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Introduction

The deployment of geothermal district heating and cooling (geoDHC) networks represents
a significant step towards sustainable and renewable energy solutions in Europe as
highlighted in the European Strategic Energy Technologies Plan (2015). On a global scale,
the importance of responsible geothermal development was underscored at the Paris
Climate Summit, where the Global Geothermal Alliance was established (Pellizzone et al.

2017).

GeoDHC systems offer numerous environmental and economic benefits. However, their
successful implementation is not solely dependent on technical and financial feasibility
but also hinges on social acceptance and stakeholder engagement. This deliverable aims
to explore the multifaceted factors influencing public perception of geoDHC networks, the
social and environmental impacts associated with these systems, and the critical

processes involved in stakeholder identification and engagement.

As noted in the 2023 report of the International Energy Agency (IEA), district heat
production remained relatively stable in 2022, meeting around 9% of the global final
heating need in buildings and industry. The report highlights the significant potential for
district heating to integrate low-emission energy sources efficiently and cost-effectively
into the heating energy mix. However, the decarbonization potential of district heating
remains largely untapped, with fossil fuels still dominating global district network
supplies. Achieving net zero emissions by 2050 requires substantial improvements in the
energy efficiency of existing networks and a rapid shift to renewable heat sources,

including geothermal heat (IEA 2023).

Public perception of geoDHC networks can greatly influence the success or failure of
these projects. Factors such as awareness, understanding, and trust play pivotal roles in
shaping public attitudes. Misinformation or lack of information can lead to resistance,
while transparent communication and education can foster acceptance. Chapter 1 of this
deliverable delves into the various elements that affect public perception, including the
perceived benefits and risks, the effectiveness of communication strategies, and the role

of media in shaping opinions.

The social and environmental impacts of geoDHC networks are also crucial considerations.
Environmentally, these systems can offer a reduction in greenhouse gas emissions, a
decrease in reliance on fossil fuels, and minimal land usage compared to traditional

energy systems. Socially, they can contribute to energy security, job creation, and
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enhanced local economies. However, there are potential negative impacts, such as
induced seismicity, groundwater contamination, and disruption during construction
phases, which must be meticulously managed. District heating can also be met with
skepticism for fear of contractual “lock-in” and lead to conflicts among neighbors. Chapter
2 examines both the positive and negative impacts, emphasizing the need for

comprehensive assessments and mitigation strategies.

Stakeholder identification and engagement are central to ensure public acceptance of
geoDHC projects. Effective stakeholder engagement involves recognizing and involving all
relevant parties, including project promoters, investors, public authorities, local
residents, NGOs, and industry representatives. Each group has distinct interests,
resources, and levels of influence, and understanding these dynamics is essential for
successful project execution. Chapter 3 outlines a methodology for identifying
stakeholders, analyzing their roles and resources, and developing tailored engagement

strategies.

In Chapter 4 we have present a Societal Readiness evaluation scheme and a self-
assessment tool we have designed to guide project developers through the essential steps
required to ensure their geoDHC projects are ready to be embedded in society. This
scheme offers a structured approach to evaluate and enhance the societal readiness of
projects, addressing key social and environmental factors. By following this framework,
developers can better understand the necessary actions to foster public acceptance,
address stakeholder concerns, and align their initiatives with broader societal goals. The
self-assessment tool provides a practical means for developers to measure their progress
and identify areas for improvement, ultimately facilitating the successful integration of

geoDHC networks into communities.

Chapter 5 provides a set of criteria to identify and measure environmental and socio-
economic impacts of geoDHC networks. It outlines the methods and metrics for
evaluating the sustainability of geoDHC networks, providing a framework for an initial

impact assessment.

The final chapter (Chapter 6) addresses the expected impacts of a massive rollout of
geoDHC networks across Europe. It explores the broader implications of widespread
adoption, including potential economic benefits and environmental outcomes. This
analysis provides a forward-looking perspective on the transformative potential of

geoDHC systems and the necessary steps to maximize their positive impacts.
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The introduction of geoDHC networks requires a holistic approach that considers
technical, environmental, social, and economic dimensions. By addressing the factors
influencing public perception, assessing social and environmental impacts, and effectively
engaging stakeholders, project developers can enhance the acceptance and success of
these sustainable energy solutions. This deliverable serves as a comprehensive guide to
navigating these complex aspects, providing valuable insights and recommendations for

project developers with an interest in geoDHC projects.

1. Public perception of geoDHC networks
1.1 The importance of understanding public perception

Public acceptance is paramount for the successful implementation of any technology.
Without broad support, even the most technically sound projects can face significant
delays, opposition, or outright rejection (Bryson 2004). Public acceptance is crucial
because it ensures smoother project implementation, fosters community engagement,
and promotes the long-term sustainability of the technology. This, of course, also applies
to geoDHC networks. Understanding the factors influencing public perception is thus
essential for addressing concerns, fostering trust, and ultimately ensuring the widespread
acceptance of geoDHC networks. Public responses to infrastructural projects are
challenging to predict, measure, and control because they are influenced by a complex
interplay of variables. These responses often vary widely among individuals, groups, and
contexts, making them difficult for project developers to manage. While there is no
straightforward strategy to ensure public acceptance, understanding these variables is

crucial for implementing measures that foster acceptance and address hindering factors.

Section 2.1 deals with public perception. Although perceptions are inherently subjective,
they also depend on the actual potential impacts of the infrastructural project, which
have objective and measurable dimensions. These impacts are illustrated in section 2.2.
However, it is crucial to keep in mind that a neat distinction between subjective and
objective is not possible. The acceptance of a project depends on the interplay between
psychological and contextual factors and perceived or actual impacts (Boudet 2019).
Therefore, all factors must be addressed holistically, considering both the subjective
dimensions (e.g., personal beliefs and experiences), contextual factors (e.g., property
distribution), and seemingly more objective impacts (e.g., investment cost and heat

price).
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1.2 Building awareness and trust

Public perception is profoundly influenced by several psychological factors. First of all,
awareness and understanding of geoDHC technologies can significantly impact
acceptance. People who are well-informed about the benefits and functionalities of
geoDHC systems are more likely to support their implementation. In contrast, lack of
knowledge can lead to misconceptions and resistance. However, resistance is not solely
due to ignorance; other factors also play a role. Additionally, it is important to remember
that knowledge is never fully objective and that even scientific or technical information is
embedded in a broader spectrum of beliefs, values, and attitudes, which shape its
interpretation (Boudet 2019). Project developers should therefore not assume that
providing information will be sufficient to achieve acceptance. Nevertheless,
informational campaigns, educational initiatives and transparent communication are

vital in promoting geoDHC networks.

Lack of reliable information leads to uncertainty, which can, in turn, create hesitation and
resistance (Achtnicht 2011). Concerns about the long-term reliability of the heat supply,
the actual energy and CO2 savings, the payoff period for investments and similar kinds of
uncertainties can deter people from embracing geoDHC technologies. Providing clear
information and real-world examples of successful implementations can help mitigate

these uncertainties.

However, information itself needs acceptance. The information source must be perceived
as reliable and trustworthy. People generally trust scientists and engineers more than
politicians or big energy companies (Hildebrand, Riihmland, Klein 2020). It is therefore
advisable to provide scientific, evidence-based yet easily understandable and accessible
information. Even though it is important to stress the benefits of the project, not
mentioning risks can be counterproductive, as it can be interpreted as a lack of
transparency and lead to mistrust or suspicion (Greenberg 2014). Honest and transparent
communication about uncertainties and risks, along with a display of strategies taken to

mitigate them, can increase trust.

While transparent communication on technical issues is fundamental, there is a risk of
being too one-sided. Communication is effective only if all the parties involved can
engage in a fruitful exchange. Technical expertise must be coupled with an ability to take

into account different perspectives. If the public perceives that experts or company
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representatives are imposing their views without taking into account people’s concerns,
values and opinions, trust will be undermined (Greenberg 2014). The perceived fairness of
the decision-making process, which depends on the way people feel their opinions have
been taken into account, is often more important than the decision outcome itself. If
people perceive the process as fair, they are more likely to accept the outcome, even if it
is not their preferred one (McComas et al. 2016). Actively engaging individuals or groups
with a vested interest in a project or decision-making process to ensure their
perspectives, concerns, and needs are considered and addressed is crucial to reach

mutual agreement and increase acceptance.?!

This is often referred to in the literature as procedural justice (Jenkins et al. 2016).
Another justice-related aspect is the perceived fairness of the distribution of benefits and
burdens, which also contributes to the acceptability of potential risks (McComas et al.
2016). It is therefore important to ensure that people who see limited benefits from the
geoDHC project are not overexposed to risks, and that those who profit the most from
the project, who might not be local residents, come into dialogue with the local

community and seriously take into account potential risks and related concerns.

The level of trust can be significantly influenced by the community’s prior experiences
with similar projects (Hildebrand, Rihmland, Klein 2020). Positive experiences, such as
successful project implementations or beneficial outcomes, tend to foster trust and
receptiveness among the public. Conversely, negative encounters, such as project failures
or adverse impacts, often instill fear and skepticism. Taking into account the local history
and addressing previous issues transparently can help build a more favorable

perception.

The realization of geoDHC networks often involves active participation from public
institutions, which may collaborate with private companies as project promoters.
Confidence in the intentions and actions of policymakers is therefore crucial (Billerbeck et
al. 2024). If the public believes that policymakers are acting in their best interest and are
knowledgeable about the technology, it is more likely that people will support the
geoDHC project. Mistrust is policymakers can negatively impact acceptance. Therefore,
policymakers need to build trust to foster a positive perception of district heating, and

private developers can seek collaboration with trusted community organizations, non-

1 We will see strategies to identify and engage stakeholders in section 2.3.
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profits, or advocacy groups, if public authorities are not trusted. Here too, prior

experiences must be taken into account.

1.3 Attitudes and believes

Trust in policymakers, however, is not sufficient. Values and political ideologies can
influence attitudes towards geoDHC networks. Pro-environmental views generally lead to
more favorable attitudes, whereas indifference or hostility towards green policy may
increase resistance (Billerbeck et al. 2024). If a pro-environmental attitude prevails within
the community, campaigns that emphasize the environmental benefits of geoDHC systems
can tap into this awareness and foster acceptance. If an indifferent or hostile attitude
towards environmental issues prevails, it may be helpful to highlight the economic
advantages, such as potential cost savings or job creation, as well as the potential for
energy independence and security. Additionally, focusing on the social benefits, such as
improved public health from reduced air pollution or enhanced community resilience to
energy disruptions, may resonate with individuals who prioritize other concerns over

environmental ones.

If values are deeply entrenched, communication may not lead to significant change and
could instead reinforce existing positions. Alignment of ethical principles is the basis of
value-based trust (Greenberg 2014), which involves a mutual agreement on what is
important and desirable, leading to trust in the integrity and reliability of the other party.
Taking into account the prevailing political attitudes in the local community and
tailoring communication strategies to address its concerns and values can enhance

acceptance.

Political ideologies can also influence individuals’ receptivity towards new technologies,
leading some to be more or less open to their adoption. A positive attitude towards new
technologies is related to acceptance of district heating infrastructure (Breitschopf et al.
2022). Highlighting the innovative aspects of geoDHC systems and their role in
modernizing energy infrastructure can appeal to tech-savvy individuals. Communicating
with individuals who are less open to new technologies may require emphasizing practical
benefits and addressing specific concerns. Understanding the prevailing attitudes
towards new technologies is important for customizing communication strategies to

address the concerns of different individuals and groups.
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Another factor that influences people’s attitudes towards new technologies is direct
experience of their benefits. Offering opportunities for hands-on experiences or
demonstrations can provide individuals with a tangible understanding of how geoDHC
systems work and the potential benefits they offer, helping to overcome skepticism and

increase acceptance.

People who have already adopted geoDHC can serve as powerful testimonials, providing
tangible evidence of the positive impact of the technology on their lives and
communities. Their voice can be even more trusted than that of experts, considering the
significant influence of peer-to-peer communication in shaping decision-making processes
(Mahapatra and Gustavsson 2008; 2009). Thus, inviting experienced users to share their
positive experiences can be a useful tool to inspire confidence and trust in the

technology among others, thereby facilitating its broader adoption and implementation.

Another trusted voice can be that that of installers, who can become the most effective
promoters (Mahaparta and Gustavsson 2008). Personal interactions with knowledgeable
and trustworthy installers can positively influence public perception. Involving trained
installers in marketing and information campaigns can be a valuable strategy to enhance

trust and acceptance (Mahaparta and Gusavsson 2009).

Individual believes are shaped by the wider social context. In a context where media
coverage is negative due to past negative experiences, for instance, public perception will
be focused on harmful impacts and people will likely oppose new projects (Kunze and
Hertel 2017). Media coverage, particularly from journalists, often emphasizes negative
over positive events (Hildebrand, Rihmland, Klein 2020). This bias can influence public
opinion by highlighting potential drawbacks rather than benefits. Proactive engagement
with the media to provide balanced information and success stories can help counteract
negative perceptions and address informational gaps in areas where media coverage is

lacking.

The way geoDHC networks are discussed on social media platforms can also shape public
perception (Boudet 2019). These platforms can be used by grassroots movements to
influence public attitude in favor or against infrastructural projects. Positive discussions
and endorsements by influential figures or social movements can build support, while
negative portrayals can create resistance. Monitoring social media sentiment and

engaging in online dialogues can help manage perceptions.

10
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It might be assumed that attitudes towards new technologies strongly correlate with age,
gender, and educational levels. However, assessing the influence of these socio-
demographic factors is particularly challenging due to inconsistent findings in the
literature. For example, while older individuals may generally be less familiar with new
technologies (Zhang, 2023), they may also have larger financial resources up to
retirement age, making them more willing to invest (Balcombe et al., 2013). However,
older age does not always correspond to higher acceptance; longer payback periods and
perceived unworthiness of new investments can lead to a more conservative attitude
(Selvakkumaran et Ahlgern, 2019). Similarly, gender and educational levels do not have
significant explanatory power. Breitschopf and colleagues, in their research on the
perception of district heating and cooling, have concluded that the effects of socio-
demographic variables such as age, gender, and educational levels “are very small and
should be interpreted with caution” (Breitschopf et al. 2023). Other factors such as
beliefs, attitudes, and financial resources appear to play a more influential role,

independent of socio-demographic characteristics.

