computerworld.com/article/2916719/big-data/microsoft-to-offer-three-new-ways-to-store-big-data-on-azure.html
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 Statistical analysis, including empirical and pattern matching (trends) – (noting that 

expert judgment is advised in conjunction with empirical and statistical methods to 

ensure logical interpretation); 

 Analytical calculations – (including but not limited to on fundamental principle 

calculations, time series analysis, etc); 

 Uncertainty analysis. 

The above mentioned analysis could be carried out in a range of software tools or programed 

using a coding language. 

Presentation of results 

It is through the presentation of results that the end user gains the information required to 

realise the benefits of Big Data analysis: therefore it is important. 

 Presentation formats could include the following:  

 Alarms/error messages/messages; 

 Individual values/ Series of values; 

 Graphs; 

 Reports; 

 Simulations/ animations; 

 Graphics/ maps & charts. 

The frequency of results presentation also needs to be considered: e.g. real time, nearly real 

time, daily, annually.  

 

The presentation of results should be decided based on the end user requirements and how 

best to present all the information they require to them. Preferably the amount of data that 

reaches the end user should be no more than required to avoid information overload. However 

it may be necessary for other data and information to be available should for further 

investigation of the presented results if required. 

As an example ‘… the Space-Time software platform has data adapters that take data from 

weather feeds, smart meters, etc. On the interface side, it displays information visually through 

maps, charts and tables. Space-Time Insight has customers at one end of the spectrum, such 

as the California Independent System Operator, that use the system for planning purposes. At 

the other end, customers such as the Sacramento Municipal Utility District (SMUD) use the 

system in support of real-time operations.’ [Ref  15] 
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1.4.4 Case studies from other industries 

 

SAS  [Ref  1] describe how big data is utilised as a key part in: 

 Banking: e.g. to understand customers and boost their satisfaction; to minimize risk and 

fraud while maintaining regulatory compliance. 

 Education: e.g. by identifying at-risk students; making sure students are making 

adequate progress; implementing a better system for evaluation and support of teachers 

and principals. 

 Government : e.g. managing utilities; running agencies; dealing with traffic congestion 

or preventing crime. But while there are many advantages to big data, governments 

must also address issues of transparency and privacy. 

 Healthcare; e.g. Patient records; treatment plans; prescription information. 

 Manufacturing: e.g. boost quality and output while minimizing waste; working in an 

analytics-based culture; which means they can solve problems faster and make more 

agile business decisions. 

 Retail: to know the best way to market to customers; the most effective way to handle 

transactions; the most strategic way to bring back lapsed business. 

 

Specific case studies include the following:  

 British Gas using big data gathered via the installation of smat meters inUK homes every 

two minuites: http://www.information-age.com/technology/information-

management/123459529/big-data-british-gas-new-era-energy 

 ‘A research institution is using streaming data to understand the viability of using 

wave energy as source of renewable energy. Many different parameters, such as 

temperature, geospatial data, and moon and tide data need to be collected. The 

organisation used monitoring devices, communications technology, cloud 

computing, and stream analytics to monitor and analyse the noise made by wave 

energy technology. The group is studying the impact of the noise levels on fish 

and other marine life.’ [Ref  8] 

 ‘A wind-farm company uses streaming data to create hourly and daily predictions 

about energy production. The company collects turbine data, temperature, 

barometric pressure, humidity, precipitation, wind direction and velocity from 

ground level up to 300 feet. The data comes for thousands of meteorological 

stations around the world and from its own company’s turbines. What does the 

company do with the data? It creates a model of wind flow to improve the 

http://www.information-age.com/technology/information-management/123459529/big-data-british-gas-new-era-energy
http://www.information-age.com/technology/information-management/123459529/big-data-british-gas-new-era-energy
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understanding of wind patterns and turbulence near existing turbines. The 

resulting analytics are used to select the best location for its wind turbines to 

reduce cost per kilowatt-hour of energy produced’. [Ref  8] 

 ‘Big Data: Profitability, Potential and Problems in Banking:  60% of financial institutions 

in North America believe that big data analytics offers a significant competitive 

advantage and 90% think that successful big data initiatives will define the winners in the 

future.’ http://thefinancialbrand.com/38801/big-data-profitability-strategy-analytics-

banking/ 

 The force awakens: Big Data in banking: … Big Data could transform businesses and 

economies, but the real game changer is data science.’ 

https://www.finextra.com/newsarticle/28541/the-force-awakens-big-data-in-banking 

 How big data can improve manufacturing: ‘In manufacturing, operations managers can 

use advanced analytics to take a deep dive into historical process data, identify 

patterns and relationships among discrete process steps and inputs, and then 

optimize the factors that prove to have the greatest effect on yield. 

http://www.mckinsey.com/business-functions/operations/our-insights/how-big-data-can-

improve-manufacturing 

 Ten Ways Big Data Is Revolutionizing Manufacturing: ‘ … graphic from the article 

illustrates how big data and advanced analytics are streamlining manufacturing 

value chains by finding the core determinants of process performance, and then 

taking action to continually improve them.’ 

http://www.forbes.com/sites/louiscolumbus/2014/11/28/ten-ways-big-data-

is-revolutionizing-manufacturing/#585acf797826 

 Big Data: LEEDR (Low-Effort Energy Demand Reduction) is a 3.7 year £1.9m project 

running at Loughborough University. This interdisciplinary project will integrate 

energy monitoring with design and social anthropological understanding of 

household energy use. The project will enable the design and evaluation of the next 

generation intervention strategies that will help the UK towards achieving the 2050 

CO2 reduction targets (LEEDR 2010 [www.leedr-project.co.uk]). 

http://www.lboro.ac.uk/research/avrrc/research/currentprojects/bigdata/low-effort-energy-

demand-reduction.html 

 When big data doesn’t equal big knowledge: While big data analytics have been 

touted for their ability to find signals in a sea of noise, they cannot tell what those 

signals mean. Without a solid grasp of what data is being mined, knowledge of its 

accuracy and why and how it is being mined, big data can end up causing more 

problems than it solves. This problem can be most acutely seen in the public 

health arena, where the amount of data is increasing exponentially. 

https://gcn.com/articles/2016/04/07/big-data-analytics.aspx.   

http://thefinancialbrand.com/38801/big-data-profitability-strategy-analytics-banking/
http://thefinancialbrand.com/38801/big-data-profitability-strategy-analytics-banking/
https://www.finextra.com/newsarticle/28541/the-force-awakens-big-data-in-banking
http://www.mckinsey.com/business-functions/operations/our-insights/how-big-data-can-improve-manufacturing
http://www.mckinsey.com/business-functions/operations/our-insights/how-big-data-can-improve-manufacturing
http://www.forbes.com/sites/louiscolumbus/2014/11/28/ten-ways-big-data-is-revolutionizing-manufacturing/#585acf797826
http://www.forbes.com/sites/louiscolumbus/2014/11/28/ten-ways-big-data-is-revolutionizing-manufacturing/#585acf797826
http://www.lboro.ac.uk/research/avrrc/research/currentprojects/bigdata/low-effort-energy-demand-reduction.html
http://www.lboro.ac.uk/research/avrrc/research/currentprojects/bigdata/low-effort-energy-demand-reduction.html
https://gcn.com/articles/2016/04/07/big-data-analytics.aspx
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1.4.5 If there are any standards/best practice bits of software or systems to use etc.  

Standards 

1st IEEE Big Data Initiative (BDI) Standards Workshop (BDISW) [November 2015] was 

initiated to start working to advance technologies that support and make sense out of 

exponentially growing mountains of data. The workshop was held to identify areas of need and 

opportunity for standardization of data-related technologies, and with the goal to plan and 

formulate a comprehensive end-to-end BD Standardization including: devices & accuracy of 

measurements made by devices; data communications and network reliability and performance 

including network capacity, transaction delay, quality & reliability; data security; data 

management; data visualization & analytics; and report to end user for near real time intelligent 

decisions & actions. http://bigdata.ieee.org/conferences/bdisw 

In November 2015 The International Telecommunication Union (ITU), (the United Nations 

specialized agency in the field of telecommunications, information and communication 

technologies (ICTs)) released the first new standards on Big data – Cloud computing based 

requirements and capabilities  (Rec. ITU-T Y.3600 (11/2015) [Ref  12]. Noyes [Ref  13] 

summarizes that recommendations and requirements are made for: data collection, 

visualization, analysis and storage, among other areas, along with security considerations: 

however, ‘what isn't entirely clear … is whether the specifications add substantially to what's 

already been established by vendors.’  

