DNV-GL

Floating LiDAR Z#Ez{y¢E

How to increase confidence in a new measurement

technique
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The Agenda FiE

= DNV GL background; DNV GL Z2E5&

= Floating LiDAR technology; ZF&Ehz{yERHT

— Introduction of LIiDAR and floating LiDAR; J&GEFNZFEFIGEZEN
— Opportunities & Challenges; #&BEaRkES
— Validation of floating LiDAR; ZF&EiTYoEMERE

= How does floating LiDAR fare with other wind measurement data sources?
FEpzliE B E TR R ESURIFEHELLRIR W D ?

= Why do improvement of uncertainty and P90/P50 values matter?
PHEATEEEFIIRS P90/ P50 (HEEIF ?

= Floating Lidar in Taiwan?; ZE#XGEESE?

= What's next?; T—3$EE?
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DNV GL provides an unparalleled understanding of offshore risks:
there is no substitute for hands-on experience

DNV GL GRS FRIRZ (BFRVIEMRE | BREREATEHN

DNV GL in offshore wind

DNV GL 7£EEFR =
YRS % ; YRS
Electrical Shipping
engineering
YRS ﬁ ——_— ﬁ_{
~—ll” YRS
Offshore Onshore
Oil and Wind

Gas
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That's why we always take a full lifecycle approach to provide the
best informed business decisions

ERESM ERFIREIRERNE B Z 5 AR ERIER SRR

FEASIBILITY:

Market intelligence
Strategic advice

Technology evaluation

DEVELOPMENT

Concept selection
Measurement

Resource and energy
optimization
Company due diligence

Pre-construction
energy assessment

ENGINEERING

Project engineering
optimization
Operation and
maintenance planning

Turbine and support
structures consulting
Interconnection review

CONSTRUCTION

Construction optimization

Monitoring and marine
warranty

Project management
Banks’ Engineer

Construction monitoring

S

OPERATION

Asset optimization

Operation and maintenance

optimization

Performance and
condition monitoring

Inspections &

audits

Operational Energy

Assessments

Project/portfolio due

diligence
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Introducing LIDAR (Light Detection and Ranging)

K= 48

= Remote sensing technology — commonly uses laser light (also
near infrared and ultraviolet) to detect backscattered from
aerosols

ERSXAMT — BRI (IEAIIMRFIRIMG ) BIZRBRBRBE MR

&

= Able to measure the aerosols as small as the wavelength used

RESTRIE/ NMIERRRIRAE

= Similar working principle to SONAR - light instead of sound
BRI TIEIRIE — (ERYEMAERREIK

= Doppler-shift allows LiDAR to detect wind speed and directions
ZE48R% (Doppler-shift) S5 CZER LABKRIEEFITS [

= Generally profiler LIDAR is used in wind measurement
campaigns with measuring interval ~10m

—hRERZR . FREJIRIERERICEZRIERR - 10K

Sampled <y /

volumes |

for a | ,‘
given
height.

—TEaE
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Floating LiDAR is basically...
2V ERSLER. ..

Taking onshore LiDAR that is proven and
used in onshore wind measurements and
mount it on buoys

Bk ERUAIEFERLAINEERIGE | HiFE
REREHZLE

Made to be autonomous and robust to
operate in remote areas for long periods of
time to collect and transmit data to wind
engineer/analysts

R T e mEtER FRR—ERIFE AR EE
EiR4a IR TAZAT/ D iTEP MR ES T B T X i

Improvements in mooring system design
increases survivability in deployments

RHRSRETHISUERS T RFPRIERE
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The opportunities of floating LiDAR are...
ZENTUIOIERIEIS. .

= Provides onsite measurements at a much lower
cost than onsite met mast

LR IRIZ R SRS SRR HIRIZGAIE

= Measure wind shear without the need to mount
various sensors at intervals on a tall mast

B — AR AN S RSt SRS
BRATLURIE S

= Relative ease to deploy to offshore sites
HE B ZapE R R RS
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... and these challenges that are being addressed

- TS SEIETEAR R R AOHbER

= Ensuring wind speed and direction accuracy

FE(REIEME R Z R ERYERERE

= Remote sites ; {RiRRVIE/FitEEL

= Poor system availability; AMERIERG AT M

= Uncertainty;, AHEEHE

= No standard for validation nor wind resource
assessments available

IR0 N e pl bl e =y

= Lack of investors’ confidence; IEEEM=(=1)
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However, the technology is hew and validation is needed. Here are
some criteria and findings to look out for.

