Multi-Dimensional data format
enabling rapid assessment of
wind resources anywhere

In the world

EERA DeepWind 2023
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Our Goal:
Wind AXIOM

Data and insights for every stage across the entire 5 =
wind development project at your fingertips AP ViEw
whenever you need it.

TGS o Wind AXIOM EERA DEEPWIND

o
I Wind Models
Complete Convenient O US East Coast Calbrated
) ) QO US East Coast Uncalibrated
We aggregate data from Managing huge datasets is
multiple sources, refine it, complicated and expensive; O scotwind
make it comparable, and add Wind AXIOM takes this O i
high-quality insights burden; providing easy,
secure and cost-effective @ ERAS (Wind)
access.
Select Height @)
10m * 205m
‘ Select Time Period @)
Cweepmses )
r r (2ow] (72 (v (o) (R (o)
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Fast Connected

(O US North West Coast
Using multi-dimensional Export time series and wind ) Caformia oty
cloud optimised data resource grids (.wrg) from T —
principles we ensure data open source or TGS wind
access Wind Axiom is models. Connect to flexible O ro
lightning fast. It's also in and performant APIs. Share
once place- reducing insights with colleagues. 7 CRERER R
practical lead times between [J TGS Wind Model Coverage

guestions and answers. ' '
Lidar Measurement Sources

See the energy at

TGS.com 3.




Our
Experience

Management, Manipulation and processing of TB
size seismic volumes and subsurface data
volumes in cloud environments.

Traditional standards Cloud Processing
Seismic data format Seismic data processing
standards based on decades performed off prem requires
old seg-y / seg-d formats efficient data storage

-

Analytics workflows Web Visualisation
Modern analytical and Visualisation tasks previously
machine learning processes only available with offline

can operate faster and more software now possible in
reliably with optimised data browser

See the energy at

TGS.com




Our Solution:
MDI-O

MDIO is a library to work with large
multidimensional energy datasets.

Cloud-native, Fast random access,
chunked and de-coupled metadata
compressed

Reduced data sizes

Significant reduction in cloud

storage and processing costs Easy to add other compression

schemes

Easier to process spatially

adjacent information Optimization ready for web

visualization or scientific
' computing .

B

Optimized for Seismic/ Wind
distributed Resources ready
computing and ML

Optimised for
Support for massively parallel multidimensional data
Compute through open source |nC|Ud|ng W.lnd Model / NWP
software ecosystem data, seismic data and more

Ideal for patch extraction for

deep learning '

See the energy at

TGS.com




MDI-O In practice-
Wind AXIOM

Make requests to TB data volumes instantly.

TGS o Wind AXIOM EERA DEEPWIND

Q california Morro Bay Calibrated

[T] TGS Wind Model Coverage

Lidar Measurement Sources

[T} TGS Lidar Buoys

[T] Open Source Lidar Buoys

Work with very large Plot Charts &

datasets in-browser Diagnostics o Tt
4C Offshore Vidor
Connect 10+tb data volumes Plot Weibull wind frequency [ 4C Global Lider
into web applications distribution.. I — . A
o ...and use to present top level ~ ;
Recall statistics, maps and AEP summary SR e 0 ‘
visuals InStantly' Offshore Turbines ’
Contextual Information 5\L° g i " =R
Open Source MetOcean Buoys ‘ \ "“
[ onst Transmissior '
0 et Kaltegat‘ e
| - o - -
Retrieve statistics Browse timeseries 3 Envionmentaland Fishing s “ |
[T] Critical Habitat STk ( \g _—
a
Summarise top level data Browse data in-app O Coral Reef
instantly _ _ Bt Bt f 9. crmey
Export Timeseries and .wrg s Orggnt
Export pdf reports /tables dynamically [ Fishing 3
Z
[T] Marine Protected Areas »

Special Protection / Conservation
Areas

[T] Marine Space Restrictions i ;
' 2020 TGS | Wind AXIOM | Trademark | Privacy Policy | Term > Contact Us
‘ ’.‘
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Integration with
Observations in UN

Our objective-to enhance wind models with
offshore observations, including Utsira Nord

Utsira Nord Floating
Lidar Buoy

Deployment April ‘23

Floating Flidar system incl
Metocean sensor suite

Developers access data earli

Uncertainty
Reduction

er

First offshore measurement in

Utsira Nord brings significant

reduction in uncertainty of wind

resource estimates.

TGS.com

=)

Adding Value with
Observations

Bias Correction

Obs. vs Long term mean
comparison

Comparison with multiple TGS UN
models/heights l Floa“ng L|dar

Available for Industry

Available to license to
industry on multi-client basis
for developers,
consultancies, insurance

H
° augesund

Utsira Is.

@ Marine
Energy Test
Centre

Stavanger P
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Developing baseline data
for project lifespans

A high quality regional wind resource data model
with unrivalled observational control and cloud

flexibility

Regionally consistent
guality

Same consistent dataset

Covering multiple license
rounds

Regular updates and bias
correction

Includes Metocean
Parameters

Metocean and environmental
parameters also extremely
valuable

Integrated with 30 public
Metocean observations

=)

See the energy at

TGS.com

New and growing
observational control

Bias correction with 5 TGS
Floating Lidar

Inclusion of existing public
observations

More observational control! l

Easy and export and
integration

Designed with technical
workflows in mind!

Convenient exports to .wrg,
timeseries and connections

to feature APIs available.

