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Drivers for grid
expansion

Grid expansion
Flexibility option for integrating increasing shares of
variable renewable energy sources (vRES)
Grid expansion in Germany
Transmission grid today

Drivers for grid expansion
Grid expansion by 2025

Paradigm shift from centralized conventional
generation to more distributed generation.
Internal European electricity market: power
transits between countries.
Wind energy deployment in the North, solar
photovoltaic deployment in the South.
Balancing across regions.

Delays in grid expansion
One major consequence: redispatch of
conventional power generation and curtailment
of renewable energy, such as wind energy.
Costs for redispatch and curtailment are
socialized among electricity consumers.
Own illustration based on BNetzA (2016), TenneT (2017), TransnetBW (2017)
Dr. Stephanie Ropenus, Agora Energiewende
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Delays in grid expansion
Consequence: grid congestion
Grid congestion management measures in Germany

Ecofys based on quarterly and monitoring reports by BNetzA and ENTSO-E transparency platform (cf. Smart Market study by Agora Energiewende, updated version here)

Dr. Stephanie Ropenus, Agora Energiewende
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Delays in grid
expansion –
challenges today and
in the future

Delays in grid expansion – grid congestion (1):
if the operating temperature exceeds the thermal limit of the
transmission line or transformer
Stylized illustration: sag of an overhead transmission line

Increasing temperature

Own illustration by Energynautics GmbH, in: Agora Energiewende und Energynautics GmbH (2018)
Dr. Stephanie Ropenus, Agora Energiewende
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Grid congestion (2): thermal limits and stability limits
Increasing complexity of power systems (at present in Germany: mostly violation of thermal limits).

In the future: Will a power system maintain stability after a disturbance? What is the maximum
secure power transfer under certain contingencies?

Thermal limits

Problem today

Stability limits

Thermal limits/ratings

• Voltage stability

• Sag in overhead transmission lines

• Rotor angle stability by
synchronous generators (“to stay in
sync“):

• Lifetime of power transformers and
(underground) cables (insulation)

Dr. Stephanie Ropenus, Agora Energiewende
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− Transient stability
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Toolbox
Grid-related measures

Which short-term and long-term measures can we implement
to optimize the utilization of grid capacity?
Long-term measures for system
operation characterized by
increasing complexity
(accounting for intelligent grid
and control solutions)

Short-term measures in
addition to grid expansion
(e.g., for reduction of
curtailment and redispatch)

2020
Dr. Stephanie Ropenus, Agora Energiewende

2025
19th April 2018

2030
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Tool 1
GORE Principle – Grid Optimisation prior to grid Reinforcement prior
to grid Expansion

Dynamic line rating
Objective: to safely increase the utilization of
the transport capacity of existing transmission
and distribution lines.
Dynamic line rating: monitor real conditions in
which power lines operate (actual atmospheric
conditions) rather than deterministic or
probabilistic methods (static line rating).
Wind power feed-in and ambient temperature
of power lines are “ideal partners“.

Prerequisite: continuous measuring of
temperature of overhead transmission lines by
means of sensors or infrared cameras so as to
avoid violation of thermal limits.
Increasing thermal limits of transmission lines.

Different variants are already applied by
German transmission system operators.
© Erwin Wodicka, Fotolia
Dr. Stephanie Ropenus, Agora Energiewende
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Tool 2
GORE Principle – Grid Optimisation prior to grid Reinforcement prior
to grid Expansion

High Temperature Low Sag (HTLS)
Objective: to increase transport capacity by
retrofitting power lines in the existing
transmission or distribution grid.
High temperature low sag power line
conductors (HTLS): transmission of larger
current in existing structures by upgrading
existing lines with composite cored conductors
(annealed aluminium or aluminium alloy
conductors). This allows for higher operating
temperatures and for a larger current to be
transmitted.
Account for: statics of electrical towers,
exposure of environment to increased electric
and magnetic fields (may impact parallel
infrastructure, such as gas pipelines), possibly
increase in line losses.
When thermal limits are increased, there is still
the question of stability limits.

© 2013 Roberto Caucino, Fotolia
Dr. Stephanie Ropenus, Agora Energiewende

19th April 2018

11

Tool 3

Grid operation: power flow controlling devices
Objective: improving the efficiency of already
existing AC grids and preventing overloads on
specific transmission lines by means of active
power flow control.

Power flow control (e.g., phase shifting
transformers (PSTs)): control of the amount of
active power that can flow in a transmission
line. “Re-routing“ power flows to parallel
transmission lines or network sections that are
not operated close to their thermal limits.
PSTs as a new short-term measure (to be
implemented by 2023) as part of German
Network Development Plan in order to reduce
redispatch and curtailment. In the long-term:
implementation may also help to reduce grid
expansion.
Coordination between adjacent TSOs is vital.
© Erwin Wodicka, Fotolia
Dr. Stephanie Ropenus, Agora Energiewende
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Tool 4

Online Dynamic Security Assessment (Online-DSA)
Online Dynamic Security Assessment (Online-DSA)

Measurement
Modeling
Computation (security assessment)
Remedial action determination

Online-DSA: “snapshot“ of actual system
condition computed in near-real-time, including
stability limits.
Tool for modern control centers in order to
visualize system state and to determine
remedial actions in case of contingencies.

Visualization
Control
Agora Energiewende und Energynautics (2018), based on CIGRÉ Working Group C4.601 (2007)

Dr. Stephanie Ropenus, Agora Energiewende

Objective: in addition to thermal loading of
transmission lines and transformers (thermal
limits) voltage variations and stability
assessments become relevant (even more so
when thermal limits are raised due to grid
optimization measures). In the future: Will a
power system maintain stability after a
disturbance? What is the maximum secure
power transfer under certain contingencies?

19th April 2018

More accurate than offline-analysis for
forecasting conditions and improved
determination of operating limits.
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Tool 5

(n-1)-criterion and and enhanced automatic control
in grid operation
Online Dynamic Security Assessment (Online-DSA)

Objective: utilize grid infrastructure more
efficiently by means of enhanced automatic
control in grid operation, combined with riskbased security assessment.

Measurement
Modeling
Computation (security assessment)
Remedial action determination

Requirement: short activation times for flexible
load and generation.

Visualization
Control
Real-time Control
Agora Energiewende und Energynautics (2018), based on
CIGRÉ Working Group C4.601 (2007)
Dr. Stephanie Ropenus, Agora Energiewende

Enhanced automatic control: optimization of
remedial measures, such as so-called
reactive/short-term redispatch for tackling grid
congestion (instead of preventive redispatch).
Integration of power flow controlling devices
(e.g., phase shifting transformers) and
automatic control of load and generation units.

Operator
Invoked Control
19th April 2018

Further research required for integration in grid
planning and grid operation.
Growing need for coordination in transmission
and distribution system operation.
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Thank you for
your attention!
Questions or Comments? Feel free to contact me:
stephanie.ropenus@agora-energiewende.de

Agora Energiewende is a joint initiative of the Mercator
Foundation and the European Climate Foundation.

Please subscribe to our newsletter via
www.agora-energiewende.de
www.twitter.com/AgoraEW

