'UNIVERSITE
"/ DE GENEVE

t 2YLISa t OKLFf SdzNJ LJ2dzNJ RS&a AYYS«
O etudes de cas et lecons apprises

Séminaire energienvironnement

Simon CallegariGroupe Systeme énergétiques UNIGE

UNIGE 66 Boulevard Caiogt
28 novembre 2024

UNIGE- Simon Callegari- 28.11.2024



UNIVERSITE
DE GENEVE

Contexte: 1

B Blick

Des intempéries et crues centennales menacent I'est de
I'Europe

Des nuages sombres s'amoncelent sur I'Europe centrale. Les
prévisions pour I'Autriche, la Pologne et la République tchéque
angoissent les météorologues,...

Ilya3jours

rts.ch
Les crues en Valais font enfler le débat sur la révision de la
troisiéme correction du Rhéne

Le Valais et le Chablais vaudois ont été touchés par des inondations
historiques, qualifiées de "crues du siécle" pour le Rhéne,...

A 4 juil. 2024
/ It
16 © Bundesamt fir Umwelt
Lis Les crues de I'été 2024
29 et 30 juin 2024 : inondations en Valais et dans le val Maggia -
—4 tous les 100 a 300 ans pour le Rhéne a Reckingen, la Reuss a
Andermatt;...
3 I = | Echelle des 16 juil. 2024
‘ ‘ ) températures maximales annuelles
‘ observées en Europe en 2019 el
. . . P Crues: une facture de 125 millions de francs
comparé a la période 1950 -2018. Trois conseillers d'Etat pour annoncer les lourdes conséquences
Source : World Weather Attribution des intempéries de I'été, ot I'ensemble du territoire cantonal a été
Rank (données relevées le 27/10/2021) frapps.

Il y a 2 semaines

¥ Le Nouvelliste

o afiiniie - Crues en Valais: maintien du niveau d’alarme et de la
situation particuliére. Revivez notre direct

Z 9 y C N‘] y Og[ I ééljw&ﬁ g wh’ éYwaz 7\ y é I dZé‘ é‘ A é K I dZR lj dZ' Le débit du fleuve est encore haut mais s'est stabilisé. Et la décrue
é é U R S @ S M’ dﬁ-l $N'é’g }\LNt'qué LJN\E (‘) | 6 f S S y NJ A é 2 y‘ F'Q dz s'est également amorcée sur les cours d'eau latéraux mais elle

est...

https:// www.worldweatherattribution.org 41 In 20

[l lecourrier.vn
S'’unir pour surmonter les conséquences des crues et des
inondations

Selon les statistiques du Département de gestion de digues et de
prévention et de lutte contre les catastrophes naturelles (ministére
de...

lly a5 ijours
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Loi sur le climat et I'innovation

Le 18 juin 2023, le peuple suisse a voté sur la loi fédérale sur les objectifs en
matiére de protection du climat, sur I'innovation et sur le renforcement de la
sécurité énergétique (contre-projet indirect a l'initiative pour les glaciers).

= Les résultats(@
= La conférence de presse du Conseil fédéral (%'
= La participation au vote: 42,5%

Votation: Loi sur le climat et I'innovation

Loi fédérale sur les objectifs en matiére de protection du climat,
sur I'innovation et sur le renforcement de la sécurité énergétique
(LCI), votation du 18.06.2023 v

Communes (politique) v

LY
N

Suisse  Modifié hier a 15:41 < Partager

Le Conseil fédéral précise la mise en
ceuvre de la loi sur la protection du
climat
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Bienvenue sur
I'Archive ouverte UNIGE

Pudlications
| 113134

+ Déposer

une publication

+ Consulter

toutes les publications

Les derniéres publications

Bounding and Simulating Contextual Correlations in
Quantum Theory

Tavakol|, Armin; Cruzeiro, Emmanuel Zambrini; Uola, Roope
Knistian; Abbott, Alestar

2021-06-04
| Groupe de physique apolicuée
Measurement Iﬁcolhpalialhly and steenng are -

necessary and sufficient for operational e——
contextuality

Tavakoll, Armirg Uole, Roope Kristian

2020-01-06

I Groupe de physique appliquée

Colloguium : Incompatible measurements in
quantum information science

Guhne, Otfried; Haepasalo, Erkka; Kraf, Tristan; Pellonpas,
Juha-Pekka; Ucla, Roope Kristian

