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1 The Project 

1.1 Introduction 

A Funding Grant was awarded from the European Union’s Horizon 2020 research and innovation 

programme in January 2017 to demonstrate a grid-connected tidal energy array at a real-world tidal 

energy site, propelling tidal energy towards competing on a commercial basis with alternative renewable 

sources of power generation – Enabling Future Arrays in Tidal (EnFAIT). This was in response to the call 

LCE-15-2016: Scaling up in the ocean energy sector to arrays to generate significant learning through 

demonstration of cost-effective tidal arrays. 

 

This document is produced to summarise the EnFAIT-driven upgrades required for additional 

instrumentation to turbines T1-T3 to capture information regarding turbine loads and performance. It is 

to be submitted to satisfy deliverable D6.2 of the EnFAIT project and to be made available for public 

dissemination. 

1.2 Schedule 

The turbine upgrades summarised in this report are a pre-requisite to Phase 2 of the operation of the 

array in EnFAIT: Operation of the three upgraded turbines. Refer to the issued deliverable “D 6.1 (EnFAIT-

EU-0004) – Test Plan” for further information.  

 

The implementation of upgrades is scheduled to take place during Q2 of 2018 calendar year:  

2 Additional Data Requirements  

EnFAIT consortium partners require performance data from Nova Innovation’s three existing turbines in 

Bluemull Sound to develop a deeper understanding of the operation of this, the world’s first tidal array 

where turbine wake interaction will be studied at full scale. Additional instrumentation and data 

acquisition hardware are required on turbines T1-T3 and in the surrounding marine environment.  

 

The data requirements of each of the following project partners are considered below: 

 
1. The University of Edinburgh 

2. Offshore Renewable Energy Catapult  
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3. SKF  

4. Nova Innovation 

2.1 The University of Edinburgh  

The University of Edinburgh is undertaking an important challenge in the enabling of future tidal arrays 

by developing a unique modelling tool – DTOcean. The DTOcean tool (Optimal Design Tools for Ocean 

Energy Arrays) provides design tools for deploying wave and tidal energy converters arrays. It is 

modularised into five stages: hydrodynamics (designs the layout of converters in a chosen region and 

calculates their power output), electrical sub-systems (designs an electrical layout for the given converter 

locations and calculates the electrical energy exported to shore), moorings and foundations (designs the 

foundations and moorings required to secure the converters at their given locations), installation (designs 

the installation plan for the energy converters and the array components), and operations and 

maintenance (calculates the required maintenance actions and power losses resulting from the operation 

of the converters over the lifetime of the array). 

 

The following additional data is required via EnFAIT for DTOcean: 

 
i. Tidal data 

For the hydrodynamics module of DTOcean, at least one week of hourly time series data is needed at each 

grid point for: 

• U (Current velocity, main horizontal direction)  

• V (Current velocity, secondary horizontal direction)  

• Turbulence intensity  

• Sea surface height  

In addition, 1-year of hourly data at a single point of the tidal velocity magnitude is needed for the O&M 

module of DTOcean. 

 

ii. Wave data 

1-year of hourly data measured at a single point: 

• Significant wave height (Hs) 

• Peak wave period (Tp) 

 

iii. Wind data 

1-year of hourly data at a single point for: 

• Wind speed magnitude  
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2.2 Offshore Renewable Energy Catapult  

For the EnFAIT project, the Offshore Renewable Energy Catapult is leading the development of next 

generation tidal array interaction modelling tools (AIM). The objective of array interaction modelling is to 

use a combination of real site measured data and simulation to develop an understanding of how tidal 

turbines interact with each other in an array configuration.  

  

The simulation will attempt to model: 

 
1. Undisturbed tidal resource 

2. Turbulence due to site features and due to turbines 

3. Effect of turbulence on individual turbines 

Three types of models will be used to perform these simulations. These include –  

 

• A site resource model. This will be built using coastal modelling software MIKE21 by DHI. MIKE21 

solves the time-dependant, non-linear equations of continuity and momentum conservation, for 

a gridded flow regime. This is done using implicit finite difference techniques. The software will 

provide a tidal resource model and can produce wave climate predictions. MIKE21 outputs will 

feed into the DTOcean modeling tool. 