1.4 Contextual factors

Besides beliefs and ideologies, another important factor that affects perception is place
attachment (Hildebrand, Rihmland, Klein 2020). Strong emotional ties to a locality can
affect acceptance of geoDHC projects. If a specific place is particularly valued by the
community for its natural, aesthetic, historical or symbolic qualities, the community will
most likely oppose any construction project, particularly those with irreversible visual
impacts, such as the construction of a new plant. Proximity to protected natural areas can
heighten environmental concerns and resistance to geoDHC projects (Boudet 2019).
Therefore, it is important to take into account the significance of specific places to the
local community and incorporate their values and preferences into project planning.
Exploring alternative project designs or locations that minimize impacts on valued
aspects of the locality may be necessary to garner community support and ensure the

success of the project.

The economic profile of the community is another important factor. Especially in lower-
income communities, economic aspects are the most important in terms of social
acceptance (Hildebrand, Rihmland, Klein 2020). Potential benefits of geothermal energy,
such as employment opportunities, income improvement, and new revenue sources for

local communities (Karytsas and Polyzou, 2021), can enhance the attractiveness of the



SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

project. However, people with low income might perceive the initial investment costs as
an obstacle. Considering the economic profile of the area is crucial, as individuals with
varying income levels have distinct needs and priorities. By understanding these
differences, policymakers and developers can tailor initiatives and projects to
effectively address the specific requirements and concerns of different socio-economic

groups.

Income levels are also correlated with household size. Larger houses require more
heating, making cost saving potentially attractive (Selvakkumaran and Ahlgren 2019).
However, while higher income levels may correlate with a greater ability to invest,
households with higher incomes may not perceive the economic benefits of geoDHC as
relevant (Sopha et al. 2010). Similarly, landlords and housing associations, unlike family
home owners, may not be attracted by cost-savings, as these are normally passed on to
the tenant (Balcombe et al. 2013). Residents of apartments might be less willing to invest
in new systems due to existing common heating solutions (Lillemo et al., 2013). Tailoring
geoDHC solutions to meet the specific needs of various household sizes can enhance

their appeal.

Homeowners are more likely to invest in new heating systems (Lillemo et al. 2013),
especially if their house is old and currently lacks an efficient heating solution. However,
those with existing systems may be less willing to switch if they are satisfied with their
current situation (Krikser et al., 2020). Targeted subsidies and marketing campaigns, as
demonstrated by Mahapatra and Gustavsson (2009) in Sweden, can effectively change
this behavior by highlighting the long-term benefits and savings of district heating

systems.

In conclusion, understanding the multifaceted nature of public perception and its impacts
on the acceptance of geoDHC networks is essential. While psychological and contextual
factors significantly influence acceptance, addressing them comprehensively and
transparently can help build the necessary trust and support for successful

implementation.

12
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2. Social and environmental impacts of geoDHC networks

An overview of environmental impacts across the lifecycle of both deep and shallow
geothermal plants, along with relevant mitigation measures, has been outlined by
loannou and Falcone in a Deliverable of the Crowdthermal Project (loannou and Falcone
2020). Another document that provides valuable insights is the study on social costs and
benefits of district heating systems that Mulder and Hulshof have conducted for the
Dutch city of Groningen on the base of a cost-benefit analysis (Mulder and Hulshof 2021).
These documents serve as the primary sources for this chapter. In addition to this

foundational information, insights from other relevant studies have been incorporated.

This chapter identifies the variables that affect the social and environmental sustainability
of geoDHC networks. It serves as a guideline for project developers, offering a list of
factors to be considered during the design phase before implementation. Chapter 4
provides an identification of quantitative and qualitative criteria to conduct a preliminary

impact assessment.

Geothermal energy stands as a promising, environmentally friendly, and sustainable
energy source. Across Europe, shallow and low-temperature deep geothermal reservoirs
are abundant, contrasting with the limited availability of high-enthalpy deep geothermal
potential, concentrated mainly in regions marked by recent volcanic activity like Iceland
and parts of Italy. However, the journey towards its widespread adoption faces significant
hurdles, primarily rooted in social acceptance. The public’s perception of environmental
factors plays a pivotal role in shaping attitudes towards geothermal development
(loannou and Falcone 2020). Therefore, conducting comprehensive assessments such as
Environmental Impact Assessment (EIA) or Life-Cycle Assessment (LCA) is strongly
recommended to address potential concerns early in the project lifecycle, even for

shallow geothermal systems where such an assessment is not always mandatory.

2.1 Induced seismicity and groundwater contamination

While much attention has been drawn to the environmental impacts of high-temperature
deep geothermal plants, shallow geothermal systems, including Ground Source Heat
Pump (GSHP) setups, also raise environmental concerns. Studies have identified various
environmental effects associated with shallow geothermal systems, such as the risk of
groundwater contamination, land subsidence, and deformation (loannou and Falcone

2020).
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Groundwater contamination risks stem from diverse sources, including leakage of
additives from Borehole Heat Exchangers (BHEs), hydraulic connections between aquifers,
and shifts in bacterial concentrations in the soil due to temperature changes. Open-loop
systems introduce additional risks of cross-contamination from nearby waste deposits.
Groundwater contamination is particularly alarming when groundwater serves as a
drinking water source. Past incidents, such as structural damage from land deformations
and flooding due to artesian aquifer release, underscore the potential risks inherent in

shallow geothermal projects.

Significant negative impacts like induced seismicity and land subsidence, along with
associated damages, further influence public opinion. While induced seismicity is mostly
associated with the injection of geothermal fluids in deep-geothermal systems, the risk of
land subsidence can also be associated with drilling and grouting of BHEs for shallow

geothermal energy systems.

Due to perceived risks, people generally prefer geothermal projects to be located at least
100 kilometers away from their community (loannou and Falcone 2020). Consequently,
community engagement is crucial for technologies that need to be situated close to the
end-use application, such as direct-use geothermal projects. Proactive engagement
strategies, including public consultations and transparent communication about project

benefits and risks, can enhance social acceptance and address public concerns.

Project developers can mitigate the risks associated with induced seismicity and
groundwater contamination by following the Induced Seismicity Protocol commissioned
and published by the U.S. Department of Energy (Majer et al. 2012) and by
implementing measures such as casing the wells and grouting and sealing the borehole

(loannou and Falcone 2020).

2.2 Factors determining the environmental footprint

Although geothermal power plants emit significantly fewer greenhouse gases than fossil
fuel power plants, they cannot be considered CO2-neutral. Despite mitigation measures in
place, greenhouse gas emissions from geothermal power plants vary, influenced by
factors such as plant type and reservoir composition (loannou and Falcone 2020). Drilling
and construction activities significantly contribute to environmental impacts, with
potential emissions of non-condensable gases (NCGs) during the development phases of

deep geothermal high-temperature systems. Geothermal plants should be designed to
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avoid any steam releases to the atmosphere and NCGs should be treated at the cooling

tower (loannou and Falcone 2020).

The choice of technology also affects the environmental footprint of geothermal systems.
For instance, flash power plants typically exhibit higher environmental impacts due to
their operational processes, whereas closed-loop technologies like binary systems are

generally considered to have lower impacts (loannou and Falcone 2020).

One of the most critical variables in the socio-environmental sustainability of a district
heating (DH) infrastructure is the location of the heat source (Mulder and Hulsof 2021).
This factor can significantly impact the feasibility and design of the system. If the heat
source is far from dwellings, constructing transportation pipes becomes necessary, adding
to the cost and impact of the project. If deep geothermal sources are used, drilling is
required, which can be expensive and potentially disruptive. According to Zaunbrecher et
al. (2016), the energy source is the most significant factor in determining preferences for
DH network designs. The ideal energy source balances environmental impacts and costs,
highlighting the need for clear communication about these aspects to secure social

acceptance.

The temperature of the heat source is another crucial factor (Mulder and Hulsof 2021). If
the source temperature is lower than the required delivery temperature, it necessitates
the installation of centralized and/or home-based heat-pumps to ensure adequate
heating. Even if dwellings are well-insulated, a local “booster” heat pump may be needed
to satisfy the demand for hot tap water (Mulder and Hulsof 2021). The life cycle impact of
heat pumps and the amount of energy consumed to power them must be taken into

account when considering the overall impact of the geoDHC system.

Alternatively, existing gas boilers could be utilized, or a centralized gas boiler could
complement the geothermal plant (Sdez Blazquez 2018). Depending on source

temperature and system design, the environmental impact can thus vary significantly.

The temperature of the water delivered to buildings can also influence the overall impact.
If buildings have been previously heated using high-temperature systems, transitioning to
low-temperature heat sources may require installing low-temperature heat distributors
within households (Mulder and Hulsof 2021). Poor building insulation further complicates
this transition, as it increases heating and energy demand. The efficiency of the system,
measured by the coefficient of performance (COP) of heat pumps, is crucial. A higher COP

indicates more efficient heat delivery, which is vital for the system’s overall sustainability.
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Smart meters and advanced energy management systems can further enhance the
efficiency and sustainability of geoDHC systems. These technologies enable consumers to
make informed decisions about their energy use, reducing overall heat consumption and

improving energy efficiency (Mazhar et al. 2018).

The energy source for powering heat pumps is another crucial factor (Mulder and Hulsof
2021). Utilizing renewable energy is essential to minimize environmental impact and
reduce greenhouse gas emissions. The need for alternative energy sources for cooking is
also a consideration, as geoDHC systems typically imply disconnection from natural gas
networks (Mulder and Hulsof 2021). This comes with a cost for private households and
also determines the overall environmental impact of the system, as the new cooking
appliances will have to be powered by electricity. Providing adequate information and

support for the transition is essential.

The impact of construction work must also be considered, both from an environmental
and a social point of view. Pollution, increased traffic volumes, noise and light
disturbances, can affect community well-being. The possibility of combining digging and
paving work with other infrastructure work (e.g. water pipes, telecommunication
cables, etc.) can help reducing the overall impact of construction work (Mulder and
Hulsof 2021). To reduce noise disturbances, it is possible to implementing sound barriers
in nearby areas and to provide workers with ear protective equipment (loannou and

Falcone 2020).

2.3 Impacts on properties and communities

Construction work also has an impact on private properties and the local landscape
(Zaunbrecher et al. 2016). If the impact on property value is unclear, people might fear
their houses will lose market value (Balcombe et al. 2013) and resist the adoption of
geoDHC. Significant impacts on the local landscape could disrupt place attachment and
generate resistance (see section 2.1). Compensation for property damage and
restoration of natural landscapes can help mitigate costs and foster acceptance, but it is
advisable to locate the plant as far as possible from ecologically and historically

significant areas.

Introducing DH into existing residential areas can be challenging, requiring the
acceptance and cooperation of property owners. Evaluating the impact on properties and

landscapes, and considering the possibility of restoring land to its original state, are
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essential steps in mitigating conflicts and ensuring cooperation among residents. These
considerations are crucial especially in densely populated urban areas where space is

limited, and disruptions can significantly affect daily life.

DH systems are most advantageous when many heat consumers can be connected per
meter of pipeline, making densely populated urban areas particularly suitable. However,
this also means that individual residents, especially in the case of apartment buildings,
cannot independently determine their heat supply type, which can lead to conflicts
among residents (Krikser et al. 2020). Effective communication and stakeholder
engagement are essential to address conflicts and ensure broad support for geoDHC

projects.

Potential conflicts can arise regarding network design choices, as some options might be
more economical but require disruption of private gardens (Zaunbrecher et al. 2016).
Another source of conflict can be the difference in interests between long-term and short-
term residents (Zaunbrecher et al. 2016), as well as between property owners and tenants
(Balcombe et al. 2013). Long-term residents may prioritize the long-term benefits of
district heating systems, such as reduced heating costs and increased property values,
while short-term residents may be more concerned with the immediate disruptions
caused by construction and the initial investment costs. Similarly, property owners might
be interested in the potential increase in property value and lower maintenance costs,
whereas tenants, who do not benefit directly from property value increases, may be more

focused on the immediate impact on their rental costs and living conditions.

The ownership structure of the DH system —whether community-owned, privately owned,
or a mixed model—can influence these dynamics. Community-owned systems can
strengthen community ties and allow consumers to participate in decision-making
(Billerbeck et al. 2024), but they can also increase conflicts (Zaunbrecher et al. 2016).
Conversely, external ownership might relieve users of maintenance and management work
but could lead to dependency on a single external provider and reduce citizens

participation (Zaunbrecher et al. 2016).

By involving community members in the planning and implementation of geoDHC
projects, communities can strengthen social ties and foster a sense of collective
responsibility for local energy resources. A community-based approach can lead to
increased acceptance not only of geoDHC but also of renewable technologies in general,

as it heightens awareness of energy issues. This, in turn, can drive the domestic adoption
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of renewables and promote more sustainable consumption practices. (Rogers et al. 2012;

Walker et al. 2007).

2.4 Impacts on heat prices and heat supply security

The ownership structure not only influences the system’s operation and acceptance but
also affects pricing. There are three primary forms of ownership for DH networks: private
ownership, public ownership, and consumer ownership. However, pure private ownership
is less common, with most systems exhibiting a mixed ownership structure that includes a

substantial share of private ownership (Billerbeck et al. 2024).

Public ownership is often associated with lower prices compared to privately owned
networks, a trend documented in the Swedish district heating market (Biggar and
Soderberg 2020; Egliez 2021). Consumer ownership, where the users of the district
heating system have a stake in its ownership and management, can also be effective in
price regulation. According to Djgrup et al. (2021), consumer-owned district heating
networks in Denmark have shown significant success in price regulation, contributing to

higher levels of consumer trust and acceptance.

A significant concern with district heating systems, especially if they do not follow the
consumer ownership model, is the dependency on a single energy source and a single
company, which can lead to fears of price increases over time. This situation, known as
contractual “lock-in,” can be problematic for consumers as it creates a potential for
suppliers to exercise excessive market power due to the monopoly-like conditions

inherent in district heating systems (Zaunbrecher et al. 2016).

To address these concerns, governments establish regulations to ensure market
transparency and protect consumers from abuse. These regulations can vary significantly
from country to country, leading to different perceptions of market power and
dependency (Billerbeck et al. 2024). Effective regulation is crucial not only to safeguard
consumers but also to influence the willingness of companies to invest in district heating
infrastructure. According to Djgrup (2021), regulations for district heating should be

designed with both company and societal perspectives in mind.

From a societal perspective, regulations should focus on delivering consumer acceptance
and protection, supporting long-term planning to meet climate targets, and ensuring

fair pricing and grid connection rules. Regulations directly affecting consumers, such as
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mandatory connection to the district heating grid and price regulation, are critical in
determining whether consumers are compelled to use district heating and at what cost

(Billerbeck et al. 2024).