Standards and projects under the direct responsibility of ISO/IEC JTC 1/SC 32 Data 

management and interchange can be found at:   

http://www.iso.org/iso/home/store/catalogue_tc/catalogue_tc_browse.htm?commid=45342  
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2 Engineering: Design 

2.1 Reliability and Maintenance 

Reliability and maintenance (R&M) engineering is concerned with maintaining the safety of the 

user and equipment and the performance of the technology. These key areas are the driving 

force behind R&M and are considered throughout the entire lifecycle of a project. Consultation 

is employed at all stages from concept through design and bidding to end of life.  R&M can be 

said to provide a ‘devil’s advocate’ role that keeps designs in line with reliability targets. 

It has been noted that it is important to keep in mind exactly what the project is to achieve and 

to have reliability targets in place around the project aim. Vitally, few projects are the same and 

the reliability of projects is very subjective to situation. The situational nature means that 

availability, accessibility, maintenance and redundancy all play a part in deciding upon the 

designing of R&M targets as well as the system design its self. As an example, a sub-sea 

application suffers from lack of accessibility and is difficult to easily maintain, this means that the 

design needs to be robust and effective at being an automated solution. The availability vs 

maintenance trade-off is heavily on the side of availability. High autonomy favours necessary 

redundancy options in order for the system to function alone in a robust manner. 

In general, R&M has not changes by a significant amount for many years making the processes 

and methodologies very mature and trust worthy. There are a vast number of guidelines and 

standards associated with R&M with the BSI outlining the overall strategy behind R&M 

engineering. The standards cover commercial and military levels as well as international and 

overseas governance. It is often useful to breakdown a project into four areas – requirements 

setup, buying and procurement of resources, reliability predictions and testing & trials. Each 

stage should involve R&M engineering to ensure the best outcome with regards to reliability of 

the system. Block diagram modelling approaches have proven the most effective way to 

navigate through a project while considering the R&M implications. 

HUMS – Health & Usage Monitoring System 

Analogous to an F1 pit wall, a HUMS system can provide real-time data feedback on the 

system, monitoring parameters and therefore performance. This data feedback can be valuable 

when diagnosing any problems that may have arisen throughout operation. The power of HUMS 

comes when trends in certain parameters can be identified and action can be taken to provide 

support to the system ahead of a major failure. This can be deemed as preventative R&M or 

problem detection. This can prompt redundancy measures to be applied or an emergency 

maintenance task before a failure occurs. This sort of feedback system works well with a 

DFMEA approach. 

Importantly however, there is a major threat to this sort of system. Manufacturers often install 

their own HUMS and are NOT required to share the information that they have with the 

operator. This creates a ‘knowledge is power’ situation where the manufacturer can have 

control over the maintenance and can charge extensively. The operator is effectively running 
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the system blind in this instance. Further, to identify any trends in the feedback data that are 

amiss, there is a requirement for a workforce with intimate knowledge of the system and how it 

should react normally. This may take time and/or be expensive to obtain, any why 

manufacturers can charge highly for this service. 

 

2.2 Designs air turbine based PTO systems 

Turbomachinery is used to transfer energy between a rotor and a fluid. In the case of a wave 

energy device, an air turbine based power take off unit might be used. 

The design of rotary turbine systems is mature technology underpinned by the fundamentals of 

rotating machinery design. Small air turbines have a variety of applications including dentist’s 

drills. 

The specific design of air turbines for oscillating water column (OWC) wave energy converters is 

discussed in the study completed by Marinet: 

http://www.fp7-marinet.eu/public/docs/D2.03_Review_of_relevant_PTO_systems.pdf 

This study discusses the three common air turbine designs for OWCs – the Wells turbine, the 

impulse turbine and the Auld turbine, in some detail. 

An alternative design of turbine is proposed in the following paper by the University of Lisbon: 

https://www.researchgate.net/publication/280563986_Testing_and_control_of_a_power_take-

off_system_for_an_oscillating-water-column_wave_energy_converter 

Wave Energy Scotland funding in research into power take off technologies for the sector 

(http://www.hie.co.uk/about-hie/news-and-media/archive/international-search-for-innovative-

power-take-off-systems-for-wave-energy-results-in--7m-award-to-technology-

innovators.html#sthash.SDItGod3.dpbs) seeks to apply novel technologies and those from other 

sectors to produce reliable lightweight solutions. 

 

2.3 Hydraulic Design / Assembly / Fitting 

Best practice processes across: Maritime and Defence 

Maritime and Defence 

The current best practice particularly across maritime and defence for the design and 

manufacture of hydraulic systems is to subcontract the process to one of the big hydraulic 

suppliers, Bosch Rexroth, Parker etc. These companies have moved away from the design 

http://www.fp7-marinet.eu/public/docs/D2.03_Review_of_relevant_PTO_systems.pdf
https://www.researchgate.net/publication/280563986_Testing_and_control_of_a_power_take-off_system_for_an_oscillating-water-column_wave_energy_converter
https://www.researchgate.net/publication/280563986_Testing_and_control_of_a_power_take-off_system_for_an_oscillating-water-column_wave_energy_converter
http://www.hie.co.uk/about-hie/news-and-media/archive/international-search-for-innovative-power-take-off-systems-for-wave-energy-results-in--7m-award-to-technology-innovators.html#sthash.SDItGod3.dpbs
http://www.hie.co.uk/about-hie/news-and-media/archive/international-search-for-innovative-power-take-off-systems-for-wave-energy-results-in--7m-award-to-technology-innovators.html#sthash.SDItGod3.dpbs
http://www.hie.co.uk/about-hie/news-and-media/archive/international-search-for-innovative-power-take-off-systems-for-wave-energy-results-in--7m-award-to-technology-innovators.html#sthash.SDItGod3.dpbs
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manufacture and supply of hydraulic components. They now offer turnkey bespoke design of 

hydraulic systems for customers, based on the customer’s specifications. 

The only real development in hydraulic design in recent years is the move towards the used of 

machined manifolds which collect lots of valves, actuators, pressure relief systems together into 

a single manifold, rather than distributed around the system connected with hydraulic hoses.  

The best practice for the Wave Energy sector then becomes the best practice on developing a 

requirement specification that covers all of the needs of the required hydraulic system. This 

includes obvious things like the power requirements for the systems, what is the required 

operating pressure, through to less obvious requirements, like what country or area will the 

device be operating in? As this will affect what coupling type should be used, and what 

standards the system should be designed to. I understand that current industry best practice for 

hydraulic system design for marine applications is defined in ‘ J1779-201305: Ship Systems and 

Equipment - Hydraulic System Design Criteria for Marine Vehicles’. This will be different for oil 

and gas and for biomedical, and will be different in the UK, to the US, to China. Other areas the 

requirements specification need to consider are the design life of the system, the number of 

cycles for the system will complete during that life time. The operating temperatures and 

environments for the system over its life time including humidity. Environmental requirements on 

the toxicity or biodegradability of the oil used need to be considered and specified at the outset, 

as biodegradable oils need different seals and hoses to normal hydraulic oils. Maintenance and 

system redundancy need to be considered at the system requirement stage, how often is it 

going to be practical to maintain your hydraulic system, how will the maintenance be performed; 

on dry land, from a ship, in a harbour or even with divers? What level of redundancy is required 

in the system, how many valves can be allowed to fail before the system is crippled? What is 

the cost of lost power generation compared with the cost of a redundant valve? Additionally, 

principles of risk assessment and functional safety should be considered and these have been 

established through international standards such as ISO 12100, ISO 13849, and ISO 4413. 

 

2.4 Structural 

Best practice processes across: Civil Engineering and Maritime. 

Maritime 

The design of ships and offshore platforms are governed by legislation from the International 

Maritime Organisation (IMO), which is implemented by governments through national 

legislation. In the UK the Maritime and Coastguard Agency is the organisation responsible for 

implementing national and international maritime and safety law and policy. It acts to provide 

port and flag state control for all vessels registered in the UK and operating in UK waters.  

