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Synchronization constitutes one of the most dominant
collective dynamics of complex network in social, biolog-
ical and technological systems, such as communication net-
works, food webs, power grids and so on. The synchroniza-
tion of the network deeply depends on the dynamics as well
as the topology and internal properties such as the strength
of the coupling of an element with the rest of the network.
The electric power network is designed to operate in the syn-
chronous state, namely the state where the units of the net-
work behave identically with the same frequency (50Hz or
60Hz) and with constant different of phase [1]. How stable,
resilient and robust is the network is determined by its ap-
titude to remain synchronized against perturbations such as
power failures [2]. These perturbations may cause a desyn-
chronization of the nodes which can favor the emergence
of destructive power oscillations and somehow may lead to
blackout or cascading blackout if the node affected is not
disconnected from the network. Therefore, it is important to
control the power grid in such a way that it is resilient against
failures and local instabilities [3]. Thus severals works have
proposed methods for controlling power grid stability by
stabilizing the frequency fluctuations which is the cause of
desynchronization. Indeed, any generation/consumption un-
balance which can be due to an input power coming from in-
termittent renewable energy sources or to a sudden increase
in demand, lead to a variation of the frequency for a particu-
lar power source or node. Severals concepts have been pro-
posed to stabilize the frequency grid such are: the Frequency
Adaptive Power energy Re-scheduler(FAPER), which is the
idea of individual load control through responding to fre-
quency. Demand response programs which are programs al-
lowing user to consume electricity within different windows
or depending on the real time price of the electricity in order
to avoid peak of consumption. Dynamic Demand Control
(DDC), which is a low cost technology than can be easily in-
tegrated in smart appliances (refrigerators, air conditioners,
laptops, dryers, washing machines . . . ), and enables them to
switch on/off according to the grid frequency. It has been
observed for the case of a single generator with fluctuating
loads that a good stabilization of the frequency is achieved.
Yet some rare events characterized by a huge frequency de-
viation appear due to the recovering of pending task. Includ-
ing smart communication among devices can suppress these
large frequency peaks [4, 5].

In this work we consider a network of power plants in-
stead of a single generator and study how DDC improve the
synchronization properties. Fig. 1 shows the network topol-
ogy which has an average degree 〈k〉 = 2.5. Fig. 2 shows
how the frequency fluctuations as well as the phase differ-
ences are reduced.
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Figure 1: Network topology
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Figure 2: Time evolution of the phase, frequency fluctua-
tions at each node, and phase and frequency differences be-
tween nodes 5 and 10 without and with DDC.

synchronizable Networks, Scientific Reports, 6, 37142
(2016)

[2] P.S Skardal and A. Arenas, Control of coupled oscillator net-
works with application to microgrid technologies, Science
advances, vol 1 (7) (2015)

[3] P.J. Menck, J. Heitzig, J. Kurths and J. Schellnhuber, How dead
ends undermine power grid stability, Nat. Comm., vol (2014)

[4] E.B.Tchawou Tchuisseu, D.Gomila, D. Brunner and P. Colet, Ef-
fects of dynamic-demand-control appliances on the power
grid frequency, in preparation (2017)

[5] E.B.Tchawou Tchuisseu, D.Gomilaand P. Colet, Effects of Inter-
acting Dynamic Demand Controlled Appliances on the Fre-
quency Grid Stabilization, in preparation (2017)


