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UNE PAC EST-ELLE
UNE BONNE SOLUTION ?






La variabilite des systemes de pompe a chaleur peut trobla*

e

*troublé en patois



La variabilité des systemes de pompe a chaleur est surprenante
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La variabilité des systemes de pompe a chaleur est surprenante
malgré un nombre de composants limités

[ 2
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La variabilité des systemes de pompe a chaleur est surprenante
malgré un nombre de composants limités
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La variabilité des systemes de pompe a chaleur est une chance

< Procédé industriel >

< Pompe a chaleur >




La variabilité permet d'optimiser le systeme a la demande

chaleur vabeur séchage réseau de
industrielle P chaleur

< Pompe a chaleur >




La variabilité permet d'optimiser le systeme a la demande

chaleur vabeur <échage réseau de
industrielle P & chaleur

cycle de Brayton mixture de cycle cycle cycle cycle PAC a
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(1)
Transcritical cycle
using butane (R600)

(2)
Reversed Brayton
cycle using carbon

dioxide (R744)

(3)
HTHP using
R1233zd(E)

A

(4)
HTHP using
butane (R600) + MVR
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QUELLES SONT
LES PRINCIPALES PROPRIETES
DES POMPES A CHALEUR

"Citius, Altius, Fortius — Communiter" Q)



Les PACs industrielles peuvent atteindre jusqu'a ~70MW et 280°C*

*pour les compressions de vapeur (MVR)
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Les PACs sont limitees par le saut de tempeérature

Supply temperature [°C]
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= + Spilling Steam Compressor (R718)
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— SPH ThermBooster (R1336mzz(Z))
= == SPH ThermBooster (R1233zd(E))

=== SPH ThermBooster (R1336mzz(E))
----- SPH ThermBooster (R1234ze(E))

= Johnson Controls CMO, SMC (R600)

Source : Arpagaus et al. 2023



Leurs efficacités sont limitées par le saut de température

Coefficient of Performance

COP = chaleur produite / energie consommee

Plus grande échelle et contexte industriel = meilleure efficacité
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Residential ASHP

Residential GSHP

Industrial LSHP
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Specific investment cost [€/kW]

Le prix d'une PAC industrielle est difficile a estimer, surtout son installation.

» Specific investment cost = colt de la machine sans intégration et installation

e Qutils d'aide a l'installation se trouve sur www.sweet-decarb.ch -> Further Info -> DeCarbonization tools
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http://www.sweet-decarb.ch/

RECHERCHES ET FUTURE
DES POMPES A CHALEUR



Les sujets de recherches sur les PACs industrielles sont:

e

PACs a hautes températures
‘)S}S) PACs générant de la vapeur
PACs utilisant des réfrigérants a faible GWP et/ou naturels

/'> PACs de grandes puissances (=1 MW)

Eastern Switzerland

University of Applied Sciences 24



Sélection de projets R&D en Suisse sur le sujet des PACs a haute températures:

Project Partners

SCCER EIP — Swiss Competence Center for Research in Energy, Efficiency of Industrial | ETHZ, EPFL, EAWAG, EMPA, HSLU, BST,

Processes (InnoSuisse, Swiss Innovation Agency, 2013-2020), www.sccer-eip.ch FNHW, UNIGE
IEA HPT TCP Annex 48 — Industrial Heat Pumps (Second Phase) (2017-2019), ARAMIS
description (Project No. S1/501782), www.heatpumpingtechnologies.org/annex48 and EPFL, OST

www.waermepumpe-izw.de
Methods for developing integrated industrial heat pump systems considering existing

and novel components, SFOE, 2016-2019), Description, Report, Refrigerant Selection EPFL

Tool

SGHP — Steam-generating heat pump (InnoSuisse, 2020-2023) @87, EPFL

SWEET DeCarbCH - Decarbonization of Cooling and Heating in Switzerland (SFOE, UNIGE, ETHZ, @8T, HSLU, ZHAW, EMPA,
2021-2028), ARAMIS description, (Project No. SI/502260), www.sweet-decarb.ch Industrial partners