Ships and offshore vessels are required to be approved by a Classification Society as a 

prerequisite to obtaining insurance and the port and flag state approvals. Classification 
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Societies produce sets of rules which govern the process to be followed each aspect of design. 

Rules will commonly provide the equations or software required to demonstrate compliance. 

Where the application is so specialist that no rules have been developed, Classification 

Societies approve design through the application of direct calculations – review of the 

calculation methodologies and results to ensure that the design is appropriate for the 

application. 

ISO standards are typically called up in ship specifications to govern the standards and 

guidance to which construction fabrication and equipment should be designed, manufactured, 

inspected and tested. 

The design and construction/fabrication techniques used in the maritime industry are very 

similar if not exactly the same as those as will be used for the design and fabrication of wave 

energy devices. Wave energy devices will require the welded construction of stiffened panels or 

tubular shapes in metal, or construction using composite materials, in the same way as ships or 

offshore structures and hence the design, fabrication and testing procedures are equally 

applicable. 

Civil Engineering 

Similarly, civil engineering design is based on compliance with standards in order to 

demonstrate that legislation is being met, predominantly for health, safety and environment. 

Areas of civil engineering have specific regulators such as the Nuclear and Rail regulators, who 

assess the industry for compliance with standards.  

Port infrastructure design 

Port infrastructure design practice utilises model testing and simulation in the same way as the 

marine industry in order to determine the mechanisms influencing design.  

Applicability to Wave Energy 

The sectors described above closely resemble the wave energy sector as they face the same 

challenge of operation in the coastal and offshore environment. So the recommendations for 

improving processes in the wave industry would be to look closely at the processes and 

procedures in these industries. They already address a lot of the challenges faced by the wave 

energy sector; the operating environment, need for low cost, reliability and low maintenance. 

The materials and manufacturing processes are directly transferable into the wave energy 

sector as are the software and design techniques and regulatory process.  
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3 Engineering: Systems 

3.1 Integration and Interface Management 

Best practice processes across: Maritime and Defence 

Maritime and Defence 

The current best practice for interface management and the integration of systems and 

subsystems in defence and maritime is largely governed by BS, EN and ISO standards along 

with the standard underpinnings of good systems engineering practice. 

The relevant standards most commonly used are: 

 https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000000663618      

BS ISO 10303-203:1994. Industrial automation systems and integration. Product data 

representation and exchange. Application protocol. Configuration controlled design 

 https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030276687      

BS EN 61968-6:2016. Application integration at electric utilities. System interfaces for 

distribution management. Interfaces for maintenance and construction 

 https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030289477      

BS ISO/IEC 15026-3:2015. Systems and software engineering. Systems and software 

assurance. System integrity levels 

 https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030292688      

16/30292688 DC. BS ISO 14827-3. Transport information and control systems. Data 

interfaces between centres for transport information and control systems. Part 3. Data 

interfaces between centres for intelligent transport systems (ITS) using XML 

 https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030264224      

12/30264224 DC. BS EN 61511-1. Functional safety. Safety instrumented systems for 

the process industry sector. Normative (uon) Part 1. Framework, definitions, system, 

hardware and software requirements 

 https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030271967      

12/30271967 DC. BS EN 61968-6. Application integration at electric utilities. System 

interfaces for distribution management. Interfaces for maintenance and construction 

The best practice systems engineering approach to follow when designing system interfaces or 

the integration of a sub-system is to use a Systems Engineering approach to establishing 

requirements, designing solutions, developing products and delivering them into use. Of 

particular relevance may be the section on the Systems of Systems approach, whereby the 

solution is considered in the round, not narrowly focussed on solving one aspect of a challenge. 

https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000000663618
https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030276687
https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030289477
https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030292688
https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030264224
https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030271967
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It is also important to develop designs through appropriate stages, and maturity with the 

appropriate levels of IDR or independent design review at the right points in the project. This 

allow risks to be captured and appropriately mitigated early on in the project, before becoming 

costly and expensive mistakes later on in the project. This is particularly important where the 

interfaces are likely to be between systems or components designed by two different teams or 

even supplied by a subcontractor. It is important to understand who has responsibility for the 

interface and take a clear accountability of the interface, and that things don’t get missed 

because each team thinks the other team is responsible. This is also very important when 

integrating sub-systems to ensure that the separate sub-systems are compatible and will work 

with each other correctly. 

The philosophy of Systems Engineering, perhaps most easily expressed in the V Diagram, is a 

key aspect of the defence approach to technical management. Understand the requirement, 

develop solutions, refine them, test and validate the solutions. The controls that Systems 

Engineering provides ensure that all aspects of the technical challenge are captured, managed, 

and delivered in a coherent scheme.  

For the design of system interfaces this is likely to look very different for different interfaces 

between different systems. Some might be a mechanical fastening, and electrical connection, or 

an interface between software and hardware or between two types of software. So the design, 

testing and validation process of the V Diagram is going to look very different for each interface. 

However, at the same each of the steps in the process should be followed, it is important to 

capture the requirements for the interface; be it physical or virtual, and to develop the solution 

and test and validate the solutions prior to manufacture of the WEC.  

Use of TRL’s – Part of the overall approach is to use the concept of Technology Readiness 

Levels to understand in comparable terms the relative readiness of alternative technological 

solutions. It is subjective but provides a basis for comparison to understand the risks that 

different approaches bring. This can be useful to understand the maturity and robustness of the 

interface defined, and of the components, software or systems being interfaced or the sub-

system being integrated. 
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4 Engineering: Construction 

4.1 Offsite 

4.1.1 Assembly / Fitting – Electrical / Control 

The motor and electrical subsystem design process has been developed over the last decade to 

suit bespoke and conceptual ideas up to a technology readiness level of around 7. This includes 

projects subjected to military level processes and requirements. The process includes a system 

engineering life system following a gate procedure. The gates include 

 Requirements (system function review) 

 Trade off requirements against what can be delivered technically 

 Preliminary design review 

 Critical design review 

 Test readiness review 

The process is conducted in a cyclic review methodology where the reviews and testing affect 

the design. This important to consider when producing time lines since the different reviews can 

come around multiple times. However, this encourages iterative design processes which 

generally, funding allowing, create better designs. ISO standards are applied to ensure quality 

with all projects certified with a design certificate following a rigorous design review. 

Subsystems are put through a number of tests including 

 Vibrational Platforms 

 Thermal chambers 

 Simulated duty cycles 

Risks are also considered through DFMEA with the expectation to move toward fault tolerant 

systems. The tolerances to faults naturally make use of contingency measures which are linked 

to reliability and an R&M team will be consulted throughout projects. The industry area is driven 

mostly by performance – does it deliver what has been asked? 

Software is utilized extensively during the sub system design process with the use of programs 

such as 

 SPEED 

 MOTORCAD 

 Thermal Modelling 
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 FEA (thermal & electromagnetic) 

 Life cycle simulation 

 Dontyne 

 Quick spline 

 FEA Nastran 

Some interesting future developments are being studied at PhD level, notably “clever inverters.” 

The conversion from DC to AC can be monitored by the inverter itself in order to adapt the 

motor’s behaviour automatically. This has the potential to detect failures or potential failures and 

modify the motor to protect itself while still maintaining its purpose until maintenance can be 

arranged. Very good for isolated scenarios such as at-sea applications, the clever inverters may 

be the next step to more automated systems. 

 

4.1.2 Composite Fabrication (Layup, Mould, Bond) 

Renewable Energy 

Wind energy is the most mature of the renewable energy sectors, and makes extensive use of 

composites for the blades of its turbines. With all the major manufactures using composite 

materials for their blades. As the wind industry has developed over the last 30 years, so has the 

size of the turbines and consequently the size of the blades. These blades have grown for 1-2 

meters in size to 80 meters plus for the latest generation of off shore wind turbines. 

Consequently the procedures and processes have developed in parallel and have been 

developed in conjunction with the regulatory bodies as the industry has progressed. These days 

the majority of blades designed and manufactured in Europe are designed to DNV-GL 

standards. These standards don’t prescribe a specific process, these standards defines the 

requirements that the process must meet in order to meet the DNV-GL standard acceptance 

criteria. 

