


Example of co-located wind and PV park in 
Sweden [Source: Thomas Carlén].



Status by end of 2024 (TWh)
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How does wind 
and solar power 

production 
correlate across 

Sweden?



• Correlation describes how two variables are (linearly) related.

 If the correlation is negative, we achieve smoothing due to cancellation of 
       variations in each of the signals.



• Wind and solar power output have different 
characteristics across different time horizons

• Filtering using fast Fourier transform:
• Seasonal: longer than 8 months
• (Midterm: 2 weeks to 8 months)
• Synoptic: 2 days – 2 weeks
• Diurnal: less than 2 days

Lindberg et al (2021) "Review on power-production modeling of hybrid wind 
and PV power parks", J. Renewable Sustainable Energy 13



• Validation of meteorological models against four stations across 
Sweden

• Wind and solar power production was modeled using meteorological 
variables from Cosmo-REA6 

• Horizontal resolution of 3x3 km2 across Sweden

• Hourly resolution between January 1995–August 2019

Lindberg et al (2022), 
https://doi.org/10.1016/j.energy.2022.124817

https://doi.org/10.1016/j.energy.2022.124817
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Can probabilistic 
forecasts for the 

day-ahead market 
be improved by 

aggregating wind 
and solar 

production?



[Source: Thomas Carlén]



The study also showed that improved forecasts also reduce
imbalance costs...

Lindberg et al (2023) 
https://doi.org/10.1016/j.adapen.2022.100120

https://doi.org/10.1016/j.adapen.2022.100120


What determines 
whether 

hybridization is 
feasible or not? 



Retrofitting is done by installing new PV capacity behind the same grid connection point as an existing 
wind power plant.



The goal is to maximize the net present value (NPV) of the PV park…
…while respecting the capacity in the interconnection point as well as the 
concurrent wind power production.

Klyve et al. (2025), https://doi.org/10.1016/j.apenergy.2024.124895

https://doi.org/10.1016/j.apenergy.2024.124895


Reference scenario

Lifetime 30 years

WACC 4.5 %

CAPEX 500 kEUR/MWp

Spot price 45 EUR/MWh

Fixed OPEX 8 kEUR/MWp/yr

PV degradation 0.2 %/yr



#1
Finns det ekonomiska 

fördelar med att 
samlokalisera sol vid 

existerande 
vindkraftparker?



What about the combination of the three?

 Multiple linear regression
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Sites with the highest NPV from retrofitting PV have:
 - High PV capacity factors
 - Low wind power capacity factors
 - Strong negative correlation between wind and PV
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resource

Conflicts
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Price

Compare to 
conditions near

wind sites
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characteristics of
existing PV parks
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Probabilistic forecasting

Temporal correlation

• Time scales relevant for grid-
integration are generally 
negatively correlated

• The smoothing effect 
from co-located wind 
and solar improve 
probabilistic forecast 
accuracy and reduces 
imbalance costs

Literature review
• Large potential for hybrid parks 

globally
• Research field is immature

Retrofitting existing wind parks
• The best sites to 

hybridize are the ones 
with high PV and low 
yearly wind capacity 
factors and strong 
negative correlation. 

Conclusions



Role of the County Administrative Board

• #uppsalaeffekten

• Municipal energy planning

• Climate and energy strategy
• Regional roadmap for electrification



Oskar Lindberg’s thesis is available here!
oskar.lindberg@svk.se

https://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-536810
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