INtSGHP — Integration of steam-generating heat pumps in industrial sites (retrofit)
(SFOE, 2021-2023), ARAMIS description, (Project No. SI/502292)

Case studies of industrial and high-temperature heat pumps (Swiss Federal Office of
Energy, 2018-2022)

High-efficiency, high-temperature heat pumps with temperature glide (Bridge Discovery,
SNF, Swiss National Science Foundation, 2022-2025), SNF description (Grant number ETHZ, @8¥, Industrial partners
203645)

DeCarb-PUl —Decarbonization of industrial processes through redesign of the process-
utility interface, SFOE, P+D project, 2021-2024), ARAMIS description (Project No. HEIG-VD, HSLU, Industrial partners
S1/502298)

HTHP-CH - Integration of HTHPs in Swiss Industrial Processes (2021-2025), ARAMIS
description (Project No. SI/502336), www.heatpumpingtechnologies.org/annex58

@87, Industrial partners

©ST, Industrial partners

@8T, HEIG-VD, EPFL, CSD, Industrial partners



http://www.sccer-eip.ch/
https://www.aramis.admin.ch/Grunddaten/?ProjectID=41721
https://www.aramis.admin.ch/Grunddaten/?ProjectID=41721
http://www.heatpumpingtechnologies.org/annex48a
file:///C:/Users/cordin.arpagaus/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/MJCOCUE3/www.waermepumpe-izw.de
https://www.aramis-a.admin.ch/Grunddaten/?ProjectID=38624
https://www.aramis.admin.ch/Default?DocumentID=66431&Load=true
https://infoscience.epfl.ch/record/257083?p=refrigerant+selection+tool
https://infoscience.epfl.ch/record/257083?p=refrigerant+selection+tool
https://www.aramis.admin.ch/Grunddaten/?ProjectID=48859
http://www.sweet-decarb.ch/
https://www.aramis.admin.ch/Grunddaten/?ProjectID=49319
https://p3.snf.ch/project-203645
https://www.aramis.admin.ch/Grunddaten/?ProjectID=49367
https://www.aramis.admin.ch/Grunddaten/?ProjectID=49514
https://www.aramis.admin.ch/Grunddaten/?ProjectID=49514
http://www.heatpumpingtechnologies.org/annex58

Générer de la vapeur avec un compresseur a pression < 1 atm ()Sj?

= 34.2 kg/h vapeur at 115 °C
= Proof of concept

I____I
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Projet de recherche — PAC générant de la vapeur 00

Innosuisse (42533.1 IP-EE)
il |

l
TSat,steam,Turbo 148 °C (4-5 bar)
TSat,steam,HP 111 °C (1-5 bar)

TSink,in 100 °C
TSource,in 50 °C

Qup 115 kW
Msteam 20 g/S

Uhlmann, M., Olmedo, L.E., Arpagaus, C., Bless, F., Schiffmann,

3 J., Bertsch, S.: Efficient steam generation in industry — Combined
Eastern Switzerland , oy heat pump cycle with mechanical vapor recompression, 15th IIR-
University of Applied Sciences ! > Gustav Lorentzen conference on Natural Refrigerants, June 13-15,

‘ 2022, Trondheim, Norway, http://dx.doi.org/10.18462/iir.ql2022.0049



http://dx.doi.org/10.18462/iir.gl2022.0049

Projet de recherche — PAC générant de la vapeur

Innosuisse (42533.1 IP-EE)
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PACs a haute temperature jusqu'a 150°C et “ &E

test des réfrigérants HFO/HCFO

R1336mzz(2) R1233zd(E) R1224yd(Z) R245fa
HFO: Hydrofluorolefine, HCFO: Hydrochlorfluorolefine

5to 10 kW capaute de chauffage e

Properties:
ppe m-
Zero/near zero ODP  [NEECZAEN
Short atmospheric life REEEZSONES O. 00034 K
. b R1224yd(2) 0.00023 0.88 Al
Not flammable 0 gcs 81