The interplay of regulations and institutional settings is vital to ensure compliance with
pricing rules, restrict market power, and promote transparency. Additionally, some form
of consumer empowerment or participation is necessary for a positive perception of
district heating (Billerbeck et al. 2024). Promoting citizens participation is essential to

give consumers confidence in the system.

The problem of contractual lock-in can be particularly pronounced when waste process
heat flows into the grid, as it depends on the ongoing commercial viability of entities
subject to changing market conditions (Upham and Jones 2012). This dependency
amplifies the risks and costs associated with lock-in, making it crucial to have robust
regulatory frameworks that can adapt to market dynamics and protect consumers while

encouraging sustainable investments in district heating systems.

Costs are one of the main drivers of social acceptance. The cost of geoDHC for end users
depends on various factors. The initial investment required for house insulation (if
necessary), the construction of heat pumps, and changes in cooking supplies can
outweigh the importance attributed to the adoption of a renewable source. Studies have
shown that people often prioritize annual costs over initial investment costs (Kasanen and
Lakshmanan 1989; Mahapratra and Gustavsson 2008), but the investment can still be a
significant barrier (Scarpa and Wills 2015), especially for lower income households, old

people after retirement, or short-term residents, who are less willing to invest.

Additionally, the cost of the heat supplied and the cost of electricity for home-based heat
pumps and cooking appliances are critical considerations. If the location of the heat
source requires the installation of transmission pipelines, the fees users will have to pay
to heat transport operators also need to be considered. The cost of the transmission grid
is largely influenced by the topography of the area and the heat density of the region.
Urban centers in Scandinavia and Central European countries, which have a higher
concentration of multi-family dwellings compared to other parts of the world, tend to
have lower unit costs (Mazhar et al. 2018). This also applies to operational costs. High-
density urban areas tend to have lower unit costs, making geoDHC systems more
economical in these settings (Mazhar et al. 2018). The overall cost of geoDHC, including
maintenance costs, should be lower than current heating expenditures for it to be

economically attractive.
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Reduce heating prices is not only a desirable outcome to ensure acceptability. It could
contribute to significantly reduce fuel poverty, making energy more affordable for low-

income households and improving their overall standard of living (Mazhar et al. 2018).

However, the pricing structure for district heating varies by country and is primarily
influenced by the regulatory principles governing the district heating sector (Billerbeck et
al. 2024). Subsidies and government incentives also play a crucial role in influencing the
economic feasibility of DH systems for households (Mulder and Hulsof 2021). Government
support can reduce the financial burden, making DH systems more accessible and
attractive. Conversely, regulatory barriers or a lack of support can impede progress. The
current European policy and regulatory framework for geoDHC networks has been
investigated in Deliverable 5.1 of the SAPHEA project (Martini and Dumas 2023). Project
developers must be aware of existing policies in order to assess the economic impact of

geoDHC.

Broader economic impacts include changes in tax revenues (Mulder and Hulsof 2021). A
shift from natural gas to geothermal heat and electricity can reduce gas consumption and
associated tax revenues. This reduction may require governments to adjust tax policies
and potentially increase taxes on capital, labor, or other areas to compensate for the
revenue gap. Conversely, increased electricity consumption from heat pumps can boost
tax revenues from electricity use, partially offsetting the loss from reduced gas

consumption.

Clear and transparent communication about pricing is essential, requiring a thorough
examination of all cost factors. Conducting a thorough cost-benefit analysis is essential
to accurately assess the financial implications of the geoDHC project. By providing users
with a transparent understanding of these factors, any confusion or resistance can be

minimized, leading to greater acceptance and support for geoDHC systems.

Rising electricity consumption could necessitate the expansion of the electricity grid,
especially if the geoDHC system incorporates central and/or local heat pumps that draw
substantial electricity during peak periods (Mulder and Hulsof 2021). This expansion
becomes particularly critical when households with heat pumps are linked to the low-
voltage distribution grid. In contrast, collective heat pumps connected to the medium-

voltage grid may exert less strain on the electricity infrastructure.

Another major concern regarding district heating is the security of the heat supply.

GeoDHC systems can enhance energy security by providing a local heat source that is less
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dependent on geopolitical dynamics and external energy markets. This local focus reduces
vulnerability to supply disruptions and price fluctuations, making geoDHC systems a more
stable and reliable energy source (Mulder and Hulsof 2021). However, the security of the
supply significantly depends on the network design. While higher security levels are
beneficial, they can also increase costs and material usage (Zaunbrecher et al. 2016).
These safety concerns are particularly relevant in densely populated urban areas, where
the impact of any system failure could be significant. It is crucial to involve potential

users in the design process to ensure an acceptable balance between costs and safety.

2.5 Benefits of geoDHC systems

Alongside challenges, geoDHC systems also offer a multitude of benefits, ranging from

environmental advantages to enhanced safety and improved social cohesion.

One of the most significant benefits of geoDHC systems is their contribution to reducing
greenhouse gas emissions. By replacing the burning of fossil fuels with geothermal energy
for heating and cooling purposes, geoDHC systems help decrease CO2, NOx, and SO2
emissions, thus mitigating climate change. The net-reduction in greenhouse gas
emissions, however, depends on the energy source that provides electricity to heat-
pumps and cooking appliances (Mulder and Hulsof 2021). Clear communication about the

environmental benefits can increase acceptance.

Additionally, geoDHC systems lead to an improvement of indoor and outdoor air quality,
resulting in healthier living environments. The goal of improving indoor air quality was
found to be one of the main reasons why people choose to buy or replace a residential
heating system (Lillemo et al. 2013). In terms of improving the indoor environment,
geoDHC systems can provide better heating, which helps reduce humidity and mold
growth. This could particularly benefit low-income households that often use substitute
fuels such as coal or waste, leading to environmental damage and poor indoor air quality
(Mazhar et al. 2018). Furthermore, geoDHC systems enhance safety by eliminating the
need for individual fuel suppliers, boilers, flue gas treating technologies, and storage of

potentially hazardous fuels in built environments (Mazhar et al. 2018).

Personal satisfaction can also be an important benefit of the adoption of geoDHC. Many
individuals are motivated by the desire to contribute to reducing fossil fuel consumption
and mitigating climate change. Participating in geoDHC systems can provide a sense of

personal contribution to these broader social goals (Mulder and Hulsof 2021), enhancing
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acceptance and support for renewable energy technologies. Community-based
approaches to developing renewable energy projects can also increase awareness of
renewable energy issues and promote more sustainable consumption practices (Walker et

al. 2007).

In summary, the social impacts of geoDHC networks are diverse and multifaceted,
involving a complex interplay of technical, economic, and social factors. Addressing these
factors holistically and transparently is crucial for enhancing social acceptance and
ensuring the successful implementation of district heating systems. By considering the
needs and preferences of different communities, providing clear and accurate
information, and engaging stakeholders effectively, policymakers and developers can
create sustainable and socially acceptable geoDHC systems that contribute to

environmental sustainability and improved quality of life.

3. Stakeholder identification and public engagement

We have already highlighted the importance of transparent communication and public
engagement to ensure public acceptance of geoDHC networks. Participation processes
come with a cost and may extend project timelines. However, if a technology is not
accepted by the public, its financial success is at risk. In the long run, public participation
shortens planning and approval processes by addressing potential concerns upfront.
Allocating approximately 1% of the project budget to public engagement is a worth
investment to ensure public acceptance (Hildebrand, Klein, Wagner, Jahns 2020).
Economic considerations aside, public engagement should be valued for its own sake as a
fundamental democratic right, granting individuals a voice in decisions that impact their

daily lives (ibid.).

A careful analysis of the societal context in which the project is to be developed should
precede public engagement, although some initial engagement may be necessary to gain
access to relevant information about the societal context (Bryson and Patton 2015).
Involvement should include all those groups that are collectively referred to as
stakeholders: people affected by the project, both directly and indirectly, as well as those
with influence or power over it, including those who can block, resist, or protest, and
those with an interest in its success or failure. These are the groups that need to be

identified for effective stakeholder engagement.
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There are different methods to identify the stakeholders. Here we will propose a basic
analysis technique which can be easily applied by project developers and has been used
to identify stakeholders in the case study areas within the SAPHEA project. Necessary
informational inputs can be gathered through desktop research, informal interaction with
experts or politicians, structured interviews, questionnaires, focus groups or similar
techniques (Bryson 2004; Reed et al. 2009). However, there is always a risk that some
stakeholders may be inadvertently overlooked, especially those who are less powerful. To
address this issue, the initially identified stakeholders should be involved in refining the
identification process to ensure all relevant parties are included (Bryson 2004; Reed et al.

2009).

3.1 Identification of outcomes and risks

The first step is to gain a clear understanding of all project phases, potential outcomes,
and associated risks. This helps identify which actors will be involved or affected at
various stages of the project. For this purpose, we have developed a simple template with
guiding questions, that has been used by the case study leaders within the SAPHEA
consortium to provide basic information about their projects. This is shown in table 1

below.

Project description

Name of the project City/Region/Country

1. Short description

Who are the initiators of the project?

What is the goal of the project?

What are the expected outputs (i.e. direct results of the project) and what will be provided to whom?
What type of reservoir is going to be utilized (shallow, middle, deep)?

At which stage is the project (ideation, implementation, in activity, etc.)?

What are the main activities (building new infrastructure, adapting existing infrastructure, drilling, etc.)?
How long is the infrastructure expected to last?

At which scale will it be implemented (neighborhood, city, region...)? Mostly rural or urban?

2. Outcomes (changes in the long term)

What are the main expected outcomes in terms of:
e Environmental impact (e.g. PM10 reduction, pollution, CO2 reductions, energy savings)
e Social outcomes (e.g. in-migration, improvement in health and living conditions, etc.)
e Fconomic outcomes (e.g. reduction in energy prices, job creations etc.)

3. Implementation
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What are the main activities to be performed in view of the project implementation (e.g. resource assessment,
identifying the area for the plant, etc.)?

Who are the main public/private actors relevant for the implementation (e.g. installers, SME, municipality, etc.)?
Who are the main financial actors involved?

4. Risks
Which environmental and social risks are connected to the project implementation?
Which environmental and social risks are connected to outputs and outcomes of the project?

Table 1. Project description template

3.2 Stakeholder identification and categorization

Once the goal of the project and its implementation stages have been clarified, potential
stakeholders can be identified. We suggest a simple distinction between three main
project phases (inception and planning, implementation, outcomes and impacts) to orient
the identification of actors that are most relevant for geoDHC projects and a list of
guiding question, drawing inspiration from the work on stakeholder engagement that has
been conducted within other Horizons projects, such as GEOENVI, CROWDTHERMAL, and
PATTERN (Bj6érgvinsson, Bonciani, Torsello 2020; Hildebrand, Klein, Wagner, Jahns 2020;

Imperatore, Padovan 2022). The scheme is outlined in table 2.

Project phase Guiding questions

- i ?
Inception and Who are the project planners/promoters:

| ) -Who provided (or should provide) the license to operate?
planning -Who are the investors and what are the financial and funding

institutions involved in the project?

-What public actors (e.g. municipality, regional or state government)
are involved?

-What research institutions are involved (e.g. universities, research
centers)?

-What civil society representatives (e.g. citizens’ associations, NGOs,
journalists, associations of professionals or industries, etc.) are
involved?

- - - - - 5
Implementation Who is performing the drilling and construction work:
-Who is managing the plant’s core operations?
-Who is in charge of monitoring and control?

-What companies are involved as equipment or service suppliers and
for the maintenance of the plant?

-Who is involved in the design, construction, and operation of the
transmission and distribution infrastructure?

-Who is providing consultancy?

-Who is in charge of the communication and participation processes?
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-Which actors have the power to influence or block the realization of
the project (e.g. big market players, environmental agencies,
environmental movements, etc.)?

Outcomes and - Who are Fhe intended beneficiaries of the project (e.g. local
residents, industry)?

impacts -What is the geographical area impacted by the project and who lives

there?

-Who is going to be affected or have an interest in the environmental
impacts of the project?

-Who are the main competitors on the market?

-Which economic actors are likely to be mostly affected (e.g.
businesses operating in energy sector, tourism, etc.)?

-What other actors might have an interest in supporting or opposing
the project?

Table 2. Questions for stakeholder identification at different stages of project implementation.

By following these guiding questions, project managers can draw up a list of stakeholders.
Once the stakeholders have been identified, it is useful to categorize them. Categorizing
stakeholders into distinct groups is important for effectively understanding and engaging
with diverse interests and perspectives throughout the lifetime of the project. The
categories proposed provide a framework for the next step, which will consist in
organizing stakeholders based on their roles, interests, and levels of influence. Each
stakeholder can be assigned to one of the following categories. The proposed categories

of stakeholders are summarized in Table 3.

Category Description

Governmental bodies, regulatory agencies, and other formal

Institutions . L i . .
organizations that play a significant role in decision-making
processes.

Business and Companies and corporations that may be directly involved in the

Industry project or impacted by its outcomes.

Public Entities responsible for providing essential services to

communities, such as heating, water utilities, and electricity
services distribution, which may be managed or regulated by public
authorities or utility companies.

Entities that play intermediary or facilitating roles between various
stakeholders involved in the planning, implementation, and

bodies operation of DH systems, such as industry associations, consulting
firms, professional societies, financial institutions, etc.

Intermediate

Research Academic institutions, think tanks, and research organizations that

institutes contribute expertise and knowledge to the project.




SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Individuals with specialized skills or knowledge relevant to the

Professionals ) ) L
project, such as engineers, scientists, or legal experts.
Citizens Individuals residing in the project area who may be directly
affected by its outcomes.
NGOs and

civil society

organizations

Formal or informal groups that advocate for specific causes or
interests and often play a role in representing marginalized or
underrepresented groups.

Media

Journalists, news outlets, and communication channels that
influence public perception and discourse.

Table 3. Stakeholder categories.

3.3 Stakeholder analysis

Once stakeholders have been identified and categorized, stakeholder analysis can begin.
This consists in systematically examining stakeholders based on several key factors to
better comprehend their roles, resources, interests, and attitudes toward the project. The
first step in stakeholder analysis is identifying the role each stakeholder plays.
Stakeholders can include: a) project promoters who initiate the endeavor, b) beneficiaries
such as homeowners; c) target groups comprising individuals or entities whose
participation is important for project implementation; and d) third parties like civil society

organizations, who are interested in the project but not directly involved.

