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INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Modelli di business per il



Modelli di Business

Decarbonizzazione di Reti esistenti ) = £
Rinnovabili ed efficienza

Nuove Reti €
Progetti privati/pubblici per il calore e il
freddo geotermico
Focus: Stabilita, energia locale e
convenienza

Giulia Conforto / EGU25 Splinter Meeting / 29.04.2025

SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Modelli classificati

. PPP (Partenariato Pubblico-Privato)
{.1 Autoconsumo

= Contratto collettivo privato

€ Disaccoppiamento: sottosuolo e
superficie (DEC 2)

€ Comunita energetiche (COM 1) &
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Fattori di spinta per nuovi modelli di business SAPHEA “

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Sviluppi Quadro regolatorio
Tecnologici © pit ampio
gv

NUOVI MERCATI
PERIL

TELERISCALDA
MENTO

Raggiungere ¢ )

nuovi utenti .-.

opportunita per

Molteplici GEOTERMICO
g riscaldamento e

raffrescamento
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Societa Pubblica Locale SAPHEA &

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

| comuni o le autorita pubbliche locali avviano, sviluppano e gestiscono progetti
geotermici. Questi enti sono solitamente proprietari delle infrastrutture e responsabili
del funzionamento e della manutenzione delle reti geoHC.

VANTAGGI SFIDE

Accesso a finanziamenti
pubblici e opzioni a lungo La dipendenza dai

termine finanziamenti pubblici
puo talvolta limitare |la
Risponde alle esigenze velocita di
specifiche della comunita implementazione.
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PARTENARIATO
PUBBLICO
PRIVATO

‘ Vélizy-Villacoublay,
France
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Partenariato Pubblico Privato (PPP) SAPHEA &

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Le autorita pubbliche e le aziende del settore privato uniscono le forze per sviluppare e
gestire reti geoHC.

SFIDE

VANTAGGI

Sfruttare l'innovazione e
le risorse private.

Attenta strutturazione

degli accordi di PPP per
Contribuire a distribuire i

rischi finanziari e
garantire che i progetti
siano completati nei
tempi e budget previsti.

garantire la tutela degli
interessi pubblici e I'equa
ripartizione dei benefici
del progetto tra tutte le
parti interessate.
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Al rii

MODELLO DI
AUTOCONSUMO

Janssen Pharmaceutical,

Belgium
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Modello di Autoconsumo SAPHEA &

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Utilizzo diretto dell'energia geotermica da parte dei produttori. L'energia generata
viene consumata in loco, riducendo la necessita di fonti esterne e abbassando i costi.

VANTAGGI SEIDE

| costi iniziali per
I'installazione dei sistemi
geotermici possono
essere elevati e questo
modello potrebbe
richiedere incentivi o
meccanismi di
finanziamento appositi.

Attrattivita per le imprese

Indipendenza dalle
fluttuazioni del mercato

Sostegno alla
decentralizzazione della
produzione energetica
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AND COOLING NETWORKS IN EUROPE

MODELLO
DISACCOPPIATO
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Modello disaccoppiato SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Separa i modelli di business per lo sviluppo del sottosuolo e quello della superficie.

Entita separate gestiscono la produzione e la distribuzione dell'energia geotermica.

VANTAGGI SFIDE

Maggiore specializzazione Necessita di quadri
normativi solidi per il

Maggiore efficienza e coordinamento tra diversi
riduzione dei costi soggetti senza strozzature
nell'approvvigionamento
Attrazione di una vasta energetico o squilibri
gamma di investitori nella capacita.
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INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

COMUNITA
ENERGETICHE

Bavaria, Germany
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Comunita energetiche SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Modelli cooperativi in cui cittadini, imprese o enti pubblici locali investono e gestiscono
congiuntamente progetti di energia geotermica.

VANTAGGI SFIDE

Allineato con gli obiettivi

dell'UE di democrazia Richiede un elevato grado
energetica. di coordinamento e
governance

Condivisione dell'energia
prodotta e
reinvestimento dei
profitti in iniziative locali.
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Strumenti di finanziamento per |
il teleriscaldamento geotermico .
Mapping & Status Report




Fonti di capitale per
progetti di teleriscaldamento

o . EU structural
rivate investor funds

Venture capital
Crowdfunding
Cooperative

Consumer
connection Intemational
fee's grant
MNational grants

City level
subsidies

Grant capital

Bank
Finance company
Specialized funds

Debt provision

SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Revolving fund
Loan Development-based
guarantees land-value capture
strategies

rce: Module 5: Heating and
cooling market and finance, 15-30% 30-50%

THERMOS, 2020
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https://www.thermos-project.eu/fileadmin/user_upload/THERMOS_Module_5_v.pdf
https://www.thermos-project.eu/fileadmin/user_upload/THERMOS_Module_5_v.pdf
https://www.thermos-project.eu/fileadmin/user_upload/THERMOS_Module_5_v.pdf

Finanziare il teleriscaldamento SAPHEA@
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Venture Loan (Public or Private Fund)

. . .- In some cases, subsidies depends on the real
Public Subsidies S

Tax reduction

Feed-in tariffs

Source: SAPHEA, 2024 (NYR) 18

Bank Facilities

Source: GEOFAR, 2010

Insurance
Mecanism



https://gogeothermal.eu/projects/saphea/
https://geocom.geonardo.com/assets/elearning/9.8.geofar_report_eng2.pdf
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geotermici di profondita

Source: Geothermal Handbook, Gehringer & Loksha, 2012


https://www.esmap.org/sites/esmap.org/files/DocumentLibrary/FINAL_Geothermal%20Handbook_TR002-12_Reduced.pdf

~~ Schemi finanziari per le reti GeoDHC -
: SAPHEA &

Relazione sullo stato di avanzamento

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Il contesto
€ La geotermia potrebbe fornire fino al 18% del fabbisogno di teleriscaldamento, ma fa fronte a
costi elevati e rischi di investimento.
& 590 schemi mappati nell'UE-27; il 53% riguarda la GeoDHC (77% pubblico, 23% privato).

