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Abstract

Renewable energy communities (RECs) are increasingly recognized as a strategic instrument for
enhancing energy system resilience, promoting local renewable integration, and reducing consumer
exposure to electricity market volatility. This study assesses the economic performance of RECs
relative to individual consumers using high-frequency hourly data from 2021 to 2023, covering both
the 2022 European energy crisis and the subsequent Italian regulatory reform of incentive
mechanisms. An optimized REC configuration is developed to maximize shared photovoltaic
generation and minimize external grid dependence. Through panel econometric analysis, we
estimate the sensitivity of economic value to electricity price fluctuations and demonstrate that RECs
exhibit significantly lower price dependence than standalone consumers. To complement these
findings, machine learning techniques and SHAP (SHapley Additive exPlanations) analysis are
employed to capture non-linear dynamics and quantify the relative contribution of electricity prices
to value formation. Results consistently show that while market prices remain an important
determinant, RECs substantially attenuate their impact, particularly during periods of extreme price
stress. A policy counterfactual comparison between pre- and post-reform incentive structures
further indicates that the revised regulatory framework introduces a more stable and counter-cyclical
compensation mechanism, strengthening the protective role of RECs. Overall, the study provides
robust empirical evidence that renewable energy communities function not only as instruments for
renewable deployment but also as effective mechanisms for economic stabilization under volatile
market conditions.

Keywords: energy communities; price volatility; energy resilience

1. Introduction

Recent geopolitical tensions and structural transformations in global energy systems have
significantly increased electricity price volatility, raising concerns about the economic vulnerability
of end-users and local energy systems. The energy crisis observed in 2022, characterized by
unprecedented price spikes across European electricity markets, has highlighted the exposure of
consumers to market dynamics and the limitations of traditional centralized energy systems. In this
context, understanding how energy systems respond to price shocks has become a central issue, as
empirical evidence shows that energy consumption reacts significantly to price variations,
particularly in the short run [1].

Within this evolving landscape, Renewable Energy Communities (RECs) have emerged as a key
instrument for promoting decentralized energy systems and enhancing local energy autonomy. RECs
enable collective generation, consumption, and sharing of renewable energy, fostering new forms of
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local electricity markets and peer-to-peer interactions. Existing studies demonstrate that, compared
to individual prosumers, energy communities can improve economic efficiency and increase the
utilization of locally generated energy through collective self-consumption mechanisms [2]. In this
perspective, the economic viability of energy communities depends not only on technological factors
but also on the internal allocation of energy and the interaction among participants.

At the same time, the growing diffusion of local energy markets has led to increasing attention
to pricing mechanisms and internal energy transactions within energy communities. Recent
contributions show that the design of pricing rules and peer-to-peer exchanges plays a crucial role in
determining both individual incentives and collective outcomes [3]. In particular, simulation-based
approaches highlight that internal pricing mechanisms can significantly influence the distribution of
economic benefits and the efficiency of energy sharing within communities.

Despite these advances, the economic performance of energy communities cannot be fully
understood without considering the role of market volatility. Electricity prices are increasingly
characterized by high-frequency fluctuations driven by fuel price uncertainty, renewable
intermittency, and geopolitical factors [4]. While previous literature has extensively analyzed the
profitability and financial structure of energy communities—highlighting both opportunities and
challenges related to revenue streams, cost allocation, and capital investment [5] —less attention has
been devoted to their role in mitigating exposure to price volatility. In particular, the relationship
between energy communities and price sensitivity remains underexplored, especially in the presence
of extreme market conditions.

Furthermore, recent studies emphasize that the integration of demand-side flexibility within
energy communities can enhance their performance and contribute to system stability [6]. By
improving the alignment between local generation and consumption, flexibility mechanisms may
reduce dependence on external markets and mitigate the impact of price fluctuations. However, the
combined effect of energy sharing, flexibility, and price dynamics has not yet been fully quantified
using empirical high-frequency data.

In addition, forecasting studies highlight the increasing complexity of electricity price dynamics,
showing that both statistical and machine learning approaches are required to capture non-linearities
and temporal dependencies in energy markets [7] . These findings suggest that traditional linear
approaches may not be sufficient to fully capture the behavior of decentralized energy systems under
volatile market conditions.

