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EPFL

B INNOVATION FOR CONSTRUCTION AND THE ENVIRONMENT

Today’s class

Innovation from the perspective of accelerating the
integration of geothermal energy in moderf infrastructure

With special thanks to Margaux Peltier, Lyesse Laloui and
Benoit Cousin

Dr. Dimitrios Terzis



GECEG ABOUT  SERVICES  PROJECTS ¥  CONTACT

BELOW / SUBSURFACE

m3 Lausanne

OVERVIEW In order to respond to the increase in passengers transiting through the Lausanne INFRASTRUCTURES

train station and to serve the developing districts to the north of the city, a third
BSR - EST GESSIEN

LOCATION metro line will complete the actual underground network.

BRENNER BASE TUNNEL
Lausanne, Switzerland In the present project, GEOEG provided expertise on quantifying the impacts of UNDERGROUND DATA CENTER
VEAR geothermal activation of the Lausanne m3 tunnel. BRUSSELS METRO NORD

THE LIGHTWALK

The study involved preliminary analysis of the implications of incorporating heat

2022
exchangers and analysis of structural aspects related to geothermal activation.
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Alternative energies

Alternative energies are an important pillar in achieving the objectives. Since 2003, a
photovoltaic system located on the roof of Dock E has been producing electricity, and
energy piles located underground have been producing energy for heating and cooling.
There are now eleven photovoltaic systems in operation, which together produce an annual
output of 2.2 GWh.

The decentralised use of geothermal structures is crucial for the heating supply. These are
already in use in Dock E, the Circle and the maintenance area. In this way, CO2 emissions
can be almost completely avoided.

> Electricity production at the photovoltaic systems



General framework: Kaleig:A/X«e]ai t]ag]sldle]p
|

In the EU and typical OECD countries, 3 end users dominate the final energy
consumption: the building, industry and transportation sectors

Others
0.5%

Services
13.6 %
Building J—

Agriculture
21%

Transport
33.1%

Industry
253 %

Source: Eurostat (2018)




General framework: EalsgaA]8]sJsl)%

56%
soray  Other Don’t know of households heat with
06% 2% L-o% gas or oil.
Wood \\
54% g oil
N 36 %
Electricity_—, ~N = 1/4 of
6.0 % . !
Switzerland's
greenhouse gas
. emissions
District
heating
6.2 %
Heat pump/
o,
13.8% Gas
19.5% Source: Suisse Energie,

SCCER CREST (2018)
FOEN (2021)




New directives in the EdelaSdgilaile]shY=laido]s
I

From 2020, new buildings and infrastructures need to
harvest renewable energy sources available on site

—@®——— ()—=

EU - NZEB: France - BEPOS: USA - ZNEB:
"a building with very "a building producing "a building with
high energy more energy than it zero net energy
performance” consumes for its consumption”
operation”
A
N

NZEB Bep )S ASI@AEN

Nearly Zero Energy Building
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Geostructures: the oldest FulEElaRR{elgUls)ole]gdisl-Hee]s[Nugila (o] ‘
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© GEOEG



Energy geostructures: Helllg«zKe) @Il oll=Ri ol apal=1ReTe)Ys]g

Technology to provide structural and energy
supports to buildings and infrastructures

Heat exchanger tubes
introduced in geostructures

Geothermal energy W . audli /
at shallow depths (<100 m) |

Temperature, T [°C] :
o B
0 5 10 15 20 25 30 35 ol e
1 1 1 1 1 1 ‘."

Zone affected by
seasonal T
variation

Zone of steady T
= 10-15 °C (Temperate zones)
T=20-25 °C (Tropics)

tr AN 14

12 + Winter
Spring
' 14 1 Autumn
\\\\\ 3 16 Summer

© LMS EPFL © LMS EPFL




Energy geostructures: Helllfec of renewable thermal power

Ground Source Heat Pump System (GSHP)  Heaat Pump

Thermal device used

1 kW supplied 2 to convert electrical
> 4 kW generated gl power into heat.
T=40-45°C 4 Sec?dary Y 1=25-30°C Made Of:
circuit
1 energy ]crom Z \Q a COmpreSSOF
external power Compresser 5 e % Expansion valve a redUClﬂg Valve
m - an evaporator
Uy
+ o a condenser
T=10-12°C T=5-7°C T
¥4 energy from the ;L 1) J; £ e