2023-02-06

| Groupe de physique appliguée

Operational Characterization of Infinite-
Dimensional Quantum Resources

Haapasalo, Erkke; Kraft, Tristan; Pellonpda, Juha-

Pekka; Uola, Roope Kristian

https://archive -ouverte.unige.ch/home
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Recherchez dans plus de

53
Retrouvez celles qui vous intéressent a l'aide
d'une recherche simple, avancée ou en utilisant
les facettes. Selon les cas, I'sccés au texte
intégral de la publication peut étre :

* public (1éléchargeable par n'importe qui)
* restreint (téléchargement réservé aux
membres UNIGE/HUG) it
+ fermé (téléchargement réservé aux auteur-es f
de la publication et a la personne ayant effectué
le dépét).
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«LaFontenette »: 7 immeubles chauffés par une PAC de 200 kW sur eaux usees & chaudiere a gaz en appoint

AcGGY!| qUWl jjgqcRGGI WJI®BRUGE O & B FactsheetG Y 2 | HHPK AnkEex 62

—_—

Case Studies Annex H 1A Case Studies Annex H _—
Heat Pumps in Multi Family Buildings 62 Hn (e | Heat Pumps in Multi Family Buildings 62 HH {#e7

La Fontenette, Geneva — Switzerland La Fontenette, Geneva — Switzerland: Technical details
. A centralized wastewater HP with gas boiler, for a low energy multifamily buildi with g
d eat distriby i trict these buildings. b ff
i S P
[ o more then 2 pictures. ’ b
ﬁlA ety 7 Heat production
= | PR Key facts
o) we2pauress Building P ETUBR
Stnernrarmation wmien sty I Location Geneva, =
Yootnarent | D Sk Switzerland L X
Ptz o fou Construction 2015-2020
o) use 1 presna ype Multfamily building
rave onger Heatdistribution  Underfloor heating
ceserton stow. Heated area 30440 m* & : (3,‘" v
Level of insulation  Very good Cd 5 i ‘f’ S
Heat production 26Why Fy & Pl o
(67 kwh/m?/y) i
@ H
Heat pump and source Heat demand / buildings substations Z i
Number of Hi 1 i
Installed capacity 200 kW i i
Operation mode Bivalent with a 1K
600 kW gas boiler ? 1
Resteotrts: :’Z"‘;u"!;;"_;”/"’”’ While heat p lbined with district reduce oy baldnes A€
e DRaNGS the CO; emissions of Geneva's heating sector, it is crucial to know and i
Heating system control their performance in real condition of use. Description of the technical concept
SH share, demand 37%, 22 kWh/m’fy new low energ y complexfor3
Heating temperature  Max. 35°C at -5°C bl Wastewater from the 7 buildings s collected in a common tank (37 m?), which contains: a filtration system to retain
G 2Q. - and remove the solid materials; as well as an immersed heat exchanger (FEKA system). HP evaporator is connected to
— | e Domestic ot water SH demand and DHW supply are higher than planned/normed values. this submerged heat exchanger via  glycok-water crcuit,
DHW share, demand  63%, 43kWh/m?/y For SH that can be explained by operation conditions which differ from e et Bronah e il
Type of system Central per building  the norm (higher indoor temperatures, window openings), and DHW e hest progued by :H; ‘:' il e.:’e tog buferstockoA I“'°”:‘ estls P’Z"‘ En “;“: eg‘sf‘f”gg” . e
e — e supply is certainly high, but coherent with a benchmark on other 7 bufter Stock. A fegustes the primary flow throughtie bufich sock {oH
that snows the techrical =) Circulation system  Yes buildings in Geneva. return). Heat is produced in 3 centralized boiler room and is distributed to the buildings via two heating networks.
Do o et Othes Infemation DH supply temperature is set to meet SH needs (max. 40°C), and raises above 60°C several times a day to enable DHW
1P share, SPF 535 measured: 3.0 production and storage in the buildings. This is done to improve heat production performance (mainly for the HP) and

Investments costs  CHF 91./m” limit distribution losses.
Heat cost (LCOE) CHF 10.-/m?/year
PV installation ves

Double-flowvent.  80% efficiency

Heat production operates according to the following two regimes:

HP production: this mode is used when the HP and its stock are able to meet the DH demand (in terms of power
and temperature).

