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High Penetration in European Power Systems - Background
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Penetration on RES energy — averages
Wind + PV exceed 50% by 2040
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High Penetration in European Power Systems - Background

« 8 countries reach 100%,
22 reach 50%
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Ratio of PE on total installed capacity by 2030
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High Penetration in European Power Systems - Background
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High Penetration in European Power Systems — Background

p
On generation side, a massive installation of power converters based
power sources throughout the distribution and transmission system
"
p

On the demand side, similar trends are being observed with the load being
increasingly interfaced with power converters, e.g. industrial motors or EVs
{

(On the high voltage transmission system, increased HVDC transmission
| capacity is expected by 2030 (70GW embedded HVDC links)

different power system dynamic profiles

secondarily caused

by the fast time constants
introduced by power electronic
converters and actuators

primarily caused by the
displacement of the
synchronous generation fleet
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Stability challenges - Ranking
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Decrease of inertia
Resonances due to cables and Power electronics
Reduction of transient stability margins

Missing or wrong participation of PE-connected generators and loads in
frequency containment

PE Controller interaction with each other and passive AC components
Loss of devices in the context of fault-ride-through capability
Lack of reactive power

Introduction of new power oscillations and/or reduced damping of existing
power oscillations

Excess of reactive power
Voltage Dip-Induced Frequency Dip

Altered static and dynamic voltage dependence of loads
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The reduction of total system inertia - Facts and numbers

Inertia contribution colouring code:

e Green  H24s Very good contribution
o Vellow  3s<H<4s Coodcontribution
e Orange 2s<H<3s Marginal contribution

* Red H<2s Limited contribution

TYNDP 2016: 2030 Scenario
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The reduction of total system inertia - Facts and numbers

Synchronous Area Inertia (H(s)) = CE

0% 0% 20% 30% 40% S0% 60% 70% B0% 90% 100%
Percentage of hours in a year

5 T203() s G20 30 s EUCO2030 s ST204 () s 5, CA 204 () s NG 2040

All figures are from TYNDP 2018 report - ENTSOE entso@ s



The reduction of total system inertia - Facts and numbers

Synchronous Area Inertia (H(s)) - GB Country Inertia H[s] - DE
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The Challenge of System Split for CE System




System Split for CE System - Studies
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System Split for CE System - Studies

Conclusion
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Future System Design

The System must cope

. cop Normative incident of LFDD can be ineffective when
imbalances of greater is high

than 40% leading to
RoCof greater than 2Hz/s




Voltage stability and formation

/u
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Short Circuit Power Levels - Trends

entso@ 15



Short Circuit Power Levels - Effects




Other Forms of Stability Issues
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ENTSOE “One Vision 2030” Roadmap towards Power
Converter Dominated Power Systems (incl. HVDC)

Vision on Market Design and
System Operation towards 2030

Enhancement of system stability

Q=) Eppancement of system observability

:> Enhancement of flexibility

o :> Tools and advanced models

Enhancement of coordination
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ENTSOE “One Vision 2030” Roadmap towards
PE-Dominated Power Systems (incl. HVDC)

Long-term

Short-term

: Mitigation
Grid Measures : :
Connection Grid Forming
Control

Codes
Synchronous
Condensers Storage
Ancillary e
Services
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Thank you

Presentation prepared by:

High Penetration of Power Electronic
Interfaced Power Sources and the Potential
Contribution of Grid Forming Converters

Technical Report

Mario Ndreko

(TenneT TSO GmbH)
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Based on the work of the
authors of the report

+High Penetration of Power Electronic
Interfaced Power Sources and the
Potential Contribution of Grid Forming
Converters”

by the ENTSO-E TG on High Penetration

entso@ 20



