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INTRODUCTION

Ecofys WTTS

Ecofys WTTS provides high quality wind measurement services, wind resource & yield prediction assessments
and operates remote sensing devices on behalf of its clients, based on its 15-year experience.

Since its foundation in 2010, Ecofys WTTS is also the operator of the largest site for wind turbine prototyping
testing and certification in Europe, located in Lelystad in the Netherlands.

Ecofys WTTS is a subsidiary of Ecofys, a consultancy company with an international track record of 30 years in
the wind energy sector.

Navigant

Ecofys has recently (November 7, 2016) been acquired by Navigant Consulting, Inc. (NYSE: NCI); , a specialized,
global professional services firm, with a leading Energy Practice. The firm is headquartered in Chicago, United
States, with more than 5,000 employees worldwide.
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INTRODUCTION

Goals of the study

* RVO.nl commissioned two preliminary independent wind resource assessment for the Hollandse Kust (zuid)
Wind Farm Zone and its four sites
- WRAL (published Dec 2016) — based on off-site wind measurements, with long-term correction and horizontal extrapolation
to site
- WRAZ2 (presented here) — based on on-site wind measurements, with long-term correction

* The scope of the combined study is defined by RVO.nl:
This Ecofys WTTS study describes the mean wind climate at 100 m. Mean wind speeds are also calculated at other heights.
This information is intended for wind farm modelling, yield assessments and business case calculations for offshore wind
farms to be developed in the Hollandse Kust (zuid) wind farm area.
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WIND MEASUREMENTS & APPROACH

Primary wind measurements
* 116 m OWEZ met mast (WRA1)
« HKZA & HKZB floating LIDARs (WRA2)

Secondary met masts

* 92 m Meteomast IJmuiden
« 29 m Europlatform

« 38 m Lichteiland Goeree

Secondary LIDARsS

* Borssele Lot-1 floating LIDAR
« Meteomast IJmuiden

» Europlatform

 Lichteiland Goeree

Il Oocrational wind farms
Planned wind farm zones

- Hollandse Kust Noord
K13 -Hollandse Kust Zuid
2] B sorssele
Wind measurements sources
® Mast

€ Mast + LIDAR
W Floating LIDAR

4.

’Meteomast Dmuiden

HK
Europlatform
*
L.E. Goeree
*
Qosterschelde
o
sele Lot 1
Vlakte van de Raan
Westhinder Wandelaar
@ @
50
Wind measurements around Hollandse Kust offshore wind farm zone
26/08/2016  HLS OOH UTM (ETRS89) Zone 31N [EPSG 3043] N/A 2
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WIND MEASUREMENTS & APPROACH

Methodology (for both WRA studies)

1. Selection of highest-quality primary wind measurements

2. Selection and validation of secondary data sources for long-term correction and horizontal extrapolation

3. Calculation of on-site wind climate
a) Vertical extrapolation
b) Long-term correction
c) Horizontal extrapolation

4. Comparison to other site studies

5. Validation of key results and trends
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SUMMARY: WRA1 WIND MEASUREMENTS

Measurement type 116 m offshore mast
Location [Latitude, longitude: ETRS89] 52036'22.89" N / 4°23'22.68" E
Distance from coast 15 km
Measurement period 07/2005 - 06/2006 (1.0 year)
Measurement interval 10-minute

Mast design and data manual [6]

e Data filtering manual [7]
MEASNET calibrated anemometers; other
Traceable instruments instruments also calibrated; regular
maintenance by Mieri) Meteo
Availability of valid data 85.7% at 116 m and 95.7% at 70 m

Source: Noordzeewind
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SUMMARY: WRA1 CALCULATED CLIMATE

* Primary source: 1 year of OWEZ wind measurements at 70 m

1. Extrapolation from measurement height to 100 m, based on average measured shear profile

2. Long-term correction and extension from 1 years of measurements to a 16-year period (2000-2016), based on
MCP with EMD-ConWx model data

3. Extrapolation from the measurement location to the Hollandse Kust (zuid) zone, based on horizontal gradient in
EMD-ConWx model data
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SUMMARY: WRA1 CALCULATED CLIMATE

9.46 + 0.47 m/s at 100 m
at zone centre

Uncertainty description

- Instrument accuracy 2.0%
- Instrument mounting 2.5%
- Diata quality 0.5%
- Data processing 1.0%
- Vertical extrapolation 0.3%
- Horizontal extrapolation 1.0%
- Long term representation 1.5%
- MCP 0.7%
- Mesoscale model distribution 3.1%
Total 5.0%