Once the role has been clarified, it is important to delve deeper into understanding what
resources stakeholders have to affect the realization of the project, both in positive and
negative terms. Resources refer to the tangible and intangible assets that stakeholders
possess, such as financial capital, social networks, authority, and knowledge. These
resources can significantly impact stakeholders’ ability to affect project decisions and
outcomes. For example, stakeholders with substantial financial resources may use their
economic leverage to sway project decisions in their favor, while those with extensive
social networks can mobilize support or opposition to the project. It is therefore
important to understand what resources each stakeholder has at its disposal. It can be a)
economic resources (financial capital); b) relational resources (the ability to mobilize
support or opposition); c) positional resources (authority or social influence); d)

knowledge resources (insights in project details or local knowledge).

Stakeholders with ample resources often wield greater power, as they have the means to

influence project processes and outcomes. Conversely, stakeholders with significant
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power may also acquire additional resources through their influence over project
decisions, further strengthening their position. However, it’s essential to recognize that
power and resources are not always synonymous. Stakeholders may possess substantial
resources but lack the power to effectively mobilize them due to various factors such as
institutional constraints, competing interests, or limited access to decision-making
processes. Similarly, stakeholders with significant power may lack certain resources

necessary to achieve their objectives, limiting their ability to influence project outcomes.

The next question to investigate is therefore whether stakeholders have the power to
influence the project by mobilizing their financial resources, leveraging their relationship,
or utilizing their authority or knowledge to influence decisions regarding the project and
its outcomes. It can be useful to assign a score to each stakeholder in order to rank them
on the basis of their power differentials. We suggest assigning a score between 0 and 10,

indicating how much power stakeholders have to influence or stop the project.

Understanding the impact of the project on stakeholders is another critical aspect of the
analysis. This evaluation must consider both direct and indirect effects on stakeholders.
Impacts can be of various kinds and regard the built and natural environment, people’s
health and well-being, as well as their economic and social activities. On the basis of a
narrative account of these impacts, a score between -5 and 5 can be assigned, with

negative values indicating negative impacts and positive values indicating benefits.

By assessing potential impacts, project managers can also identify stakeholders’ interests.
These interests encompass a wide range of factors, including economic, social,
environmental, and personal considerations. Stakeholders may have diverse desires,
concerns, or objectives regarding the project, depending on the perceived impacts.
Identifying stakeholders’ interests is crucial for understanding their motivations,
priorities, and potential areas of agreement or conflict. To differentiate among
stakeholders, a score between 0 and 10 can be assigned to describe their level of
interests, with 0 meaning no interest at all at 10 meaning the project is an essential

interest for them.

Finally, stakeholders’ interests can influence their attitudes and behaviors towards the
project. Attitudes can be classified as supportive, neutral, or negative. Stakeholders with
a positive attitude may become valuable allies for the implementation of the project,
whereas negative attitudes likely mean they will try to use their resources to influence or
stop it. The scale describing the attitudes ranges from -5 for negative attitudes to 5 for

positive ones.
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Following the steps described above, each stakeholder ca be analyzed based on their role,
resources, impact, power, interest, and attitude. We provided the case study leaders with

a Google Spreadsheet template for stakeholder analysis that includes all the factors

described above. Table 4 below shows how it is structured:

Stakeholder  Category Role Resources @ Power Power Impact Impact | Interest Interest  Attitude Attitude
name (narrative) (score) (narrative)  (score) | (narrative) (score) (narrative) (score)
Stakeholder1
Stakeholder2
Stakeholder3

Table 4. Stakeholder analysis template

3.4 The power-interest grid

The spreadsheet uses the assigned power and interest scores to create a power-interest
grid, which is one of the most widespread methods for positioning stakeholders (Bryson
and Patton 2015). It is especially useful to understand and manage the relationships
between stakeholders based on their levels of power and interest. These grid arrays
stakeholders on a two-by-two matrix where the x-axis represents the stakeholders’ level
of interest in the project, from low (0) to high (10), while the y-axis represents their level
of power or influence, also from low (0) to high (10). Stakeholders can be placed at the

appropriate intersection based on their analysis.

Depending on the stakeholders’ position on the grid, different interaction patterns are
advisable. The power-interest grid allows for a classification of stakeholders into four

main categories:

1. Key players (high interest, high power): These stakeholders have significant decision-
making power and a strong interest in the project. They must be closely managed and

their expectations carefully handled to ensure project success.

2. Context setters (low interest, high power): These stakeholders, although not very
interested, hold substantial power. They need to be kept satisfied to prevent them from
using their influence negatively. Keeping them in the loop is essential for maintaining

their support.

3. Subjects (high interest, low power): These stakeholders have a high interest in the

project but limited power. They should be kept well-informed and consulted regularly to

28




SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

address any concerns and to leverage their detailed knowledge of the project. Whereas
their involvement might not be necessary, as they do not have the power to stop the
project, ethical considerations suggest taking their interests into account and allowing

them the right to participate in the decision-making process.

Crowd (low interest, low power): These stakeholders have minimal interest and power.
They should be monitored to ensure that no issues arise, but excessive communication

with them is unnecessary and could burden the process.

Figure 1 below illustrates the dispositions of stakeholders on the power-interest grid.

10 4
Context settlers Key players
Keep satisfied Manage closely

()]

5 Crowd Subjects
Monitor Inform and consult

>
0 Interest 10

Fig. 1. Power-interest grid

On this gird, information about impact and attitudes can be added, in order to understand
if the stakeholders are in favor or against the project. If a key player opposes it, for
example, project developers will have to try to change their attitude by addressing their
concerns and taking into account their interests. Project developers can also try to move
stakeholders to a different quadrant of the matrix, for instance reducing someone’s
interest in the project by making them realize that it affects less much less than they
feared. Since stakeholders can change their attitudes and levels of interest, stakeholder

analysis must be understood as an iterative process.

Taking into account the factors influencing public perception described in Section 2.1 and
the potential impacts summarized in section 2.2 is crucial to understand and try to shift
public attitudes in favor of geoDHC projects. This, however, is hardly possible without a
stakeholder engagement strategy. The principles of stakeholder engagement emphasize
building relationships, understanding stakeholders’ motivations, and ensuring tailored
and well-timed communication. It is also important to provide adequate resources for

stakeholder engagement and continuously monitor, adapt, and evaluate these activities.
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3.5 Stakeholder engagement

There are different possible levels of engagement, and not all stakeholders need to be
involved in the same way (Hildebrand, Klein, Wagner, Jahns 2020). The foundational level
involves providing stakeholders with an overview of the planned project measures at an
early stage. This helps stakeholders gain a first impression of the project and understand
its implications. Continuous and careful dissemination of information is essential as it

serves as the basic building block for any further level of participation.

Stakeholder engagement actually begins with public consultations, which involve a two-
way exchange of information and opinions between project promoters and the public.
Dialogue-oriented procedures, such as town hall meetings, workshops, interactive
webinars, site visits, school visits, and exhibitions, are commonly used. Digital formats
like complaint boxes on project websites or social media FAQ sections can also facilitate
consultation (Hildebrand, Klein, Wagner, Jahns 2020). Successful consultation builds trust

and ensures stakeholders feel heard and considered.

The third level of engagement is that of collaboration or cooperation, in which key
stakeholders work together more closely with project promoters. Recommendations for
the project’s further course are developed through roundtable discussions, incorporating
diverse perspectives. This collaborative approach helps refine the project based on
collective input. When the participants reach an agreement, this should translate into
concrete recommendations for action and should be documented and adhered to. If
consensus on action measures is not reached and conflicts arise, conciliatory formats with
external mediation can be employed. Once the participation process is successfully
completed, the general public must be informed about the agreements reached to

maintain transparency and trust (Hildebrand, Klein, Wagner, Jahns 2020).

Higher levels of public engagement are possible, where citizens financially participate to
the project (Hildebrand, Klein, Wagner, Jahns 2020) or are empowered to make
autonomous and informed decisions (Bryson and Patton 2015). A well-structured
stakeholder engagement plan should be developed after an initial stakeholder analysis
and engagement levels for each stakeholder should be decided in advance. Stakeholder
engagement should be continuous and adaptive, leveraging various methods and aiming

for comprehensive inclusion and transparency. Understanding stakeholders’ interests,
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resources, impacts, power, and attitudes helps in building a robust engagement strategy

that supports the project’s success.

4. Societal Readiness evaluation scheme
4.1 The concept of Societal Readiness

Since 2014, the Technology Readiness Level (TRL) scale has been a pivotal component of
the EU Horizon 2020 Work Programs. Throughout many countries and regions in Europe, it
has been widely embraced within the framework of ERDF (European Regional
Development Fund) supported Research, Development, and Innovation investments

(Bruno et al. 2020).

The TRL scale delineates technology’s evolutionary journey across nine stages,
illuminating its distance from readiness for use in its intended operational setting.
However, criticism has been leveled against the TRL concept for its overemphasis on
technical aspects. While technical readiness is undoubtedly crucial, its translation into
feasibility is not direct. Political, legal, financial, and societal factors intricately intertwine

to determine the feasibility of projects (Bruno et al. 2020).

Recognizing this multidimensional landscape, the concept of societal readiness levels
(SRL) has emerged to inject societal considerations into technology modeling and
experimentation. Originating from Innovation Fund Denmark (2018), SRL offers an avenue
to gauge the level of societal readiness of a given technology, product, process, or
intervention. At its core lies the understanding that any innovation must seamlessly

integrate into the societal fabric.

As Bilscher et al. (2023) rightly point out, in public discourse, societal readiness is often
construed as a public deficit. The narrative typically suggests that technology has the
potential to drive innovation and solve problems, but people are ‘not ready’ to adopt
these advancements. However, societal readiness is not merely about the public being
prepared to integrate innovations into their lives. It is equally about how well innovations
are prepared to be embedded within society. This means considering the societal
readiness of innovations themselves, not just the public’s readiness to accept these so-

called solutions. Innovations must be designed and developed with a keen awareness of
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their social context, ensuring they are adaptable and beneficial to the communities they

aim to serve.

The SRL framework mirrors the TRL scale with its nine stages, offering a parallel
assessment of societal integration akin to technical readiness. A higher SRL signifies
greater societal integration. By acknowledging societal readiness alongside technical
readiness, stakeholders can navigate innovation landscapes with greater awareness of the

holistic requirements for successful implementation.

The SRL levels defined by the Innovation Fund Denmark, however, appear to be tailored
more towards research projects and the development of new technologies or solutions,
rather than infrastructural projects, such as geoDHC networks. While the concept of
societal readiness is relevant to infrastructural projects, the specific stages outlined in the
Innovation Fund Denmark’s framework, which includes discrete testing phases from
concept formulation to full deployment, may not directly translate to this context.
Infrastructure projects involve continuous development, integration with existing systems,
and long-term impact assessments that do not fit neatly into discrete testing phases
typical of technological innovations. The same can be said about the alternative SRL-scale
proposed by Biuscher et al. (2023), which was developed within the context of a research

project on low-carbon mobility (Bischer and Cronshaw 2022).

A different albeit similar approach has been proposed by Geerdink et al. in their Guideline
Societal Embeddedness Assessment (2020) as part of the DigiMon research project and
later refined in a paper by Sprenkeling et al. (2022). These authors introduce the concept
of Societal Embeddedness Levels (SEL). This framework assesses four main factors: impact
on natural and social environment, stakeholders and public involvement, policy and
regulations, and market and resources. For each factor, there are four SELs corresponding
to the nine TRLs. The overall SEL is determined by the lowest score among the four
factors, ensuring that all aspects are sufficiently developed for societal readiness. The
assessment involves a long series of closed questions with milestones that need to be
reached for each level. While thorough, this questionnaire approach can be complex and
time-consuming. Moreover, within the SAPHEA project, considerations about policy and
regulations, market and resources have been covered by other deliverables and were not
conceived as part of the societal readiness. For these reasons, the SEL framework was not

suitable for our purposes.

In response to the complexities of evaluating societal readiness for infrastructural

projects, we propose a tailored framework to evaluate the societal readiness of geoDHC
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networks. Our proposed Societal Readiness Levels (SRL) evaluation scheme encompasses
five levels, focusing on comprehensive evaluation of stakeholder engagement, public
perception, environmental sustainability, and social impacts throughout the project
lifecycle. Table 5 provides a short description for each SRL, while more details are

provided in the next section.

SRL LEVELS

SRL1 At this stage, stakeholders are minimally identified, and communication is
sporadic. There’s no effort to assess public perception or
environmental/social impacts.

SRL 2 Key stakeholders are identified, but engagement lacks consistency. Minimal
efforts are made to understand public perception and environmental/social
impacts are only partially considered.

SRL3 Stakeholders are mapped systematically, with transparent communication.
Efforts to understand public perception have been made with limited
success, and initial environmental/social impact assessments are conducted.

SRL4 Stakeholder engagement is robust, with regular and transparent
communication. Public perception is well understood and communication
effective and transparent. Comprehensive environmental/social impact
assessments are conducted with proactive mitigation measures.

SRL5 The project is fully integrated into the community, with broad stakeholder
support and positive public perception. Measures have been implemented
to minimize environmental impacts and ensure long-term sustainability, and
community benefits are maximized.

Table 5. SRL levels for geoDHC networks.

4.2 Societal Readiness of geoDHC networks

The Societal Readiness Level (SRL) Evaluation Scheme is a comprehensive framework
designed to assess the readiness of projects to engage effectively with communities and
stakeholders. It provides a structured approach to evaluating key aspects of societal
readiness, guiding project teams in understanding and addressing the social,
environmental, and economic impacts of their initiatives. As widely acknowledged, the
success of any project depends not only on technical feasibility but also on its ability to

integrate seamlessly with the surrounding community and environment. The SRL
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Evaluation Scheme recognizes this fundamental principle and offers a standardized

method for evaluating projects across multiple dimensions of societal readiness.

We have identified four broad criteria of societal readiness based on the literature on
public acceptance and social impacts presented in the previous sections. For each
criterion, we have identified and described five levels of societal readiness (see Table
below). By assessing the SRL for each aspect, the SRL Evaluation Scheme offers a clear
roadmap for project managers to identify strengths and weaknesses in their approach to
stakeholder engagement, public perception, environmental sustainability, and social
impact mitigation. It enables project teams to pinpoint areas for improvement and
prioritize actions to enhance their overall readiness. As projects undergo assessment
using the SRL Evaluation Scheme, stakeholders are empowered to make informed
decisions, drive positive change, and ultimately, create projects that serve as models of

sustainable development and community engagement.

To facilitate the self-assessment process, we have developed a questionnaire for project
developers, directly aligned with the criteria outlined in the SRL Evaluation Scheme. After
having collected feedback from our research partners within the SAPHEA consortium we
opted for a structured multiple-choice questionnaire, where respondents are presented
with predefined response options for each dimension of assessment. These options

include numerical ratings (e.g., 1 to 5), corresponding to the levels of societal readiness.

