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Windsim

WindSim has a global reach with worldwide offices and resellers

. WindSim serves more than 250 customers in 50
countries

. WindSim has offices in Norway, USA, China, Brazil,
South Africa, India and France

. Resellers partners in: Argentina, Brazil, Canada,
China, Costa Rica, Finland, Greece, ltaly, Kenya,
Korea, Mexico, Portugal, Serbia, Spain, Turkey and
USA
® Offices
¢ Resellers
e —— 7]
» Company established in 1993, privately held i
* WindSim - World class software launched in 2003 ]
* Business areas ;
» Software solutions, consulting services and training
» Wind energy assessment and wind farm simulations ] ] ]
- Wind farm lifecycle WindSim HQ in Tgnsberg,
- Onshore and offshore Norway

» Other wind assessment
» Power line and grid optimization
* PV industry
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Windsim
WindSim is a leading wind CFD modelling software with customers all
around the world
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wind
Unigue position in China with more than
90 companies using WindSim software

- - - - - - - N
Number of users WindSim User Distribution in China A
I 0 Jilin Provincial Climate Center
[ ] 4 Northeast China Grid Company
L | Shanyang University of Tachnology
B 2 North China Electric Power Unl:nordty Datang Heilongjiang New Energy Development Co., Ltd
UPC Renewables Group

-5 Beijing Normal University 4 t Lt

Huaneng Clean Energy Research Institute: hnologs
I 6 - 20 N

China General Certification Center China Power Construction Engineering Consulting

Beijing RETEC New Energy Technology Co. Ltd. Corporation of China Power Engineering Consulting Group

Hebei Electric Power Design & Research Institute n United Power Technology Co., Ltd

North China Power Engineering CO.,LTD of

Inner Mongolia Electric Power Survey and Design Institute
A Regi China Power Engineering Consulting Group

Climate Center of Inner Mongoli

g
Beljing GrandTrend International Economic

and Technical Consulting Co.,Ltd

Beijing Juhe Electrical Engineering Design Limited Co., Ltd

Ningxia Electric Power Design Institute
Shanxi Provincial Meteorological Center-

soldwind Science & Technology Co., Ltd

China Fulin. Windpower Engineering Co., Ltd
Xinjiang Clean Energy Technology Institute

China Electric Power Research Institute (CEPRI)
China logical Admini: i

Datang Renewdble Energy Co., Ltd

WP CO.. Ltd
Y Group (
China Wind Power Center
CGN Wind Power Co., Ltd
Shandong University

td

D

Gansu Water Conservancy and Hydropower,
Survey Design Institute

Provinci ical Center

lanjing Zhongren Energy Scence & Technology Co. Ltd

Northwest Survey and Design Institute of Chin,
( Hydro Power Consuliting Group)

Envision Wind Energy (Jiangyin) ¢ Lt
HuaDong Survey and Design Institute of China.

Northwest Electric Power Design Institute of CPECC ( two suite ) ‘( Hydro Power Consulting Group).

le Energy Technology Co., Ltd

Chengdu Hydroelectric | igation & Design i of SPC

uhan United-Power Desig

Sichuan Electric Power Design & Consulting Co., Ltd. " ; 3 X
Fujian Electric Power Survey & Desig

CSIC (Chongaing) Haizhuang docier £ ‘ ; % Fujian YongFu Project Consultant Co., _—
R z < o Fujian Provincial Investigation,Design &I| !
HydroChina Kunming Engineering Corporation Institute of Water Conservancy & Hydro
Yunnan Electric Power Design Institute (EMC Windpower CO.LTD \
Ming Yang, Guangdong, China Electric Group ( XEMC New Energy Co.LTD
China Resources Wind Power Development Co Ltd (Hua Run) \ Changsha University of Science & Technology !
Guangdong Electric Power Design Institute
CLP Asia Energy Projects Ltd ’
0 : 3,000 China Pc’vl River Water Resource Planning
[ - T maasssm—— ilometers ) Designing and Surveying Co., Ltd | =5
Drawer: Yang You Time: 02/01/2016

Updated Jan 2016
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WindSim User Meeting Objectives

wind

- Wind industry moving forward — Discuss needs and challenges
- Updates from WindSim on software development activity
- Share user experiences, learn from each other, networking

- Have fun ©
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Recent development
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wiAnd

Content

» Most important features in WindSim 9.0
* New features in WindSim 10.0

» Ongoing research projects
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Content

* New features in WindSim 10.0

» Ongoing research projects
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New features WindSim 9.0

* Rotor equivalent wind speed

* Export to Google Earth

 Faster energy module calculation
* Reduced files in binary format

* TI map for 15m/s bin in wind resource module

» Spot value plots with logarithmic scale
« Select spot value height
» Easy access to folders

