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Growth of renewable energy Growth of renewable energy 

sourcessources
� The significant growth of installed power 

capacity of renewable energy sources (RES) 
especially photovoltaic power plants in last 
few years may cause incidental disturbance 
of power balance in the power system. 

� Because of the RES (mainly photovoltaic) 
this disturbance may be caused not only on 
the consumption side, but also on the 
production side of the power balance 
equation. 



Share of electricity production from Share of electricity production from 

RES in SlovakiaRES in Slovakia

Year 2007 2008 2009 2010

Power production 

from RES (GWh)
5080 5147 5173 5280

Gross electricity 

consumption 

(GWh)

29717 29824 27467 28761

Share of electricity 

from RES (%)
17,1 17,3 18,8 18,4



Installed power capacity in RES in Installed power capacity in RES in 

SlovakiaSlovakia
� Total installed power capacity in Slovak 

Republic is about 7100 MW

� Total installed power in RES in Slovak 
Republic until 30th of June in 2011 was 
480 MW

� These days is installed power in RES 
about 500 MW



Installed power capacity in RES in Installed power capacity in RES in 

SlovakiaSlovakia
� The share of installed power in RES is 

about 7% of total installed capacity in 
Slovakia

� The power production from RES is about 
18% of total consumption

� This share may under some certain 
circumstances cause an unstable 
operation of power system



Pros and Cons of RESPros and Cons of RES

� The main advantage of RES is that they 
produce a clean green energy without 
production of CO2

� The main disadvantage of most RES is 
that they are not exactly predictable 
because of they production depends on 
weather conditions 



Long term dynamic simulationLong term dynamic simulation

� Therefore impact of variable weather 
conditions are modeled in the power 
system of Slovak Republic

� Case is modeled in MODES software

� The power system is simplified to several 
nodes 

� Power sources are divided according to 
type of power production



Modeled schemeModeled scheme



Modeled NodesModeled Nodes

Node name
Load

[MW]

Installed 

Power[MW]
Comment

WIND 0 9 x 0,35 Wind Turbines

SUN 0 480 Photovoltaic  Power plants

PUMP 0 1020 Pump storage Power plants

SEPS 0 7100
Slovak Power  System 

equivalent

CONSUMPTION 2700 0

Power system load 

according to  daily load 

curve

ENTSO-E 5000 1400 x 220
Equivalent of ENTSO-E

power system



Modeled casesModeled cases

� On this scheme two main cases were
modeled

◦ 1st case – model of good weather conditions, 
sunny day with no clouds during whole day

◦ 2nd case – model of bad weather conditions, 
cloudy day with random cloudy conditions 
during the day



Power from photovoltaic power plantsPower from photovoltaic power plants

Comparison of Sum of power supplied from photovoltaic power plants for both 
cases



CrossCross--border Power balance border Power balance 

Comparison of cross-border power balance for both cases



The secondary power/frequency The secondary power/frequency 

regulation process in thermal power regulation process in thermal power 

plantsplants

Comparison of activated secondary power regulation in two chosen thermal 
power plants for both cases



Secondary central controller outputSecondary central controller output

Comparison of secondary controller output and photovoltaic power for both 
cases



ConclusionConclusion

� Shown figures show chosen variables 
compared for both cases (sunny and 
cloudy weather conditions)

Case Sunny Cloudy

ΔP- [MW] -20,73 -127,3

ΔP+ [MW] 46,54 166.86

Minimum and Maximum of cross-border balance values for both cases



ConclusionConclusion

� This results lead to several main conclusions:
◦ during the sunny day the power system is more 

stable, power balance values are closer to its 
scheduled value, smaller regulation electricity is 
needed,

◦ Large proportion of renewable sources, especially 
photovoltaic power plants may leads to power 
system instability during bad weather conditions,

◦ It is necessary to calculate the maximum proportion 
of RES in each power system, to maintain stable 
long-term dynamic in any case



Thank you for your attentionThank you for your attention


