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Management Summary

Allan MacAskill Business Development Director SeaEnergy, was the Coordinatof the DOWNVIND
programmefrom inception until the formation of SeaEnergy in June 2008. The DOWNVIND programme
identified the need for an alternative to conventiormakteorological mastsnfetmastg to provide high quality
meteorological data at remote offshore sitesThe DOWNVIND team identified the potential to use remote
sensing technology, in particulfiDAR L{ight Detection Ad Ranginy technology to measure wind speed &
direction.

The DOWNVIND programme undertomkensive testing of th&latural PowelZephlRsystem,a commercially
available LiDAR systemThe testing took place both onshore and offshore and the trials proved conclusively
that LIiDAR systems can provide accurate wind measurements comparable tubthated from conventional
metmasts.

Andy Oldroyd is the managing Director of Oldbaum Servig@BS)a young company specializingiimd data
provision for companies both on and offshore. Formed in 2005, OBS have been working to increase the use of
Remote Sensing in the wind industry to help illuminate complex flow issues, and more recently has worked
within the DOWNVInD programme to pioneer the use of LIDAR in an offshore setting and ensuring the
technigue was deemed fit for purpose.

Offshore, OBS la extended the DOWNVIND methodology to create the NORSEWIND psojgodrted via
the ECGHP7 programme. This innovative use of Remote Sensing will result in a hub height, wide area dataset
covering the North, Irish and Baltic seas based on physical data.

Hgure 1 LiDAR on test onshore and offshore
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Introduction

The DOWNVIND programme required high quality meteorologiatd to quantify thewind resource base in

the Moray Firth and to provide environmental data for usehe strudural analysis work package®uring

the DOWNVIND scoping studies the project team hadewed the cost of installing a conventional metmast
system at Beatrice.The analysis showed that the installation of a metmast system adjacent to thines,
consistent with the IE@qgulations(IEC6140a.2), was protibitive and difficult to operate and maintainThus

it was concluded that a different, more cost effective approach was needed. A detailed review of the options
was urdertaken. Thigxaminedthe potential for a more cost effective placemenita conventional metmast
andthe potential to use remote sensing technologies instead of a conventional metmast.

Locating the metmast on one of the existing Beatrice platfowosld reduce the installdbn and operational
problems and the placement cost of a conventional metmadbwever there were no suitable locations on
Beatrice Alpha, the closest platform to the turbine locations and Beatrice Bravo was too diftarg.only the
small Charlie platirm was suitablebut it is remote from the main facilities of the field and construction of a
metmast that did not interfere with helicopter movements the Charlieplatform proved to be extremely
expensive.

Two forms of remote sensing technology were identified which were suitable for use in this application:
SODARSound Detecting And Rang)rand LDAR. Of these LIDAR is the only viable option when considering
deployment in an offshore oil platform enginment, as the footprint and technology employed will have little
impact on the dayto-day operationsand theoperatingenvironment will have little effect on the quality of the
measurements.

b I G dzNJ f ZephtRAIBRIEYstem was identified as providihg best solution, in terms of practicality and
accuracy.TheNatural Powesystem has performed well in a number of trials against conventional fixed mast
systems. However it remains a relatively new system and some questions remain as to the overall
effectiveness of the system. Thus prior to installing the system on the platform a detailed test progmsasme
requiredto assess the effectiveness of the system.

The resultant test programme was the first fully conceived validation programme for a reseotsing
instrument within the wind industry. Performed by WINDTEST K&&laelm-Koog, supervised and designed

by Andy Oldroyd of Oldbaum Services, the test was split into two parts in order to fully understand the
performance of the system and to reassuthe partners that the system was fit for purpose and capable of
operating reliably, providing accurate data, vital to the project.

The following document details the test programme, summarizing the results and the novel approach adopted
in proving thesystem.
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The Test Programme

Meteorological data is a vital component of any wind turbine development, as an accurate capture of the on
site wind speed allows an operator to assess both the performance of their existing turbines as well as assess
the wind energy potential and thus the financial argument for the possible extension of the wind energy
project.

When looking at offshore development, again a met mast is the first technology considered. However, as
noted previously, the costs involved in nmdiing a mast on its own pile structure in water depths over 40m
was found to be prohibitive.

