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Outline

« EGEC market report on district heating in Europe
« ETIP DG vision on unlocking geothermal energy
» The Paris Basin GDH system

 Innovation: Subhorizontal well architectures
 Innovation: Anticorrosion well concept
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GEOTHERMAL HEATING - HEAT DEMAND

Why is heating so important - and where is it required ?

Other 1%

Heat 47% Agriculture 4%

Electricity 21% Industry 39%

Transport 32% ———@

Households 42% Services 14%

A\

ﬁ/ \"x
Graph from RHC-Platform - SRIA, 2013 (values for 2010) - —J EgEEME \< ™»
Industrial heat is a large share of the heat sector, with huge growth potential IP



Geothermal heating and cooling technologies
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Deep geothermal in Europe: market overview

753

2172 |

14

1315

o ) 872
1
10 i1 3
= 88
17

DEEP GEOTHERMAL FOR HEATING AND COOLING (Mw) W
ELECTRICITY (MW) W

Two important milestones:

1) More than 3 GWe installed

2) More than 300 Geothermal DH in
operation

....and soon 2 millions geothermal HPs !

Geothermal electricity in Europe:

« 3.1 GWe capacity

« 10% average annual growth rate over
the last 5 years

Geothermal district heating in
Europe:

« 5.1 GWth capacity '

Installed capacity for geothermal electricity & district heating (2018, Mwe & MWth)

A9

—
)



District heating // Summary of key conclusions

State of Play in 2018

e Over 5 GWth of geothermal DH
e 12 new or renovated plants over the last year, 150MWth

300 Geothermal DH Plants

e 5 new project commissioned in the Netherlands

e 1 new and 3 renovated plants in France
e 1 new project in Serbia G
e 1 new project in Belgium WA EGEC \(_,

e 1 new project in Germany




New plants for deep geothermal for heating and
cooling in 2018 (capacity and number)

SERBIA

New: 1
5.7Mw

BELGIUM

New: 1 NETHERLANDS
8 MW
New: 5

66 MW

FRANCE

New: 1| Revamped: 3
45 MW



Number of GeoDH plants in operation and under
development-investigation per country

[l PLANTS IN OPERATION IN 2018 Il PLANTS UNDER EXTENSION/DEVELOPMENT/INVESTIGATION



Deep geothermal for heating and cooling capacity per
country (MWth)
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Average size of deep geothermal heating

and cooling plant per country
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Number of new geothermal plants
commissioned per year
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Gap to deep geothermal heating and cooling
objectives in NREAPs
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Geothermal planned capacity per
country (when data is available)
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Typology of geothermal heating and cooling
projects operators in Europe

Public authority " Local energy company T\ ceotherMaL

Large private operator I Smaller private operator



More than 25% of the EU population lives in areas directly
suitable for geothermal district heating

¥
.t
o
sovakia MW . ... O\ = /’ ............. \ -3
Map of areas suitable for geoDH G g LIS ey
networks and actual geoDH P . Sy e S Hal
Installed capacity according to , ) ‘ S
available geological data | o » - & j
- ‘ N o R
Source: ETIP-DG, adapted from \ S A\

GEODH and EGEC market report " -

. *
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https:/ /map.mbfsz.gov.huLgeo DH
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Cities with geotermal district heating

Cities with district heating

Other potential reservoirs
Other potential reservoirs contour
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Other potential reservoirs fill

Hot sedimentary aguifer
Hot sedimentary aquifer contour
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Hot sedimentary aquifer fill

Neogene basins
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https://map.mbfsz.gov.hu/geo_DH/

Challenges

General European Geothermal District Heaating Business Model
- Demand for Heat supply G e mm ) e |
e a n O r ea s u 8. Key ) (7 Key Activities ) (2. value ) (4 Customer (1. customer
Partners Proposition relationship Segment
" Etablishing
Comnections with Personal Assistance
DH Utilty stakeholders
E J  ————
- - = G GeoDh plant Automated service
to and self-service
 Firmness of electricity supply | (=) |22 |
Spets paitical climate
. J/ \
Orilling =
Com;
. 6. Key Resources q Long tem \(3. Channel \‘
—_— s el [ [~— | [
nancia security back- General
Instittions up — widespread
e prom ction
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(Gommd nstvdr)
Pubic R
Through DH
Lo | | (o inowese ) ey
( DH system ) e/
\. SN, SEN, TN, AN,
:). Cost Structure 5. Revenu
Polkical guaranteed Support
(Mﬂ, Build, Op.rwanndj ( Utiiy Bills = Subscription fee +]
Maintenanae of GeoDH plant consumption fee (€/kWh heat)
\ J
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Risks In investments

A Two important news:
Risk
First well drilling - New scheme established in 2018 in
Second well drilling Denmark and in Flanders (Belgium)
- New scheme accounced for 2019 in
Walloon region (Belgium)
Cumulative
investment
Loop test
>

Project development '

=56
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Unlocking Geothermal Energy: Heat development

> Operative temperatures
of the DHC network can
be reduced

> By demand site
management or by
thermal energy storage it
will be possible to balance
heat demand and supply
in a DH network.

