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Different Systems
Providing low CO? Emissions Solutions
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Energy context in Geneva @) bt Gentve

Final energy consumption in the Canton in 2014 (GWh/an)

District heating 430

Biomass 61

Gasoline and diesel 2'053

Fuel 2'156

Heat
requirements

Hydraulic and solar electricity

2'866
Natural gas
2'733

Données sources: OCSTAT, SIG, OCEN, SITG
Avec correction climatique du chauffage
Carburants d’aviation non compris

Source graphique : Loic Quiquerez 2017, https://archive-ouverte.unige.ch/unige:93931 4
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Thermal energy storage

Part of the thermal world of tomorrow
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~ Pertesde

Rejels thermiques = /’"13 distribution

(UVTD, industrie) 241

Réseaux de

-~ chaleur
{5

PAC
centralisées

Hydrothermie, rejets
thermiques, géothermie 4

Air, hydrothermie, rejets

1 thermiques, géothermie
PV 28 232 30
Electriciteé 10 14 PAC 44 Demande de
additionnelle / individuelles chaleur
Chaudigres
267 centralisées '“x\
Goz 2649
g Chaudiares
1
Biomasse16', . individuelles
20

Mazou Solaire thermique

Pertes de transformation

PV non valorise sous
23 forme thermigue

(a) Référence 2014 (482’545 habitants)

Pertes de stockage

Rejets thermiques
(UWTD, industrie)

Stockage 32 Déstockage 26,

Pertes de
distributicn

Géoathermie 272

Hydrothermie, rejets

thermiques, géothermis 190 PAC
Lol Air, hydrothermie, rejets
2 thermiques, géothermie
Couplages
Py chaleur-forcel : 517
480 167
Electricité PAC Demande de
additionnelle 72 |individuelies chaleur
4565 :
e
iz centralisées|
1579

Chaudiéres
individuelles

38
Biomasse .~ 95

189
Solaire thermique

Mazout 4 :
Pertes de transformation

249 PV non valorisé sous
farme thermique

(b) Scénario prospectif 2035 (557'000 habitants)

Quiquerez, L. (2017)
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Time concordance

Location concordance

Quality concordance
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Corrélation offre/demande de chaleur
CADIOM et CADSIG - Année 2022

Time =
concordance | k" | m
Location concordance - ISR
20 ' R RO, | | - S ' A

Pubssances appeléas en MW

Useful heat

Compressor
Heat source

&

TOO HOT TOO COLD JUST RIGHT

Quality concordance

Expansion valve

i
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120°

Les composants fonctionnels d’un data center

Ser surs
Climatisation nform itigees

\
22) EEEEE =~ Global Data Center Traffic Growth

Data Center Traffic More Than Triples from 2015 to 2020

27% CAGR
2015-2020

T ——— de fuel 5 Zettabytes 10
| : © WAl i 2014 per Year i i

REPUBLIQUE 2015 2016 2017 2018 2019 2020
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STES :Seasonal Thermal Energy Storage

Artificial UTES : Underground
Physico- : : : BTES :
low
PCM : Phase Change Material
GSHP : Ground Source Heat Pump

Source : P. Vinard — Pré-étude comparative de projets et réalisations de systemes de stockage saisonnier, 2015




Heat storage solutions ? OC)

Many possibilities ! GEOTHERMIE

2020

STES :Seasonal Thermal Energy Storage

Artificial

STES in Hambourg

Source : P. Vinard — Pré-étude comparative de projets
et réalisations de systémes de stockage saisonnier, 2015
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STES :Seasonal Thermal Energy Storage

Two buffer tarks each 100 m®

Solar collzctors
(5,263 m™)

UTES : Underground

BTES in Neckasum

Source : Hadorn, 2009 In P. Vinard — Pré-étude comparative de projets et réalisations de systemes de stockage saisonnier, 2015
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STES :Seasonal Thermal Energy Storage

UTES : Underground

BTES :
Borehole

GSHP

LIUVUORIRUUIY)  ~—sepprmins BTES in Technopark Root (CH)
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STES :Seasonal Thermal Energy Storage