Against this background, this study investigates whether energy communities can act as a
stabilizing mechanism in electricity markets by reducing the sensitivity of economic value to price
volatility. The analysis focuses on three key aspects: differences in price responsiveness between
individual and community configurations, the role of non-linear dynamics during high-price periods,
and the impact of incentive schemes on value stability.

To address these issues, the study employs a high-frequency dataset with hourly observations
covering the period 2021-2023, explicitly capturing both the 2022 price shock and subsequent
regulatory changes. Methodologically, the analysis combines panel econometric models with
machine learning techniques. While econometric models provide a benchmark for estimating average
price sensitivity, machine learning approaches—interpreted through SHAP (Shapley Additive
Explanations)—allow for the identification of heterogeneous and state-dependent effects.

The results show that, although both individual users and energy communities benefit from
increases in electricity prices, the latter exhibit a significantly lower sensitivity to price fluctuations.
This difference becomes particularly pronounced during high-price periods, indicating that energy
communities act as a conditional resilience mechanism. Moreover, the analysis highlights that policy
design can introduce counter-cyclical effects, further reducing the dependence of economic value on
market dynamics.

Overall, this study contributes to the literature by providing new empirical evidence on the role
of energy communities not only as instruments supporting the energy transition but also as
mechanisms for managing price risk in increasingly volatile electricity markets.
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2. Legislative Framework

The development of Renewable Energy Communities (RECs) in Europe is strongly rooted in the
regulatory framework established by the Clean Energy for All Europeans Package, which promotes
decentralized energy systems and active consumer participation in electricity markets [16]. In
particular, Directive (EU) 2018/2001 (RED II) introduced the concept of renewable energy
communities, defining them as legal entities that enable collective generation, consumption, and
sharing of renewable energy at the local level.

In Italy, the transposition of the European directives has led to the progressive implementation
of a regulatory framework aimed at fostering the diffusion of energy communities. An initial
experimental phase was introduced with the transposition of RED II, allowing small-scale collective
self-consumption schemes and establishing the first incentive mechanisms for shared energy. These
schemes were later consolidated and expanded through subsequent regulatory updates, culminating
in a more structured framework that defines the operational and economic conditions of energy
communities.

A central element of the Italian framework is the incentive mechanism applied to shared energy.
This mechanism remunerates the portion of electricity that is simultaneously generated and
consumed within the community, thereby encouraging local balancing between supply and demand.
During the period 2021-2023, the incentive was characterized by a fixed tariff component, which
provided a stable remuneration per unit of shared energy. This structure ensured predictability but
did not explicitly account for market conditions.

More recent regulatory developments have introduced a revised incentive scheme, combining a
fixed component with a variable component linked to electricity market prices. In this configuration,
the total incentive decreases as market prices increase, introducing a counter-cyclical mechanism.
This design aims to balance efficiency and stability by reducing excessive remuneration during high-
price periods while maintaining support under normal conditions.

The evolution of the incentive scheme has important implications for the economic performance
of energy communities. Under a fixed tariff, the value of shared energy is largely independent of
market dynamics, whereas under a variable scheme, the incentive becomes partially dependent on
electricity prices. This change modifies the relationship between market signals and economic value,
potentially affecting both the level and the volatility of revenues.

Within this regulatory context, the present study incorporates both incentive structures in order
to assess their impact on the economic value and stability of energy communities. By comparing the
pre-reform and post-reform schemes, the analysis provides insights into how policy design
influences the resilience of community-based energy systems in the presence of price volatility.

3. Literature Review

The increasing diffusion of Renewable Energy Communities (RECs) has generated a growing
body of literature investigating their economic, technical, and regulatory implications. However,
existing studies have often developed along partially disconnected strands, focusing separately on
economic performance, market design, or price dynamics, with limited integration between these
dimensions [11].