> Cascade applications

> CHP

" ETIP-DG

European Technology & Innova tion
Platform on Deep Geothermal
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Unlocking Geothermal Energy: Power development

> Improved efficiency, optimization of
material, processes, cycle design

> Hybrid, proper combination

> Cutting edge technologies for any kind
of resource (super-hot, off-shore,
geopressurized) and any place (from
remote islands to urban areas)

Combined biomass and geothermal plant in Cornia, Italy

@ EI&—‘!IE{-‘T\E(& & Innovation WWW-Etip-dgleu

Platform on Deep Geothermal



Unlocking Geothermal Energy: Combined production

> Coupling renewable heat

and electricity sectors and
= markets for an optimal use of
geothermal energy
interregoratscate e | O > Consumer-producer-
- e prosumer perspectives
Regional scale /’/, tribution e h S /, > Thermal Sto rage .!:O help
"""""""""""""" { = INC. balance and to optimize
T production
v (B . .
@ >Cascade, hybrid, synergy
e oS (e.g. geothermal-algae-
= biofuels-transport)

In the RES based interconnected energy networks geothermal o
and underground thermal storage play an important role

European Technology & Innova tion WWW-etlp'dgoEu
Platform on Deep Geothermal



PARIS BASIN - GEOLOGICAL SKETCHES

STRATIGRAPHIE LITHOLOGIE  Couches réservoirs principales

Les couleurs sont identiques

Permien

target reservoir horizons

a celles de la coupe synthétique
TERTIAIRE
. Shallow Tertiary aquifers
West East Cross Section
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PARIS BASIN GDH
STATUS
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RESERVOIR ENGINEERING AN INTEGRATED APPROACH

Numerical Modelling Reservoir Simulation

Petrel In house DriIIing/compIetion/testingSE:
Gocad

S g oS

8 Geological )
§ Geophysical |

Veolicity Resistivity
Amplitude Modelling

0 4l sall g 1243 141

[

'Data Processing

Codes «\O\A

Geochemical ) |nterpretation

(TOUGH 2,
SHEMAT,
FEFLOW)

Reservoir
Structural
Geo Modelling

!
| "

»»»»» FAEPLELES IS

Data

7 , Reservoir Development

7 : Reservoir Engineering

7 : Reservoir Assessment

’ Interpretation & Modelling

Analysis

Geophysical (Seismics, MT, ABI)
Processing/lmaging
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PARIS BASIN GDH SCHEME

Production well
Submersible production pump
Injection pump

Injection well
Geothermal heat exchanger C

/£
Back-up (peak-load)/relief boiler P
Heating grid ( N
Substation - — E G E C ! f
10 Cooled fluid zone IP

\—

1
2
3
4
5
6
-
8
9

Geothermal reservoir (Dogger limestones) GEoTHERMAL




TYPICAL LOAD DURATION CURVE

64°C WHT, 300 m3/hr, 2 M rated HP at Pump

35000

30000

Yearly RES coverage ratio 66% (assuming a COP=4)

g 20000
<
i
a > Geothermal + Heat pump + Natural Gas (100%)
3
g 10000 1 - Geothermal + Heat pump (69%)
Geothermal alone (56%)

5000

o Y
0 1000 2000 3000 4000 5000 6000 7000 8000 G
CUMULATED TIME (hours) A2 EGEC (]j)
GEOTHERMAL >

P
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TYPICAL GDH WELL ARCHITECTURE

GBMN3 GBMN4
VERTICAL LITHO-STRATIGRAPHIC PRODUCTION INJECTION
DEPTH (m/sol) COLUMN WELL PROFILE WELL PROFILE
om Récent ot lertiaire 47
s0 TG 18"5/8
m +
Sonceen 137 F 24" F 24"
200m (200 m) (200 m)
Crétacé sup,
Turonien 512
440 m
DV2 (¥ 460 m)
KOP 500 m KOP = 500 m
Cénomanien 849
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« Gaull » 77 L L T13"%/8
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Crétacé inféneur o ; o
Vi acter] 887
Purbeckion 992
T — DV (#1070m)
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1200 m~ {Long. vert. = 1180 m {Long. vert. = 1185 m
et ; Sequanien 1267 Long. forée = 1296 m) D = découvert/openhole Long. forée = 1302 m)
DV = diverting valve (anneau
Ribkrgtas b F12"1/4 de cimentation étagée) F12"1/4
F = forage/drilling
Arganen 1457 TG = tube guide/conductive pipe
T 9"5/8 T = tubage/casing T9"5/8 ——=
Oxfordien 1557
Catovien 1627 @0 " o= 1880
m— (Long. vert. = 1670 m (Long. vert. = m
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st iz 1817 D 8"1/2 (OH) / b Wi D 8"1/2 (OH)
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GEOTHERMAL
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CORROSION AND SCALING ABATMENT. AUXILIARY INJECTION TUBING WITH FO

Well head
Data -

aquisition

Il ® .

