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What to think when integrating an heat pump
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Problem: decarbonisation of an industry

_____






















HPs reduce cooling as well

I I










Oeozne™ (Oost . CSDENGINEERS™

INGENIOUS BY NATURE

Heat pumps are not a plug & play

* HPs integration required a broad approach.
* HPs reduce cooling demand.
* HPs are very diverse => great variability
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Variability is a chance

e
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Variability allows to optimize the system to any application -

INGENIOUS BY NATURE

ost  CspENGINEERsT HE™ EPFL
o O Ut A Scces T G

< industrial process >

heat pump
system

High Temperature Heat Pumps | 24 March 2023 15




Variability allows to optimize the system to any application -

heating
network

process

heat pump
system

High Temperature Heat Pumps | 24 March 2023 16




Variability allows to optimize the system to any appllcatlon ”
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OOST _ CSDENGINEERS™ E(EB “PFL

process : heating
steam dryin
heat ying network
stirling Reversed Refrigerant Transcrltlcal clooe -loop open-loop Combined absorption
cycle Brayton mixture cycle cycle cycle cycle system

High Temperature Heat Pumps | 24 March 2023 17



Many heat pump cycles to create steam

HP closed-loop

water steam

X refrigerant ()

H / _ heat source

High Temperature Heat Pumps | 24 March 2023
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Many heat pump cycles to create steam

HP closed-loop MVR

water steam water steam

| - Ine

X refrigerant X

H / _ heat source H h heat source
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Many heat pump cycles to create steam

NNNNNNNNNNNNNNNNN

water

HP closed-loop

steam

]

X

refrigerant

/ _ heat source

water

Combined cycle

steam

il

X  refrigerant

H / _ heat source

High Temperature Heat Pumps | 24 March 2023

water

MVR

steam

h heat source
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Example of heat pump cycle to create steam

New Energy for Industry (NEFI)-Projects

Kiltever Bestand AHEAD system Dampf
SOrguing VErSorgung

12=0 11 barial
S et Uamplerzeugende e e b
450 Kallemasching YWarmepumpe Warmepumpe Dampfdruck
Spelsewasser
= Heizleistung der AHEAD-Anlage = 4000 Stunden wissenschaftliche = Dampf mit 11 bar(a) und einer
2,5 to Dampf / Stunde messtechnische Begleitung Kondensationstemperatur von 184°C

High Temperature Heat Pumps | 24 March 2023 21
Dampf ohne Gas: Moglichkeiten moderner Warmepumpen-Technologie | HLK



https://hlk.co.at/heizung/dampf-ohne-gas/#top

INGENIOUS BY NATURE

cspeNcINEERST HE” EPFL
e f Appaed Scionces I G

Example of heat pump cycle to create steam

. 1 HIRIES = s T A 3
~ New Energy for Industry (NEFI)-Projectsg

l ']

‘-
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Dampf ohne Gas: Mdglichkeiten moderner Warmepumpen-Technologie | HLK



https://hlk.co.at/heizung/dampf-ohne-gas/#top
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CSDENGINEERSY HE"
HE" EPFL

From origins to latest developments

Appareil Piccard perfectionné

=V
B 7Z
g0
7 7 7 ) T
o N\ ) sl
“p 4

7 ’ A
K77 //Z'{’///A

1877 — 15t (steam driven) heat pump ...
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From origins to latest developments

cspenciNEErst HE” EPFL
s s REECEL S GRS IG

(\ IEA Annex 58 on High Temperature Heat Pumps

13 participating countries: Austria, Belgium, China, Canada, Denmark, France,
Germany, Netherlands, Japan, Norway, South Korea, Switzerland, US

CNeray

=/l :qkala $R¥\M

fabrikk

Appareil Piccard perfectionné GEA D D enertime M10Ener
- \ ®
EPCON
R EeEcon ecop e
W,; . = MAN Energy Solutions
b ~ D
il S Y PILLER Weel & Sandvig
, ! i E QPINCH Blowers & Compressors ENERGY AND PROCESS INNOVATION
e i § )  SPI/ING TURBOBER KOBELCO
== . S, f; Technologies '
S & SIEMENS
5 i 1 > RankE@ EMERSON.

