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Challenges of modern power systems

The following decades will bring 4 main challenges to power systems:

Demand *Electrical energy — production capacity
grow’rh *Peak power — electrical stress

Aged *Increased losses — higher CO,, emission
infrastructure *Decreased reliability
-
Increased *RES intermittency asks for flexible reserve
share of RES *Large RES (offshore wind) distance from consumption point
\_
Increased [
*Power quality and bidirectional power flow
share of *Uncoordinated charging of EV
DG and EV \
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Global electricity
generation growth
accelerated in 2021.

EU +3.6%
China +9.7%
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CO, in the world and Europe (2021)
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CO, share — Energy and transportation

CO2 Emissions by Economic Sector CO2 Emissions by the Transport Sector
34%
I
)
) 1%
42% " 22%
EE ‘OEO'
6%
9% 40% 2

Electricity and heat production = Manufacturing and construction M

Transport Residental

Other Automobiles = Trucks = Aviation = Marine = Railways

Renewable energy sources in electrical power systems and EV in transportation represent the
main CO2 reduction resources.
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Renewable energy sources (including Hydro)

-

1. Hydropower 93%

2. Wind 23%
3. Solar PV 12%
4. Bioenergy 10%
5. Other 2%
(CSP, geothermal, ocean)

-

Renewable energy sources:
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Net Zero Emission scenario - Renewables
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In two decades the
share of wind and solar
in Europe raised to 19%.

Spain
Portugal
Germany
United Kingdom
MNew Zealand
Metherlands
Chile
Australia
Italy
Belgium
Sweden

Turkey

32.7

31

28.9

25.2

24.8

24.1

21.1

18.7

18.3

17.6

17.2

17



Renewable energy — challenges for power systems

High shares of RES ask for additional system balancing flexibility

WIND AND SOLAR PV OUTPUT EXAMPLE CONCEPT OF FLEXIBILITY MANAGEMENT
MW
Regional transmission gnd operated by 30Hertz in Germany Flexihilitv Needs Flexibility Sources
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4000

Connections
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Modern challenges — DG and EV
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@ Large combined heat & power plant
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Modern challenges — DG and EV

Utilization of large amount of DG and EV requires power system investments.
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Conclusion

Conventional car 100 gCO2/km 10.000 km/year Conventional car 1 tCO2/year
EV 0.2kWh /km 2 MWh /year
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