Hollandse Kust Zuid area 2. ) g
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| Mean wind speed at 100m

at Hollandse Kust (Zuid) OWP development area
Date Author Reviewer  Pigedon Barkground E CO FLS

26/09/2016

Version
HS DOH UTM Zone 31N ETRS89 [EPSG n.a. 2
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WRA2 PRIMARY WIND MEASUREMENTS

Measurement type ZephlIR 3005 LiDAR

30, 40, 60, 80, 100, 120, 140, 160, 180,

Measurement heights
200 m M5L

Location [UTM ETRS89 Zone 31
ocation [ one 31] 568,792 mE/ 5,793,671 m N

buoy WS158

Distance from coast 26 km

Distance from zone centre 4 km

Measurement period 05/06/2016 - 05/06/2017 (1 year)
Measurement interval 10-minute

Setup, data manual and monthly data
reports [13] [27] [28]
Type-specific verification report, and
Ecofys WTTS uncertainty assessment
[10] [11] and pre-deployment validation
of unit [14]

Documentation

Traceable instruments

Availability of valid data 95.0%

« With gap-filling with HKZA, availability = 98%

Source: Deltares
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WRAZ2 SECONDARY WIND MEASUREMENTS

Offshore mast

Measurement type

Measurement heights 38.3m

Location [UTM ETRS89 Zone 31] 545,876 mE/ 5,752,029 m N
Distance from coast 17 km

Distance from zone centre 52 km

Measurement period 01/04/2003 - 01/07/2017 (14.3 years)
Measurement interval 10-minute

General description, 2001 [1]

Documentation )
Mast drawings [4]

Traceable instruments No details of calibration or maintenance . L . .
Source: Vem Bouwkundig en Civieltechnisch Adviesbureau

Availability of valid wind speed data 98.4%

* Co-located LIDAR (during 2.6 years), used to extrapolate measurements to 100 m

‘ Lichteiland Goeree LiDAR

Measurement type Windcube V2 LIDAR
. 62, 90, 115, 140, 165, 190, 215, 240, 265,
Measurement heights
290 m M5L
Location [UTM ETRSE9 Zone 31] 545,876 m E/ 5,752,029 m N
Distance from coast 17 km
Distance from zone centre 52 km
Measurement period 17/11/2014 - 13/06/2017 (2.6 years)
Measurement interval 10-minute
Documentation MNone
Traceable instruments Validation report [5]
02012 NAPNA PUbsHInG & Consuting

S . . 74% at 62, 90, 115 & 140 m;

Availability of valid wind speed data decreasing to 32% at 290 m Source: NAPNAM Publishing & Consulting
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WRAZ2 CALCULATED CLIMATE

» Primary source: 1 year of HKZB wind measurements at 100 m, with gap-filling with HKZA (co-located)
1. No vertical extrapolation needed

2. Long-term correction and extension from 1 years of measurements to a 14-year period (2003-2017), based on
MCP with LE Goeree mast/LIDAR data

3. Extrapolation from the measurement location at centre of Hollandse Kust (zuid) zone to the four sites, based on
horizontal gradient in EMD-ConWx model data
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WRAZ2 CALCULATED CLIMATE

9.41 £0.52 m/s at 100 m e F—
at zone centre

HKZB

+ LE Goeree

Uncertainty description

- Instrument accuracy 3.3%
- Instrument mounting 0.5%
- Data quality 1.0%
- Data processing 2.0%
- Vertical extrapolation 0%
- Horizontal extrapolation 0.5%
- Long term representation 1.6%
- Long-term correction 3.4%
Total 5.6%0 [ ——  ECOFYS

Date Author Reviewer  Proedon Batkground

26/09/2016 HS OOH UTM Zone 31N ETRS89 [EPSG na. 2
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WRA1 + WRA2 COMBINED CLIMATE

. Results of WRAL and WRA2 are highly consistent LA Hoe
« Both calculations are largely independent I
* Thus, it is possible to combine, using inverse-variance weighting

method "

Weighting: 55% WRAL1, 45% WRA?2 B
Combined uncertainty: 4.0% .

