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Highlights (policy implications)

¢ Authoritative actors (regulatory and industry sectors) should see site selection as a
socio-technical process embedded in a complex set of (socio-economic,
environmental and technical) values, which can cause tensions and conflicts if not
treated as all equally important.

o Site selection processes should explicitly aim to further democratize technology
deployment by including all affected interests, especially the most vulnerable (who
are also often the most marginalized), promoting social cohesion and socio-
environmental justice, and resulting from well-informed deliberative tools and
processes.

e Site selection processes should follow a clear method built around the definition of
objectives, a process for defining relevant criteria, the establishment of a clear
matrix of criteria, and the building of consensus on the sites selected on the basis
of this matrix.

o Each stage of site selection must be based on a patrticipatory and transparent
dialogue with all affected interests, so that each stage is discussed, documented
and accessible to all participants.

e Beyond feasibility issues, special attention must be paid to all forms of socio-
technical energy vulnerabilities and the potential negative, positive, and neutral
impacts of grid integration technologies on these vulnerabilities.

e Rather than trying to apply systematic methods to all cases, a transdisciplinary and

place-based approach with a plurality of local actors should be established.



Abstract

The choice of suitable sites for microgrids is not only a techno-economic process. Many
aspects are important in understanding community support (or lack thereof) for the planning
and deployment of grid integration. Alongside usual techno-economic considerations, the
site selection process itself must be responsive to the local socio-political context and
concerns (e.g., multiple values, needs and expectations of energy infrastructure or
perceived fairness of technology deployment). In our project, we developed, in close
collaboration with our local partners, an integrated site selection method to address these
multiple imperatives. To this end, in addition to socio-technical considerations, our method
seeks to (further) democratise network integration technology and its deployment so that it
takes into account energy vulnerabilities and inequalities and fully integrates the views of
the most affected (especially the most vulnerable) stakeholders into well-informed, place-
based deliberative processes. With the support of the method we detail in this paper, we
suggest that researchers and practitioners invest time and resources in developing more

democratic and place-based site selection methods for microgrids.

Keywords: microgrid, grid-tied microgrid, Australia, site selection, energy democracy,

energy justice



1 Introduction

Microgrids are gaining attention as a potential element of a more resilient and sustainable
energy future. The main reason for this is that they can operate independently as power
islands with sufficient local energy generation and storage resources and control
capabilities. A defining characteristic of microgrids is their discrete and bounded nature,
which strengthens the connection between each microgrid and its local context. Contextual
influences extend from microgrid design through to operations, and include engineering,
economic and governance aspects. This connection between microgrids and their location

makes site selection a crucial consideration in establishing sustainable microgrids.

Historically, microgrids have mostly been deployed in isolated locations (e.g., mining sites,
military bases and remote and/or island communities) where site selection was highly
constrained, and the values and aspirations of energy users were largely ignored
(Soshinskaya et al.,, 2014). Consequently, microgrid research, development, and
deployment has focussed on the engineering challenges of sustaining a secure small power
system. With the increasing intensity of extreme weather events as well as general trends
in the energy sector (i.e., decarbonisation, digitalisation, decentralised generation/storage,
and potential democratisation), there is a growing interest in the deployment of microgrids
to increase energy resilience in various low-resilience contexts (Carpintero-Renteria et al.,
2019). In these contexts, microgrids remain connected (or tied) to a larger grid so that they

only occasionally operate as independent islands.

Alongside usual techno-economic complexities, the introduction of microgrids into grid-tied
contexts raises new socio-political considerations, which demand greater scrutiny of the
process by which sites are selected. Indeed, in an increasingly decentralised energy
system, while microgrids are expected to provide a robust and flexible energy system
capable of maximising performance and minimising costs and environmental impacts, they

can also offer significant additional benefits through increased community control over



energy production and demand, planning, design, implementation and governance
(AUTHOR Reference, withheld for anonymity). However, such benefits are not inevitable
or inextricably embedded within the technology, but rather reflective of institutional contexts
and business model design (Wilkinson et al., 2020). If rolled out naive to social context,
microgrids could (further) damage social cohesion by distributing benefits from project,
funding, or research programs inequitably within and across communities, especially as
microgrid technology remains expensive. Microgrid deployment could also further
disadvantage existing groups who have experienced acute disadvantage in carbon-based
energy systems (e.g., older people, people on low incomes, isolated communities) (Biswas
et al., 2022). Ensuring positive social impacts is not only an ethical imperative for the
responsible implementation of new energy technologies; it is also a key dimension of
success for local initiatives such as micro-grids in maintaining social acceptance and

sustainable community participation.

In response to these largely neglected issues, the literature on energy democracy and
justice are an important reference. Both these research communities raise important ethical
questions about the legitimacy of these technologies, the (equitable) distribution of costs
and benefits, and their impacts on the most vulnerable populations. Drawing largely on
normative guidance from the literature on energy democracy and justice, this paper
explores the question of microgrid site selection and reports on our own experience in the
context of a feasibility study for microgrids in a bushfire impacted area in south-east

Australia, the Eurobodalla shire.

The feasibility project was funded by a Federally administered Regional and Remote
Communities Reliability Fund which was established to fund studies that focused on how
microgrids could improve regional reliability. This focus is driven by several contextual
factors including that Australia already experiences regular natural hazards (bushfires,
heatwaves and flooding) and has the world's longest interconnected power system. A local

community group approached us as researchers to develop a project exploring feasibility



for grid-tied microgrids in a coastal region that was devastated by bushfires in 2019-20. We
formed a research partnership with the community group as well as inviting another partner
— the State-owned distribution company that has responsibility for that region. Deciding
which sites to choose for the feasibility work was the first substantive task of the research

collaboration.