FENAGY Q, HEATEN

MITSUBISHI HEAVY INDUSTRIES
THERMAL SYSTEMS

1877 — 15t (steam driven) heat pump ...

2023 — Heat pumps allowing steam production
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Ohmia Industry O

[F= Fuiji Electric

MAYEKA
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SPH Sustainable Process Heat
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Heat pumps supplying heat over 100°C
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INGENIOUS BY NATURE

CSDENGINEERSY HE"
e =PrL

» (Caracteristics :

Compressor types
Working fluids
Capacity range
Maximum temperature
Temperature lift
Thermodynamical cycle
Heat carrier media

. & TRL!

Q COMMERCIAL

Technology
U‘ Demonstration

O ‘ Viability Demonstration

Technology Development

O‘ Feasibility Demonstration
®‘ Proof of Concept

@‘ Technology formulated

Basic Research

High Temperature Heat Pumps | 24 March 2023 https://mcyportal.mosti.gov.my/

(-

Range covered in
present overview

1/3in TRL 9
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Overview of HTHP technologies

@0

CSDENGINEERS ¥

INGENIOUS BY NATURE

E(Ea cPrL

« High temperature achievable ! ...from what source ?

Compressor technology

Max. heat supply temperature (°C)

212 <
200 1

» [ Screw [ | Piston Il Turbo [ Other

Refrigerant fluid

v

[
I SR

T Rank

Siemens Energy

I Cnertime
I \Vee| & Sandvig

I AN
Epcon

| Ohmia Industry

[T ecop

[
L 1 Fenagy

[ Kobelco SGH120
| Mayekawa EcaCircuit
1 Fuji Electric

T Emerson )
[ 1 Skala Fabrikk

{4 |  Mayekawa EcoSirocco

8 1 Mayekawa HS Comp

T Mayekawa FC Comp
[ | GEA Refrigeration
I [itsubishi Heavy Ind.
[ | Hybrid Energy
| Johnson Controls

280 s [ I Spilling R718 (water)
250 < | : | Enerin '
230 - [ 1 Qpinch R7T18, H:PO: and derivatives
Piller R718
[ | Olvondo :
urboden
T ToCircle R717 (ammonia), R718
e Kobeleo MSRCAG0 R7T18
I Kobelco SGH155 R245f/R134a (mixture), R715
Heaten HFOs (hydrofluorolefins)
| SPH HFOs {hydroflucrolefins)

RT18

R1233zd(E), R12342¢(E)

R1336mzz(Z), R1224yd(Z), R12332d(E)
R718

R245fa, R1336mzz(Z), R123324(E}

R718
R717, R718

REO-1 [n-pent-ane}

R134a
RT17/RT18 mixure

R717, RE00 {n-butane) (cascade)

RE00 (n-butane)
R245fa

R1234ze(Z)

R245fa

R245fa, R410a. B718

R290 [propane), R600 (cascade)

01 1
Heating capacity (MW)

10 100

High Temperature Heat Pumps | 24 March 2023

Information provided by
technology suppliers without 3
party validation

IEA Annex 58, Arpagaus et al. 2022
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C
Adequacy between HP and project conditions @

» Operating range = physical limits of the components

* The best heat pump ?