 

• Computational Fluid Dynamic (CFD) models of turbulence behaviour. Using a CFD solver tool, such 

as ANSYS Fluent, detailed 3D flow fields can be generated in the wake of installed turbines. These 

will be verified and calibrated with site test measurement equipment. 

 

• Turbine load models. Tidal Bladed software, with inputs of turbulent flows generated from site 

resource and turbulence behaviour will create turbine load models. This provides designers with 

blade, foundation, shaft and other load levels on the tidal blades and turbine. These loads will be 

verified by device site measurements. This will be in the form of blade loads and shaft loads from 

test equipment. 

 

Data required for ORE Catapult: 

1. Turbine shaft torque.  

2. Blade strain measurements.  

3. Tidal flow data.  
 

2.3 SKF  

For this task, SKF is seeking to better understand the vibration profile of Nova turbine drive trains. 

Vibration sensors are to be installed at points of interest throughout the turbine, providing a stream of 

data to SKF for analysis. Learnings from the analysis will feed into future turbine designs, leading to 

improved reliability.  
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2.4 Nova Innovation 

Nova Innovation has a strong interest in optimising turbine reliability by learning more about general 

condition monitoring of its turbines.  

 

For this task, Nova is particularly interested in:  

• Enhancement of condition monitoring for research purposes; 

• Power performance characterisation of NM100 turbines; 

• Gaining a better understanding overall system efficiency.  

 

3 Proposed Upgrades for T1-T3 

The following section discusses the required instrumentation upgrades: 

3.1 Environmental data 

3.1.1 Measurements carried out prior to the EnFAIT project 

The existing tidal turbines currently operate with flow measurement equipment attached to each turbine 

nacelle. The data produced so far has been sufficient for turbine operation, however for the purposes of 

researching the tidal resource, further upgrades are needed. The EnFAIT project provides an opportunity 

to further quantify and characterise the operating environment, for the purposes of resource 

characterisation, performance assessment and loads analysis. Figure 1 shows the locations of the T1, T2 

and T3 turbines of the array in Bluemull Sound, and their cables leading out to site from Cullivoe pier. 

 

Figure 1 - Locations of T1, T2 and T3 in Bluemull Sound, Shetland 
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Nova M100 turbines currently feature one tidal flow rate sensor. On the T1-T3 turbines they are mounted 
on the rear of the nacelle as shown in Error! Reference source not found.. 
 
The existing tidal current meters have operated reliably, and their output data have been used 
successfully to determine when the local environmental current speed is high enough for each turbine to 
begin generating. However for research purposes, there are some limitations: 
 

• They are installed within an area of flow disturbance created by the turbine structures which 
means they do not read free-stream tidal measurements. 

• They are affected by marine growth which reduces their sensitivity, requiring periodic cleaning by 
divers and/or adjustments to the turbine control software to account for this. 

• They only supply data on the flow speed going past the sensor head: no information on the wider 
environment, water level, turbulence or waves is provided 

 
The data from these electromagnetic flow sensors is therefore to be supplemented by deploying the 
following instruments: 
 

• Acoustic Doppler Current Profilers (ADCPs), which can provide information on tidal current, waves 
and turbulence intensity. These can be mounted horizontally to characterise the flow upstream 
or downstream from the turbine, or mounted on the seabed looking up, to characterise the flow 
profile through the water column. An appropriate industry grade ADCP capable of measuring the 
following parameters should be used to measure 

 
o Turbulence intensity - relatively large turbulence structures only, due to the averaging 

effect of measuring over a large sample volume. ADCPs with more beams can produce 
more accurate measurements and may be used later in the project. 

o Wave height 

Figure 2 - Nova M100 turbine showing position of flow sensor 
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o Pressure 
o Temperature 
o Direction (Compass) 
o Sensor tilt 

 

• Acoustic Doppler Velocimeters (ADVs), which measure local current speeds and are the 
turbulence measurement tools of choice because they measure very small volumes and so can 
quantify very small turbulent structures. They can also make measurements within 1 metre of the 
seabed, which is relevant for cable stability. 
 