A first stream of literature focuses on the economic performance of energy communities
compared to individual prosumers. Several studies show that collective self-consumption
mechanisms can improve the efficiency of distributed energy systems by increasing the utilization of
locally generated renewable energy and reducing reliance on external markets. In particular,
comparative analyses highlight that energy communities can achieve higher economic value than
stand-alone configurations due to demand aggregation and internal energy sharing [2]. Additional
contributions emphasize the importance of optimizing energy allocation and sharing mechanisms to
improve both technical and economic performance [13].
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Closely related to this, a second line of research investigates the role of heterogeneity in
consumption and production profiles. The literature highlights that differences in user behavior are
a key driver of system efficiency, as they enable a better temporal alignment between electricity
generation and demand. Recent studies propose classification approaches to identify consumption—
production profiles within energy communities, showing that grouping users with complementary
patterns significantly increases shared energy and reduces system imbalances [16]. This structural
complementarity represents a fundamental advantage of community-based configurations over
individual ones.

A third strand of literature examines the design of local electricity markets and pricing
mechanisms within energy communities. With the emergence of peer-to-peer trading and
decentralized market structures, increasing attention has been devoted to the rules governing internal
energy exchanges. Simulation-based studies demonstrate that pricing mechanisms play a central role
in determining both the distribution of economic benefits and the incentives for participation [3].
More recent research highlights that integrating price prediction and optimization models into
energy sharing frameworks can improve decision-making and system efficiency.

Despite these advances, the interaction between energy communities and electricity price
dynamics remains relatively underexplored. Electricity markets are increasingly characterized by
high volatility, driven by fuel price fluctuations, renewable intermittency, and geopolitical shocks [4].
Empirical studies show that energy consumption responds to price variations, particularly in the
short run [1]. At the same time, machine learning approaches highlight the increasing complexity of
electricity price formation, emphasizing the need for high-resolution models capable of capturing
multiple market drivers [14]. However, most existing contributions focus on forecasting or macro-
level dynamics and do not explicitly analyze how different energy configurations respond to price
variability.

In parallel, a growing body of research has investigated the broader economic effects of energy
price shocks. These studies show that price volatility can have significant impacts not only at the
micro level but also on macroeconomic stability [15]. However, the extent to which decentralized
systems such as energy communities can mitigate these effects remains largely unexplored.

The financial sustainability of energy communities has also received increasing attention.
Existing studies highlight both opportunities and challenges related to revenue streams, cost
allocation, and investment structures. While energy communities can benefit from multiple sources
of value, including self-consumption and incentive schemes, their performance is strongly influenced
by regulatory frameworks and market conditions [5,10]. This highlights the central role of policy
design in shaping both profitability and risk exposure.

More recent contributions emphasize the role of demand-side flexibility as a key factor in
improving the performance of decentralized energy systems. Flexibility mechanisms allow users to
adjust their consumption in response to generation patterns or price signals, thereby increasing self-
consumption and reducing reliance on external markets. Literature reviews show that the integration
of flexibility within energy communities can enhance system efficiency and contribute to stability [6],
while social and behavioral dimensions are increasingly recognized as relevant factors influencing
participation and performance [11].

Finally, the increasing complexity of electricity markets has led to the adoption of advanced
modeling approaches combining econometric and machine learning techniques. Traditional linear
models are often insufficient to capture non-linear relationships and extreme events, while machine
learning models have proven effective in identifying complex patterns in electricity prices and
demand [7]. However, their application to the analysis of energy communities remains limited,
particularly in terms of interpretability and integration with economic analysis.

Taken together, the existing literature provides important insights into the functioning and
performance of energy communities but leaves several gaps. In particular, there is a lack of studies
that jointly consider high-frequency price dynamics, explicitly compare individual and community
configurations, and integrate econometric and machine learning approaches within a unified
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framework. Moreover, the role of energy communities as a mechanism for reducing exposure to price
volatility and enhancing economic resilience has not been fully explored.

This study addresses these gaps by providing an integrated analysis of energy communities
under conditions of price volatility. By combining high-frequency data, econometric modeling, and
machine learning techniques, the paper contributes to the literature by explicitly linking price
dynamics, energy sharing mechanisms, and policy design, thereby advancing the understanding of
energy communities as tools for enhancing resilience in modern energy systems.

4. Methodology

The empirical analysis is based on a high-frequency dataset covering the period from January
2021 to December 2023, constructed by integrating multiple data sources in order to capture
consumption, generation, market conditions, and regulatory parameters. Electricity consumption
profiles are derived from data provided by the Italian Regulatory Authority for Energy, Networks
and Environment (ARERA), which defines standardized consumption patterns for residential users
within the national tariff structure. These profiles serve as a baseline representation of typical
household demand and are subsequently adapted to reflect heterogeneous behavioral characteristics.

