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Power-grid frequency recordings
Excerpts from February 2019
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Short introduction to power grids

A focus on the Nordic Grid

In Europe there are five main power grids ‘x‘m |
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LRG, B. Schafer, D. Witthaut, and C. Beck,
Spatio-temporal complexity of power-grid frequency
fluctuations, New Journal of Physics 23 073016 (2021)
doi.org/10.1088/1367-2630/ac08b3
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Short introduction to power-grid frequency

Recordings in the Nordic Grid
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Short introduction to power-grid frequency

The modelling side

A single generator/motor is naively described via

do; — N
a0 Pf'=Eiy  E;Bi;sin(0; —6)),
dwi m el j=1
iq - Dwi BT E N
Cl.EZ IZ: EBZCOS 07,—0,
T, =E/ — B+ (Xi — X))I, ; 1B cos( i)

with M; the inertial mass, D; the damping constant, P/ the mechanical power (generated or
consumed), Pf! the exchanged electrical power, Ezf the field flux, (X; — X[) the different of
static and transient reactance, and I; the current through the machine/motor.
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Short introduction to power-grid frequency

The observation side

When modelling a power grid, we have models and recordings/data.

A “networked” power-grid model

A power-grid frequency recording
1401

—— Nordic Grid

—140+
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How to best describe power-grid frequency recordings?
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Short introduction to power-grid frequency

A stochastic approach

A naive model for the power-grid frequency f; (angular velocity w;) is given by

where D; is the damping of machine i, M; is the inertial mass of machine i, AP; is the power
mismatch, and W; is a Wiener process with amplitude

Three notes:
o the ratio D; /M, need not be constant
@ the noise amplitude ¢, /M, need not be constant
e dW;(t) can be a more complicated process (non-stationary, multifractal, etc.)
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Examining increment statistics

Synchronised recordings in the Nordic Grid

We focus on the increment statistics of power-grid frequency recordings

Increment statistics:  Af; - (t) = fi(t +7) — fi(t)

Af'r:éls

We focus on the change in the noise characteristics
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Quantifying fluctuations

Recordings in the Nordic Grid, 2013

Nordic Grid: 6 synchronous recordings
CTH Chalmers University of Technology Gothenburg
LTH Faculty of Engineering, Lund University
KTH Royal Institute of Technology Stockholm
LTU Luled University of Technology
TTY Tampere University of Technology
AU Aalto University
Recorded with 0.02 sec. resolution

data: https://power-grid-frequency.org/
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Statistics of increments in the Nordic Grid

Incremental time series distribution

We focus on the increments of power-grid frequency. The probability distributions of the
increments show
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The kurtosis (heavy-tailedness) is given by

, (1)

K(X) =E (X—“X> _ (E (X = )]

ox E[(X - nx)?)®

We note that all distributions are leptokurtic (x > 3).
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Superstatistics in the Nordic Grid

Pictorial representation

We take a simple assumption that the statistics of the distribution is given by a superposition
of statistics (super-statistics), given by

p(Afr,7) /f [ox(B7.5)]as
0

Pictorially, this means that

T — T —» T

A 0t

pn(Af]B) PN (ASf-B)

T is the long superstatistical time.
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Superstatistics in the Nordic Grid

Finding local equilibrium

We consider the underlying equilibrium

statistics is Gaussian distribution 51 —CTH =KTH - TTY
LTH —=LTU —AU
[ B _1pag2 4
pN(Af‘rlﬁ) = %6 2P fT' «
U3 e 1020 Y0122 @ asrrrrree Do
We estimated the long superstatistical < N
time T by checking when a local B
equilibrium is attained, i.e. 11 7=0.04s
— 0.04 0.06 0.1 02 0.4 10 2.0
Hét(AfT) = 3. St
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Superstatistics in the Nordic Grid

Superstatistical distribution

1.004
a 7 =0.04s
0.751
We obtain the distributions f(3) of the = .50
volatilities 3, which we cannot precise. '~ CTH —LTU
0.25 LTH ~TTY
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(values indicate the Kullback—Leibler divergence)
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Superstatistics in the Nordic Grid

Superstatistical distribution
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Increment statistics:  Af; - (t) = fi(t +7) — fi(t)
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Superstatistics in the Nordic Grid

Entropic indices

To quantify the fluctuation of fluctuation of

power-grid frequency, utilise the entropic index q

52 :
- §B>> with g = 1 <= p(Af,) = pn(B S ) (F(B) = 5(8))
LTU Which results in the entropic indices q:

o Location | 7 = 0.02s | 7=0.04s | 7= 1.20s

TTY CTH 1772 1.838 1.799

KTH OO LTU 1.572 1.618 1.568

CTH O AU TTY 1.506 1.492 1.397

OOLTH AU 1.119 1.103 1.253

We also find that ~ 2 secs. superstatistics loses validity.
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We have observed that, at short time scales (<2 secs):

Power-grid frequency increments are leptokurtic (x > 3).

All recordings have a different long time scale.

Is is not straightforward to identify a governing superstatistics.

All g indices vary, yet remain constant in each location for different incremental lag 7.

Superstatistics loses validity at ~ 2 secs (not shown).

We gather that, at short time scales (<2 secs):
o Power-grid frequency recordings reflect mainly local properties of the grid
@ All recordings show signs of multifractality.

@ Yet, we have not identified the cause for these differences.
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Power-grid frequency database

Power-grid frequency database Database Publications Project

Synchronous Areas
Hover over an area

9 Synchronous Measurements

v Standalone Measurements

VTSO Open Data Measurements

J Independent Measurements

Leaflet | © OpenStreetMap contributors, V-SA, Made with Natural Earth

data: https://power-grid-frequency.org/
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