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U Non discriminatory and transparent access to the electricity grid
U Safe operation and maintenance of the system
U Grid infrastructure development

A RTE; French Transmission System Operator

U In charge of the largest European network (100 RGof EHV and HV lines400 to 63 kV, 2 600 substations, peak
load served > 100 GW).

U Ensuring a stable and secure grid operation means: =
x Adequacyg Acceptable steadgtate (thermal overload, voltage values for materials;
x Stabilityc Stable and possible transition between different operating points
Dynamic stability (transient, voltage, smsiljjnal, frequency, etc.) ensured by
time-domain simulations




FH Bielefeld
University of

A ied Sciences . . . .
@ | Timedomainsimulations

A Analysiof the systemrevolutionduringtransitions

U Triggeredoy the normalevolutionof the systemlpad change, productioscheduledchange, etc.) or bguddenchange
(generatortripping, shortcircuit, etc.)

Electromagnetic Transients Electromechanical Transients

U Referto a large range gbhenomenawith different time constants « > >
Long term Dynamics ‘
A Twomaindomains Troasiont Stabily
U Electromagnetidransients(knownas EMT): Stator Transients

Subsynchronous Resonance

x Time constantfrom 1 nsto 1 ms

x Nodynamicsneglegted i
xAll the components havdifferential equations Lightning
U Electromechanicalansients(knownas TS): 107 10-5 10-3 10! 10! 10° 10°
x Time constantérom 1 ms toseveralminutes e gee)
x Fastdynamicg(in particularin the network) areneglegted oo

x Phasorapproximation, nadynamicin the network
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D Largescaleindustrialsimulations

A Phasor or TS simulations are done frequently and on large scale networks

U Voltage and transient stability studies are run automatically with real time data and hours, days andiveaelson
different scenarios

U58yFYAO aSOdzNAGE FFaaSaavySyady aAavydzZ S 1ttt ySGg2z2N] O2
U Switch from a physicahlgiriven network to a softwardased network will even reinforce the pressure on the
simulations to be done.
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A Largescalephasorsimulationscomplexity R
U Spatial from regionalto panEuropearstudies(interareaoscillations) /

(10 000electricalnodes 3 000generators-> 130 000 variables)
U Temporal from electromechanicgbhenomena(~1 ms) to slovdynamicqsecondarywoltageregulation¢ minutes)->

Stiff problems
U Hybrid: discontinuities(tap changer change in a transformer, short circuit, etc.)

Y Large set ohybrid sparsestiff semiexplicit index 1 DAE system
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A Findingan acceptablenoughtrade-off

Flexibility

Quality

betweenperformance flexibility and
accuracy

Tailored for different
usages (voltage and
frequency stab.)

Robust
Accurate
Userfriendly
Transparent
Completeness

A Numericalmethodsoptimizedfor power
Easy to address new

system simulations needs

U Takingadvantageof the sparsitystructure of the

Easy to do
network unconventional studi

U Stickingo animplicit DAEproblem
U Controllingaccuracy

Y Variable timestepwith implicitintegrationmethodsandsparseinear
solversare thereferencefor power system simulations
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A Modelica is promising for power system modelling and simulation
U Models easy to write, share and understand
U Generic and open source language
U Adapted for physical, controls and even muslstem modelling.
Y Gaining interest in the power system community and promoting by some actors

A Existing barriers or difficulties for operational lasgale simulations in Modelica with Modelica
tools
U Large systenwide centralized controls
U Dynamic connectivity/topology analysis
U Performances (runtime compilation and simulation time)

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

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

A Modelica is promising for power system modelling and simulation
U Models easy to write, share and understand
U Generic and open source language
U Adapted for physical, controls and even muslstem modelling.
Y Gaining interest in the power system community and promoting by some actors

A Domainspecific tools development enables to bypass some limitations

U Hybrid C++ / Modelica simulation tool, initially developed by &D#na o (hitp://dynawo.org)

U Usingnative DAESparsesolversformalism(breakingthe LS and NLU&uilt by OpenModelicaCompiler)
U A few tricks taavoidlargealgebraidoops(model by model compilation, C++ network)
u
u

1 Performancesimilarto currentpower system simulatiotools
1 Come to usfter the presentationif you want more details