Tendenze principali
5 Dominano gli strumenti tradizionali (incentivi, prestiti, prestiti agevolati).
i La spesa pubblica non & sempre in linea con la crescita della geotermia e del teleriscaldamento.

Barriere e fattori trainanti
® Barriere: CAPEX elevato, incertezza normativa, scarsa fiducia degli investitori
% Fattori trainanti: Incentivi pubblici, finanziamenti standardizzati e dati affidabili.

Soluzioni
‘~ Mappatura completa di incentivi e prodotti esistenti sul SAPHEA Market Uptake Hub.
Migliorare I'accesso ai finanziamenti: dati aperti, assistenza tecnica.
=} Incremento di scala: politiche piu incisive, progetti pilota, strumenti di de-risking.
v Incentivi insieme ad obblighi normativi a decarbonizzare.

Giulia Conforto / La geotermia per il teleriscaldamento / 07.06.2025 Page 20




Public Schemes
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Grand Total 382 274 326 294 164 145 206 242 229
Country 72% 85% 77% 43% 38% 54% 63% 60%
Germany 42 27 38 31 10 8 19 24 24
France 31 26 30 31 17 16 30 20 14
Austria 27 7 17 120 17 9 8 9] 22
Belgium 26 22 22 17 8 5 7 12 17
Poland 26 13 26 24 16 15 14 19 11
EU 23 19 21 21 21 21 21 22 22
Netherlands 19 17 16 17 12 12 14 16 13
Spain 15 6 12 13 3 9 4 11 14
Slovenia 13 13 8 8 4 5 8 11 4
Bulgaria 12 9 9 7 1 1 4 7 9
Ireland 12 10 10 10 1 1 3 9 6
Czechia 11 8 10 7 4 1 5 4 7
Luxembourg 11 8 11 11 5 5 6 7 4
Italy 10 8 9 6 5 5 5 6 4
Croatia 9 7 9 7 3 3 8 5 5
Denmark 9 4 8 6 3 1 3 5 3
Finland 9 6 8 8 5 4 5 5 6
Hungary 9 9 9 8 4 4 8 4 6
Latvia 9 9 8 9 4 5 6 7 6
Portugal 9 9 8 8 0 0 9 7 4
Estonia 7 5 3 3 2 0 0 6 2
Malta 7 4 2 1 1 1 1 5 4
Romania 7 5 6 3 3 0 0 5 6
Slovakia 7 5 7 7 5 5 5 4 4
Sweden 7 5 5 5 1 0 0 4 2
Cyprus 6 6 5 5 4 4 5 4 5
Greece 5 4 5 5 1 1 4 2 4
Lithuania 4 3 4 4 4 4 4 2 1

Private Schemes

Schemes
Building Eff

Grand Total 215 183
Country 85%
Italy 18 17
France 16 14
Poland 16 11
Sweden 14 11
Austria 13 9
Denmark 11 10
Slovakia 11
Netherlands
Belgium
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Panoramica della
Mappatura

Quasi 600 schemi2/3 pubbilici,
1/3 privati

Italia, Svezia e Slovacchia
hanno piu schemi privati che
pubblici (frammentazione
bancaria)

DHC, GeoDHC e
Raffreddamento sono i meno
trattati.

Opacita di bilancio



SAPHEA @

INTEGRATING GEOTHERMAL HEATING
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Tipi di Strumenti e Settori

Public Schemes Private Schemes
Types of instrument +1 Count % Types of instrument +1 Count % All Schemes
Grant/Subsidy 199 51% Green Loan 128 60% Sector Count %
Debt financing 55 14% Green Mortgage 47 22% Building Eff 457 77%
Grant/Subsidy, Debt Financing 32 8% Green Bonds 14 7% H&C Eff 495 83%
Tax Incentives 30 &% Equity financing 6 3% H&C RES 459 77%
Multipl idy, T
De“bt' pE:ﬁ;agt:as:’ab:t'SZ’ TZ’)( rebate, 1o 4% On-bill financing 5 2%  DHC 203 34%
Energy efficiency obligations 15 4% Green Leasing 4 2% Geo DHC 181 30%
Other public scheme 13 3% Grants/ subsidy 4 2% Cooling 296 50%
Advi Service, Technical Advi Service, Technical

\{lsory ervice, Technica 9 2% \{lsory ervice, Technica 3 1% Residential 418 20%
Assistance Assistance
Guarantee 7 2% Green Loan, Advisory Service 2 1% Non-Res 299 50%
Equity financing 5 1% Guarantees 2 1% Grand Total 597
Grand Total 382 100% Grand Total 215 100%
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Tipi di Strumenti per finanziare la
decarbonizzazione degli edifici

Traditional Innovative
Non- | Grants, Prizesand Subsidies | N o Tari
: Energy-Efficiency Feed-in-Tariff
repayable Tax Incentives
[ Green/Softloans | Energy Efficient Mortgages
G Bonds, C it — :
Loans rc-‘t'e.n SRy SIS On-Bill Financing (OBF) Loans,
Municipal Investment Bonds, ,
Social Bonds Tariffs
[
Debt
_ - Energy Performance Contracting |Energy Service Agreement (ESA)
Credit Enhancement (guarantees, securities,
, . (EPC) and Agreements (EPA) :
insurances, additional collateral, etc.) Green/Energy Revolving Funds
Green Leasing, PACE Crowdfunding
Equity Third-Party Funding Energy Communities/Cooperatives
Technical Assistance (TA), | Advisory Services Energy Efficiency Quota Obligations
Other Project Development
Assistance (PDA) Capacity Building One-stop shops (OSS)
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Incentivi pubblici SAPHEA &

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Essenziale per sostenere lo sviluppo del
settore fino all'adozione da parte del mercato

Promuovere l'efficienza e le FER riducendo
CAPEX e OPEX, + redditivita +bancabilita.

