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Overview

In this research we investigate the impact of rooftop solar photovoltaic (PV) systems on the capacity margin, using
Australia as a case study. The increasing penetration of rooftop solar power presents challenges to grid operations,
particularly supply-demand mismatches and periods of instability. By analyzing the interaction between rooftop
solar electricity generation and the capacity margin through a system dynamics simulation model, this study
identifies periods of supply-demand mismatches and explores strategies to mitigate these issues.

Australia’s energy landscape offers a valuable opportunity to understand the challenges and opportunities associated
with small-scale solar energy production. Through sensitivity analysis and policy simulations, we identify key
factors influencing the capacity margin and propose strategies to enhance system performance. Insights from this
case study inform the development of effective grid management strategies, ensuring the reliable integration of
renewable energy sources. The ultimate goal is to maximize the benefits of solar power electricity generation while
ensuring a sufficient capacity margin. This study utilizes a system dynamics model to explore the effectiveness of
various policy interventions in achieving this objective.

Methods

A system dynamics model was developed to simulate the interactions between solar power generation, energy
consumption, and the capacity margin. The model incorporates key factors such as:
e Solar PV Adoption: Factors influencing the growth of rooftop solar installations, including adoption rates
and system degradation.
e Energy Consumption: Residential electricity consumption, considering seasonal variations and the potential
for rebound effects.
e Grid Dynamics: Key grid indicators and their response to fluctuations in solar power generation.
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Figure 1. Causal Loop Diagram encapsulating the causal mechanism of the system [Authors’ creation]

The model is presented with a CLD (Causal Loop Diagram) in Figure 1 that identifies key feedback loops and their
interactions. These loops capture the dynamic relationships between different components of the system, such as the
impact of solar power generation on the capacity margin, the influence of consumer behavior on energy demand,
and the role of government policies in driving solar PV adoption.

A sensitivity analysis was conducted to identify high-leverage points affecting the capacity margin. Policy
simulations are then performed to evaluate the impact of different policy interventions, including measures to
mitigate behavioral pattern changes and improve forecast accuracy.



Results

The simulation results demonstrate that the rapid adoption of rooftop solar PV systems can lead to periods of
insufficient capacity margin, particularly during peak solar generation. However, through effective policy
interventions, these challenges can be mitigated, enhancing overall grid reliability.
Key findings include:
e Impact of solar power generation on the capacity margin: The integration of solar power introduces
fluctuations in the capacity margin, especially during periods of high solar irradiance.
e The Jevons Paradox and its implications: Increased electricity generation from sunlight can lead to higher
energy consumption, intensifying grid stability challenges.
e Policy interventions: Policies targeting the effects of increased solar generation on consumption patterns
and improving forecast accuracy significantly enhance grid reliability.
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Figure 2. Capacity margin

Figure 2 illustrates the capacity margin over the simulation period. The introduction of policies from year 6 onwards
results in a smoother behavior of the capacity margin, indicating improved system performance.

Conclusions

This study underscores the critical role of integrated policy measures in facilitating the successful integration of
small-scale solar energy systems while maintaining grid reliability and ensuring an adequate capacity margin.
Our findings highlight several key challenges:

e Impact on Capacity Margin: The intermittent nature of solar power generation can lead to significant
fluctuations in capacity margin, particularly during periods of peak solar output.

e The "Jevons Paradox": Increased solar power generation can inadvertently lead to higher overall energy
consumption, exacerbating the challenges associated with grid reliability.

To address these challenges, the study emphasizes the need for a multifaceted approach that includes:

e Enhanced Forecasting Accuracy: Investing in advanced grid forecasting tools and technologies to
accurately predict solar power generation and demand patterns is crucial for maintaining grid reliability.

e Consumer-Centric Policies: This study emphasizes the crucial role of raising consumer awareness about
grid reliability challenges and encouraging proactive energy consumption behaviors to facilitate the
successful integration of small-scale solar energy systems.

These findings have significant implications for policymakers, grid operators, and consumers. By implementing a
combination of technological advancements, effective policies, and consumer engagement strategies, we can unlock
the full potential of solar energy while ensuring a reliable and sustainable energy future.
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