
Energie & Umwelt / Energy & Environment
Band / Volume 662
ISBN 978-3-95806-822-3 

Energie & Umwelt / Energy & Environment
Band / Volume 662
ISBN 978-3-95806-822-3 

Variable renewable energy potential estimates based  
on high-resolution regional atmospheric modelling over  
southern Africa
Shuying Chen

662

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

A
tm

os
ph

er
ic

 m
od

el
lin

g 
an

d 
en

er
gy

 s
ys

te
m

s 
de

si
gn

Sh
uy

in
g 

C
he

n



Forschungszentrum Jülich GmbH
Institut für Bio- und Geowissenschaften (IBG)
Agrosphäre (IBG-3)

Variable renewable energy potential estimates 
based on high-resolution regional atmospheric 
modelling over southern Africa

Shuying Chen

Schriften des Forschungszentrums Jülich
Reihe Energie & Umwelt / Energy & Environment Band / Volume 662

ISSN 1866-1793    ISBN 978-3-95806-822-3



I 

 

 

Contents 

Contents ..................................................................................................................................... I 

List of Figures .......................................................................................................................... IV 

List of Tables ............................................................................................................................ XI 

List of Acronyms.................................................................................................................... XII 

Abstract ...................................................................................................................................... 1 

Zusammenfassung...................................................................................................................... 3 

Chapter 1. Introduction ........................................................................................................ 5 

Chapter 2. Theory .............................................................................................................. 10 

2.1 Atmospheric model ICON ....................................................................................... 10 

2.2 Renewable energy model RESKit ........................................................................... 12 

2.2.1 RESKit wind workflow.................................................................................... 12 

2.2.2 RESKit solar workflow .................................................................................... 13 

Chapter 3. Convection-permitting ICON-LAM simulations for renewable energy potential 

estimates over southern Africa ................................................................................................. 15 

3.1 Introduction .............................................................................................................. 15 

3.2 Materials and methods ............................................................................................. 19 

3.2.1 Study area......................................................................................................... 19 

3.2.2 Numerical model and experiment design ........................................................ 21 

3.2.3 Observational data sets .................................................................................... 23 

3.2.4 In-situ observations quality control ................................................................. 25 

3.2.5 Evaluation methods .......................................................................................... 27 

3.3 Results and discussion ............................................................................................. 29 

3.3.1 Seasonal mean comparison .............................................................................. 29 

3.3.2 Simulated wind speed evaluation..................................................................... 31 

3.3.3 Simulated solar irradiance evaluation .............................................................. 38 

3.3.4 Simulated precipitation and 2 m air temperature evaluation ........................... 43 

3.4 Summary and conclusions ....................................................................................... 44 

Chapter 4. Higher onshore wind energy potentials revealed by kilometre-scale atmospheric 

modelling 46 

4.1 Introduction .............................................................................................................. 46 



II 

 

4.2 Data and methods ..................................................................................................... 47 

4.2.1 Wind Speed Data and Height Scaling .............................................................. 47 

4.2.2 Wind Power Calculation .................................................................................. 48 

4.2.3 Wind Speed Evaluation and Wind Power Comparison ................................... 49 

4.3 Results ...................................................................................................................... 50 

4.3.1 Comparison of Simulated 60 m Wind Speeds from ERA5 and ICON-LAM to 

Observations .................................................................................................................... 50 

4.3.2 Contrasts in Wind Power Generation Driven from ERA5 and ICON-LAM Over 

Weather Mast Locations................................................................................................... 51 

4.3.3 Spatially Distributed Wind Energy Potential ................................................... 52 

4.4 Discussion and conclusions ..................................................................................... 55 

Chapter 5. High-resolution atmospheric modelling reveals lower costs for renewable 

energy systems in southern Africa ........................................................................................... 57 

5.1 Introduction .............................................................................................................. 57 

5.2 Materials and methods ............................................................................................. 59 

5.2.1 Meteorological data sets .................................................................................. 59 

5.2.2 The wind and solar power calculation and the REP estimation ....................... 60 

5.2.3 Spatially resolved electricity demand and time series for 2050 ...................... 61 

5.2.4 Energy systems modelling ............................................................................... 63 

5.3 Results ...................................................................................................................... 64 

5.3.1 ICON-LAM reveals higher onshore wind and similar open-field solar PV 

energy potential ................................................................................................................ 64 

5.3.2 Lower annual costs in energy systems derived from ICON-LAM .................. 66 

5.3.3 Spatially varied costs and design of energy systems using different 

meteorological inputs ....................................................................................................... 70 

5.3.4 ICON-LAM: Increased wind and reduced solar energy contribution for meeting 

demand over time ............................................................................................................. 71 

5.4 Discussion and conclusions ..................................................................................... 76 

Chapter 6. Discussion, conclusions, and outlook .............................................................. 79 

6.1 Discussion ................................................................................................................ 79 

6.2 Conclusions .............................................................................................................. 81 

6.3 Outlook .................................................................................................................... 82 

Appendix .................................................................................................................................. 85 

A. Appendix A .................................................................................................................. 85 



III 

 

B. Appendix B .................................................................................................................. 89 

B.1 Data preparation for wind speed evaluation and wind energy potential estimation . 89 

B.2 Details of wind turbine technologies used to simulate wind power over weather mast 

locations ........................................................................................................................... 90 

B.3 Evaluation of wind speeds at the different wind speed ranges of the wind turbine’s 

power curve ...................................................................................................................... 91 

B.4 Comparison of simulated wind power to measured wind power for three provinces in 

South Africa ..................................................................................................................... 95 