_ 9
ground Primay COP = ” [-]

Q = heat supplied/removed

o from the reservoir
The three circuits of the system W = heat pump work
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Energy geostructures: Helllgd=Rel @y a5\ 1ol (Rdaligns=1NoTe) Y <le

WINTER SUMMER

Heat is extracted from
the ground

Heat is injected into
the ground

Building is cooled
Building is heated

Heat carrier fluid Heat carrier fluid
return is hotter return is cooler




SIYelll energy geostructures

1 2 3

Heating Hot water De-icing
& production
cooling

8 A E

4

Underground
thermal energy

storage
[
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g o0 Cooling: Auxiliary system needed for only July
- - : (11%) and August (6%)
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(Sutman et al., 2019) Month

Reference building

5-storey office building
(Heated area of 2400 m2)

Structural support

32 piles with D=0.5 m and
L=20 m

Energy support

Single U-loop and 30-kW
GSHP
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Recent
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STRUCTURES
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THERMALLY ACTIVATED FLOOR
ACTIVATED THERMAL LABYRINTH WALL
| THERMAL LABYRINTH
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Design example of a
mixed energy

)
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=

foundation

Are EG cost efficient to
provide 233 kW of
renewable energy?

150 units of State housing

An international school for 700
pupils

A 50-place creche

A 7-floor underground parking
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Various energy foundations R{JsEPEELAAALeE]
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Various energy foundations

projeté 6.0m
FC3 SP203z
projeté 4 .5m projeté 6.0m SD304t
projeté 4. 2m
Bocevard
diale
+4650  +46.32 +46.28
+44 55
+42. 78
SC107z SC110z
projeté 7.7m | projeté 7.7m
Dry area FC8
FD7
\ projeté 4.2m
_+2T.?9
+26.28 +25.10
+21.32 20 '+21.10
Unsaturated area |
+8.85 . +10.0:
e +8.38
T 4750 - 79

Saturated area

Bowlevard
iy Larvolio

SC115

+5.74

projeté 4.5m

for a 233 kW goal

- Energy wall: 3370 m?
- Energy piles: 165 of 10 m length -
- Energy barrets: 5800 m?

SP215z

projeté 3. 6m

71

NGM

60.00

+50.

E

+40.00

+30.

B

420

E

+10.

B

9
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Example of underground infrastructure pilot project

CEVA
Geneva

Ewvian
Bonneville
Annecy
Annemasse |

(www.ceva.-ch),z,‘ /-.If



underground infrastructure pilot project

CEVA
Geneva

. Ay o « Energy slabs and walls
Station Geneve-Bachet

e Thermoactive surfaces =~ 5000 m?

www.ceva.ch



http://www.ceva.ch/

Example of underground infrastructure pilot project

CEVA
Geneva

Cross-section Carouge-Bachet

« Area of project: 4200 m?

« Area of slabs : 3'430 m?

« Thermal energy: 200 kW

(www.ceva.ch)



Example of

Monitori

underground infrastructure pilot project

Zannin et al. (2021)
Ng system
EGEND « Thermal-hydraulic properties of the heat transfer fluid
—— Temperature . .
+ A velosiy Temperature and air speed in the tunnel
—— Deformation °

Deformations in the walls (intrados)

s = 24m

EXCHANGERS /

(plastic tubes placed in
concrete)




Example of underground infrastructure pilot project

Zannin et al. (2021)

Geometry detalls

. Heating module STATION ENTRANCE

£
LEVEL 0 T
([ ] ) Ao
Hydrothermal : Backfiling |5
. . F 3 Jl] 7 ::
S m
monitoring system 1 '
Pad I
N TECHNICAL ROOM -
LEVEL -1
F0:m
M Glass Wall B =
& NC clay ;
=
LEVEL -2B =
" - TRAIN STATION
It _//
il LEVEL -2A
»~
/ 22m
* Thermomechanical
. i  J
I-'.nca'h‘:’ Slab ‘._,-" A
monitoring system
T Tested Heat . 524
R Exchanger Loop OC clay 5
Energy Walls = I -

Compacted gravel




Innovation from local to city scale

Why should you be interested in your city's underground?

