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Including social resilience in grid modelling can improve the economic
feasibility of regional micro-grids

Summary

Current research on energy system resilience of microgrids often focuses solely on technical
aspects, overlooking potential contributions from social factors such as residential consumer
behaviour changes. This study demonstrates the technical benefits of incorporating socially lead
aspects into energy system resilience modelling by examining collective changes in residential hot
water heating within a regional microgrid. Results show that shifting hot water heating patterns
alone can transform previously economically infeasible investment options for ensuring microgrid
resilience into feasible ones. This research highlights the importance of integrating social strategies
in developing technically resilient and economically viable energy systems. Strategies that
households can implement to improve grid benefits should be included in community consultations
on micro-grid solutions.

Background

Microgrids are increasingly recognised as potential solutions to enhance the resilience of energy
systems against natural disasters in rural areas. Recent trials, such as the South-coast micro-grid
reliability feasibility project (Sturmberg, et al., 2024) and the Community Resilience and reliable
energy feasibility study (Venus Bay Community Center, 2023), have explored the feasibility of
implementing microgrids in rural communities. While these studies have highlighted significant
challenges, particularly regarding financial viability, they did not explicitly model the impact of social
resilience factors. This gap in consideration may have led to an underestimation of the overall
feasibility and benefits of microgrid solutions in rural settings.

Social resilience refers to communities' ability to adapt, respond, and recover from disruptions
through collective action and cohesion. In energy systems, this could involve communities
coordinating local customer energy resources (CERs) during crises. Recent research has shown
that technically resilient infrastructure alone is insufficient to ensure reliable delivery of essential
services. Instead, a more holistic approach that includes social aspects is necessary to achieve a
practical and comprehensive understanding of the strengths and vulnerabilities in the functioning of
such socio-technical systems that deliver essential services (Susara E. van der Merwe, 2018).

This study investigates the benefits of incorporating social resilience factors into energy system
planning for regional microgrids. We focus on a case study of a representative bushfire-prone town
in Eurobodalla Shire, NSW, Australia, using high-quality data from the SURF project! at the
Australian National University. Our research aims to demonstrate how considering social elements
in system design and operation could reveal new strategies for ensuring reliable electricity supply
during disruptions and ongoing changes. This approach potentially leads to more resilient and
cost-effective outcomes in grid planning and microgrid deployment.

Methods
This study simulated a microgrid of 150 households using high-resolution smart meter data from

the SURF project, including electricity consumption, hot water demand, and solar generation.
Smart meters were supplied by Wattwatchers (Wattwatchers, 2024). We explored scenarios where

1 The SURF project (2021 — 2024) focused on deploying island-able microgrids capable of maintaining local power supply
during disconnection from the national grid, such as during bushfire events.
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this microgrid achieves 100% self-sufficiency over a 24-hour period, satisfying local energy needs
for essential services without importing power from the main grid.

This self-sufficiency can be achieved by installing a sufficiently large community-scale battery,
typically ranging from 0.1 to 5 MW (Ransan-Cooper, 2021), to store excess solar generation during
the day for later use. However, this solution can be financially challenging. Therefore, we
considered coordinated shifting of local hot water heating as a social resilience factor to investigate
whether the size and financial requirements for the community-scale battery could be reduced.

We adopted four different hot water heating load shifting strategies, as listed in Table 1. First, we
assumed perfect knowledge of solar generation, shifting hot water usage accordingly to achieve
complete self-sufficiency for the day. Then, we assumed partial knowledge of solar generation and
shifted hot water heating to predefined times at predetermined consumption power rates.

Table 1: Hot water heating load shifting strategies

SO S1 S2 S3
Use all excess solar Shift hot water heating Shift hot water heating Shift hot water heating
generation for hot to 9am at 0.5kwW to 10 am at 1kwW to 11am at 1.5kW

water heating

These strategies were applied to the subset of household smart meter data from the SURF project
where electric hot water heating demand was measured (24 households, measured over 247 days,
5-minute intervals).

For each day, we calculated and compared the minimum battery storage required for achieving
perfect self-sufficiency before and after applying these strategies. In addition to this, impacts to the
daily import and export peaks were observed.

Results

Total daily kWh energy use per household was 15.2 kwWh. Of this 5.37 kWh or 35.2% was used for
residential electric hot water heating.
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Figure 1. A) Distribution of household’s daily kWh consumption. B) Distribution of household’s daily
energy consumption for hot water kWh consumption.
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Distribution of Battery Requirements under load shift conditions
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Figure 2) Distribution of daily battery usage requirements of the 150-household community for
each method of load shifting. Hot water load shifting results in a significant reduction in battery size
required to power a microgrid for 24 hours.

Cases were found in which timer-based shifting resulted in greater battery requirements than
regular operation. The frequency for such events were 0.8%, 1.2% and 2.0% respectively. Most of
these cases were driven by low overall solar production in which high heating concentrated the
consumption over a short period. Interestingly, two cases retain relatively high excess solar
production. In each case, solar production peaks later in the day, suggesting that morning cloud
cover has diminished the efficacy of timer-based load-shifting solutions.

In cases of islanding, export and import peaks reflect the maximum charge and discharge rates of
the community battery. In larger communities this could be a limiting factor in accessing the
battery.

Table 2: Peak Exports (kW)

Regular SO S1 S2 S3
Maximum 715 679 715 680 722
95" percentile | 662 569 626 629 648
Mean 510 379 477 442 491

Scenario 3 (S3) had a higher maximum peak than regular operation and yields higher peak exports
on approximately 50% of all days compared to regular operation. Each of these cases are the
result of hot water heating load being consumed prior to the solar peak. More moderate heating
rates are significantly more effective in reducing export peaks.

Table 3: Peak Imports (kW)

Regular SO S1 S2 S3
Maximum 303 270 304 361 366
95" percentile | 274 199 252 257 256
Mean 204 124 168 139 142
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Timer-base load shifting resulted in larger maximum import peaks than regular operation. These
peaks were the result of high hot water heating load in the middle of the day during low solar
production.

Discussion and Conclusion

This study investigates a simple example of how social and physical infrastructure interact and how
including this interaction in energy modelling could significantly change the outcomes in grid
planning and the cost effectiveness of microgrid planning.

We examine the potential impact of hot water heating load shifting, a relatively straightforward
social intervention, on the technical and economic feasibility of microgrid deployment in a bushfire-
prone Australian community. Results indicate that incorporating this socially lead change at a
community level with a timer-based solution into the microgrid design could reduce battery storage
requirements by on average 36%, substantially enhancing the economic viability of the project.
Note that for a small number of outlier days (which have low solar production), load shifting hardly
changes the required battery size. In practice, these days would require an alternative source of
electricity generation, rather than an expensive increase in battery capacity or solar generation.
The results also indicate possibilities for hot water heating load shifting to reduce daily import and
export peaks.

The effectiveness of modelling a simple energy-related social intervention in this study suggests
that integrating broader social resilience strategies into various aspects of community planning and
infrastructure development could yield significant benefits. Other potential interventions could
include community energy awareness and education programs, collaborative energy management
system, demand response initiatives, community-led renewable energy projects or local energy
storage sharing schemes. Further research into the quantitative impacts of local social resilience
on grid modelling is important as we transition to a power system increasingly powered by
customer energy resources.
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