Photovoltaic generation is estimated using the PVGIS (Photovoltaic Geographical Information
System), which provides hourly data on solar irradiation and expected energy production. A
photovoltaic system with a nominal capacity of 10 kW is considered, and the corresponding
generation profile G(t)is reconstructed for the geographical area of Foggia, ensuring consistency
between climatic conditions and consumption patterns. In addition, the dataset includes the hourly
zonal electricity price P: representing wholesale market dynamics, as well as the incentive component
TIP:associated with shared energy within energy communities.

To account for heterogeneity in consumption behavior, four representative residential profiles
are constructed for the area of Foggia (Italy). These profiles correspond to working households,
retired households, families with children, and young households, each characterized by distinct
temporal consumption patterns. Starting from the standardized ARERA load curves, the profiles are
further refined using information derived from the Time-of-Use Survey (TUS), which provides
empirical evidence on how electricity consumption is distributed throughout the day across different
types of households.

The integration of ARERA profiles with TUS data is implemented through a calibration
procedure that reshapes hourly consumption patterns while preserving total annual demand.
Specifically, the intra-day distribution of consumption is adjusted to reflect observed behavioral
differences, such as higher daytime consumption for retired households or more pronounced evening
peaks for working families. This process, implemented through Python-based data processing
routines, allows for the generation of synthetic yet realistic consumption profiles that are both
consistent with regulatory benchmarks and representative of actual usage patterns.

The analysis considers both individual stand-alone configurations and a Renewable Energy
Community composed of the four users. Within the community, a single photovoltaic system is
assumed, and the allocation of generated energy is determined in order to maximize collective
efficiency. At each time step, the available generation G(1) is first used to satisfy the demand of the
prosumer, whose auto-consumption is defined as:

SCpros(t) = min (G (t)' Cpros(t))

The remaining generation is then allocated to other members of the community as shared
energy. The amount of shared energy is given by:

Shared(t) = min | G(£) — SCyros (D), Z ¢ ®
j#pros

Any residual generation that cannot be locally consumed is injected into the grid:
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Egria(t) = G(t) — SCpyos(t) — Shared(t)

while any unmet demand is satisfied through imports from the grid:

ér;id (t) = Ctot(t) - SCpros (t) - Shared(t)
The optimal configuration of the energy community is determined by selecting the prosumer in such
a way as to maximize the total amount of locally utilized energy. Formally, the optimal prosumer
i*is identified as:

[* = arg max Z[SCi(t) + Shared;(t)]
l
t

which is equivalent to minimizing the total energy exchanged with the grid:
min ) [Egu(6) + Eipia (0]
t

This formulation ensures that the selected configuration maximizes both self-consumption and
energy sharing while minimizing inefficient energy flows.

The economic value is computed on an hourly basis for both individual and community
configurations. For individual users, the value is defined as:

Vina(8) = SC(£) - (P, - 1.3) + ES4,(8) - P,
where self-consumed energy is valued at a retail-equivalent price which includes not only the
wholesale electricity price but also additional components such as network charges, taxes, and system
costs. In line with existing literature, a markup factor is applied to approximate the retail price,
assuming that the final price is approximately 30% higher than the wholesale zonal price. For the
energy community, the value additionally includes the incentive associated with shared energy:
Vegr (t) = SChros(t) - (P - 1.3) + ENy (t) - P, + Shared(t) - TIP,
To evaluate the sensitivity of economic value to electricity prices, a panel econometric model is
employed:
Vit =a+ IBPt + H(Pt . CERL) + U + €t

where CER;identifies the community configuration and Y; captures entity-specific effects. This
framework allows for the comparison of price responsiveness between individual users and the
energy community.

Given the non-linear nature of electricity markets, the econometric analysis is complemented by
a machine learning model based on gradient boosting, which estimates the relationship:

Ve = f(Py, G(1), Cror (1))

without imposing linearity. SHAP (Shapley Additive Explanations) values are used to decompose
predictions:

F0) =0+ ) b
k

thereby allowing the identification of the marginal contribution of electricity prices under different
conditions.