Our overarching argument is that researchers and practitioners (engineers but also policy
makers and engagement specialists) should work together and invest time and resources
in developing a site selection method that seeks to (further) democratise grid integration
technology and its deployment. In addition to the technical requirement, such a method
must address energy vulnerabilities and inequities, and fully integrate the views of the most
affected (especially the most vulnerable) stakeholders into well-informed, place-based
deliberative processes. We recommend that such a method should include (1) defining
objectives shared by all stakeholders and (2) a clear process for determining criteria and
associated data based on these objectives. These would then lead to (3) specific outputs
(e.g., a matrix of relevant criteria) and (4) outcomes (i.e., well-founded site selection). It is
important that the purpose of the microgrid is explicitly considered, which is a matter for

reflection and deliberation.

The paper starts with a brief review of the literature on microgrids and how site selection is
considered. We then provide a reflection on our own process of site selection, while drawing
on a range of literatures to explain and articulate our approach. We also discuss the
limitations of our own process and experience. Finally, we conclude with suggestions for

future research and practice.



2 Literature review

Our work draws on three bodies of literature: (1) studies of the impacts of location on
microgrid development and operations, (2) the role of community in microgrid deployment,

and (3) conceptual literature on energy democracy and energy justice.

2.1 The impacts of location on microgrids

In the past, locations for microgrids have often been determined without regard for energy
concerns, but rather triggered by the location of mineral deposits or military bases.
However, there is an established body of engineering work assessing the impacts of
environmental factors and location on the operation of microgrids. These studies often
examine the availability — over extended periods — of renewable energy sources such as
solar irradiance and wind levels and the influence of these on the amount of energy storage
required for reliable and secure operation of the microgrid (Akram et al., 2018; Baghaee et
al., 2016; Bahramirad et al., 2012; Chen et al., 2012; Eriksson and Gray, 2017; Fossati et
al., 2015; Hafez and Bhattacharya, 2012; Hajiaghasi et al., 2019; Ramli et al., 2018; Yang

et al., 2018; Zhao and Pendlebury, 2014).

More recently, microgrids have been envisioned as a platform for opportunities and
challenges of an imagined smart grid future (Farhangi, 2010), in which we see reflected
trends of decarbonization, digitization, and decentralization. Microgrids as a microcosm in
which to imagine, design and experiment with larger energy trends on a smaller scale fall

into two broad categories:

1. technical studies of new devices and systems, which focus on automated control for
providing energy security and reliability (Guerrero et al., 2011, 2007; Katiraei et al.,
2005; Mohamed and El-Saadany, 2008; Olivares et al., 2014; Pogaku et al., 2007,

Rocabert et al., 2012; Wang et al., 2015), and



2. techno-economic studies of alternative ways for people to participate in the energy
system. These studies have tended to create local energy markets for financial
transactions and energy dispatch through more direct participation from users (as
customers or prosumers) in energy trading, including direct peer-to-peer trading
(Long et al., 2018; Mengelkamp et al., 2018; Zhang et al., 2018), trading between
microgrids (Gregoratti and Matamoros, 2015; Wang and Huang, 2018), and markets

and device automation based on game theory models (Paudel et al., 2019).

As microgrids are now thought of as being tied to the grid, they are increasingly described
as grid-connected communities. This evolution, together with the general shifts in energy
systems (e.g., distributed energy resources, prosumer models, customer centric design,
etc), puts more emphasis on the social dimensions of microgrids. These dimensions have
not been entirely ignored in the literature on microgrids. For example, some researchers
look to develop a mathematical algorithm that considers, among other things, social factors
(Akinyele et al., 2018). Others compare the economic performance of microgrids in different
countries, including Australia, using a broad set of indicators and including social and
environmental sustainability (Wang et al., 2020). However, while it is laudable that
engineering scholars such as Akinyele et al. and Wang et al. consider social factors in their
site selection or evaluation methodologies, this scholarship remains largely disconnected
from a large body of energy social science research into user experiences of emerging

technologies and their social impacts (Ransan-Cooper et al., 2020; Strengers, 2013).

2.2 The role of community in microgrid deployment

In the Australian context, it is well established that the energy sector — including both
industry and government — have been captured by a techno-economic imaginary that
largely sees the public as consumers and passive recipients of efficient smart technologies
(Dahlgren et al., 2020; Sadowski and Levenda, 2020; Strengers, 2013; Strengers and
Nicholls, 2017). This lack of engagement with people as affected publics interested in a

sustainable energy future is part of why trust in the energy sector’s ability to deliver public



benefits in the energy transition is low (Temby and Ransan-Cooper, 2021). Despite this,
research in Australia suggests that local renewable technologies have, in principle, received
broad public support (The Australia Institute, 2022). In Australia, as in many other parts of
the world, the regulatory and industry sectors are not strongly connected with public needs
and expectations. It is thus unsurprising that Farrelly and Tawfik (2020) identify the major
barriers to microgrid feasibility as being related to the socio-institutional context of microgrid

deployment, notably risk aversion and lack of industry acceptance.

