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Key ffactorsallowing a sustainable use of the
resource balancingommercial viability
environmental impacandimpact onpeople

Powern Puant

1. reliablereservoirmodels

schemes G onap 0 ssonv o
3. specific =S
4. installations, carefuselection of
systemcomponents

Géosciences pour une Terre durable

brgm

Different geological conditions, pressure, temperature and
chemical properties makes reservoirs different.
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Target Group 7
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C Research, Industry, Projedéveloper

C Encourageollaboration and knowledge exchangetween

existing-studie®n "Geothermal Reservoirs"

/ \“ I lS C Encourageollaboration and knowledge exchanigetween

operators
C Evaluationof possible topics for pint call

@ hGéusciences pour une Terre durable
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JAParticipants 1
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@ National ResearciCouncilof ITALY
®ygm Bureaude Recherchesséologiquest Miniéres- FRANCE
PtJ  Julich- Germany
'H  OSOrkustofnunc ICELAND

U Swisd-ederalOfficeof Energy(with SwissgGeologicaburvey)

D)

@ MagyarFoldtaniésGeofizikaintézet¢c HUNGARY
@ Tubitak- Turkey

Classification-of JoinActivity: /4 (can be proposeds topic for aall)

Start date: 15/03/2015 Kickoff: 15/04/2015 En¢t 09/2016 @ 2 e
Duration: 18 months hrgm
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National investigation Genes| ?
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A Tohighlight the objectivesof the stakeholders
regarding reservoir sustainabllity

A Tocollecttheir practicesto achieve these objectives

A Togatherthe remaining:gaps

A Web questionnair@pen 10-25/09/2015 and 01
31/03/2016

A 2 sectionsinstitution typology+ reservoir
sustainability concept
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A Administrativedetails

A Aspectf geothermalenergy :potential
assessment , power generation, etc.

A Typesof geothermal energy
A Horizontalssealefrom one drilling to regional scale
A Vertical:scale from shallow to deep

@ bﬁéusci eeeee pour une Terre durable
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Section 2 7
Reservoir sustainability concep &+

Based on the 8lassicafealms

Economic
profitability

Public
acceptance

Environmental

Impact
@ h eeeeeeeeeeeeeeee Terre durable
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Pillarcontents ?
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Each pillar is investigated in the same way:

A Rarika dozen of predefinedriteria
+ 3 (maxppen criteria

A Indicatehow thetop 3 criteriaare tackled

Joint out the main gapg3 max) that hamper
reservoir sustainability regarding the pillar

@ bGéusci eeeee pour une Terre durable
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ReSusSurvey results

Institution tipology

éilllll..I

Researchand  Industry:

Consulting/ Academia -

Industry:  Public funding

development Upstream  engineering Universities Midstream body
institution  geothermal Training geothermal
industry centres  industry (heat
(drilling plant or
company, power plant
technology operator)

supplier, etc.)

Industry: Industry: Geological
Downstream  Industrial survey
geothermal users organisation

industry  (greenhouses,

(utility mines)
companies,
district
heating
network
operators)

Geothermal
ERA-NET
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ReSusSurvey results
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Youriinstitutioniis:active inthe following domain:

Insurance service
Executive powers of government

Regulation & legislation

Communication and mediation

Energy production

Provision of data and information

Geothermal industrial services (drilling, surface equipment,
construction etc.)

Project development / consulting /

Research & Innovation

Géosciences pour une Terre durable
0 2 4 6 8 10 12 14 h r g m
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ReSusSurvey results

What aspectof geothermal-energys:youriinstitutioni interestedn?
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Assessment of geothermal potentials

Research & innovation

Analysis of data and development of...

Power generation from geothermal energy
Direct use of geothermal heat, incl....

Risk governance (assessment, management,...
Industrial Application

Regulatory and legal issues (selection, licensing,...

Other

6,00

Géosciences pour une Terre durable

brgm
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ReSusSurvey results

Whattype of geothermal
system is your institution
interestedin?

Low temperature geothermal field

Engineered Geothermal System (EGS)

High temperature liquid dominated
geothermal field

High temperature vapour dominated
geothermal field

Other

|
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Whatscale is
your institution

interestedin?

~10 km (concession license)

~1 km (one to a few drillings)

~100 km (regional)

Other

0 2 3 4 5

your institution
interested in?