* Integration towards Windplanner

wind
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Site compliance file

* All information necessary for a site compliance study in one file

Terrsin | [ Wind Fielas « | [ objects & | [ Results | [ Wind Resources «]m
Description Report Back Forward
FOTTTTEITITeT 53
A
IEC classification  cli logy name: Hundh - 83m
name Vref Vave Iref s Iref Ti 90th perc. WTGS class

(m/s) (m/s) () () ) 0
wecs1 3419 8.21 0.061 0.058 0.136 S
wecs2 3539 8.16 0.058 0.056 0.130 S
wecs3 31.36 751 0.057 0.055 0.127 S
wecsd 33.39 7.92 0.056 0.052 0.122 S
wecs5 36.67 8.14 0.060 0.054 0.130 S
wecs6 36.77 8.26 0.061 0.054 0.130 S
wecs7 36.43 8.34 0.060 0.052 0.126 S
wecs8 36.37 8.59 0.056 0.048 0.117 S
wecs9 36.85 8.66 0.054 0.047 0.114 S
wecs10 36.90 8.36 0.053 0.045 0.111 S
wecs11 3744 8.46 0.053 0.045 0.111 S
wecs12 36.12 8.31 0.052 0.045 0.110 S
wecs13 35.60 8.44 0.049 0.043 0.104 S
wecs14 3495 8.32 0.050 0.046 0.108 S
wecs15 3233 8.10 0.059 0.052 0.125 S
wecs16 3425 8.16 0.054 0.049 0.117 S
wecs17 34.23 7.80 0.051 0.048 0.112 S

L Hundhammer_83m

energy_|EC_classification.log

IEC classification parameters (IEC 61400-1 3rd edition) computed with climatology

Export of IEC Site Compliance file in ASCll format (tab separated values)

Hundh

SiteCompliance_clim_t ~_73m.txt
SiteCompliance_clim_Hundhammer_83m.txt

Export to Excel, turbulence plots for IEC Compliance

WindSim_IEC_Turbulence.xIsm

WiANdsim

WIiANO:

Results are updated
Sart 13
Properties
Roughness Read from grid gws ~
Number of sub-sectors 30
> Influence range 1,50
Multiple wakes model Based on sum of squares
Heights of reference production 120
Activate REWS calculation False
v 2:Export
Export power history False
Export rotor profiles False
Export turbine assessment False
Export vertical profiles False
v 3:1EC Classification
IEC classification True
15 m/s bin width 1
Gust factor 1
Woehler coefficient 8
leff filter 15
Wind speeds range leff According to |EC standards
WAT export False
Excel export True
2 Vestas-\V90-
Site compliance export True

Air density comection
\What sort of air density correction should be done?

Processing output

WindSim 13th User Meeting, Hamburg 24 September 2018
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Excel Tools

Flow Model Verifier

Stand-alone tool to compare vertical profiles of several CFD simulations with
measurements

Automatic C2 value determination

Global data base to find Leaf Area Index in your region and calculation of a suitable C2
value depending on forest height and forest type

IEC plots

Compare simulated turbulence intensity to the IEC class values

WindSim 13th User Meeting, Hamburg 24 September 2018 11




wind

WindSim Express

* GLC30 land use data set included (30 m resolution)

* http://www.qgloballandcover.com/GLC30Download/index.aspx

« 10 different land use types
- Editable roughness table
» Usage of map files easier as you do not need to give a coordinate system

 Write out ows file in the beginning => WindSim Express as quick creation tool for tws
and ows files

WindSim 13th User Meeting, Hamburg 24 September 2018 12



http://www.globallandcover.com/GLC30Download/index.aspx

Content

» Most important features in WindSim 9.0

» Ongoing research projects

wiAnd
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New features WindSim 10.0

* WRB file (export to OpenWind)

» Weighting of wind resource map by distance and trust
» Speed-up energy module

* New 3D component for visualization

« Atmospheric stability classification from measurements
* New actuator disc model

* Hypre solver

 Larger models

wind
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Content

» Most important features in WindSim 9.0

* New features in WindSim 10.0

wiAnd
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wind

Ongoing research projects

» The most important topic of the recent years was forest, forest or forest
» Having more precise forest data sets for tree height and leaf area index together
with a good forest parametrization in our CFD code, we can conclude from validation
studies that the forest modeling is doing very well and there is not so much more we
can improve for the moment
=> We can finally look at other interesting topics:

Atmospheric stability

Meso-microscale coupling

Blockage effect

WindSim 13th User Meeting, Hamburg 24 September 2018 16




wind

Atmospheric Stability

« Atmospheric Stability is implemented into WindSim since almost 10 years
* A lot of other CFD codes have copied WindSim’s approach => cannot be that bad, or?