Not toxic |




Projet de recherche — Mélanges de fluides frigorigenes pour “
des grandes pentes de température (snF Bridge Discovery, 203645)

One mixture = many options High flexibility

Mixture A + 23 [ aIEdT-TI-egVI?cllZ

>

{'Components': ['R1234yf', 'R1336mzz(Z)'], 'Massfractions': [0.5, 0.5]}

temperature

11 1.2 1.3 1.4 1.5 1.6 1.7 1.8
s_si_list
Animation from Swiss Bridge Project:
High-efficiency high-temperature heat
pumps with temperature glide

ETHzurich

energy

e
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1. Manque de connaissance des possibilités techniques et du potentiel

d'application économiquement réalisable parmi les utilisateurs, les
consultants, les investisseurs, les planificateurs, les fabricants et les
installateurs.

Manque de connaissances sur l'intégration des pompes a chaleur dans les
processus industriels existants (modernisation)

Conception en usine ou sur mesure (économies d'échelle)

Périodes d'amortissement plus longues que pour les chaudieres a gaz ou a
mazout (rapport entre le prix de I'électricité et celui du gaz)

Concurrence entre les technologies de chauffage (énergies fossiles et
autres technologies renouvelables tel que le biomass)

Besoin de stockage de chaleur pour compenser le décalage entre la
demande et |'offre (par exemple, pompe a chaleur pour la charge de bande,
chaudiére a gaz pour les pics de chauffage)

Manque de compresseurs disponibles pour les températures élevées et de
réfrigérants a faible potentiel de réchauffement planétaire (PRP) et sans
potentiel d'appauvrissement de la couche d'ozone (PACO).




Aide financiere pour les industries Suisse

program Process Heat Climate bonus P&D projects
EnergieSchweiz EnergieSchweiz Energie Zukunft Schweiz SFOE

manager (SuisseEnergie) (SuisseEnergie)
SFOE SFOE KliK Foundation SFOE

Amount Pre-analyses: max. e Max. 40% of e 0.18 CHF/KWh heat e Up to 40% (60%) of

60% of total costs additional costs e About 360 CHF/kW non-amortizable
e Pinch analyses: compared to heat at 2’000 h annual supplementary
max. 40% of total conventional operation costs
costs technology (e.g., oil or
gas boiler)
Funding e Using PinCH- e Industrial process heat e Replacement of oil/lgas e Application potential
criteria Software e Payback > 4 years boiler with HP e Innovation content
e Trained experts e Funding request before e Order not yet placed e Pilot: TRL4to7
e Publication of construction starts e (O, savings to be e Demonstration: TRL 7
findings (summary, transferred to Energie to 9

Publication of findings
(final report)

final report) Zukunft Schweiz



EXAMPLE D'INTEGRATION
DE POMPE A CHALEUR

e
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https://heatpumpingtechnologies.org/annex58/tas

(IEA Annex 58)
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FACTS ABOUT THE TECHNOLOGY
Heat supply capacity: 120 w to 2000 kw

Temperature range: useful heat injet 89 °Cto
120 °C and outlet 100 °C t 160 “C/ heat source
inlet 60 °C to 100 °c and outlet 40 °C to g °C
Working fluid: adaptable to the application
R245fa, R1336m2z(7), R13 2d(E)

Compressor technology: Scraw

TRL level: TR 7 Prototype demonstration

Expected lifetima: 20 Years (with the P

Of hiring Service to exteng lifetime and ensyre
the highest energy performance)
Size: weight 5.5 1o 8tons / surface

requried 5.2
101300 / helght 2.2 10 2.5

Contact information

Rank ORC, 5./,
B2 info@rank-ore.com ; 5

ales@rank-ore.com
+34 964 69 68 59

Allinformation wers
third-

depending on apphication specifc Parameaters,

1EA Technology Collaboration Programme on
Heat Pumpin

9 Technologies (HPT TCP)


https://heatpumpingtechnologies.org/annex58/task1/

PACs industrielles en Suisse:
applications et etudes de cas.

