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That is to say...

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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Electricity generation by source, Africa, 2023
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Power grids (as a complex system)
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Power grids (as a complex system)




Frequency



New data

B United Kingdom M South Africa O == Stablel | seaiecss q-Gaussian
—Wo —W1 £Wg W1 Wo EU
0.75 -
" 5
A 0.50 - |
o N
0.25 - | \
0.00 | | | | | 1073 } : , : .
-3.0 -1.5 0.0 1.5 3.0 49.90 50.00 50.10
loci / ) Grid frequency f (Hz)
Angular velocity w (rad/s) B. Schafer et al. Nature Energy (2018)
gy
—Wo —W4q xWo W1 o
| | Ll | | 61 UK
5-4
04 . 41
LL a
0O =
al
0.2 - N
[ True PDF
11 I +.... Gaussian noise
O O | | | | | l:] :.)i:e:rr:t?l(r‘:' '}
30 -15 00 15 130 ° 49.8 49.9 50.0 50.1 50.2

Grid frequency [Hz]

Angular velocity w (rad/s) D. Kraljic IEEE Transactions on Power Systems (2023)



A new kind of superstatistics
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Phase angles



Power grids (as a complex system)

w(t) = 27 (f(t) = Jr)

()

@ Bloemfontein
@ Stellenbosch
@ Johannesburg
® Cape Town

@ Glasgow
© London



Phase-locked states
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Two nodes only
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Take home message
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Statistical physics is a helpful tool for describing the emergent properties of power grids
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Thank you!
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