Lessons leamed Gas boiler production (with HP isolated from distribution): this mode is used when HP and its stock can no longer

[ pre——— « Useof innovative HP source ; 9
conceptingitsd - (wastewater) in combination with fossil meet DH demand (in terms of power and temperature). In this case, HP is isolated from the boiler and DH to
e ok peisEarera comorstion prevent the boiler from heating the stock via DH retun. HP then operates in a closed loop, to recharge the buffer
informaion e ree e e 3 stock, and stops when reaching its maximum setpoint temperature.
pu sttt regulation and its optimization. Final report: CALLEGARI, Simon Augustin et al. (2021). L Les Auréa » : Analy: ique et sociale d'un
* HP coversa high share of the heat complexe d'immeubles HBM de haut standard énergétique, équipé dune PAC centralisée sur eaux usées.
PR — production with this local heat source.
[——————] - or Url: https://archive-ouverte.unige.ch/unige:149374
& 51 moresext
Delivered by: i i Delivered by: (
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Descriptif

Puissances installées
APAC, appoint

Bilan énergétique
mesuré

AProduction
AChauffage & ECS
A% PAC

A% appoint
AcCoPaPAC
ARendement appoint

Investissement
ACHF/m2 (si
disponible)

Lecons a retenir

Case Studies
Heat Pumps in Multi Family Buildings

Annex q IEA

62 BBl

Annex ﬂ IEA

62 Halrs

Case Studies
Heat Pumps in Multi Family Buildings

La Fontenette, Geneva — Switzerland

A centralized HP with a compl tary gas boiler, for a low energy multifamily buildings complex, with
heat distribution via a district heating system dedicated to these buildings.

Key facts
Building
Location Geneva,
Switzerland
Construction 2015-2020
Type Multifamily building
Heat distribution Underfloor heating
Heated area 30'440 m*
Level of insulation Very good
Heat production 2GWh/y
(67 kWh/m?/y)
Heat pump and source {
Number of HP 1 {
Installed capacity 200 kWen if
Operation mode Bivalent with a i II TR
600 kW gas boiler | 3
Heabsourte V;'/as;e:/;terf 1 While heat pump systems combined with district heating could reduce
ce g the CO; emissions of Geneva's heating sector, it is crucial to know and
Heating system control their performance in real condition of use.

SH share, demand 37%, 22 kWh/m?/fy

We monitored this new low energy multifamily buildings complex for 3
Heating temperature  Max. 35°C at -5°C

years.

Domestic hot water SH demand and DHW supply are higher than planned/normed values.
DHW share, demand ~ 63%, 43 kWh/m’/y For SH that can be explained by operation conditions which differ from
Type of system Central per building  the norm (higher indoor temperatures, window openings), and DHW

Max. temperature 63°C

5 ot supply is certainly high, but coherent with a benchmark on other
Circulation system Yes

buildings in Geneva.

Other information
HP share, SPF
Investments costs CHF 91.-/m*

Heat cost (LCOE) CHF 10.-/m*/year
PV installation Yes

Double-flow vent. 80% efficiency

53%, measured: 3.0

Lessons leared

* Use of innovative HP source
(wastewater) in combination with fossil
fuels needs careful cooperation of
stakeholders regarding the system's
regulation and its optimization.

* HP covers a high share of the heat
production with this local heat source.

Delivered by: Energy systems group (University of Geneva) https:// i i g, /

La Fontenette, Geneva — Switzerland: Technical details
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Heat production

natural gas
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2000L $
iy ©
|
|
5 ‘ [L cold water

s

Only in bulldings AG-E
Description of the technical concept

Wastewater from the 7 buildings is collected in a common tank (37 m?), which contains: a filtration system to retain
and remove the solid materials; as well as an immersed heat exchanger (FEKA system). HP evaporator is connected to
this submerged heat exchanger via a glycol-water circuit.