The design of wind turbine blades typically uses a mixture of commercial and in house 

analytical tools and spreadsheets such as; Coda, LAP, ESAComp. It aslo uses Finite Element 

Analysis FEA software with composite analysis capabilities, such as Abaqus, Ansys and ACP, 

Patran and Hypermesh. They also use CAD software and software to simulate the drapability 

and moulding of the composites, to help design the blades and the moulds they will be made in. 

The materials used are typically pre-preg glass and carbon or resin infused dry fibre preforms. 

These are typically cheaper lower quality materials than in aerospace, similarly, the design rules 

governing ply drops and layup’s are far less stringent than aerospace, and typically based on 

designers knowledge and experience.  
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Bonds and bondlines are considered in the design and the effects of defects and flaws and 

bond strength are considered using FEA and fracture mechanics, supported by testing at 

coupon and substructure levels. However, the bonds are typically designed for manufacture 

allowing the bonds to be created cheaply and quickly using paste adhesives resulting typically 

in fairly large bond line thickness of 5-10 mm.  

Manufacture and assembly is done on a semi-manual production line, the moulds are heated 

and automated to facilitate assembly of the blade, and the plies are pre-cut using computer 

operated cutters or the preforms are pre stitched and are ready to be picked and placed in the 

mould, with the location highlighted by laser projection systems, but the picking and placing is 

still a manual process.  

The tidal turbine industry is more immature than the wind industry although there are a lot of 

obvious synergies. The blades are made from a mixture of composites and steel. The 

composite blades tend to be a lot shorter, and thicker/heavier than those of wind turbines, this is 

for two reasons, the blades need to be ideally neutrally buoyant in the water, so having the 

lightest possible blade is not crucial, and secondly they are far more likely to suffer impact with 

far heavier objects than a wind turbine blade, so need to be more robust accordingly. 

The tidal industry being less mature doesn’t have the same level of standards and processes in 

place as the wind industry although the basic design and manufacturing principles and 

processes will be the same. The software and materials used will typically be similar to those 

used in the wind industry and follow a similar design process, although because of the low 

volume nature of manufacture the processes are more flexible and less defined than for the 

wind industry. 

Similarly the manufacturing process are not designed for high volume production of hundreds of 

blades a year, so the process is more manual, the moulds are more simplistic and typically use 

resin infusion approach rather than pre-preg materials and the process is far more manual and 

less automated.  

Aerospace 

Aerospace can be seen as the cutting edge state of the art of composites design and 

manufacture. This is probably the industry that has been using composite materials the longest, 

over the last 50 or 60 years, due to the advantages of high specific stiffness and low density, 

which has obvious advantages for flying objects. 

Due to the risk adverse nature of aerospace and safety understandably being one of the 

primary drivers for the aerospace industry. Along with making the structure as light and strong 

as possible to reduce aircraft weight and thus fuel consumption make high performance 

composites an obvious choice. Cost is considered a secondary concern so the high price of 

these high performance composites is justified. 
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The design of aircraft is very tightly controlled process with strict standards and rules to follow 

set out by the FAA, CAA and the airlines own internal processes. They govern the software and 

analysis methods and set out the design methodology very clearly, ply drops, layup’s laminate 

thicknesses, approved materials etc. The design process is also far more rigorous where wind 

turbines might consider 6-8 load cases aerospace will typically use 60-80 per component and all 

FE analysis has to be backed up and supported by hand calculations. All of this is to ensure 

safety of the passengers and crew. Similarly the factor of safety on aerospace structures will 

typically be higher than that of a wind turbine. 

The approval process for materials for use in aerospace is far stricter and in-depth for 

aerospace than for the renewables sector, and they typically only use very high performing and 

expensive carbon fibre pre-preg materials.  

Bonds are something which have been the focus of extensive research over the past 50 years 

for aerospace composites and are typically designed using film adhesives with very thin bond-

lines of less than 1mm and to very tight tolerances. The objective of a well-designed bond is for 

the bond to be stronger than the surrounding material, so that the failure will occur in the 

surrounding material in a predictable manner. 

The manufacturing process is very tightly controlled and monitored and inspected and is largely 

automated, with tape laying robots, depositing the pre-preg materials which are then cured at 

elevated temperatures and pressures in large autoclaves, using specific curing cycles. This 

results in the highest mechanical performance for the resulting component but at significant cost 

making this process unaffordable for almost any other industry. 

Automotive 

The automotive sector can really be split into two. Formula 1 and super cars, like Maclaren, 

Aston Martin, Ferrari, and Lamborghini who make low volume high cost cars, which are 

primarily designed for speed and performance, and cost is a secondary objective. Here 

composites are used for the same reasons as aerospace because they are light and stiff and 

meet the performance requirements of the design. 

The processes are fairly similar to aerospace particular for Formula 1 teams with safety being a 

priority and the FIA setting down fairly strict rules and regulations about what can and cannot be 

done with the design and the standards which the cars have to conform too. Large amounts of 

time and money are also spent optimising the parts to ensure they are the lightest they can 

possible be and give the maximum possible performance. Although it is worth noting that the 

design life of a formula one component is hours or days, not 20-30 years like that of an aircraft.  

This is achieved through the use of CAD and FE software as described above but also through 

the use of optimisation software such as Isight, ModeFrontier and Optistruct.  

The manufacture is very similar to aerospace, film adhesive is used to form bonds, carbon fibre 

pre-preg materials and woven rovings are cured in autoclaves to get the best possible 
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mechanical properties for the component. For some cars, these will be very low volume 

production and will be hand layup and largely manufactured to a very high standard by hand. 

For larger production runs, such as super cars, a larger degree of automation will be used in the 

process. 

The drive for composites in mass market cars, hatch backs and family saloons is very different. 

The primary driver for using composites here is to reduce weight and increase efficiency of the 

vehicles making them use less fuel, require smaller engines and thus greener and more 

environmentally friendly, rather than performance, and here cost is also a considerable driver.  

Whilst the use of composites in these cars is a relatively new concept the design and production 

of these cars has been evolving since the first mass production of cars with the invention of the 

production line for the Ford Model T over 100 years ago. So the design and manufacturing 

processes and standards for these components are well understood, and are being adapted for 

composite parts. 

The biggest challenge for mass manufacturing of these components is the speed they need to 

be manufactured at. To supply a modern car production line, these components need to be 

produced one every 2-4 minutes. This is completely different requirement from the hours or 

days it takes to lay up a pre-preg composite aerospace component, but the production line for 

an aircraft will typically only require a few of each component per month. 

This has led the consumer automotive market into looking at different manufacturing processes 

for high volume mass production. Such as high pressure Resin Transfer Moulding using plastics 

such as polythene and ABS rather than the traditional Epoxy resins and using stitched dry fibre 

preforms as these can be manufactured off line placed directly into the mould without the need 

to be laid up ply by ply into the mould. Due to the polymer being injected at high temperature 

and pressure, the moulds need to be held shut using very large high pressure hydraulic rams. 

This process is still being developed at research institutes such as the National Composite 

Centre in Bristol, but this seems to be the most likely process that will be used for automotive 

mass production in future. Due to the expensive and specialised equipment involved this is 

unlikely to be suitable for low volume production of wave energy convertor parts. 

Maritime 

The primary users of composites in the maritime industry are yacht builders, the Royal Navy 

Mine Sweepers, and other small non-structural components such as sonar domes and radar 

domes (which are made out of glass fibre so that the radar signals can penetrate the dome. 

With the exception of racing yachts such as the extreme 40’s catamarans, the Americas Cup 

boats, and a few of the round the world racing yachts which will be designed using the latest 

cutting edge formula one style design and analysis techniques and carbon fibre pre-preg 

materials cured in an autoclave to obtain the stiffest lightest structure possible, for the purposes 

of speed. The majority of composite yachts will be for pleasure purposes and will be built in 
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small numbers in ship yards or to be luxury yachts for the rich by companies such as Princess 

Yachts and Sunseeker. 

These companies use finite element analysis and CAD software to design yacht hulls along with 

significant in-house experience and Empirical design rules, built on experience and from scaling 

designs from the last yacht.  

These yatchs will typically be manufactured out of GFRP and epoxy resins, using manual ply 

cutting and ply or preform placement as the volume of manufacture is low and cost is a 

significant driver. The hulls and other structures are then typically manufactured using resin 

infusion or vacuum assisted resin transfer moulding, where the resin is pumped into the mould 

cavity with the dry fibres present, and allowed to cure at ambient or slightly elevated 

temperatures. 

