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Åά9ƴǘƛǘƛŜǎ ƻǇŜǊŀǘƛƴƎ ƛƴŘŜǇŜƴŘŜƴǘƭȅ ŦǊƻƳ ǘƘŜ ƻǘƘŜǊ ŜƭŜŎǘǊƛŎƛǘȅ ƳŀǊƪŜǘ ǇƭŀȅŜǊǎ ŀƴŘ ǊŜǎǇƻƴǎƛōƭŜ ŦƻǊ ǘƘŜ 
ōǳƭƪ ǘǊŀƴǎƳƛǎǎƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ƻƴ ǘƘŜ Ƴŀƛƴ ƘƛƎƘ ǾƻƭǘŀƎŜ ŜƭŜŎǘǊƛŎ ƴŜǘǿƻǊƪέ
üNon discriminatory and transparent access to the electricity grid

üSafe operation and maintenance of the system

üGrid infrastructure development

ÅRTE ςFrench Transmission System Operator 
ü In charge of the largest European network (100 000 kmsof EHV and HV lines ς400 to 63 kV, 2 600 substations, peak 

load served > 100 GW).

üEnsuring a stable and secure grid operation means:

×Adequacy ςAcceptable steady-state (thermal overload, voltage values for materials)

×Stability ςStable and possible transition between different operating points 

Dynamic stability (transient, voltage, small-signal, frequency, etc.) ensured by 

time-domain simulations

Transmission System Operators
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Time-domainsimulations

ÅAnalysisof the system evolutionduringtransitions
üTriggeredby the normal evolutionof the system (loadchange, production scheduledchange, etc.) or by suddenchange 

(generatortripping, short-circuit, etc.)

üReferto a large range of phenomenawith different time constants

ÅTwomain domains:
üElectromagnetictransients(knownas EMT):

×Time constants from 1 ns to 1 ms

×No dynamicsneglegted

×All the components have differentialequations

üElectromechanicaltransients(knownas TS):

×Time constants from 1 ms to severalminutes

×Fastdynamics(in particularin the network) are neglegted

×Phasorapproximation, no dynamicin the network
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Large-scaleindustrialsimulations

ÅPhasor or TS simulations are done frequently and on large scale networks 
üVoltage and transient stability studies are run automatically with real time data and hours, days and week-aheadson 

different scenarios

ü5ȅƴŀƳƛŎ ǎŜŎǳǊƛǘȅ ŀǎǎŜǎǎƳŜƴǘΥ ǎƛƳǳƭŀǘŜ ŀƭƭ ƴŜǘǿƻǊƪ ŎƻƴǘƛƴƎŜƴŎȅ ŜǾŜǊȅ мрΩ

üSwitch from a physically-driven network to a software-based network will even reinforce the pressure on the 
simulations to be done.
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Large-scaleindustrialsimulations

ÅLarge-scalephasorsimulations complexity
üSpatial: from regionalto panEuropeanstudies(interareaoscillations) 

(10 000 electricalnodes, 3 000 generators-> 130 000 variables)

üTemporal: from electromechanicalphenomena(~1 ms) to slow dynamics(secondaryvoltage regulationςminutes) -> 
Stiff problems

üHybrid: discontinuities(tap changer change in a transformer, short circuit, etc.)

ÝLarge set of hybridsparsestiff semi-explicit index 1 DAE system
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ÅFindingan acceptable enoughtrade-off 

betweenperformance, flexibility and 

accuracy

ÅNumericalmethodsoptimizedfor power

system simulations
üTakingadvantageof the sparsitystructure of the 

network

üStickingto an implicit DAE problem

üControllingaccuracy

ÝVariable time-stepwith implicit integrationmethodsand sparselinear

solversare the referencefor power system simulations 

Challenges and numericalmethods

Quality

Robust
Accurate

User-friendly 
Transparent

Completeness

Flexibility

Tailored for different 
usages (voltage and 

frequency stab.)

Easy to address new 
needs

Easy to do 
unconventional studies Performances

Delivering relevant 
information when it 
is the most useful

Doing it in a 
reasonable time
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ÅModelica is promising for power system modelling and simulation 
üModels easy to write, share and understand

üGeneric and open source language

üAdapted for physical, controls and even multi-system modelling.

ÝGaining interest in the power system community and promoting by some actors

ÅExisting barriers or difficulties for operational large-scale simulations in Modelica with Modelica 
tools
üLarge system-wide centralized controls

üDynamic connectivity/topology analysis

üPerformances (runtime compilation and simulation time) 

×Back to 2016: Simulation time on IEEE57 75* slower than real time and compilation on larger networks fails or 
takes too much time1

×Transformation to ODE and algebraic loops processing is one of the bottleneck

Modelica-basedsimulations
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ÅModelica is promising for power system modelling and simulation 
üModels easy to write, share and understand

üGeneric and open source language

üAdapted for physical, controls and even multi-system modelling.

ÝGaining interest in the power system community and promoting by some actors

ÅDomain-specific tools development enables to bypass some limitations
üHybrid C++ / Modelica simulation tool, initially developed by RTE ςDyna̟ o (http://dynawo.org)

üUsingnative DAE sparsesolversformalism(breakingthe LS and NLS built by OpenModelicaCompiler)

üA few tricks to avoidlarge algebraicloops(model by model compilation, C++ network)

üPerformances similarto currentpower system simulation tools

üCome to us after the presentationif youwant more details

Modelica-basedsimulations
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