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problems

@ European countries are currently undertaking an energy transition to

renewable energy sources to face climate change and energy security
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Motivation

@ European countries are currently undertaking an energy transition to
renewable energy sources to face climate change and energy security
problems

@ IEA: the current growth trend of CO, emissions is not consistent with
the goal of global sustainability (2021)

@ A delay in taking actions to reduce emissions could lead to high
economic and social costs
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@ Energy transition is an electricity transition
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@ Energy transition is an electricity transition

Importance of fossil fuels gradually declining

+ Growing share of renewable energy and increasing electrification
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@ Energy transition is an electricity transition

Importance of fossil fuels gradually declining
e But ...

+ Growing share of renewable energy and increasing electrification

«O>» «F>r «=r «=>» = A



@ Energy transition is an electricity transition

Importance of fossil fuels gradually declining

+ Growing share of renewable energy and increasing electrification
transformation process

@ But ... unpredictable international crises are threatening such
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@ The COVID-19 pandemic has highlighted the crucial role of a stable
and resilient electricity system
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@ The COVID-19 pandemic has highlighted the crucial role of a stable
and resilient electricity system

of EU gas consumption

@ In 2021, Russian gas represented 45% of EU imports and almost 40%
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Motivation

@ The COVID-19 pandemic has highlighted the crucial role of a stable
and resilient electricity system

@ In 2021, Russian gas represented 45% of EU imports and almost 40%
of EU gas consumption

o |IEA: a 10-point plan for the European Union to reduce consumption
of Russian gas and support the European Green Deal
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@ Model existing energy sources relationships to assess how European
nations are managing the energy transition
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Motivation

@ Model existing energy sources relationships to assess how European
nations are managing the energy transition

@ We cannot state how future changes will occur, but we can make
assessments of how the situation might evolve based on today’s

scenario
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Background

@ Marchetti (1980): energy sources are like commercial products
competing for a market niche. The dynamics of energy systems have
been studied according to an innovation diffusion approach with the
logistic equation
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Background

@ Marchetti (1980): energy sources are like commercial products
competing for a market niche. The dynamics of energy systems have
been studied according to an innovation diffusion approach with the
logistic equation

e Models initially developed in the marketing literature (early 2000s),
found suitable also for energy problems, i.e., the Bass model and the
Generalized Bass model
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Background

@ Marchetti (1980): energy sources are like commercial products
competing for a market niche. The dynamics of energy systems have
been studied according to an innovation diffusion approach with the
logistic equation

e Models initially developed in the marketing literature (early 2000s),
found suitable also for energy problems, i.e., the Bass model and the
Generalized Bass model

= highlight the central role of final consumers as well as the importance
of policy actions able to stimulate the growth of a new energy source
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= If consumption and policy actions are key factors to understand the

diffusion of a new energy source, a fair analysis also needs to account for
competitive dynamics between different energy sources
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Background

= If consumption and policy actions are key factors to understand the
diffusion of a new energy source, a fair analysis also needs to account for
competitive dynamics between different energy sources

@ UCRCD model allows interplay between two energy sources
(Guseo & Mortarino, 2014)

Andrea Savio, Mariangela Guidolin Energy transition in the EU ITISE June 27-30 2022 7/25



Background

= If consumption and policy actions are key factors to understand the
diffusion of a new energy source, a fair analysis also needs to account for
competitive dynamics between different energy sources

@ UCRCD model allows interplay between two energy sources
(Guseo & Mortarino, 2014)

@ UCTT model account for three competitors within the market
(Savio et al., 2022)
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How we can analyze and predict the Regime Shift?
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How we can analyze and predict the Regime Shift?

@ study the temporal dynamics of substitution

@ describe simultaneously energy consumption time series
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How we can analyze and predict the Regime Shift?

@ study the temporal dynamics of substitution

@ describe simultaneously energy consumption time series
@ apply multivariate diffusion models
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How we can analyze and predict the Regime Shift?

@ study the temporal dynamics of substitution

@ describe simultaneously energy consumption time series
@ apply multivariate diffusion models

@ estimate the effect of competition or collaboration
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We analyzed the interplay between renewables and other primary energy
energy consumption EU nations in 2020.

sources (coal, gas, nuclear, or hydroelectric) in the top 18 renewables
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BP Statistical Review of World Energy 2021: yearly consumption in Exajoule
(1965-2020) of renewables, coal, gas, nuclear, hydroelectric.
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BP Statistical Review of World Energy 2021: yearly consumption in Exajoule
(1965-2020) of renewables, coal, gas, nuclear, hydroelectric.
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Unbalanced Competition among Three Technologies model
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«O> «Fr o«

DA



Sing of cross-influence coefficients: competition - collaboration
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The estimated diffusion parameters are characterized by common and

critical social, economic, and geographical factors that enable or hinder
renewables exploitation and suggest similar clustered countries.
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Results

The estimated diffusion parameters are characterized by common and
critical social, economic, and geographical factors that enable or hinder
renewables exploitation and suggest similar clustered countries.

Nations have been clustered following these indicators:

@ Renewables present a negative cross-influence

@ Renewables present a positive cross-influence (Group 4)
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Results

The estimated diffusion parameters are characterized by common and
critical social, economic, and geographical factors that enable or hinder
renewables exploitation and suggest similar clustered countries.

Nations have been clustered following these indicators:

@ Renewables present a negative cross-influence

o Gas presents positive internal and negative cross-influence (Group 1)
o Gas presents negative internal and positive cross-influence (Group 2)
o Nations that use mainly nuclear energy (Group 3)

@ Renewables present a positive cross-influence (Group 4)
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Results: Group 4
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Results: Group 4

i-G ci-G

i-C ci-C
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Portugal
Spain
Greece
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Group 1: green
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Group 1: green, Group 2: orange
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Group 1: green, Group 2: orange, Group 3: violet

DA




Results

Group 1: , Group 2: , Group 3: violet, Group 4: blue.
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e National policies strongly incentive renewables diffusion
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e National policies strongly incentive renewables diffusion
presence gradually

o National actions limit coal consumption to decrease fossil fuels
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Conclusions

@ National policies strongly incentive renewables diffusion
@ National actions limit coal consumption to decrease fossil fuels
presence gradually

@ An intense competition strongly affects the gas collapse, instead of
collaboration that supports gas consumption keeping its trend stable
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Conclusions

@ National policies strongly incentive renewables diffusion

@ National actions limit coal consumption to decrease fossil fuels
presence gradually

@ An intense competition strongly affects the gas collapse, instead of
collaboration that supports gas consumption keeping its trend stable

@ Uncertainty after the events in Ukraine: we expect to encounter
shocks in the coming years, but they are hardly predictable at this
stage
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