The earliest of the RN Mine sweepers built in the 1970’s and 1980’s used a wet hand layup 

approach to building the hulls, where the dry fibres were laid into the mould and rollers or 

brushes were used to apply the resin to each ply in the mould. This was a cheap and simple 

way of laying up composites, but doesn’t result in very good mechanical properties for the 

laminate which tends to result in very thick and heavy structures.  

The resin infusion approach gives a better finished product than hand wet layup and is quicker 

and less labour intensive, and is less costly and more feasible for large structures than an 

autoclave curing process such as used in aerospace.  

Applicability to Wave Energy 

From all the processes described across all of the sectors above, those sectors which most 

closely reassemble the drivers and requirements of the wave industry are the wind and maritime 

sectors. So the recommendations for improving processes in the wave industry would be to look 

closely at the processes and procedures in the wind and maritime industry. They already 

address a lot of the challenges faced by the wave energy sector; the operating environment, 

need for low cost, reliability and low maintenance. The materials and manufacturing processes 

are directly transferable into the wave energy sector as are the software and design techniques. 

Even the DNV-GL guidelines for wind turbine blades, whilst not directly aimed at WEC 

components would provide a good starting point for the best practice in design and manufacture 

of large GFRP structures. 
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4.1.3 Steel Fabrication and NDT 

Best practice processes across: Maritime and Defence and Renewables 

Renewables 

The way that costs are minimised particularly in the wind energy sector for the towers which are 

by far the largest use of steel in a wind turbine are as follows. The towers are built from modular 

sections, each of which is identical apart from the very top and bottom sections. This allows for 

the towers height to be easily adjusted depending on the requirements for a specific site, towers 

are typically common to several wind turbine models, so have further commonality and 

economies of scale. A more recent trend is for manufacturers to no longer make their own 

towers, but to subcontract to specialist tower manufacturers for multiple wind turbine 

companies. Due to this large level of commonality and small number of variants required, the 

fabrication can be completed on large production lines, with automated plate rolling, computer 

controlled gantry cranes to move sections along the line, and automated welding robots to 

perform the longitudinal and girth welds for the tower sections.  

This is the way that costs are kept down to a minimum and consistently high quality tower 

sections are produced. Applying this to wave energy converters particularly at the prototype 

stage is very difficult, because they are essentially one off fabrications with very little in the way 

of standardisation or repetition in the structure.  

 On the NDE of the towers for Wind turbines  

 PAUT and ToFD used for weld testing of windmill towers, using existing weld inspection 

codes such as AWS.  A 20 inch OD weld could be tested with full data recording in 2-3 

minutes.  

Olympus have an Application Note on this: 

 http://www.olympus-ims.com/en/applications/pv100-and-pv200-efficient-wind-turbine-

tower-inspection-with-encoded-ultrasonics/ 

 PAUT used to inspect wind tower holding bolts for corrosion and crack detection. HSI in 

Australia did this using an Omniscan and the Eclipse Scientific bolt scanner. Some 

services companies in NZ had a lower cost version using the Olympus Epoch 1000 and 

a home-made scanner 

 Large, low frequency PAUT probes for testing some parts of composite blades. At one 

point, TWI were considering trialling a roller probe with a 1 or 0.5 MHz probe in the hope 

of avoiding coupling problems, but I don’t know if this was ever done. 

 

http://www.olympus-ims.com/en/applications/pv100-and-pv200-efficient-wind-turbine-tower-inspection-with-encoded-ultrasonics/
http://www.olympus-ims.com/en/applications/pv100-and-pv200-efficient-wind-turbine-tower-inspection-with-encoded-ultrasonics/
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Again these are fairly automated and well controlled processes that can be performed again 

and again quickly and efficiently. 

Maritime and Defence 

The maritime and defence industry is slightly different, typically they are building a few very 

large very complex structures and certainly for Submarines, these are made of very thick, 

specialised steel. 

As such fabrication tends to be a fairly manual affair, using specialised cutting and forming 

tools, which are all developed and maintained in house by the ship yards. The welding tends to 

be performed manually or using simple robotic processes, and isn’t performed on fully 

automated production lines due to the low volume of very large complex structures being 

fabricated. The welding for these structures is governed by MOD standards DefStan 02-773 

which defines the acceptance criteria for the welds in the fabrication.  

For the NDT of the welds and fabrication the best practice is defined by the following HSE 

guidelines, for the respective NDT methods, Ultrasonic (UT), Dye Penetrant and Mag Particle 

(DPI and MPI) and Radiography (RT).  

Ultrasonics is the recommended method, less hazardous to health, than Radiography, and can 

detect non-surface breaking cracks unlike DPI and MPI. The usual concerns that emerge with 

the use of Ultrasonics, advanced or otherwise are that you raise the probability of detection of 

some additional defects that weren’t observable with other methods. This can be alleviated by 

developing an acceptance criteria that accepts that you now see more flaws than with other 

methods, but if these flaws are below a certain size, then they are not considered to be defects. 

The recommendations for best practice for the Wave energy going forward would be in the area 

of structural health monitoring. The use of condition monitoring to monitor corrosion, or areas of 

high stress concentrations with a continual system that can detect the presence of crack growth 

and record and then alert the appropriate  people through an alarm or remote monitoring at a 

pre-defined level. This would be particularly valuable to remote, possible underwater, WEC 

devices which are unmanned and difficult and/or expensive to perform regular manual NDT 

inspections on the structure. 

One development in the world of NDT that might be very applicable to the Wave industry is 

being developed by Eddyfi. (www.eddyfi.com) who are develop methods of inspecting 

structures through paints and even aluminium coatings, these are the Sharck probe and Lyft 

method. 

 

  

http://www.eddyfi.com/
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4.2 Onsite 

4.2.1 Grid Connections 

Best practice processes across: Utilities 

Utilities 

Grid connections are largely governed by Ofgem the government regulator for power generation 

and supply in the UK. They oversee all aspects of power generation and supply including the 

transmission networks grid connections and supply of electricity and gas to domestic and 

commercial customers in the UK. They also set the charges and standards for connections and 

transmission to the grid. 

The transmission networks that comprise of the grid are owned either by big power companies 

(DNOs) or smaller independent companies (IDNOs). These are the people who own and 

maintain the transmission lines and grid connections.  

The first stage, assuming that the WEC is producing power to the required voltage, frequency, 

current and stability requirements is to identify the DNO or IDNO in the area of the WEC or 

WEC farm and to negotiate a contract with them for supplying electricity into the grid, and the 

cost of developing a connection. This is a problem, because a lot of the ideal sites for wave 

power around the UK are remote costal locations, such as the Shetland and Orkney Islands 

(location for EMEC) and these lack the transmission networks to export the power generated 

from large WEC farms, even though they have local connection infrastructure. Another idea that 

is popular in Scotland is using the sites of old power station (once the power station has been 

demolished), such as Long Gannet and Cockensie which are old coal fire power stations. As 

grid connection locations for renewable energy, as the transmission and connection 

infrastructure is already in place. 

Once a supply contract has been negotiated with the DNO/IDNO then the work is largely 

subcontracted to and undertaken by the DNO/IDNO. The work mostly being to create the 

substation, shore connection and connect to the grid, enabling the WEC or WEC farm to export 

power. 
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5 Engineering: Operational 

5.1 Measurement & Instrumentation 

Best practice processes across: Aviation, process industries, oil and gas, offshore wind and 

automotive. 

The current best practice for measurement and instrumentation is largely governed by BS, EN 

and ISO standards along with the standard underpinnings of good systems engineering 

practice. 

The relevant standards most commonly used are: 

 BS ISO 13372: "Condition monitoring and diagnostics of machines. Vocabulary" (2012) 

 ISO (2011). ISO 17359:2011, Condition monitoring and diagnostics of machines - 

General guidelines. The International Organization for Standardization (ISO). 

 BS ISO 18431-1:2005 "Mechanical vibration and shock. Signal processing - General 

introduction" 

 BS ISO 18431-2:2004 "Mechanical vibration and shock. Signal processing - Time 

domain windows for Fourier Transform analysis" 

 BS ISO 18434-1:2008 "Condition monitoring and diagnostics of machines. 