Incentivi
pubblici

Sovvenzioni all'investimento, prestiti agevolati;
sgravi fiscali e una loro combinazione

Piu rari: garanzie, assistenza tecnica,
consulenza, sussidi operativi, tariffe di
alimentazione, tasse sulla CO2, ecc.
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Prodotti Finannziari Privati SAPHEA &

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Prestiti/mutui verdi per la ristrutturazione
di edifici e piccoli impianti FER

Meno comuni: investimenti azionari, obbligazioni
verdi, leasing verde, finanziamenti in conto capitale

Prodotti
Finannziari
Privati

| grandi investimenti sono negoziati su base
individuale e combinano per lo piu capitale di
rischio e altre fonti.

Spesso il merito di credito del richiedente

conta piu di rischio e redditivita del progetto. .
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Finanziare la geotermia per il
teleriscaldamento:
schemi per una svolta nel merca

T &,I};




Finanziamento di GeoDHC: mappatura degli strumenti SAPHEA“
esistenti e sviluppo di Blueprints NS GO LI NETH ORI TN EUROAE

v' Mappatura degli strumenti di finanziamento nell'UE-27

» Dataset: SAPHEA Market Uptake Hub — Data & Viewers

» Report: SAPHEA Market Uptake Hub — Knowledge Base

v' Gruppo di esperti

v' Report: Guide on Financing GeoDHC

» SAPHEA Market Uptake Hub — Knowledge Base
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https://www.saphea.eu/data-viewers/
https://www.saphea.eu/knowledge-base/
https://www.saphea.eu/knowledge-base/

Financing GeoDHC:
Mapping existing Instruments & developing Blueprints

SAPHEA @
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Capitale

Corporate Finance
Own or Venture Capital

Strengths

- Faster decision making
- Lower transaction

- Easier to reinvest
Weaknesses

- Investors take on
broader company risk

- Less suitable for
capital intensive,
single-asset projects
like deep geothermal
RS

Project Finance (SPV)

Strengths
- Limits exposure to SPV

- Attracts long-term
investors

- Facilitates blending

Weaknesses

- Requires strong
revenue stream

- Complex, costly
structure

Debito

Commercial Banks
Loans

Credit Lines

Green and Climate
Bonds

Infrastructure Funds
and Institutional
Lenders

Strengths

- Large-scale capital
mobilisation without
diluting ownership.

- Lower cost of capital
compared to equity.

- Increasing Lenders with
sustainability mandates

Weaknesses

- Rarely accessible in early
stages (exploration risk).

- Needs bankability: robust
revenue models (e.g.
HPAs), permitting,
experienced developers.

- Interest and repayment
schedules can stress
project cash flows.

Sostegno
pubblico al
capitale

Direct Grants

Investment Subsidies

State Aid & Public
Incentives

Strengths

- Reduces capital burden on
developers and lowers
project-level risk.

- Improves bankability,
catalysing private capital,
unlocking blended
finance.

- Often includes technical
support

Weaknesses

- Depend on public budgets
and priorities.

- Competitive application
and limited funding.

- Potential delays in
disbursement (e.g.
performance-based
subsidies).

Sostegno
pubblico alle
entrate

Finanziament
i agevolati

Loa
- Improve bankability by

stabilising revenue Strengths

streams. - Improves cash flow in

- Encourage efficient critical early phases.
operation, especially with - Lowers weighted average
output-based models. cost of capital (WACC).

- Can be tailored to policy - Often paired with
goals (e.g. emissions technical assistance or
reduction, fuel switching, capacity building.
local sourcing).

Tax Incentives

Feed-in Tariffs (FiTs)

Operating Subsidies

Strengths

Weaknesses

Weaknesses

- Require long-term
regulatory stability, clear
implementation.

- Risk of over-subsidisation
or underutilisation.

- May be phased out or
capped as markets
mature.

- Complex application and
compliance requirements.

- May require sovereign or
public guarantees.

- Limited availability,
typically project-specific
or competitive.

Strumenti di
mitigazione
del rischio

Geological Risk
Insurance
Guarantees & Credit
Enhancements

Revenue-Backed
Contracts

- Heat Purchase Agreement
(HPA), Anchor Load Agr.
- Take-or-Pay Clauses

Strengths

- Directly reduce perceived
and actual project risk.

- Improve access to capital
by enhancing project
creditworthiness.

- Can unlock financing even
in early-stage or first-of-a-
kind projects.

Weaknesses

- Requires strong public
sector involvement.

- Application can be lengthy
and demanding.

- HPAs require structured
demand aggregation and
reliable counterparties.

Modelli di
business
innovativi

Energy-as-a-Service
(Eaas)

Public-Private
Partnerships (PPPs)

Coope e &
Community Models

Strengths

- Unlock new funding
sources (e.g. infrastructure
funds, impact investors).

- Increase flexibility and
scalability of projects.

Weaknesses

- Require new legal and
regulatory frameworks.

- Complex coordination.

- Revenue models must be
robust and clear.

