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 1. Introduction and Background
The power (P) in the wind is directly proportional to the cube of the wind velocity
(U3)
3[
2
P = ½U W/ m ] (watt per square meter),  = wind density
Applying above formula, a difference of e.g. 5% in wind speed (U) will result in a difference of 16%
power (P) in the wind or a twofold increase/decrease in the wind speed would result in an eight fold
increase/decrease of the power in the wind. The energy production of a wind turbine is depending on
this power in the wind (P) and the efficiency of the wind turbine (CP), which is specified for each
machine as a function of the wind speed at hub height of the wind turbine (distance from the ground
to the hub connecting the wind turbine blades to the main shaft) . It is therefore of the utmost
importance that the wind speed is determined accurately at or near hub height of any wind turbine.
The DME CaBEERE (Danish funded Capacity Building project in Energy Efficiency and Renewable
energy) project commissioned a study (Review of Wind Energy Resource Studies in South Africa,
DME, February 2003) to review wind energy resource studies and to assess the accuracy of the
estimated resource potential indicated by these studies.
The review study in 2003 concluded, amongst other:


“The accuracy of the prediction of wind energy resource at potential sites based on the present
wind atlases is very poor. The main reason is the location of the weather measuring masts
close to buildings and other obstacles. Therefore the present wind atlases should not be
used to predict the energy output at potential sites to be used in feasibility studies.”



“The accuracy of the resource estimates may be improved significantly by establishing a network
of high quality wind measurements including at least 30 m masts.”

The review team also noted that as part of the analysis carried out the study indicate that the wind
resources at potential sites are of magnitude comparable to the resources of several other locations
around the world, which have been exploited for large scale wind power projects. This coincides
with the findings of a study (Strategic Study of Wind Energy Deployment in Africa, ADB, March
2004) done for the African Development Bank which indicate South Africa, as one of 15 African
countries, with the best wind resource in Africa.
Meso- and microscale modelling
Mesoscale models, which were develop for numerical weather prediction have since 1990’s
increasingly been used, refined and validated in t h e calculation and development of
numerical (modelled) wind atlases (Europe, Egypt, Canada, US, China, India, etc). It has been shown
that by utilising appropriate meso- and micro scale models, it is possible to calculate and develop
w i n d atlases covering large geographical areas in much less time and cost as it extends the wind
atlas beyond physical wind monitoring. However, physical wind monitoring is still required to verify
the numerical wind atlas. The meso-scale model uses a variety of global, geophysical and
meteorological databases such as the reanalysis database which is a gridded historical weather data
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set produced by the US National Centres for Environmental Prediction (NCEP) and Atmospheric
Research (NCAR) to calculate regional wind atlases and presented in a numerical wind atlas.
Incorporating surface effects such as local topography, roughness, obstacles etc., called microscale
modelling (high resolution), enables the estimation of the local wind climates and the identification of
wind hot spot areas for wind farm planning, layout and wind resource assessment.
By integrating local wind climate data with that of electricity networks, spatial planning, environmental
and agricultural sensitive areas etc, enables decision makers, planners, utility, developers and
financiers to identify potential “wind development areas”.

Figure 1 WASA Phase 1 Project area: Western Cape and parts of Northern and Eastern Cape Provinces

 2. Project set up
The Wind Atlas for South Africa (WASA) Project started in 2009 as an initiative of the South African
Department of Energy with the S o u t h A f r i c a n N a t i o n a l E n e r g y Re s e a r c h I n s t i t u te
( S A N E R I ) t h e Executing P artner.
SANERI co ntracted with the I m plem e n tat io n
p a rt ne rs co n si st in g o f t he South African Council for Scientific and Industrial Research (CSIR),
University of Cape Town (Climate Systems Analysis Group) (UCT CSAG), South African Weather Service
(SAWS) and Department of Wind Energy, Technical University of Denmark (DTU Wind Energy). The
principal funders are the Global Environment Facility (GEF) with UNDP support through the South
African Wind Energy Programme (SAWEP) which funded the CSIR activities (R8 mill) and co-funded by
the Royal Danish Embassy (DKK9,985,441) which funded the SANERI, SAWS, UCT and DTU activities.
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A Project Steering Committee, comprising DoE (chair), SAWEP, UNDP, Danish Embassy, SANEDI,
South African Dept Science and Technology (DST) and Dept of Environmental Affairs (DEA) is guiding
the implementation of the project. A Project Implementation Unit (PIU) comprising SANEDI (chair)
and the Implementation partners are responsible for the implementation of the project. The PIU
Chair reports to and is a member of the Project Steering Committee.

 3. Objective
The main objective of WASA through capacity development and research cooperation is to develop and
employ numerical (modelled) wind atlas methods and to develop capacity to enable long term planning
of large-scale exploitation of wind power in South Africa, including dedicated wind resource
assessment and siting tools for planning purposes, i.e. verified with physical wind measurements
numerical (modelled) wind atlas and database for South Africa.

 4. Project Scope (6 work packages)
The project scope of work falls into six key Work Packages (WPs):
WP1 – Mesoscale wind modelling
 Wind classes
 Terrain elevation
 Terrain roughness
 Model configuration
 KAMM /WRF/WAsP statistical/dynamical downscaling
 WRF – dynamical downscaling
 Methods for satellite data input to mesoscale models
 Post-processing of mesoscale outputs – coupling to microscale model
 Mesoscale results vs. measured data
 Creation of a Numerical Wind Atlas for Western Cape and areas of Northern and Eastern Cape
 Training, including exchange of PhD’s
.
WP2 – Wind measurements
 Design of wind measuring system
 Design of data acquisitions by GSM
 Procurement, shipment, customs clearance, tax and VAT exemption, necessary import
permits
 Survey, screening and selection (if appropriate) of existing data from private measurements,
agreement and confidentiality and value of data
 Siting and necessary approvals
 Consideration of appropriate mast design
 Construction and installation
 Recalibration
 Operation, security and data collection
 Data analyses
 Technical training – upgrade with respect to wind energy related measurement systems.
WP3 – Micro scale wind modelling
 Wind speed and direction distributions
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Terrain elevation
Terrain roughness
Sheltering obstacles
WAsP modelling
Microscale results vs. measured data
Creation of Observational Wind Atlas for selected measurement sites in South Africa
WAsP training (Training of Trainers – ToT).

