
Optimal Purchase and Dispatch of 
Ancillary Services for Safe Power 

Balance Control

Petr Havel

Center of Applied Cybernetics, Faculty of Electrical Engineering, 

Czech Technical University, Prague



Optimal Purchase and Dispatch of Ancillary Services for Safe Power Balance Control 



Optimal Purchase and Dispatch of Ancillary Services for Safe Power Balance Control 

Motivation of the thesis

 Power balance between generation and load has to be 
controlled in real-time

 Motivation of this work is to contribute to the safe 
operation of the transmission system and possibly 
lower the costs associated with the power balance 
control

– Critical with presence of renewable resources
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Result 1: Long-term optimal purchase of 
regulation reserves

 One-year horizon

 Cost minimization task under constraints

– Constraints = safe power balance control

– Annual costs approximately 8 billion CZK

 Based on mixed-integer and linear programming (MILP)
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Result 2: Optimal short-term purchase of 
balancing energy

 Cost minimization task 
in uncertain scenarios

 Based on probabilistic 
approach

 In automatic operation 
at the ČEPS dispatch 
center

0 1 2 3 4 5 6

Balancing energy

purchase ETSO(h)

65 €/MWh

100 €/MWh

110 €/MWh

125 €/MWh

130 €/MWh

200 €/MWh

0.05 €/MWh

10 €/MWh

15 €/MWh

Probability pk

Regulation energy costs NkE

S
y
s
te

m
 d

e
v
ia

ti
o
n

Prediction

hour

I k
I k

+
1

0 1 2 3 4 5 60 1 2 3 4 5 6

Balancing energy

purchase ETSO(h)

65 €/MWh

100 €/MWh

110 €/MWh

125 €/MWh

130 €/MWh

200 €/MWh

0.05 €/MWh

10 €/MWh

15 €/MWh

Probability pk

Regulation energy costs NkE

Probability pk

Regulation energy costs NkE

S
y
s
te

m
 d

e
v
ia

ti
o
n

Prediction

hour

I k
I k

+
1



Optimal Purchase and Dispatch of Ancillary Services for Safe Power Balance Control 

Character of the work

 Solve difficult real-life industry-demanded problems
that have high research potential

 Use advanced methods of simulation, optimization …

 Results of the thesis are used by the Czech 
Transmission System Operator, ČEPS, a.s., to ensure
safe power balance control

 Results are published in world-know international 
scientific journals
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