',’ 2o (IEA Annex 48)

Final report: https://www.aramis.admin.ch/Dokument.aspx?DocumentID=66033



https://www.aramis.admin.ch/Dokument.aspx?DocumentID=66033

Examples de realisation de PACs a haute
temperature en Suisse

Cheese factory Gais Appenzell Slaugtherhouse Zurich Sauna NEST EMPA
(process water 90 °C) (hot water 90 °C for cleaning) (hot water up to 120 °C)

e |
OCHSNER

ENERGIETECHNIK

High Temperature Heat Pumps | 24 March 2023 37



Sélection de fournisseurs de PACs a haute
temperature en Suisse (listes non exhaustive)

Scheco AG

Walter Wettstein AG Kaltetechnik
Zero-C

Friotherm AG

MAN Energy Solutions

SSP Kalteplaner

CTA

scheco::.
/\ Wettstein

------

U Kiltetechnik
Zero*

/
\3\!&2

% FRIOTHERM

MAN
ISSP KALTEPLANER]|

Cla

https://www.schec

o.ch

https://www.wwag.ch

WWW.zero-c.ch

https://www.friotherm.com

https://www.man-es.com

https://www.kaelteplaner.ch

https://www.cta.ch



https://www.scheco.ch/
https://www.scheco.ch/
https://www.wwag.ch/
http://www.zero-c.ch/
https://www.friotherm.com/
https://www.man-es.com/
https://www.kaelteplaner.ch/
https://www.kaelteplaner.ch/

Sivous désirez collaborer ou avez des questions
sur le sujet n'hesitez pas a nous écrire.

OST

Eastern Switzerland
University of Applied Sciences

Fredéric Bless, PhD " Dr. Cordin Arpagaus

Haute Ecole spécialisée
de la Suisse orientale
Institut fur Energiesysteme
(IES)

Haute Ecole spécialisée de
la Suisse orientale

Institut fur Energiesysteme
(IES)

frederic.bless@ost.ch cordin.arpagaus@ost.ch
Tel. +41 58 257 31 48 Tel. +41 58 257 34 94
www.ost.ch/ies www.ost.ch/ies
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Si vous désirez apprendre plus sur le sujet

B MAS Energiesysteme

= 5 CAS Kurse

" Berufsbegleitend

* 1 Tag pro Woche (Mo oder Fr)
" 14 Wochen

= Start Februar/September,

www.ost.ch/master-energie

Masterarbeit
12 ECTS

CAS Erneuerbare Energien
12 ECTS

CAS Elektrische Energiesysteme
12 ECTS

CAS Energie digital
12 ECTS

CAS Energie und Wirtschaft
12 ECTS

CAS Warmepumpen/Kaltetechnik
12 ECTS

OST

Eastern Switzerland
University of Applied Sciences

Master of
Advanced Studies
in Energiesysteme

Total 60 ECTS



http://www.ost.ch/master-energie
http://www.ost.ch/master-energie
http://www.ost.ch/master-energie

MERCI

7~ Wettstein
—// Kaltetechnik







Bref résumé




PACs industrielles en Suisse:
applications et etudes de cas. jeaannex 4s)

Integration Capacity Temperature
level range (°C)

@

Company, Location Industry / Sector Application

No.

Slaughterhouse, Zurich Food Hot water, cleaning water Process b [90| cHo1
Chocolate factory Maestrani, Flawil Food Hot water, heating, cooling Process 7 |70 |cHo2
Cheese factory, Gais Appenzell Food Hot water, heating Process s 927 cH13
Kambly SA, Trubschachen Food Hot water for biscuit production Process - CH23
Kellermann AG, Ellikon an der Thur Food Hot water for greenhouse heating Plant CH19
Hilcona AG, Schaan Food Hot water for fresh convenience foods Plant CH29