WP4 – Application for wind resource assessment
 Mid-term Workshops for invited stakeholders from e.g. authorities, planners, developers,
banks, scientists, etc.
 Develop tools – guidelines and training materials – for CSIR courses on using the Numerical
Wind Atlas for wind resource assessment
 Course for trainers
 Micro-scale resource map for 30-50% of the modelled areas in the three provinces, incl.
integration as GIS layer
 Seasonal variation of wind resources at the mast locations
 Final Workshops and training of trainers for invited stakeholders, incl. opportunities for
application in determination of extreme wind climate; seasonal forecasting; and other than
wind energy.
WP5 – Extreme winds
 Develop tools and guidelines
 Course for trainers
 Workshops as technical working sessions and progress reporting for PIU
 Better understanding of the estimation of extreme winds
 Capacity development of theoretical aspects of extreme wind estimation
 Application of mesoscale modelling results to the estimation of an extreme wind climate of the
project area.
WP6 – Documentation and dissemination
 Prepare and disseminate research publications of the results of the twinning programme, incl.
final book and homepage publication
 Prepare national wind seminars for dissemination of the results of the twinning programme
 Establish and document research cooperation between South African and
international wind research partners.



5. Expected Project Outcomes
 Numerical Wind Atlas (NWA) and database for the Western Cape Province and selected areas of
the Northern Cape and Eastern Cape Provinces, including seasonal variations and resource maps
prepared for introduction as GIS layer.
 Micro scale resource map and database for 30-50% of the modelled areas in the three
provinces
 Map and database of extreme wind climate of the modelled areas in the three provinces
 10 High quality wind measurement masts and data collection operational
 Minimum 2 mid-term and 2 end-term workshops for invited participants in the application of
the NWA and database
 The CSIR established as a resource centre for micro scale modelling
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The UCT established as a resource centre for meso scale modelling
Training tools and software
Research publications of the results of the twinning programme, incl. final book and home page
publication
Minimum 1 national wind seminar for dissemination of the results of the twinning programme
Establishment and documentation of research cooperation between South
African and International research partners
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6 WASA Gantt chart



7. Project Outputs, Indicators and Inputs

Table 1 Project Outputs, Indicators and Inputs
Mesoscale modelling
Outputs
1. Numerical Wind Atlas for Western Cape
and areas of Northern and Eastern Cape
(e.g. report, web site, poster, fact sheets,
etc.)
2. Research results for Dynamical downscaling
for wind resource mapping for Western
Cape and areas of Northern and Eastern
Cape

Indicators & means of verification

Inputs

 Research reports and training packages
approved
 Maps and database completed and
made available in public domain
 Final project report published and made
available in public domain
 Project completion and evaluation
report completed
 Financial audit report without
qualifications received

 Equipment (local clusters at Risø and
UCT(CSAG); use of high performance cluster at
CHPC)
 Data from project WP2
 Terrain and vegetation data; satellite-derived
SSTs
 Reanalysis data; land surface soil moisture data
 Standard synoptic/climate data for verification
 Regional wind climates (WAsP *.lib files)
 Predicted wind resource for selected terrain site
coordinates
 Maps and database for Western Cape and areas
of Northern and Eastern Cape
 Uncertainties
 Parameters

Indicators & means of verification

Inputs










WP02 - Measurements
Outputs
1. Establish 10 high quality wind measurement
stations providing three years of
measurement data for calibration of mesomodelling
2. A database system for wind data collection
and on-line Web display.
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Training mission report delivered
Valid data for three full years is
delivered
Project completion and evaluation
report completed
10

Infrastructure for met stations
Notebook PC for data collection and analyses
Database and web display software
Statistics
Observed wind climates

Outputs

Indicators & means of verification

Inputs


Report on measurements

WP03 - Micro-scale Modelling
Outputs

Indicators & means of verification

Inputs

1. Observational Wind Atlas for Western Cape
and areas of Northern and Western Cape in
South Africa, e.g. report, web site, poster
fact sheets
2. CSIR established as national resource centre
for micro-scale modelling.














Training report approved
Maps and database for test region in
for Western Cape and areas of
Northern and Western Cape in South
Africa are published
Project completion and evaluation
report completed
Financial audit report without
qualifications received




WAsP software packages (4)
WAsP Engineering software packages (4)
Surfer/Global mapper software package (1)
Desktop PCs for microscale modelling (2)
Regional wind climates (WAsP *.lib files)
Predicted wind resource for selected terrain
site coordinates
Maps and database for Western Cape and
areas of Northern and Eastern Cape
Verification and Uncertainties

WP04 – Application
Outputs

Indicators & means of verification

Inputs

1. Min. 2 mid-term workshops for invited
stakeholders from e.g. authorities, planners,
developers, banks, scientists, etc.
2. Micro-scale resource map for 30-50% of the
modelled areas in the three provinces
3. Min. 2 end-term workshops for invited
stakeholders from e.g. authorities, planners,
developers, banks, scientists, etc.
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Tools-software with guidelines and
course materials are developed.
Training report approved.
Project completion and evaluation
report completed.
Audit clearance received.
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Tools-software with guidelines and help
Report on best practice
Resource maps prepared for introduction as
GIS layer.

WP05 - Extreme Winds
Outputs
1. Map of estimation of the extreme wind
climate of South Africa for coastal areas of
Northern, Western and Eastern Cape with
mesoscale model data

Indicators & means of verification





Inputs

Tools-software with guidelines and
course materials are developed
Tools-software are applied
Project completion and evaluation
report completed
Audit clearance received





Observed wind distributions
Reanalysis data
Software and data with guidelines and help

WP06 - Dissemination
Outputs

Indicators & means of verification

1. Research publications of the results of the
twinning programme, incl. final book and
homepage publication
2. Min. 1 national wind seminars for
dissemination of the results of the twinning
programme
3. Establishment and documentation of
research cooperation between South
African and international wind research
partners.
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Inputs

Reports and results from WP1-WP5
Reports, books, homepage and
seminars developed and implemented
International research cooperation
supported and documented
Project completion and evaluation
report completed
Audit clearance received.
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8. Project Results

Presented here is a summary of the WASA results. Detail results and reports are referenced
8.1 WP1 Mesoscale modelling (UCT (GCAG), DTU Wind Energy)
The primary output of the mesoscale modelling is the Numerical Wind Atlas. The Numerical Wind Atlas
is verified (Verified Numerical Wind Atlas VNWA) with the measured data from the 10 WASA wind
measurements stations (see fig 2 and 3). Application of the VNWA enables and extends, beyond the 10
WASA mast areas to the entire WASA modelling domain with data available every:


5 km x 5 km – corresponding to approximately 15 000 data points (“virtual masts”) (VNWA based
on KAMM mesoscale modelling, March 2012)