The heat produced by the HP is transferred to a buffer stock. Additional heat is provided by a condensing gas boiler
located downstream of the buffer stock. A motorized valve regulates the primary flow through the buffer stock (DH
return). Heat is produced in a centralized boiler room and is distributed to the buildings via two heating networks.

DH supply temperature is set to meet SH needs (max. 40°C), and raises above 60°C several times a day to enable DHW
production and storage in the buildings. This is done to improve heat production performance (mainly for the HP) and
limit distribution losses.

Heat production operates according to the following two regimes:

e HP production: this mode is used when the HP and its stock are able to meet the DH demand (in terms of power
and temperature).

*  Gas boiler production (with HP isolated from distribution): this mode is used when HP and its stock can no longer
meet DH demand (in terms of power and temperature). In this case, HP is isolated from the boiler and DH to
prevent the boiler from heating the stock via DH return. HP then operates in a closed loop, to recharge the buffer
stock, and stops when reaching its maximum setpoint temperature.

Final report: CALLEGARI, Simon Augustin et al. (2021). La Fontenette — « Les Auréa » : Analyse technique et sociale d’un
complexe d'immeubles HBM de haut standard énergétique, équipé d'une PAC centralisée sur eaux usées.

Url: https://archive-ouverte.unige.ch/unige:149374

by: Energy systems group (University of Geneva) https://! i logi 9/ 2/
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Lourana, Geneva - Switterland: Technical detalls
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Description of the techrical concept
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Versoin-Centre, Geneva - Switzerland
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Versolx-Centre, Geneva ~ Switzerland: Technical detalls

Description of the technical concept
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Les Vergers, Ganeva - Switzerland: Technical detalls
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Emissions de CQ/m?2selon la demande de chaleur

Electricité: 150 gCQéq/kWh él
Gaz: 250 gCGeq/kWh th
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Moyennes attendues PDE pour la production de chaleur des batiments:

2030: 105 KWh/n? & 5 kgCQ/m?2
2050: 60 KWh/nm? & 3 kgCQ/m?
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Contenu carbone de la chaleur: gaz vs. PAC %’ DE GENEVE
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Principaux enseignements tirés des 9 études de cas @ DE GENEVE

1. Niveau géneral
2. Integration, performance & optimisation des PAC
3. Systemes ECS

15
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Principaux enseignements tirés des 9 études de cas (1/3) ' DE GENEVE

NOW R21J¢ 2 WNij Uij | ¢
AfGGYI qe URIWI 2 W 2 R2RWij Ul Nij qRz 1
Allijt YO RqRGUMHGL Gt W ijglldeEqit 4
ARIG i GRY NG duEsYIU Y I ¢ ¢ URIDY WNGYHeCGUY Wi aWt !t qbkdldJio

St-Julien: monovalent Daru: bivalent PAC &haudiere gaz
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Importance du suivi: exemples

(&% UNIVERSITE
% DE GENEVE

St-Julien: monovalent

Daru: bivalent PAC &haudiere gaz

EHp 4 ausx Qup COP; QHP. DHW Qboiler. DHW QHP. 5H BN Opoiler. sH
> P 4 >
’ 0’ ‘0
- * ¢ *
v .= i & . PR N}
) -7 S AT T a3 4 : . o 2l
7 5 PR X RAE 1T s A T 3 il AN : s AU
2 ““ pidua ¥ TP g S ; il
= F..ﬂ’ 3 f 8 = Yau'us
=24 r (" 1 = 2 H
= | N = f
= . _1
1' - 1- i IIII
| - : ..
0 0 0

Aug-17 MNov-17 Feb-18 May-18 Aug-18 Nov-18 Feb-19 May-19

e NG WUqc qRYULWI 1JIPOMEDNMEI ¢ HaqF

Aug-18 Nov-18 Feb-19 May-19 Aug-19 Nov-19 Feb-20 May-20

Augmentation du COP de 1.5a 3.4

Problemes identifiés: Problemes identifiés:
A Circulateurs 24h/24
A Courbes de chauffe non prises en compte par les PAC

A Surdimensionnement des PAC (+146 %)

A Arréts PAC avec températures de retour chaudiére élevées
A Limitations dans la régulation master/slave