The key advantage of using a structured multiple-choice questionnaire for SRL evaluation
is its ability to standardize responses. By offering predefined choices, it ensures
consistency in how project developers evaluate various aspects of societal readiness. This
standardized approach reduces ambiguity, minimize the influence of individual biases or
interpretations, ensuring that responses are more reflective of actual perceptions and
assessments of societal readiness. It also facilitates a semi-quantitative analysis, enabling
comparison not only between different projects and dimensions, but also between
different phases of the same project. In fact, the SRL assessment should be understood as
an iterative process. As project development continues, societal readiness should
increase. To ensure that projects continue to advance effectively, we encourage project
developers to consider revisiting the questionnaire at different stages of the project. This
iterative approach allows for continuous improvement and ensures that projects remain

aligned with best practices and societal expectations.

By answering the questionnaire, project developers can systematically evaluate their

projects’ readiness across each aspect or criterion identified in the scheme. The
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assessment of the overall SRL of the project is derived from the numerical rating
associated to each question. These scores are averaged to calculate the overall level for
each aspect. Drawing inspiration from the work of Sprenkeling et al. (2022), we suggest
that the lowest score across all factors determines the overall Societal Readiness Level of
the project, as readiness requires all dimensions to reach the highest level. A low score in
any aspect indicates areas requiring further attention and improvement before the
project can proceed with confidence. Recommendations for improvement based on the
SRL reached in each dimension are automatically sent via email upon submission of the
guestionnaire. This feedback can inform future project planning, implementation, and
monitoring efforts, contributing to ongoing efforts to enhance societal well-being and
minimize negative social impacts. By submitting their responses at different stages of
project development, project developers will receive further recommendations tailored to

the new level their project has reached.

In conclusion, the SRL Evaluation Scheme, coupled with the questionnaire, serves as a
valuable tool for project developers seeking to ensure the long-term success and
sustainability of their initiatives. The tool has been validated in two stages. First,
members of the Saphea consortium assessed it at one of the General Assemblies,
providing initial feedback on the structure of the questionnaire, its clarity and relevance
for geoDHC projects. Based on the feedback collected, the questionnaire was improved
and transformed into a self-assessment tool with automated score evaluation and
recommendations for improvement. Subsequently, two geoDHC experts further evaluated
the refined version, confirming its utility as a robust tool for assessing societal readiness
levels in geothermal district heating projects. The tool is going to be made available on
the SAPHEA market uptake hub in different languages to suit the needs of project
developers across Europe. The SRL evaluation scheme is presented in table 6 below,

whereas the questionnaire can be found in the Appendix.

1. STAKEHOLDER IDENTIFICATION AND ENGAGEMENT

SRL1 The project has not identified any stakeholders, and there is no
communication with stakeholders involved in or affected by the project.

SRL2 Some stakeholders have been identified, but the process was not systematic,
and important groups may have been overlooked. Communication with
stakeholders is sporadic.



SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

SRL3 Key stakeholders have been identified using a basic framework, but a more
detailed analysis is needed to fully understand their interests and concerns.
Communication with stakeholders is initiated, but it lacks consistency.

SRL4 The most relevant stakeholders have been identified, and efforts are made
to engage them in project planning and decision-making processes.
Communication with stakeholders is regular and transparent.

SRL5 Stakeholder mapping and analysis have been conducted using a
consolidated methodology, ensuring all relevant groups are identified and
engaged. Communication practices set the standard for transparency,
inclusivity, and accessibility.

2. PUBLIC PERCEPTION AND AWARENESS

SRL1 The project has made no efforts to understand public attitudes towards
geothermal district heating and cooling technologies, nor has it attempted to
correct misconceptions or inform the public about project benefits and
impacts.

SRL 2 Some efforts have been made to understand public attitudes towards
geothermal technologies, but they were minimal and lacked a systematic
approach. Similarly, there have been limited attempts to correct
misconceptions or inform the public about project benefits and impacts.

SRL3 Efforts have been made to understand public attitudes towards geothermal
technologies, although they were not extensive. Similarly, there have been
some efforts to correct misconceptions and inform the public about project
benefits and impacts, but they have not been comprehensive.

SRL 4 Significant efforts have been made to understand public attitudes towards
geothermal technologies, with systematic approaches employed to gather
insights. Similarly, substantial efforts have been made to correct
misconceptions and inform the public about project benefits and impacts,
resulting in increased awareness and understanding.

SRL5 Extensive efforts have been made to understand public attitudes towards
geothermal technologies, utilizing comprehensive methodologies and
engaging with diverse stakeholders. Similarly, extensive efforts have been
made to correct misconceptions and inform the public about project benefits
and impacts, resulting in widespread awareness and positive perceptions.

3. ENVIRONMENTAL IMPACT AND SUSTAINABILITY

SRL1 The project has not assessed the environmental impacts nor implemented
measures to reduce negative outcomes. There is no consideration of future
climate scenarios or related risks in efforts to promote long-term
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sustainability and resilience.

SRL 2 Some effort has been made to assess environmental impacts and implement
measures to reduce negative outcomes, but it was minimal and lacked
comprehensive analysis. Limited consideration of future climate scenarios and
related risks in sustainability efforts.

SRL3 Moderate effort has been made to assess environmental impacts and
implement measures to reduce negative outcomes. Some consideration of
future climate scenarios and related risks in sustainability efforts, but not
extensive.

SRL4 Substantial effort has been made to assess environmental impacts and
implement measures to reduce negative outcomes, with comprehensive
analysis and proactive measures taken. Considerable consideration of future
climate scenarios and related risks in sustainability efforts.

SRL5 Extensive effort has been made to assess environmental impacts and
implement measures to reduce negative outcomes, employing state-of-the-
art methodologies and innovative solutions. Thorough consideration of future
climate scenarios and related risks in sustainability efforts, demonstrating a
commitment to long-term resilience and environmental stewardship.

4. SOCIAL IMPACTS

SRL1 There are no efforts to assess or mitigate social impacts associated with the
project. The project team lacks awareness or understanding of potential social
consequences, and no measures have been implemented to minimize
negative outcomes.

SRL 2 Limited efforts have been made to understand and address social impacts.
While some measures have been implemented to reduce negative outcomes,
their effectiveness may be limited. There is a basic understanding of potential
impacts, but gaps exist in data or analysis.

SRL3 Moderate efforts have been made to assess and mitigate social impacts. An
impact assessment has been conducted, but there may be gaps in data or
analysis. Some measures have been implemented to mitigate impacts, but
they may not fully address all potential negative outcomes.

SRL4 Substantial efforts have been made to comprehensively assess and address
social impacts. A comprehensive impact assessment has been conducted, and
measures have been implemented to mostly mitigate negative outcomes. The
project team has taken proactive steps to address potential social
consequences.
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SRL5 Extensive efforts have been made to thoroughly understand and address
social impacts associated with the project. Exhaustive assessments have been
conducted to comprehensively identify potential impacts and risks. Robust
measures have been implemented to minimize all negative outcomes,
ensuring the highest possible level of improvement and satisfaction for
stakeholders.

Table 6. SRL Evaluation Scheme

5. Sustainability criteria for geoDHC infrastructure

According to literature, sustainable development is based on three main pillars: social,
environmental, and economical (e.g. Moldan et al. 2012 and references therein). The
United Nations Economic Commission for Europe (UNECE) defined that a project involving
any kind of resource is viable if it meets a certain number of socio-economic-
environmental criteria on top of being technically feasible (UNECE, 2020; UNECE, 2022).
Yet, those criteria are matter of discussion. A significant amount of literature has been
produced to define the nature and number of these criteria, as well as their weight in the
overall evaluation (Genta et al., 2019). Moreover, even though some criteria are
guantitative and easy to calculate, most of them cannot be easily quantified due to their
gualitative nature. Normalisation steps are therefore necessary to consistently compare

gualitative with quantitative indicators.

Envirc‘nﬁﬂ‘ ental
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and Enhancement
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Figure 2. Pillars of sustainable development (arenasolutions.com).

The CESBA Med Project defined a generic multi-criteria assessment system for rating the

sustainability performance of Mediterranean buildings and neighbourhoods based on 180
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criteria (Genta et al., 2019). Given the broad range of knowledge upon which the CESBA
Med Project is built, SAPHEA adopted this methodology to normalise, weigh and
aggregate the criteria selected to define the sustainability of geoDHC infrastructure
(Genta et al., 2019; Mulder and Hulshof, 2021). The result is a self-assessment tool that
can be used by project developers to evaluate the Socio-Economic-Environmental
Sustainability (SEES) of their projects. The tool can be used at any stage of the project,
from early stages to ready-to-start. Based on the final score, suggestions are given to
improve the score by realising specific studies, surveys, and evaluations in any of the

domains involved, such as environmental impacts, public acceptance, energy analysis etc.

In the following, 13 criteria divided in 4 main issues are defined in terms of Key
Performance Indicators (KPIs) in the framework of geoDHC networks. For each KPI, a data
sheet is given with a detailed description, an assessment method and the intent of its
definition in the framework of the whole calculation (Chapters 3.1 and 3.2). The
methodology to characterise, normalise, weigh and aggregate the KPI to a final score is
then described in detail (3.3). Finally, the results of the SEES evaluation made for each
case study are commented and compared to serve as a reference for project developers
all over Europe (3.4). For simplicity, the definition of each KPl is performed in comparison
to a Business As Usual (BAU) scenario, which can either be the DHC infrastructure as it is
(i.e. the existing grid), or an alternative option of DHC grid fed by other renewable or

non-renewable sources.

5.1 Environmental criteria

The environmental criteria have been grouped in two main issues (energy and
environment) and defined using 7 KPIs, which are thoroughly described in the following

through specific data sheets (Figure 3).

ISSUE B
ENVIRONMENT
A1 -Non-renewable primary energy B1-Land use
A2 —Share of energy from geothermal B2 - Greenhouse gas emissions
A3 -Share of underground thermal storage B3 - Environmentalimpacts

A4 —Share of waste heat

Figure 3. Key Performance Indicators to evaluate the environmental sustainability of geoDHC infrastructures.
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Indicator Al - Non-renewable primary energy

Unit measure TOE/y (Tonnes of Oil Equivalent) or MWh/y 2 1 TOE = 11.63 MWh

The yearly reduction of thermal energy consumption for Heating, Cooling and

Description . . .
P Domestic Hot Water expressed in terms of non-renewable primary energy

Define the total amount of thermal energy provided by the existing DHC
infrastructure via the technical data of the system or by a newly-developed
DHC infrastructure using Heating Degree-Days and Cooling Degree-Days (HDD
and CDD) data from the area

Assessment
Method

Calculate the consumption of non-renewable primary energy by using the
efficiencies of the technologies involved

In case the geothermal scenario involves heat pumps, consider the average
electrical energy mix and average electrical energy efficiencies of the country

Compare it to the BAU

To assess the total amount of non-renewable primary energy saved by the

Intent
DHC infrastructure through the integration of a geothermal technology

Indicator A2 - Share of energy from geothermal
Unit measure % of the total energy provided by the grid

. The share of thermal energy that will be covered by any of the geothermal
Description

technologies defined by the Scenario Catalogue (Deliverable D2.2)

Based on the geological information of the site (depth and type of reservoir,
source T...) and the technical details of the DHC infrastructure (size, grid T,

Assessment distribution...) make a preliminary design of the geothermal system to be
Method integrated

Compare it to the BAU
Intent To promote the use of geothermal energy into the DHC infrastructure

Indicator A3 - Share of underground thermal storage

Unit measure % of the total energy provided by the grid

Description Based on the geological information of the site (depth and type of reservoir,
source T...) and the technical details of the DHC infrastructure (size, grid T,
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distribution...) make a preliminary design of the underground storage to be
integrated into the geothermal system

Compare it to other possible seasonal storage in the BAU

Based on the geological information of the site (depth and type of reservoir,
source T...) and the technical details of the DHC infrastructure (size, grid T,
Assessment distribution...) make a preliminary design of the geothermal system to be
Method integrated

Compare it to the BAU

To promote the use of underground thermal storage into the DHC

Intent .
infrastructure

Indicator A4 - Share of waste heat

Unit measure % of the total energy provided by the grid
The share of thermal energy produced and delivered by the system which is

Description recovered by the system itself (e.g. waste heat produced by users needing
cooling during the heating season...)
Analyse the Heating and Cooling (H&C) loads of the DHC infrastructure

Assessment

Method Compare it to other possible waste heat recovery in the BAU (e.g. co-
generation...)

Intent To promote the recovering of thermal energy within the DHC infrastructure
throughout the year

ISSUE A - ENVIRONMENT

Indicator B1 - Land use

. 2
Unit measure m
. The land used by the DHC infrastructure to produce and provide energy to the

Description ,
grid

Assessment Estimate the land surface occupied by the DHC infrastructure

Method Compare it to the BAU

Intent To promote the efficient use of land
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ISSUE A - ENVIRONMENT
Indicator B2 - Greenhouse Gas Emissions
Unit measure t CO; eq. (tonnes of CO; equivalent)

The yearly reduction of greenhouse gas (GHG) emissions provided by the DHC

Description
P infrastructure via the integration of a geothermal technology

Calculate the total amount of GHG emissions provided by the DHC

Assessment infrastructure in light of indicator Al

Method
Compare it to the BAU

Intent To promote the use of geothermal energy into the DHC infrastructure

ISSUE A - ENVIRONMENT

Indicator B3 — Environmental impacts

Unit measure -

Description The subsurface environmental impacts of the geothermal technology

Estimate, on a qualitative basis, the potential impacts of the chosen
geothermal scenario such as contamination (during drilling and operation),
resource depletion, induced seismicity, temperature variation, bioactivity
variation, hydrochemistry variation...

Assessment Make an Environmental Impact Assessment (EIA) study

Method Make an Environmental Risk Assessment (ERA) study

Use tools developed by EU projects such as GEOENVI (geoenvi.eu), GEORISK
(georisk.eu) or others

Compare it to the BAU

To estimate the potential impacts of the chosen geothermal scenario,
Intent minimize them, promote the efficient use of the resource and increase the
long-term sustainability of the reservoir
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5.2 Socio-economic criteria

The socio-economic criteria are defined via 6 KPIs subdivided in two main issues
pertaining to the social and economic pillars of sustainability. KPIs are thoroughly

described in the following through specific data sheets (Figure 4).