• Modular turbulence instrument systems such as the ‘MicroRider’ by Rockland Scientific have 
shown pedigree in similar applications. The MicroRider is a small instrument package for 
turbulence microstructure measurements, designed to integrate with a variety of marine 
instrument carriers, such as Gliders, AUVs, moorings, CTD rosettes, profiling floats and the 
WireWalker. The use of such instruments will be considered as the project progresses. 
 

3.1.2 Seabed mounted ADCPs 

Seabed mounted ADCPs are to be deployed in several different configurations to gather information on 

the available resource, turbine performance and wake effects from the operation of turbine T1, T2 and 

T3.  

3.1.3 Substructure instrumentation skid 

An instrumentation skid is to be developed which can be installed on any vacant substructure (e.g. when 

a turbine is removed for maintenance) to characterise the tidal environment at hub height (Figure 3). This 

will include: 

 

• Two horizontally orientated ADCPs, to measure the incident tidal current in both directions and 

to validate the measurements made by the seabed ADCPs and other devices; 

• An electromagnetic flow meter (as used on the turbine nacelles), to see how this performs 

without the turbine in place and to sense check the results against the other devices; 

• An Acoustic Doppler Velocimeter (ADV), to provide a secondary point measurement of tidal 

current at hub height and quantify turbulence intensity at hub height. 
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Figure 3 – Side view of instrumentation skid deployed on vacant turbine substructure 

 
 
Figure 34 shows a 3D view of the skid including installation features to make deployment and recovery of 
this skid more straightforward (guidance plates, trunnions and vertical grab/release bar). 
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Figure 3 - Instrumentation skid deployed on vacant substructure 

 
 
 

3.2 Power performance characteristics  

A power performance characteristic diagram detailing turbine power output as a function of tidal flow 

rate is needed as an input to the DTOcean model. The industry standard for turbine power performance 

characterisation is IEC 62600:200. A new power metering solution is needed to meet this standard. The 

existing Nova array metering scheme is sufficient for operational purposes, however certain modifications 

are required to gather specific research data.  

 

The PLC supplier can provide an add-on ‘energy meter’ module for our existing PLC. The additional 

hardware required includes Current Transformers and voltage taping cables. Figure 5 below shows a high-

level overview of the arrangement. This solution is straightforward to implement and provides high quality 

data at a relatively low cost. 

Figure 4 - PLC based energy metering solution overview 
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3.3 Blade loads 

Blade load measurement data is needed for modeling studies driven by ORE Catapult.  

 

The supply chain appears to offer a limited number of technical solutions for blade strain measurement. 

Looking at the wind industry, a proven solution has been found. The solution involves imbedding fibre 

optic strain measurement devices within the blade at points of interest and feeding data to acquisition 

hardware in the hub.  

 

Distributed Fibre Bragg Grating (FBG) is the preferred strain measurement technology. This principle 

involves periodically exposing fibre-optics to UV light and measuring change in UV reflection when strain 

is applied. A strain value is inferred by measuring the change in reflection. See Figure 56 [1] below.  

 

 

This philosophy can be applied to Nova tidal turbine blades with minor modifications. Figure 67 [2] shows 

an example of Fibre Bragg Grating technology being applied to a wind blade for strain measurement. The 

principle is much the same when applied to a tidal blade. It is envisaged that fibre optic strings will be 

installed to existing Nova M100 blades, with associated data interrogating and logging to be housed in 

the blade hub. 

 

 

 

Figure 5 - Fibre Bragg Grating Technology 

Figure 6 - Wind Blade Example of using Fibre Bragg Grating technology 
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3.4 Shaft Torque  

Shaft torque measurement data is required for ORE Catapult’s modeling studies.  

 

The options for retrofitting torque measurement on Nova M100 turbines are limited due to tight space 

constraints. Some suppliers offer inductive power and data transmission style hardware. A collar ‘rotor’ 

is attached to the rotating shaft. A standard strain gauge is mounted and wired to the ‘rotor’. The ‘stator’ 

aligned with the rotor is mounted to a fixed static bracket. High resolution torque measurement data is 

transmitted by induction to the stator’s integrated receiver. The strain gauge is powered by induction. 