Even while the social dimensions of microgrid or off-grid technologies are under-
researched, there are several studies that provide key insights into social issues.
Communities’ ability to engage with the technology is an especially important consideration
in deployment of microgrid and other new energy infrastructure, particularly whether the
community was involved early in planning and design (Boudet, 2019; Valencia et al., 2021).
Another key aspect is a recognition that energy users have plural values and expectations
of new energy technologies. For instance, contrary to general assumptions that households
going off-grid make their decisions primarily on the basis of energy infrastructure price and
operating costs, Lovell and Watson (2019) found that they are in fact motivated by a
complex mix of reasons that go beyond financial aspects to also include social and

environmental values.

Communities’ ability to engage with new energy technology or infrastructure is intimately
linked to the process of selecting a site in the first place. Alongside usual techno-economic
considerations, the site selection process itself must be responsive to people’s values,
needs and expectations of energy infrastructure and their perception of how fair and
equitable the deployment of a technology is (Valencia et al., 2021). Without this, we risk
further reducing trust in the energy transition process, and further exacerbating inequalities
and tensions (Chilvers et al., 2018). Site selection is thus a socio-technical process that

requires care and thoughtful attention.



Given a long history of new energy technologies’ negative impacts on the most vulnerable
groups in society (see Sovacool et al. (2017) on smart meter transition for instance), it is
also imperative that, beyond mere ‘community acceptance’, the development of microgrids
takes full account of the issue of energy vulnerabilities (particularly in terms of potential
impact on the most vulnerable). The literature on energy vulnerabilities identifies key
elements contributing to energy vulnerability as network, geography and environment
related. These include remoteness (access to remote areas that the main grid cannot
reach), low voltage, accessibility/cost of energy (including the difference between off-peak
and peak demand) (Day et al., 2016), frequent short and long power outages (Liévanos and
Horne, 2017), and extreme weather events (Winzer, 2012). Some authors also rightly insist
on socio-demographic factors that make certain groups more likely to be disinterested in or
unable to afford enabling technologies, to be vulnerable to energy market reforms, or to use
technologies in unplanned ways (Nicholls et al., 2017). These groups can include the
elderly, the ill, the less educated, those in social housing, and/or those in rural and remote
areas (Nicholls et al., 2017; Sovacool et al., 2017). A vulnerabilities approach provides a
framework that is appropriate for microgrids for two major reasons. First, the nature of a
microgrid is to be discrete and bounded so defining technological impacts (whether
negative or positive) requires great caution. Second, there are people who might be
included in it but who may not understand it or be able or willing to engage with it. Thus, a
particularly inclusive framework is needed to accommodate their circumstances (Valencia

et al., 2021).

2.3 Towards energy democracy and justice

Since concepts such as “community acceptance” or “engagement” often fail to capture
socio-political diversity within and between communities and often neglect energy
vulnerabilities, we opt for the more specific concept of energy democracy (or
democratisation). Energy democracy implies, in addition to the process, certain elements

of content and (expected) outcomes. Energy democracy is best defined as:



e a process and social movement which (through dispersed grassroots initiatives and
transnational networks) injects new values such as justice into energy system
design,

¢ institutionalisation of new forms of participative governance in energy systems
design collectives as central agents of change

¢ an overall outcome (decarbonization of energy systems), that situates collectives as
central agents of change, and

¢ agoal (an ideal to aspire to an — often unspecified — decarbonized future) (Szulecki

and Overland, 2020; Wahlund and Palm, 2022)

Some researchers such as Droubi et al. (2022) argue that energy democracy should draw
on the more developed, coherent, and comprehensive framework of energy justice.
However, other scholars rightly argue instead that energy democracy and energy justice
are complementary (rather than competitive) concepts as they help explore different
avenues for driving socio-technical change (Burke and Stephens, 2017). Energy
democracy’s focus on collective ownership and management of decentralised energy

system lends itself to our study focus.

The energy democracy literature supports the development of inclusive strategies in the
deployment of energy technologies to: understand who the 'community' is and what 'public
or collective ownership' means from the perspective of local people (Szulecki and Overland,
2020); more comprehensively define who the actors that are impacted/affected by decisions
are (Chilvers and Longhurst, 2016); determine what underlying structures promote or limit
socio-technical change (Chilvers et al., 2018); and provide bottom-up and place-based
(rather than top-down and abstract) pathways to decarbonisation (Devine-Wright, 2022). In
this paper, we use energy democracy as an approach whereby the selection of sites for
microgrid deployment relies on processes that promote inclusiveness, justice and well-

informed deliberation as detailed below:



1) Inclusiveness: involvement of all affected groups, especially the most vulnerable
ones, in decision-making processes to protect them from arbitrary power and
facilitate transmission of their perspectives and concerns.

2) Justice: promotion of social cohesion, socio-environmental justice and the local
culture of participation.

3) Well-informed deliberation: support for processes that improve the quality of
communication to achieve better, more informed, locally grounded decisions
(Brisbois, 2020; Burton et al., 2019; Devine-Wright, 2022; Fazey et al., 2018;

Fouché and Brent, 2020; Hicks, 2021).