3 km x 3 km – corresponding to approximately 40 000 data points (“virtual masts) (VNWA based on
Weather Research and Forecasting (WRF) mesoscale modelling, April 2014)

that can be employed directly with most of the standard e.g. WAsP wind resource assessment software
for wind farm planning, siting and wind resource assessment and is accessible through Google Earth
interface here:
http://wasaclimates.eu/Tadpole/Viewer?gid=08aee5e5-e31f-416a-ad12-9a7a4d26f92e
The Numerical Wind Atlas User Guide provides step by step guidance how to access the Numerical
Wind Atlas database, assumptions, usage and limitations of the database and the importance of
microscale wind resource modelling for detail wind resource assessment and wind farm planning and
can be accessed here:
Guide to accessing and viewing the Wind Atlas for South Africa (WIND_ATLAS_GUIDE.pdf
The Deputy Minister of Energy launched the WASA 1st Verified Numerical Wind Atlas at the WASA
workshop in March 2012.
http://www.sabc.co.za/news/a/9f1728804a7f88489f1cff53349e876f/SAs-first-verified-numerical-windAtlas-launched--20120313

Figure 2 1st Verified Numerical Wind Atlas (VNWA) for South Africa- KAMM based - March 2012
(generalised wind climate – flat terrain, 5km x 5km resolution)

Figure 3 2nd Verified Numerical Wind Atlas (VNWA) for South Africa- WRF based April 2014
(generalised wind climate – flat terrain, 3km x 3km resolution)
WASA Implementation Partners Final Report
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8.1.1 Wind direction and wind speed distribution
The WRF VNWA wind speed and direction simulation also compare very well with the measured wind
speed and direction distributions.
WM05 Observed wind atlas

WRF-based NWA

Figure 4 Observed and WRF VNWA simulated wind speed and direction (wind rose) distributions for
WM5 measurement station.
8.1.2 Comparing KAMM vs WRF Verified Numerical Wind Atlases
KAMM/WAsP method
 numerically very cheap, gives good results (9.29% mean absolute error, figure 2)
 underestimation of mean wind speed at most sites; specially at sites influenced by thermal
processes
 resulted in a quite conservative wind resource atlas
WRF method
 numerically very expensive, but gives excellent results (4.4% mean absolute error) in comparing
the WRF VNWA with observations (fig 3):
 Excellent comparison between wind roses in model and observations
 Stability conditions should be taken into account at generalization
 Stability conditions should be taken into account when applying WRF-derived wind atlas
8.1.3 Seasonal and diurnal cycles
The WRF regional model provides wind data that is time synchronous with data from the 10 WASA
wind measurement masts erected as part of the project. The period of overlap is three years for most
masts although in some masts there is missing data. A validation of the WRF wind output is carried out
at each of the 10 WASA measurement masts for wind speeds at 62 m AGL. The diurnal and annual
cycle of wind speed at each mast are compared with data from each respective WRF-based grid cell in
which the mast would be situated.
For each of the 10 masts the following assessments were made:
WASA Implementation Partners Final Report
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1. Histogram of wind speed, Seasonal cycle, Diurnal cycle (see fig 5)
2. Summary statistics (mean bias, root mean squared error (RMSE), mean absolute cycle
bias, which is the mean absolute difference between the diurnal cycles across the seasonal
cycle, and a Pearson’s correlation coefficient), see table 2.

Figure 5 Example WM 01: Comparison of the wind speed (ms−1) at 62 m AGL at WM01: Wind speed
distribution (top left), mean seasonal cycle (top center) and mean diurnal cycle (top right) in the mast
measurements (blue) and in the WRF model simulations (green). Mean wind speed (ms−1) at 62 m AGL
as a function of the time of the day (x-axis) and the month of the year (y-axis) for the mast observations
(bottom left) and the WRF simulations (bottom right).
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Table 2 Summary statistics at the 10 mast sites. The mean bias, RMSE and mean absolute cycle bias are
calculated using hourly data. The Pearson correlation is calculated using hourly, daily and monthly wind
speed averages.

The WRF model simulates the seasonal and diurnal cycles very well with a near unity (1) Pearson
coefficient.
8.1.4 Wind Time Series data
The Weather Research Forecasting (WRF) model simulated the wind time series data (hourly mean
wind speed and direction) from 1 September 1990 to 31 December 2012.
The wind time series are particular useful for:
•
•
•
•

Study the annual, seasonal and diurnal variations in wind resources
As input to power system modelling
Study the geographical cross correlation of wind across South Africa
Used for long-term correction of the wind resources given by the WRF wind climate files

Final Reports and data
Mesoscale Report
Mesoscale report and VNWA data files (117 MB)
The WRF time series data (hourly mean wind speed and direction from 1 September 1990 to 31
December 2012) can be downloaded here: – log in at http://wasadata.csir.co.za/wasa1/WASAData and
see WASA Wind time series downloads
8.2 WP2 Wind Measurements (CSIR, DTU Wind Energy)
10 Wind Measurement masts and instruments were installed according to IEC and Measnet standards
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and operational since September 2010 (launched by the DoE Minister at the 2nd Annual Wind Energy
Seminar, September 2010). The measured wind data etc are primarily used to verify the Numerical
Wind Atlas.
A Data Management System (Rodeo) was installed and is operational at the CSIR (Stellenbosch). Rodeo
is a data management system where online measurement data is stored in a MYSQL database. From
this database data is automatically displayed on a web page (e.g. http://www.wasa.csir.co.za (online
graphs)

Table 3 WASA wind measurement masts data recovery
WASA

WM01

Umean @ 61.9 m

Umean @ 61.9 m

1 YEAR

3 YEARS*
[m/s]

[m/s]
5.86

U

Data recovery
[%]

6.06

[%]
2.7

93.4

100

WM02

6.21

6.14

-1.8

WM03

7.09

7.14

0.0

100

WM04
WM05

6.59
8.64

6.71
8.56

0.9
-0.8

100
98.6

WM06

7.02

7.36

1.6

99.9

WM07

6.85

6.93

0.3

97.0

WM08

7.36

7.34

0.3

100

WM09*
WM10*
Umean mean wind speed

7.58
6.55

8.22
6.55

3.0
0.0

99.7
98.8

* 2-year periods for WM09 and WM10:
WM09: 2010-10 to 2013-09 minus the year 2011.
WM10: 2011-03 to 2012-02 plus 2012-10 to 2013-09.