- EaaS requires complex
and highly competent
organizations to deliver
the full value proposition.




Finanziamento di GeoDHC: schemi per la conquista SAPHEA“
dEl mercato INTEGRATING GEOTHERMAL HEATING

AND COOLING NETWORKS IN EUROPE

Incorporare le
valutazioni del

rischio nella
pianificazione

Accorpar

i contratti di Sdoganare
acquisto di calore Finanziamen
(HPA) con le ti agevolati

politiche




Rischi geologici

Rischio risorse (profondita)
Rischio di esplorazione
Rischio di giacimento
Rischio sismico (ESG)

Rischi legati alle autorizzazioni
normative

Ritardi nei permessi

Accesso al terreno

Instabilita delle politiche
Coordinamento intersettoriale

Rischi di Mercato e
Commerciali
Rischio di offtake
Rischio di prezzo

Stabilita dei ricavi
La concorrenza

Rischi Ambientale e Climatico

Impatto ambientale
Variabilita del clima

Rischi tecnici e ingegneristici

Perforazione (profondita)

Limiti tecnologici (entrambi)
Integrazione (solo con Reti)
Corrosione e incrostazione (ciclo
aperto)

Rischi Finanziari
Disponibilita di capitale
Costi iniziali elevati
Superamento dei costi

Costi O&M incerti
Rischio valuta

Rischi di Organizzazione e
Stakeholder

Rischio del Consorzio

Lacune di competenze e capacita
Accettazione sociale

Problemi di lavoro

Rischi Politico + Economico

- Instabilita Politica
- Inflazione and Tassi d’Interesse

- Limitazione alla Spesa Pubblica

SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Finanziare il
teleriscaldamento
geotermico:

Mappare e
Mitigare i Rischi

Page 30



Strumenti di mitigazione del
rischio geologico a breve
termine

- Assicurazioni (Munich Re-KfW Geothermal
Insurance, Marsh’s early mitigation)

Fondi di Garanzia (French AQUAPAC and SAF-
Environment, Dutch Geothermal Guarantee
Scheme RNES, Hungarian Fund, ...)

Sovvenzione per la condivisione del rischio
(Renewable Energy Expansion Scheme RNES;
Tiefe Geothermie Leitfaden)

Programmi di riduzione del rischio
di esplorazione (Turkey's PLUTO,
EU Geothermal Risk Insurance
Fund (EGRIF))

Strumenti di
finanziamento che
mitigano indirettamente

Sovvenzioni agli investimenti
Sussidi operativi e tariffe di alimentazione
Garanzie

Strutture di finanziamento pubblico-privato
(blended finance)

Contratti garantiti dalle entrate (ad es. HPA, LTA)
Strumenti standardizzati di valutazione del rischio

Finanziamenti concessivi

rischio per il
teleriscladament BICLLEZZEIRY=Tole []eTor 71

0 geotermico

Strumenti di mitigazione del
rischio geologico a lungo termine

- Garanzie di performance sostenibile (la
mitigazione del rischio a lungo termine del SAF
Enviornment francese, la legge danese sulla
fornitura di calore)

Strumenti alternativi di trasferimento del rischio
(ART) (strumenti del mercato dei capitali o
riassicurazione)

Strumenti di
mitigazione del

di petrolio e gas

Riduzione dei costi di esplorazione e sviluppo
Praticamente nessun rischio per le risorse
Utilizzo sostenibile e circolare delle infrastrutture

Transizione giusta nelle regioni dipendenti dai
fossili

Adatto ai sistemi a ciclo chiuso e all’ESG
Lontano dalle aree urbane, dove le DHC sono
fattibili

Non sempre adatti alla generazione di energia

Potrebbe richiedere alti costi di manutenzione e
trasporto

SAPHEA @
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Finanziare il
teleriscaldamento
geotermico:
Strumenti di
mitigazione del
rischio esistenti




Strumenti a rendimenti positivi e strumenti di spesa SAPHEA“

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

D@ Assicurazione -
Prestiti agevolati > @ Garanzia

_ \}9 Blended Finance
&=

Commissione di @‘ {0

Assistenza Tecnica
suUccesso

Page 32
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SAPHEA: Hub per I'adozione del
mercato unico SAPHEA, rapporti,
dati e strumenti

Giulia Conforto, e-think energy research



Risultati del progetto SAPHEA SAPHEA &

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

%~ Un Single Market Uptake Hub per supportare citta, pianificatori e investitori nell'implementazione
di GeoDHC ¢ = saphea.eu

@ Knowledge Base

Ricerca Bibliografica

Rapporto sui driver di Mercato

Catalogo degli Scenari di Risorse e tecnologie
Rapporto sul quadro regolatorio e di policy
Rassegna e proposte di Business Models
Mappatura degli strumenti finanziari e proposte
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L Strategie, Linee Guida e Roadmaps, da casi di studio reali #

< Strumenti e Dati
@, SAPHEA GIS Tool + dataset pan-Europei
=] Data Viewers & Tools per la pianificazione geotermica e di reti
# Gamebook: una guida interattiva per esplorare i risultati di SAPHEA
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saphea.eu
https://www.saphea.eu/
https://www.saphea.eu/knowledge-base/
https://www.saphea.eu/strategies-guidelines/
https://www.saphea.eu/data-viewers/

SAPHEA Single Market Uptake Hub SAPHEA &

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

» Che cos’e? . o o
Una piattaforma unica per supportare le fasi iniziali della pianificazione e del
finanziamento dei progetti GeoDHC.

> Cosa troverete:

> cBiase ?_licconoscenze e archivio di letteratura: studi, rapporti e articoli scientifici chiave sulla
eoDHC.

