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Broad scope of the talk

 Show that statistical physics is a helpful tool for describing the emergent properties of
power grids



Why does it matter?



Increasing grid investment [helps] [...] holding the increase in the global average
temperature to well below 2°C above pre-industrial levels and pursuing efforts to limit
the temperature increase to 1.5°C.
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Statistical physics



Langevin equation
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Langevin equation

| | |
w N — o — N w
| | | |

dx y > 0 2
— =—yx+ €& e>0,E~ H(0,1) p(x)oce_ﬁx
dz . 2
p:=yle
I Simulation
0.5 4 —— Gaussian fit
0.4
é" 0.3
0.2
0.1
0 5 10 15 20 0 2 0 2



Superstatistics: what happens if / varies slowly?
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Superstatistics: what happens if / varies slowly?
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B = yle?
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Power grids



Power grids (as a complex system)
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Power grids (as a complex system)
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Frequency



Angular velocity w (rad/s)
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New data insights departing from previous findings
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We need to piece the puzzle together...



A new Kkind of superstatistics
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A new Kkind of superstatistics

0,
= H(w) + P(t) + €&
dr

e>0,&E~ 4(0,1)

P(t) is the slow “superstatistical” variable > p(w) x J flo | P)p(P)dP

Nonlinear control

N
|

Control H(w) (rad/s®)
o

I
N
|

1
—W»o —W1 —Wo Wg W1 —Wo

Angular velocity w (rad/s)



PDF

Deadband

0.2 - — Sinh fit
== Uniform fit
OO | | |
-0.1 0.0 0.1

Angular velocity w (rad/s)

M United Kingdom



PDF

Deadband Heavy tails

(VB o 1 ()]
L — = (Gaussian fit
107 1 — g-Gaussian fit | -
5 107 - -
o
0.2 - — Sinh fit 5 _ _
== Uniform fit 10 \\
0.0 | | | 1 \ I 1 1 |
—-0.1 0.0 0.1 1 2 1 2 3
Angular velocity w (rad/s) Angular velocity w (rad/s) Angular velocity w (rad/s)

United Kingdom South Africa



Autocorrelation decay
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Phase angles



Power grids (as a complex system)
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Phase-locked states
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A reduced grid model for phase angles
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A reduced grid model for phase angles
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Take home message

Let’s look back at the broad scope of the talk

 Show that statistical physics is a helpful tool for describing the emergent properties of
power grids
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