Nutrex, Busswil bei Buren Food & Beverages Vinegar fermentation and pasteurization Process CH15
GVS Schaffhausen Landi Food & Beverages Process/hot water, heating, cooling Plant CH14
Bachem AG, Bubendorf Pharma Heating and cooling of peptides Process CH26
R134a heat pump, Geistlich Wolhusen Pharma Hot water, heating Plant CHO8
Mifa AG Mibelle Group, Frenkendorf | Home Care and Nutrition Hot/cold water, heating, cooling Plant CH25
Harterei Gerster AG, Egerkingen Metals Process heat for hardening process Plant CH17
Georg Fischer AG, Grlsch Machinery Heating for production of plastic valves Plant CH20
Feldschlésschen, City of Rheinfelden | District heating, brewery Hot water, district heating CH27
Champagne, Biel District heating Hot water, heating CHO3

St. Jakob, Basel District heating Hot water, heating CHO4

Laurana, Thonex District heating Hot water, heating CHO9

Les Vergers, Meyrin District heating Heating of residential buildings CH10

City of Lausanne District heating Hot water for residential buildings CH16

Casino Aarau District heating/cooling District heating and cooling network CH24

Kokon Corporate Campus, Ruggell | Wellness and restaurant Hot water, heating Building CH22
Swiss Army, CO, HP Payerne Military Tap water and facility heating Building CH18
Swiss Army Troop building, Matt Military Hot water, heating Building CH21
ARA Altenrhein Waste water treatment Hot water for sewage sludge drying Plant CH28

Waste water treatment plant, Zlrich | Waste water treatment Hot water Plant CH11
Bad Zurzach Thermal bath Hot water Plant CH12




Quelques details de PACs industrielles de haute
temperature

GVS Landi, Resilux Schweiz AG, Bachem AG,

Object, locati . i
ject, focation Schaffhausen-Herblingen Bilten Bubendorf

Cleaning of bottles and

Application, . . Production of PET blanks Space heating/hot water up to 70 °C,
wine tanks, heating/hot water . . . .
temperatures, . . 50 °C /90 to 95 °C (hot water), cooling capacity 480 kW,
heating capacit I EVRED TG, heating capacity 400 kW heating capactiy 640 kW
g capacity heating capacity 63 kW g capacity g capactly
Over 3 years of operating data Ope.ratl_ng data_of 2 units Operating data from process control
via online software at with integration into

Operating data system (reference is refrigeration),

1-min resolution, remote access, extruder process and . .
. . . trending data since 2020
hydraulic integration cooling systems
Ochsner ISWHS 60ERS3, 2x Viking
Heat pump economizer cycle, screw HeatBooster HBS4, SEIIES [RIMO) 23 VSID),

compressor, OKO 1 (R245fa) piston, R245fa Ammonia (NHy)




Zum Einstieg

Wege zur Dekarbonisierung der Prozesswarme

Biomasse-zu-Warme Strom-zu-Warme

- T
, 7 - i

! !

Direkt-  Synthetische

heizlung Brennftoffe

\ !

g 71 PJ/a nachhaltig (BFE, cH)
- (19.7 TWh/a)
ﬂ 82 PJ/a Prozesswarme

(22.8 TWh/a)
é Wichtiger Rohstoff

Nur fur

Hochtemperatur-Warmepumpen Datenquelle: ETHZ, OST 46
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Die Marktattraktiviat Prelsverhaltms

hangt vom Preisverhaltnis Strom
] Gas 1.0
zwischen Strom und Gas ab |
7 @ 25
@ 30
" Die Dekarbonisierung erfordert .