Finally, the role of policy is assessed through a counterfactual analysis of alternative incentive
schemes, while system stability is evaluated using a risk-return indicator defined as:

L _EV]
Sharpe _FV)

which captures the trade-off between economic performance and volatility.
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5. Results and Machine Learning Analysis

The empirical results provide a comprehensive assessment of the economic performance of
energy communities compared to individual configurations, combining econometric evidence with
machine learning-based insights. The analysis is structured to highlight both average effects and non-
linear dynamics, with particular attention to periods of high price volatility.

5.1. Econometric Results: Price Sensitivity

The panel regression results show a statistically significant relationship between electricity
prices and economic value across all configurations. For individual users, the estimated coefficient
associated with the zonal price is positive and highly significant, indicating that increases in
electricity prices lead to higher economic value. This result is consistent with the valuation
mechanism, where both self-consumed and injected energy are monetized based on market prices.

However, the inclusion of the interaction term between price and the energy community
configuration reveals a different dynamic. The estimated coefficient for the interaction term is
negative and statistically significant, implying that the sensitivity of the community’s value to price
changes is lower compared to individual users. In other words, while both configurations benefit
from higher prices, the marginal effect of price is attenuated in the case of the energy community.

This result provides the first evidence supporting the hypothesis that energy communities
reduce exposure to price fluctuations. Importantly, the effect is identified as an average relationship,
reflecting the overall behavior across the entire sample period.

5.2. Non-Linear Dynamics and Machine Learning

To complement the econometric analysis, a machine learning approach based on gradient
boosting is employed in order to capture non-linear relationships between economic value and its
main drivers. The model is trained using key variables, including electricity prices, photovoltaic
generation, and total consumption, and is evaluated against alternative non-linear models such as
Random Forest and LightGBM.

The results show that all non-linear models achieve a high level of predictive accuracy, with
Random Forest providing the lowest prediction error in terms of RMSE, followed by LightGBM and
XGBoost. However, despite its slightly lower predictive performance, XGBoost is selected for the
interpretability analysis due to its compatibility with SHAP values and its ability to provide stable
and consistent explanations of variable contributions.

The comparison across models also suggests that the underlying system, while non-linear, does
not exhibit extreme complexity, as indicated by the relatively small differences in predictive
performance. This finding reinforces the validity of the econometric results while justifying the use
of machine learning techniques to uncover more subtle dynamics.

5.3. SHAP Analysis: Interpreting Price Effects

The SHAP analysis provides a detailed decomposition of the contribution of each variable to the
predicted economic value. In particular, the SHAP values associated with electricity prices allow for
a direct assessment of their marginal impact under different conditions.

The results indicate that electricity prices are the dominant driver of economic value in both
individual and community configurations. However, the distribution of SHAP values reveals
important differences between the two cases. For individual users, the impact of price is more
dispersed and exhibits higher variability, reflecting a stronger dependence on market conditions. In
contrast, the energy community shows a more concentrated distribution of SHAP values, indicating
a more stable response to price changes.

To further explore these differences, a comparative analysis of SHAP values is conducted by
computing the difference between the marginal impact of price for individual users and for the
energy community. The results show that this difference is relatively small under normal price
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conditions but increases significantly during periods of high prices. In particular, during the 2022
price shock, the impact of price on individual configurations becomes substantially larger than that
observed for the energy community.

This finding highlights a key insight: energy communities do not fundamentally alter the
relationship between value and price under normal conditions, but they significantly reduce
exposure during periods of market stress. In this sense, the stabilizing effect of energy communities
can be interpreted as a conditional mechanism that becomes particularly relevant during extreme
events.

5.4. Policy Analysis: Incentive Schemes

The analysis of incentive schemes provides further insights into the interaction between market
dynamics and regulatory design. By comparing the economic value of the energy community under
different incentive structures, it is possible to isolate the impact of policy changes.

The results show that the introduction of a variable component in the incentive scheme reduces
the dependence of the community’s value on electricity prices. In particular, the counter-cyclical
nature of the revised mechanism dampens the increase in value during high-price periods, thereby
contributing to a more stable revenue profile.

From a quantitative perspective, the estimated sensitivity of value to price decreases under the
new incentive scheme, confirming that policy design plays a crucial role in shaping the resilience of
energy communities. This effect is particularly relevant in the context of highly volatile markets,
where excessive dependence on price dynamics can increase economic risk.

