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Koordination der
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Im Uberblick

Prof. Domenico Giardini, ETH, Head SCCER-SoE
Prof. Larryn W. Diamond, UniBern
Dr. Peter Meier, CEO Geo-Energie Suisse AG
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4 Energie v An unprecedented growth
v' Long-term structuring effect
Cap acity buildi ng: i v' Example SCCER-SoE: 8 new
S e AP and OP in Geo-Energies
new professors o =

x 2

ETHZ, OP Deep Gebthermal Energy and Geofluids, M. Saar
ETHZ, OP Geoenergy Process Technology, open search
EPFL, AP Rock Mechanics, M. Viola

EPFL, AP Geoenergy, B. LeCampio}

UniNe, OP Geothermics, S. Miller

UniNe, AP Geothermics, B. weyd

niGe, AP Res ir Geophysics, M. Lupi
USI, Computational w o%n search
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Capacity building:
PhD students

AP

.
o
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f\/ An unprecedented critical mass
focused on key scientific questions

** . | v Example SCCER-SOE: 74 PhD on
3rd-party and other contracts

~
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- @ @ Universitaten
£ @ ETHZ / EPFL
‘ Forschungsanstalten
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Networking

Switzerland has a competitive
and well funded research
environment, but no other
program can bring together
the networking required to
tackle the ES2050 challenges
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* SFOE GEOSIM, GEOBEST

N atl on al - CCES GEOTHERM-2

* SNF COTHERM

Cooperative national programs:

National research infrastructures:
* Deep Underground Laboratory
* Rock deformation laboratories
* NAGRA GTS, MontTerri

* Valais EPFL campus

Integration I

|

SCCER gSoE

WP1 Geo-energies:
DGE & CO2 Sequestration

WP2 Hydropower:
usage & infrastructures

WP3 Innovation agenda

WP5 Pilot & Demonstration projects

WP4 Future supply of electricity

Integration with other SCCERs:

* Joint SCCER Scenario & Modeling
Initiative

* Energy system analysis

* Risk and socio-economic drivers
(CREST)

* Storage

NRP 70-71-75

* Swiss Geological Survey@swisstopo
* FOEN
* SFOE

Capacity building, Technology Transfer, Outreach

1111

]

|

Input from additional energy
resources: biomass, WP, SP, nuclear,
oil&gas

International programs:

* IPGT (AU, IS, NZ, US, CH)
* EERA, ERA-NET, IEA

* DOE FORGE, IDDP, DRG
* ICOLD

* ICDP

- EU FP7 projects: STREST, IMAGE,

HYPERBOLE, GEISER, NERA, EPOS-PP
- EU H2020 projects: CONSENT, EPOS-IP,

DESTRESS, SERA, CHALM
- ESFRI RI: EPOS, ECCSEL
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Innovation
Roadmaps

optimize the system and
Efficient technologies processes and systems to to change behavior
reduce energy consumption and CO; emissions in the » )
IC engine powertrain:

transportation of goods and persons highly efficient, zero
pollution & renewable-
Impact of the selected research activities {arrow thickness) based on enarav fualed

results of the Strategic Guidance Project (Phase )
Advance CNG Electrification of vehiclas

angine concepl Elactrification niche
vahicles

Foll-out &-a

Tools io support
behavior change

Optimized oparating
strategy for dual-fusl

Power electronic

Livina Lab systems for balterias
S Cost Effective Fuel Cell
Systams

10 call -1kWatt
Balttery systams faor Demansirator
Mew concepls and niche vehicles
algorithms

Prototypings-r

100 Watt
Damonsiraior

Annual revision and update of the
readmap & KTT concept

2017 - 2020
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VerSIon 11.03.2016 _ ‘.’ o

Commercialization of high-temperature and
seasonal heat storage systems

Innovation
Roadmaps

Storage of Heat

Advanced Batteries and Battery
Materials for stationary applications

Economic aspects of high-temperature and seasonal
heat storage

Manufacturing of Na batteries and advanced Li-batteries

o
=
o
>
=
o
2
o
S
o

Full cell advanced Li and Na batteries demonstrated
pilot production line operating

ey SRR

Technical aspects of high-temperature heat storage
and seasonal heat storage

Validation

Li and Na — battery materials synthesized & tested

— Weight of the arrows =

Qualitative forecast of the
expected contribution
to the ES 2050

2017 — 2020 2021 - 2035

2014 - 2016
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Energy efficient heating
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é Energie The vision of the SCCER EIP is to increase the energy efficiency in production
g and services and, thus, improve the competitiveness of the Swiss industry. and cooling in industry