PAT , A BT EAhR) | IBFRE. SEE—SRENERIMEE.

= Published validation results

NHYEERE AR

= Carbon Trust Offshore Wind Accelerator roadmap
(Henceforth ‘"OWA roadmap’)

IR(SEERE =B INEFIIEATEESARE ( T/ "OWA iR
" )

= TEA Wind Annex 32 to publish Recommended
Practice for floating LiDAR

IEA Wind 4 32 A& aSFEI=GEEREE
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The better floating LiDARs in the market are at Stage 2
EhiE ERIFRYFENINEIEER B PEER

Baseline &5
Stage 1 F—[BER

= LiDAR used in the floating
LiDAR should be ‘proven
technology’ in onshore
wind industry

EFECGEPERIDTESR
TEfE FRIEBITSRAY AT

A few key points from OWA roadmap
on the 3 stages

OWARE f [B] rY 318 B B o RO 2 (E BT 32 24

Pre-commercial F8fj%

Stage 2 E[EE

Validation onshore
against high-quality
conventional
anemometry

Ei= LR EEEREERT
EITRRE

Validation offshore
against offshore met
masts

g LR FERRITTIE
1ThRRE

Commercial i§3¥

Stage 3 SE£=[gER

Good operational
experience and accuracy
achieved across a number of
pre-commercial
deployments.

RUFAIE(EEERFN LR TS e
(ENETEE SN

Accumulation of enough
evidence to relax the
elevated uncertainty
assumptions
EREREIBLANE
BB

A\

HEEME

by
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... and these KPIs
. FIELEE R E

OWA roadmap KPIs
OWA B4R BB SIS

OWA roadmap KPIs

Overall Post-processed Data Availability >85 %
Mean Wind Speed - Slope 0.98 - 1.02 (Best Practice)
Mean Wind Speed - Coefficient of >0.98 (Best Practice)

Determination (R2)

Mean Wind Direction — Coefficient of >0.97 (Best Practice)
Determination (R2)
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Advantages and disadvantages of the 4 different offshore wind
measurement data sources

AEARREE B R EIRIFRYE S ELERES

Public wind
maps & virtual
model data

Public
measurements

Fixed LiDAR on
near offshore
platform

Floating LiDAR

Onsite offshore
met mast

Advantages Disadvantages

v" Low cost and easy

v" Wide spatial coverage

v" Low cost and easy

v" Wide spatial coverage

v" Measure wind shear at
more points

v' Easy to deploy

v" Measure wind shear at
more points

v' Best accuracy

X

X

X

Limited accuracy

Low resolution

Inaccuracies when
extrapolating to heights

Reliance on models
Costly offshore platform
Flow distortion

Sensitive to metocean
phenomena

High cost
Flow distortion

12 DNV GL © 2016

DNV-GL



DNV GL examines uncertainty analysis from these data sources

DNV GL S FEHN A EEE DT

Data sources Description
1 Public wind maps & virtual weather model data
2 Public measurements
3 Public wind data from offshore mast and weather
stations (remote)
4 Fixed LiDAR on near offshore platform
5.A Stage-2 Floating LIDAR @ centre of site
5.B Tall Offshore Met Mast @ centre of site
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...which gives us these uncertainty values in wind assessment

.. 13RI A BERHA S R B AR EEE

Data Sources 1 2 3 4 5.A 5.B
Typical Wind Speed Uncertainties [%] [%] [%] [%] [%] [%]
Anemometer Accuracy 10.0 4.0 2.0 - - 2.0
LiDAR Accuracy - - - 2.5 4.0 -

Flow Distortion - 4.0 2.0 1.0 - 1.0
Period Representing Long-Term 1.9 1.9 1.9 1.9 1.9 1.9
Wind Flow Modelling — Vertical - 4.0 - - - -

Wind Flow Modelling — Horizontal 1.0 4.0 5.0 4.0 1.0 1.0
Correlation to Reference - - 2.0 2.5 2.5 2.5
Correlation to Reference (Weighted) - - 1.2 2.3 2.3 2.3
Consistency of Reference Source - - 0.9 0.9 0.9 0.9

