
Innovation for 
construction 
& the 
environment

Dr. Dimitrios Terzis

27/11/2023Dimitrios Terzis

Also part of :

The class will 
start at 08h15



IN
N

O
VA

TI
O

N
 F

O
R

 C
O

N
ST

R
U

C
TI

O
N

 A
N

D
 T

H
E 

EN
VI

R
O

N
M

EN
T

D
r. 

D
im

itr
io

s 
Te

rz
is

2Today’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







General framework: energy consumption

Services
13.6 %

Agriculture
2.1 %

Transport
33.1 %

Industry
25.3 %

Building
25.4%

Others
0.5 %

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

Source:  Eurostat (2018)



General framework: energy supply

Source:  Suisse Energie ,  
SCCER CREST (2018)
FOEN (2021)

Oil
36 %

Gas
19.5 %

Heat pump
13.8 %

District 
heating
6.2 %

Electricity
6.0 %

Wood
5.4 %

Solar
0.6 %

Other
0.9 %

Don’t know
11.6 %

56%
of households heat with 
gas or oil.

≅ Τ𝟏 𝟒 of 
Switzerland’s 

greenhouse gas 
emissions

CO2



New directives in the construction sector
From 2020, new buildings and infrastructures need to 

harvest renewable energy sources available on site

“a building with very
high energy

performance”

EU - NZEB: 
“a building producing
more energy than it

consumes for its 
operation”

France - BEPOS: 
“a building with 

zero net energy
consumption”

USA – ZNEB: 



for storing/capturing heatSoils: the oldest means



means for supporting constructionmeans for supporting constructionmeans for supporting constructionGeostructures: the oldest



a breakthroughEnergy geostructures:

© GEOEG

40-150 W/m
20-60 W/m2

20-40 W/m2



source of renewable thermal power
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Zone affected by 
seasonal T 
variation

Geothermal
heat flow

Zone of steady T
T ≈ 10-15 °C (Temperate zones)

T ≈ 20-25 °C (Tropics)
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Geothermal energy
at shallow depths (< 100 m)

Heat exchanger tubes 
introduced in geostructures

Technology to provide structural and energy 
supports to buildings and infrastructures

Energy geostructures: 

© LMS EPFL © LMS EPFL



source of renewable thermal powerEnergy geostructures: 

¼ energy from 
external power

Ground Source Heat Pump System (GSHP)

Thermal device used 
to convert electrical 

power into heat. 

Heat Pump

a compressor
a reducing valve

an evaporator 
a condenser

Made of:

𝑄 = heat supplied/removed 
from the reservoir

𝑊 = heat pump work

𝑪𝑶𝑷 = 𝑸
𝑾

[-]

The three circuits of the system

1 kW supplied 
> 4 kW generated

¾ energy from the 
ground

external power

¾ energy from the 
+
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source of renewable thermal power

Heat is extracted from 
the ground 

WINTER SUMMER

Energy geostructures: 

Building is heated 

Heat carrier fluid 
return is hotter 

Heat is injected into 
the ground 

Building is cooled

Heat carrier fluid 
return is cooler



1 2 3 4
Heating

&
cooling

Hot water 
production

Underground 
thermal energy 

storage

De-icing

Uses of energy geostructures



Energy potential

35%
Lorem ipsum 

dolor sit amet. 60% 73%Lorem ipsum 
dolor sit amet. 

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

Structural support

Energy support
Single U-loop and 30-kW 

GSHP

Reference building
5-storey office building 

(Heated area of 2400 m2) 
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Heating: 100% supplied by energy piles

Cooling: Auxiliary system needed for only July 
(11%) and August (6%)

(Sutman et al., 2019)



PROJECTS
RECENTRECENT



Image courtesy of M. Furlan

JUNGLM CONSORTIUMRecent projects South Korea
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LIGHTWALK
GANGNAM INTERMODAL 
TRANSIT CENTER  / LIGHTWALK
DESIGN DEVELOPMENT 

THERMAL COMFORT
and ENERGY GEOSTRUCTURES

20’000.- m2
60’000.- persons per day

Recent projects South Korea



NATURALLY VENTILATED AREAS

60,000 m2 of 
walls and 
slabs in 
contact with 
the ground

Recent projects South Korea



A geothermal 
energy potential of 
11003 MWh for 
heating and 9628 
MWh for cooling
(100% of energy 
needs)

Recent projects South Korea



21 21

150 units of State housing

An international school for 700 
pupils

A 50-place crèche

A 7-floor underground parking

Modified after www.archilovers.com

Design example of a 
mixed energy 
foundation



(EXE ENT 05 PLN TN TZ 00001 A)

Various energy foundations for a 233 kW goal



TES2 150001 – PIECE 007 – ind0TES2 150001 – PIECE 007 – ind0

Saturated area

Dry area

Unsaturated area

Energy wall: 3370 m2

Energy piles: 165 of 10 m length

Energy barrets: 5800 m2

Various energy foundations for a 233 kW goal
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Example of underground infrastructure pilot project

(www.ceva.ch)