B.5 Comparison of CF time series, annual and average CF derived from different wind 

speed products ................................................................................................................ 101 

B.6 Exploration of the frequency distribution of simulated wind speeds and its derived 

CFs across eligible wind turbine placements country by country ................................. 104 

B.7 The estimated wind power over eligible placements across southern Africa ......... 107 

C. Appendix C ................................................................................................................ 109 

Acknowledgements ................................................................................................................ 119 

Bibliography .......................................................................................................................... 120 

 

 

  



Energie & Umwelt / Energy & Environment
Band / Volume 662
ISBN 978-3-95806-822-3 

Energie & Umwelt / Energy & Environment
Band / Volume 662
ISBN 978-3-95806-822-3 

Variable renewable energy potential estimates based  
on high-resolution regional atmospheric modelling over  
southern Africa
Shuying Chen

662

En
er

gi
e 

& 
Um

w
el

t
En

er
gy

 &
 E

nv
ir

on
m

en
t

A
tm

os
ph

er
ic

 m
od

el
lin

g 
an

d 
en

er
gy

 s
ys

te
m

s 
de

si
gn

Sh
uy

in
g 

C
he

n


	Contents
	List of Figures
	List of Tables
	List of Acronyms
	Abstract
	Zusammenfassung
	Chapter 1. Introduction
	Chapter 2. Theory
	2.1 Atmospheric model ICON
	2.2 Renewable energy model RESKit
	2.2.1 RESKit wind workflow
	2.2.2 RESKit solar workflow


	Chapter 3. Convection-permitting ICON-LAM simulations for renewable energy potential estimates over southern Africa
	3.1 Introduction
	3.2 Materials and methods
	3.2.1 Study area
	3.2.2 Numerical model and experiment design
	3.2.2.1 ICON model version
	3.2.2.2 Model setup and configuration
	3.2.2.3 Simulation time span

	3.2.3 Observational data sets
	3.2.3.1 Meteorological ground station networks
	3.2.3.2 Satellite and composite data sets

	3.2.4 In-situ observations quality control
	3.2.5 Evaluation methods

	3.3 Results and discussion
	3.3.1 Seasonal mean comparison
	3.3.2 Simulated wind speed evaluation
	3.3.2.1 Wind speed over station points
	3.3.2.2 Wind speed over representative station points
	3.3.2.3 Wind speed over ocean
	3.3.2.4 Wind speed evaluation discussion

	3.3.3 Simulated solar irradiance evaluation
	3.3.3.1 Solar irradiance over station points
	3.3.3.2 Solar irradiance over representative station points
	3.3.3.3 Solar irradiance over the whole study domain
	3.3.3.4 Solar irradiance evaluation discussion

	3.3.4 Simulated precipitation and 2 m air temperature evaluation

	3.4 Summary and conclusions

	Chapter 4. Higher onshore wind energy potentials revealed by kilometre-scale atmospheric modelling
	4.1 Introduction
	4.2 Data and methods
	4.2.1 Wind Speed Data and Height Scaling
	4.2.2 Wind Power Calculation
	4.2.3 Wind Speed Evaluation and Wind Power Comparison

	4.3 Results
	4.3.1 Comparison of Simulated 60 m Wind Speeds from ERA5 and ICON-LAM to Observations
	4.3.2 Contrasts in Wind Power Generation Driven from ERA5 and ICON-LAM Over Weather Mast Locations
	4.3.3 Spatially Distributed Wind Energy Potential

	4.4 Discussion and conclusions

	Chapter 5. High-resolution atmospheric modelling reveals lower costs for renewable energy systems in southern Africa
	5.1 Introduction
	5.2 Materials and methods
	5.2.1 Meteorological data sets
	5.2.2 The wind and solar power calculation and the REP estimation
	5.2.3 Spatially resolved electricity demand and time series for 2050
	5.2.4 Energy systems modelling

	5.3 Results
	5.3.1 ICON-LAM reveals higher onshore wind and similar open-field solar PV energy potential
	5.3.2 Lower annual costs in energy systems derived from ICON-LAM
	5.3.3 Spatially varied costs and design of energy systems using different meteorological inputs
	5.3.4 ICON-LAM: Increased wind and reduced solar energy contribution for meeting demand over time

	5.4 Discussion and conclusions

	Chapter 6. Discussion, conclusions, and outlook
	6.1 Discussion
	6.2 Conclusions
	6.3 Outlook

	Appendix
	A. Appendix A
	B. Appendix B
	B.1 Data preparation for wind speed evaluation and wind energy potential estimation
	B.1.1 Data quality of observed wind speeds at weather masts in South Africa
	B.1.2 Wind speed scaling using power law
	B.1.3 The wind turbine hub heights designed in the HOpt wind turbine

	B.2 Details of wind turbine technologies used to simulate wind power over weather mast locations
	B.3 Evaluation of wind speeds at the different wind speed ranges of the wind turbine’s power curve
	B.4 Comparison of simulated wind power to measured wind power for three provinces in South Africa
	B.4.1 The wind power measurement in South Africa
	B.4.2 Simulation of wind power and comparison to measurements

	B.5 Comparison of CF time series, annual and average CF derived from different wind speed products
	B.5.1 Investigation of time series differences in CF between ICON-LAM and ERA5
	B.5.2 Comparison of different wind speed products derived annual and 3-year average CF

	B.6 Exploration of the frequency distribution of simulated wind speeds and its derived CFs across eligible wind turbine placements country by country
	B.7 The estimated wind power over eligible placements across southern Africa

	C. Appendix C

	Acknowledgements
	Bibliography