Thermal characterisation of the urban subsurface consists of assessing the underground heat island effect,

determining its sources and effects in order to propose sustainable and multi-dimensional strategies for
urban energy planning.

Underground heat islands, Saint Laurent district
City of Lausanne, Switzerland (© GEOEG)



The untapped space ElleRSEsA Aol g Yol Raial=S

Residual heat in the urban subsurface comes from anthropogenic sources,

including heat loss from buildings, underground transport networks and
infrastructure.

This results in thermal saturation of the land (37°C in London in winter 2019) and
residual heat flows (5 to 15 W/m? in New York, London, Singapore, Karlsruhe).

This waste heat contributes to local heat islands and represents a vector of energy
efficiency and a potentially valuable renewable energy source.




Analxsis of subsurface heat island

sBussigny

- i i . Rormanel Lo Gratont=t %, LR 54
- e < 3
= i 3 § ¢ 2 y
- 4 b $ )
- 5 3
= 38 . 7 :
= ! Crigsier g /o) A NEY
-] 2= o\ @ e Sokikiens Mézery 5 e N - 3 thas e
SR R 5w N 220 A Epaiiges. {
3 {
v La Gl Mones,
Savany

Echangsns

N Ehatatnes 2 S o e A\
: | S ‘ SN 13’6‘11””km2 @ 7

SR T 2 e Croix
R P PUIS ey -
5 T O ONR !
iy
Aran ¢
fer

Every year, the following amount of :

heat is rejected from Lausanne

buildings in the subsurface and lost: R

2445 kW —20.8 GWh/an

This is equivalent to:

- 6900 low-energy buildings (MINERGIE) - '

- 1380 existing buildings
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Cutting-edge project

eged
. C H = £
enerdrape — -
| A :

2021

META|ZSH| |

Seoul Biennale

of Architecture and Urbanism




Cutting-edge slgoJ[Slad Chicago the city of layers

gedeq

enerdrape

Vertical crossroads and layers above
and below the ground surface




SVaiplgdel-CholioSaq transforming 280 km of tunnels

eged

enerdrape

The six-level "layer cake" of
tunnels beneath Chicago

Level 1: Pedway — 3 m
below the ground

|
R M 11 AR 1004

Level 2: CTA metro
tunnels — 15 m below
the ground surface

Level 3: Freight
tunnels — 18 m below
the ground surface

Connecting the basements
of more than 50 buildings in
the Loop district

Serving part of the
transportation network of
the city

Flooded in 1992, the 96
km-long, freight tunnel
system included 19
elevators, 132 electric
locomotives, 2042 merchan-
dise cars, 350 excavating
cars and 235 coal and ash
cars, representing a critical
component for commerce
activities in the city




Below ground meabs new perspectives

EDGE COMPUTING - UNDERGROUND!
degeq SIEMENS




Why underground? qe Jes l I

WE POWER THE WO




A 20% more effective gl Se][T1dlelp

9,000 terawatt hours (TWh)

* Today, data centres consume 1% ~ ENERGY FORECAST 209% of projected”
. . Widely cited forecasts suggest that the electricity demand
Of the WO I’|d e|eCtI’ICIty _ total electricity demand of information and

communications technology (ICT) will
accelerate in the 2020s, and that data
centres will take a larger slice.

B Networks (wireless and wired)

- Accountlng for 0’5% Of COZ W Production of ICT
emissions worldwide e Tt

M Data centres

= 40% of the electricity is used for
cooling

2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

= In 2030, data centres are enature

expected to consume 21% of the
jegded

total electricity demand!




Innovative cooling solutions

= Decreasing the cooling needs by being
underground
ML
BHA

= Increasing efficiency with optimised cooling
architecture and efficient technologies

energies and decreasing the use of electricity
by favouring free-cooling and heat storage

= Optimising the use of on-site renewable ‘ I I |

= Closing the loop, by leveraging synergies
between heat generators and close-by heat
consumers




Innovative cooling solutions

EDGE COMPUTING UNDERGROUND!

