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1. Challenges in power systems with high VRES share

2. Four levers of flexibility with digital technologies at the core

3. Flexibility in capacity expansion modeling

4. Transmission boosted by complementary weather patterns

5. Workflow in the extended simulation framework

6. Case study: Capacity expansion with integrated DSA
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Empirical data demonstrate strong correlation between escalated VRES shares and an increase in curtailment rates 

which are notably higher in power systems with limited flexibility options

Operational challenge ladder in power systems with high VRES share

3 Sources: ENTSO-E, Renewable Energy Institute of Japan
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There is no one-size-fits-all solution when it comes to flexibility. 

Legacy characteristics and available resources unique to each market will influence flexible technology choices

Four levers of flexibility with digital technology at the core

4



© 2024 Hitachi Energy. All rights reserved.
Public

Energy adequacy problem requires the 

demand to be consistently met

Conventional dispatchable generation units 

have specified ramping rates

Demand side mgmt can be optimized based 

on maximum percentage and time shift

Different storage technologies are available 

for balancing surplus and deficit

Hydrogen energy vector provides flexible 

electrolyzer load and linepack/gas storage

Active grids allows exchange of flexibility 

sources/availability between regions

Modeling flexibility in capacity expansion problem
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Minimally correlated onshore wind clusters in Europe Onshore wind profile correlations across Europe

The considerable variability in wind patterns across Europe highlights the need for the development of new 

transmission interconnectors to facilitate the efficient exchanges of wind energy resources

Complementary weather patterns encourage transmission
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Minimally correlated onshore wind clusters in Europe Complementarity of wind profiles in Europe

Germany's low VRES output may not coincide with specific national surpluses due to variable correlations, underscores 

the necessity for a highly controllable transmission network to accommodate continuously shifting wind patterns

Complementary weather patterns encourage transmission
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From capacity expansion to system operation

The capacity expansion model is a linear optimization problem with 

continuous variables including the resulting transmission capacities.

Electricity transmission is modeled using the linear transport model, 
which invests and transmits only active power on a cost optimization 

basis.

The model's results indicate the desired system operation, but actual 

operation may differ due to line reactance affecting power flow patterns.

Further power system studies are necessary to validate the model's 
results, addressing security constraints and dynamic studies for sub-

hourly characteristics and transient performance.

What is the actual output of the capacity expansion model?
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