5.5. Stability and Risk Analysis

The comparison of stability across configurations is further supported by risk-based indicators.
The analysis shows that, while individual users may achieve higher values during periods of high
prices, they also exhibit greater variability over time. In contrast, the energy community demonstrates
a more stable value profile, reflecting a lower exposure to price fluctuations.

This result is confirmed by the computation of risk-return metrics, which indicate that the energy
community achieves a more balanced trade-off between average performance and volatility. In
particular, during the 2022 price shock, the variability of value increases significantly for individual
users, while the increase is more contained for the community configuration.

5.6. Synthesis of Results

Taken together, the results provide consistent evidence across different methodological
approaches. The econometric analysis shows that energy communities have a lower average
sensitivity to electricity prices, while the machine learning analysis reveals that this difference
becomes more pronounced under conditions of high price volatility. The SHAP-based interpretation
further confirms that the impact of price is less dispersed and more stable within the community
framework.

These findings suggest that the primary advantage of energy communities does not lie in
maximizing economic value under all conditions, but rather in reducing exposure to market risk. In
this sense, energy communities can be interpreted as a mechanism for enhancing resilience in
electricity markets, particularly in the presence of external shocks and regulatory changes.

6. Discussion

The empirical results provide robust evidence on the different responses of individual users and
energy communities to electricity price dynamics, highlighting both structural and behavioral
differences across configurations.

First, the panel econometric analysis reveals a clear and statistically significant relationship
between electricity prices and economic value. The estimated coefficient for individual users (3 =
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1.34-1.43) indicates a strong positive sensitivity of economic value to price variations. In contrast, the
interaction term associated with the energy community is negative, leading to a lower overall
sensitivity (3_CER = 1.23-1.34 depending on specification). This result confirms that, although both
configurations benefit from price increases, energy communities exhibit a systematically reduced
responsiveness to price changes.

This finding is strongly supported by the time-series evidence shown in Figure 1 (Energy
Community vs Individual Response to Price Shock).

Energy Community vs Individual Response to Price Shock
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Figure 1. Energy Community vs Individual Response to Price Shock.

During the 2022 price shock, individual users display significantly higher peaks and volatility
in economic value compared to the energy community. In particular, while individual values reach
levels above 1.5-1.6, the energy community remains more compressed, with lower peaks and
smoother dynamics. This visual evidence reinforces the econometric result, suggesting that energy
communities act as a stabilizing mechanism by dampening the transmission of price shocks.

Price Impact on Individual Value
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Figure 2. Price impact on Individual Value —.
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Price Impact on CER Value
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Figure 3. Price impact on REC Value.

Second, the scatter plots relating price and value (Figures 2 and 3) provide further insights into
the structural differences between the two configurations. For individual users, the relationship
between price and value exhibits a wider dispersion, especially at higher price levels. This indicates
that the marginal effect of price increases is highly heterogeneous and can lead to extreme outcomes.
In contrast, the energy community shows a more compact distribution, particularly in the upper
range of prices, suggesting a saturation effect and a reduced marginal impact of price increases.

This pattern is consistent with the underlying economic mechanism of energy sharing. In
individual configurations, value is directly tied to market exposure, meaning that higher prices
translate into proportionally higher revenues or avoided costs. Conversely, in energy communities,
part of the value is generated internally through shared energy, which reduces dependence on
external price signals and limits the amplification of price shocks.

Third, the SHAP analysis provides a deeper understanding of the non-linear and state-
dependent effects of price. The SHAP dependence plots show that, for individual users, the
contribution of price to economic value increases sharply at higher price levels, with several
observations exceeding a SHAP value of 2. This indicates a strong non-linear amplification effect,
where extreme prices disproportionately increase economic value. In contrast, the energy community
exhibits a more moderate SHAP response, with a lower upper bound and a more gradual increase.

The boxplot comparison of SHAP values (Fig. 4) further confirms this result. While both
distributions are centered around similar median values, the distribution for individual users shows
a significantly larger spread, particularly in the upper tail. This implies that individual users are more
exposed to extreme positive shocks, but also to higher variability. The energy community, instead,
exhibits a more concentrated distribution, indicating greater stability in the contribution of price to
economic value.