Final Reports and data
Report on Training
Report on Measurements
WASA Station and Site description report
Reports and data files (232 MB)
Web presence since September 2010
http://www.wasa.csir.co.za (online graphs)
http://wasadata.csir.co.za/wasa1/WASAData (data download)
http://www.wasaproject.info/ (WASA information)
http://veaonline.risoe.dk/wasa (Weather Research and Forecasting (WRF) model used to forecast wind
speeds, power density and directions over South Africa and basis of the Research based Numerical Wind
Atlas)
Website User statistics (May 2014)
WASA Implementation Partners Final Report
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1537 - registered users
62 - countries
47670 - station data downloads
1055 - users that downloaded data
20 - Non-SA Governmental/Provincial/Municipal Agencies
21 - Non-SA Non-Profit
198 - Non-SA Private Companies
79 - Non-SA Universities and Schools
12 - Non-SA Other
114 - SA Government/Provincial/Municipal Agencies
65 - SA Non-Profit
557 - SA Private Companies
185 - SA Universities and Schools
50 - SA Other
225 - Other
1112 - registered users
50 - countries
29440 - downloads
792 - users that downloaded data
8.3 WP3, 4 Microscale Modelling and Application (CSIR, DTU Wind Energy)
The Verified Numerical Wind Atlas (VNWA) is used together with the local terrain topography and
making use of DTU Wind Energy “Frogfoot” microscale automation software to generate the High
Resolution (250 m resolution) Wind Resource Map.

WASA Implementation Partners Final Report
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Figure 6 1st Large Scale High Resolution Wind Resource map – KAMM based (local wind climate, 250 m
resolution, July 2013)

Figure 7 2nd Large Scale High Resolution Wind Resource map – WRF based (local wind climate, 250 m
resolution, April 2014)
WASA Implementation Partners Final Report
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Metadata Large Scale High Resolution Wind resource map (KAMM based fig 6)
Metadata Large Scale High Resolution Wind Resource map (WRF based fig 7)
The High Resolution Wind Resource Map depicts the local wind climate that a wind turbine would
encounter and offers the following important benefits for developers, policy makers, utilities and
industry:


Cost and timing savings as the bankability of a potential wind farm site can be estimated with
known and traceable accuracy*;
 Levels the playing field between small or large industry players to identify and develop project sites
for wind farms*;
 Assists the South African Government in estimating the potential yield of the wind energy
resources;
 Identification of potential wind development zones in line with the strategic environmental
framework or assessments (SEA) studies (e.g. Dept Environmental Affairs SEA for Solar PV and
Wind http://www.csir.co.za/nationalwindsolarsea/
 Long-term grid planning.
*Physical wind measurements are still required by financiers to confirm the bankability of a wind farm
project at the identified site(s).
The Beginners Guide to Microscale Modelling with the Numerical Wind Atlas provides step by step
guidance how to apply the Numerical Wind Atlas with topography data to do microscale wind resource
mapping that can be used in the identification of wind hot spot areas, wind development areas and for
wind farm planning and can be accessed here:
Beginners Guide to Microscale Modelling using WAsP_v5
The Wind resource map figure 7 based on WRF (dynamical downscaling) modelling resolve significantly
more wind resources than the wind resource map figure 6 based on the conservative KAMM (statistical
downscaling) modelling. Thereby the WRF based wind resource map resolve the thermal winds, mostly
prevailing at coastal areas that could not be resolved with the KAMM modelling and therefore presents
a more representative estimate of South Africa’s local wind resource. On average the WRF based wind
resource map (fig 7) underestimates the wind speed at the WASA masts sites by just 1%.
Reports, data and Training material
Observational Wind Atlas report (April 2014)
Best Practice guide for the Application of WASA
A training course in applying the products of the WASA project
Report and WAsP workspaces (229 MB)
Reports and detail wind resource maps (393 MB)
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8.4 WP5 Extreme Wind Atlas (SAWS, DTU Wind Energy)
Wind constitutes most critical environmental loading affecting structural design of built environment in
South Africa and information on extreme winds is also essential in the design of wind farms – situated
in areas with relatively strong winds.
The Extreme Wind Atlas depicts the 1 in 50 years 10 min average wind speed which together with
turbulence define the wind turbine class (IEC standard 61400-1). Selecting the appropriate wind
turbine class is important especially in areas that are prone to high wind speed gusts.
Table 4 IEC 61400-1 turbine classification scheme
Wind Turbine
Class

I

II

III

50

42.5

37.5

Vref

(m/s)

A

Iref (-)

16%

B

Iref (-)

14%

C

Iref (-)

12%

S
Values specified
by the designer

Vref = 1:50 yr 10 min average speed at hub height,
A, B & C = Reference turbulence intensities.

