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Balearic power grid

https://www.ree.es/sites/default/files/01_ACTIVIDADES/Documentos/folleto_romulo_es.pdf  
 

https://www.ree.es/sites/default/files/01_ACTIVIDADES/Documentos/folleto_romulo_es.pdf


Balearic grid power plants



Es Murterar closure

In 2019, the electric utility company Endesa, 
Balearic and Spanish Governments
reached an agreement to close down 2 out 
of the 4 coal generating units of Es Murterar 
the most polluting power station in Mallorca.

Besides operation time of the two remaining 
units is limited to 1500 hours/ year until 
2021. After that, 500 hours/year per year 
until the complete close down of the power 
plant, which will coincide with the activation 
of a new connection to mainland. 



Es Murterar closure



Es murterar closure



Future Balearic power grid

New lines



Data sources

Frequency data measured every second is obtained from the open database.  
R. Jumar, H. Maass, B. Schäfer, L.R. Gorjão, and V. Hagenmeyer, “Power grid frequency 
data base”. https://osf.io/by5hu/.
L.R. Gorjão et al., Nat. Commun., 11, 1–11, 2020.

Demand and generation available on Red Eléctrica de España web:  
https://demanda.ree.es/visiona/home
This includes overall demand and generated power averaged over 10 minutes and power 
through the HVDC line. Generation is disaggregated by power plant technology. 

The database includes measurements from 
October 2019 until December 2020, except the 
months of August and October 2020.

Data taken at a single location in the island of 
Mallorca, assumed to be representative.

https://osf.io/by5hu/


Frequency fluctuations on a 
typical day without coal generation

January 26, 2020

Frequency follows demand pattern. 
Generation runs behind demand (as 
expected from power plant controls adapting 
generation to demand)
● When demand decreases (0h-4h) 

frequency is above 50Hz. . 
● When demand increases frequency is 

below 50Hz.

There are also fast fluctuations due to 
stochastic changes in demand. Its amplitude 
is smaller at night (valley hours) and larger 
during the peak hours.

Moving window frequency std There are also large deterministic frequency 
variations triggered by step-like changes in 
HVDC cable power.



Frequency fluctuations on a 
typical day without coal generation

January 26, 2020

Consider the rank distribution of the 
frequency deviations with respect to 50Hz.
 R(|Dw|). Measures the probability to have a 
fluctuation of size larger than |Dw|.

Frequency variations stay way below the 
statutory limit 0.15Hz.



Coal generation

Up to December 2019 coal was the main 
source of power generation in the Balearic 
Islands

In 2020 coal generation has been replaced 
by natural gas (combine cycle), except for a 
few months of the year.



Frequency fluctuations on a 
typical day with coal generation

December 18, 2019

Frequency deviations are much larger, 
reaching on several occasions statutory limits.

Despite the large inertia provided by coal 
plants, the overall control capability is 
significantly smaller.

However, there are no fluctuations beyond the 
limits.



Threshold-like frequency control

December 18, 2019

The rank distribution of frequency deviations 
clearly shows a change of behavior at 0.15Hz.
Large frequency deviations are strongly 
damped.

Typical power plant control mechanisms 
proportional to frequency deviations lead to a 
smooth rank distribution.

There must be an additional control which is 
activated when statutory limits are reached.



Threshold-like frequency control without coal generation

January 30, 2020



Discussion
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Concluding remarks

● Coal generation closure in the Balearic Islands, despite decreasing the inertia 
capability has not lead to an increase of the frequency fluctuations rather than a 
clear reduction of them.

● This is because it has been replaced by combined cycle gas turbines which, 
despite having smaller inertia, are more flexible and have a larger control 
capability.

● There is evidence of threshold-like frequency control being used when the 
frequency deviations reach the statutory limits strongly damping fluctuations 
beyond these limits.

● The threshold-like frequency control was frequently triggered when coal was in 
operation while it is seldom triggered nowadays.

● As a contribution to the discussion on the power grid reliability upon the 
introduction of variable renewable sources, this results shows that inertia 
reduction is not as relevant for grid stability as having a fast flexible control. 
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