<1 km (shallow fields)

G;eot_hermal

RA-NET

What Scale In depth iS >2,5 km (deep resources) _
I

T
00

0

i

T
1,00 2,00 3,00 4,00

5,00
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ReSusurvey Result

Rank the aspects that affect thEconomic-profitability =~ On Y axis the average of the™5aciiie

obtained rank
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A taxesand depreciation, royaltiedees
A Government subsidies (fedd tariffs or premiums)
thermal * -
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ReSusurvey Result

Economic-profitability:Top Criteria and how to tackle

How to tackle criteria

Top criteria

Reservoir evolution (productivity Careful reservoir management
or injectivity losses)

Insurance process q
3 Geological risk: i Process identificatioq Monitoring - data evaluation
Ll The pressure drawdown during well testing and also later, during
operation provides exact data for profitability calculations

Geothermal exploitation in the
vicinity
Resource estimation q Data assessmentegional / conceptual modelling monitoring -
numerical evaluation
q Calibrated numerical modelling
i 3D static and dynamic modelling, will be the base of resources
estimation and economic assessments

@ bGéusciences pour une Terre durable
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ReSusurvey Result

Economicprofitabilitythe main gap(s) that hamper resergnistainability

Most important gaps Medium important gaps Other gaps

AMissing transparency AEstablishing academic AGeothermal
of operators / field partnership on exploitation in the
developer sustainability issues vicinity. Receiving
ADemand evolution AWell evolution. Well permissions can be
AAssessment of the costs Strongly influence more difficult
reservoir the investment and Apossible negative
recharge/depletion and operation costs impact of induced
need of reinjection AProblematic re seismicity may hamper
AThe exploration cost injection scheme public support if not
should be partly AReservoir continuity, well managed
supported by public connectivity and 3D
funds permeability
ASubsurface

uncertainties (reservoir
imaging and prediction

APressure drawdown @ Géosciences pour une Terre durable

brgm
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ReSusurvey Result

On y axis the average of the  PrROGRAMME

Rank the aspects that affect thEnvireonmentaliimpact  optained rank
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ReSusurvey Result

EnvironmentaliimpactTop Criteria and how ttackle

- Hydrothermal eruption

2 Induced seismicity

SEVENTH FRAMEWORK
PROGRAMME

=

Appropriate operational controls to minimize risks

Definition of active monitoring station network (local and national)
coupled with theoretical modelling of subsurface stress realise
following water circulation and well stimulation

=

Chemical pollution q

4 Plant effluent rejection 1 Measuring pressure gradients and water interfaces behind casings
right after drilling and during the lifecycle of the wells. Classic pressure

gauges and nuclear tools methods are used

Water resource competition 1 Geochemical characterisation of key aquifers and sealing stratigraphic
units

0 bGéusciences pour une Terre durable
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ReSusurvey Result

Environmentaliimpactthe main gap(s) that hamper reservaiistainability

A Water resource competition
AWater table drop if reinjection is missing
A Chemical pollution if the system is not closed

A Optimization of the plant operation and
management

A Long term monitoring of the potential impacts

A Enhanced communication of the low
enV|r0nmenta| impaCt @b eeeeeeeeeeeeeeee Terre durable

rgm
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ReSusurvey Result

Rank the aspects that affect thBublic:aceeptance O Y 2xs the average ofthe

obtained rank
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A taxes and depreciation, royalties, fees
A governmentsubsidies (feedn tariffs or premiums)
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ReSusurvey Result
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Public AcceptanceTop Criteria and how ttackle

. Effluent valorisation q

Induced seismicity 1
!

Information / communication

1
Noise impact 1
Olfactory impact 1

Financial support to local community to compensate the annoyance

Operational controls to minimize risk of felt induced seismicity
See above plus installation of ad hoc seismometers station network to
establish baseline prior geothermal exploration and exploitation

Make projects "owned" by the local community

Coordinated effort between Academia and local Industry and Canton
to organise communication and demonstration events (e.g. vibrose|
at different scale for different communities (city, village etc)

Géosciences pour une Terre durable

brgm
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ReSusurvey Result

Public /Aceeptancghe main gap(s) that hamper reservoir sustainability

A Information/communication
Alnduced seismicity
ALocal development

Athe benefit should be directly delivered to
local community without intermediate steps