C1-Capital costs D1 -Involvement of the local business
C2 - QOperationalcosts D2 -Impacts onthe citizenship
C3-Projectrisk D3 - Safety

Figure 4 — Key Performance Indicators to evaluate the socio-economic sustainability of geoDHC infrastructures.

Indicator C1 - Capital costs
Unit measure M€
- The difference in the initial capital costs necessary to design and realize the

Description .
DHC infrastructure
Estimate, on a qualitative basis, all the costs involved in the design and
realization of the system

Assessment

Method Ask for quotes of all the items involved and make a budget
Compare it to the BAU

Intent To optimize the size of the system, promote the efficient use of the resources,
involve the local firms and companies

Indicator C2 - Operational costs

Unit measure €/kWh

The difference in the operational costs necessary to operate the DHC
Description infrastructure expressed in terms of euros per kWh of thermal energy
delivered to the users

Estimate, on a qualitative basis, the potential operational costs including
Assessment maintenance, equipment replacement, carbon tax, Emission Trading System
Method (ETS) etc...

Make a Life-Cycle Cost Analysis (LCCA) over a 30-to-50-year span
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Compare it to the BAU

To optimize the size of the system, promote the efficient use of the resources,
involve the local firms and companies

Indicator C3 - Project Risk

Intent

Unit measure -

Description The financial and technical risk

Estimate, on a qualitative basis, the financial and technical risk of the
geothermal scenario and consider the bankability of the project

Make pre-feasibility studies, geological surveys etc...

Assessment

Method Make a risk assessment using tools developed by EU projects such as GEORISK
(georisk.eu), CROWDTHERMAL (crowdthermal.eu) or others
Compare it to the BAU

Intent To promote the correct design of the system, the quantification of the risk,

the techno-financial success of the project

Indicator D1 - Involvement of the local business
Unit measure -
. The level of involvement of local firms, companies and people in the design,
Description N . .
realisation and operation of the DHC infrastructure
Estimate, on a semi-quantitative basis, the number of jobs created and the
number of contracts generated and lost (i.e. loss in individual H&C units,
maintenance etc...) by the implementation of the DHC infrastructure from the
Assessment . s .
early phases to its realisation and operation
Method
Make a Societal Readiness Level (SRL) study
Compare it to the BAU
To increase the involvement of the local business community in the
Intent implementation of the DHC infrastructure, raise awareness and public
engagement
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Indicator D2 - Impacts on the citizenship

Unit measure -

Description The impacts on the community’s life

Estimate, on a qualitative basis, the impacts on the local community served by
the DHC infrastructure in terms of energy cost, building comfort, local GHG
emissions, air pollution etc..

Assessment

Method Make a Life-Cycle Cost Analysis (LCCA) over a 30-to-50-year span
Make a societal readiness level (SRL) study
Compare it to the BAU

Intent To promote public acceptance, public engagement, improve people’s

satisfaction

Indicator D3 - Safety

Unit measure -

Description Safety of the local community related to the risk of accidents

Estimate, on a qualitative basis, the potential risk of accidents during the
realisation and operation of the plant, the distribution network and H&C units
Assessment of the buildings

Method .
Make a risk assessment study

Compare it to the BAU

To promote the use of electrified and low-T grids, reduce the use of burning

Intent
plants, reduce the risk of fire and explosions
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5.3 Methodology

The main goal of the SEES evaluation worksheet is to provide, based on a number of
selected criteria, a final score which summarizes the overall sustainability of a geoDHC
project involving one of the scenarios described in D2.2 (Zosseder et al., 2023). As already
anticipated, for simplicity the calculation is performed in comparison to a Business As
Usual (BAU) scenario, which can either be the DHC infrastructure as it is (i.e. the existing
grid), or an alternative option of DHC grid fed by other renewable or non-renewable
sources, or options involving other geothermal scenarios described in D2.2 (Zosseder et
al., 2023). The mathematical procedure used to compute the final SEES score is

articulated in three main steps:

Characterization: calculation/evaluation of the KPI’s value

Normalization: assignment of a SEES score to the KPI

Aggregation: weighted sum of each KPI score to calculate the final SEES score

The characterization step involves assigning numerical values to the KPIs, which can be
evaluated using physical quantities, e.g. indicators A1, A2, B2, C1 etc. The characterization
is performed in comparison to the reference scenario (BAU). The output of this step
consists of a set of numerical values, each of them representing the project’s
performance with regard to the specific quantitative KPI, e.g. reduction (with respect to
BAU) of non-renewable primary energy consumption (Al). Qualitative indicators (e.g. B3,

C3, D1 etc.) are not evaluated in this step.

KPI's characterization values are then made a-dimensional and rescaled in a suitable
interval called normalization interval. The output of the normalization step is represented
by a set of normalized scores. he normalization interval ranges from -2 to 2 relative to
BAU (= 0), where negative values indicate a worsening and positive values indicate an
improvement compared to BAU (Table 7). The normalization step allows quantitative

indicators to be comparable to qualitative ones.
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Socio-Economic-Environmental Sustainability Score

-2 Substantial worsening of the BAU

-1 Minimal worsening of the BAU

0 Conservation of the BAU

1 Minimal improvement of the BAU

2 Substantial improvement of the BAU

Table 7. Normalisation step to assign a score to each KPI.

Finally, the aggregation step consists of summing up together the normalized scores to
calculate the overall score of each issue (e.g. A indicators) and the final socio-economic-
environmental sustainability (SEES) score. This step involves a linear aggregation of scores
through some coefficients, called weighing factors, in order to balance the contribution of
each KPI with respect to all indicators of the same issue. The product of the weighing
factors in each issue is equal to 1. The final SEES score ranges from -24 to 24, with the

midpoint (BAU) at 0, providing an evaluation of the project’s sustainability (Table8).

Ranking of the Socio-Economic-Environmental Sustainability

The integration of the chosen geothermal scenario into the existing DHC

from -24 to -9
network IS NOT socio-economic-environmentally sustainable.

The integration of the chosen geothermal scenario into the existing DHC

from -8 to 8 . . . .
network MIGHT BE socio-economic-environmentally sustainable.

from 9 to 24 The integration of the chosen geothermal scenario into the existing DHC
network CERTAINLY IS socio-economic-environmentally sustainable.

Table 8. Evaluation of the project’s sustainability based on the final SEES score.

If the final score is unsatisfactory, the chosen geothermal scenario might not be the right
one for the specific case study. However, the final score might also be affected by
uncertainty in the evaluation of each KPI depending on the level of detail of the available

data. Life-cycle cost analysis (LCCA), Life-Cycle Assessment (LCA), Environmental Impact
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Assessment (EIA), Environmental Risk Assessment (ERA) and /or Societal Readiness Levels

assessment (SRL) can help improve the level of detail and reduce uncertainties (Table 9).

Suggestions to improve the Socio-Economic-Environmental Sustainability score

from -24 to -9

from -8to 8

from 9 to 24

The score means that the system significantly worsen the existing
situation. Try to improve the score by increasing the share of
geothermal, changing the geothermal scenario, and better involving the
local community.

The score means that the uncertainty in KPI score definition might affect
the result. If not done yet, make LCCA, EIA, ERA, SRL studies and others
to reduce uncertainty and be sure the final score is positive.

The score means that the chosen geothermal scenario is a certain
improvement with respect to BAU beyond any possible uncertainty. If
not done yet, LCCA, EIA, ERA and SRL studies can further increase the
level of detail.

Table 9. Suggestions to improve SEES score

5.4 Application to the Case Studies

The SEES evaluation was performed for 4 case studies: Aarhus (DK), Cornwall (UK), Nizza Monferrato (IT)

and Wien (AT). 3 out of 4 case studies output final scores lower than 8, meaning that the chosen geothermal

scenario to be integrated in the DH infrastructure might be socio-economic-environmentally sustainable. However,

if uncertainty in the characterization and normalization steps is important, the final score might be affected by

this. LCCA, EIA, ERA, SRL studies, if not yet realised, will help reduce uncertainty. Only the Wien case study shows

a final score bigger than 8, meaning that the chosen geothermal scenario is socio-economic-environmentally

sustainable beyond any possible uncertainty in the characterization and normalization steps. LCCA, EIA, ERA, SRL

studies, if not yet realised, might help to further reduce uncertainty. The results of the SEES evaluations can be

found in Appendix.
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6. Expected social and environmental impacts of a massive
rollout of geoDHC networks in Europe

6.1 Heating and cooling demands and future trends

Within the continental EU-27 territory, the Mediterranean region is the most vulnerable
to the impacts related to climate change (Lettenbichler, 2023). Most of the effects will be
related to a decrease in precipitation and an increase in temperature, especially during
summer, with more frequent and prolonged heat waves and droughts. With almost 71% of
European population, urban areas will be facing the largest share of the most critical
challenges related to climate change mitigation, and they have been called to become
cleaner, more energy self-sufficient, and more climate resilient. Particularly in densely
populated areas (39.3% of Europeans live in cities), heat waves will cause the most severe
effects on human health due to the more intense urban metabolism, which results in
higher concentration of air pollutants and higher ambient and ground temperatures (heat
island effect). In this sense, Mediterranean countries will be increasingly more concerned
about addressing their cooling demand, which is currently met mainly by air-to-air HPs
(air-conditioning systems). Despite the threats, new opportunities arise. Mediterranean
countries show lower thermal energy demand than other regions in general, with a more
balanced heating and cooling (H&C). This scenario is particularly favorable for an
enhanced performance of HPs. Besides, Southern Europe receives more peak sun hours
compared to the North, which is an obvious stimulus for solar energy exploitation and its

hybridization with SGE systems (Bayer et al., 2019, Famiglietti et al., 2022).

Concerning the H&C demand, a first approximation of the present and future scenarios
can be outlined by looking strictly at the heating-degree-day (HDD) and cooling degree-
day (CDD) indicators. Mediterranean countries show values in the range of 1000-2500
HDD and >165 CDD, while Scandinavian and Baltic countries are mostly in the range of
4000-5500 HDD and <15 CDD (NUTS 3 scale, Figure 4.1, Garcia-Céspedes et al., 2023).
HDD and CDD cannot be considered as actual indicators of the total share of H&C
demands, since other important end uses come into play, such as DHW production or food
conservation, which are less weather and climate dependent. However, it is possible to

obtain an idea of how climate change will influence H&C demands in households.

Future prospects for HDD and CDD values are calculated in relation to the RCP4.5 and
RCP8.5 scenarios, which are defined by the IPCC in its 5th assessment report. RCP4.5

corresponds to an intermediate scenario (still optimistic) with a radiative forcing increase



SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

of 4.5 W/m2 by 2100, while RCP8.5 corresponds to a (pessimistic) scenario showing a
radiative forcing increase of 8.5 W/m2 by 2100. According to the European Environment
Agency, most of the Mediterranean region would experience a reduction of 60-120 HDD
and an increase of 60—90 CDD by 2050 with respect to the 2020 levels under a RCP4.5
scenario. Under a RCP8.5 scenario, a decrease of 120-180 HDD and an increase of >120
CDD could be expected. Translated into H&C demands, the same work reports an
expected overall increase of total H&C demand in Mediterranean countries. This will be
caused by an increase in cooling demand that will not be compensated for the decrease in
heating demand. In the rest of Europe, it is expected an overall decrease in H&C
demands, which is associated with lower values of HDD, but with no actual influence from
an increase in CDD. This draws a significant contrast between the North and the South of

Europe regarding the impacts that climate change will impose on energy consumption.
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Figure 5. Portion of HDD and CDD (averaged value for the period 1979-2021) for EU-27 countries along with the
portion of space H&C demands in households (values from 2020 except for Spain, which is 2019) (Garcia-Céspedes
etal.,, 2023).

Across all Member States, the transition of the H&C sector requires different strategies to
reflect the specific situation in each Member State. This includes the local, regional and
national availability of renewable energy sources, the available infrastructure, the energy
performance of the building stock, the structure of the industry sector, policies in place as
well as climatic conditions. All these factors affect the overall suitability of a country to

follow a certain transition strategy.

The transition pathways are assessed by comparing the following scenarios:
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1. A baseline scenario that considers policies in place before the implementation of
the Fit for 55 package and assumes no strong ambitions of MS in the

implementation of climate and energy policies.

2. A decarbonisation pathway scenario that achieves full decarbonisation of the
H&C sector by 2050. Moreover, the targets described for 2030 in the Fit for 55

package are achieved.

3. A price sensitivity scenario, following the same approach as the decarbonisation
pathway scenario, however, with energy prices in the range as they have been

observed since late 2021.

The scenario results show a significant reduction of total energy use for heating and
cooling by about 1/3 from 2019 (5600 TWh) to 2050 (3800 TWh). This is mainly caused by
the reduction of final energy demand for space and water heating, mainly driven by
renovation of the building envelope, but also by replacement of inefficient, old heating
systems (Piel & Mata, 2024). While the final energy demand for space and water heating
in buildings decreases by about 40% in this period (in terms of energy delivered even
60%), in the industry sector this reduction amounts to about 22%. For space cooling, the
pathway scenario achieves a consolidation of the final energy demand through the very
stringent use of passive measures, reducing the cooling demand strongly and increasing

efficiency of cooling devices.

6.2 State of the art of district heating and cooling in Europe

Heating and cooling contribute to half of the EU’s energy consumption. The International
Energy Agency (IEA) finds in its 2020 report on heating that the de-carbonization of the
sector is not on track (iea.org). In order to fulfil the EU’s climate and energy goals, H&C
sector must not only become more efficient with urgency, but also be carbon-neutral by
using 100% renewable sources and waste heat (Braungardt, 2023). A growing number of
cities worldwide are adopting modern district energy solutions as the best way to bring
sustainable H&C to these dense urban areas. The refurbishment, construction and
expansion of DHC infrastructures integrating and balancing a large share of renewable
power, serving as thermal storage, are prerequisites for the smart energy systems of the
future. More efficiency, more renewables and more flexibility lead to a better energy
system. District heating currently accounts for around 12% of heating in Europe. With the

right financial investments, this share could grow up to 50% by 2050. In a context of rising
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energy prices and reduced energy security due to geopolitical developments, modern DHC
networks offer a solution that can be fueled by a wide range of locally available

resources.

The fuel mix of district heating infrastructures still varies widely across countries (Figure
6), depending on fuels available at local level as well as regulatory conditions. However,
the upward trend to further integrate further renewables and waste heat is confirmed by
a total share of 42.6% in the sector’s fuel mix. The share of renewable energy sources
used in district heating is expected to further accelerate in line with the objectives of the
European Green Deal. Over the last 10 years, the combined amount of renewable heat
within district heating doubled for France, Austria, Czech Republic and Denmark. The
evolution of these markets provides a clear indication on the transition pathway of the

sector.