A Pertes de distribution significatives dans les tubes

A Vannes chauffage PAC fenéess

: : - o : : 17
Montero et al. (2022) https://archive-ouverte.unige.ch/unige:162052 UNIGE- Simon Callegari- 28.11.2024
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Principaux enseignements tirés des 9 études de cas (1/3)

NOW R21J¢ 2 WNij Uij | ¢
AfGGYI qe URIWI 2 W e R2RWij Ul Nij qRz 1
Allit YO RqRGUMHGLE Gt W §j qUlHEAqit 4
ARG GRY G aquSYIU Y 1 G ¢ URIIY WNGYHC G Wl e Wt !+ qkddJio
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= Fonctionnement a 1 allure

Fonctionnement a 2 allures
(A)  Températures de départ du circuit secondaire
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Principaux enseignements tirés des 9 études de cas (1/3)

1. Niveau géneral

A Importance du suivi énergetique
A résolution des problemes détectes,

A ameélioration des performances globales du systeme.

A Attention au surdimensionnement des installations

ARO2 I qRYE DG U0qW) a2 AWAY 21 3

A Interét de la recupération de chaleur (ventilation, eaux usées)
| ¢Ut WGt WU0Ye2Wlce+*WHEqRUOIWUaqt WY
A peut couvrir une grande part de leur demande de chaleur.

La Fontenette (*2015—2020)?-{. <
200 kW PAC sureawsées du quartier.

UNIGE- Simon Callegari- 28.11.2024
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2. Integration, performance & optimisation des PAC

A Combinaison souvent délicate des PAC et des combustibles fossiles

A Coopération des acteurs pour la planification, réalisation, régulation et optimisation du systeme.

b= ; i:!g !

‘Etude de cas:Dar
+ 200 kW Chagdi'ér naz.
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Principaux enseignements tirés des 9 études de cas (2/3) ' DE GENEVE

2. Intégration, performance & optimisation des PAC
A Combinaison souvent délicate des PAC et des combustibles fossiles

A Coopération des acteurs pour la planification, réalisation, régulation et optimisation du systeme.
A Importance des températures aller/retour pour l'intégration des PAC, notamment si réseau de chaleur.
A Optimisation délicate des cascades de PAC (et leurs compresseurs).
A Attention aux pertes de chaleur entre PAC et chaufferie, dans les conduites de distribution.

A qqUUqRYULWEWIKk REGEHqW Wt Wée*RIRERI I WijdlHEQ!I Rhue IJt W 2

o J

Fog e T3 W 1301 DI BMINEN LB AL @il e R |

SHMMILLLFE 6 ¢ ET-RL | 1JWNe¢ At

3T SN
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Principaux enseignements tirés des 9 études de cas (3/3)

3. Systemes ECS

A Attention aux boucles de circulation ECS

A Pertes de chaleur et de température.

A Une fraction ECS superieure aux attentes peut influencer négativement les performances des PAC.

SolarCity. (*2010):
10x .30 kW PAC capteurs solaires noemitrés.
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Conclusion DE GENEVE

AoWijageT 3t W PWHet W DWak O f]EW 2l W13+ W4 qLaidt W JWSY§ C
A Synthése sous forme ddactsheets GY 2 | HHPK Anfex 62,

A Liens vers les rapports deétailles dans chaque fiche.

AAI YTUqt WOqWt Ragea ¢ qRYUL Wal Lt W2¢l Rij It WetHe qRGWUqt W RE q
A Attention au faible nombre de cas dans chaque catégorie,
A PasdecopierBY G G131 W 13t Wt !+ q Lsimlifidd) lesFéhdré rdbasteR falde apx domirairztedl

réelles, assurer le suivi en fonctionnement.

A Recommandation: utiliser ces informations comme base de comparaison pour projets existants ou futurs.
A Points clés & contraintes des systemes avec PAC ,

A Apprentissage & amélioration des performances des systemes en conditions réelles d'utilisation.

