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Cost of wind and solar have gone done  

Since 2010 the cost of 
wind and solar power 
have dropped by 49%, 
85% respectively

Source: IRENA – Renewable Power Generation Costs in 2017



But more VREs increase the sensitivity of the energy system to 
weather and changing climate

Weather varies rapidly in time and space
But also from one year to the next ->

.

Source: Pfenninger (2017), Applied Energy 197, 1–13.
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1. Energy storage and control



Energy systems model 

2. Energy system modelling
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Energy systems modelling

• Energy system modelling plays an important role in exploring possible 
energy system designs to meet our carbon reduction targets

• Picture Paris Agreement







1. Norways’ s role in a highly renewable European 
energy system

Norway has excellent wind energy potential could allow for spatial 
diversification with wind and solar elsewhere in Europe, 
technological diversification with PV in southern Europe

Hydro reservoir capacity

Pioneer in electric vehicle adoption

 Norway’s energy-related decisions can have a significant 
impact on the rest of the European energy system

2. Methodological 
improvements

How to improve the 
modelling of highly 
renewable energy systems?

Questions we investigate: 
• How do the benefits from spatial and technological diversification of North-Sea wind energy compare with other 

VRE integration options? 
• How do different storage technologies and their potential cost reductions up to 2050 compete with Norway’s 

hydro storage?
• What roles do electrification (e.g. transport) and interconnection with countries having ambitious plans for 

offshore wind energy play in the energy transition? 



Our modelling approach accounts for the spatio-
temporal variability of renewable energy generation

• Norway and European 
(28 +3 European 
member states ) version

• 1 hourly  

• Weather years since 
1950 based on 
Reanalysis

• 0.25o x 0.25o resolution

high spatial and temporal resolution electricity system model 
“highRES” 



Climate reanalysis

• Climate reanalyses combine past 
observations with models to 
generate consistent (each grid point 
around the globe and regular output 
over time) time series of multiple 
climate variables (e.g. air 
temperature, pressure, wind speeds)

• ERA-5 (released end 2019): produced
by ECMWF

• 0.25o x 0.25o resolution, with 
atmospheric parameters on 37 
pressure levels

• Hourly 

• 1950 to present



How does inter-annual weather variability affect 
system planning and operation for a highly 
renewable EU energy system in 2050?

• -80% GHG cut in 2050

• 28 years (1988-2015) of hourly wind/solar/hydro production from 
ERA-5

• Electricity demand: 5870TWh (today: ~3000TWh)



VRE generation

• Renewable share 
between 87% and 
90%

• VRE share between 
79% and 83% 

Demand: 5870TWh 
(today: ~3000TWh)



VRE capacities

• Solar: ~+12%-
18%, (EU 2017: 
107GW)

• Wind: ~± 5%, (EU 
2017: 167GW)



Spatial distribution of VRE capacities
• Consistent 

patterns: 

- Solar in the South

- Wind energy 
around Europe

• Some outliers

• But strong 
variability (up to 
+80%, -150%) 
depending on the 
weather year



Future work I

• UK/ Germany: onshore wind installations 
fell by nearly 80% in 2018/2019

• Norway: stopped plans for a national 
wind power development framework

• Social acceptance of renewable 
expansion?  large scale expansion is 
uncertain; by acting as seasonal storage 
hydrogen could be game-changing



Future work II

• Today’s power system modelling 
studies almost exclusively use 
historical weather data

• State of the art climate change 
projections with the necessary 
temporal and spatial resolution 
to design climate resilient 
renewable focused energy 
systems



3. Autonomous surveillance of renewable energy infrastructure 
(innovation cluster, 4 PhDs)

22

Monitoring of solar power 
plants. Autonomous drones 
with onboard cameras will 
provide information of power 
plant parameters, which shall 
be correlated with internal 
solar cell parameters, other 
available data and computer 
models of the power plants
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Thank you!
Marianne.zeyringer@its.uio.no

For questions on our storage/drone activities: 
sabrina.sartori@its.uio.no; m.n.guzik@its.uio.no





Social and environmental effects of 
renewables

Public acceptance of VREs is
usually high on a national level;  
but there are local socio-
environmental impacts and
resistancre



• UK/ Germany: onshore wind 
installations fell by nearly 80% in 
2018/2019

• Norway: stopped plans for a 
national wind power development 
framework

 Thus, socio-environmental 
constraints can strongly limit the 
overall capacity potential affecting 
the technology choices, resulting 
costs and political feasibilities of 
reaching the Paris Agreement. 