= Bioenergy

m Geothermal
Heat pumps & e-boilers
Solar thermal

u Coal, oil & peat
Natural gas
Waste (flue gas
condensing)
Waste heat (industry &
tertiary)

Waste heat (non-bio waste)

u Other

Figure 6. Energy source for district heating today (from Euroheat & Power DHC Market Outlook, June 2024)

The role of district heating in the de-carbonization pathway scenario strongly increases in
residential and tertiary buildings the share increases from about 12% in the base year to
more than 24% in 2050. The importance of district heating in the decarbonization
pathway significantly differs between countries. This is driven by heat demand densities,
policies (in particular zoning policies leading to high connection rates), availability of
cheap renewable district heating technologies and the economic comparison to other,
decentralized heat supply options. In particular, countries with currently high shares of
district heating like the Scandinavian countries and Baltic countries keep and expand
these high shares. But also more southern countries like Spain or Italy develop and

expand the district heating sector.
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Geothermal is often referred to as the sleeping giant (Figure 7) due to its important
untapped potential across Europe (Farquharson, 2021). It currently supplies 2.5% of
district heat, with 80% concentrated in two countries: Iceland (8749 GWh/y) and France
(1733 GWh/y). The share remains stable on a year-to-year comparison. Yet geothermal
energy is still demonstrating a dynamic trend, with new projects across Europe and
increased supply at national level in Germany (50%), Poland (15.6%), and Hungary (11%).
Several EU countries intend to further tap their local geothermal potentials, such as
Austria, France, Germany, Hungary, Slovakia and Italy. Future developments for
geothermal will depend largely on the policy framework of the different countries.
Operators developing deep geothermal projects are exposed to the risks associated with
the exploration phase, which can be addressed by policy frameworks. In January 2024, a
resolution adopted by the European Parliament called for a European strategy to
accelerate development and investments in geothermal energy, as well as in the

necessary underlying infrastructure, such as DHC.

Temperature higher than =
50°C at 1000 m depth 4
| Temperature higher than
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Figure 7. Areas with high-temperature heat sources at two different depths and hydrothermal geothermal
sources (From Euroheat & Power DHC Market Outlook, June 2024)
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Over the last decade global energy demands for space cooling have increased more than
twice as fast as the overall energy demand in buildings. According to the IEA, around 20%
of total electricity demand serves the purpose of cooling, air-conditioning devices and
electric fans in buildings. This rush for cooling is driven by climate, increasing incomes
and growing urban populations. To a very large extent, developments have been driven by
demands from office buildings. Sustainable cooling has therefore become a must-have for
large cities as adaptation measures to global warming. Likewise, local governments have a
key role in developing strategies to facilitate the deployment of district cooling

infrastructures where there is suitable potential.

According to the Aalborg University report, the future deployment of readily available
waste heat sources (e.g. industrial waste heat, heat from sewage water, deep geothermal,
solar heat and urban heat sources) will provide pathways for de-carbonizing the heating
market (Figure 8). The report also explores potential heat sources from excess heat from
industrial processes, data centers and hydrogen generation. According to the Aalborg
modelling, district heating will reach a market share of 48% by 2050, while buildings’
demand will reduce by 40% compared to 2015 levels. It does not mean that all these
sources will be used, but it highlights the diversity of sources available to fully de-

carbonize the heating sector.

- 540

Low-temp.industrial waste heat (25°C)
Medium-temp. industrial waste heat (55°C)
High-temp. industrial waste heat (95°C)

TWh/year

Il Waste heat from sewage water (8-15°C)
I Waste heat from food retail (40-70°C)

Il Waste heat from metro stations (10-35°C)
Il Deep geothermal (>50°C|>90°C)

Il Waste heatfrom data centers (25-35°C)
Bl Waste heat from electrolysis (50-60°C)

Figure 8. Heat source types and potentials for use in district heating systems towards 2050 in EU27 in TWh/year
(from Euroheat & Power DHC Market Outlook, June 2024)

6.3 Development and prospects of shallow and deep geothermal energy

Deep hydrothermal resources are utilized for various direct-use applications, like district
heating, bathing and swimming, spas, industrial, agricultural (especially greenhouses) and
aquaculture uses (Rybach, 2022). Growth rates are linear, steady, since hydrothermal
resources only prevail in specific geologic settings and are therefore rare. So far all deep

geothermal installations worldwide (power plants, direct-use installations) utilize

54



SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

hydrothermal resources. On the other hand, petrothermal resources are immense and
more or less ubiquitous, but far less exploited. Deep geothermal for power generation
from hydrothermal resources develops steadily world-wide, albeit with modest, linear
growth rates. In other words, globally, geothermal power falls back badly behind wind and

solar photovoltaic.

Nowadays shallow geothermal resources are well harvested by Ground-Source Heat Pump
(GSHP) systems worldwide. This technology is one of fastest-growing application of
renewable energy technologies worldwide and definitely the fastest-growing segment in

the whole geothermal sector, with exponential growth rates.

Highly urbanized environments may be seen as a major barrier for shallow geothermal
energy (SGE) projects, given a limited availability of land to drill borehole heat exchangers
(BHE) and due to typically intricated underground infrastructure networks (Garcia-
Céspedes et al., 2023). Nevertheless, most European cities possess outstanding examples
of successful implementation of SGE projects from technical, economic, and
environmental perspectives. Closes-loop systems (with BHEs) are undoubtedly the most
versatile, feasible, and environmental-friendly technology to exploit SGE everywhere. On
the other hand, open loop systems are limited to the presence of aquifers with specific
characteristics. Generally, more stringent conditions must be met to exploit groundwater
for thermal uses because of possible conflicts of use, effects on water quality,
microbiology, etc. On the bright side, investment cost is usually lower compared to

closed-loop.

Maybe the most obvious solution is to drill as deep as possible to reduce the number of
wells, especially when GSHPs are used mainly for heating purposes. In addition, it is
worth mentioning a particular phenomenon which is intrinsic to highly anthropized areas:
the subsurface urban heat island (SUHI) effect. This effect is observed via differences in
shallow ground temperatures between dense urban centers and the surrounding less-
populated areas. The surplus temperature can range between 2 and 6 °C and can serve as
a potential energy source that several authors have identified and quantified (Previati et
al., 2022;). However, the major concern about SUHI might not be its potential as an
energy source, but the potential hazards to the quality of groundwater, and its microbial
ecosystems. In this sense, SGE can definitely contribute to mitigate thermal anomalies by
balancing the heat exchange with the subsurface thanks to the dual H&C operation modes

of GSHPs.

55



SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Geothermal energy in the decarbonization scenario turns out to be an important, cost-
effective solution for renewable district heating in most countries, possibly providing 30-
45% of thermal generation of DH in the long term. However, sensitivities have shown that
large-scale heat pumps and (to a lesser extent) biomass can show an equal economic
viability, mainly depending on price assumptions (e.g. electricity prices including taxes

and fees).

Long-term, seasonal thermal storage represents a key enabler of renewable district
heating. Costs and barriers of different storage systems are still related to considerable
uncertainty. Investments in thermal storage will also promote the low-cost integration of
renewable heat potentials. The amount of these investments in our modelled scenarios is
considered as moderate/conservative. Through higher uptake of low-cost thermal storage,
district heating could gain even more relevance in the decarbonization of space and water

heating.

The increasing RES-H&C ratio indicates that the share of renewables for heating and
cooling purposes is increasing, which of course is promising, but the growing
development of the ratio is only partially due to actual increases in the use of renewable
resources (which translates into an increasing numerator). Simultaneously, the overall
gross final consumption of energy for heating and cooling purposes in the member states
is decreasing. However, the relative growth rate of the numerator has outmatched the
relative decline rate of the denominator during the entire reporting period. By 2019, the
numerator reflecting the RES-H&C share had increased by approximately 64% relative to
the start year 2004 (at average annual growth rates of 4.3%), while the denominator had
decreased by a total of approximately -13% (at annual average decline rates of -0.86%).
While the numerator annual growth intensity with reference to the 2004 base year
reached its highest levels during 2010 and 2012 (with relative annual growth rates
compared to the previous year in the order of 11% during both these years), the pace
seems to have relaxed somewhat during the last five years (2015 to 2019), during which
an average annual increase rate of 4.0% relative to the 2004 base year is observable. In
parallel, the denominator decline was interrupted during 2015 and 2016 to, in fact,

generate average relative increases of 0.5% for the same five-year period.

For the geothermal resource subjected to what may be considered as conditions for 4th
generation district heating (4GDH), the total resource is reduced by some 72% to 94.8
thousand EJ, which is reflected in an EU27 average specific potential of 208 TJ per-capita,

notably in Hungary and Croatia. Similarly, the estimated potential for the geothermal
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resource under conditions for 3rd generation district heating (3GDH) was found at some

13.6 thousand EJ, which equates to a 43.8 TJ per-capita specific EU27 average value.

6.4 Local (thermal) energy communities

Although popularly known as “Local Energy Communities” (LECs) or simply “Energy
Communities”, the original term used by the European Union in the first directive (EU
2019/944) was “Citizen Energy Communities” (CECs) since it was meant to address the
regulation of production of electricity by cooperating groups of citizens at a local scale
(Garcia-Céspedes et al., 2023). LECs aim to protect and promote the participation of small
groups of aggregated producers, generally non-for-profit organizations, in the energy
market. The underlying philosophy of energy communities addresses all three
components of the Energy Trilemma (Security-Equity-Sustainability), and despite their
local nature, they have a great potential to be implemented across Europe. Concerning
H&C, according to the report on Policy Support for Heating and Cooling Decarbonization
from the European Commission, “local communities have an important role to play in
awareness creation, exchange of experience, and creating demand for solution providers,
planners and system operators”. However, as stated by Papatsounis et al. (2022), the vast
majority of research, regulation, and implementation of LECs carried out so far are
electricity-related, while thermal energy communities are still at an early stage of
research, lacking specific clear regulation and with very few examples of implementation.
Given the differences between generation, distribution, and storage of thermal and
electrical energy, Fouladvand et al. (2022) suggest that an independent research and
regulation agenda for thermal communities should be attained. In fact, review works
highlight the close relationship between thermal energy communities and DHC
infrastructure. Interestingly, the e-Neuron project introduces the term Integrated Local
Energy Communities, defined as “a set of energy users deciding to make common choices
in terms of satisfying their energy needs, in order to maximize the benefits deriving from
this collegial approach, thanks to the implementation of a variety of electricity and heat
technologies and energy storages and the optimized management of energy flows”. This is
probably the definition that best applies to fifth-generation district heating and cooling
(5GDHC) networks incorporating renewable electricity generation (Figure 9). Energy
communities prone to be engaged in such kind of projects would have to address multi-
vector self-production distribution and storage. With approximately three-quarters of

households’ end-use energy corresponding to heating, cooling, and domestic hot water
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(DHW), thermal communities should receive at least as much attention as electricity-
related communities at an institutional level.

COMBINED RESIDENTIAL MULTI-FAMILY + COMMERCIAL
BUILDING (COEXISTING HEATING AND COOLING DEMANDS) POWER GRID
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Figure 9. Illlustrative scheme of a generic 2-pipe 5GDHC network, where H&C demands could
take place simultaneously. An additional third ring corresponding to electricity has been added
to emphasize the coupling of heat and electricity that takes place within 5GDHC networks
(Garcia-Céspedes et al. 2023).

From a social perspective, energy communities represent a unique platform for
stimulating renewable energy self-production among groups of population showing
diverse profiles concerning education, income, and awareness on sustainability issues,
but facing common challenges. Both SGE and 5GDHC are characterized by high investment
costs compared to their alternatives. Although the savings in operational costs usually
may pay off the difference in the long term, an initial scenario with limited monetary
resources combined with a low concern about energy transition and climate change can
be a major barrier. Even with attractive financial incentives from public and private
sectors accompanied by facilitating regulation frameworks, a lack of awareness can still
be a remarkable showstopper. Therefore, empathic initiatives at the community level are
essential to reach all possible audiences, addressing their respective idiosyncrasies,

generating trust, and promoting involvement.
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6.5 Final remarks

This chapter has discussed many of the primary problems, drivers and solutions that need
to be considered for the successful further development of the geothermal market in
Europe. These are the key items which should be part of any framework to support
geothermal developments in any city, region or country. Table 4.1 below provides a
summary of these key items. An overwhelming majority of the solutions must be centrally

and (most probably) governmentally instigated and funded.

The knowledge and experience exist within the geothermal community to implement all
the required solutions. However, an open approach is required. Success breeds success
and one project not sharing information could lead to the failure of a neighboring project,
which can in turn have negative effects on the geothermal market of the region. Investors
can lose confidence and communities can become skeptical. The geothermal market is

currently too sensitive and requires a cohesive approach.

“m

e An industry striving for e Opensource
. . . development. Hugely geothermal
* :;iheizljcl;:g:i:j:; ::Iil.mg passionate and information and
motivated people. planning software to
e CAPEX, OPEX often too . reduce costs.
hish proiects fail at e Political change and
p:§n,n?ngjstage. climate targets (e.g., e Funding for research
Horizon 2020). and innovation.
* ;'tl'i?e:ztpifr:ancg}:talittle e Social and political ° Ce‘nicra‘lize.d risk
T demand for change, minimization, through
e.g. 93% of German exploration insurance
e Private developers not citizens support the as in Netherlands,
willing to share development of green Belgium, and Denmark.
knowledge and energy.
experienie (protect IP). *  Seismic Monitoring
e Market for Geothermal legislated and
e Professionalism of Heat Demand is near monitored by the
industry only just 50% of total energy government.
reaching the levels of demand. . o
0 e Regional initiatives
E e Subsides (MWth & such as joint ventures
e Investment returns can MWel) to make or consortiums
be slow, especially for geothermal between private and
heating projects. competitive. public stakeholders.

e Portfolio approach.

Table 10. Geothermal: problems, drivers, solutions
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Appendix
Societal readiness self-assessment questionnaire
Stakeholder Identification and Engagement

Have you identified all the relevant stakeholders (i.e., the people and groups involved in
or affected by the project, such as long and short-term residents, local communities,

government agencies, businesses, environmental groups)?
1: We have not identified any stakeholders for this project.

2: We identified some stakeholders, but we didn't follow any specific method and might

have missed important groups.

3: We identified key stakeholders using a basic checklist, but didn't use a detailed
methodology.