> Strategie e linee |§uida: documenti pratici che aiutano a ridurre il rischio degli investimenti e a
definire le politiche e la pianificazione.

Dati e strumenti: accesso allo strumento GIS SAPHEA e ad altre risorse per stimare il
potenziale geotermico e valutare la fattibilita dei progetti.

>

» Gamebook: una guida interattiva progettata per aiutare le parti interessate a superare le sfide
dell'adozione del mercato.

>

Rapporti e pubblicazioni: analisi approfondite sui meccanismi di finanziamento, sui modelli di
business e sui quadri normativi.

» A chi sirivolge?

Comuni, servizi pubblici, pianificatori energetici, sviluppatori di progetti, investitori e
ricercatori.
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Accedi al SAPHEA Single Market Uptake Hub SAPHEAW

INTEGRATING GEOTHERMA ANG
AND COO ING NE WO S N

https://www.saphea.eu/

(=13 (=]
[=]
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SAPHEA Market Uptake Hub: Tools & Data Viewers for GeoDHC SAPHEA “

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

1l Financial Instruments Mapping (EU-27)
Overview of financing instruments for GeoDHC across Europe.
Developed through SAPHEA, CoolLIFE, and ActlonHeat.
& Interactive online viewer + downloadable Excel & Status Report.

@4 Map of Geo-DHC Installations in Europe
Visual map of operational geothermal DHC systems.
Developed under SAPHEA and COST Action Geothermal DHC.
& Full access via GeoSphere Austria portal.

¢ GeoPLASMA-CE Web Platform
Shallow geothermal potential mapping across 6 European regions.
Includes Web GIS, glossary, and knowledge base.
& Access via GeoPLASMA-CE Portal.

it GeoDH Project Resources
Strategic tools for overcoming non-technical barriers to GeoDHC.
Focused on policy advocacy, regulatory simplification, financial models, and training.
& Access via GeoDH Project Website.
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https://portal.geoplasma-ce.eu/
http://www.geodh.eu/

SAPHEA @

TTTTTTTTTTTTTTTTTTTTTTTTTTT
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Sondaggio di feedback

https://forms.gle/hEAgivDbJggymu497

ofe A0
1K
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Q&A, Discussion

e Cisono domande?

* Avete individuato qualche strumento SAPHEA che potrebbe aiutarvi
nel vostro lavoro?

* Avete qualche suggerimento?
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING

Tha n k you ! AND COOLING NETWORKS IN EUROPE

Get in contact with us:

Funded by: the European Commission
www.saphea.eu

Call: Horizon Europe HORIZON-CL5-2021-D3-02,
Coordination and Support Action
28 O

% Duration: October 2022 — June 2025
[w] #SAPHEA_EU

think

ENERGY RESEARCH

9 QGeoSphere
(= Austria

Geothermal DI TORINO
Engineering Ltd

VIA Unlver5|ty Lll“]ﬂ
T
the European Union

' TECHNISCHE e
S .
Acknowledgements: This article/publication is based upon work from &TQ&ERSITAT E G E C eNG|e
the project SAPHEA, funded by CINEA under the Grant Agreement : - - —

VlennalAustrla GEOTHERMAL SOIUtionS
number 101075510

Funded by e

University
of Munich
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Appendice: Approfondimento
SAPHEA Tool o




SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

SAPHEA Tool — Access and Navigation

*  Access the Tool via https://saphea.hevs.ch/

* Disclaimer page = Go to App

e Top Toolbar
e Website link
e GotoPlace

e Wiki-link
e Feedback
e Account

 Right-side Toolbar
e Selectable ares
* Background Map

 Left-side Toolbar
* (Selection) Tools
* Layers
* Calculation modules
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

SAPHEA Tool — General Functionalities

 (Selection) Tools

Q Go to place... & Wiki Feedback 6

Birmingham L raijeEansadeTy

o \‘: ¥ Ho Selectable areas ® i

PY L ® NUTSO q
aye rs Layers X % g O NUTS1
e} O o ® O nuts?
| CONDUCTIVITY D) S ¥ O nuTs3

€ O Lav2
O Hectare

i BUlldlngS 7 Climate -
° R ES PO te n ti a l AVERAGE TEMPERATURE %, = moo "V { e i

COOLING DEGREE DAYS O Road

.
i C l I m a te HEATING DEGREE DAYS
SOLAR RADIATION

e Geothermal

W Geothermal =

" ~ CITIES WITH DISTRICT HEATING ()

¢ © @

CITIES WITH GEOTHERMAL DISTRICT
HEATING

Tools

Layers

HEAT FLOW DENSITY IN EUROPE

HOT SEDIMENTARY AQUIFER CONTOUR

Calculation
Modules

HOT SEDIMENTARY AQUIFER FILL

Ap dorra

Lneh it O = A elona

. 4 ' 2 4 I - eaﬂtlTiIes © Esri — Esri:DeLnrme, NAVTEQ, TomTom, Intermap, iPC, USGS, FAO, NPS, NRCAN, GeoBase, Kadaster NL, Ordnance Survey, Esri Japan,

NEOGENE BASINS CONTOUR
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

SAPHEA Tool — Calculation Modules

e District Heating Potential

e District Heating Potential Areas: User-Defined Thresholds

. District Heating Potential: Economic Assessment

. District Heating Supply

e Geothermal Potential
e Large-Scale Geothermal Heat Pump (LSGEOHP)
e  SAPHEA Geophires

e  Shallow Geothermal Potential
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https://saphea-project.github.io/wiki/cm-district-heating-potential-areas/
https://saphea-project.github.io/wiki/cm-district-heating-economic-assessment/
https://saphea-project.github.io/wiki/cm-district-heating-supply/
https://saphea-project.github.io/wiki/cm-shallow-geothermal-potential/
https://saphea-project.github.io/wiki/cm-geophires/
https://saphea-project.github.io/wiki/cm-large-scale-geothermal-heat-pump/