Note: More than 12 months of wind measurement
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...resulting in these effects on P90/P50 Confidence Level

¥ P90/ P50 E{S/KFERYE &

Data Sources Scenario
T —
1t04andSA  SA L
1+2+3+4 4

|

74% 76% 78% 80% 82% 84% 86% 88% 90%

P90/P50 Confidence Level / [%]

Note: More than 12 months of wind measurement
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Higher confidence level and less uncertainty gives banks more
confidence to loan

BB PAIE SRRt R TR R

= Wind project financial transactions need robust uncertainty analyses to allow
appropriate modelling of risk

R EIR HNERIR ST EREIMEEED T | LS ERIE RV

= Better data & analysis = less uncertainty = more reliable predictions = less risk

BIFREURA DT = BORIAERENE = EUENFEAER = ERE/N

' - Normal
| distribution

0.1
. P90 =41.8
GWhyr

0.06 |

.0;08__ B

0.04 -

.0;02._ e T N

50
. Energy (GWhlyr)
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As more offshore sites in Taiwan are planned for wind farms,
floating LiDAR should be considered in Taiwan because...

fEE S E2AEZIREFERIGE , FIANERESERZETEES.-.

= Cost-effective - provides on-site data for much
lower costs since offshore platform is unnecessary

FiAEam - LMERARHIRIGER  RAAFREsS LTFa

= High P90/P50 confidence level - when used
with other sources of data, a thoroughly planned
on-site floating LiDAR

= P90/ P50 BISILIKTFE — EREMEURIR—RERR , —E
TR RIGZEITOCE

— Which gives banks more confidence to loan (as
discussed earlier)

E4IRITESIEOEER (WRIFTE )

*If floating LIDAR measurement campaign is
performed correctly for at least 12 months

* ERIB BT E RIS EEIBELS 12 (EFE TIERE
Image source: ECOFYS

17 DNV GL © 2016 DNV-GL



DNV GL understands floating LiDAR
DNV GL IBfZZE=56E

= DNV GL has independently validated floating LiDARs
DNV GL BAFETUHEETIEE 58S

Firm Floating LIiDAR Validation Location
AXYS FLiDAR FINO1, NAREC and West
of Duddon Sands
Fugro SEAWATCH Wind Ijmuiden Met Mast,
OCEANOR LiDAR Buoy Holland
Babcock  FORECAST Floating Gwynt y Mor, UK
ZephlR LiDAR
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What’'s next?

F—SRETE?
Baseline JE#R Pre-commercial faR5¥ Commercial &
Stage 1 £—f&E Stage 2 SEZRSER Stage 3 E=RER

= LiDAR used in the floating
LiDAR should be ‘proven
technology’ in onshore
wind industry

EFECGEPERIDTESR
TEfE FRIEBITSRAY AT

A few key points from OWA roadmap
on the 3 stages

OWARE f [B] rY 318 B B o RO 2 (E BT 32 24

Validation onshore
against high-quality
conventional
anemometry

Ei= LR EEEREERT
EITRRE

Validation offshore
against offshore met
masts

g LR FERRITTIE
1ThRRE

Good operational
experience and accuracy
achieved across a number of
pre-commercial
deployments.

RUFAIE(EEERFN LR TS e
(ENETEE SN

Accumulation of enough
evidence to relax the
elevated uncertainty
assumptions
EREREIBLANE
BB

A\

HEEME

by
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In conclusion

RBm=

= Challenges are being addressed, and more data
is becoming available leads to growing confidence
in the use of floating LiDAR
FEERIETERRER | IEEE SN FESURTHIE | NAEERZ
ETCEEZEUNAENE R

= In the near future, we will likely see fully
commercialised floating LiDAR

EARZRYIGER |, I EIREER IR EMRANFEITUCE

= DNV GL has the experience to support our clients to
develop appropriate wind measurement campaigns
to maximise project value
DNV GL #5 2 EREERAR S PR E BB EaalE
me) , LIRKIRERSIEEEE
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Thank You

Look for us at the UK Pavilion, stand 320

Gareth Parker CEng
gareth.parker@dnvgl.com

www.dnvgl.com

SAFER, SMARTER, GREENER
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