Thermography - General procedures"  

 BS ISO 18431-4:2007 "Mechanical vibration and shock. Signal processing - Shock 

response spectrum analysis"  

 BS EN 61987-21:2016: Industrial-process measurement and control. Data structures 

and elements in process equipment catalogues. List of Properties (LOP) of automated 

valves for electronic data exchange. Generic structures 

 BS EN 61400-21:2008: “Wind turbines. Measurement and assessment of power quality 

characteristics of grid connected wind turbines “ 

 BS EN 61400-25-1 to 5:2007: “Wind turbines. Communications for monitoring and 

control of wind power plants.” 

Measurements and control of electrical subsystems are a vital part of both the design process 

and in-service support. Generally, the customer submits an Acceptance Test Plan which 

consists of agreed milestones. It is then the responsibility of the contractor to provide evidence 

towards meeting the milestones. 

Shakedown tests are an initial test proving that the design works. Endurance testing can be set 

up to simulate different conditions and loads over time to test a motor endurance in a typical 

real world scenario. Model validations and development testing is utilised to prove FEA models 
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and target test components for design parameters. Compatibility testing is useful for large 

projects that are a summation of subsystems. Reconstruction testing simulates the system in a 

real world scenario that it may be used in during operation. 

During the design phase the subsystems can be monitored following a number of different 

methods depending on what knowledge is required. 

A DSpace control system with a MATLAB Simulink interface is a method that is capable of 

dealing with high speed waveforms and manipulating the data with a vast range of functions 

available within the MATLAB language. The prewritten library of functions is very versatile and 

can create pseudo-plug and play situations. The DSpace setup can log parameters for later 

evaluation. This set up is useful within a test facility environment making it great for controlled 

testing throughout design phases. 

LabVIEW can be utilized as an alternative to DSpace and Simulink. LabVIEW is a programming 

language displayed graphically, creating a good user interface and ergonomic testing 

environment. The LabVIEW approach can take many inputs; digital, analogue, thermocouples 

and others which are directly controllable through LabVIEW to extract a large amount of data. 

Embedded processors such as Arduino or PIC boards can be useful for monitoring specific 

applications and/or components. Importantly the processors can be placed on a moving design 

outside of a test facility so that the system can be measured and controlled in a real 

environment. This method is useful for spot testing components. Further, using a number of 

processors at once can monitor different subsystems and how compatible they are with one 

another. 

Aviation 

The aviation industry has embraced instrumentation in the form of health and usage monitoring 

(HUMS) for helicopters, although primarily for safety reasons following offshore helicopter 

accidents but also in order to enable condition based maintenance - early warning of minor 

issues rather than discover these issues later when more damage has been done.  

Health and usage monitoring is taken one stage further by military aircraft. An example is the 

F35 Lightning II, where the Autonomic Logistics Information System (ALIS) is connected to the 

HUMS system for individual aircraft, ensuring that the maintenance planning and parts ordering 

matches the specific faults and failures and the trends being seen. 

The take up of such systems is lower for civilian aircraft as they are expensive, and the process 

of maintenance scheduling and inspection is well understood for these aircraft.  

Process industries 

Process industries have similarly embraced condition monitoring as the availability of the 

systems is key to the profitability of the plant.  



ORE Catapult Ref: PN000149-LRT-001 – Annex A  WES_LS03_ER_TechTransfer_AnnexA 

ORE Catapult Page 33 of 43  

 

Marine industry 

Condition based maintenance systems which utilise instrumentation packages on board to 

report on the health of systems and equipment are commercially available and mature. These 

systems are expensive and in the current regulatory regime where engineering staff are 

required to be on board and time based docking periods are required by Classification 

Societies, the benefits are less easy to realise in cost terms. In addition, redundancy is built into 

ship design in order to meet legislation such as safe return to port, and to ensure that a ship is 

not unacceptably vulnerable to machinery failure whilst at sea. Access to machinery items and 

systems is also relatively readily available. 

Automotive 

Modern motor vehicles have an element of health monitoring built in as standard – when faults 

occur the onboard sensors will report to the computer system and this will be displayed as a 

fault on the dashboard or display. For the driver this can be reported as quite a generic fault but 

at the garage, the mechanic is able to interrogate the onboard computer to obtain detailed 

diagnostic information on the fault. Racing teams take this further to provide realtime reporting 

for a considerable number of sensors across the car. 

Offshore oil and gas 

Although health and usage monitoring/condition based maintenance has not yet been widely 

adopted by the oil and gas sector, there are a number of specialist sensor packages employed 

to monitor safety critical systems such as structures, lubricants, seal condition and vibration 

monitoring. 

http://www.emersonprocessxperts.com/2013/08/offshore-oil-gas-platform-machinery-protection-

and-prediction-systems-results/ 

Offshore wind 

A number of suppliers now offer commercially available condition monitoring packages for the 

offshore wind sector. Despite this approach, significant weight is placed on visual inspection. 

The following two papers discuss the available condition monitoring systems for offshore wind 

turbines. The approach is commonly to use a SCADA (Supervisory Control And Data 

Acquisition) system to remotely monitor and control the turbine wind generation performance as 

well as the system health.  

https://www.strath.ac.uk/media/departments/eee/iee/windenergydtc/Allan_May.pdf 

www.mdpi.com/1996-1073/7/4/2595/pdf 

http://www.wind-energy-the-facts.org/scada-and-instruments.html 

 

http://www.emersonprocessxperts.com/2013/08/offshore-oil-gas-platform-machinery-protection-and-prediction-systems-results/
http://www.emersonprocessxperts.com/2013/08/offshore-oil-gas-platform-machinery-protection-and-prediction-systems-results/
https://www.strath.ac.uk/media/departments/eee/iee/windenergydtc/Allan_May.pdf
http://www.mdpi.com/1996-1073/7/4/2595/pdf
http://www.wind-energy-the-facts.org/scada-and-instruments.html
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Applicability to Wave Energy 

The challenge faced by the wave energy sector is the combination of the difficulty of access for 

maintenance and replacement of components, and the stressing environment. The closest  

analogous industry with respect to instrumentation is considered to be the offshore wind 

industry. Remote monitoring systems are available off the shelf for a wide variety of industrial 

applications, including offshore wind, and use should be made of similar systems to ensure that 

maintenance can be planned based on condition, thus reducing the need for inspection and the 

likelihood of failure. 

 

5.2 Control Diagnostics 

Best practice processes across: Maritime and Defence 

The current best practice for control and diagnostics in defence and maritime is largely 

governed by BS, EN and ISO standards along with the standard underpinnings of good systems 

engineering practice. 

The relevant standards most commonly used are: 

 https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030203787      

PD ISO/TR 23849:2010. Guidance on the application of ISO 13849-1 and IEC 62061 in 

the design of safety-related control systems for machinery  

 https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030273467      

BS EN ISO 13849-1:2015, Safety of machinery. Safety-related parts of control systems. 

General principles for design 

 https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030107580      

BS EN ISO 13628-6:2006, Petroleum and natural gas industries. Design and operation 

of subsea production systems. Subsea production control systems 

The best practice systems engineering approach to follow when designing control and 

diagnostics systems is to use a Systems Engineering approach to establishing requirements, 

designing solutions, developing products and delivering them into use. Of particular relevance 

may be the section on the Systems of Systems approach, whereby the solution is considered in 

the round, not narrowly focussed on solving one aspect of a challenge. 

It is also important to develop designs through appropriate stages, and maturity with the 

appropriate levels of IDR or independent design review at the right points in the project. This 

allow risks to be captured and appropriately mitigated early on in the project, before becoming 

costly and expensive mistakes later on in the project. 

https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030203787
https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030273467
https://bsol.bsigroup.com/Bibliographic/BibliographicInfoData/000000000030107580
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The philosophy of Systems Engineering, perhaps most easily expressed in the V Diagram, is a 

key aspect of the defence approach to technical management. Understand the requirement, 

develop solutions, refine them, test and validate the solutions. The controls that Systems 

Engineering provides ensure that all aspects of the technical challenge are captured, managed, 

and delivered in a coherent scheme. For the design of control systems this is likely to 

encompass initial requirements gathering, specification of sensors and system components, 

design of the system and evaluation using simulation tools such as Simulink, followed up by 

bench top testing then test bed testing to refine and test the control system and validate it prior 

to installation on a WEC.  

