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Introduction

• Goal of Work Package 2: Determination of wind energy potential of Iceland

- Task 2.1 – Icelandic Wind Atlas: Assessment of wind energy potential for the entire island, 
based on WRF mesoscale model simulations with 3 km grid-point spacing

- Task 2.2 – Priority Test Sites: Based on assessment for entire island, identification of 14 
smaller regions (~ 20 km x 20 km) for more detailed analyses of wind energy potential; 
WAsP resource grids with 100 m grid-point spacing 

• Results of large-scale assessment made available through online wind atlas

• Results for priority test sites published in open access journal article:

- Nawri et al., 2014: The wind energy potential of Iceland, Renewable Energy, 69, 290-299

2



Data Reliability

• Neither station data nor WRF model data are 
absolutely reliable

• Weather stations: anemometers at 7.2 - 11.6 
mAGL; heavily influenced by local terrain 
features and obstacles; uncertainties about 
projecting to higher altitudes

• WRF model: limited spatial resolution, poor 
representation of orography; problems with 
terrain type, surface roughness; approximations 
through turbulence parameterisations near the 
ground
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RNL/DTU Wind Atlas Method
• Designed to remove effects of local terrain features and obstacles from 

measured wind data, or model orography and surface type from simulated 
winds; reverse (or “upward”) modelling

• Direct (or “downward”) modelling to either standard surface roughness 
classes and height levels above ground (wind atlas files), or to specific 
conditions at other locations within the same domain (resource grids)

• Parameterisation of boundary-layer wind conditions:

- Logarithmic vertical wind shear, with small heat flux modification

- Geostrophic drag law: pressure gradients vs. frictional forces

- Response to surface roughness changes

- Sheltering for objects with sizes comparable to sensor height, and distances 
comparable to object size

- Orographic effects, assuming potential flow, with viscous modification in shallow 
surface layer

Troen and Petersen (1989): European Wind Atlas, Risø National Laboratory
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Wind Speed Distribution

• Occurrence of wind speeds, s, is typically 
approximated well by a Weibull distribution, 
characterised by two parameters:

- Scale parameter: A (> 0, units of speed);                   
~ measure of wind intensity

- Shape parameter: k (> 1, nondim.);                           
~ measure of wind speed variance

• For each standard surface roughness class, 
height level, and wind direction sector, 
parameters are derived by requiring average 
power density and the probability of above 
average wind speeds to be equal to the values 
derived from the measured or modelled wind 
speed distribution

wikipedia.org
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Wind Atlas Files (.lib files)
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Wind Atlas Analysis and Application Program (WAsP)

WAsP (for PCs only) 
can be obtained from 

http://wasp.dk
No license required for 
analysing wind atlas files
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Online Wind Atlas - en.vindatlas.vedur.is
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Online Wind Atlas
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Online Wind Atlas
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Online Wind Atlas
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Wind Atlas Report

12



Wind Atlas Report
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Priority Test Sites for Wind Farms

• Criteria:

- Annual wind power density

- Locally flat and solid terrain

- Outside residential areas

- Limited tall vegetation

- Away from avalanche paths

- Year-round road access 

- Grid access, power lines

- Aviation

- Nature conservation

- Tourism
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Hellisheiði

ThinkGeoEnergy - http://www.flickr.com/photos/thinkgeoenergy/4473297657/
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Hellisheiði – Speed and Power Density (55 mAGL)
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Hellisheiði – Average Available Power (55 mAGL)
Based on Enercon E44 (900 kW) wind turbine
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Hellisheiði – Seasonal Differences (55 mAGL)
Based on Enercon E44 (900 kW) wind turbine

• Average wind speeds on plateau:

- Winter: 10 - 12 m s-1

- Summer: 7 - 9 m s-1

- Winter / summer ratio: ~ 1.375

• Average available wind power on plateau:

- Winter: 450 - 550 kW 

- Summer: 250 - 350 kW 

- Winter / summer ratio: ~ 1.667

• Relative wintertime increase in available 
power is ~ 120% of increase in wind speed; 
combined effect of higher cubed wind 
speeds, and higher air density; limited 
increase due to turbine inefficiencies
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Hellisheiði – Average Available Power (67 mAGL)
Based on Vestas V80 (2 MW) wind turbine

Increase in blade length by factor of 1.8, plus small increase in hub height, leads to increase in 
available power by factor of ~ 2.4, rather than factor of 1.82 = 3.2, as for energy flux through 

area swiped by rotor blades
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Summary and Outlook
• Overall, wind energy potential of Iceland is highly competitive with other Western European 

countries; annual wind conditions are not a limiting factor for wind energy production

• At 50 – 70 mAGL, the annually average available power (theoretical potential) is approximately half 
the maximum output of typical small wind turbines (Enercon E44 ~ 400 - 500 kW;  Vestas V80 ~ 
1000 - 1200 kW)

• Seasonal cycle: winter wind speeds higher than in summer, leading to increased available power by 
about a factor of 1.7 for Enercon E44; well-timed with reduced streamflow and increased residential 
electricity demands

• Two Enercon E44 (55 m hub height), located in valley at 250 mASL in southern Iceland, operational 
since 14 Feb 2013, have experienced no downtime due to icing; on summits and ridges, extreme 
winds and icing might be a problem

• Ongoing and future Work:

- Extension of wind energy potential assessment to offshore region around Iceland (ongoing; next presentation)

- Detailed regional wind analyses using WAsP for different customers (ongoing)

- Analyse actual production data from two Enercon turbines, in comparison with WAsP estimates
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Journal Article (ScienceDirect, open access)
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