CEVA 
Geneva
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Example of underground infrastructure pilot project

(www.ceva.ch)

CEVA 
Geneva

Géostructures énergétiques

www.ceva.ch

• Energy slabs and walls

• Thermoactive surfaces ≈ 5000 m2
Station Genève-Bachet

http://www.ceva.ch/


Example of underground infrastructure pilot project

(www.ceva.ch)

CEVA 
Geneva

• Area of project: 4'200 m2

• Area of slabs : 3'430 m2

• Thermal energy: 200 kW

Cross-section Carouge-Bachet



Example of underground infrastructure pilot project

• Area of project: 4'200 m2

• Area of slabs : 3'430 m2

• Thermal energy: 200 kW

Monitoring system

EXCHANGERS
(plastic tubes placed in 

concrete)

HP

Temperature

Air velocity

Deformation

LEGEND
• Thermal-hydraulic properties of the heat transfer fluid

• Temperature and air speed in the tunnel 

• Deformations in the walls (intrados)

Zannin et al. (2021)



Example of underground infrastructure pilot project

• Area of project: 4'200 m2

• Area of slabs : 3'430 m2

• Thermal energy: 200 kW

• Heating module

• Hydrothermal 

monitoring system

• Thermomechanical

monitoring system

Geometry details
Zannin et al. (2021)



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 and energy resources of cities

Shallow geothermal heat

Waste heat

Residual heat in the urban subsurface comes from anthropogenic sources,
including heat loss from buildings, underground transport networks and
infrastructure.

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

This results in thermal saturation of the land (37°C in London in winter 2019) and
residual heat flows (5 to 15 W/m2 in New York, London, Singapore, Karlsruhe).



Analysis of subsurface heat island in Lausanne
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Every year, the following amount of 
heat is rejected from Lausanne 

buildings in the subsurface and lost:
2445 kW – 20.8 GWh/an

This is equivalent to:
- 6900 low-energy buildings (MINERGIE)
- 1380 existing buildings

13,61 km2
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Cutting-edge project
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Cutting-edge project Chicago the city of layers

PROJECT NAME
TEAM NUMBER

CITY _ COUNTRY

PANEL 1 _ CONTENT

CROSSROADS Building the Resilient City

CALL FOR PROPOSALS

SEOUL BIENNALE OF ARCHITECTURE AND URBANISM 2021

LAUSANNE_SWITZERLAND
PANEL 2_FORM

GEOEG_0655
CHICAGO: Cooling and Heating Interventions in Chicago Achieved via Geothermal Opportunities

CALL FOR PROPOSALS
CROSSROADS  Building the Resilient City

SEOUL BIENNALE OF ARCHITECTURE AND URBANISM 2021 P2

This project proposes a visionary yet realizable intervention for the resilient future of Chicago: transfor -
ming about 280 km of existing tunnels that lay beneath the city into livable spaces and renewable 
energy providers for urban life above and below the ground.

As one of the densest American cities, Chicago is an emblematic urban setting. Not only it suf fers from 
torrid summers and freezing winters, but also from tremendous thermal energy requirements, which 
currently contribute to 71% of the citywide CO2 emissions due to the widespread use of non-re -
newable energy sources in buildings. This evidence is detrimental for the environment and exacerba-
ted in a continuous and deleterious feedback process by the action of extreme weather, whose 
intensity is alarmingly predicted to worsen in the future.

In this context, the underground offers Chicago, such as all other cities worldwide, with a critical 
attribute: resilience. The underground provides resilience against climatic conditions because it is 
characterized by an almost insensitive temperature field to the surface thermal conditions. Due to the 
previous feature, the ground also offers resilience for energy supply because it inherently includes a 
continuous and renewable source of heating and cooling: geothermal energy. Underground built 
environments thus represent a new critical dimension for the future of life in urban areas, particularly 
when they suffer from significant climate impacts and energy needs.

Chicago is a city constructed upon layers. Various layers lie above the ground, such as elevated metro 
lines, suspended walkaways, and rooftop gardens. Six layers lie below the ground, including a vast 
network of subterranean streets, bars, pedways, metro tunnels, freight tunnels, cable car tunnels, 
water tunnels, and deep tunnels. After representing a critical means for the daily commerce and 
delivery of merchandise in the city throughout the XX century, the freight and cable car tunnels are 
currently unused and inaccessible due to a catastrophic flood that occurred in 1992.

This visionary project proposes to transform the vast network of used and unused tunnels beneath 
Chicago into livable and enjoyable spaces for the daily life and activity of people, with the further 
capability to provide renewable thermal energy to the entire city in the form of energy geostructures. In 
fact, by integrating piping networks via a circulating heat carrier fluid, existing or new earth-contact 
structures can be transformed into energy geostructures to exchange heat with the ground continuou-
sly. In this manner, all underground networks in Chicago could serve a continuous flow of people and 
energy, from the subsurface to the subsurface, and vice versa, making such urban area the most 
resilient in the world.