Visit the SAPHEA Tool SAPHEA “

INTEGRATING GEOTHERMA
AND COO ING NE WO S N

https://saphea.hevs.ch/map

O30
[=]
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING

CM: D|Str|ct Hea“ng Potentlal Areas: User_ AND COOLING NETWORKS IN EUROPE
Defined Thresholds

* This calculation module identifies potential district heating (DH) zones within a
selected region by applying two key thresholds:

*  Minimum heat demand per hectare
e  Minimum total heat demand within a DH area

* Purpose:

 To determine where district heating infrastructure is viable—balancing heat density
and distribution to avoid both underestimation (e.g. low-density areas with local
hotspots) and overestimation (e.g. high averages due to isolated large consumers).
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CM: District Heating Potential Areas: User-

Defined Thresholds — Input

e Heat Demand Density Map
e Raster format
* Resolution: 1 hectare (MWh/ha)
* Coordinate System: ETRS89 / LAEA Europe —

EPSG 3035

* Data Sources:
 User-uploaded GIS datasets
e Or default data from the Hotmaps database

Giulia Conforto / EGU25 Splinter Meeting / 29.04.2025
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Layers Tools

Calculation
Modules

............

Calculation Modules

< CM - District heating potential
areas: user-defined thresholds
e mpuLs.

[Choose File | No file choser

INPUTS -
Min. heat demand in hectare - (value: 300
MWh/(ha*yr))

300
Min: 0.1TMWh/(ha*yr); Max: 10000000MWh/(ha*yr),

Min. heat demand in a DH area - (value: 5
GWh/yr)

LAYER INPUTS —

Select heat demand density layer.

Heat density total

SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Q Aalborg, Gemeinde Aalborg, Region N & Wiki Feedback @

Selectable areas ©
O NuTS O
O NuTS 1

O NuTS 2
O NuTS 3
® Lav2

O Hectare

les © Esri — Esri, DeLorme, NAVTEQ, TomTom, Intermap. iPC, USGS, FAO, NPS, NRCAN, GeoBase, Kadaster NL. Ordnance Survey. Esri Japan,
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: District Heating Potential Areas: User-
Defined Thresholds — Method

Heat map input .

Apply
threshold

|dentify DH

Classify zones

potential areas

filters

Select the input layer 1. Minimum heat Filtered data is Aggregate data,
(Upload custom layer demand per interpreted spatially to generate outputs
or choose Hotmaps hectare define coherent,
layer) 2. Minimum total usable areas (zones)

heat demand per for planning

zone
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: District Heating Potential Areas: User-
Defined Thresholds — Output

*  GIS Output:
 Map layer with potential DH zones

SAPHEA & O - Q Go to place... @ Wiki Feedback @

INTEGEATING GEOTHERMAL NEATING
‘Ao €O0LING NETWORKS 1N SURGPE

Selectable areas @O

Tools

Selectiontool k| H @ @

. Numerical Indicators: 1

1. Total DH-suitable area (ha) - el
2. Total DH potential (MWh/year)

3. Average heat demand in selected zones

Total heat demand in GWh within the 17 535.85 GWh

selected zone

Total district heating potential in GWh 16 863.66 GWh
e within the selected zone

-]

8

= ; Potential share of district heating 96.17 %
from total demand in selected zone

"

) EXPORT INDICATORS

&

=

Calculation
Modules

[s0mi |

.
e \
== Leaflet | Tiles © Esri — Esri. DeLorme, NAVTEQ. TomTom. Intermap. iPC. USGS. FAO, NPS. NRCAN. GeoBase. Kadaster NL. Ordnance Survey. Esri Japan.
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: District Heating Potential: Economic
Assessment
Purpose:

* Toidentify areas suitable for district heating (DH) based on economic
feasibility, not just heat density.

* Helps planners and analysts understand how different assumptions (e.g. costs,
market share, grid limits) affect DH expansion potential.

What it does:
 Uses GIS-based analysis with heat demand and floor area maps.

*  Performs sensitivity analysis to find zones where DH can be implemented
under a cost ceiling (EUR/MWHh).

*  Outputsinclude cost indicators, trench lengths, and spatial layers of DH
potential.

Use case: Ideal for local energy planners and municipalities exploring strategic DH
investment options.
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: District Heating Potential: Economic
Assessment — Input

@ User-defined parameters:
* Timeframe: investment start and end year
. Economic: discount rate, depreciation time, cost ceiling

*  Market assumptions: DH market share (current & target), minimum heat to be
SUpphEd SAPHEA® g ., ) Offenbach a; Main, Hessen, Dessch & wiki  Feedback (@)

Construction limits: trench expansion limits, existing length ™5 e

> CM - District heating potential:

Costinputs: country-specific or custom values = t

Countr

@ GIS Input Layers: | eSS
. Heat demand density map (base & target year) g et ot 2
* Gross floor area density map

Layers

Format: raster (*.tif), 1-hectare resolution
*  Units: MWh/ha/year (demand), m?/ha (floor area)

Modules

Calculation
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CM: District Heating Potential: Economic
Assessment — Method

Group

: . Estimate heat
Filter out cells remaining

distributoon
costs for each
area

below min cells into
heat demand coherent
areas
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Retain areas
below the
EUR/MWh

ceiling

Increase pixel
threshold and
repeat

If annual trench expansion is

limited:

e Check against limits.