Use of TRL’s – Part of the overall approach is to use the concept of Technology Readiness 

Levels to understand in comparable terms the relative readiness of alternative technological 

solutions. It is subjective but provides a basis for comparison to understand the risks that 

different approaches bring. This can be useful to understand the maturity and robustness of the 

components or system designed. 

 

6 Engineering: Support 

6.1 Technical Management 

Best practice processes across: Maritime and Defence 

Maritime and Defence 

The current best practice for technical management in defence and maritime is largely governed 

by UK MOD guidance. 

MOD Acquisition Guidance – this website (https://www.gov.uk/guidance/acquisition-operating-

framework#contents-of-the-asg) introduces the guidance which should be applied in all defence 

related acquisition activities. It provides extensive guidance on a Systems Engineering 

approach to establishing requirements, designing solutions, developing products and delivering 

them into use. Of particular relevance may be the section on the Systems of Systems approach, 

whereby the solution is considered in the round, not narrowly focussed on solving one aspect of 

a challenge. 

In the context of renewable energy, at its broadest, this would express requirements in terms of 

the production of energy, not in terms of wave energy recovery devices, and would hence 

include all parts from the generation through the distribution. 

A key part of the UK MOD approach is to develop design solutions through appropriate stages. 

This allows stakeholders to guide the development, appreciate the risks that are being taken 

and control the level of exposure to risk. Part of this approach can be considered to be the full 

spectrum of design review activity that can be done. This promotes a culture of visibility, 

https://www.gov.uk/guidance/acquisition-operating-framework#contents-of-the-asg
https://www.gov.uk/guidance/acquisition-operating-framework#contents-of-the-asg
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discussion and challenge that provides the greatest opportunity to capture and control risks 

before they become issues. 

This is an important part of the process and although it is easy to say we don’t have the time or 

resource to do these extra checks and reviews throughout the process the costs of not doing 

them and fixing mistakes during the manufacturing and assembly process outweigh the 

additional costs to perform them significantly. 

Allied to the idea of openness and visibility to control risks are the organisational arrangements 

that help promote these behaviours. In defence terms this has manifested in ways such as 

Integrated Project teams (IPT’s) and co-operation with suppliers. IPT’s, bringing together 

representatives of all aspects of project delivery into one group, when they are led effectively 

ensure that there is a balanced approach to problem solving, recognising that the technical 

challenges are only one part of the required solution; an excellent technical answer that can’t be 

delivered for commercial, legal or logistical reasons is of little use. There have been a number of 

successful applications of these ideas that have delivered significant technical challenges while 

controlling cost and risk – Warship Support Modernisation Initiative, Profit Share contracts 

associated with Partnering for Ship and Submarine refits, Maritime Strategic Capability 

Agreement, Submarine Support Management Group. In each of these cases, though details 

vary, the key advantage was engaging all parties to the work in developing solutions which were 

acceptable.  

The philosophy of Systems Engineering, perhaps most easily expressed in the V Diagram, is a 

key aspect of the defence approach to technical management. Understand the requirement, 

develop solutions, refine them, test and validate the solutions. The controls that Systems 

Engineering provides ensure that all aspects of the technical challenge are captured, managed, 

and delivered in a coherent scheme. 

Use of TRL’s – Part of the overall approach is to use the concept of Technology Readiness 

Levels to understand in comparable terms the relative readiness of alternative technological 

solutions. It is subjective but provides a basis for comparison to understand the risks that 

different approaches bring. 

There is no definitive guidance that must be followed but there is good guidance available, 

though much of it is generally applicable not specific to “Technical Management” 

 Office of Government Commerce guidance 

(https://www.gov.uk/government/publications/best-management-practice-portfolio/about-

the-office-of-government-commerce) on project, programme and portfolio management 

is recognised as useful. These are based upon PRINCE2 principles, and include various 

other sources of guidance. 

 ISO 9001 is relevant – technical management is in many cases a question of ensuring 

that appropriate “quality” has been built into the solution. 

https://www.gov.uk/government/publications/best-management-practice-portfolio/about-the-office-of-government-commerce
https://www.gov.uk/government/publications/best-management-practice-portfolio/about-the-office-of-government-commerce
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 ISO 15288 - Systems and software engineering -- System life cycle processes – A 

published standard for the Systems Engineering approach. 

 INCOSE Systems Engineering Body of Knowledge 

(http://sebokwiki.org/wiki/Guide_to_the_Systems_Engineering_Body_of_Knowledge_(S

EBoK) ) 

 Association for Project management Body of Knowledge – 

(https://www.apm.org.uk/BodyOfKnowledge) 

 Oil and gas practices for technical management are, I believe, expressed in this 

standard – API17N Recommended Practise for Subsea Production System Reliability, 

Technical Risk & Integrity Management 

The general recommendations for applicability to technical management to the wave industry 

are along the lines of Innovation is not an excuse to not manage. Project Management/Systems 

Engineering bring a rigour to decrease the chances for missing risks, through review points etc. 

The contractual relationship, and developing it to work co-operatively, can be a significant 

benefit to introducing change and innovation. Look for more co-operative, partnered, 

approaches, brings in experience and different backgrounds and experience to the team, as 

well as shared risk and financial burden, and if partnering with an experienced engineering firm, 

this would bring knowledge and experience of systems engineering and technical management 

too.  

Along with this advice common pitfalls that can occur in technical management but are easy to 

avoid are:  

 Remain aware that these processes are developed to cover a wide range of situations. 

Remain focussed on the idea that you should always consider whether what you are 

being asked to do by the process is appropriate for the scale of project and risk that is in 

the work, and adjust the approach to match. 

 Do not become focussed on process; instead use it to remind yourself that safely and 

effectively delivering technological solutions to customers problems is what you are 

doing. 

 Beware of cost plus approaches to innovation; look for partnering for parallel benefits. 

 

6.2 CAD 

Best practice processes across: General Engineering. 

In the UK British Standard 8888 provides the common standard for all engineering drawing, 

setting out the common language and methodologies for defining a product design in a drawing 

http://sebokwiki.org/wiki/Guide_to_the_Systems_Engineering_Body_of_Knowledge_(SEBoK)
http://sebokwiki.org/wiki/Guide_to_the_Systems_Engineering_Body_of_Knowledge_(SEBoK)
https://www.apm.org.uk/BodyOfKnowledge


ORE Catapult Ref: PN000149-LRT-001 – Annex A  WES_LS03_ER_TechTransfer_AnnexA 

ORE Catapult Page 38 of 43  

 

or set of drawings.  Similarly, there are ISO standards which provide this common approach to 

presentation and practice: 

 ISO 128 Technical drawings—General principles of presentation 

 ISO 13567 Technical product documentation - Organization and naming of layers for 

CAD 

 ISO 16792 Technical product documentation — Digital product definition data practices, 

for the presentation of 3D models and GD&T 

This means that engineers can ‘read’ a drawing no matter what their particular specialism is, 

and fabricators understand instantly what is required. Specialist symbols are often used – but 

they are defined within standard libraries. 

Engineering drawings for the wave energy sector should utilise the same drawings standards as 

the other engineering sectors. No sector specific processes or standards are considered 

necessary for wave energy converter engineering drawings. 

 

6.3 Specification 

Best practice processes across: Defence Aerospace, Automotive, and Maritime 

Defence Aerospace, Automotive, and Maritime 

The Ministry of Defence (MOD) has one of the most demanding procurement environments in 

the world.  It has to acquire and use a range of systems (comprising people, processes, 

information and equipment) covering every aspect of life from birth to death, in all domains from 

space to the deep ocean, whilst countering an enormous range of natural and hostile threats. 

In such demanding circumstances, MOD’s Systems Engineering processes have had to evolve 

to cope.  They incorporate current best practice thinking as described in the following: 

 MOD Acquisition System Guidance (ASG) – this website 

(https://www.gov.uk/guidance/acquisition-operating-framework#contents-of-the-asg) 

introduces the guidance which should be applied in all defence related acquisition 

activities. It provides extensive guidance on a Systems Engineering approach to 

establishing requirements, designing solutions, developing products and delivering them 

into use.  

