“From 2020 to 2030: a
geothermal decade ! really ?™




Our mission

REPRESENTING THE EUROPEAN
GEOTHERMAL INDUSTRY

EGEC is a non-profit international
organisation founded in 1998 whose aim is to
promote the European geothermal industry
and enable its development both in Europe
and worldwide, by shaping policy, improving
business condition, and driving more
research and development.

We are based in Brussels, where we work
with our members on policy, market
intelligence, and communication, providing a
link between the industry and European
institutions.

A sound policy framework and financial
instruments which allow geothermal
energy to compete with traditional

sources

Increased research and
development

The development of the geothermal
- industry inside and outside of

Europe.
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1. Geothermal market
trends




Overview Projects In
operation - Europe

Some key figures-2019

» 130 Geothermal electricity plant, with
sustained deployment driven by the |
Turkish Market

« The EU passes the 2 GWth threshold
for geothermal heating systems (DH,...)

» More than 2 million geothermal heat y I
pumps in Europe at the end of 2019 \ L
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Geothermal Potential in the world and in Europe

Hottest Known Geothermal Regions

Main power markets:

- Asia / Oceania: Indonesia, Philippines,
Japan, N-Z...

- America: USA, Mexico, Chile, Peru...

- Africa: Kenya, Ethiopia...

- high enthalpy (el. power)
high temperature basins

- (el.power, district heating)

I:I medium temperature basins
(district heating)

I:I everywhere:

EGS, shallow geothermal
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Europe: Number of Geothermal power plants per country
In operation, under development and under investigation

Number of units
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Electricity demand in Europe

The demand is stagnating. An issue for the power decarbonization and the demand for new geothermal

powerplants !

Met electricity generation, EU-28, 1990-2017
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Decarbonisation of the power sector:

Power generation by source (2000-2018)

W h e re a re We ? Mcoal M other fossil fuels

B nuclear M renewables

Gross electricity production by fuel, EU-28, 2000-2017
(GWh)
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Geothermal district heating & cooling systems iIn
operation and under development

N° of plants in operation and under development
a
o



More than 25% of the EU population lives in areas directly
suitable for geothermal district heating
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Focus on decarbonising H&C

« In 2019, there was about 200 coal power
plants operating in 21 Member States, with
a total capacity just above 150 GW

 average age of a coal power plant in the
EU is 35 years

: ELeJW plants continue to be put online in the

« Geothermal can cover much of this supply,
but specific frameworks are needed to

allow a fair and rapid transition




2. Market segment:
Generation (base load),
Drilling, Turbines,

Equipments, Materials,
Minerals, lithium




CAPACITY FACTOR (CAPACITY VS GENERATION)
COMPARING ENEL'S RENEWABLE ENERGY TECHNOLOGIES
1H 2018

Source: Enel - Quarterly Bulletin, Q2 & 1H 2018 G r‘| G
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A better functioning drilling market

Drilling prices are dependent on:

the rig demand (mainly for oil & gas, therefore dependant on crude oil prices),

the drilling price (€/m),

and the raw material cost.

Geothermal
operated rigs

(ca.35) \
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Trends in turbines -2019

Number of turbines installed per manufacturer

Alstom

Ansaldo T oS |
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GE

Kaishan

M + M Turbinentech nik
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 Consolidation of leading suppliers
in the Turkish market

« New entrant-German (flash
turbine in Iceland)

e Continued dominance of new
binary systems
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Well profiles in geothermal electricity
p er_ugtiQn_ Depth range geothermal electricity plant wells

« 1to5Km
 Trends to deeper wells and more wells per .« I I
plant to upscale production :
Croatia France Hungary Portugal

Depth range geothermal electricity plant wells under development
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Well depth in meter

Geothermal district heating & cooling

Average depth of geothermal district heating wells in meters
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The Global race for geothermal lithium