To pursue such an agenda in our project, it was crucial to implement a (socio-technical)
transdisciplinary approach, both within the research group and with the project partners
(Cooper, 2017). In the context of energy studies, transdisciplinary research is not only about
understanding issues from different perspectives (i.e., different disciplines and
knowledges); it is a comprehensive approach to learning about "what exists" from the
perspective of different disciplines (empirical research), "what we are able to do" (pragmatic
research), "what is desirable" (normative research) and "how it should be done" (ethical
research) (Spreng, 2014). Moreover, a transdisciplinary approach requires that each of
these research types draw on and integrate both diverse academic disciplines and non-
academic knowledge (e.g. policy, industry, practitioner, community, place-based and
indigenous knowledges) (Wickson et al., 2006) (Roux et al., 2017). Transdisciplinarity is not
without complexity and uncertainty, especially in institutional contexts that are not designed
for it (Sovacool et al., 2015). Given the many unknowns of the four types of research
(empirical, pragmatic, normative and ethical) and the lack of standards in site selection
practices when dealing with grid-tied microgrids and similar integration technologies that
are sensitive to local contexts, site selection is a particularly relevant topic to test

transdisciplinary research.



3 Methodology

Our method takes a transdisciplinary approach. In addition to existing empirical and
pragmatic research (what are grid-tied microgrids and what can be done with them?), we
pursued normative and ethical objectives in line with energy democracy to consider all
relevant people and interests in the design process and the practical outcomes for them

(who is the microgrid for and for what purpose/s?).

The method we followed for site selection, outlined in the figure below, involved four steps:
defining objectives, establishing a process to determine relevant criteria, developing a
generalisable output (i.e., matrix of criteria) and delivering a project-specific outcome (i.e.,

site selection).

Site Selection Method

OUTPUT
= Do you have a tangible product that
stakeholders can understand or
contribute to?
= What are your process for resolving
conflicts around criteria and how
they are prioritised?

« Who is involve in determining
the criteria for site selection?
+ What data do you need?

i)
\.l

* What is the objective of the
microgrid?

* Whose needs are considered?

« How were users involved in the
identification of these needs?

OUTCOME

A justifiable set of sites for
potential microgrid deployment

iy
o

WALLAGA LAKE

BERMAGU!

Figure 1: Elements that should be considered in a transdisciplinary method for site selection



3.1 Objectives

The first step in our site selection was to state the normative objectives (step 1) by
answering key questions: what is the objective of the microgrid(s)? Whose needs are

considered? How are people (users) involved in the identification of those needs?

Bearing in mind the imperatives of energy democracy and justice, two key objectives guided

our site selection process:

1. To understand the energy vulnerabilities and opportunities for energy resilience and
decarbonisation in the Eurobodalla region, which aligns with one of the main
reasons for our research project, the total or partial failure of the energy system that
occurred during the bushfires of the Black Summer 2019-20.

2. Toincorporate much of the socio-technical diversity of the Eurobodalla region so as
to generate outputs and outcomes that are generalisable to other rural areas in the

region, and Australia.

As a research project, our project does not intend to set up a micrgrid in the immediate
term, but rather exploring the range of factors feeding into feasibility. The objectives were
thus about informing future implementation for decision-makers and communities
considering whether or how grid-tied microgrids could be a possible solution. Site selection
also preceded further engagement with communities by the paper authors as well as the
community group partner to consider diverse needs and their implications. All project

partners were integrally involved in the site-selection process as detailed below.

3.2 Process

Having defined the objectives, we decided to establish a process for selecting the sites
(step 2) which addressed two questions: who is involved in determining the criteria for site

selection? And what data do we need?



This process started with a review of the literature (summarised above) to identify the
essential aspects and criteria to consider in site selection. This literature review allowed us

to generate a list of criteria aligned with our two objectives.

We then identified the data associated with each criterion and where to find it. The data we
used to assess the social and technical vulnerability of the sites combines the most recent
socio-demographic information on each site provided by the Australian Bureau of Statistics
(ABS) and technical data on the network characteristics for each site provided by our project

partner and local network operator.

3.3 Output

The output (step 3) of this second step was the development of a matrix combining all the
criteria. This matrix served as the basis for a comparative assessment of vulnerabilities and

feasibility (quantitative) and socio-technical diversity (qualitative) of the potential sites.

Quantifiable and comparable criteria to assess vulnerabilities and feasibility fell into four

categories. The criteria for each category are presented in the table below.

Table 1: Criteria for quantitative assessment of vulnerability and feasibility

Category Criteria
Social vulnerabilities e Percentage of elderly (more than 75 years old)
o Percentage of young people (less than 15 years
old)

e Percentage of people with disabilities

e Percentage of low-income household (less than
650 Australian dollar per householder weekly)
Number of life support premises

e Critical energy supply (critical load premises,
critical infrastructure)

o Dwelling and tenure (home occupancy rate)

Infrastructure vulnerability e Premises per kilometre of network
Major event outage days (bushfire included)

o Average outage duration per premise

Social feasibility o Distributed energy resource penetration (as
percentage of total users)
Infrastructure feasibility o Distributed energy resources capacity (as

percentage load on network)
o Average daily consumption per premise




These categories emerged and were adapted from the literature in discussion with all
project partners. For example, in the category of social vulnerabilities, we characterised
communities according to their socio-demographic characteristics. So, in combination with
other criteria (e.g., the percentage of low-income households), the occupancy rate of the
dwellings is, for example, in a tourist area such as the Eurobodalla region, a relevant
indicator of the relative wealth of the population, as there are many second homes. The
higher the occupancy rate, the more vulnerable the community, since these households

cannot simply return to their other dwelling during a prolonged outage.