Below ground means new perspectives

Data centre excess

Geo-energy solutions N heat energy to
dissipate and store heat ¢ - nearby consumers

Energy
geostructures

Data‘ centre contammenﬁ Heat pumps e
and in row coolers solutions Heat istrict cooling
maximise energy efficiency exchangers

Underground water sources Natural cold water sources
support free cooling Yo provide active cooling
cooling

Innovative cooling solution for underground data centre

www.edge-computing-underground.com

gegeq
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v Up to 20% less energy consumption
v' Up to 20% lower construction costs
v No land purchase and permitting process L

v' Higher security

v Flexible expansion options

v' Sustainable solution
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We need more solutions to access

renewable sources in cities

Pellets

Requires large storage space

High maintenance costs

Limited authorisations (NO, limitation)
No cooling

Solar thermal

Variable production

Requires large storage space
Limited roof integration
(sloped roof, PVs...)

No cooling

District heating/

District cooling
Limited availabilities

Groundwater
High investigation costs
High heating power
Authorisation

Geothermal probes
Limited drilling space
Authorisation

Air heat-pumps
Low heating power
Noise generation

enerdrape

Global challenge 8

confidential far CRAk-444: . enetdrane



Enerdrape makes it easy to tap into a huge
potential that lies underground

enerdrape

Retrofit-friendly

Minimal impact on the structure & minimal use of space

Easy to Install
Quick installation & quick coupling

Modular
Scalable & customizable

Constant efficiency
Independent of exterior conditions.

C02 savings

On-site renewables & smart use of materials

® Enerdrape Sarl - 2022 All rights reserved

10



Added value

é} Possibility of retrofitting

enerdrape

Easy to install
Modular

Constant efficiency
Savings of CO2
Integration aesthetic

ROl 6-8 years | IRR 4-5%

® Enerdrape Sarl — 2022 Al rights reserved

11



How does it
work?

Panels installed on surfaces in E
contact with the ground, such as

the walls of a parking lot. ’ ’ ’ ’
I L8 I | I

A hydraulic network connects the

panels to a heat pump or other

o s Ogl-m?&—} e—-n
" P

The collected thermal energy is

redistributed to the building. p @ﬁﬁ1&¢
5 i i

enerdrape "

® Enerdrape Sarl — 2022 Al rights reserved



Heat pump principle

Compressor ' b

Gas =

Evapora;or_

Useful
Heat/cool
for the
building

Energy from
environment

(air, ground,water...)

Liquid -

Expansion Valve

en erd ra p e confidential for CIVIL-424 & enerdrape

Solution principle =
® Enerdrape Sarl — 2022 Al rights reserved



Pilot project

I

14

enerdrape

® Enerdrape Sarl - 2022 All rights reserved



Enerdrape journey

Fundraising
Industrialization

2021

Incorporation
Team building

Proof-of-concept

Market discovery
First prototyping

Ideation at
the Lab search

enerdrape "

® Enerdrape Sarl — 2022 All rights reserved



Market discovery



* Product/Project lifetime

* Several actors

» Several decision maker

* Customer ? Client ? Ambassador ?
» Different objectives

» Different values

enerdrape

The ecosystem

Players in the
construction
value chain

Players

Table 2: Value chain description (after McKinsey,2021)

Desig Processing
Financing 2 | moterisied Comstructing  Upgrading m
pamning  aquipment
Financier
/Shareholder

fBuilding ownes - -

Developer
Designerjengineer/

planner/technology
developer

Raw and material

supplier /distributor

Contractor/ouilder
Long term

owner/occupier/
facility manager

Energy Procurement
Contractors

Construction

confidential far CRdk-4e4i & anetdrane



Enerdrape ecosystem

(" ™
Parking operators Contractors
|
INDIGO o
sreEiNEx \MrJEﬂJCp
EOE )
6 Consultants
|
PARKGEST" \@:'é‘.’é
& mBkw
CQPARII( =4 S'L vine: e
e =N )
enerdrape

® Enerdrape Sarl — 2022 Al rights reserved

- Clients/ Building owners )

” m REALSTONE

swiss PRINESie e,
IBK:Z] SBB CFF FFS ﬁ‘
% UBS Swigife
g@ Y
C@ Nestle

MIGROS

Ko 7




For parking operators

« A No impact on their
activity

Marketing /
‘é Advertising

/il Potential additional
_ revenues

INDIGO

Who are
they ?