Figure 8 1:50yr 10 min wind speed [m/s] @ 10 m above ground level (standard conditions)
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Figure 9 1:50yr 2-3s gust speed [m/s] @ 10 m above ground level (standard conditions)
The Extreme Wind Atlas Metadata can be accessed on the WASA download site
http://wasadata.csir.co.za/wasa1/WASAData after log in: WASA Extreme wind atlas downloads NEW
and the Guidelines for using the extreme wind data from
the
selective
dynamical
downscaling
method
April
2014
here
http://www.wasaproject.info/docs/ExtremeAtlasGuide.pdf
8.5 WP6 Documentation and dissemination (SANEDI)
Information sharing and awareness raising were mainly done through workshops, WASA briefs,
posters, Windaba presentations and final Wind Seminar that can be accessed here:
http://www.wasaproject.info/wind_energy_presentations.html
Workshops:
SAWEP Wind Atlas Workshop, 4 March 2010
WASA Mid-term Workshop 14, 16 March 2012
DoE WASA workshop 11 December 2012
SANEDI WASA workshop 10 April 2014
WASA briefs
Sept 2010
November 2011
November 2012
April 2014
Windaba presentations
WASA Implementation Partners Final Report
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2011, 2012, 2013
Final Wind Seminar 8 April 2014
WASA Posters Final Wind Seminar
Press releases
1st Large Scale high resolution Wind Resource Map
WASA Final Wind Seminar
IRENA Global Solar and Wind Atlas
WASA is supporting the DoE and DoE Minister with the Clean Energy Ministerial (CEM) and is a
technical partner in the IRENA Global Solar and Wind Atlas initiative
http://globalatlas.irena.org/Partnership.aspx and included in the IRENA Global Atlas Catalogue
http://irena.masdar.ac.ae/?map=405
and booklet http://www.irena.org/DocumentDownloads/Publications/GA_Booklet_Web.pdf
Projects referencing WASA
World Bank ESMAP Renewable Energy Resource Mapping initiative: ToR, September 2013
Renewable Energy Mapping: Wind, Pakistan, South Asia Region, Project ID: P146140, Selection #:
1118422:
“In the numerical wind atlas supplied by the bidder, each cell shall provide downloadable directional
Weibull distributions in WAsP lib-file format, applicable to a generalized wind climate with flat terrain
and a uniform roughness of 0.03m. (See, for example, the Wind Atlas for South Africa (WASA project)).”
(http://www.esmap.org/RE_Mapping)
Palestinian Energy Authority
RFP, June 2013
Project: Energy Sector Assistance in Palestine, Phase V
Producing a Comprehensive, Validated Atlas for Wind Energy Resource Based on Satellite Data
RFP No. Phase V-PEA/CS-W
“The Consultant must supply all wind maps and data for the same heights above ground level as in the
Wind Atlas for South Africa (WASA).”
“Directional Weibull distributions for each cell is the most important data, cf. the WASA model data
online.”
8.6 Capacity building and human development
8.6.1 SAWS
WASA supported the doctoral thesis of Dr Andries Kruger, a SAWS WASA team member, entitled “Wind
Climatology of South Africa relevant to the Design of the Built Environment” which is relevant for
extreme winds.
SAWS refined the quality control procedures of its wind climate data in view of the information
obtained through the measured wind data analysis in the WASA project. This included the training of
SAWS Climate Service personnel in the optimal quality control of wind data.
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The development of the revised map of the South Africa Wind Loading Code will now take into account
the South African mixed wind climate and other uncertainties. It will also be based on a more
comprehensive set of wind statistics from a much larger set of wind data than was previously available.
This was presented at two wind seminars on the provisions of SANS 10160-3, organised by the
University of Stellenbosch.
Journal articles
Goliger A. M., Kruger A. C. et al. 2013. Comparative Study between Poland and South Africa: Wind
climates, the related damage and implications of adopting the Eurocode for wind action on buildings.
Archives of Civil Engineering.
Kruger A. C., Retief, J.V., Goliger, A. M. 2013. Strong winds in South Africa: Part I – Application of
estimation methods. Journal of the South African Institution of Civil Engineering.
Kruger A. C., Retief, J.V., Goliger, A. M. 2013. Strong Winds in South Africa: Part II - Mapping of
Updated Statistics. Journal of the South African Institution of Civil Engineering.
Kruger, A. C., A. M. Goliger, J. V. Retief and S. S. Sekele. 2012. Clustering of extreme winds in the mixed
climate of South Africa. Wind & Structures.
Kruger, A.C., A. M. Goliger, J. V. Retief and S. Sekele. 2010. Strong wind climatic zones in South Africa.
Wind & Structures.
Retief, J.V. and P. E. Dunaiski (ed.). Goliger, A. M., J. V. Retief, P.E. Dunaiski and A. C. Kruger. 2009.
Revised wind-loading procedures for SANS 10160. In “Background to SANS 10160. Basis of Structural
Design and Actions for Buildings and Industrial Structures.”, SunMedia, Stellenbosch.
Larsén, X. G., J. Mann, O. Rathmann and H. Jørgensen. 2013. Uncertainties of the 50-year wind from
short time series using Generalized Extreme Value Distribution and Generalized Pareto Distribution.
Wind Energy.
Larsén, X. G. and A. C. Kruger. 2013. On the effects of diurnal variation and the resolvable scales
related to the spectral correction method. Submitted to Journal of Wind Engineering and
Aerodynamical Industries.
Conference papers
Integration and Implications of Strong Wind Producing Mechanisms in South Africa (A. C. Kruger, A. M.
Goliger and J. V. Retief) – ICWE 13, Amsterdam, Netherlands
An Updated Description of the Strong-Wind Climate of South Africa (A. C. Kruger, A. M. Goliger and J.
V. Retief) - ICWE 13, Amsterdam, Netherlands
Directional Analysis of Extreme Winds under Mixed Climate Conditions (A. C. Kruger, A. M. Goliger and
J. V. Retief) – EACWE 2013, Cambridge, UK
Representivity of wind measurements for design wind speed estimations (A. C. Kruger, A. M. Goliger
and J. V. Retief) – EACWE 2013, Cambridge, UK
Extreme wind atlases of South Africa from global reanalysis data (X. G. Larsén, A C Kruger, J Badger and
H E Jørgensen – EACWE 2013, Cambridge, UK
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Optimal application of climate data to the development of design wind speeds (A C Kruger, A M
Goliger, X G Larsén and J V Retief) 26th Conference on Climate Variability and Change (Annual Meeting
of the American Meteorological Society), Atlanta, USA, February 2014.
Dynamical and statistical downscaling approaches for extreme wind atlas of South Africa (X. G. Larsén,
A C Kruger, J Badger and H E Jørgensen) – EMS conference, Reading, UK, February 2014.
8.6.2 UCT (CSAG)
The following students have been either direct or indirect beneficiaries of the WASA project and their
work has helped in the understanding of the many aspects of wind climate of South Africa.
1. Graduated students
Christopher Broderick (B.Sc. Hons)
Using sodar for wind measurements: assessing the correlations of wind profiles from sodar,
radiosonde and anemometer data (Figure 1)
Teboho Nchaba (M.Sc.)
Verification of gridded seasonal wind forecasts over South Africa (Figure 2)
2. Current Students
Brendan Argent (Ph.D., expected graduation end-2014)
Towards an Uncertainty Atlas for Wind Forecasts in South Africa
Teboho Nchaba (Ph.D., expected graduation end-2016)
Improved South African wind atlas from multi-model super-ensemble
Zaccheus Olaofe (Ph.D., expected graduation end-2017)
Assessment of offshore wind resource along the west coast of South Africa
Tich Mukunga (M.SC. Hons, expected graduation end-2014)
Assessment of the wind power resource in the Sere region of the Western Cape
Other capacity development activities
 Brendan Argent was able to attend the 2012 European Wind Energy Association meeting and
present his work there
 Teboho Nchaba, Brendan Argent and Chris Broderick presented their work at the annual meetings
of the South African Society of Atmospheric Sciences
 Dr Chris Lennard has learned advanced techniques related to the WRF model in his work with Dr
Andrea Hahman at DTU and is also trained in the use of the WAsP microscale model
 Assessment of the WASA forecast using South African Weather Service wind data
8.6.3 CSIR
The capacity and expertise can be divided into three main themes viz Measurements, Data
Management and Micro-scale Modelling. Although no new staff were appointed during the WASA 1
period to assist with WASA 1 objectives a number of staff received training in various aspects of the
project which ensured the final outcomes of WP2, WP3 and WP4.
Measurements
The following people received training in site selection to ensure conformity with the WAsP criteria: E
Prinsloo and E Mabille. Training provided by DTU (Risø).
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The following people received training on the installation of measurement sensors on the masts
according to MEASNET and IEC standards: P Truter (no longer with CSIR), T Hendricks, E Prinsloo and E
Mabille. Training provided by DTU (Risø).
The following people attended a Working at Heights course in June 2010 in Cape Town to enable them
to comply with SHEQ requirements: E Prinsloo, P Truter (no longer with CSIR), T Hendricks, J Kieviet, S
Mashabala, P O’ Connor (no longer with CSIR).
The following people attended a re-certification course in August 2013:
E Prinsloo, P O’Connor (no longer with CSIR), J Kieviet, T Hendricks. In addition the following persons
completed the full course: H Jelbert, S Haasbroek, E Mabille. The additional people were included in
anticipation of WASA2.
Both courses were conducted by Alpinist Safety Consultants at their premises in Montague Gardens.
Data Management
The following people received training on the RODEO Data Management System:
U von St Ange, M August, E Prinsloo, S Pietersen. Training provided by DTU (Risø).
The following person received training in data quality control: E Prinsloo. The initial data quality
control was done by DTU and during this period E Prinsloo was trained and eventually took full
responsibility for the QC of the data from the ten stations.