4: We identified the most relevant stakeholders and followed a general framework, but it

wasn't very comprehensive.

5: We conducted a comprehensive stakeholder mapping and analysis using a consolidated

methodology.

Are you communicating with the people involved in or affected by the project and

engaging them in the planning and decision-making process?

1: We communicated with the local municipality and financing institutions when it was

necessary but did not engage with other relevant stakeholders at any stage of the project.

2: We inform a few key stakeholders about major milestones but do not seek their input

or feedback.

3: We share the most important information with some key stakeholders and occasionally

seek their input, but they are not actively involved in decision-making.

4: We engage a broad range of stakeholders through regular meetings, solicit their
feedback, and incorporate some of their suggestions into the project. Decisions and
outcomes have been communicated in a timely manner. However, our engagement with

some groups was limited.
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5: We engage all relevant stakeholders in every stage of the project through regular
consultations, collaborative decision-making processes, and by addressing their concerns
comprehensively. Decisions and outcomes have been communicated promptly, and

information has been provided in a clear and accessible manner.

Public Perception and Awareness

Have you made efforts to understand public attitudes towards geothermal district

heating and cooling technologies?

1: We haven't done anything to understand what people think about the geothermal

district heating project.

2: We have asked a few people or held a few talks, but we don’t have a clear idea of what

most people think about the project.

3: We have conducted surveys or community meetings to gauge public attitudes towards
geothermal technologies, but participation was low and we still don’t know what most

people think.

4: We have conducted comprehensive surveys, interviews, or public consultations to
understand public attitudes towards geothermal technologies, covering a significant

portion of the target population.

5: We have conducted comprehensive surveys, interviews, or public consultations and
have a clear understanding of public attitudes towards geothermal technologies across

various demographic groups.

Have you made efforts to inform the public about geothermal project benefits and

impacts, including potential risks and the measures taken to minimize them?

1: No, we haven't taken any actions to inform the public about geothermal project

benefits and impacts.

2: We've distributed some educational materials or hosted a small public information

session, but our efforts have been limited in scope.

3: We've distributed educational materials such as pamphlets or fact sheets, and we have

hosted a public information session to increase awareness.
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4: We've actively worked to inform the public about geothermal project benefits and
impacts. We've engaged in substantial outreach efforts, including hosting public
information sessions, distributing educational materials, and collaborating with local

media to publish articles.

5: We've conducted extensive outreach campaigns to ensure the public is well-informed
about the benefits and impacts of geothermal projects. Our efforts have included hosting
public information sessions, distributing educational materials through various channels,
collaborating with local media, and engaging with community organizations and social

media platforms to reach a wide audience.

Environmental Impact and Sustainability

Have you assessed the environmental impacts of the project and implemented measures

to reduce negative outcomes?
1: No, we haven’t done much effort to evaluate potential environmental impacts.

2: We have conducted basic studies or assessments, such as a preliminary environmental

review, but the environmental impacts haven’t been comprehensively assessed.

3: We have undertaken some studies to evaluate specific aspects of environmental
impact, but we haven't completed a full-scale assessment. Therefore, our mitigation

efforts have been limited in scope or effectiveness.

4: Yes, we've undertaken comprehensive study, such as a Life Cycle Assessment (LCA) or
Environmental Impact Assessment (EIA), to evaluate potential environmental impacts and
inform project decisions. We've taken steps to mitigate negative outcomes, although our

efforts may not cover all aspects or stages of the project.

5: Yes, we've completed a thorough Life Cycle Assessment (LCA) or Environmental Impact
Assessment (EIA), and the findings have been taken into account during project planning

and decision-making processes in order to minimize negative impacts.

To what extent have you taken into account future climate scenarios and related risks in

your efforts to promote long-term sustainability and resilience?
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1: Our planning and actions have not considered potential climate change impacts on the

project or its surrounding environment.

2: While we acknowledge the importance of climate factors, our planning and actions do

not address all potential climate-related risks.

3: Our planning and actions have considered generic future climate scenarios, but there

may be gaps in addressing all potential climate-related risks comprehensively.

4: Our planning and actions have incorporated considerations of future climate scenarios

and their potential impacts, resulting in measures designed to enhance project resilience.

5: Our planning and actions have been informed by thorough analyses of climate
projections and associated risks, leading to the implementation of robust strategies aimed

at enhancing project sustainability and resilience in the face of future climate challenges.

Social impacts

Please rate on a scale from 0 to 5 the efforts that you have made to assess the
magnitude and minimize the negative outcomes of the social impacts listed in the table

below, considering the following definitions:
0: Doesn’t apply: The project is not foreseen to have this kind of impact.

1: No efforts: We don’t know what the impact of our project will be or no measures have

been implemented to minimize negative outcomes.

2: Limited efforts: We can guess what the impact will be and have implemented some

measures to reduce negative outcomes, but their effectiveness may be limited.

3: Moderate efforts: We have conducted an impact assessment, but there may be gaps in
data or analysis. Some measures have been implemented, but they may not fully mitigate

all impacts.

4: Substantial efforts: We have conducted a comprehensive impact assessment and have

implemented measures that will mostly mitigate the impact.

5: Extensive efforts: Exhaustive assessments have been conducted to comprehensively
understand the social impact associated with the project. Robust measures have been
implemented that will minimize all negative outcomes, ensuring the highest possible level

of improvement and satisfaction.
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Please select the score that best reflects your efforts in addressing the following social

impacts.

Health and safety hazards

(e.g. air and water pollution, induced
seismicity)

Impacts on community well-being

(e.g. increased traffic volumes during
construction phase, noise disturbances,
light pollution)

Impacts on the local landscape

(e.g. reduction of aesthetic and touristic
value of the area)

Impacts on private properties

(e.g. reduced property value or property
conditions)

Impacts on costs for end users (initial
installation costs, ongoing operational
expenses, and long-term affordability)

Direct and indirect economic impacts

(e.g. number of jobs created; increased
demand for goods or services, job losses
in concurrent industry or tourism sector)
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Evaluation of the Socio-Economic-Environmental Sustainability of the integration of geothermal into DHC networks

Site

Wien (AT)

The suburban zone south of the city of Vienna is one of the largest periurban agglomerations hosting around 350000 inhabitants. Parts of
the study area is already connected by biomass based district heating. Due to cost and availability reasons, biomass needs to be partly
substituted by other energy sources to maintain the current heat supply capacities of district heating. Moreover, there is a need to foster
the decarbonization aims of Lower Austria by further expanding heating networks.

Parts of the study areas show high population densities while other clearly exhibit rural conditions. The emphasis of accessible resources

Description

are located in the non-urban parts of the study area, which implies the transport of heat over significant distances to the suburban

conglomerates. This might lead to a “not in my backyard” resistance at the residents close to the potential geothermal sites.

Objectives are: a) Integrate deep geothermal energy technologies into existing and new district heating networks; b) Develop affordable
and accepted local heating (and cooling) networks to supply buildings outside the supply range of conventional district heating; c)
Integrate geothermal energy supplied heating and cooling networks (geoHC networks) into the energy and climate strategies.

Geothermal
Scenario (D2.2)

BO3 - Hydrothermal Direct Use - HT Network

CHARACTERIZATION NORMALISATION AGGREGATION
Issue Key Performance Indicator (KPI) Value Unit measure KPI Score Weigh Issue score Final SEES score

Al - NREN primary energy 200000 MWh/y 1 1
A2 - Share of energy from geothermal 10 % 2 1 45
A3 - Share of underground storage 5 % 1 0.5 '
A4 - Share of waste heat 10 % 2 0.5
B1 - Land use 40000 m2 1 1

Environment B2 - GHG emissions 88000 t CO2 eq. 2 1 4
B3 - Environmental impacts - 1 1 9.5
C1 - Capital costs 60 M€ -1 1
C2 - Operational costs +0.015 €/kWh -1 1 -2
C3 - Project risk - 0 1
D1 - Involvement of the local business - 1 1
D2 - Impacts on the citizenship - 1 1 3
D3 - Safety - 1 1

Notes C2 - the integration of geothermal would generate an increase of 10 to 15 € per MWh of heat delivered




SEES Score

Meaning

-2
-1

N R O

Substantial worsening of the BAU
Minimal worsening of the BAU
Conservation of the BAU

Minimal improvement of the BAU
Substantial improvement of the BAU




Evaluation of the Socio-Economic-Environmental Sustainability of the integration of geothermal into DHC networks

Site

Description

Geothermal
Scenario (D2.2)

Aarhus (DK)

The urban region Aarhus has a population of 355,238 citizens (2022) of which ca. 330,000 are supplied with district heating (DH) by the DH
company Kredslgb. Kredslgb is a non-profit district heating company as required by the Danish heat supply act of 1979 and it is owned by the
Aarhus Municipality. The city of Aarhus aims to be CO2 neutral by 2030 and geothermal energy is a way to move towards electrification and to
phase out wood pellets. The Kredslgb DH company has entered into a 30-year agreement with Innargi, in which Kredslgb procures geothermal
energy directly bought from Innargi without any risk or ownership of the geothermal infrastructure. 111 MW heating supplied to the DH grid in
Aarhus using 1) heat exchanger between the DH return line and the geothermal production line and subsequently; 2) by further energy extraction
from the geothermal production line with large heat pumps at 7 geographically distributed substations. A total of 17 geothermal wells are
established in the Gassum reservoir located at a depth of 2.5 km of which 7 are production wells and 10 are injection wells. The geothermal wells
are complemented by 7 distribution facilities each occupying ca. 500 m2 at the ground surface.

C02 - Hydrothermal + HTHP - MT/HT Network

CHARACTERIZATION NORMALISATION AGGREGATION
Issue Key Performance Indicator (KPI) Value Unit measure KPI Score Weigh Issue score Final SEES score

A1l - NREN primary energy 65000 MWh/y 2 1
A2 - Share of energy from geothermal 80 % 2 1 4
A3 - Share of underground storage 0 % 0 0.5
A4 - Share of waste heat 0 % 0 0.5
B1 - Land use 3500 m2 0 1

Environment B2 - GHG emissions 95000 t CO2 eq. 2 1 3
B3 - Environmental impacts - 1 1 4
C1 - Capital costs 197 M€ -2 1
C2 - Operational costs 0.17 €/kWh 1 -1
C3 - Project risk None - 0 1
D1 - Involvement of the local business Unchanged - 0 1
D2 - Impacts on the citizenship Seismic surveys - -1 1 -2
D3 - Safety Some risk - -1 1

The CHG emissions reduction refers to the displacement of biomass which technically is considered CO2 emissions-free
Operational costs are computed as the NPV of the total operational costs normalized with 20 years



SEES Score

Meaning

-2
-1
0
1
2

Substantial worsening of the BAU
Minimal worsening of the BAU
Conservation of the BAU

Minimal improvement of the BAU
Substantial improvement of the BAU
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Site

Description

Geothermal
Scenario (D2.2)

Cornwall (UK)

Geothermal Engineering Ltd (GEL) are working with Cornwall Council (CC) on the conceptual, commercial and technical
details of a proposal for a district heating system in Cornwall, UK. GEL acts as both a developer and operator of
geothermal projects, including the United Downs Deep Geothermal Power (UDDGP) project, which will be the first
geothermal power plant in the UK (construction will complete in Q4 2025). Cornwall Council is the elected local authority
which governs the district of Cornwall. In 2023, Cornwall Council were granted £22 million from the UK Government's
Green Heat Network Fund to develop a district heating system. The proposed heating system will provide a newly built
residential area (the under development, Langarth Garden Village) and existing buildings including housing, a hospital,
school and leisure centre with clean, renewable heat.
GEL have been engaging with Cornwall Council to explore the possibility of linking district heating to pre-exisiting deep
geothermal infrastructure, or installing shallower geothermal or ground-source heat pump technologies. A feasibility
study was conducted by CC in 2021, which is being developed alongside economic modelling and technical design.

BO3 - Hydrothermal Direct Use - HT Network

CHARACTERIZATION NORMALISATION AGGREGATION
Issue Key Performance Indicator (KPI) Value Unit measure KPI Score Weigh Issue score Final SEES score

A1l - NREN primary energy MWh/y 0 1
A2 - Share of energy from geothermal % 1 1 1
A3 - Share of underground storage % 0 0.5
A4 - Share of waste heat % 0 0.5
B1 - Land use m?2 1 1

Environment B2 - GHG emissions t CO2 eq. 1 1 3
B3 - Environmental impacts - 1 1 6
C1 - Capital costs M€ -1 1
C2 - Operational costs €/kWh 1 1 -1
C3 - Project risk - -1 1
D1 - Involvement of the local business - 2 1
D2 - Impacts on the citizenship - 1 1 3
D3 - Safety - 0 1

Notes




Evaluation of the Socio-Economic-Environmental Sustainability of the integration of geothermal into DHC networks

Site

Description

Geothermal
Scenario (D2.2)

Nizza Monferrato (IT)

Nizza Monferrato district heating network was built in 2011. The pant is used for the production of heat for the city's district heating
network and the production of electricity. The plant currently consists of a single cogeneration unit, consisting of a cogeneration unit with
an electrical output of 1,131 kWe and a thermal output of 1,143 kWt. The fuel used by the engine is natural gas. The power input of the
engine is 2,636 kWc. Adjacent to the cogeneration plant are installed no. 3 boilers of integration thermal, natural gas-fired, with a total
capacity of 9,600 kW. The useful heat produced in the form of hot water at about 90 °C is fed into the Nizza Monferrato district heating
network and delivered to users through the heat exchange stations heat exchange stations installed at the user's premises. Thermal
energy is produced and released in the form of hot water and is used for the air conditioning of buildings and for domestic hot water.

BO6 - BHE + central HTHP/BTES - MT/HT Network

CHARACTERIZATION NORMALISATION AGGREGATION
Issue Key Performance Indicator (KPI) Value Unit measure KPI Score Weigh Issue score Final SEES score

A1l - NREN primary energy 146 MWh/y 1 1
A2 - Share of energy from geothermal 1 % 1 1 5
A3 - Share of underground storage % 0 0.5
A4 - Share of waste heat 0 % 0 0.5
B1 - Land use 0 m?2 0 1

Environment B2 - GHG emissions 26 t CO2 eq. 1 1 1
B3 - Environmental impacts - - 0 1 5
C1 - Capital costs 0.5 M€ -1 1
C2 - Operational costs 0.05 €/kWh 1 1 0
C3 - Project risk - - 0 1
D1 - Involvement of the local business - - 0 1
D2 - Impacts on the citizenship - - 1 1 2
D3 - Safety - - 1 1

Notes