) o , 23
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Un peu de lecture DE GENEVE

NYe qldt WElJt WnREG I W kijael 3t Wl JWHc
IEAHPT Annex 62, Cas8tudies (2024).
https://heatpumpingtechnologies.org/annex62/case-studies

Article sur la synthese des études de cas

CALLEGARI, Simon Augustin, HOLLMULLER, PieresfOb FOWA Y & G1Jt Weé WH6 ¢ 4 1Je | Wi ¢ Ud Llitiak 281 ¢ 1A R ¢ |t HAT A Gh B3\
62. In: 30. Tagungdes BFEForschungsprogrammsaVarmepumpenund Kéltetechnik» Bern. Genéeve : §.n.], 2024. p. 15 p.

https://archive -ouverte.unige.ch/unige:180141

Contenu CO,1 WG kij GHql RARqij WIUW 2 Rt + 1J
ROMANO, Elliot, PATEL, Martin Kumar, HOLLMULLER, Pi&pmlyingtrade mechanisms to quantify dynamic GHGemissions of electricity
consumption in an openeconomy - The case ofSwitzerland. In: Energy 2024, vol. 311, p. 133398doi: 10.1016/j.energy.2024.133398

https://archive -ouverte.unige.ch/unige:181220

ROMANUO, Elliot, DE SOUSA FRAGA, Carolina, HOLLMULLER, Pierree@@aion savingsof heat-pumps in the residential sector. Casestudy for
multifamily buildings in Geneva. In: 13th IEA Hed&@ump Conference 2020. Jeju(Kored). [s.l.] : [s.n.], 2020.
rchive -ouverte.unige.ch/unige:1

: : 24
UNIGE- Simon Callegari- 28.11.2024


https://heatpumpingtechnologies.org/annex62/case-studies
https://archive-ouverte.unige.ch/unige:180141
https://archive-ouverte.unige.ch/unige:181220
https://archive-ouverte.unige.ch/unige:136512

i UNIVERSITE
%2/ DE GENEVE

-1l HRWGYz2 1 W2Yaql F
? 13t Whue 3t qRY Ut

wTU TE SOUVIENS .. UE QUE TV PEUX
RUAND ON GRELOTATT ETRE NOSTALGIQUE!

DANS LES TENEBRESZ

MiIX s REMIX

25

UNIGE- Simon Callegari- 28.11.2024



&% UNIVERSITE
%>/ DE GENEVE

Annexes

UNIGE- Simon Callegari- 28.11.2024 26



Case Studies

Heat Pumps in Multi Family Buildings

Annex ﬂ IEA

62 HBg

Case Studies
Heat Pumps in Multi Family Buildings

Laurana, Geneva — Switzerland

Renovation of a DH heat plant combining gas boilers with a HP for flue gas heat recovery and geothermal heat
production via a borehole field.

Key facts

Building
Location

Construction

DH renovation
Type

Heat distribution
Heated area

Level of insulation
Heat production

Heat pump and source

Number of HP
Installed capacity
Operation mode

Heat source

Heating system
SH share, demand
Heating temperature

Domestic hot water
DHW share, demand
Type of system

Max. temperature
Circulation system

Other information
HP share

SPF

Gas boilers share
Investments costs
Heat cost (LCOE)
PV installation
Ventilation

Lessons learned

2012

Multifamily building
Radiators

100°000 m*
None/poor

10 GWh/y

(103 kWh/m?/y)

1

340 kW

Bivalent with

9.8 MW gas boilers
Flue gas recovery

& borehole field
(44 probes x 300 m)

69%, 70 kWh/m?/y
Max. 60°C at -5°C

31%, 32 kwWh/m/y
Central per building
60°C

Yes

14%

measured: 3.0
86%

CHF 120.-/n??
CHF 22.-/m*/year
No

Single-flow

* DH return temperature is a key factor
for HP integration on DH network.

Deli d by: Energy sy

e oo —

This study concerns the renovation in 2011 of an existing DH plant and
the extension of its DH, supplying 18 substations. The renovation
implied the replacement of three oil boilers (cumulated power of 3.3
MW) by three new gas boilers (cumulated power of 9.8 MW, with a
two-stage heat recovery system) and a dual source HP with a thermal
power of 0.34 MW. The HP sources are geothermal (borehole field of
44 heat exchangers of 300m) and gas (waste heat recovered from the
vapour condensate of the gas boiler).

The extended DH (“Laurana” and “Trois-Chénes” sectors combined)
has a high linear density (7.3 MWh/m/year) and is responsible for the
heat delivered to approximately 100'000 m? of heated surface, with
2500 inhabitants, for 7 MW of subscribed power.

