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BEYOND DIRECT IMPACTS: USING SYSTEM DYNAMICS TO
CAPTURE THE CONSEQUENCES OF THE CLEAN ENERGY
TRANSITION

luliia Myroshnychenko,
PhD, Associate Professor,
Sumy State University, Sumy

Governments, organizations, and societies are increasingly pursuing policies to
enhance the role of clean, sustainable energy to reduce CO2 emissions and enhance
energy security (IEA, 2023). The shift from fossil fuels to renewable energy
presents methodological difficulties in modeling and predicting the economic,
social, and environmental impacts (Pfenninger et al., 2018). However, shifting to a
decarbonized energy system has complexities that go far beyond the foreseeable
direct impacts. Since the energy industry is deeply intertwined with other economic
and social systems, changes can have planned or unplanned secondary and tertiary
effects on those interconnected systems (Sovacool, 2014).

Research on the energy transition frequently adopts a limited perspective,
focusing mainly on projections of direct costs and benefits, grid reliability, job
creation, or emission reductions. However, this fails to account for the cascading,
dynamic and unexpected societal effects that could emerge from the energy
transition over time and across sub-systems (Tovar-Facio at al., 2021). In this
paper, we aim to demonstrate that system dynamics models can be used to provide
a more holistic analysis that captures the spillover effects of transitioning to
renewable energy (Freeman, 2021). The advantages of system dynamics modelling
for energy policymaking are presented in Table 1.

Table 1 - Advantages of system dynamics modeling for energy policymaking

Advantages Explanation
Models interconnections between energy, environment, economy,

HOI'S“.C and society to identify widespread intended and unintended

perspective
consequences

Captures Reveals how impacts cascade in nonlinear ways through multiple
complexity feedback loops

Dynamic Enables analysis of short, medium and long-term accumulation of
simulation consequences over time
ansa?sgiino Compares outcomes across hypothetical transition pathways

Reveals trade- =~ Uncovers trade-offs s between social, economic, environmental
offs objectives

Informs polic . . L .
making POTICY " Allows systematic assessment of different policy interventions
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Advantages Explanation
Mapping T ; .
cascading effects Uncovers counterintuitive results emerging from complexity
Predictive Combines explanatory capacity with potential for quantitative
capabilities forecasting

MEDEAS, EUROGREEN, EIRIN, TEMPEST and LowGrow SFC are
examples of system dynamics models used to analyse the complex and interrelated
effects of energy system transitions.

In this paper, we use two cases to demonstrate how the EUROGREEN model
can reveal the complex linkages and cascading impacts of renewable energy
transition across economic, social and environmental systems (D’Alessandro at el.,
2020). An aggregated schematic overview of the EUROGREEN model can be seen
in Figure 1.
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Figure 1 - Schematic view of EUROGREEN model
Source: graph made in Vensim PLE, based on D Alessandro et al., 2020.
The EUROGREEN model is a dynamic system model based on WIOD input-
output tables. It represents the complex interactions between the energy system,
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industries, households, government, banking, etc., and their impacts on economic,
social, and environmental indicators. This integrated framework can evaluate the
holistic impacts of renewable energy policies over long time horizons. For
example, EUROGREEN can simulate the effects of carbon pricing, renewable
energy incentives, efficiency standards, energy mix, working time reduction etc.

Figure 2 shows the simulation results that illustrate the impact of switching to
renewable energy sources on CO2 emissions. We analyze a specific case and
examine how a 10% reduction in household gas consumption can lead to a
corresponding reduction in CO2 emissions (case study of France). Household gas
consumption reduction results in a more sustainable trajectory, with levels
consistently lower than the baseline throughout the forecast period.
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Figure 2 - Simulation of changes in CO2 emission by reduction of HH gas
consumption

Switching to cleaner energy sources can impact the job market, making some
jobs unnecessary while creating a demand for new skills. One way to adapt to these
changes is by reducing working hours. Considering different education levels, this
approach allows us to predict how employment patterns might change when
policies are implemented to cut weekly working hours. Tools like the
EUROGREEN model can help us understand this scenario's potential impact on
unemployment. The analysis of the simulation results suggests that the
implementation of working time reductions has a discernible impact on reducing
unemployment, regardless of the initial business-as-usual projections (see Figure
3).

In conclusion, this paper has demonstrated how system dynamics models such
as EUROGREEN can provide a more comprehensive analysis of the impacts of the
transition of renewable energy on interconnected economic, social, and
environmental systems.
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Figure 3 - Simulating the impact of WTR policy on unemployment
(by education level, unemployed individuals)
Adopting this integrated, forward-looking modelling approach will be
crucial for understanding the reverberating effects of changes as consequential as
the global energy transition.
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