In addition to the quantitative criteria of socio-technical vulnerability and feasibility, we have
also established a series of 'qualitative’ criteria that aim to provide a diversity of socio-
technical options representative of Eurobodalla and other rural areas in Australia. These
qualitative criteria are of two types: those that are difficult to quantify or those that are
quantifiable but have no direct implication for vulnerability or feasibility. These qualitative

criteria are listed in the following table.

Table 2: Criteria for qualitative assessment of socio-technical diversity

Population size

Percentage of households who speak other than English at home*

Presence of shared residential or industrial estates

Network topology based on geographical size (large, medium, small)

Density (high, medium, low)

Type of grid (spur/meshed)

Technical ease (easy, medium, or hard)

Level of early interest in grid-tied microgrids as identified by the community
energy group partner

For both socio-technical vulnerability and feasibility, there are other important dimensions

that we are exploring in the other phases of the project. For example, social feasibility also

4 The literature does not establish a direct link between foreign language speakers and increased
vulnerability or feasibility. We therefore considered this dimension as a criterion for diversity.



relates to governance and participation dimensions, which we have not adequately

captured in the criteria.

3.4 Outcome(s)

The main outcome (step 4) of our method was the actual selection of 8 sites® based on a
systematic comparison of 18 sites in the Eurobodalla region (Australia’s southeast coast)
available for our study according to the quantitative and qualitative sets of criteria (the matrix
of criteria) described previously. The 18 sites were: Bodalla, Broulee, Central Tilba, Congo,
Meringo, Mogo, Moruya Heads, Mossy Point, Mystery Bay, Nelligen, Nerrigundah, Potato
Point, Rosedale, South Durras, Tilba Tilba, Tomakin, Turlinjah, and Tuross Head. The 18

sites are represented in the map below.

5 The number specified in our funding agreement (whether it’s ‘limited’ is relative and not informative
here).
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Figure 2: Map of the 18 sites in the Eurobodalla region. Map data from OpenStreetMap
(openstreetmap.org/copyright).

In the quantitative assessment, the vastly different nature of the variables in the criteria
(some demographic, distances, etc) were compared by normalising each criterion on a
relative scale of 0 to 5. Scores of 5 represent the highest level of vulnerability or feasibility
present across all sites, while scores of 0 were the lowest. The exception was the criterion
of home occupancy rate which we considered to be so fundamental, we gave it twice the

weighting with a score out of 10.

To combine the criteria together we devised two methods. The first simply summed up the

scores for all 15 criteria, which produces a final result that was biased towards social



vulnerability. The second method meanwhile enforced an equal weighting between social
and infrastructure factors by taking the average of the criteria under the four categories (the
permutations of social, infrastructure, and vulnerability and feasibility). Table 3 summarizes

the weightings that each method placed on the four categories.

Table 3: Two methods of quantitative scoring

Sum of criteria Adjusted to equally
weigh social and
infrastructure

Social vulnerability 60% 40%
Infrastructure vulnerability 20% 40%
Social feasibility 7% 10%
Infrastructure feasibility 13% 10%

As a final step, the qualitative criteria of socio-technical diversity were considered in order
to reduce the risk that the quantitative assessment might select relatively homogeneous
sites, with a lack of socio-technical diversity that would constrain the translation of our work
to other rural localities. Where multiple sites were deemed to be of similar typology,
according to the qualitative criteria, all but the highest-ranking site was eliminated from

consideration.

If the main outcome of our method was the actual selection of sites, another outcome lies
in having tested a proposed method for site selection, as suggested in the first three steps
detailed above. This tested method involves the ‘fixed’ elements of the method identified
based on the literature - the overarching framework - and more ‘project-specific’ elements,

which involved contextual changes to the basic framework.

4 Results

The results of this study consist of a matrix of criteria for selecting sites, which we consider

an output, and the actual selection of sites, which we consider the outcome. The matrix of



criteria provides a comprehensive framework for comparing the socio-technical
vulnerabilities and feasibilities (quantitative) and the socio-demographic and socio-
technical diversity (qualitative) of sites. The matrix in the Appendices provides a summary

of the quantitative and qualitative assessment for the 18 sites.

The matrix of criteria allowed a collective decision with the project partners and a
consultation with local government on which sites to select, taking into account socio-

technical vulnerabilities, feasibility and diversity. Table 4 indicates the sites we selected.

Table 4: Selection of sites based on quantitative and qualitative assessment

(Sub)Locality [ Site selected

Bodalla Yes
Broulee Yes
Central Tilba | Yes (with Tilba Tilba)
Congo Yes
Meringo No
Mogo No

Moruya Heads | No

Mossy Point | No
Mystery Bay | Yes
Nelligen Yes
Nerrigundah |No
Potato Point | No
Rosedale No

South Durras |Yes
Tilba Tilba Yes (with Central Tilba)
Tomakin No
Turlinjah No
Tuross Head | Yes

The justification for the site selection involves both the quantitative scoring on vulnerability

and feasibility and the assessment based on socio-technical diversity.



4.1 Socio-technical vulnerability and feasibility scoring

(quantitative)

In general, the 8 selected sites scored high in terms of vulnerability (e.g., high occupancy
rates, lots of elderly, people with disability, numerous critical loads) as well as feasibility
(e.g., high rates of solar installs). One further site, Tomakin, scored similarly to the bottom
ranked selected sites. It was not selected because we were limited to 8 sites, and analysis
of the power network showed that any microgrid in Tomakin would be difficult, due to the
meshed nature of the grid and its integration with the rest of the network. Table 5 provides
the overall score across vulnerabilities and feasibility according to the two types of scoring

outlined in the method section.