This renovation intended to use a borehole field as seasonal storage for
flue gas waste heat recovery, which would allow the shutdown of gas
boilers in summer. In reality, the gas boilers continue working
throughout the summer, limiting the energy extracted from the
boreholes as well as seasonal storage.

group (University of Geneva) https://heatp i hnologies.org/c 2/
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Laurana, Geneva — Switzerland: Technical details
|

@  Hotflows DH | DH
«Trois «Llaurana»
@ Ccoldfiows Chénese \
Flue gas v
heat
recovery
. . b
Y '
Gas boiler
[ ] ——C O- -t
o
Buffer Buffer
tank HP: | tank
3 1 | L | I
Geothermal
borehole
field

Description of the technical concept

In this system, heat production for both DH (“Trois-Chénes” and "Laurana”) is provided by a set of gas boilers (total of
9.8 MW), complemented with a HP (340 kWth). There are two heat sources for the HP: flue gas heat recovery from the
gas boilers and a geothermal borehole field (44 probes of 300 m deep).

Heat recovery from flue gas condensation, which takes place at a temperature too low to be used directly on the
networks, is routed to a reservoir at tepid temperature. This heat is used either directly as a heat source for the HP, or
to recharge the geothermal probes, which constitute the second heat source for the HP.

The HP heat production feeds the return flow of the “Laurana” DH, via a buffer tank, which enables the management of
the different flow rates between HP and DH (hydraulic separation). Mixed with that of “Trois-Chénes", the return flow
from “Laurana” DH finally goes back to the gas boilers, which supply the additional heat needed to reach the supply
temperature needed on these two DH.

DH supply/return temperatures here are typically 75-65°C/55°C.

Final report: FAESSLER, Jérome et al. (2016). Réseaux thermiques multi-ressources efficients et renouvelables : Retour
d’expérience sur la rénovation de la chaufferie de quartier de Laurana-Parc a Thénex (GE).
Url: https://archive-ouverte.unige.ch/unige:93163

Delivered by: Energy systems group (University of Geneva) https://h i hnologies.org/ 62/

Pumping
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Case Studies

Heat Pumps in Multi Family Buildings
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La Cigale, Geneva — Switzerland

A solar assisted HP with ice storage ensuring 92% of the heat production for a 19'000 m? extensively retrofitted
multifamily building complex, in combination with back-up gas boiler.

Key facts

Building
Location

Construction
Refurbishment
Type

Heat distribution
Heated area

Level of insulation

Heat pump and source

Number of HP
Installed capacity
Operation mode
Heat source

Backup heat source

Space heating
SH share, demand
Heating temperature

Domestic hot water
DHW share, demand
Type of system

Max. temperature
Circulation system

Other information
HP share, SPF

Direct solar heat
Backup gas boiler
Latent heat storage
Ventilation

Total renovation cost
Heating system cost

Lessons learned

Geneva,
Switzerland

1952

2013-2014
Multifamily building
Radiators

19°000 n?

Very high

2 (200 + 300 kW)
500 kW

Bivalent

1740 m? unglozed
solar collectors
130 + 200 kW gas
boiler

49%, 35 kWh/m?/y
Max. 45°C at -5°C

51%, 34 kWh/m/y
Central per building
55°C

Yes

78%, measured: 3.2
14%

8%

32 n?® (2000 kWh)
Double-flow

CHF 1050.-/m?

CHF 95.-/m*

o [nitial issues were largely related to
control problems, not to the innovative
nature of the technology used.

® |t's essential to check the conformity of
the installation before commissioning.

* Ensuring proper energy monitoring
leads to overall system improvement.

Delivered by: Energy systems group (University of Geneva) https://heatp i hnologies.org/c 2/

Located in Geneva, the cooperative housing complex “La Cigale”
(2 building blocks, 273 apartments) was built in 1952. The oil
consumption of these buildings amounted to approximately
150 kwWh/m?/y for SH and DHW production.

The buildings were extensively renovated in 2013-2014 in accordance
with the Minergie-P standard, which was at that time the most
important operation of this type in Switzerland.

This renovation was performed on an occupied site and required use of
prefabricated elements (fagades, roof) to achieve quality insulation
within short intervention periods; involved transformation of balconies
into loggias and installation of a ventilation heat recovery system.