SCCER

EFFICIENCY OF
INDUSTRIAL PROCESSES

Efficient steam

networks

Innovation
Roadmaps

Prototype of high
temperature heat pumps

Policy recommendations
on energy efficiency
programs

P&D project on solar
thermal in industry
New steam generator on

_ Recommendations and market 2025-30
Concepts for high impact assessment of the
temperature heat pumps integration of the industry

(@]
=
o
2>
@]
o
o
S
o

Application of steam new
steam networks to a case
study 12/2020

Decision support tool for
Multi-temperature heat energy efficiency
pump running measures planning

Emerging, novel and |
existing but under-exploited

Database energy efficiency measures
i pinpointed
Technology overview ——
generation and
expansion12/2017

2017 — 2020 2021 — 2035
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Innovation
Roadmaps

The vision of the SCCER FEEB&D is the reduction of the energy
demand of the Swiss buildings stock by a factor of 3 until 2035.

PO

sccer | future energy efficient
buildings & districts

WP1 — Efficiency at Building Scale

WP2 — Renewable Energy Systems at District Scale

Analysis of performance gap
and countermeasures

Geo-referenced demand
and supply until 2050

=] 3
s 2
& Entering mass markets E Increased application of
through “added value” - RDES technologies in practice
next-generation products
g g
a Standardization and a RDES projects realized
5-" e i é‘ Guidelines disseminated
= -
2 FEEB&D technologies &
Proof of concepts
Scale-up aerogel & in demonstrators
micromirror fabrication
Initial technology RDES concepts develo|
development aerogel & (RDES: Renewable
dynamic g-value glazing district energy system)
2017 — 2020
- WP4 — Diffusion of FEEB&D Technologies
g
Geo refere =
database and =
g Policy recommendations I
S s
46 _—
3 g
o o
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Energie Goal/Vision of the SCCER: “The SCCER-FURIES envisions the

enabling of seamless and sustainable powering of Swiss citizens’
houses, businesses and communities, by developing and
demonstrating with the Distribution and Transmission network

. operators the essential knowledge and technologies for a sustainable
I n n O V at | O n and stable electrical infrastructure of the future which integrates

cleaner and reliable power supplies and storage facilities.”
Roadmaps

)
£
o
o
=]
S)
| =
o

Legend

Bulk multi-energy grids (WP2)
Multi-terminal AC-DC grids (WP3)
Grid components (WP4):

2017 - 2020 2021 - 2035
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Key goals: New Large HP Plants: +1'430 GWh until 2050

= Increase the HP electricity production under changing

I n n O V at i O n demand, climate and operating condition by 3160 GWh New Small HP plants: +1'600 GWh until 2050

[after investiment to respect the law for residual water: -1400 GWh)
* Ensure maintenance, improvement and operation of the

RO ad m ap S infrastructure in the long term future Retrofit PP: +1'530 GWh until 2050

=] J :

g LHPP Demo-1: FLEXSTOR | LHPP Demo-2 LHPP Demo-3

] J

° -

a Pilot turbine: ‘duo turbo’ »HPP Demo-1 SHPP Demo-2
Retrofit Demo-1: SEDMIX Retrofit Demo-2

Retrofit study for HP plants: ‘RenovHydro’

Phase 1-2

Innovation Technologies Innovative integrated solutions Phase 3
Glacier ice thickness survey: new glacier Robust and flexible HP projects New innovation technologies
lakes * Increase of operation flexibility at existing HP i
; * Services to the grid: transient & part load and turhme developments

* Sediment evacuation systems

« Impulse waves assessment and dam * Mitigation of cavitation, sedimentation and
safety abrasion

« Cascade reservoir flushing concept * Safety of steel lined pressure shafts for rough

« Reduce water losses, friction in water operation

* Intake design for control of air entrainment and
floating debris; optimum location for sediment
transfer

Ways
* Optimum environmental flow

« Enhanced operating range hydro units: _ . .
variable speed, predictive maintenance. © Dam heightening : spillways/bottom outlets and

« Energy harvesting micro turbines (Duo- structural safety
Turba) * Impact of hydro- and thermo-peaking;

« HP design under uncertainties innovative measures o
* Improved environmental flow criteria

Forecast modeling of water and sediments with climate change; HP system uptim_
2017 - 2020 2021 - 2025 2026 — 2035
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Energie
Final Version; 30.03.2016 SCCER CREST

Innovation i eignof e armows = -
Roadmaps || e oo
= to the ES 2050

Application

Data/Model

2014 - 2016 2017 — 2020
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TWh
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20 mmm hestehende Wasserkraftwerke
bestehende fossile KW
10 neue fossile WKK

neue Kernkraftwerke

0
2000 2005 2010 2015 2020
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#45 neue Wasserkraftwerke
mmm hestehende Bezugsrechte
w4 neue Erneuerbare*

S5 neue Importe

ES2050 target for Deep Geothermal Energy

Can we extract safely the deep geothermal
heat and produce at competitive costs 7% of
the national baseload supply ?