Table 5: Overall score on vulnerabilities and feasibility (quantitative)

: Final score -| Final score -
Il Adjusted to i:::::r?:

lly weigh . .
" cocialana| - (eehing
(Sub)Locality infrastructure heavily)
:‘g‘}ﬁ';t'"g N/A 75
Bodalla 7 44
Broulee 3 43
Central Tilba 8 42
Congo 5 38
Meringo 7 38
Mogo 12 45
Hoads. 4 3
Mossy Point 2 31
Mystery Bay 5 33
Nelligen 7 36
Nerrigundah 5 35
Potato Point 3 28
Rosedale 5 32
South Durras 3 27
Tilba Tilba 9 40
Tomakin 4 41
Turlinjah 7 37
Tuross Head 4 41




The following two tables provide more detail on this quantitative scoring: Table 6 on the

assessment of socio-technical vulnerabilities and Table 7 on socio-technical feasibility.



Table 6: Quantitative assessment of socio-technical vulnerabilities

Social vulnerabilities Infrastructure vulnerability

Major
event
outage

Premises
Average per km of

Avg

Dwellings outage Average

BT d occupation People Life Low- Critical

with support income Load social network davs duration infrastructure
disabilities premises household Premises vulnerabilities| (low is (bli’shfire per vulnerability

(Sub)Locality good) included) premise

Critical
infrastrusture

Young

Elderly people

Weighting points 45
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Table 7: Quantitative assessment of socio-technical feasibility

Social feasibility Infrastructure feasibility

Distributed
energy
resource
capacity (%
load on
network)

Distributed

energy Average
resource social
penetration feasibility
(% users)

Average daily Average
consumption infrastructure

Indicator per premise feasibility

(Sub)Locality

Weighting
points

Bodalla
Broulee

Central Tilba

Congo

Meringo
Mogo

Moruya Heads

Mossy Point

Mystery Bay

Nelligen

Nerrigundah

Potato Point

Rosedale

South Durras

Tilba Tilba
Tomakin

Turlinjah

Tuross Head

4.2 Socio-technical diversity (qualitative)

In addition to the quantitative scoring, the assessment based on diversity criteria provided
us with a broad range of examples that represent the plurality of the Eurobodalla as well as
other Australian rural areas. Among the selected sites, we have small (190 person), medium

(300-600 person) and large (1500-2500 person) communities. The selected sites range



from small, low-density inland communities in the north of the line grid array such as
Nelligen to relatively large and dense coastal communities in the south of the region such

as Tuross Head.

They all have at least one option for a relatively tractable microgrid design (in how the site,
or major constituent of the site, connects to the upstream grid). Many of these sites also
have several clearly identifiable microgrid design options. These options present a richness
for technical studies, as well as vital social enquiries into which parts of the community
receive access to a microgrid — for instance in Bodalla, the petrol station, police station, and
bowling club would each require their own microgrid due to the network configuration. Table

8 provides details on all the diversity criteria for the 18 sites.



Table 8: Qualitative assessment of socio-technical diversity

(3) small/low/spur

Indicator | Population
(Australian A T LT Network topology (options): geographical size
speak other than English at home Presence of shared residential or P .gy o = g p . Technical ease (easy,
Bureau of . . n . (large, medium, small), density (high, X
. (Australian Bureau of Statistics industrial estates ' X medium, hard)
(subjLocality Statistics 2016) medium, low), grid (spur/meshed)
2016)
(1) medium/low/meshed
Bodalla 739 3% f;:g:le storey - Agriculture, industry, (2) medium/medium/meshed All options medium
(3) large/medium/meshed
Broulee 1717 3% | Free standing - Retail Two options, both medium/high/meshed Two options medium
; ion - Agri (1) medium/medium/ spur
Central Tilba 288 10% Tlmber constr.uctlon Agriculture, (1) easy, (2) hard
industry, retail (2) large/medium/meshed
Congo 245 17% S|n.glfe dwelling - Limited economic Small/low/Spur (1) easy
activity
; ing  imi ; (1) medium/medium/spur
Meringo 322 12% S|n.glfe dwelling - Limited economic (1) easy, (2) medium
activity (2) large/low/meshed
Mogo 322 12% | Small businesses, touristic sites Small/medium/meshed Medium
Moruya o, | Mixed housing types - Marine .
Heads 976 12% economic activities Medium/low/spur Easy
(1) large/medium/meshed
Mossy Point 569 8% | Free standing - Retail Both options medium
(2) large/high/meshed
Mystery Bay 191 6% Agr@ulture, pumping station, retail, Small/low/spur Easy
tourism
(1) large/medium/meshed
Nelligen 332 11% | Single dwellings - Cafe, caravan park (2) large/ medium/meshed (1) hard (2) medium (3)

easy




(1) medium/low/spur

(1) easy (2) easy (3)