« Still not many people use atmospheric stability in CFD and the reasons are:

* the lack of qualitatively good measurements or modelled data to determine the
atmospheric stability parameter

» The lack of understanding of how to handle atmospheric stability, what
atmospheric stability means for the wind speed profile and for which sites
accounting for atmospheric stability can improve the CFD results

WindSim 13th User Meeting, Hamburg 24 September 2018
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Atmospheric Stability

« Therefore, WindSim thought it was a good idea to involve all necessary parties into a
collaboration: site assessment engineers, measurement device producers, mesoscale
modelers ad CFD code developers. The goal was to give:

=> collaboration between EON,
NRG Systems, Vortex, and WindSim

* We have come quite far and EON has an oral presentation at WindEurope
* But still there are some open questions

*The ultimate goal for WindSim is to have an automated stability classification from
measurements in the software and give advice how to set-up the simulations

WindSim 13th User Meeting, Hamburg 24 September 2018 18




wind
Meso-Microscale Coupling
» There are sites where knowing the atmospheric stability is not enough => The
atmospheric flow patterns are too complex
* Phd on Meso-Microscale Coupling done by Pablo Duran:

* Investigate meso-microscale coupling together with the Novia University of
Applied Sciences, Finland — finished this year and results will be shown today

* Investigating meso-microscale coupling together with EON on flat sites with
thermal flow patterns => ongoing and results will be shown today

*Investigating mesoscale coupling together with Mainstream Renewable Power on
complex sites in Chile => ongoing, but the best method for such a coupling still
has to be developed

WindSim 13th User Meeting, Hamburg 24 September 2018 19




Windsim

Ongoing research projects

* NowWind: Nowcasting for wind energy production - an integrated modelling approach
* Presentation of a poster here at WindEurope
* Innovation Norway funding for Dynamic Line Rating based on CFD

* nominated for the R&D 100 award in the USA

Heat Transfer Model

5 AT
PR(TC)+q,-q,-q, = pC, TF
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Blockage effect

 Turbines reduce the wind speed also upfront a turbine

* For large wind farms that effect can be quite important (source DNV GL):

T T T T T T T

T T T
[ wind Farm
x  Mast

R5

T

wiAnd
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Blockage effect

» To model this effect we have a good actuator disc model

* But we need to get a numerical grid which is more flexible to keep the number of cells

down => we need an unstructured grid and a faster solver

* We are looking for customers who want to be part of a joint industry project to get the
necessary funding and good validation data

WindSim 13th User Meeting, Hamburg 24 September 2018
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WindSim =E&8M =118

I ABETFEMITE

1 It EEEERRNFATERIVAGE

EXZFTRERIETR, B MNIERFERITAENETER, DiIRNARE
FAEIF (CFD) iTEMAEPKRIECITHEIUIE. HF (CFD) BEFREVITTS
ZJILX, MAEPFIIECRUTE, XTXAINNXIEHERZHIMBBEEERERN
g, MmEmm, EATTEIEALERER BN,

2 =¥ e R HEEMEYE SRRV AR

NF R LI ETRI B EEE R ERE TR NATFF, BEELUSEISE—
SEEFNAE. B FelKP SRS ERR, FrERERNETIYARGE
HSREY, REEXUIESIIENEIEEERRIER.

3 S EEERRARKRAMEIRT BRIV IRIGSE
FEEEAIRBERIEN, FA=FaEalLASCIE IR RIS SAIX EB7 4 RESERR
Bz, MTARKRIMENRZFHCEREESEENTE N,

WindSim 13th User Meeting, Hamburg 24 September 2018 24




wiAnd

WindSim =E&8M =118
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WindSim =E&EBERIE
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WindSim=E S/ ERiE
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Windsim

WindSim-Cloud E-Solver =& BERE
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WindSim =ESRERTE

Windsim
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WindSim =885
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WindSim AS
Fjordgaten 15

3125 Tensberg, Norway
Tel: +47 33 38 18 00

WindSim France

3 Rue du Fin

F-60410 Saint Vaast de Longmont, France
Tel: +33 683 26 08 27

WindSim Americas

2945 Townsgate Road Westlake Village
California 91361, USA

Tel: +1 805 216 0785

WindSim India

Suite # 617 Regus Milenia Business Park
Phase 2, Level - 6, Campus 4B, No - 1 43,
Dr.M.G.R Road Kandanchavady, Perungudi
Chennai 600 096, India

Tel: +91 98 4032 2786
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WindSim Brasil

Market Place Il, Av. Doutor Chucri Zaidan, 940
16° andar, Vila Gertrudes

Sé&o Paulo — SP 04583-110, Brasil

Tel: +55 11 5095 3430

WindSim Sub-Saharan Africa

16th Floor Norton Rose House Riebeeck Street
Cape Town, 8000, South Africa

Tel: +27 79 367 2593

WindSim China

No. 101 Shaoyang Beili
Chaoyang District
100029 Beijing, China
Tel: +86 186 1029 1570