RA |

Surface injection
system

Downhole (-Ji)
P.T gauge | (_,
Reservoir i s IP



PARIS BASIN. TYPICAL GEOTHERMAL SITES

HEAT PLANT
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GDH DESIGN AND MONITORING Doubist — Conwale —_Heainggrid T Sousataon
_ géothermique . . géothermale . Réseau de chaleur .,. (abonné) Batiments
< 7 < 7S -

Geothermal ™ Heat plant A V 7 Substation © " Buildings
doublet i | Appoint i (subscribes) |
|' : Secours : :
1 | ) |
| | ] |
) ! |
I | 1 |
| 1 !
| | |
1 I
1 | I
) | I
I | |
> - D‘» : : > Pompe
| \ 4 i M
I | I
: ‘E : : [ ‘ > -
LEGENDE I |
ECG: geothermal heat exchanger — | i f %
EPI: preduction pump (ESP) | — | -
Pl injection pump : = P - |
QGEOQO; geothermal flowmeter I I I i |
QRC: grid flowmeter QRC I | | Echangeur I
. I 1
VMP: production master valve _@_» QRC | Echangeur | Heat exchanger !
VMI: injection master valve | Heat exchanger,
: PARAMETERS I |
HeGat.'gg - Flowrates : i End
QGEO: flowrat th | ! user
e Y ‘oRccadaanin Al B! Utilisateur final
TER - Pressures
PAL injection pump inlet
ECG PAP: production pump (ESP) inlet
PRI injection pump outiet
PRP 2" PRP: production pump (ESP) outlet
@ o TRR - Temperatures
- TP: production well head
QGEO 1 TI: injection well head
T TER: gnd iniet
TRR: grid outiet (rejection)
PAI PRI
o VMI

8 VMP Geothermal loop

a (p

- N Ecec (@

GEOTHERMAL
Production well Injection well P
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GEOTHERMAL LOOP DESIGN

T Heating grid

A

-7 s

EPI TE

BPI :
ECG
EPI :

Sl :
| TAL:
VFI :

|VMI:

' BPE :
BPF :

F:
GMI :

VFP:
| VMP :

Heat exchanger by pass
Filter by pass
Injection pump by pass

: Geothermal heat exchanger

Electrosubmersible pump
Filter(s)
Injection pump
Chemical inhibition station
Downhole chemical injection line
Variable speed drive injection
Variable speed drive production
Master valve injection
Master valve production

v

1276 m

(}:r,

L EcEC \d@

GEOTHERMAL
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RISK ASSESSMENT
SUCCESS/FAILURE CRITERIA

Flowrate (m3/hr)

230

220 <:;\\\§\\~\~\\\~

210 \¥ CESS

200 \

190 \G)
83% success.

180

170 ‘ 60% failure

160

L \
150 FAILURE
140

60 61 62

63

64 65 66 67

68

Numerical application:

CAPEX=12 10° €
OPEX=5 10° €
n=20 years
nh=8256 hr/yr
r=5% (total failure)

r=10% (total success)
Full equity (no debt)
Subsidies=0 ; 25% CAPEX
c=35; 40 ; 45 €/MWht
Ti=40 ; 45 ; 50°C
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TYPICAL COST BREAKDOWN (103 €)

CAPEX OPEX
Mining min max Mining min max
Well driIIing7compIetion 8500 9000 P1 Power, chemicals, consummables 200 250
Primary (geothermal)
loop 1200 1300 P2 Monitoring, light maintenance 75 20
Geothermal heat 300 400 Heavy duty maintenance, well workover, on 250 300
exchanger duty call
Total| 10000 10700 Miscellaneous 30 50
Totalf 555 690
Surface Surface
Secondary (grid) loop 600 700 P1 Power, chemicals 40 50
Heat plant 800 900 P2 Heat plant/grid monitoring/maintenance 400 450
Grid (piping) 8000 10000 P3 Provisions for depreciation 250 350
Grid (substations) 2500 3000 Miscellaneous 40 60
Total| 11900 14600 Totall 730 910
GRAND TOTAL| 21900 25300 GRAND TOTAL] 1285 1600
BREAKEVEN SELLING COST
WORST CASE BEST CASE  MEDIUM CASE
CAPEX (103€) 25000 22000 23000
OPEX (103€/yr) 1600 1285 1400
SUBSIDY (% CAPEX) 0 35 25
BREAKEVEN (€/MWh,) 81 56 64