<
e

(c) Prognos 2012

bestehende Kernkraftwerke
mmm hestehende Erneuerbare*
neue Kombikraftwerke
— Bruttonachfrage

2025 2030 2035 2040 2045 2050
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4 Energie

v' In Switzerland we normally find 170-190° C temperatures at 4-6 km depth

v' Water at these depths is scarse and not easily found = hydrothermal
energy has good potential for heating, less so for electricity

v' We need to create deep reservoirs in hot rock (EGS) and circulate water
from the surface (petrothermal energy)

v" The Swiss ES2050 target for DGE is 7% of Swiss electricity supply
= 4.4 TWh/yr, at least 500 MWe installed

- Switzerland will need to install 20MWe per year from 2025 to 2050 to
meet the ES2050 7% quota

v’ A sustained water flow of 220 I/s at 180° C is required to generate 20
MWe

v" The main challenge is to create sustainable heat exchangers at depth,
systems that will operate for 20-40 years with minimal temperature loss
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Petro-thermal plants

Energie
Target electricity production for 2050: 4400 GWh 20MWe per year
D Key goals: Hydro-thermal plants
e e p + extract safely the deep geothermal heat and produce Heat and Storage
electricity at competitive cost
G e O t h e r m al + geological capture of CO2 to enable carbon free CCS-CCUsS
electricity from hydrocarbon resources Industry & air capture
Energy ' |
. . i EGS Pilot 3
= EGS Pilot 1: Project Haute Sorne EGS Pilot 2
c
= 1
Roadmap - = o
= . Hydrothermal P&D 3
o Hydrothermal P&D 1: Geneva basin | Hydrothermal P&D 2
&
. CCS Demo 2
CCS field-scale demonstrator 1
c
=2 Laboratory and Deep-Undergr
©
i
G
> Phase 1-2 e
Innovation technologies Integrated solutions . .ase .
0 Py G S .+ Resource exploration and New innovation technologies
* Corrosion resistant heat exchanger characterization and integrated approach
* Sensors for harsh environment * Reservoir enhancement and engineering
* Optimisation of geothermal energy + Limit induced seismicity while creating
:\lon\t/ersmn . ical methods and an efficient reservoir
* ext generation numerical methods an . .
simulation tools for DGE reservoir eng. Hydrc?thgrmal and aquifer resource
. . . exploitation and storage
* Real time, data driven reservoir ) ) .
characterization and risk assessment * Chemical processes in the reservoir

2017 - 2020 2021 - 2025 2026 — 2035
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Petro-thermal plants
20MWe per year

. Férderprogramm Activity Overview of GeoEnergy SCCER 5 SoE

Energie

Target electricity production for 2050: 4400 GWh

Deep
Geothermal

g y = EGS Pilot 1: Project Haute Sorne EGS Pilot 2 EC R
Roadmap £
S
P
e
=
o
[
o |
o .
s validate
Phase 1-2 .
Innovation technologies Integrated solutions teCh nOIOQIeS
" Gimulston sools for DGE reservaireng. | chovscorinn " o for safe
e Realti ,d ta dri i ¢ R i h t and 0 q -
B et S reservolir
an efficient reservoir - .
stimulation

Risk, safety and s

GeoData infrastructure a

2017 - 2020 2021 - 2025 2026 — 2035
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Forderprogramm Characterization of the Swiss underground

Energie
v Swiss task led by Geological Survey@swisstopo Data Goverage Map _
¥ SCCER-SoE and GeoMol (EU & CH) Unit Horizon: USM 1 TUSM _ ;
v GeoMol CH: 1:50’000
v'Re-evaluation of seismic data °

On-/offline access interfaces

-
P

., e
‘ AVOUL_ st
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Exploration & characterization of
underground reservoirs

NW . L. : : SE
Mittelland  CO, sequestration in saline aquifers Alps B
-

v MO
/A0
// \

\ \ Grimsel Pass

Petrothermal EGS
Geothermal electricity: Combined aquifer + fault hydrothermal

Aquifer-hosted hydrothermal
Fault-hosted hydrothermal
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7] Forderprogramm Tracking and characterizing faults