Therefore in order to obtain the necessary data, other technologies, in particular remote sensing (RS) have to
be considered, and verified.

The test programmestarted in 2005 and was completed successfully in late 2006t assessed the
performance of the system daoth onshore and offshore locations, starting with a 3 month test programme at
R L2 gSNRA pa O Sitelin Geimarty followed byN&izgrithotest programme on the FIND
platform in the German Bight5km North of the Island of BorkunFigure 2shows the system under test at
Brunsbdttelin northern Germany and on the FINOplatform.

Thg test programme was split into two partsa scientfic programme and a certification programmelt
SELX 2NBR A4S@SNIf FINBlFa 2F GKS [A5! wQa LISNSBuNdyl yOS=
scientific knowledge on the operation and performancehaf LIDAR system

The objective of the ceification programme was to gain acceptance for the use of LIDAR as an altetoative
conventional metmast systen in remote locations and to provide a sound dataset which would give
developers and financiers confidence in the value of data acquired throsg of LIDAR systems. Data from

the ZephlR was compared with a conventional metmast installed in both test locations. Performance levels
were set in termf correlation (rsquared and slope when compared with tbalibrated cup anemometer),

and data aviéability, with special attention being paid to the reliability of the system as a high maintenance
requirement offshore would be very expensive.

The purpose of the scientific programme wasuwoderstand the behavior of the system by looking at the
performance of the system under different environmental conditions, such as atmospheric stability, rain, and
periods of low visibility. In addition the programme was interested in discovering the viability of other
presented data from the ZephIR such as the igattwind speed value, and the effect of scan rates on the
overall accuracy of the system

The projectsuccessfully validated the system and was certified by Germanischer alwydas spawned a
second major European Research and Development program®&SEWIND. This aims to use remote
sensing technology in combination with satellite observations to develop high quility heightresource
maps of the offshore wind resources in Northern Eurdyased on physical datalt will cover the western
approactes, the Irish Seahe North Sea and the Baltie&® It may even be extended to cover some parts of
southern Europe, notably the Adriatic and parts of the Mediterranean.

On successfutompletion of the test programme the system was tested and installedhe Beatrice Alpha
platform.
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OnshoreCertification programme

At the start of theDOWNVInprogrammethe only available LIDAR systeméth a suitable track record and
LINE @Sy | 0Af AlG& ZephiR systeniQizetD fat the findeSfeRlig). Although other LIDAR
systems were available or becoming available to the market, the ZephIR was by far the more mature product

As has ben stated earlier, the test programme was split into two components, onshore and offshore, with the
majority of the certification taking place in an offshore environment. In both cases the output from the ZephIR
was compared to the output of MEASNET catied cup anemometers.

Figure 3 shows a schematic of the Brunsbuttel site in the North of Germany. On inspection it is quickly realized
that the flow characteristics for the 5M site are not straightforward. In order to ascertain the likely influence of
the terrain on the onshore component a sectsise analysis was performed in order to define a valid range of
directions that could be used for correlation purposes.

Similarly offshore, although the wind approach to the platform is free from clutter, lthe fs nevertheless
modified either by the tower structure itself, or in this case, sensitivity was found due to the orientation of the
lightening protection cage around the topmost reference cups.

In the onshore campaign, the ZephIR was compared to0ml1i2attice type met mast with data available at
reference heights of 120m, 90m, 60m, and 30m. At 120m two cup types were used, a*Ttl@ssland RISOE

cup were used to show zero bias in the reference instrument. Additional Sonic anemometers were also
available to reference vertical wind speeds, turbulence Intensity and the effect of scan rates.
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Figure 3:Layout ofthe onshore st site

For the offshore campaign, the reference mast was again of lattice construction witlhghest measuring
point being 103m LAT. Additional reference instruments were available at 81m and 63m LAT.

For the purpose of the main certification programme the ZephlR was set to scan in normal Profiling mode
(Figure 4). The ZephlIR system can be setcém up to a maximum of 5 height gates throughout the 150m
range of the system. The number of scan heights selected has an effect erasgamowever a decision was
made that the most likely end use configuration would involve all 5 scan heights.

