
GEO-NET Umweltconsulting GmbH 

 
Beyond the Low Hanging Fruits –  

wind assessment in complex terrain 



+ GEO-NET is a consultant in the field of wind 
energy and environmental meteorology since 
1995. 

 
+ GEO-NET is an interdisciplinary team of about 40 

experts from the fields of meteorology, 
geography, environmental planning and 
engineering 

 
+ GEO-NET’s core competence is wind field 

simulation using an advanced CFD-Model 
 
+ GEO-NET is working worldwide, with offices in 

Germany, Brazil, the Ukraine, Vietnam, and 
South Africa 
 

WHO IS GEO-NET? 



+ Micrositing 

+ Turbulence / Noise / Shadow calculation 

+ Bankable wind and energy yield report 

+ Operational wind farm analysis 

+ Technical Due Diligence 

 

SERVICES 
+ Wind Potential Studies / Wind Atlas 

+ Identification of suitable sites 

+ Measurement concept (mast, LiDAR) 

+ Performing and analyzing measurements 

+ Bankable measurement reports 



USP 
+ Advanced CFD-model FITNAH-3D 

+ vast experience as user AND developer: more than 3000 projects since 1995 

+ accreditation according to IEC 61400-12-1, MEASNET, and TG6 

EXPERIENCE 



+ International accredited according to DIN EN 
ISO/IEC 17025:2005 DAkkS/ilac-MRA 

+ International accredited according to MEASNET 
+ Quality management according to DIN EN ISO 

9001:2015 TÜV NORD  

CERTIFICATION 

MEMBERSHIPS 
+ German Wind Energy Association (BWE) 
+ MEASNET expert group “Site Assessment” 
+ Federation of German Windpower and other 

Renewable Energies (FGW) 
+ German Meteorological Society (DMG) 



In General: more projects in low wind or complex 
sites world wide. 
 
GEO-NET experience in South Africa: we receive 
more requests for energy yield assessment in 
complex terrain 
 
Rounds 1&2 saw mostly projects in the coastal 
regions, and close to bigger cities, while Rounds 3&4 
saw projects further inland - is there a trend towards 
the not-so-low-hanging fruits?  

 

The not-so-low hanging fruits 



- GEO-NET experience: Several wind measurement campaigns and energy 
yield assessments in South Africa in complex terrain 
 

Possible reasons: 
- Low hanging fruits are simply not available anymore? 
- Wind power projects close to offtakers, factories, mines, etc., for direct 

PPAs fort example 
- Other focus, like employment  
- New technology suitable for low wind sites 
- So maybe the not-so-low-hanging fruits are getting more promissing? 

 
 
 
 

 

Reasons 



Several things might be possible:  

- Less infrastructure? 

- Higher distances? 

- And often: Complex Terrain 

 

So what is waiting beyond 
the low hanging fruits? 



Complex terrain 

Flat terrain:  
- easy to assess. Windmeasurement usable in 10 km radius 

 
Complex terrain:  
- complex air flow, increased turbulence 
- Obstacles: additional turbulence 
- Windmeasurement usable in just 2 km radius 
- Attention when siting a met mast: measurement site needs to be 

representative for the whole wind farm 
- Even more with LiDAR: certain error due to complex terrain. Using a CFD-

Modell for siting the LiDAR can reduce this error 
- Exact documenation of the terrain and the measurement campaign is 

mandatory! International accreditation according to MEASNET and TG6! 



• Not necessarily less wind, good chances to look for even 
more wind. BUT: 

• Good and bad wind sites are often very close together!  
• Usually higher development costs 
• You need to take a close look at the wind potential and 

work super accurate. 

 

What are the challenges in 
complex terrain? 



1. Acknowledge the limitations of simple models  

2. Use High quality CFD-Modelling 

3. Accurate and carefull siting is imperative! 

4. Complete and accurate documentation of site, 

measurement, and calculations 

Best practice for site 
assessement in complex terrain 
How to assess the wind potential in complex terrain? 



The data set is limited by the operational envelopes of the wind atlas 
methodology and the WAsP models. The accuracy depends on a) the 
accuracy of the VNWA, which has been validated against the data 
from 15 WASA measurement masts, b) the WAsP 12 microscale 
modelling and c) the input topographical data.  
 
- In complex terrain (RIX > 5%), the wind resources may be 

significantly over-estimated by the WAsP microscale modelling.  
- Above and close to built-up areas like cities, towns and villages, 

the results are less reliable.  
- Close to and above forested areas, the results are also less 

reliable and should be interpreted and used accordingly.  

Limitations of WAsP and 
WASA in complex terrain 

wasaproject.info/temp/WASA_High_Resolution_Wind_Resource_Map_South_Africa_Dec_2018_f.pdf 



FITNAH 3D-MODEL 



FITNAH-3D 
FITNAH: Flow over Irregular Terrain with Natural and Anthropogenic 
Heat sources (GROSS, G.; 1991) utilized for the calculation of wind 
fields and climatic parameters.  

FITNAH-3D  
- is an advanced CFD model 

(Computational Fluid Dynamics) 
- solves the three Navier Stoke 

equation: conservation of 
- mass 
- momentum 
- energy 

- explicitly models obstacles (forests, 
Buildings,…) 

- has proven to be very accurate even 
in complex terrain 



Reanalysis data 

Land use (3D) 

Orography (3D) 

Wind field 

FITNAH-3D 



+ FITNAH-3D is an advanced CFD-Modell 

+ GEO-NET is developer and user 

+ Detailed consideration of forests, cities, and other 
obstacles 

+ Regional climatic phenomena can be simulated 

+ Very accurate even in complex terrain 

+ Detailed consideration of the coriolis force 

 

Advantages of FITNAH-3D 



• Wind measurement in flat terrain: 10 km radius for assessment 

• Wind measurement in complex terrain: 2 km 

• Attention when siting a met Mast: measurement site needs to 

be representative for the whole wind farm 

• Even more with LiDAR: certain error due to complex terrain. 

Using a CFD-Modell for siting the LiDAR can reduce this error 
 

Siting 



Exact documenation of the terrain, the measurement 
campaign and the energy yield is mandatory! International 
accreditation according to the relevant international 
standards  safeguards accuracy and bankability! 
 
+ International accreditation according to DIN EN ISO/IEC 

17025:2005 DAkkS/ilac-MRA 
+ International accreditation according to MEASNET 
+ Quality management according to DIN EN ISO 

9001:2015   

Documentation 



1. Project development in complex terrain is possible, just take 
a very close look at the wind potential and work very 
accurate  
 

2. Make sure to comply with the relevant international 
standards 
 

3. It is worth looking beyond the low hanging fruits – you 
might find even jewels there 

Conclusion: 



THANK YOU VERY MUCH 
FOR YOUR ATTENTION! 

Any questions? 
Johannes Lange 
lange@geo-net.de 
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