¢ Energie

SCCER-SoE

+ NFP70 SR
) ETH-zirich
" @® Petrophysics
Uni—Bern
Tectonics @ &

Geochemistry

Uni—-Lausanne

®- . D Grimsel Pass { -l
V-al

.I’E_>_<_|clloration
‘ Gedhhysics  Hydrothermally active fault 3

Y 4
'
’

-
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7] Forderprogramm Tracking and characterizing faults

Energie

SCCER-SoE

+ NFP70 Ry
. 4 u"‘x L
- ETH-Zurich '
" @® Petrophysics
Uni—Bern
Tectonics ®

Geochemistry

Uni—Lausanne
@~ > Grimsel Pass

Exploration —
" geophysics  Hydrothermally active fault p

e
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”) Forderprogramm Tracking and characterizing faults

SCCER-SoE

+ NFP?O ,’.A i Seismic sources
_ oy Y YYYYXYYYYYXY
. ETH-Zirich
. @® Petrophysics
Uni—Bern
Tectonics ® &

Geochemistry Seismic
SENSOors

Uni—Lausanne o

@ - , D Grimsel Pass S

Exploration - ©

’ gedphysics  Hydrothermally active fault e §

I

N
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@) Forderprogramm Multi-scale experimental & modeling approach

. 4 Energie

10 m 100 m 10 km

Laboratory Underground
Scale Lab Scale

High Performance

N\
‘0 Computing,
{7 Modeling & Validation

L'
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.4 Energie

Test Site

14.-15.04.2016 | Energieforschungskonferenz 2016

Injection Borehole (BHINJ)

Stress Measurement, Tilt-meter Borehole (SBH)
GPR, Active Seismic Boreholes (BHAM)

Passive Seismic Borehole (BHSM)

Stress, Strain, Temperature (FBG) Borehole (BHST)
Pressure, Temperature Borehole (BHPT)

Strain, Temperature (DTS) Borehole (BHDS)
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Energie

Goal: validate new technologies to minimise
seismic risk and maximise energetic yield in EGS

} |
,0ld“ Basel EGS concept ,New“ multi-stage EGS concept ©GE

o
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T — Engineering the reservolir

s Energie

Goal: develop underground heat-storage
capacity using EGS technology
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Pfaffnau Triengen , Etzwilen

Haute-Sorne

St. Gallen

130 potential sites for
pilot projects were
evaluated within
different plays within
crystalline basement
and sediments

Avenches

, C, GEO
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The Haute-Sorne project in Canton Jura is
a deep geothermal pilot project that aims
at producing electricity and heat using
petrothermal or EGS technology. It is the
first project worldwide that foresees
multistage stimulation to achieve water
circulation between two deep boreholes
drilled trough the crystalline basement.

R&D

v’ Industry partner SCCER-SOE
v' CTI Projects RAMSIS-RT, DG-WOW
v' H2020 projects: DESTRESS, Thermodrill
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Designing the EGS system

1st Phase 2"d Phase

1st Phase: 2016-2019
2" Phase:2019-2020
3rd Phase: 2021-2022
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Haute-Sorne project site, Canton Jura
Permit delivered June 15, 2015 !
First drilling to start in 2018 !!

~_ Peter Meier, Philippe Receveur, Jean-Bernard Vallat,
CEO, Geo-Energie Ministre de I'environnement Président de la commune
= Suisse et de I'équipement de Haute-Sorne
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EFFICIENCY OF

Schlusswort o ~

« Das SCCER Programm ist ein einzigartiges Element im nationalen
Forschungssystem und ein gutes Beispiel von Relevanz und Mehrwert mit
nationaler und internationaler Dimension.

« Jedes SCCER ist ein Kompetenzzentrum innerhalb der Energiethemen von
nationalem Interesse geworden. Es liefert innovative R&D und integriert andere
relevante Programme auf nationaler und internationaler Stufe und bildet ein
Netzwerk, welches auf den Starken der Partner (ETH Bereich, Universitaten,
Fachhochschule) und auf der Qualitat der schweizerischen Forschungs-
umgebung beruht.

« Ein Kernelement ist das Erarbeiten und die Implementierung der Technologie-
Roadmaps zusammen mit der Industrie und den Bundesamtern fir unser
Energiesystem der Zukunft.

Schweizerische Eidgenossenschaft
Confédération suisse

u;- Confederazione Svizzera
@CCER CREST SCCER g SoE g!sggﬂreyFﬁet n’ storage Confederaziun svizra

S Swiss Competence Center for Energy Research
Kommission fiir Technologie und Innovation KTI



