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Outline HEQT PUMP
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1. Market overview of commercially available industrial HTHP systems
— Cycles, refrigerants, application limits, efficiencies
2. Research status
— Screening of research activity
— Experimental and theoretical studies, cycles, refrigerants, supply
temperatures, operating ranges
3. Refrigerants
— Selection criteria, properties, GWP, price, efficiency, safety
4. Conclusions
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EUROPEAN
Classification of heat pumps (focus on compression heat pumps) HEQT PUMP

Development of temperature levels summit

POWERED BY CHILLWENTA

160

140 -
Heat pumps 120 -
100
Open Closed
systems systems
I I | _
Mechanical vapor Thermal vapor Compression Sorption
recompression recompression heat pumps systems 40

20 A

Tsupply [OC]
o
o

(o)}
o

adapted from Nellissen and Wolf (2015)

O ) 1
0 20 40 60 80 100

TSOU!'CB [OC]

VHTHP: very high temperature heat pump
HTHP: high temperature heat pump
HP: conventional heat pump

adapted from
Bobelin et al. (2012), IEA (2014), Jakobs and
Laue (2015), Peureux et al. (2012, 2014)
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EUROPEQAN

Potential for high temperture heat pumps HEQT PUMP
Process heat in industry summit
Theoretical potential for HTHPs in Technical potential of process heat in Europe
Switzerland accessible with industrial heat pumps
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Data from BFE (2016), Pulfer and Spirig (2015) Based on Eurostat data from 2012 of 33 countries,

Nellissen and Wolf (2015)
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EUROPEQAN

Overview of processes in different industrial sectors HEQT PUMP
Temperature levels and technology readiness level summit
Temperature Temperature
Sector Process 20 40 60 80 100 120 140 160 180 200 [°C] Sector Process 20 40 60 80 100 120 140 160 180 200 [°C]
Drying 90 -240 Injection modling 90 - 300
Paper Boiling 110 - 180 Plastic Pellets drying 40-150
Bleaching 40 - 150 Preheating 50 - 70
De-inking 50 - 70 Mechanical Surface treatment 20 - 120
Drying 40 - 250 engineering Cleaning 40 -90
Evaporation 40 - 170 Coloring 40 - 160
Pasteurization 60 - 150 . Drying 60 - 130
—— Textiles .
Sterilization 100 - 140 Washing 40-110
Boiling 70-120 Bleaching 40 - 100
Food & —— .
beverages Dlstlllat.lon 40 - 100 Glueing 120 - 180
Blanching 60 - 90 Pressing 120- 170
Scalding 50 - 90 Drying 40 - 150
Concentration 60 - 80 Wood Steaming 70-100
Tempering 40 - 80 Cocking 80 - 90
Smoking 20 - 80 Staining 50 - 80
Destillation 100 - 300 Pickling 40 - 70
Compression 110- 170 Hot water 20 - 110
Chemicals Thermoforming 130 - 160 Several ~ Preheating 20 - 100
Concentration 120-140 sectors  Washing/Cleaning 30-90
Boiling 80 - 110 Space heating 20 - 80
Bioreactions 20 - 60 Technology Readiness Level (TRL):
Automotive Resin molding 70-130 conventional HP < 80°C, established in industry
Drying 60 - 200 - commercial available HP 80 - 100°C, key technology
Pickling 20-100 prototype status, technology development, HTHP 100 - 140°C
Degreasing 20-100 - laboratory research, functional models, proof of concept, VHTHP > 140°C
Metal Electroplating 30-90
Phosphating 30-90
Chromating 20 - 80
Purging 40 - 70

Data sources: Brunner et al. (2007), Hartl et al. (2015), IEA (2014), Kalogirou (2003), Lambauer et al. (2012), Lauterbach et al. (2012),
Noack (2016), Ochsner (2015), Rieberer et al. (2015), Watanabe (2013), Weiss (2007, 2005), Wolf et al. (2014)
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EUROPEQAN