TGS o Wind AXIOM EERA DEEPWIND

> o T
TGS E10 up to Wednesday January 11, 2023
FLS200

O US East Coast Uncalibrated

(O ERAS5 (Wind) Albany,

[} TGS Wind Model Coverage Measurement Device Reporting Date

Acquisition period from 2022/06/30 - 2023/01/11
Start Date End Date
[ 2022-06-30 [] ] [ 2023-01-11 [ ]

Lidar Measurement Sources

TGS Lidar Buoys

Select Height o
Open Source Lidar Buoys

E— — o
12m 300m
TGS Future Lidar Buoys B
METEOROLOGICAL CONDITIONS SUMMARY ~
4C Offshore
Offsh L 24 hrs' Air Temp (Min/Max) 5.4/6.9°C
shore Leases
24 hrs' Avg Sea Surface Temp 9.7°C
Offshore Cables 24 hrs' Precipitation Total 0.050 mm
|:| Offshare Turbines \’ 24 hrs' Atmos. Pressure (Min/Max) 1018.3 / 1023.8 hPa
Jton, D:CY { : & L
g L
[C] 4cC Global Lidar k B ) ' WAVE CONDITIONS SUMMARY v
‘ { 2, 8 s
g 15+
§ WIND ASSESSMENT SUMMARY ~
Contextual Information o
2 4 ,
Long Term M
[T Open Source MetOcean Buoys ﬁ H SRR
A 3 e
fend ; O l I | 24 hrs' Wind Speed 6.74m/s
e Transm £
O i 24 hrs' Wind Direction 118.61°
#
D Batl etry |sobat Nl - 1 Long-term Mean Wind Speed 9.01m/s
1
. o (] \" Days per Year Below 4m/s w 4(1.1%)
[7] Environmental and Fishing F |
i Days per Year Above 12m/s » 21 (5.8%)
[ Critical Habitat -
¥ VISUALIZATIONS ~
[C] Coral Reef
8 Wind Rose
(] Environment Zone 2022/06/30 - 2023/01/11] 160 m
. N -
[] Fishing NNW L NNE
NW_" NE
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W ENE
A Special Protection / Conservation ©2020 T6S | Wind AXIOM | Trademark | Prive y | Terms & Conditions | Sources | % Contact Us
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MDI-O In practice

Call our documented Feature APIs using your own
methodologies or applications

Call our Feature APIs
directly

Call performant versions of
popular datasets (ERA5,
NEWA) or our own proprietary
baseline data

Reduce requirements for cloud

storage & management l

»

Your existing internal
apps are compatible

Your existing cloud
applications are compatible

Feature API’s designed with
easy deployment of common
statistics

GIS services also available '

See the energy at

TGS.com

Combine with
existing py workflows

Your python/ data science
workflows considered! Call
and include answers from our
APIs in your existing
workbooks or models.

Combine with your AEP calcs. .

Ready for
collaboration

TGS are a collaborative team
and looking for new ways to
use these services with
industry!

Workspaces v API Network v Explore
Jorkspace New  Import
BN

v Wind AXIOM API - Client Usage
GET Get Client Credentials Access ...
GET Get Entitlements
GET Get Models
ERAS - Wind Speed History
ERAS - Power Output
ERAS - Wind Speed Distributi...

ERAS - Wind Speed Distributi...

e [3 Console

POST

Params

raw v

Nobh WN

Body v

Pretty

hWN

Q Search Postman PR < A @ Upgrade
[=] Globa ERA ERA ER ® > 4 e No Environment v
Wind AXIOM API - Client Usa... /| ERAS - Wind Speed Hist... [E) Save ~ oo Z BB
v https://iwa.api.tgs.ai/charts/model/windSpeedHistory
Auth Headers (8) Body e Pre-req. Tests Settings Cookies
JSON v Beautify
"projectId": 6847,
"height": 107,
"geoJsonObject": {
"type": "Point",
"coordinates": [
5821,
@R 400 Bad Request 316ms 669B Save Response v
Raw Preview Visualize JSON v = O Q
"code": 400,
"message": "No record for project_id:6848 in the project table"
@ Cookies (@ Auto-selectagent [ Runner [ Trash [

TGS )



Conclusion

. . . ) TGS)o  Wind AXIOM EERA DEEPWIND
Our objective- to enhance wind models with :
; . . - o 5
offshore observations, including Utsira Nord AP ViEw
o
Wind Models
MDIO teChnOIOgy WOfldWlde Data (O Us East Coast Calibrated
En ab I er aval Iabl I Ity QO US East Coast Uncalibrated
Smart decisions underpinning Stacking multiple model Copetig
the data open wider resources together provides 0 i
possibilities for our greater spatial coverage and
applications and many use ability to compare model @ ERAS (Wind)
cases for 3" party apps and expectations in the same
workflows location. P R
‘ ‘ e
[ omumewee: ]
» r EEsSas
Reduce mundane Multi-Client
- S Nor! est Coas’
tasks Observations Qi
QO california Morro Bay
Searching, formatting, copying Multi-Client observations O caisiina
and updating data is time increase confidence in data
consuming- spend your time earlier and for more users. O ro
where you add most value! Collections of multiple o ,
. Q Ccalifornia Morro Bay Calibrated
observations are yet more
powerfuL [C] TGS Wind Model Coverage

' ' Lidar Measurement Sources
See the energy at

TGS.com -10-




Further information

Read more about MDI-O. https://mdio.dev/

Looking to Collaborate? Please get in contact!!

‘\ .Haugesund
Browse available APIs available from TGS: ‘\

https://swaggerhub.tgs.com/apis/TGS/iwa-data-

api/2.0.0 \ \ _
2 . Utsira Is.
g ) \

Understand more about multi-client lidar in \/
. \
johannes.holdo@tgs.com Floating Lidar \ @ Marine

o s Energy Test
phillip.hargreaves @tgs.com Lo Centre
Request a free Wind AXIOM Trial
https://www.tgs.com/wind Stavanger.

Or come and see it
for yourself today!

See the energy at

TGS.com L TG‘S )
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