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Chapter 1: public perception of Geo-DHC

* Informational campaigns, educational initiatives and transparent communication are vital in promoting geoDHC
networks.

* Providing clear information and real-world examples of successful implementations can help mitigate these
uncertainties.

 Honest and transparent communication about uncertainties and risks, along with a display of strategies taken to
mitigate them, can increase trust.

* Policymakers need to build trust to foster a positive perception of district heating.

e Taking into account the prevailing political attitudes in the local community and tailoring communication strategies to
address its concerns and values can enhance acceptance.

* 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.

* Involving trained installers in marketing and information campaigns can be a valuable strategy to enhance trust and
acceptance
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Chapter 2: main objectives

* It identifies the variables that affect 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.

* |t allows conducting the Environmental Impact Assessment (EIA) or Life-Cycle Assessment (LCA) = these are strongly
recommended even for shallow geothermal systems where such an assessment is not always mandatory

What are the main environmental impacts?

> ) |

Shallow geothermal systems
Groundwater contamination such as leakeage of
addittives during BHE operation (closed loop systems), and
hydraulic connection between aquifers (open loop

\ systems) }

|

Environmental footprint such as:

land subsidence during BHEs drilling and grouting
potential emissions of non-condensable gases (development phases of deep geothermal systems)
SAPHEA & Choice of the right technology (for deep geothermal systems)
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Deep geothermal systems

Induced seismicity associated with the injection of
geothermal fluids in deep-geothermal systems




Chapter 4: societal readiness level

Societal Readiness Levels (SRL): five levels focusing on comprehensive evaluation of stakeholder engagement, public
perception, environmental sustainability, and social impacts throughout the project lifecycle.

2. PUBLIC PERCEPTION AND AWARENESS

SRL LEVELS

SRL1

SRL2

SRL3

SRL4

SRL5

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

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

Stakeholders are mapped systematically, with transparent communication.
Efforts to understand public perception have been made with limited

success, and initial envirenmental/social impact assessments are conducted.

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.

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.
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SRL1

SRL2

SRL3

SRL4

SRLS

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.

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 impactk.

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
henefits and impacts, but they have not been comprehensive.

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.

Extensive efforts have been made to understand public attitudes towards
geothermal technologies, utilizing comprehensive methodologies and
engaging with diverse stakeholders. Similarly, extensive effarts 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

SRL 2

SRL3

SRL4

SRL5

Chapter 4: societal readiness level

4. SOCIAL IMPACTS

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

sustainability and resilience.

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 futufe climate scenarios and
related risks in sustainahility efforts.

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.

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.

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.
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SRL1

SRL 2

SRL3

SRL 4

SRL S5

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.

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.

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.

Substantial efforts have been made to comprehensively assess and address
social impacts. A comprehensive impact assessment has been conducted, and
measures have heen implemented to mostly mitigate negative outcomes. The
project team has taken proactive steps to address potential social
consequences.

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.
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Chapter 5: sstainability criteria for Geo-DHC infrastructure

Socio-economic criteria

« |tidentifies 6 criteria divided in 2 main issues defined in terms of Key Performance Indicators (KPIs) in the

framework of geoDHC networks.

e

|

Economy ‘ ‘ Social

\ J
|

| 6KPIs

C1-Capital costs D1 -Involvement of the local business
C2 -0Operationalcosts D2 -Impacts on the citizenship
APHEA &
NS GGGGGGGGGGGGGGGGGGGGGGGG C3 -Projectrisk D3 - Safety Page 7
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Chapter 5: socio-economic KPIs (examples)

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 (SEL) study
Compare it to the BAU

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

nten : :
satisfaction

SAPHEA &
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Chapter 5: socio-economic KPIs (examples)

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 resource

involve the local firms and companies

SAPHEA @
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Chapter 5: main objectives

Environmental criteria

e It identifies 13 criteria divided in 4 main issues defined in terms of Key Performance Indicators (KPIs) in
the framework of geoDHC networks.

- g |

‘ Ener ‘ ‘ Environment
| 7KPIs |
ENVIRONMENT
A1 -Non-renewable primary energy B1-Landuse
A2 - Share of energy from geothermal B2 - Greenhouse gas emissions
SAPHEA“ A3 —Share of underground thermal storage B3 - Environmentalimpacts

AND COOLING NETWORKS IN EUROPE A4 -Share of waste heat



Chapter 5: energy and environment KPIs (examples)

Indicator A2 — Share of energy from geothermal
Unit measure % of the total energy provided by the grid
Description The share of thermal energy that will be covered by any of the geothermal
P 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
SAPHEA &
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Chapter 5: energy and environment KPIs (examples)
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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Chapter 5: SEES evaluation (environmental part)

SEES: Socio-Economic-Environmental Sustainability
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
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

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

from9to 24 The integration of the chosen geothermal scenario into the existing DHC
network CERTAINLY IS socio-economic-environmentally sustainable.

SAPHEA @
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Chapter 5: SEES evaluation (environmental part)

SEES: Socio-Economic-Environmental Sustainability

* Ifthe final score is unsatisfactory, the chosen geothermal scenario might not be the right one for the specific case study.
* The final score might also be affected by uncertainty in the evaluation of each KPI depending on the available data.
* Environmental Impact Assessment (EIA), and the Environmental Risk Assessment (ERA) together with economic and
social assessments, can help improve the level of detail and reduce uncertainties

Suggestions to improve the Socio-Economic-Environmental Sustainability score

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.

from -24 to -9

The score means that the uncertainty in KPI score definition might affect
from -8to 8 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.

from 9 to 24 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

SAPHEA “ level of detail.
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Chapter 5: application to case studies

The SEES evaluation was performed for 4 case studies:

== Aarhus (DK)

N L2

=ain~ Cornwall (UK)

B B Nizza Monferrato (IT)
W= Wien (AT)

o

* 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.

* 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 steps.

 Each SEES evaluation for the above case studies are detailed
R e - reported in the Appendix of the Status Report Page 15
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Chapter 5: application to case studies. Example of the SEES for Vienna

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 availahility 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; ¢)
Integrate geothermal energy supplied heating and cooling networks (geoHC networks) into the energy and climate strategies.

w BO3 - Hydrothermal Direct Use - HT Network

Scenario (D2.2)

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 tCO2 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 (2 - the integration of geothermal would generate an increase of 10 to 15 € per MWh of heat delivered
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SAPHEA Market-Uptake Hub - https://www.saphea.eu/knowledge-base/

Geothermal Y
Market-Uptake Hub

GEO DHC KNOWLEDGE BASE

SAPHEA Wiki - https://saphea-project.github.io/wiki/welcome-to-saphea/
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