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Control hierarchyof congestion
management

ωSecondary control manages 
resources in one MV or LV 
network
ω Mitigates congestions and optimizes 

the network state

ω Operates through changing the set 
points of primary controllers

ω Basedon stateestimationresults

ωTertiary control utilizes forecasts 
for a longer time interval and 
manages the whole distribution 
network
ω Network reconfiguration

ω Real powercontrol throughthe 
marketplace

ω Dynamictariff
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Interactionsof the congestionmanagement system
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Demonstratedin realdistributionnetworks
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ωLoadand productionforecast, stateestimationand real time power
controlalgorithmsarefunctionsof the SAU and areresponsiblefor 
monitoringand controlof either oneMV or oneLV network

ωAll information exchange between the functions is realized through 
the database

ωMonitoring and load and production forecast functions are executed 
asynchronously

ωState estimation and power control execution is synchronized by using 
database flags
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Real time monitoring and control
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ωThe loadand productionforecastalgorithmsaretime seriesforecaster
algorithms

ωThe state estimation algorithm is a weighted least squares state 
estimator that uses branch currents as state variables

ωThe power control algorithm is an optimal power flow (OPF) algorithm 
implemented using sequential quadratic programming (SQP) algorithm
ω The objective function is formulated to minimize network losses, production 

curtailment, load control actions, the number of tap changer operations and the 
voltage variation at each node. 

Real time monitoring and control



ideal grid for all

RTDS simulations
of stateestimation
and powercontrol

ωRTDS emulatesthe 
distributionnetwork

ωReal IEDsand a real
SAU connectedto the 
simulation
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RTDS simulations
of stateestimation
and powercontrol

ωRTDS emulatesthe 
distributionnetwork

ωReal IEDsand a real
SAU connectedto the 
simulation

ωThe simulationnetwork
is a realUnaretiLV 
network
ω 6 controllablePV 

generators(size
increasedfrom the real
ones)

ω Tapchangerat the 
MV/LV-transformer(not
availablein the real
network)
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State estimationresults

RTDS simulation results with 
varying PV production

Test sequence 1:

Steady increase of PV 

production from 37% to 100% 

within 15 minutes.

Test sequence 2:

Sequence run time 10 minutes, 

where at t=2.5 minutes the PV 

production is decreased to 30% of 

its nominal value, then raised back 

to nominal value at t=4.5 minutes 

and decreased again at t=8.5
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Time DG output Loading

0 s 100 % MIN

50 s 30 % MIN

230 s 30 % MAX

410 s 100 % MAX
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Operationof the powercontrol algorithm
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Operationof the powercontrol algorithm
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Network reconfiguration algorithm