UTES : Underground

Marie-Elisabeth
Liders-Bldg

Jakob-Kaiser-
=300 m

infig.
e —
helow ——
Building
grﬂund aeee— Hoat storaga /_:|

m——— Cold storage

Reichstag in Berlin

=_40 =

© ":;Pfg"e'lﬂl ST

el. power AR ™

Paul-Lobe-
Building

Reichatag-
building

ca. 60 m
below
ground

upel

Source : P. Vinard — Pré-étude comparative de projets et réalisations de systemes de stockage saisonnier, 2015
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STES :Seasonal Thermal Energy Storage

HT ATES in Neubrandenburg
Warmespeicherung Neubrandenburg — Energetische Rahmenbedingungen U TES U n d e rg rO u n d

4 Gas- und Dampf-
( turbinenkraftwerk

v (77 MW elektrisch,
90 MW thermisch) und
Hochtemperaturnetz
(200 MW, 130°C/60°C)

Seothermische \ ¢
Heizzentrale und e

\iedertemperaturnetz
12 MW,80°C/45°C)

Source : P. Vinard — Pré-étude comparative de projets et réalisations de systemes de stockage saisonnier, 2015
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S) Kapazitat Effizienz Warmekosten
Warmespeicher-Typ [KWht] [%] Speicherdauer [€/MWh]
HeilRwasser-Speicher 20 - 80 50 - 90 Tag — Jahr 8-10
Kaltwasser-Speicher 10-20 70 - 90 Stunde — Woche 8-10

Aquifer-Warmespeicher Monate

Erdsonden-\Warmespeicher Monate

FhEsamwecnse:- 50 — 150 75 — 90 Stunde — Woche | 1.000 — 5.000
Materialien

Eis-Speicher 100 80 - 90 Stunde — Woche 500 — 1.500
Thermo-chemischer 120 — 150 75 — 100 Stunde — Tag 800 — 4.000

Waéarmespeicher

Quelle:IEA/ OECD Expertengruppe .Thermal Energy Storage” (2006) mit Ergdnzungen durch Solites (2012)
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E—

ATES one of the key factors in the From early adaptors in 1990 to main

stream in 2016

Dutch energy tran5|t|on

Guido Bakema
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The use of aquifer thermal energy storage
High potential for CO2 emissions reduction GEOTHERMIE
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Scénario 1 - Chaudiére Gaz et Machine de Froid Scénario 3 - PAC réversible sur Nappe

Gaz -E Chaufage. 80 e Elr:::c‘:riché (chaud)
a GAZ & . Chauffage cite . PAC réversible |yChauffagen60 ;
Besoins ) Electricite  Electricité (chaud): 18 ey Besoins
10 periesirejets CONCNE = Electricité (froidy: 11 (COP=5;  [fECS:80 "=  pgatiment Chauffage

Batiment - id:
Pertes Froid EER = 4) Froid: 45 - ECS
15 . Gaz Hm Nappe eau
Electricité Machine de Froid Froid: 45 Electricité 72 56 Eleer:;;:r:egmd)

(EER = 3)

16
Nappe Prélevement chaleur >
ai rejets chaleur
60 Rejets dans l'air
(non récupérables)

Scénario 2 - PAC réversible sur Air
Scénario 4 - PAC réversible sur Nappe avec appoint Gaz

) 22 :
o PAC réversible |wChauffages60 — pertesirejets Gaz Chaydicre Chauffage: 20 Froid
Electricit¢ - Electricité (chaud): 26 | (cop=35; |JEGS:B0 0  gaiion: Froid 2 Electricité {chaud)
Electricité (froid): 15 EER=3) Froid: 45 Electricité (chau Pertos feco Ghaufiage
Chauffage Chauffages Bg;?r:git . ECS
== ECS Eloctricit . Fleciricité (chaud): 14| PAC réversible ECS: == Nappe cau
Air Rejets dans l'air Air BCiicite - gjoctricite (froid): 11 (COP = 5; Electricité (froid}
64 60 (non récupérable) e . EER =4) . .
P Electricité (froid Froid: 45 pertes/rejets
= Gaz
56 56

Nappe L‘, Equilibre Nappe

Source :J. Faessler — Etude sur le delta 3°C, 2017
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TOOLS & INSTRU! FOR

