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IPCC (2021)



Global greenhouse gas emissions by sector and end use, 2023

World Resources Institute (2026)



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 [2015 Paris Agreement: 1.5°-2.0°C; for 1.5°C, ~50% emission cut by 2030].

Adapted, United Nations Climate Change Conference, COP29 Global Energy Storage and Grids Pledge (2024)
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“Decades of insufficient mitigation action means that larger exceedance of 1.5°C above 
pre-industrial levels based on multidecadal averages is now imminent and unavoidable.”



177 net-zero pathways by the year 2100 anticipate:

•   Renewables to be 60% of primary energy supply (today ~14%)

•   Electricity’s share of final energy increasing from about 20% to 50%

J. DeAngelo et al., Nature Communications (2021)
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Goal: understand power grids better with 
physics and statistics
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Many factors influence power grids… 
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Great Britain South Africa



B. Schäfer et al., Nature Energy (2018)

D. Kraljic, IEEE Transactions on Power Systems (2023)
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Latent variables

Statistical inference

Superstatistics
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Δω = Δt (H + P) + Δt ϵξ

P = BP̃

p(Δω ∣ P̃, θ) = 𝒩(Δt (H + BP̃), ϵ2Δt I)

min
P̃∈ℝM,θ∈Θ

ℒ(P̃, θ)

Inference algorithm

Discretization

Superstatistics

Likelihood

Inference
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Phase angles



θi(t)
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d2x
dt2

+ γ
dx
dt

+
dV
dx

= ϵξ

V(x) = − δx − 2κ cos x

x(t) = θLD(t) − θGW(t)
x(t) = θSB(t) − θBF(t)

A reduced grid model for phase angles

ϵ > 0, ⟨ξ(t) ξ(t′￼)⟩ = 2 δ(t − t′￼)
γ > 0

Phase angle difference x
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N = 2!
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Takeaway: we can understand power grids 
better with physics and statistics



Preprint                   arXiv:2604.03133  
Code (GitHub)         aleable/power-grid-complexity  
Data  (Zenodo)        10.5281/zenodo.19397526

Slides, references, and more👉

• Understanding the complexity of frequency and phase angle fluctuations in power grids, PRX Energy

• High-fidelity inference of power grid frequency distributions, arXiv

Preprint                   arXiv:2607.28232  
Code (GitHub)         aleable/power-grid-inference  
Data  (Zenodo)        10.5281/zenodo.21461024

https://arxiv.org/abs/2604.03133
https://github.com/aleable/power-grid-complexity
https://zenodo.org/records/19397526
https://arxiv.org/abs/2607.28232
https://github.com/aleable/power-grid-inference
https://zenodo.org/records/21461024
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