Price Impact Comparison: CER vs Individual
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Figure 4. Boxplot comparison of SHAP values.
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Figure 6. SHAP beeswarm REC.

Finally, the SHAP beeswarm plots highlight the relative importance of different drivers. In both
configurations, the zonal price emerges as the dominant factor influencing economic value. However,
its impact is more dispersed and extreme in the individual case, while it is more contained in the
energy community. At the same time, variables related to consumption (e.g., total consumption)
show a limited marginal contribution, suggesting that price dynamics dominate the formation of
value, particularly in high-volatility periods. Taken together, these results provide consistent
evidence across econometric models, visual analysis, and machine learning interpretations. The
convergence of these approaches strengthens the robustness of the findings and supports the
conclusion that energy communities reduce the sensitivity of economic value to electricity price
fluctuations.

Importantly, this stabilization effect should not be interpreted as a reduction in economic
performance, but rather as a shift in the risk-return profile. While individual users may benefit more
from extreme price increases, they are also more exposed to volatility. Energy communities, instead,
trade off part of the upside potential in exchange for greater stability and predictability.

From a policy perspective, these findings are particularly relevant in the context of increasing
energy market uncertainty. By reducing exposure to price volatility, energy communities can
enhance the resilience of local energy systems and protect end-users from extreme market conditions.
This suggests that their value extends beyond efficiency gains, encompassing a broader role in risk
management and system stability.

7. Conclusions

This study investigated the role of Renewable Energy Communities (RECs) in mitigating the
effects of electricity price volatility, with a particular focus on the comparison between individual
users and community-based configurations. Using high-frequency hourly data over the period 2021-
2023, the analysis combined econometric models and machine learning techniques to provide a
comprehensive assessment of how different energy configurations respond to market dynamics.

The results show that, while both individual users and energy communities benefit from
increases in electricity prices, the latter exhibit a significantly lower sensitivity to price fluctuations.
This finding highlights a key property of energy communities: their ability to reduce exposure to
market volatility through internal energy sharing and aggregation mechanisms. In particular, the
analysis demonstrates that this stabilizing effect becomes more pronounced during periods of high
price variability, such as the 2022 energy crisis, suggesting that energy communities act as a
conditional resilience mechanism.
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From an economic perspective, these results imply that the value of energy communities should
not be assessed solely in terms of average profitability, but also in terms of their capacity to reduce
variability and manage risk. While individual configurations may achieve comparable or higher
short-term economic value under certain conditions, energy communities provide a more stable and
predictable economic outcome, which is particularly relevant in increasingly volatile energy markets.

The analysis of incentive schemes further confirms the importance of policy design. The
introduction of a dynamic component linked to electricity prices contributes to reducing the
dependence of community value on market conditions, generating a counter-cyclical effect that
enhances stability. This finding underscores the role of regulatory frameworks in shaping not only
the profitability but also the resilience of decentralized energy systems.

Methodologically, the integration of econometric and machine learning approaches proved
effective in capturing both average and non-linear dynamics. While panel models provided clear
estimates of price sensitivity, machine learning techniques —interpreted through SHAP analysis—
allowed for a deeper understanding of heterogeneous and state-dependent effects, particularly
during extreme price events.

Overall, this study contributes to the literature by providing new empirical evidence on the role
of energy communities as instruments for managing price risk in decentralized energy systems. By
explicitly linking price volatility, energy sharing mechanisms, and policy design, the paper advances
the understanding of energy communities as a key component of resilient energy systems.

Despite these contributions, some limitations remain. The analysis does not explicitly account
for investment and operational costs, which may affect the overall economic attractiveness of energy
communities. Furthermore, the results are based on a specific case study and may not fully capture
the diversity of regulatory and market conditions across different contexts.

Future research should extend this framework by incorporating cost structures, exploring
alternative community configurations, and analyzing the interaction between energy communities
and additional flexibility resources such as storage and demand response. Further investigation is
also needed to assess the scalability of these findings across different geographical areas and policy
environments.

In conclusion, the findings of this study suggest that energy communities represent not only a
tool for promoting renewable energy and local energy autonomy, but also a promising mechanism
for enhancing resilience in electricity markets characterized by increasing uncertainty and volatility.
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