* If exceeded, restart with
stricter thresholds.
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CM: District Heating Potential: Economic
Assessment — Output

sl Output Indicators:

* Heat demand (first and last year) [GWh]

DH potential (first and last year) [GWh]

 Costindicators:
* Grid costs [EUR/MWh, Mio EUR]
* Pipe costs per meter [EUR/m]

e Infrastructure:
* Trench lengths (distribution & service) [km]
* Number of coherent DH areas

= Output GIS Layer:
* Shapefile with spatially defined DH potential zones
e Each areaincludes calculated indicators
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

§,~\P"EAO 0 232 Q Offenbach am Main, Hessen, Deutsch (2] Wiki  Feedback e
=

Calculation Modules

CM - District heating potential: 00000001
economic assessment \ )

0000004

_________

2 M c
% | additionally per year - (value: 100000000
&

100000000

Calculation
odules

ey, Fsri Japan,
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: District Heating Supply

Purpose:
To support strategic planning of district heating systems by identifying cost- and
emissions-optimal supply technology mixes and operation schedules.

What it does:

« A web-based optimisation model (from Citiwatts, integrated into SAPHEA).
Optimises supply of DH systems hour-by-hour.

*  Considers existing infrastructure or evaluates new investments.

*  Covers multiple technologies: . .
s CHP | @ Boilers | % Heat pumps | [/ Waste-to-energy | & Solar thermal |

o

4 Excess heat
Modes of operation:
1. Dispatch only — minimise operational cost using existing capacities

2. Investment + Dispatch — jointly optimise new capacities and operation
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: District Heating Supply — Input

! General Parameters & Cost Parameters

e CO; price, interest rate * CAPEX (EUR/MW), OPEX fixed/variable

e Operation mode (dispatch vs. investment) <+ Ramping costs, electricity sale prices
 DH demand (incl. grid losses) * Energy carrier prices, CO, emission factors

* Electricity price (fixed or profile-based)

“*« Technical Parameters per Technology @ Profiles / Time-Series Data

* Installed & max. installable capacity * Heat demand (hourly)

 Thermal & electrical efficiencies * Electricity prices

* Flow/return temperature limits * Solar radiation / ambient temperatures

e Lifetime, ramping limits
* Energy carrier (e.g. pellets, waste)
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: District Heating Supply — Method

Minimise the difference between heat generatio
costs and electricity production revenues

Geothermal Plant Solar Tolar Thermal

Thermal Plant ‘ m
(& EBY\ T ir‘ ln‘ :..WWMMiMm

iy ‘L Load Profiles

3

Biomass CHP Radiation Profiles

Temperature Profiles

WY/
\ Total costs Price Profiles

Heat Storage

= 1 ™
'm S LTI
=10
s pee e Total revenues
Plant
GasCHP GasCHP

dllz Linear program

w

¥
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CM: District Heating Supply — Output

Key Indicators:

" LCOH (Levelized Cost of Heat) [EUR/MWAh]
Annual costs: CAPEX, OPEX, fuel, CO,, ramping
€ CO, emissions [t/year]

) Heat& 4 electricity generation [MWh/year]
& Electricity sales revenue [EUR/year]

~~ Full load hours and peak demand

Charts & Reports:

Heat generation by technology

Fuel cost breakdown

Load duration curve (PNG)

Excel report with all time series and KPIs
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: Large-Scale Geothermal Heat Pump
(LSGEOHP)

Purpose:

. Early-stage tool to estimate:
*  Thermal output
* Coefficient of Performance (COP)
* Investment costs

. Supports feasibility screening of large-scale heat pumps in geothermal projects.
. Not a detailed engineering tool — results are first-approximation estimates.
How it works:

. Models different integration scenarios:
* Direct use (high geothermal temperature)
* Capacity boost (reusing residual heat via HP)
* Temperature lift (upgrading low-temp geothermal)

Key principle:

. Uses thermodynamic relations (COP, temperature lift) to estimate performance and cost.
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: Large-Scale Geothermal Heat Pump
(LSGEOHP) — Input
Inputs depend on the scenario selected:

% Geothermal fluid data:
* Production temperature
* Injection temperature
* Mass flow rate

«  [=] District Heating Network (DHN) parameters:
* Supply & return temperature

Scenarios & unique parameters:

* Direct use: Min. injection temp tied to DHN return

 Capacity boost: Extra input for pre-HP injection temp

* Temperature lift: Requires full reinjection temperature after HP use
 Data format: Simple numeric entries via web GUI or standalone HTML form

Giulia Conforto / EGU25 Splinter Meeting / 29.04.2025 Page 59




SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: Large-Scale Geothermal Heat Pump
(LSGEOHP) — Method

Based on simplified assumptions Stand-alone calculation tool

Th e r m 0 d y n a m I c co re : S\!,I'wlh/\va Large-scale geothermal heat pumps in district heating: LSGeoHP

Assess the application potential of large thermal heat pumps for your

-scale geot ¥
potential project. Learn more about the integration options in the SAPHEA wiki.

