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Medium penetration of wind power
Total 
consumption 
and wind 
power 
production 
(20%) for
illustration of 
wind power 
integration in 
an isolated 
power 
system.West Denmark

export capacity
2830 MW
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Medium penetration of wind power

Integration challenges:
a. Enough power plants at 

low wind
b. Enough power plants with 

fast control at high wind
c. System must survive 

dimensioning fault
d. There must be enough 

reserves to cover uncertain 
load + production

e. Handling of internal grid 
problems
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High wind power penetration
Total 
consumption 
and wind power 
production 
(55%) for
illustration of 
wind power 
integration in an 
isolated power 
system. The
illustrative day 
of January 8 is 
here included

West Denmark
export capacity
2830 MW
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High wind power penetration
Additional integration
challenges:
f. Possibility to 

regulate down 
available wind 
power during low 
consumption

g. Possibility of 
continous control of 
wind power
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High wind power penetration
interaction with neighboring areas

Additional 
considerations:
• Balance continous 

load+production 
changes internally 
and/or externally

• Keep reserves 
internally and/or 
externally

• Consider internal 
and external 
dimensioning faults
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Definition of ”penetration level”

Maximal share of 
wind power

Share of local 
load energy

Wind 
power

Region

2275 MW

2380 MW

90 MW

50 MW

44 %33 %Schleswig-
Holstein

58 %21 %West 
Denmark

40 %19 %Gotland

48%169 %Näsudden 
(on Gotland)
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Possibilities of 
external balancing

An illustration

Maximal 
share of 
wind 
power

Share 
of local 
load 
energy

Wind 
power

Region

339 MW

90 MW

50 MW

1.5 %0.4 %Sweden

40 %19 %Gotland

48%169 %Näsudden
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Conclusions and comments

• A method for how to study and compare
”wind power penetration levels” is 
presented

• The method is applied to 3 areas: Gotland, 
Western Denmark and Schleswig-Holstein

• The possibilities to ”external balancing” is 
discussed.
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