‘ Current geothermal lithium projects . Current lithium production



3. The EU Green Deal




Green Deal areas for geothermal

Political

) agreement
50/55% RES and EE on the

climate target targets for Taxonomy on Horizon 2020

for 2030 2030 sustainabilty 28;3?;87 programme:
GD call

A EE I ES Eneray

Directive Performance of EIB/Climate Modernisation Innovation

revision Buildings Directive Fund Fund
revision Bank

Energy

Efficiency TEN-E : EU Battery Strategy
Directive Revision Renovation (new industrial Next

revision Wave strategy for Generation

EU Hvd Europe) EU/

Initiatives St ytrogen £ By Recovery
[SEEEY Sector plan for

Legislation Circular integration C.ar.bon e
_ pricing &
Finance economy Strategy taxation




4. Costs comparison &
Innovation




GEOTHERMAL POWER COSTS

Capacity Factor
(weighted average
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The competitiveness in the heat sector—
Large buildings

LCoE of heating in large buildings, comparison with gaz boilers (France, 2019)

Source:
ADEME
Solar Geothermal Solar Geothermal  pinmass- Biomass-  Geothermal  Waste
thermal-  HP-large thermal- HP on large large -DH incineration
large DH shallow <3MWth >3MWth
aquifers

Gaz boiler <500kWth Gaz boiler 0,5 — 3 MWth I—— Gaz boiler > 3MWth



Novel technologies for full and responsible deployment of
geothermal potential: towards a SRIA

> Technologies beyond H2020

> While targeting the EU long-term goal of reducing costs and increase performance of geothermal technologies
and installations, RD&I pursue all opportunities for complete deployment of geothermal resources, aiming at

various advancements

4.
Assessment and optimization of

Prediction,
assessment
and access to

environmental, social and economic footprints the resource

5.
Data and knowledge sharing

ETIP-DG

European Technology & Innova tion
Platform on Deep Geothermal

2,

Resource
development

3.

Heat and
electricity
generation

FULL AND RESPONSIBLE DEPLOYMENT OF GEOTHERMAL POTENTIAL

www.etip-dg.eu



Visualising smart sectoral integration
for geothermal energy

Geothermal

Electricity Lithium

Grid balancing

Geothermal
. Base load
Electricity Transport

Flexible generation Battery storage Electric mobility

Buildings
(H&C and Hot Water)

Private dwellings

Geothermal
Industry Public buildings Heat
Pumps

Electricity Social housing

Process heat (low and Smart thermal grid
medium T°)
Geothermal Thermal
R Space heat & cooling Districts. Cities Energy
Heat Storage
Pumps

Underground

Underground Thermal

Energy Storage Geothermal
(low & medium T°) District
Heating

NF- EGEC
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5. Business models




Challenges

« Demand for Heat supply

 Firmness of electricity supply

General European Geothermal District Heaating Business Model
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8. Key (7. Key Activities ) (2. value (4. Customer ) (1. customer )
Partners Proposition relationship Segment
s Etablshing Personal Assistance
connections with
DH Utilty stakeholders
E J ———————
( 3 GeoDh plant | Automated service |
Pre-production cortribute and self-service
Geasclence design and planning o
Spets pditical climate
I _
. J/ .
Orilling —_—
Compa
i 6. Key Resources q Long tem \(3. Channel \‘
stablle, secured Building owne.
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9. Cost Structure

[ Permits and planning proces

(Mﬂ, Build, Op.rwanndj
Mantenance of GeoDH plant

J
5. Revenu
] Polkical guaranteed Support
Schemes

for renewable energy

&

Subscription fee +]
fee (€/kWh hest)




Risks In investments

First well drilling
Second well drilling

Cumulative
investment

/7

Loop test

Project development

Risk

EEEEEEEEEE



COSTS

From subsidies to auctions

Support schemes for Geothermal adapted to technology maturity

@® SUPPORT SCHEMES
® FLANKING MEASURES

@ Convertible grants for seismic exploration,
slimholes, and the 1°* well

@ Public Risk insurance

@ Feed-in Tariff

@ Public or Private Risk insurance

@ Feed-in Premium

@ Public or Private Risk insurance

@ Grid Premium

@ Private Risk insurance

MARKET MATURITY



The case of Risk Insurance

TOOLS

Grants

Repayable
grants

Convertible
grants

Public insurance
scheme

Public Private
Partnership

@ Private risk
insurance

MARKET MATURITY



#Geother‘aIDecade

begins...