200 1 | Spilling
. . Steam
180 ICompressor
o) i __(R718) = - Spilling Steam Compressor (R718)
- 1601 | . ] | . PILLER VapoFan {R718 Water)
b i > | :
S 140 - :
T | Kobelco SGH165 {R245fa + R718)
E 120 A Kobelco SGH120 {R245fa)
g‘ E = SPH ThermBooster (R1336mzz{Z))
F_,J 100 1 = = SPH ThermBooster (R1233zd{E)}
—; 80 : === SPH ThermBooster (R1336mzz(E))
% l / + vV V] msaa SPH ThermBooster (R1234ze(E))
0 60
40 - —— Johnson Controls CMO, SMC (R600)
20 A
D ¥ T T T T L] L T T L

-20 0 20 40 60 80 100 120 140
Source temperature [°C]
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: . osT_CspENeiNEERs* HE™ ZPFL
Overview of HTHP efficiency IG
« COP = Produced heat / power needed for compression
. Larger scale & industrial context = better efficiency L, Tl e i
I ® MVR with subcooling to 105 °C
* - ® MVR
[ J

Coefficient of Performance

Temperature lift is key for COP

10

o N B O 00

Residential ASHP

Residential GSHP

Industrial LSHP

10

20

30

40

T

50

Temperature Lift [K]

Source : Wolf and IEA Annex 35, 2014

60

70

80

COPheating [']

10—

Heat pumping part, crossing temperatures

.
B i
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25 50 75

100
Mean temperature lift [°C]

Source : IEA Annex 58, 2022

125 150 175 200
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cspeNcINEERST HE” EPFL
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Specific cost

» Specific investment cost (disregarding installation and integration cost)

* Costs, savings and payback
1400_ OO

* Including TRL4-9

1200 {-

1000 |-

8001~

6001

4001

Specific investment cost [€/kW]

200 -

0 25 50 75 100 125 150 175 200
Mean temperature lift [°C]

High Temperature Heat Pumps | 24 March 2023 Source : |IEA Annex 58



~ (ost  cspeNsiNEErst HE” EPFL
. O e IG
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Discussion on HTHP systems

- Compressor technology :

- From the process industry
- Modified compressors based on proven technology
- New concepts or deeply adapted

- Qil-free systems

- Importance of a good integration : within the processes, hydraulic, regulation
- Dynamic behaviour

- Availability on market

High Temperature Heat Pumps | 24 March 2023 30



Further information sources on HTHP

Schweizerische Eidgenossenschaft

Confederaziun svizra

Swiss Federal Office of Energy SFOE

s+ HE"
gmsr\;l:rumauﬂ CSD E NIEE!\M)NJSEEYENATRURE I G

University of Applied Sciences

EPFL

Collected information from I[EA Annex 58
« Data sheets from worldwide suppliers
» Description of demonstration case studies

' 1/
https://heatpumpingtechnologies.org/annex58/task

Video content
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FACTS ABOUT THE TECHNOLOGY

Heat supply capacity: 120 y
Temperature range: usefy

120 °C ang "C 10 160°C / he
Inlet 60 °C 10,100 *C and out

Working fluid: 2
R245fa, j1.

1 eestment cust for instalfed systam

wwEhout integration: 200-400 £ per KW bt it
ries between temperature levels ang

applications

TRL leval: TRL 7 - prototype derme, wation

Expectad lifetime: 20 years (with 1

of hiring Service ta extend fifetly

e possibility
nd lifetime and ers
the highest energy performance )

$ and ensuy
Size: weight 5.5 10 5

8 Face requrie
13 m2/ height 2.5

0 25m

Contact information
Rank ORC, 1,

& Info@rank.orc.com / safesisrank.opc com
% <3968 5968 50
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e party valation, The information wae Frovider az an
es = and sy b difarant in fing s faton:
Seencing o apphcation spmcife pararmasers

supplier without

@ 1EA Techn, ology Colia boration Programme on
Heat Pumping Technologies (HPT 2c. Py
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h
: .com/@sweetdecarbc
d b.ch YouTube Channel (footer) or https://www.youtube

www.sweet-decarb.
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https://heatpumpingtechnologies.org/annex58/task1/
http://www.sweet-decarb.ch/
https://www.youtube.com/@sweetdecarbch

Conclusion on High Temperature Heat Pumps

= Solution to drive the decarbonisation & improve energy efficiency in the industrial sector
= Available products and strong ongoing developments

= Aim for lowest possible heat use temperature
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