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1. Introduction

What is Climate Change?
* ltisthe long-term shift in the average weather patterns.

* The 2015 Paris agreement was established as a mitigation strategy to limit the average global temperature from reaching a level of 2 degrees
Celsius.

How will climate change affect energy generation.?
* Yuchen Yangetal. [1] projected a varying wind production over time.

* Weberetal[2] projected wind energy generation to decrease.
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* Reyesetal.[3] Forecasted wind energy generation to increase.

Why is long term wind forecasting and Climate modelling important ?
* ltiscritical for renewable energy planning, financial investment, and infrastructure design.
* Adequate awareness of the possibility of imminent threat caused by climate change is essential to mitigate disruption.

* Climate change will have an impact on wind speeds, and this wind speed will affect the power production.
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1. Introduction

* To project the impacts of climate change on wind energy generation, the output from various global climate models running the RCP 8.5
scenario were used.

What is RCP 8.5 and Why is it important?

* RCP 8.5is a high emission climate scenario. It projects a future where:

1. Thereis more reliance on fossil fuel.
2. No effort taken to reduce carbon emission.
3. Arapid growth in green house gas emission.
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Why is it essential for this study?

* To observe the effects of climate change on wind energy generation, should minimal effort be placed in mitigating climate change.
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1. Introduction Operational Capacity: ~3.55GW

Wind Farm Locations in South Africa: Bubble size indicates installed Capacity
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2. Methodology

The model creates a virtual wind farm to which we can observe climate change impacts on the farms under the RCP 8.5 scenario.

To create the virtual wind farm, a four-step process can be followed:

Wind Speed Correction to Hub Height.

Turbine Power output modelling and Power calculation.
Density Correction.

Virtual Farm Aggregation.

ol
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2. Methodology

Wind Speed Conversion to Hub Height: 600 . URBAN AREA SUBURBS LEVEL COUNTRY
Step 1.
f S SRR f - " f
_ Zhub_ \a 5001 10 m's | > oms  ——e—y 10mss
* Uphw = Uanem(Z ) ! ‘
anem ’
* Upup - Wind speed at hub height (m/s) 400 — — —
<
* Uinem - Wind speed at anemometer height (m/s) E
' 1}
© Zpup - Hub height of wind turbine (m) (*I; 300 — -
o Zanem - Anemometer height (m) t'Iﬁ
goof—~—~ 95 mis
° - Power law exponent
* When using the power law, the equation becomes as follows, ,
where Z, isthe surface roughness. 100" — 111, 8.6 m/s
ln(Zhub /ZO ) l |
° — X
U hub U anem <ln(lanem /Zo ) 0 : -
0 5 10

WIND SPEED m/s

https://forum.dcs.world/topic/275852-wrong-average-wind-speed-gradient-with-increasing-
altitude/
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2. Methodology

Step 2.
Calculating Wind Power Output Using Wind Turbine Power Curve. At 350
standard temperature and atmospheric pressure. /
300
The Power Curve is represented by the following equations. Power output predicted
by power curve
250 {
3 /
OJ if 0 S v < vcut—in, ‘;Ezuo _______________
P=7< av®+ Bv5+ yv*+ §v3+ 0v% + uwv + Cif Veyr—in <V < Vrated . :
Prated ifvrated s=v < Veut—of f g / I
| R
100 :
Hub height
Where: / : wind speed
. m / |' /f
|
P - Power in [MWh] . _/ :/
0 5 10 15 20 25

v—wind speed at hub height Wind Speed (m/s)
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2. Methodology

Both air pressure and air density
Step 3. decrease with increasing altitude.
500

* Density Correction:

* Adjust Power output to actual conditions at which the turbine )

operates. 400

p
* Par =Px(£)
* Where: 300 i
s P,.+ - Turbine power at actual density [MW]. 'g
K
« p, - AirDensityatStandard Condition [1.225 “9/ .]. = 200
@

e p - Actual Density [kg/m3]. -§
Step 4 .s .

ep 4. =
* Wind Power Aggregation "
* Calculating the Power of the virtual farm, based on the number of Low pressure - High pressure

wind turbines. This is done after following the mentioned steps, by Low density High density

multiplying the obtained power by the number of turbines. Increasing p—-i

https://forum.dcs.world/topic/275852-wrong-average-wind-speed-gradient-with-increasing-
altitude/
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2. Methodology

2012: Pearson Correlation = 99.83; 2016: Pearson Correlation = 99.8; 2020: Pearson Correlation = 99.78; 2024: Pearson Correlation =99.79
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—— Renewable Ninja Power Data

Average Power Production (2012)

—— Calculated Power Production using Renewables Ninja Wind Data

Model verification using Amakhala Wind farm data from Renewables Ninja

Average Power Production (2016)
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3. Results

RCP 8.5 scenario models

1100 | - Acces ! , Years 1960-2005 2005-2069 2070-2089
--- CCS85
1050 4 ——- CNR8S ) ,
o , i P Average 883.9MWh 918.4MWh 931.8MWh
R [ Average of the 5 Models ‘ L ,.‘ i m " T AR power
—- a o W H F Ty | t
5 90 l'll‘ { ¥ —i ) ; IR
g L et L A e KR R R L R N A S R A A SN e DAwWer
ool p P(?wer 35.5MWh 13.5MWh
g 850 ) s Difference
A
800 f '\.'r
50 There is an increasing trend in the annual average power
0 ' production with a slope magnitude of 0.536MWh/year. This is
1960 1980 2000 2020 - 2040 2060 2080 2100 due to mcreasmg wind speeds.
Climate change weather scenarios used in forecasting wind energy production [MWh] for all 35 sites.
Annual Average Power Production @
—_— .;Average Power Produ‘ctinn

940 A

A T N
PSR VAR UL
RIET

Power [MWh]

1960 1980 2000 2020 2040 2060 2080 2100
Year

Average of the climate change weather scenarios used in forecasting wind energy production [MWh]
for all 35 sites.
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4. Discussion

Remarks:

* A studywas conducted on the effects of climate change on wind energy generation in south Africa under the RCP 8.5 climate scenario.
Upon analysis of the average power production showed an increase of 0.536MWh/year.

* Although the findings indicate an increase in average power production, the average value is not evenly distributed.
* [|tmayindicate some areas having high winds and other areas having low winds.

* Higherwind speeds my resultin turbulence that is not effective for wind turbines thus having a negative financial impact and energy
security.

* The produced power is dependent on the accuracy of the generated RCP 8.5 data.
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Future outlook:
* Areas affected by High or Low wind speeds and how that will affect site energy generation and infrastructure.

« Comparing RCP2.6 with RCP8.5 scenarios.
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