Microscale modelling
The following persons received training on the WAsP micro-scale modelling software: E Prinsloo, E
Mabille, S Szewczuk and a number of CSIR staff from the Pretoria campus. Eugene Mabille became
actively involved in the micro-scale modelling in WP3. The course was presented by experts from DTU
(Risø).
A prospective intern, Y Spamer, was mentored by E Mabille to build capacity in this field but it was not
possible to offer her permanent employment and she eventually found employment elsewhere.
8.6.4 DTU Wind Energy
Jens Carsten Hansen (DTU Project leader)
“The WASA project is an applied research project for DTU through which we get an opportunity to pilot
new models and methods in a real application and collect feed-back for further developments and
research. Depending on the definition of the term “capacity building”, this has certainly happened here
at DTU. I.e. as we see it, WASA has contributed to building capacity at DTU, incl teaching students and
applied research.”
Xiaoli Guo Larsén:
“WASA has contributed to creating the background necessary for DTU decisions regarding how to
further develop WAsP Engineering”.
Niels G Mortensen:
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Seminars
Niels G. Mortensen (2013). Mast and site inspection – why, what and how? Seminar in Test &
Measurements Section, Department of Wind Energy, Technical University of Denmark, 13 September
2013.
Teaching
The WASA sites and data have been added to our list of possible project sites in the DTU course 46200
Planning and Development of Wind Farms. Four teams chose to work with WASA data in 2014:
Ana Maria Cosculluela Arasanz, Amrei Tomaszewski, Anne Braad Thyssen and Nina Dupont (2014).
South Africa – Northern Cape. Sutherland wind farm. Report for course 46200, DTU Wind Energy, 89
pp.
Jacopo Gili, Jouke Zoethout, Michael Deaves and Miguel Fernandez Perez (2014). Laingville Wind Farm,
Western Cape, South Africa. Report for course 46200, DTU Wind Energy, 59 pp.
Christolina Papathoma, Ahmet Selim Kocaturk, Apurva Raj and Dimitrios Panagiotopoulos (2014).
Feasibility Study of PALS PARK Wind Farm, Napier, South Africa. Report for course 46200, DTU Wind
Energy, 41 pp.
Adrian Necula, Gabriele Salcuni Xiomara, Herrera Feregrino and Antonio M. Pegalajar Jurado (2014).
Wind farm in Western Cape, South Africa. Report for course 46200, DTU Wind Energy, 46 pp.
One of the teams describes their report like this: “This report provides a complete analysis of the steps
in the planning and development of a new wind farm near Napier, South Africa. The project is based on
the recent Wind Atlas for South Africa (WASA), developed by DTU and South African partners.” As an
example, the report prepared by Gili et al. is available here for download.
In addition, I use examples from the WASA project in most of my teaching at DTU Wind Energy.
Publications
How can Denmark support wind mapping in Africa? / Hansen, Jens Carsten (Author); Hahmann,
Andrea N. (Author); Mortensen, Niels Gylling (Author); Badger, Jake (Author).2011. Third Wind Energy
Seminar between South Africa and Denmark. Side Event at COP17, Durban, South Africa, 8 Dec,
01/01/11.
Wind Atlas for South Africa (WASA) Station and Site Description Report. / Mortensen, Niels Gylling;
Hansen, Jens Carsten; Kelly, Mark C.; Prinsloo, Eric; Mabille, Eugéne; Szewczuk, Steve.
Danmarks Tekniske Universitet, Risø Nationallaboratoriet for Bæredygtig Energi, 2012. 70 p. (Risø-I; No.
3271(ed.3) (EN)).
Wind Atlas for South Africa (WASA) Observational wind atlas for 10 met. stations in Northern,
Western and Eastern Cape provinces. / Mortensen, Niels Gylling; Hansen, Jens Carsten; Kelly, Mark C.;
Szewczuk, Steve; Mabille, Eugéne; Prinsloo, Eric.
Danmarks Tekniske Universitet, Risø Nationallaboratoriet for Bæredygtig Energi, 2012. 42 p. (Risø-I; No.
3273(ed.2) (EN)).
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Large-scale, high-resolution wind resource mapping for strategic environmental assessment and
wind farm planning and development. / Mortensen, Niels Gylling (Author); Hansen, Jens Carsten
(Author); Mabille, Eugéne (Author); Spamer, Yvette (Author).
2013. Windaba 2013, Cape Town, South Africa, 25/09/13.
Validation and comparison of numerical wind atlas methods: the South African example. / Hahmann,
Andrea N. (Author); Badger, Jake (Author); Volker, Patrick (Author); Nielsen, Joakim Refslund (Author);
Lennard, Chris (Author); Hansen, Jens Carsten (Author); Mortensen, Niels Gylling (Author).
2014. European Wind Energy Association (EWEA).European Wind Energy Conference & Exhibition
2014, Barcelona, Spain, 10/03/14.
Large-scale, high-resolution wind resource mapping for wind farm planning and development in
South Africa. / Mortensen, Niels Gylling; Badger, Jake; Hansen, Jens Carsten; Mabille, Eugéne ; Spamer,
Yvette, Proceedings of EWEA 2014. European Wind Energy Association (EWEA), 2014.
Andrea N. Hahmann
"The DTU wind atlas method is based on the generalization of the wind climatologies derived from the
mesoscale modelling. This generalization post-processing method has been used extensively in a
number of wind resource assessment studies within the KAMM-WAsP method. The WRF based WASA
wind atlas is the first wind atlas study were the generalization has been carried out on the WRF-model
output with excellent results."
International Conferences and Presentations
Validation and comparison of numerical wind atlas methods: the South African example. /
Hahmann, Andrea N. (Author); Badger, Jake (Author); Volker, Patrick (Author); Nielsen, Joakim Refslund
(Author); Lennard, Chris (Author); Hansen, Jens Carsten (Author); Mortensen, Niels Gylling (Author).
2014. European Wind Energy Association (EWEA). European Wind Energy Conference & Exhibition
2014, Barcelona, Spain, 10 March 2014.
Dissemination of WASA results:
From Trades to Turbines: The Art and Science of Wind Energy Resource Assessment. Andrea N.
Hahmann, Jake Badger, Niels G. Morgensen and Jens Carsten Hansen. WASA Mesoscale Workshop,
Pretoria, South Africa, 24 September 2009.
What is the large-scale wind regime in South Africa? Andrea N. Hahmann and Andries Kruger, SAWEP
Wind Atlas Workshop, Cape Town, 4 March 2010.
Wind Atlas Introduction. Andrea N. Hahmann, Jake Badger, Niels G. Mortensen and Jens Carsten
Hansen, SAWEP Wind Atlas Workshop, Cape Town, 4 March 2010.
WP1: Mesoscale modelling for the second verified WASA numerical wind atlas
Andrea N. Hahmann, Jake Badger, Claire L. Vincent, Mark Kelly, Patrick Volker, Joakim Refslund, Jens
Carsten Hansen, Niels Mortensen, Chris Lennard and Brendan Argent. Final WASA wind seminar, Cape
Town, 8 April 2014.
The Wind Atlas of South Africa. Andrea N. Hahmann, DTU Wind Energy internal seminar. Roskilde,
Denmark. 4 May 2014.
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 9. Contingency events
WM10 (Butterworth, theft)
Nov 2010
Solar panel of the data logger was stolen. The data logger solar panel was replaced and
mounted at 18 m, previously 7 m
Razor wire and notice board added
March 2011
Cables stolen. Cables replaced and better secured
Feb 2012
Solar panels of both the logger and navigation lights were stolen.
Solar panel of the data logger was replaced and the data logger and solar panel installed near
top of the mast. Solar panel for navigation light was done away and the navigation light was
replaced with two self-contained led navigation lights with their own built-in smaller solar
panels on top.
Continue with measurements at top sensors (62m and 60m anemometer, 60m wind direction,
temperature and Relative humidity).
Back online since July 2012
WM9 (Noupoort, snow)
25 July 2011
Mast collapsed during heavy snow. Insurance paid out R385,000.00 (incl VAT). Cost of new
mast R237,412.98 (incl VAT).
Back online since 22 Dec 2011
WM4 (Vredenburg, theft, mast collapsed)
2 July 2012 (theft)
Solar panels of the data logger and the navigation light as well as the navigation light battery
and light controller were stolen.
Spare battery and controller were fitted and a new solar panel driving the data logger and
navigation light was installed
Also fitted another anti-climbing frame at 6m, complete with razor wire and 6mm steel cable
threaded and wrapped around and inside it.
17 August 2012 (theft)
Again the solar panels of the data logger and the navigation light as well as the navigation light
battery and light controller were stolen.
Indications are that the thieves came well prepared, as a bolt cutter and spanners were used to
get to the items. They also must have done this in daylight, or used a flashlight, because there
was no moon that specific night.
Nearby wind measurement masts of the company Mainstream suffered the same fate on both
occasions.
The 3m -6m section of mast was then enclosed with galvanised sheeting, and bottom section
of mast enclosed with razor wire. Solar panel for data logger, enclosed in steel frame was
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mounted at 30m with 20mm stainless steel bolts, and two self-contained LED navigation lights
were installed.
7 June 2013 (theft, mast collapsed)
The guy ropes of the WM4 mast were cut which led to the collapse of the WM4 mast. Only the
solar panel and 12V battery were stolen. Most of the instruments were damaged beyond
repair. It was decided, as the envisaged 3 years wind measurements were obtained from the
WM4 mast and other WASA masts in the vicinity, not to replace the mast, but to use any
insurance pay out to top up the project contingency.
WM6 (Sutherland, snow)
13 July 2012
Snow damaged anemometers 20m and 40m. Anemometers had to be refurbished. Amount
claimed hardly more than R25k excess CSIR has to pay. Anemometers back on line since 3
August 2012.
Conclusion
 It is clear that the primary objective of the theft incidents is to steal the solar panels (most visual)
and secondary the batteries (less visual)
 Theft is not isolated only to WASA masts equipment
 WP 2 team is learning valuable lessons and are now applying and investigating several mitigation
options that could be applied at other theft “vulnerable” WASA Phase 1 mast sites and can be built
into the design and installation of WASA Phase 2 masts.
Mitigation options, utilised, investigated
 Insure all masts and equipment
 Make the wind measurements masts less attractive for theft, i.e. try to get rid of the need for solar
panels and batteries. Already the solar panel for the navigation light is being replaced with self
contained led navigation lights with their own built-in solar panels on top (smaller, less visible solar
panel)
 The WP2 team is exploring solar panel tracking technology – built in solar panel electronic devices
that are activated once the solar panel is moved and can be tracked for some time.
 WP 2 team is also exploring replacing the solar panel of the data logger with a CSIR proprietary
design small “wind turbine” generator placed between the 20m and the 40m anemometer booms
of the mast that would do away (can generate in night time as well) or lessen the need for a solar
panel.
 Having a sufficient, but realistic contingency budget available. Civil Aviation regulations require
that the navigation lights are operating at all times. It is therefore important e.g. in the case of
theft and the navigation light not working, for the maintenance team be able (have a budget) to
apply 1st hand repairs to keep the navigation light operating while a longer term solution is
considered.
Theft impacts on the fees and reimbursables of the O&M crew fixing theft incidents as for safety
reasons 2, preferable 3 persons should be present while working on a wind measurement mast, see
Table 5.
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Table 5 WASA Contingency cost
Station