5. POLICY ON ATES  mrebutch poiicy related to aTeS systems R EROTECIONouey  FROUGHONTRNAGHon

MORE

SYSTE M S I N T H E can be described in policy to stimulate the aouT: [ State level O s level

development of ATES systems and policy to

N ETH E RLAN DS protect the subsurface and the environment. g ::‘::;: :::: g ::::f;: Il:::

QUICK SCAN OUT OF USE

In the Netherlands the promotion of sustainable ; ﬂE in order to prevent damage to confining layers in the
energy on a national level by using ATES systems subsurface after reaching technical life expectancy
is mainly facilitated by the Energy Performance of an ATES system, the underground infrastructure
Coefficient (EPC), a product of the Dutch Building AAGA, should never be removed.

Decree (since 1995). This decree is an act that

sers requirements for energy efficiency of new 1. QUICK SCAN 7. 0UT OF s LT

buildings and major renovations. A minimum EPC g USE + An ATES system fallen into disuse should be

value is designated by law and changes every few reported to the ATES-tool. This is elaborated upon
years until zero energy usage in the year 2023. later.

B s pages @ rage2

Data and information are made easily available

by an interactive map called the “ATES tool”. - 71
This online map shows all ATES systems, 6
restrictions and interference areas, as well as v

(urban) master plans www.wkotool.nl ;

The government provides different ways of

support in reaching a low EPC value; 2. FEASIBILITY 6. OPERATION
The branch organization “User Placform STUDY

Geothermal Energy” is launched to exchange

knowledge and experiences.

Pages Pagetl
Qe 5

FEASIBILITY STUDY

« Provinces and municipalities supply information related
to the process of developing ATES systems on their
website, via brochures, and by means of "ATES coaches”;
Provinces and municipalities also offer support to

reduce the financial obstacles to reach energy efficient 3. DESIGN 5. CONSTRUCTION
solutions.
[ p T
4. PERMITTING PROCEDURE
DESIGN % e &
: E PERMITTING PROCEDURE « To unify the application of acts, guides are
[Toensure mh““‘. '.e""hig and 8o od working ATES i The subsurface, groundwater, nature created for provinces and municipalities about
systems only dcem[ﬁgd A:;Ergpames are allowed to design, and the environment are protected by how to apply the regulations
construct. snd explos YRR several acts. Also the Geo Energy Systems  + The BUM (BesluitvormingsUitvoeringsMethode
B Pasen Amendment is introduced with the goalto  Bodemenergie or decision making guide
" improve the quality and reliability of ATES for permitting geothermal systems) and the
T U.SH Platfor_m Geum:rrn'al Fne{gy s an systems, improve the planning of ATES HUM (HandhavingsUitvoeringsMethode veor
;:_:erv::\;:t (E;Uheu to;r]!p:mesf e Ty ’ systems, unify the application of laws and Bodemenergiesystemen or enforcement
! e P s :! DUS""E’ Loyt to shorten procedures. directive for geothermal eneigy systems).
Oonhow 10 purchase gecthenial energy systems, ard Pase7 Puke§ Pa § + Tools are developed to support the submitting
it provides a framework for performance contracts. age7 Paged G age § party with EPC calculations.
Page 11
0 @ ragent

http://dutch-ates.com/

OPERATION

During operation the ATES system should
Ibe monitored and information on its
performance should be reported by the
owner to the Province;

B

* Menitoring standards and enforcement
measures are also described in the HUM

Qe

CONSTUCTION

To ensure robust, reliable and good
working ATES systems only certified
companies are allowed to design,
construct and exploit ATES systems.

Eh,;es

+ The User Platform Geothermal
energy has an overview of certified
companies.

Orugetn @ raes
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Austria

Denmark

France

Gemany

Great Britain

Liechtenstein

Netherlands

Switzerland

Shallow geothermy

-5 0 5 10 15 20 25 30°C
T o
I T ' } [
| . ' ; I
| 1 | | | 1

I I | [ |

| | | | | 1
| | | | | 1
I I | I | [
I T [ 1 ‘ [
[ L [ ] | [

I Accepted temperature difference
Absolut temperature range from minimum
I:l to maximum groundwater temperature
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The complexity of modern energy systems OO
High level of heat and electricity coupling GEOTHERMIE
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Gl g | WHAT IS DISTRICT ENERGY?