® B a S e d O n t h e co m p ress i o n h eat p u m p cyc I e Calculation module: Calculation module: Calculation module:

Direct-use without heat pump Increasing the thermal capacity Utilizing insufficient temperatures

District heating network : District heating netw District heating network

* Uses input temps to estimate: g : (DHN) .'j (DHN)
* Temperature lift T : :
* Theoretical & real COP
* Thermal energy recovery potential ¥

Main feature: E Main feature: E Main feature:
Estimate the thermal power output and technical Assess the additional thermal capacity of your Assess the thermal capacity of your project by
feasibility for your DHN operational temperatures project by adding a large-scale heat pump and the adding a large-scale heat pump and the
corresponding COP and i costs corresponding COP and investment costs

Choose your calculation module
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CM: Large-Scale Geothermal Heat Pump
(LSGEOHP) — Output

Main results displayed:

. ¢ Total heat output from the system

. ¥ COP — efficiency of the heat pump

. Investment cost estimate

. Scenario-specific guidance on energy extraction
How it’s shown:

. Clean summary box on the webpage

. Input fields & output values are interactively linked
Available as:

. SAPHEA embedded tool

. Standalone browser-based tool (HTML file)

. Interpretation tip:

SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

Use results as first-filter evaluation — not a substitute for full techno-economic modelling.

Giulia Conforto / EGU25 Splinter Meeting / 29.04.2025
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: SAPHEA Geophires

Purpose:

 To simulate and assess the techno-economic performance of geothermal district
heating (and cooling) systems.

*  Supports early planning of geoHC networks by estimating:
* Levelized Cost of Heat (LCOH)
* Energy output
e (Capital and operating costs

How It Works:
. Built on the GEOPHIRES simulation model, tailored for the SAPHEA platform

Simulates:
* Direct use of hydro-geothermal heat
» User-defined scenarios (depth, gradient, well count, efficiency, etc.)

 Accessible via an interactive interface integrated with Hotmaps
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: SAPHEA Geophires — Input

Basic Geological & Technical Inputs Advanced Cost Factors (Optional)
Reservoir depth [km] Multipliers for:

Temperature gradient [°C/km] CapEx (plant, field, stimulation)
Number of production/injection wells O&M cost adjustments
Production flow rate per well [kg/s] Water and electricity rates

Injection & surface temperature [°C]

Performance & Economic Inputs Customisation:
End-use efficiency Inputs can be adjusted for region-specific
Utilization factor (hours/year) cases or run with default assumptions.

Plant lifetime [years]
Discount rate
Exchange rate (EUR/USD)
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: SAPHEA Geophires — Method

Core Approach:
e Simulation-based techno-economic model

* Performs:
* Thermal resource modelling (bottom-hole temp, flow)
* Plant performance estimation
* Cost and energy balance
* LCOH calculation

Calculate
bottom-hole Model plant Compute Discount Output

temp and heat performance CAPEX and future costs Levelized Cost
extraction over time OPEX and output of Heat (LCOH)
potential
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CM: SAPHEA Geophires — Output

Key Performance Indicators (KPls):
e & LCOH [EUR/MWHh_th]
Drilling & completion costs (total & per well)

« g Surface plant & gathering system costs
« @ Exploration & stimulation costs

. . O&M costs for plant, wellfield, water

. ¥ Average pumping power & costs

. “ Bottom-hole temp, well pressure drops
Output Formats:

On-platform indicators (quick overview)

 Detailed reports:
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: Shallow Geothermal Potential

Purpose:

* To calculate the theoretical energy potential of shallow geothermal resources
for use in ground source heat pump (GSHP) systems.

 Helps identify suitable regions for geothermal exploitation by computing
extractable energy based on ground and borehole characteristics.

How It Works:
 Uses the G.pot methodology (Casasso et al., 2016).

*  Computes the maximum theoretical energy output per hectare, ignoring
financial and spatial constraints.

* Ideal for screening-level assessments across large territories using geospatial
data (raster layers).
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: Shallow Geothermal Potential — Input

< Required Input Layers:

Raster: Initial ground temperature (To) [°C]
Vector: Ground thermal conductivity
[W/m-K]

Value: Ground thermal capacity [MJ/m?3-K]
Value: Length of heating season [days]

“*« Advanced Parameters (Geothermal
System Design):

Borehole radius, length, and thermal
resistance

Number of pipes and pipe radius

Thermal conductivity of grout (borehole
filling)

Minimum/maximum fluid temperature [°C]
Simulated system lifetime [years]
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: Shallow Geothermal Potential — Method

Approach:

« Based on the G.pot model and empirical relationships (Casasso et al., 2016)

* Calculates extractable power and energy considering:
* Subsurface conditions (temperature, conductivity, capacity)
* Borehole characteristics (geometry, depth, system specs)

Key Idea:

* Determines the maximum thermal energy that could be harnessed per area
under idealized technical conditions
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SAPHEA @

INTEGRATING GEOTHERMAL HEATING
AND COOLING NETWORKS IN EUROPE

CM: Shallow Geothermal Potential — Output

44 Main Outputs:

* Raster map: Theoretical geothermal potential [MWh/(ha-yr)]

* Indicator: Average annual energy extractable per GSHP system [MWh/year]
 Interpretation:

Output is theoretical maximum — excludes spatial and economic feasibility

* Urban zones with missing data are common due to limited applicability of
boreholes in dense city areas

* Use case:
Supports pre-feasibility planning, resource mapping, and regional screening of
shallow geothermal heat potential

Giulia Conforto / EGU25 Splinter Meeting / 29.04.2025 Page 69




	Slide 1: Finanziare la geotermia per il teleriscaldamento
	Slide 2
	Slide 3: Modelli di business per il teleriscaldamento geotermico
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: Strumenti di finanziamento per il teleriscaldamento geotermico Mapping & Status Report
	Slide 17
	Slide 18
	Slide 19: Curva di rischio di progetti  geotermici di profondità
	Slide 20
	Slide 21: Panoramica della Mappatura
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Finanziare la geotermia per il teleriscaldamento:  schemi per una svolta nel mercato
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33: SAPHEA: Hub per l'adozione del mercato unico SAPHEA, rapporti, dati e strumenti
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41: Appendice: Approfondimento SAPHEA Tool
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69