It is believed that this disruptive project explicates at best the creation of the resilient city of tomorrow 
and fully matches the crossroad “ABOVE/BELOW” of the forthcoming 2021 Seoul Biennale of 
Architecture and Urbanism, thus deserving consideration for inclusion in the event. While targeting an 
imaginary life for the Chicago of tomorrow, this unique project has the beauty of being realizable today.

Vertical crossroads and layers above 
and below the ground surface

Historical plan view of the freight tunnels in the Loop district downtown Chicago. The red lines explicate the transformation of 
such tunnels into energy tunnels for the heating and cooling of the city .
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Cutting-edge project transforming 280 km of tunnels
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Below ground means new perspectives



Image courtesy of M. Furlan

Why underground?

▪ High demand of land in urban areas

▪ Going underground offers space and flexibility

▪ Reduced energy demand 

▪ Sustainable and resilient solution

▪ Cool and secure environment



Image courtesy of M. Furlan

A 20% more effective energy solution

▪ Today, data centres consume 1% 
of the world electricity

▪ Accounting for 0,5% of CO2
emissions worldwide

▪ 40% of the electricity is used for 
cooling

▪ In 2030, data centres are 
expected to consume 21% of the 
total electricity demand!

nature



Image courtesy of M. Furlan

Innovative cooling solutions

▪ Decreasing the cooling needs by being 
underground

▪ Increasing efficiency with optimised cooling 
architecture and efficient technologies

▪ Optimising the use of on-site renewable 
energies and decreasing the use of electricity 
by favouring free-cooling and heat storage

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



Image courtesy of M. Furlan

Innovative cooling solutions



Image courtesy of M. Furlan

Key benefits

Image courtesy of M. Furlan

✓ Up to 20% less energy consumption

✓ Up to 20% lower construction costs

✓ No land purchase and permitting process

✓ Higher security

✓ Flexible expansion options

✓ Sustainable solution
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Enerdrape
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We need more solutions to access
renewable sources in cities

Solar thermal
Variable production 
Requires large storage space 
Limited roof integration 
(sloped roof, PVs…)
No cooling

Air heat-pumps 
Low heating power
Noise generation 

Geothermal probes
Limited drilling space 
Authorisation 

Pellets 
Requires large storage space
High maintenance costs
Limited authorisations (NOx limitation)
No cooling

District heating/
District cooling
Limited availabilities

Groundwater
High investigation costs
High heating power
Authorisation

Global challenge 8
confidential for CIVIL-424 & enerdrape
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Enerdrape makes it easy to tap into a huge 
potential that lies underground

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

10
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Possibility of retrofitting

Easy to install

Modular

Constant efficiency

Savings of CO2

Integration aesthetic

ROI 6-8 years | IRR 4-5%

Added value

11
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Panels installed on surfaces in 

contact with the ground, such as 

the walls of a parking lot.

A hydraulic network connects the 

panels to a heat pump or other 

equivalent energy system. 

The collected thermal energy is 

redistributed to the building. 

How does it
work?

12

1
2

3

1

2

3
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Solution principle 13

Heat pump principle

Energy from 
environment
(air, ground,water…)

Useful 
Heat/cool 

for the 
building

confidential for CIVIL-424 & enerdrape
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Pilot project

14
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2021

2019

Ideation at 
the Lab search

Enerdrape journey

2020

Market discovery
First prototyping

2021

Proof-of-concept

2021

2022

Incorporation
Team building

Fundraising
Industrialization

16
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Market discovery
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The ecosystem

• Product/Project lifetime

• Several actors

• Several decision maker

• Customer ? Client ? Ambassador ? 

• Different objectives

• Different values

confidential for CIVIL-424 & enerdrape
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Enerdrape ecosystem
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Value for all
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Product development
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Product market fit

23
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Product market fit

24
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Proven patent pending
technology

Technology
§ Pilot installation, Lausanne
§ Up to 200 W/m2

§ Pre-industrialisation phase

Traction
§ 3 pilots signed

§ +15 projects in definition

§ +40 Hot interest

§ Recognition from the industry

27
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A quick introduction

to data science 



3source : www.inteliment.com

Main applications

• Image/speech recognition
• Virtual assistance
• Prediction

! DATA !

AI > ML > DL
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Machine learning for geothermal 

systems
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A world in need for sustainable heating energy

Heating

64,7 % 

Other

1,3% 

Cooling

0,3 % 

DHW

14,5 % 

Cooking 

5,4 %

Lighting and appliances

13,8 % 

Source: Eurostat 
Images: Noun Project
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«All the professionals interviewed consider that those systems 
are often poorly realized» Suisse Energie Report, 2017

System
breakdown

X

A challenging lifetime

Time

T 
[°C

]
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Predict to optimise

Modified from Adobe Stock

CHF

Energy savings Secured investment

Time

T 
[°C

]

X

~

∞

Increased property value 

- CHF 3200 / installation

10 yrs
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Market opportunity



Switzerland as an entry market 

Source: SuisseEnergie, EurObservER-Heat-Pumps-Barometer

+ 122 %

100k installations 

CHF 4B investment

150k 100k

350k

95 %

5 %
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