Nerrigundah 25 10% | Nil (2) medium/low/spur casy
(3) small/medium/spur
i - Agri ; (1) medium/low/spur
Potato Point 135 10% S|ng!e storey - Agriculture, industry, (1) easy (2) easy
retail (2) small/high/spur
Rosedale 221 15% | Single or double storey - Agriculture No data No data
; _ (1) small/high/spur
South Durras 341 17% Large holiday IEt? and 3 RV parks (1) easy (2) hard
Agriculture, tourism (2) large/medium/ meshed
(1) large/low/meshed
. . Timber construction - Agriculture, . (1) med (2) easy (3)
0,
Tilba Tilba 95 10% industry, retail (2) small/high/spur hard
(3) large/low/meshed
(1) medium/high/meshed
Tomakin 1001 12% Large homes - limited economic (2) medium/high/ meshed (1) hard (2) hard (3)
activity hard
(3) large/low/meshed
(1) small/medium/spur
Turlinjah 157 6% | Nil (2) large/low/meshed Lla)rzasy (2) hard (3)
(3) large/low/meshed
(1) large/medium/spur
Tuross Head 2941 8% Two storey (low energy efficiency) - (2) medium/high/spur (1) easy (2) easy (3)

Golf and bowling club

(3) small/high/spur

easy




5 Discussion

The site selection process and its results raised many questions. Among the most crucial
issues (and lessons learned) are those related to energy democracy, and those related to

replicability and contextual adaptation.

5.1 Energy democracy

As already mentioned, energy democracy was the key normative conceptual framework for
our study. Our initial lack of empirical data forced us to move forward in a piecemeal fashion
to give shape to key normative recommendations, namely (1) to involve all relevant interests
(especially those most affected), (2) to promote social justice and cohesion in an

institutionalised manner, and (3) to achieve more informed and legitimate decisions.

On the first aspect, inclusiveness, we have tried to be as inclusive as possible within the
time and resource constraints to which scientific projects are subject. We were unable to
develop a proper deliberative process (e.g., by drawing lots of individuals to participate in
the decision-making process) but established a very dense deliberative framework with the
project partners — which include a local network provider and a local community energy
organisation — with whom we collaborated closely at every stage of the decision-making
process. Each step of the site selection process relied indeed on multiple deliberative
meetings among the project partners and sustainability professionals inside the local
government office to ensure that our expectations were aligned. These meetings used
participatory and deliberative methods of engagement such as the use of a professional
facilitator, a relative balance of speaking time, and varied discussion modalities to

incorporate all points of view in the definition of the initial steps of the research project.

On the second aspect, social justice and cohesion, our focus on energy vulnerabilities from

a socio-technical point of view provided us with a comprehensive framework to take into



account the multiple forms of inequalities, including socio-economic, gender, age, and
ethnic inequalities, to which a microgrid could contribute, for better or for worse. At another
scale, the standardised measures we used cannot sufficiently capture in detail specific local
inequalities. These structures, whether social (e.g., a local culture of solidarity or processes
of capture of economic, social or cultural capital by specific groups) or political (e.g., the
perception that local interests are often ignored in decision-making), will be revealed more

precisely by the ethnographic research to be conducted in the second phase of the project.

On the third and last aspect, well-informed deliberation, decisions were clearly reinforced
by the multiplicity of social and technical criteria that we integrated in the matrix, which we
used as a comprehensive information tool for decision making. This matrix is not a final
product but rather a means of anticipating issues or problems in the initial phases of the
project. Later in the project, this tool can be used to take into account the socio-political
complexity that underpins any deployment of network integration technology and thus avoid
the adverse effects of top-down processes, favouring instead paths based on detailed local

knowledge (Devine-Wright, 2022).

Common to all three aspects, the issue of transdisciplinarity played a central role in the
production and sharing of knowledge tools and a common vocabulary among the project
partners, despite coming from different fields. Indeed, the method we have detailed can be
seen as a structured set of tools that aims to integrate all perspectives into a common
framework at each stage, thus overcoming institutional and disciplinary (industry, science

and community) communication barriers.
5.2 Replication and adaptability to context and various

imperatives

Although our study focusses on (grid-tied) microgrids, the method we used for site selection,
which includes defining objectives, a dedicated process for determining the key criteria and

data that meet the objectives, the creation of a matrix of criteria and the informed and



justified selection of sites, is to some extent adaptable to various socio-political contexts
and socio-technical objects. For example, the deployment of other energy technologies
such as electric vehicle charging stations, which are equally sensitive to the local context,
could be based on such a site selection method. However, we suggest that it should be
adapted both to the context (e.g., by redefining the essential and socially accepted criteria)
and to the object (e.g., by identifying technology-specific risks and opportunities). The
definition of objectives is an appropriate step to discuss the goals and requirements of the

project and thus adapt the method we suggest to the project context.

Understanding of context is key. Knowledge of the local community and institutional context
helps to anticipate problems occurring on the way and suggest solutions that are more
locally adapted (Devine-Wright, 2022). For example, in our project, knowledge of the recent
dramatic impact of 2019-20 bushfires and subsequent flooding — including exploring
submissions from Eurobodalla individuals to the 2019-20 Bushfire Royal Commission
(“Royal Commission into National Natural Disaster Arrangements,” 2020) and talking to
local project partners (local grid provider, local council and community energy group) — was
essential to understanding that some particularly affected communities are tired of being

involved in various government, industry or research programmes (consultation fatigue).

6 Conclusions and policy implications

The selection of a site, even for a research project, for a grid-integrating technology can
have socio-political implications, including increasing local inequalities, exacerbating
tensions and deepening institutional distrust or, on the contrary, strengthening social
cohesion and contributing to greater trust between communities and between communities
and government institutions. Site selection should therefore not be treated lightly or as a
mere technical issue, but rather requires a thoughtful and considered process. Based on

the method we developed, we now provide some recommendations for various



stakeholders involved in project, funding, or research programs on grid integration

technology and other energy technology development or deployment.