PARKGEST

Value for all

For energy specialists

‘ﬁ Easy-to-install &
(V5 ] Easy-to-maintain
Scalable
w Increased
w~ productivity

|
e & <ceor

OMANDE
| ENERGIE

vinei s W BKW

® Enerdrape Sarl — 2022 Al rights reserved

For building owners

Ilﬁ- Cut-down OPEX

’ Save CO,

/il Added-value or
_ Marketing argument

i

—

SWISS PRIME SITE

SBB CFF FFS C@

MIGROS




Product development



Product market fit

3 Stages of a Startup

Problem/Solution Fit Product/Market Fit Scale
(Customer Development) (Customer Validation) (Customer Creation) /
Finding a problem worth solving The most important stage Focus on growth
“Discover” a viable solution Pass this stage you would only after you have
Customer Interviews have validated your validated your

Demo Page product and business product

MVB (Minimum Viable Business)

] ]
\ Y 1 I [

Pre-Product/Market

Product/Market 1st 2nd

Fit  Conversion Driver Driver
. Optimization
Powered by StartitUp

enerdrape

® Enerdrape Sarl - 2022 All rights reserved



Product market fit

3 Stages of a Startup

Problem/Solution Fit Product/Market Fit Scale
(Customer Development) (Customer Validation) (Customer Creation)
Finding a problem worth solving The most important stage Focus on growth
“Discover” a viable solution Pass this stage you would only after you have
Customer Interviews have validated your validated your

Demo Page product and business product

MVB (Minimum Viable Business)

L Y /] | I l

Pre-Product/Market

Product/Market l 1st 2nd

Fit  Conversion Driver Driver
. Optimization
Powered by StartitUp

enerdrape

® Enerdrape Sarl - 2022 All rights reserved
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enerdrape

® Enerdrape Sarl — 2022 All rights reserved
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Proven patent pending
technology

Technology

Pilot installation, Lausanne
Up to 200 W/m?
Pre-industrialisation phase

Traction

3 pilots signed  xreaLstone @mMag

/”_|||»\
SWISS PRIME SITE

+40 Hot interest W eayWare. WBKW

+15 projects in definition

Recognition from the industry

i I : IMMOBILIEN
NN\ VSZ [\R&vaTioN

A=S

enerdrape

® Enerdrape Sarl — 2022 Al rights reserved
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A quick introduction

to data science

GE3RAIN



Al > ML > DL

‘, ARTIFICIAL INTELLIGENCE
. A technique which enables machines

. ; ~ . . .
Artificial Intelligence 7 tomimic human behaviour

e

Machine Learning

MACHINE LEARNING

7 Subset of Al technique which use
f statistical methods to enable machines
X

to improve with experience

Deep Learning P

~ — DEEP LEARNING
~ Subset of ML which make the
computation of multi-layer neural
network feasible

source : www.inteliment.com

Main applications

Image/speech recognition
Virtual assistance

Prediction

I DATA'!
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Machine learning for geothermal

systems
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A world in need for sustainable heating energy

DHW Lighting and appliances
14,5 % 13,8 %
Heating
64,7 % |
\ ’
Cooking Cooling Other
5,4 % 0,3 % 1,3%
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urce: Eurostat
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A challenging lifetime
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System
breakdown

«All the professionals interviewed consider that those systems
are often poorly realized» suisse Energie Report, 2017
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Predict to optimise

| @ \ - CHF 3200 / installation
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Market opportunity
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Switzerland as an entry market

Geo-energy (CH) [GWh]

]
100k installations 350k
CHF 4B investment I I -
||
150k 100k
4000 —
3000 — + 122 %
2000 —
1000 —
) 95 %

1997 2007 2017 -
Year I__l GE\.\B-{)\”\I

Source: SuisseEnergie, EurObservER-Heat-Pumps-Barometer
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