This is a considerable advantage as torque data can be collected indefinitely. Figure 7 below [3] shows an 

example system available in the supply chain.  

 

The advantages of this type of system is the ease of installation, excellent data quality, inductive powering 

and slim profile. 

 

A torque measurement system based on this technology is to be installed on each Nova M100 turbine. 

The exact mounting location will be finalised during the detailed design stage. A bespoke mounting 

bracket will be fabricated to securely fix the stator module to the nacelle.  

 

Figure 7 - Induction torque transducer 
 

 

3.5 Vibration Monitoring  

Two ways in which the EnFAIT project will drive down the cost of tidal energy is by understanding and 

improving the reliability of equipment within an array, and by optimising the maintenance strategy for 

equipment deployed within tidal arrays. Appropriate condition monitoring can contribute to both 

objectives. Remote monitoring of machines is conducted by measuring specific variables. The most 
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important measured variables are those that best describe the state of the machine. Mechanical vibration 

is of special significance in this regard.  

 

There is a great variety of vibration types, measured variables and characteristics when describing 

mechanical vibration. Various symptoms on running machines allow inferences to be made about the 

machine condition, such as an impending damage to the machine. Fault symptoms indicating a condition 

include: 

 
● Changes in air-borne noise 

● Displacement of machine components 

● Rising bearing temperatures 

● Changed mechanical vibration characteristics 

Mechanical vibration is vibration that can be sensed and measured on the surface of objects. When 

dealing with machine monitoring, this especially includes the surfaces of machines, components and 

foundations. Vibration largely originates from the centrifugal forces on rotating machine parts. This may 

be caused by: 

 
● Unbalance 

● Misalignment of machine drive trains 

● Bearing damage 

● Gear defect 

● Magnetic, hydraulic and / or other functional alternating forces 

Piezoelectric sensors are used for the frequencies and frequency bands to be covered for vibration 

monitoring. These sensors generate an analogue voltage signal that can be further processed in response 

to dynamic compressive and tensile forces. Static acceleration forces, such acceleration due to gravity, 

are not picked up by these sensors. An industrial standard for piezoelectric sensors is IEPE (Integrated 

Electronics Piezo-Electric). Figure 89 below shows a typical vibration sensor that could be installed on 

Nova M100 turbines. 

Figure 8 - Piezoelectric sensor example 
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The existing Nova M100 vibration monitoring system measures vibration on drive train sufficient for 

operational purposes. Improved visibility of vibration parameters will allow Nova to better understand 

lifecycle behaviour and predict end of life failure. This approach enables a proactive maintenance regime 

where equipment life is optimised with minimised plant down time. 

 

3.6 Turbine Ambient Temperature 

Measurement of the temperature profile across the nacelle will enable a greater understanding of the 
generator air cooling system, which makes use of fans to circulate air throughout the turbine to draw heat 
from the generator towards the nacelle walls.  
 
A variety of temperature measurement devices are available, including fibre optics and thermal imaging 
cameras, however PT-100 air temperature probes are a robust, accessible solution.  
 
Eight temperature sensors are to be installed evenly across the nacelle to provide a temperature profile. 
This is illustrated on Figure 910. 

 

 
Figure 9 - PT-100 Air Temperature Probes for Nacelle Temperature Profiling 
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4 Summary 

 

Within the EnFAIT project, a consortium of European partners is developing a range of tidal energy 

modelling design tools, enabling future arrays to be more cost effective. Nova Innovation has already 

successfully deployed and operated an array of tidal turbines, which feature state of the art 

instrumentation systems. However, as part of the EnFAIT project, these turbines will be further upgraded 

to produce high-quality, research-grade data to maximise the learning which can be extracted from this 

unique resource.  

 

To gather the required research data, the following turbine upgrades have been identified: 

 
• Improvements to tidal resource data gathering capability; 

• Modifications to the existing array power metering scheme; 

• Installation of blade load measurement instrumentation; 

• Installation of turbine torque measurement equipment; 

• Modification of turbine vibration monitoring system; 

• Expansion of existing turbine temperature monitoring system. 

The upgrades are scheduled to be implemented beginning Q2 of the 2018 calendar year.  
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