Figure 4: ZephIR LIiDAR schematic showing system scanning at three height gates.
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For the purposes of certificatiopass criteriawere setfor the system in terms of data availability, system
availability, and sysim accuracy beteen the reference cups and the ZephlR. These levels agsi@lows:

System Availability: >95¢éystem downtime)

Data Availability (1@ninute): >95%defined as data available assuming system is also available)
R-Squared value: >0.95

Linear Slope: 0.9Gr better

= =4 —a -4

The quality values are based on Linear Regression analysis with the slope constrained througdazgiz
results are illustrated irfFigure5 which shows the high quality comparison achieved between the reference
mast system and the Zephtifshore
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Figureb: Offshore Test Results

Onshore, the system achieved a similar level of results, however due to the complex nature of the test site in
terms of ground clutter, the valwwvere slightly lower. Bspite this the system achieved the set criteria in both
settings. This is the first instance where performance levels have been set and achieved to such a high
standard by a Remote Sensing device in a commercial setting.

Achievemerts

The system has successfully passed the certification criteria for both the on and offshore phase. Of particular
note has been the high quality of return achieved offshore, with a near perfect match with the reference cup
anemometer both in terms of Xinute averages and the derived turbulence intensity.

The system was certified as-fir-purpose independently by Germanischer Lloyd.

The work undertaken to date has significantly raised the profile of remote sensing in the wind industry, such
that a major wind industry consultancy, Garrad Hassan, have issued a positioning statement broadly in favour
of the use of RS in some projects. This is a huge shift from their previous position.

The DOWNVIND example remains the only case where a Remote Sessamy Bgs been taken through a

successful validation campaign, and is now used as the primary wind resource data acquisition system. The
test programme remains a benchmark for all other commercial validation campaigns.
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Operational Aspects of Remote Sensin g Offshore

On 16th December 2006, the ZephIR system was installed on the Beatrice AnplatfdrcommissionedAt
system starup the unit was set to scan at heights of 60m, 80m, 100m, 120m, 150m, plus cloud correction
height.

The systemwas allowed to operate for severdhaysto ensure that there had been no damageastained
during transit. At the end of this periathe final agreedscan heights weraet on the system. Again, the
system was set to acquire at 5 heights with one of thiesights being equal to the install hub height of the 5M
turbine (89.53m LTA)The final height settingsere:

20m (hub),

48m (Beatrice Alpha Derrick anemometer height),
80m (blade TDC),

110m,

150m, plus cloud correction height.

= =4 -4 -8 -4

An initial check shoed good levels of correlation between the ZephlR and the Beatrice Alpha DAS (an
anemometer located at the top of the Beatrice Derrick).

As with every new system, a period was necessary to become confident in the operation of the system. As this
is a newDAS operating in a new environment, it was expected that some operational issues would become
apparent as time progressed

During the first year of operation the system performed reliably. However, there were two issues which had a
impact on data throufout the period of installation.

Hgure 6 LIDAR located on Beatrice Alpha Production Platform

After Figure6 was taken, a new wiper blade was ordered and fitted, with a result that the system is now
operating at expected Points in Fit values.
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During the operational phase of the ZephIR tejerationalissueswere identified and remedial action was
taken to ensue that there was no significant data drop.

Data management became more robust. The system was checked weekly to ensure that data had been
downloaded and stored both on and offshore. Monthly system reports were compiled and issued to Talisman
as of July 207.

A new action was raised for Beatrice Alpha offshore operational personnel. During weekly checks a member of
the crew visits the ZephlR, applies an alcohol wipe to the lens and initiates a wash/wipe seqegnce
environment, it was expected that sonoperational issues would become apparent as time progressed.

Figure7: Smearing on LIDAR lens

During the period of installation the system has performed reliably, with few instances of downtimt due
system faults A the beginning of 2008, the systemas returned to Natural power for routine maintenance
and the system tested against the Natural Power reference system prior to redeployment on Beatrice A.

Since installation, the system has produced quality data, with lessons learned in terms of daladhand
operation in an offshore environment. To date the deployment remains the longest running installation of the
ZephIR worldwide. In addition confidence in the techniques has allowed a relationship between the ZephIR
and the Beatrice DAS to be eslished as an Hsitu system check. The confidence in the relationship is such,
that the Beatrice A data archive has been reassessed using the ZephlIR relationship to the Derrick to obtain a
longer term dataseries.
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