 WASTE

CONNECTING o J CONNECTING
RENEWABLE " INCINERATION mmme SOURCES OF
"FREE e

ELECTRICITY ,
. : WA cooLinG" —E | l

GONNEOT'NG i .mnmm-nu;::(n(-—
COMMERCIAL o — mEERTITE

SOLAR THERMAL

CAPTURING WASTE HEAT FRqM || ABSOR COMBINED HEAT AND
CONNECTED TO SEWAGE AND WASTEWATER | CAPTURING POWER (CHP) PLANT
i WASTE HEAT j

DISTRICT HEATING

REPUBLICQ!
il ET CANTGw
DE GENEVE

Source : http://www.districtenergyinitiative.org/ w



Seasonal Thermal Energy Storage OO

Pre-feasability studies in Geneva — GEstock part of GEOTHERMIE
GEothermie20626 i
GEstock
M X2 W oo & M

+ KTl Project GECOS

+ Proposal Geothermica
Project «Heatstore»

AF Consult

Consortium ? S ——
Résonance 5T '

- w1 I3 £ .
UNI - agw _fe I e .
SIG e | S

AF-Consult




C. ETUDES BG

MODULE F11 : BIBLIOGRAPHIE ET BENCHMARK

3. Analyse des SSS

1. Classification des SSS 2. Synthése des projets existants

4. Comparaison des SSS

STES UTES
- Sélection des solutions
Physico-chimiques bassins/fosses ESie= OCotes- de stockage saisonnier &
. migues étudier
cuves - aquifére ) -
+ Bibliographie et MCP thermo- eau eau/gravier horizon- verti-
benchmark chimigue eaw'sable tales cales

BG Ingénieurs Conseils

Maturité

Possibilité de

Pas d’étude de stockage
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Besoin de stockage’ NON
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oul

sokage | @ | @ | O @) @ | © | © | ©
site
. . o Abandon étude du
Empnse au sol Sy:_teme_:llaﬁre stockage physico-
rexcome-| @ | © | O O O | O | O | @ e
ment
oul
wee | 9 @ | © | 0 @ O © | 0
stockage
Possibilité MON Abandon éude du
Température @ @ . . . . . . xploitation nappe 2 stockage en aquifére
de stockage
oul
weceve | @ | @ @O O @ | @ | @ | @
Abandon étude du
Possibilité sondes 7 stockage sur sondes
. géothermigues
ol ® & © & & o © e
oul
i BN I BN NECHENCORIE BN BN
gétique .
rands espaces de NON Abandon étude du
lerrain disponibles 7. stockage en fosses
e @ g9 @ @ @ | @ | @@
leur / capacité .
oul
Energie grise . . . . . . . . Possibilité .
implantation stock Abandon étude du
o Py stockage en cuves
xterieur aeri
Pollton © 6 e & & O 6 6
oul

IMaintenance

72021.12

- Stockage saisonnier
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Fin du IS

30/10/2017




“Aquifer Thermal Energy Storage (ATES) OO
Technical requirements GEOTHERMIE

2020

J Aquifer with high transmissivity (but not too high ).

1 Depth of the aquifer related to the required storage temperature.
] Good water quality (scaling, corrosion, COZ2 saturation, etc).

] Temperature of storage in line with environnemental issues.

J Hydraulic gradient not too high.

J Monitoring required

1 Appropriate regulatory framework

) Professionals who are familiar with storage systems




~Conclusions OO

GEOTHERMIE

2020

] Seasonal thermal energy storages have an important role to play in the
evolution of thermal systems.

] Storage alone isn’t enough, it's necessary to install district heating
networks and often heat pumps.

L Even ifitis a free waste energy, the price of heat can be high (storage +
transport + machines).

L ATES can be very efficient and are already well developped, especially
In the Netherland.

] The development of low temperature networks presents a good
opportunity for low temperature ATES.

J Geneva is interested in this topic and hopes to contribute to future
technical and institutional developments.

EEEEEEEE
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