The heat production is mainly provided by unglazed solar collectors
covering the south-east and south-west facing roof areas, coupled with
a series of HPs using a latent heat storage (water/ice). Each building has
its own independent heat production & distribution system (solar roof,
ice/water storage, one HP + on backup gas boiler)

Unglazed solar collectors

Case Studies Annex q IEA

Heat Pumps in Multi Family Buildings

La Cigale, Geneva — Switzerland: Technical details

- Q solar roof
‘ Summer Winter

storage storage
boiler HP ice stock SH DHW

li‘ﬂ
}

solar roof

boiler

J

® ®
& .x‘ solar roof

Mid-season ‘z Extreme cold

bodler storage storage

Af

SH DHW boiler SH DHW
M
b 4

M
Description of the technical concept

The architecture of the system comprises a brine-to-water HP whose evaporator-side heat source consists of selective
unglazed solar collectors on the roof and a phase-change heat stock (ice/water stock). A heat exchanger also allows direct
solar energy use when the solar roof production temperature is high enough (summer & mid-season).

On the condenser side of the heat pump, a hydraulic bus to which all components are connected enables heat exchange
between heat producers and consumers, maintaining four temperature levels (note that the 4 tubes system is not shown
in the diagram above). A storage tank is connected to the end of the bus, enabling energy storage for semi-instantaneous
hot water production in the upper section, while the middle section serves as a buffer tank for the heat pump and the
lower section is dedicated to solar energy storage.

To ensure 100% availability of DHW and SH, a backup gas boiler was installed. It was used to produce DHW during the
transitional construction period, and

Final report: TORNARE, Guy et al. (2017). Rapport technique et de communication du projet d'assainissement Minergie-
P des immeubles « La Cigale » (GE) — Chauffage par pompes 2 chaleur solaires couplées a des stocks a changement de

phase. Url: https://archive-ouverte.unige.ch/unige:32770
Conference paper: HOLLMULLER, Pierre et al. (2017). Solar assisted heat pump with ice storage for a 19'000 m2

retrofitted multi-family building complex. In: CISBAT 2017 International Conference.
Url: https://archive-ouverte.unige.ch/unige:97185

Delivered by: Energy systems group (University of Geneva) https://heatp i hnologies.org/ 2/
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SolarCity, Geneva — Switzerland

Solar assisted HP in combination with unglazed solar collectors for a new multifamily building complex in Geneva,

Switzerland.

Key facts

Building
Location

Construction
Type

Heat distribution
Heated area

Level of insulation

Heat pump and source

Number of HP
Installed capacity
Operation mode
Heat source

Backup heat source

Space heating
SH share, demand
Heating temperature

Domestic hot water
DHW share, demand
Type of system

Max. temperature
Circulation system

Other information
HP share, SPF
Direct solar heat
Backup heat source
Ventilation

Lessons learned

Geneva,
Switzerland

2010

Multifamily building
Underfloor heating
927 m? (one block)
Very high

1

30 kW
Monovalent

116 m? unglazed
solar collectors
Direct electricity

28%, 19 kWh/m?/y
Max. 35°C at -5°C

72%, 48 kWh/m?/y
Decentralized
60°C

No

80%, measured: 2.7
19%

1%

Double-flow

o Excellent system reliability.

* Asingle heat distribution circuit with
decentralized DHW storage which
doesn’t allow for solar preheating and
thus deteriorates the potential of direct
solar heat production.

*  Ahigh part of the heat is produced at
high temperature (60°C) for DHW
production, decreasing the expected

SPF.

Delivered by: Energy sy

This case study concerns a coupled solar and HP system which was
implemented in 2010 in a new housing complex, called SolarCity,
located in Geneva (Switzerland).

The complex is composed of 4 buildings, each subdivided in 2 or 3
blocks, for a total of 10 blocks. The buildings present a high thermal
performance envelope and a total living surface of 9’552 m?.

This case study concern only one of the 10 existing buildings blocks,
which are all equipped with their own identical and independent heat
production system.

The results show a very low SH demand for Switzerland and an
unusually high DHW consumption, which can partly explain the
relatively low HP SPF.

group (University of Geneva) https://h i hnologies.org/\ 2/
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