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Introduction
Power networks are composed of a large number of power plants, lines, substations, ...
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Generation and demand must balance

         50 Hz

49.5             50.5

GenerationDemand
Instantaneous unbalances translate into 
frequency fluctuations.
Statutory limit for continental Europe: ±0.15Hz.
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Need to reduce CO2 emissions: 
● Increase variable renewable sources (VRES) 
● Higher electrification degree.

● Additional fluctuations at generation side. 
● Less control capability.
● Less inertia: more vulnerability to fluctuations.



Power grid technical digital twin.

Nodes with conventional generation
θ̇i=ωi

Nodes without conventional generation (may include renewables) 
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Secondary control + forcing to a reference power (dispatch)
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Local load + transmission
+ renewable generation

Data assimilation: load Pli(t), renewable generation PRi(t) and plant reference power Prefi(t) 



Case study: Gran Canaria.validation.

Jinamar

Frequency fluctuations probability density

actual freq. data, https://power-grid-frequency.org
Technical digital twin
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Demand & generation from 
https://demanda.ree.es/visiona/home

https://power-grid-frequency.org/


Future scenarios



Future scenarios

current wind

wind x4

wind x8

Keeping 
largest power 
plant with 
control & 
inertia even if 
not needed

Wind x8. Max 1h line stress 



Future scenarios

Largest power 
plant + additional 
secondary control

current wind

wind x4

wind x8

Keeping 
largest power 
plant with 
control & 
inertia even if 
not needed

Wind x8. Max 1h line stress 



Future scenarios

Largest power 
plant + additional 
secondary control

current wind

wind x4

wind x8

Keeping 
largest power 
plant with 
control & 
inertia even if 
not needed

Wind x8. Max 1h line stress 

Balearic islands case ready.
Flexibility to explore other scenarios:
● Increasing PV generation
● Storage
● Line failures / new lines
● Different demand control techniques



Big Data, Machine Learning, Inteligencia Artificial

Urbanismo, Transporte, Movilidad y Turismo

Energía y Sostenibilidad

Investigación y gestión sanitaria

https://data-analytics.ifisc.uib-csic.es

data.analytics@ifisc.uib.es
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