HR Fees
incl. VAT

Running Costs
(reimbursables)
incl. VAT
R201,267.00 R91,985.97

WM10

Equipment
incl. VAT

Total incl. VAT

R39,379.82

R332,632.79

Insurance
Pay-outs
(incl. VAT)
R219,203.43

Comments
(Amount set aside for
Contingency R401,072)
Insurance paid out
R219,203.43 (incl. VAT)
Equipment includes new
data logger, modem,
barometric sensor,
enclosure and LED
navigation lights with
brackets

WM09

R291,007.80 R28,666.77

R45,423.98

R602,511.53

R237,412.98
(mast)

WM06

R19,442.70

R3,454.20

-

R22,896.90

R385,000.00

Payment for new mast
has been done
R237,412.98 (incl. VAT).
Received insurance pay
out of R385,000.00 (incl.
VAT). Equipment includes
solar panel, booms,
refurbishment and recalibration of 5
anemometers, and one
wind direction sensor
Faulty anemometers
were refurbished. Future
repairs to the two
anemometers could
come to R10,000 plus
R2000 for courier and
customs costs, as well as
import taxes.
Not viable to claim from
insurance (R25,000
excess to be paid)

WM05

WM04a

R26,539.20

R2012.10

R2012.10

Trip to WM05 in April
2012 with CSIR vehicle, to
replace 20m
anemometer, of which
costs came through only
in March 2013. No HR
costs involved

R3,950.10

R30,489.30

Cost of first theft
amounted to R27,230.10,
which was not worth
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claiming from insurance,
as CSIR excess is R25k
R 7,288.03

WM02

R4668.30

R4668.30

Trip to WM02 to repair
navigation light. No HR
costs involved.

R23,898.37

R96,231.37

Fees, hire of trailer,
refurbish 4
anemometers,

R57,501.6

R57,501.6

Replaced guy ropes

WM4

WM8
TOTAL

R72,333

R684,427.50 223,425.45

R20,297.47

R101,423.30

R342,514.25

R73,363.66

Cost of second theft
amounted to R92,355.50.
An amount of R99,077.64
has been submitted as
claim from insurance.
R25k excess applies.
Insurance paid out (May
2013) R73,363.66 (incl
VAT). The project pays
the excess when there is
a claim. The insurance
premium is funded
through the project
budget

WM04b R73,837.80

R1,250,367.20 R677,567.09

From table 5 follows the net final Contingency cost was R572,800.11 [= R1,250,367.20 (total
contingency cost) – R677,567.09 (insurance payment which is equivalent to 55% of the total
contingency cost)]. The CSIR was paid out the project contingency R401,072 with the deficit
R171,728.11 (R572,800.11 – R401,2017) that was made up from the Insurance payout for (WM4)
R433,436.90 (incl. VAT).
 10. Summary
The Project Objective has been achieved and the expected Projects Outcomes have been met and
exceeded within the project budget. E.g. it was possible, without impacting the project budget, to
complete the WASA Wind Resource map (KAMM and WRF based) for the entire (100 %) WASA domain
(expected project outcome: Micro scale resource map and database for 30-50% of the modelled areas
in the three provinces) and with time series data available from 1 September 1990 to 31 December
2012.
Most notably the WASA project was able to assist, while under implementation, SIP 8: Green Energy
SEA initiative – Strategic Environmental Assessment for Wind and Solar PV in South Africa
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https://redzs.csir.co.za/ that is being implemented by the Dept of Environmental Affairs and in the
revision of the South African Wind Loading Code.
WASA generate much more than data with in depth analysis, tools (e.g. “Tadpole”) and guides. Of
particular importance was the setup, customisation and validation (measurements, wind speed and
direction distributions and seasonal and diurnal cycles) of the WRF model for wind resource
assessment. Andrea Hahmann (DTU): “The WRF based WASA wind atlas is the first wind atlas study
were the generalization has been carried out on the WRF-model output with excellent results." - on
average the WRF based wind resource map (fig 7) underestimates the wind speed at the WASA masts
sites by just 1%.
The project contributed significantly to local capacity building and human development e.g. CSIR
trained in wind resource microscale modelling and wind measurements and UCT in wind resource
mesoscale modelling with 6 UCT students that benefitted and contributed to the WASA project. The
project also contributed internationally and is referenced in other projects (e.g. World Bank ESMAP
Renewable Energy Resource Mapping initiative). The variety of registered users (Government, public,
private) on the WASA download website confirms the application and usefulness of the WASA project.
WASA is the 1st project to successfully apply “Frogfoot” (DTU Wind Energy Microscale modelling
“automation software”) at large scale in the creation of the large scale, high resolution, WASA
Resource maps.
While it was possible to manage the contingency events which mainly resulted from theft of the solar
panels and batteries within the project budget, it confirms the importance of having a realistic
contingency budget available for WASA 2 and to apply the mitigation options e.g. use of navigation
lights with their own built-in solar panels etc and having proper insurance of the masts and
instruments.
The WASA Phase 1 Project results provide a solid basis to implement WASA Phase 2 which will make
use of the WRF modelling, setup, customised and validated during WASA Phase 1.
The data and access are not monopolized by any company or institution. It is all in the public domain
thereby levelling the playing field as it is free for all to use.
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11 Glossary of terms and abbreviations

AGL
GIS
IEC
Frogfoot
GWC
KAMM
Met. mast
.lib
NWA
OWA
.owc
Pearson Coefficient
SEA
SIP
siting
Tadpole
VNWA
WASA
WAsP
WRF

Above Ground Level
Geographic Information System
International Electrotechnical Commission (standards organisation)
Software to apply WAsP modelling over a large domain
Generalised Wind Climate (formally RWC: Regional Wind Climate)
Karlsruhe Atmospheric Mesoscale Model
Meteorological mast, usually equipped with multiple instruments
for measuring wind speed, direction, temperature and pressure.
A data file format used for wind atlas wind climate files
Numerical Wind Atlas
Observational Wind Atlas
A data file format for observational wind climate files
Measure of the linear correlation (dependence) between two variables
Strategic Environmental Assessment
Strategic Integrated Projects
Positioning wind turbines in a wind farm to achieve the optimal result
Internet interface for downloading WASA GWC data
Verified Numerical Wind Atlas
Wind Atlas for South Africa
Wind Atlas Analysis and Application Program (modelling software for
analyzing wind resource at micro scale)
Weather Research and Forecasting (mesoscale model)

List of organisation abbreviations
CSIR
CSAG
DEA
DME
DoE
DST
DTU
EWEA
NCAR
NCEP
PIU
PSC
SANEDI
SAWEA

Council for Scientific and Industrial Research
Climate System Analysis Group - UCT
Danish Energy Agency
Department of Mines and Energy (now DoE)
Department of Energy
Department of Science and Technology
Technical University of Denmark
European Wind Energy Association
National Center for Atmospheric Research (US)
National Center for Environmental Protection (US)
Project Implementation Unit
Programme Steering Committee
South African National Energy Research Institute (until 2011)
South African Wind Energy Association
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SAWS
UCT
UNDP
WinDaba

South African Weather Service
University of Cape Town
United Nations Development Programme
South African Wind Energy Conference organised by SAWEA

Addendum A. Consolidated Financial Report
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