@ 45

verstarkte Nutzung von Strom aus
erneuerbaren Energien

W Elektrizitat ist in vielen
europaischen Landern teurer als
fossile Brennstoffe

Fir kleine

industrielle “ ¥~ N
Quelle: De Boer et al. (2020): Strengthening IndustriatHeat s A P

E n dve rb ra u C h e r Pump Innovation, Decarbonizing Industrial Heat, White Paper, ' ¢
14. Juli 2020 S

mit:
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Marktattraktiviat

Preisverhaltnis Strom/Gas in der Schweizer Industrie
Durchschnittspreise fur Gas und Strom

0.25

0.20

0.15

0.10

0.05

Strom- und Gaspreis in CHF

0.00

(Industrie, 2011 bis 2022)
3.5

3.0

2.5

2.0

1.5

2011

2012 -
2013 -
2014 -
2015 -
2016 -
2017 -
2018 -
2019 -
2020 -
2021 -

Hochtemperatur-Warmepumpen

7. November 2023

e Strom, Typ |

Durchschnitt Total

Strom, Industne
Strom, GEK >=20

Gas, Typ |-V

Durchschnitt Total

Gas, Industne
Gas, Typ X

s Preisverhalntis Strom/Gas
(Durchschnitt Total Industne)

Preisverhaltnis Strom/Gas
(Durchschnitt, Total Industrie)

Eigene Darstellung
Datenquelle: Bundesamt fir Statistik

cordin.arpagaus@ost.ch



Integration von HTWP in industrielle Prozesse

Fragestellungen

1) Gibt es Prozesse mit Warmebedarf?
2) Gibt es Prozesse mit Kiihlbedarf?

3) Wie hoch ist die erforderliche
Warmeversorgungstemperatur?

4) Sind ausreichend Warmequellen fir hohe
Warmebereitstellungstemperaturen vorhanden?

5) Hat die Warmequelle etwa dieselbe GroRenordnung
wie der Warmebedarf?

6) Ist die Warmequelle etwa zur gleichen Zeit verfigbar
wie die Warmesenke?

7) Wie gross ist das Warmeriickgewinnungspotenzial
(WRG)?

8) Wie ist das Betriebsprofil der Warmepumpe (Laufzeit,
Teillast, Schwankungen)?

49  Hochtemperatur-Warmepumpen
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Fallbeispiele von industriellen Warmepumpen in der Schweiz

Energieeinsparungen und Reduzierung der CO,-Emissionen

Fallbeispiel
Schlachthaus Zirich

Energieeinsparungen
2’560 MWh fossile Brennstoffe

Reduktion der CO, Emissionen
30% (510t CO,/a) (520 t CO./a*)

Schokoladenfabrik Maestrani

882 MWh Gas*

179t CO,/a (2013 bis 2020)

Fernwdrme Champagne

3054 MWh Gas™

620 t CO,/a

Fernwarme Laurana

1'435 MWh fossile

42% (1’746 t CO,/a)

Kaserei Gais Appenzell

1’500 MWh Gas

305 t CO,/a*

GVS Landi Getranke

26’000 L Ol/a

40% (69 t CO,/a¥)

Nutrex AG Fermentation

bis zu 65’000 L Ol/a

310t CO,/a (bis zu 172 1 CO,/a*)

Harterei Gerster AG Metalle

80% (800 MWh Gas)

160 t CO,/a (162 t CO,/a*)

Kellermann Gemise 4’729 MWh Gas* 960t CO./a
Kambly SA Biscuits 25% (493 MWh Gas?*) 90% (100 t CO,/a)
Fernwdrme Casino Aarau 40% bis 2035 n.v.

Mifa AG Home Care & Nutrition 20% (4729 MWh Gas™) 60% (960 t CO./a)
Bachem AG Biotech 1478 MWh Gas* 300t CO,/a
Feldschlbésschen Bier 75% (11’160 MWh fossile) 2’265 t CO,/a*
ARA Altenrhein Abwasser 14’778 MWh Gas* 3’000t CO,/a

Der Ersatz von Gas- und Olkesseln durch WP fiihrt

*Annahme CO, Emissionsfaktoren (BAFU, 2019)
Gas: 0.203 t CO,/MWh, Ol: 0.00265 t CO,/L Ol

zu signifikanten Energieeinsparungen und Reduktion

der CO,-Emissionen

cordin.arpagaus@ost.ch
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