 In turn, this guidance is based on the International Standards Organisation 

ISO15288:2015 Systems Engineering – System Life Cycle Processes. 

 The INCOSE Systems Engineering Body of Knowledge 

(http://sebokwiki.org/wiki/Guide_to_the_Systems_Engineering_Body_of_Knowledge_(S

https://www.gov.uk/guidance/acquisition-operating-framework#contents-of-the-asg
http://sebokwiki.org/wiki/Guide_to_the_Systems_Engineering_Body_of_Knowledge_(SEBoK))
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EBoK)) expands upon this standard, and is a widely recognised international source of 

best practice. 

MOD ‘acquires capability’.  ‘Capability’ is the ability to achieve defined goals, and in this context 

‘acquisition’ means ensuring the availability of the capability when required.  The best practice 

approach to capability acquisition includes the following steps: 

 Definition, in a formal, measurable way, of the ultimate goals of (or benefits to be 

achieved by) the acquiring enterprise.  In the context of renewable energy, at its 

broadest, this would be expressed in terms of the delivery of energy to customers, not in 

terms of wave energy recovery devices.  Decomposition to an eventual design would 

therefore include all subsystems from generation through to distribution.  The benefits of 

this are that the overall design can be optimised, interfaces are identified and designed 

as an integral part of the process, and the effects of influences or constraints introduced 

by one element can be determined for the others.  In addition, external constraints need 

to be identified (e.g. Political, Economic, Social, Technical, Legal and Environmental2). 

 Decomposition into System Requirements (sometimes called an Output- or Outcome- 

Based Specification).  These express what the overall solution needs to do in a design-

agnostic3 but measurable way. 

 Design of a High-level Architecture, which describes the top-level elements of the 

solution system and allocates System Requirements to them.  There may be more than 

one candidate solution, in which case these options must be compared and evaluated to 

determine the best way forward4. 

 Determination of the optimal means of acquiring each element of the chosen 

architecture (such as buying off the shelf, having a bespoke design created and supplied 

procurement of a service, or re-using existing resources). 

 [Note that there may be a considerable amount of iteration between these steps, as 

understanding of the problem and the potential solution develops.] 

The point at which the acquiring organisation defines a procurement specification, and its 

nature, depend upon where the solution design expertise is located.   

 If in-house, then it may be that only components or sub-systems need to be specified, 

and the specification will reflect the specifics of the design. 

 If design services themselves have to be bought-in, then the relevant System 

Requirements will form the basis of the procurement specification, allowing the designer, 

as the expert in his/her field, freedom to innovate and to optimise the solution.  In such 

                                                           
2
 ‘PESTLE’.  Some of these categories overlap, but this is a useful framework for identifying external constraints. 

3
 I.e. they do not constrain the designer or define a specific way in which the overall need must be met. 

4
 This must include considering the maturity of proposed technologies and components. 

http://sebokwiki.org/wiki/Guide_to_the_Systems_Engineering_Body_of_Knowledge_(SEBoK))
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cases, the use of System Requirements allows different tenders to be evaluated fairly, 

and supports the generation of evidence to demonstrate that this was so. 

Throughout these stages, thought must be given to how each goal will be validated, or each 

System Requirement will be verified.  This must be an integral part of requirement/specification 

development to remove ambiguity from the procurement process, prevent rework, and assure 

achievement of the ultimately desired Capability. 

When considering solutions, the enablers for any specific design must also be identified and 

designed into the overall acquisition.  These include infrastructure, trained personnel, 

organisation, information, logistics, maintenance and through-life costs, operating concepts and 

doctrine, along with introduction-to-service, security and safety considerations.  Finally, 

interfaces with external systems (e.g. the national grid) must be considered. 

‘Procurement’ is just one step in the Systems Engineering lifecycle described above.  To 

undertake successful procurement, it is essential that its context is clearly understood, and  

 The capability will have a whole life which must be considered in its entirety, from 

introduction into service to disposal/termination. 

 The ‘system’ must consider the associated enablers (training, personnel, information, 

doctrine & concepts, organisation, infrastructure and logistics), in addition to equipment 

and software  

 The process of requirements engineering contains value in itself above that embodied in 

the deliverables, in stakeholder engagement and communication, the development of 

understanding of the project drives, sources and context; hence capturing and 

transferring this knowledge and experience is a key part of the value added by our work. 

 An IBM DOORS™ database will be used to store source documents, user requirement 

statements, system requirement statements, linkages and change history. 

 

Taking the best practice approach identified above mitigates the following risks: 

 Business Case not being supported due to lack of clearly expressed capability need, or 

lack of provenance for the justification. 

 Not meeting the End-Users’ real needs due to poorly engaged or understood 

Stakeholders. 

 Procurement process being open to legal challenge, lacking demonstrable audit trail or 

freedom from bias. 

 Overly expensive or poorly managed trade-off processes when real requirements are 

uncovered after spending has been committed. 
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 Costly rework incurred late in the development or production cycles. 

 Disputes over Acceptance, either of contract performance or of overall capability 

(producing the ‘right’ solution to the wrong problem). 

 Miscommunication between stakeholders. 

 

7 Other Professions 

7.1 Environmental Planning / Management 

Best practice processes across: Maritime and Defence 

Maritime and Defence  

There are lots of recommended best practice guides for environmental management, across 

different sectors of industry. These tend to be written by professional bodies or environmental 

groups and conservation bodies active in the sectors. These guides tend to focus on specific 

aspects of the Environment, such as marine animals, beaches, water quality, land usage, and 

there is no overarching best practice guide. Similarly there is government legislation but only for 

some aspects of environmental protection such as marine mammals. As a result there is no one 

set definitive best practice guide or set of guides for environmental management and the guides 

tend to get followed or ignored at the discretion of the company.  

Within the defence sector there is an MOD process defined called a Sustainability Appraisal 

which is required for all projects over a certain value, which may affect the environment of a site 

i.e. building works, laying cables, installing a new radar etc. This is a very generic process that 

is widely applicable to a whole range of tasks including creation of WEC farms and shore 

installations.  

This process doesn’t give all the answers or the mitigations, but it quickly and effectively steers 

the assessment at a practical level and flags up any potential hazards for the environment for 

further assessment. These might include; 

 Marine Mammal Impact 

 Hazards to Wild Life  

 Reduction and safe disposal or recycling of waste  

 Storage of Oil to prevent pollution 

 Management life cycle and disposal of batteries and other power sources. 

 Water quality impact 
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These issues once flagged can then be addressed and mitigated by following the appropriate 

best practice guidelines or company processes to mitigate the risk. 

It is important that the Sustainability Assessment is started early in the planning phase of any 

project, as it is far easier to mitigate potential risks in the planning phase than in the 

implementation phase of the project. 

For high risk projects or projects in sensitive environmental areas, a more detailed site 

environmental risk assessment is performed. This is akin to a safety risk assessment. Where all 

of the potential risks are identified and scored for potential impact on the environment and then 

a suitable mitigation is decided and implemented and the risk is rescored based on the 

mitigation, to assess if the mitigation is sufficient or if further work is required.  

There are commercially available software packages which facilitate the performing of 

environmental risk assessments, but these all follow the same basic process described above. 

A nice comparison summary of these tools and the method they use can be found here 

http://www.dantes.info/Publications/Publication-doc/An%20overview%20of%20ERA%20-

methods%20and%20tools.pdf. 

The important factors for WEC Farms and Prototype installations is to consider the 

environmental impact early in the design phase of the project, and to follow a sustainability 

assessment type process to ensure all risks are identified and mitigated early, following the 

relevant government legislation or best practice for the issues identified. It is harder to be more 

specific, as every project is very different and each have their own specific set of unique 

environmental challenges and risks. 

One example of the positive benefits a sustainability assessment can have is 950,000kg of 

scrap metal were recycled from a single site as a result of the demilitarisation and clean-up of a 

site. It is important to consider how a site and or a device or farm will be safely and responsibly 

decommissioned at the end of its life

http://www.dantes.info/Publications/Publication-doc/An%20overview%20of%20ERA%20-methods%20and%20tools.pdf
http://www.dantes.info/Publications/Publication-doc/An%20overview%20of%20ERA%20-methods%20and%20tools.pdf
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