Adirect link between operators and
administrators @
brgm
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ReSusutcomes /4
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A Respondent§SHs seem to biaterestedmainly in:research-andnnovation,
assessment of geothenmalpotentighnalysiscofcdata:and developmentrof
process/workflow

To

Principalrespondentdelonging group areresearch-andinnovationproject
development / consulting-engineeringeothermal iindustrialsservice

Low tempetatureand EGSesulted the most interestingeothermal systems

High interest orall scaleof geothermal system
High interest inntermediate anddeepsystemin term of depth

Foreconomic profitabilitygeologicrrisiand resourceestimatiorngot high rank

Inducedsseismicitys the principal aspect that affeenvironmental impact

o Po Do Do o Ix

Géosciences pour une Terre durable

Onpublic acceptanceillars the most ranked criteria resultéldduce(@b
seismicity, information/communication andlocal developmentandjob rg m
creation
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ReSusSurvey results

SEVENTH FRAMEWORK

PROGRAMME
Institution tipology
8
R&D
7
6
5
Industry
4
Consulting R&D Industry
3
Public Funding body
2
Industry Industry R&D

1
0

Research and Industry: Consulting/ Academia - Industry:  Public funding  Industry: Industry: Geological

development Upstream  engineering Universities  Midstream body Downstream Industrial users  survey

institution geothermal Training geothermal geothermal (greenhouses, organisation

industry centres industry (heat industry (utility mines)

(drilling plant or power companies,
company, plant operator) district heating

technology network @ h r m
supplier, etc.) operators)

Géosciences pour une Terre durable
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ReSusurvey Result

Rank the aspects that affect thEconomicprofitability =~ ©OnY s the average of the™Heacuiine ™

obtained rank
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ReSusurvey Result

Rank the aspects that affect thEconomicoprofitability

wGeothermal
exploitation in
the vicinity
wResource
estimation
wlnsuranceprocess
and Reservoir
evolution
wGeologicatisk

wTemperature
depletion

wReservoir
pressure
drawdown / Well
water table
dropping

wX

Geothermal

wGeologicatisk

wReservoir
evolution

wThermodynamic
cycleefficiency

wlnsurance
process Resource
estimation
Demand
evolution,
Reservoir
pressure
drawdown / Well
water table
dropping

wX

ReSugA MoravskeToplice 13" October 2016

wReservoir
pressure
drawdown / Well
water table
dropping

wReservoir
recovery

wTemperature
depletion

wGeologicatisk

wResource
estimation

wGeologicatisk
wResource
estimation
wbDemand
evolution
wEffluent
valorisation
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ReSusurvey Result

On y axis the average of the = PrOGRAMME
obtained rank

Rank the aspects that affect thEnvironmentaliimpact
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ReSusurvey Result

Rank the aspects that affect thEnvironmentaliimpact

wHydrothermal
eruption

wlinduced
seismicity
Chemical
pollution, Plant
effluent
rejection

wProtectedareas

wSubsidence

wAIr quality

wX

)

|

Geothermal

(==
=

wHydrothermal
eruption

wChemical
pollution

wlmpact on
threatened
species
Greenhousejas
emissions

wWaterresource
competition

wWatertable
dropping Air
quality

wX
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wWaterresource
competition
wWatertable
dropping
wWater quality
winduced
seismicity
wProtectedareas
wSubsidence
wPlanteffluent
rejection
wX

SEVENTH FRAMEWORK
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wGreenhous&as
emissions

winduced
seismicity
wWater quality
wWaterresource
competition
wSubsidence
wWatertable
dropping
wChemical
pollution
wX
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ReSusurvey Result

Rank the aspects that affect thBublic:aceeptance O Y 2xs the average ofthe

obtained rank
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ReSusurvey Result
Rank the aspects that affect _
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wEffluent
valorisation

wNoiseimpact
wOlfactoryimpact
wProject followup,
Information /
Communication
wlnduced
seismicity Site
accessibility
wTouristicfacilities

WX

wEffluent
valorisation

wlinduced
seismicityNoise
impact

wOlfactoryimpact,
Financial
transparency

wlnformation /
Communication
Visual impact,
Touristicfacilities

wX

wlnformation /
Communication

wLocal
development

wlnduced
seismicity

wlLocaljobs
creation

wEffluent
valorisation

wNoiseimpact
wX

wlinformation /
Communication
Induced
seismicity

wNoiseimpact,
Localjobs
creation, Local
development

wX

!
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