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Understanding social impacts on local energy demand: An Agent Based
Model

Summary

Current research on demand forecasting in community energy systems often prioritises technical
aspects, overlooking potential contributions from social factors such as residential consumer usage
practises. This study introduces a model to evaluate the diffusion of hot water load shifting
practises under a range of modelling conditions. Results show that incorporating data-informed
social structures into modelling can alter network characteristics that inform investment decisions.
The impact of social norms on model outputs highlight the need for understanding of social context
in modelling and for this to be applied to energy usage practises.

Background

Accurate energy demand forecasting is critical for effective decision-making toward achieving net-
zero futures, particularly within community energy projects where small numbers of highly
connected members create unique forecasting challenges. Traditional forecasting approaches often
fail to account for social dynamics that significantly influence energy consumption patterns.
Projects scaled inappropriately—either too large or too small—risk infeasibility, resource waste, or
community disengagement.

Agent-based models are commonly used in literature to understand the reasons and level of
technology adoption (Mittal, 2017) (Tian, 2020). A gap in the literature emerges as energy use
practises, where consumers devices in a non-conventional way, are rarely considered. With an
increasingly renewable network, time-of-use emerges as an important concept with implementation
that incorporated in modelling. Many such models include social norms and similar factors to
reflect consumer decision making behaviours, though a majority use simple estimates for the
weighting and magnitude of these factors. Several contributions (Zhao, 2011) (Moglia, 2018) use
survey data to inform model inputs and structures, however there remains a need for more
transparent, accessible methodologies with broader applicability across diverse community
contexts.

This study investigates the extent that incorporating social behaviour models can improve energy
demand forecasting accuracy. We focus on a case study of a representative town in Eurobodalla
Shire, NSW using a mix of technical and social data from the South Coast Microgrid Feasibility
project (Sturmberg, et al., 2024). Through the test case of hot water load shifting, our model makes
contributions to the modelling of; energy practises, data-informed social impacts, and consequent
impacts to regional networks. The methodology presented provides a foundation for future research
into socially conscious forecasting of energy demand.

Methods

This study developed an agent-based model (ABM) incorporating verified social psychology
frameworks to simulate household energy decision-making within community networks. Our ABM
specifically examines usage practises (timing of hot water heating load) rather than a specific
technology.

The ABM contains 169 residential consumer agents, reflecting a low-voltage feeder network.
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For each timestep, agents choose between regular hot water heating demand and a shifted hot water
heating demand. Each timestep simulated a 3 month period, reflecting seasonal influences on
decision making. The model utiliszes data-driven inputs specific to a community in the Eurobodalla
region, NSW as shown in table 1. Household decision making, shown in figure 1, is modelled using
the theory of planned behaviour (TPB) approach from social psychology (Ajzen, 1991). This
approach has been used in ABMs (Zhang, 2012) and independently validated (Wenting, 2008). The
model proposes three key influences on agents; attitude to the behaviour, social norms and
perceived control. Attitude is found through evaluating the agent’s experience of the energy
trilemma, where consumers desire; low cost, low CO2 emissions and high reliability. The impact of
each is compared with and without load shifting. Social norms assess the proportion of the agent’s
neighbours have shifted and resulting pressure to conform to these expectations. Perceived control
considers the barriers that may exist to shifting, such as installing a timer device and time
commitment. The relative strength of each key influence are determined through the analysis of
community workshops conducted in 2023 as part of the SURF project. The workshops produced
696 messages of community discussion points, which were manually coded by theme. The relative
frequency of themes related to the TPB model were used to estimate the average weightings of each
key influence. This seeks to provide a reflection on the local values and concerns regarding energy.
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Figure 1: Household Decision Making Flowchart

Table 1: Data sources used in Model

Data Source Description

Household Energy Energy Monitoring High resolution data collected at a household

Profiles Devices (Wattwatchers) | level.

Cost Profile 2023 TOU tariffs Network prices faced by consumer group.
(Essential Energy) Reflects the underlying cost of electricity

without factoring unattributed retail choices.

Emissions Profile NSW average The emissions profile of the state’s electricity
emissions (NEMED) network.

Reliability Profile Essential Energy 2013- | The outages experienced in the region within
2023 Sustained the available data frame. This provides the
Interruptions (AER)
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lived experience of reliability within the
region.
Consumer Preference | SURF Workshops Frequently occurring themes reflect a priority
Weightings within the community for solutions
(W1,W2,W3,Wy) addressing these challenges.

The adoption rate of load shifting practises is used to inform the prevalence of the practise on the
network. The associated proportion of hot water heating load is shifted and the influence on the
network demand profile are measured per metrics provided in table 2.

Results

T1 reflects the model where social norms are not included in the modelling approach. The rate of
adoption decreases at first, before gradually increasing and rather a plateau at 6%. T2 by contrast
includes social norms as weighted using the social data collected in workshops. The inclusion of
social norms increases the adoption rate modestly as seen in figure 2 with a plateau at 12% overall
and 28% of solar households having adopted load shifting practises.
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Figure 2: Adoption rates of key household groups

There is significant growth within the first 2 years, this corroborates the findings of the Flexible
Services Program (Denny, 2025) which saw 20% adoption (by customers with solar panels) of their
similar program. Excluding social impacts leads to only 6% of households adoption the practise.
There is notable sensitivity to the household’s solar capability. Those with solar generation are
restricted by the perceived control factors (one off cost of switching) while households without
solar also face an increased energy cost because of switching. The modest adoption of load shifting
practises have a notable impact on the network as shown in table 2. The higher adoption rate driven
by the inclusion of social aspects deliver further network benefits.
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Table 2: Network conditions under current forecasts and with load shifting models

0% Practise | 6% Practise | 12% Practise
Import Peak (kW) 229 221 214
Export Peak (kW) 574 570 566
Overnight Load (kWh) | 1257 1232 1208
Self-sufficiency (%) 0.487 0.498 0.508
Self-consumption (%) | 0.473 0.482 0.492

Discussion and Conclusion

This study investigates the impact of social considerations in energy system modelling at both a
household and a network level. Through estimating the adoption rates of load shifting hot water
heating in a residential setting, we find that including social norms could increase load shifting
practises by 6%. Lower overnight load increases the feasibility of microgrids through lowering
energy storage requirements and self-sufficiency measures support the goal of regional
communities to become more resilient to network outages. Through analysing the impact to the
network, we find that network projections that don’t include this factor or rely on historical data
could be over-estimating future network requirements. The study also highlights a potentially
growing divide between households with and without solar generation. This presents a potential
equity issue emerging in future energy systems if load shifting is encouraged through policy.

This study supports past work that integrating broader social resilience strategies into various
aspects of community planning and infrastructure development could yield significant benefits. The
impact on demand peaks and emissions suggest that integrating policies and strategies that
strengthen community social norms could have beneficial impacts on the broader network.

Future work aims to perform a comprehensive sensitivity analysis of model parameters.- Further
research into the current acceptance of load shifting practise is also necessary to validate findings
and test the cross-community applicability of the model.
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