33

=56



FROM COMMISSIONING TO START UP
TYPICAL GDH COMPLETION SCHEDULE

IN;.EAI\F;:;. ‘ Lu:ij:mu venFZI;HMUONIDIJ IFIM,IA;MIQJO\TiAJSio\N!DbIFlMlA.[MIQJUCJZHA{séo\NID JIE MIA\M\\zJD|LS|A|S‘O%NiD}JHHM.IAM.?JD.E\Aislo\N\DEJ\F'M,HMZJDEEM
Project Commissioning Lun 011D Ven 21/01/11| Qs
Feasibility study Mar 01102711 LunmmmLy
Exploration permit e S T S ———
Land acquisition Mar0UA 11 Lun 2801111
Budget setup Jeu D121 Ven 2701712 1
Negotiation of EUR/National support Mer 01102112 War 22105112 =g
Call for tenders (TOR) Mier 01102712 Mar 22108712 =
Tendering Ven 0108/12 Jeu 07103413 LW
Site preparation. Well drilling/completion Ven 011113 Lun 3003715 T — |
Surface works. Heating grid & substations Ven BUITIAS  Jeu 18102115 T
Geothermal & Back-up/relief heat plant Mar 0104714 War 30/06/15 ——————=
Start up Mer 01107115 Ven 31107115 o0

58
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INNOVATION: SUBHORIZONTAL WELL ARCHITECTURES

WEAST EAST CROSS SECTION

Quest Est
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Rapport : longueur / hauteur = 20

The Dogger (Bathonian member) target reservoir is hosted by the
Upper part of the carbonate platform.

Within the platform oolithic limestone sequences exhibit high
connected porosities and related permeabilities portraying a
dependable multilayered reservoir structure.
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Target area
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SUBHORIZONTAL WELL (SHW) CONCEPT AND EXPECTATIONS

confining

CONCEPT

intersecting all producing layers

i e ,.>Reservolrlayar

EXPECTATIONS

* General

o Optimise land occupation in densely populated urban
environments

o Added value to presently unchallenged low
permeability reservoir settings

o Maximise geothermal exposure & minimise
drilling/completion risk

o Upgrade geothermal well architecture & reservoir
evaluation standards

* Site specific

oWell architecture — Innovation

—> Sustainability

olncrease capacity 350->450/500 m3/hr - Well
performance

oCAPEX/OPEX reduction

oExtend exploitation until 2045

- Economy

oMultilayered reservoir appraisal - Geology'

%
ip
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SHW DOUBLET ARCHITECTURE AND OFFSET WELL TRAJECTORIES

PROF uR GCAM2 GCAMY
e COUPE DU PUTS COUPE D PUITS
DWILCTION D€ PRODUCTION
T\;O (mbgl) Injector well profile Producer well profile ; ol
° J cesd | bersno AP G T S ol N P (T SO T U et
{— 120 1 l 6cas [ |
M { INJECTOR WELLS t
! e | b
ov {
430 g 1 f
T 1 pes
s
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VERTICAL PROFILE Plan view

< True Vertical Degth imatres)
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INJECTOR WELLS Mg’é{g{{g?fé;’/[/’ PRODUCER WELLS
a) Well architectures b) Well trajectories
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CHALLENGE. GEOSTEERING. WELL GCAH2
REAL TIME TRAJECTORY CORRECTIONS
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ANTICORROSION WELL CONCEPT. BONNEUIL-SUR-MARNE
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ANTICORROSION WELL CONCEPT

Present well architecture addresses an artificial lift, pump sustained, production, which

implied significant design modifications, chiefly:

(i) an upper, wider (13"3/80D -11.97” ID) liner section acting as a pumping chamber, sized
to accommodate a 500 HP rated ESP, placed under compression between the wellhead

and the lower section;

(ii) a lower and slimmer (9"5/80D —7.74” ID ), freely suspended production liner;

(iii) a (13"3/8x9"5/8) liner connecting system, placed at the (20"x13"3/8) casing interface,
allowing for a free annular fluid (a make-up corrosion inhibitor agent) passage, indeed a

key issue, and,

(iv) a wellhead expansion spool. The additional capital investment costs (ca 20%
compared to a conventional 13"3/8x 9"5/8steel cased well architecture) will get payed
back in less than eight years thanks to yearly OM costs savings.

Given the foregoing, itis expected this, smart well, material answer to thermochemically
hostile corrosive fluid environments, elsewhere securing well longevities and low
operation/maintenance (OM) costs, raises due interest among geothermal operators and

stakeholders.
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ANTICORROSION WELL CONCEPT. IMPLEMENTATION AND RESULTS
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