First, in Australia, as in many other parts of the world, the regulatory and industry sectors
remain disconnected from public needs and expectations with regards to how grid
integration technology is deployed. We argue that these authoritative actors should see site
selection as a socio-technical process embedded in a complex set of values, which can
cause tensions and conflicts if not treated equally. Socio-economic, environmental and
technical aspects must therefore receive equal attention from decision-makers and —in line
with energy democracy concerns — be institutionalised l.e., not seen as accidental, or reliant
on good-faith proponents. Aligning site selected with community interests and goals should
not be reliant on researchers like us who believe this to be an important part of feasibility.
Indeed, ideally, such a process should be initiated by a well resourced, actor like a
distribution company or state government that would undertake such a process over a

larger spatial scale to determine which locations would be best suited to a feasibility site.

Second, the outcome of site selection should explicitly aim to further democratize
technology deployment by including all affected interests, especially the most vulnerable
(who are also often the most marginalized), promoting social cohesion and socio-

environmental justice, and resulting from well-informed deliberative tools and processes.

Third, a democratized site selection process could take the form of a clear method built
around the definition of objectives, a process for defining relevant criteria, the establishment
of a clear matrix of criteria, and the building of consensus on the sites selected on the basis
of this matrix. While our project did not directly involve representatives from the community
itself, such an approach would be an important future direction to ensure that the criteria

aligns with public concerns.

Fourth, each stage of site selection must be based on a participatory and transparent

dialogue with all affected interests, so that each stage is discussed, documented and



accessible to all participants. This is vital to (re)building trust in the intent and actions of

funders, regulators, researchers and project proponents.

Fifth, beyond feasibility issues, special attention must be paid to all forms of socio-technical
energy vulnerabilities and the potential negative, positive, and neutral impacts of grid

integration technologies on these vulnerabilities.

Sixth and finally, while our proposed method for site selection has some generalizable
elements (such as its structural process), each project is different and contextual
information is vital in determining what to do. We therefore suggest that great caution be
exercised in attempting to apply systematic methods to all cases and instead establish a

transdisciplinary and place-based expertise with a plurality of local actors.
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Appendix A: Summary of quantitative and qualitative assessment

Quantitative analysis

(risk x (sum of
consequence) points)
(Sub)Locality

Indicator JEEIEY](S) Final score

Population
(Australian
Bureau of

Percentage of
households who
speak other than
English at home

Statistics 2016)

Diversity & representativeness

Presence of
shared
residential or
industrial estates

Network topology (options):
geographical size (large,
medium, small), density
(high, medium, low), grid
(spur/meshed)

Technical ease (easy,
medium, hard)

Retail

. (1) medium/low/meshed
Single storey -
Bodalla 739 3% | Agriculture, (2) medium/medium/meshed | All options medium
industry, retail (3) large/medium/meshed
Free standing - Two options, both . .
0,
Broulee 1717 3% Retail medium/high/meshed Two options medium
Timber (1) medium/medium/ spur
Central Tilba 8 a2 288 109 | COnstruction - (1) easy, (2) hard
Agriculture, (2) large/medium/ meshed
industry, retail
Single dwelling -
Congo 5 38 245 17% | Limited economic | Small/low/Spur (1) easy
activity
Single dwelling - | (1) medium/medium/ spur
Meringo 7 38 322 12% | Limited economic (1) easy, (2) medium
activity (2) large/low/meshed
Mogo 322 12% Sma!l t?u5|.nesses, Small/medium/meshed Medium
touristic sites
Mixed housing
Moruya o, | types - Marine .
Heads 976 12% economic Medium/low/spur Easy
activities
ing - (1) large/medium/ meshed
Mossy Point 569 8% Free standing Both options medium

(2) large/high/meshed




Agriculture,

191 6% | pumping station, | Small/low/spur Easy
retail, tourism
Single dwellings - (1) large/medium/ meshed
g & . (1) hard (2) medium
332 11% | Cafe, caravan (2) large/ medium/meshed (3) easy
park (3) small/low/spur
(1) medium/low/spur
25 10% | Nil (2) medium/low/spur (ela)s:asy (2) easy (3)
(3) small/medium/spur
Single storey - (1) medium/low/spur
135 10% | Agriculture, ) (1) easy (2) easy
industry, retail (2) small/high/spur
Single or double
221 15% | storey - No data No data
Agriculture
Large holiday lets | (1) small/high/spur
341 17% | 29 3 RV parks - (1) easy (2) hard
Agriculture, (2) large/medium/ meshed
tourism
Timber (1) large/low/meshed
., | construction - . (1) med (2) easy (3)
95 10% Agriculture, (2) small/high/spur hard
industry, retail (3) large/low/meshed
) (1) medium/high/meshed
Large homes - - (1) hard (2) hard (3)
1001 12% | limited economic | (2) medium/high/ meshed hard
activity (3) large/low/meshed
(1) small/medium/spur
157 6% | Nil (2) large/low/meshed Lla)rzasy (2) hard (3)
(3) large/low/meshed
(1) large/medium/spur
2241 8% Two storey (low (1) easy (2) easy (3)

energy efficiency)

(2) medium/high/spur

easy




- Golf and

bowling club (3) small/high/spur
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