---------

9.44 + 0.38 m/s at 100 m at zone centre
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Mean wind speed at 100m

at Hollandse Kust (Zuid) OWP development area E co FYS
Date Author Reviewer Projection Background Version -
26/09/2016 HLS DDH UTM Zone 31N ETRS89 [EPSG na. 2

2056 Al rghts reser 160526 AP ENE_FKZud-maan wid spead 100m V2
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COMPARISON

« RVO.nl has also commissioned DHI to perform metocean desk study for the Hollandse Kust (zuid) offshore

wind farm zone, with a different scope:

The DHI report and metocean database describe the normal and extreme wind conditions. This includes turbulence intensity, extreme wind
speeds and wind shear. This information is intended for wind farm design

HKZ (3.98E;52.38N;-28.0mMSL)

» Both reports found a mean wind speed at 100 m of 9.5  Soatter plot (2000-01-01 - 2016-01-01; 1h)

40 130
m/s, with excellent correlation between the time series and MEAN =5 46ms (65.7%)
. . . . ] BIAS =-0.03m/s (-0.3%)
similar trends. The use of results from both studies is %o 5 |Ave_-1some o
. v 170 & =2.01m/s 21.2%
dictated by the separate scope of the two reports E E S| 2021 (Unbiased)
2 .50 § [cc =090
S 40 ¢ |PR =093 (Np=31)
o ™, £
é qog
g 14 h
> 12 10 E
E

Data (linear +/- 60min)
1:1 Line (45°)

Quantiles (0.1 - 100.0%)
- === QQ fit: y=0.98x+0.20
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VALIDATION OF KEY RESULTS

» Detailed analyses of the calculated wind climate were carried out across the modelled heights, showing good
comparisons of the analysed trends with measurements at other offshore sites in the Dutch North Sea

« Mean wind speed
* Wind shear

* Diurnal variation

* Monthly variation

« See report for details

Inter-annual variation
Frequency distribution
Weibull parameters
Wind rose

* Temp., pres., humid.

« Air density
 Wake effects

Frequency [%]

WRA1 Hollandse Kust (zuid) 100 m

WRA? Hollandse Kust (zuid) 100 m

Frequency [%)]

| 16%

Meteomast Ijmuiden 92 m (2012-2015)
Europlatform 29 m (2003-2016)

Lichteiland Goeree 38 m (2003-2016)
——OWEZ 116 m (2005-2006)

——— Borssele Floating LIDAR: Lot-1 100 m (2015-2016)
——— HKZB Floating LIDAR 100 m (2016-2017)
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VALIDATION OF KEY RESULTS

« Annual wind speed variation plot showing good comparisons of the analysed trends
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WRA1 + WRA2 COMBINED CLIMATE

[ owp Hollandse Kust Zuid devel area L i

......

9.44 + 0.38 m/s at 100 m at zone centre o

9.6
I9.5

» Report published online
- Extensively reviewed by RVO.nl, BLIX, ECN, Fichtner & DHI
- Certified by DNV GL -
- Other deliverables available online
- Calculated wind speed & direction time series at zone centre & 4 site centres
- GIS layer ]
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| Mean wind speed at 100m

| at Hollandse Kust (Zuid) OWP development area ECO FYS

‘: Date Author Reviewer Projection Background Ve 2 -
26/09/2016 HLS DDH UTM Zone 31N ETRS89 [EPSG n.a. 2
GiE A 0160526 _AP_ENE_HKZ - mean wind 5pead 1 ot
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CONNECT WITH US

SOFIA BOUTSIKOUDI
SOFIA.BOUTSIKOUDI@NAVIGANT.COM

ECOFYS.COM

, @ecofys E. E
I-
fb.com/ecofys E
m linkedin.com/company/ecofys

m . SlideShare slideshare.net/Ecofys

XING ,( xing.com/companies/ecofysgermanygmbh

NAVIGANT.COM

m linkedin.com/company/navigant-energy E C O F YS
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https://www.linkedin.com/company/ecofys
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https://www.facebook.com/Ecofys
https://twitter.com/Ecofys
http://www.slideshare.net/Ecofys
https://twitter.com/NavigantEnergy
https://www.linkedin.com/company/ecofys
https://twitter.com/NavigantEnergy

Closing

> Questionnaire
> Lessons learned
> Availability panel

> Communications
- http://offshorewind.rvo.nl
— woz@rvo.nl

Webinar Combined Wind Resource Assessment for HKZ WF2Z
Friday 10 November 2017

23



Thank you very much!
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