Selection of industrial HTHPs with supply temperatures > 90°C HEQT PUMP
summit
POWERED BY CHILLVENTA
Manufacturer Product Refrigerant M Sl Heatm_g corjpEssey Reference
temperature capacity type
Kobe Steel SGH 165 R134a/R245fa 165°C 70 — 660 kW . _ .
(Kobelco Steam Grow SGH 120 R245fa 120°C 70 — 370 kW Double screw ggfz’_z\/?/;?;’]gbidg&tsil” AU [RUEIIELS,
Heat Pump) HEM-HR90,-90A R134a/R245fa 90°C 70 — 230 kW ' '
Vicking R1336mzz(2) o 3 . (Nilsson, 2017; Nilsson et al., 2017; Viking
Heating Engines AS HeatBooster S4 R245fa 150°C 28 - 188 kW Piston Heat Engines AS, 2017)
IWWDSS R2R3b R134a/OKO1  130°C 170 — 750 kW _
Ochsner IWWDS ER3b OKO (R245fa) 130°C 170 — 750 kW zf\fvrif]"‘l:mt R (Z%iginer' AL, AT, 200, 22U
IWWHS ER3b OKO (R245fa) 95°C 60 — 850 kW '
. . o 3 . (Hybrid Energy SA, 2017; Jensen et al.,
Hybrid Energy Hybrid Heat Pump  R717 (NH,) 120°C 0.25-25MW Piston 2015a, 2015h)
Mavekawa Eco Sirocco R744 (CO,) 120°C 65 — 90 kW Screw (IEA, 2014a; Mayekawa, 2010; Watanabe,
y Eco Cute Unimo  R744 (CO,)  90°C 45 — 110 KW 2013)
. o . Piston (Darr thermea GmbH, 2017; IEA, 2014a;
Durr Thermea thermeco, R744 (CO,) 110°C 45 — 2200 kW (up to 8 in parallel) Thermea, 2012)
Combitherm Customized design R245fa 100°C 20 — 300 kW Piston (Blesl et al., 2014; Wolf et al., 2014)
. Unitop 22 R1234ze(E) 95°C 0.6 - 3.6 MW Turbo . ] .
Friotherm Unitop 50 R134a 90°C 9 — 20 MW (two-stage) (Friotherm AG, 2005; Wojtan, 2016)
. . o Screw
Star Refrigeration Neatpump R717 (NHy) 90°C 0.35-15 MW (Vilter VSSH 76 bar) (EMERSON, 2012)
. . GEA Grasso o L .
GEA Refrigeration EX P 63 bar R717 (NHy) 90°C 2-45MW Double screw (63 bar) (Dietrich and Fredrich, 2012)
HeatPAC HPX R717 (NHy) 90°C 326 — 1324 kW  Piston (60 bar)
Johnson Controls HeatPAC Screw R717 (NHy) 90°C 230-1'315 kW Screw (Johnson Controls, 2017)
Titan OM R134a 90°C 5-20 MW Turbo
Mitsubishi ETW-L R134a 90°C 340 - 600 KW  Turbo (two-stage) (IEA, 2014a; Watanabe, 2013)
Viessmann Vitocal 350-HT Pro R1234ze(E) 90°C 148 — 390 kW Piston (2-3 in parallel) (Viessmann, 2016)
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Commercially available industrial HTHPs sorted by
maximum supply temperature and heating capacity
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Commercial HTHPs — cycles, COPs and pictures

Kobelco SGH 120/ 165

) (IEA, 2014a; Kaida et al.,
2015; Kuromaki, 2012;

water
20°C

65°C

Hybrid Heat Pump

Jay

40-75°C

75-110°C

water water

absorber
NHsf
H,0

tank

desorber

15-75°C  20-75°C

Watanabe. 2013) Tur/Tur (ATuw)  COP (Jensen et al., 20153, Lm) .
, 65/120 (55) 3.5 2013b) 201100 (60) 15
Mayekawa transkritische 20-30°C 80-120°C _ Thermecoz HHR1000 S
CO2 heat pump Eco Sirocco air air with 6 piston compressors, up .
— .— to 1100 kW [
E- 4 o bl | ,-:
. (¥ g T
R 8
T . g | ] , ) -
Lims . l
| = -
& 5-35°C E | _ 10-40°C parallel
- Tu/Tur (ATur) ___COP - (20°¢) ompressays
(IEA, 2014a; Mayekawa, 20/100 Luft (80) | 3.4 (Durr thermea GmbH, 2016; Tir/Ter (ATur)  COP
2010; Watanabe, 2013) 25/120 H:0 (95) | 2.9 IEA, 2014a; Thermea, 2012) 20/80 (60) 3.9-4.3
Ochsner IWHS 400 ER3 75-95°C Ochsner IWDS 330 ER3 98°C
screw compressor, 380 kW T screw compressor, 312 kW (1057C)

Oko1l
(R245fa)

: 35-55°C
8-45°C ﬂ. (s0°C)
v Tur/Ter (ATun)  COP I Tur/Tur (ATur)  COP
(Ochsner, 2015) 45/90 (45) 4.0 (Zauner, 2016) 50/105 (55) 2.68
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Commercial HTHPs — cycles, COPs and pictures

Combitherm

(Bles! et al., 2014; Wolf et

Friotherm Unitop 22/22
. 3'300 kW, 2-stage turbo

29°C

al., 2014) Lm) Sl (Friotherm AG, 2005; Wojtan, TolTur (ATue)  COP
2016) 34/95 (61) 3.51
Star Refrigeration GEA Grasso FX P
Neatpump NP601 P Emerson Vilter Heat Pump
380 kW to 2.6 MW, Vilter e Double screw 63 bar
VSSE screw 7(_5__9?]’ P __ GEA double
screw 63 bar
osouo) 13 . W T /T (AT.s)_ COP
(EMERSON, 2012) 39190 (51) 4 (Dietrich and Fredrich, 2012) 35/80 (43) 5.0
Kobelco HEM-HR90 65-90°C
Johnson Controls SABROE U a0°c double screw (2-stage)
HeatPAC™-HPX ——
4] double
screw
(= | | (2-stage)
Johnson Controls 5 : -10-40°C
piston 60 bar 8 J air
e Toi/Tur (ATe) _ COP =
Johnson Controls, 2017 39/90 (51) 4.0 (Kuromaki, 2012; Oue and 17/90 (73) 45
( ) Okada, 2013) 35/90 (55) 5.8

Viessmann
Vitocal 350-HT Pro

=

(Viessmann, 2016)

i

o

Y

Al

I

I

=

50°C 1HX parallel
(40°c) compressors
T/ Tur (ATuin)  COP

50/90 (40) 3.4

Mitsubishi ETW-L

(IEA, 2014a; Watanabe, 2013).

Tir/ T (ATug)  COP
50/90 (40) 4.1
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COP vs. temperature lift for
various commercial HTHPs

AT =66 £24 K
— Most data points between 40 to 60% Carnot efficiency
(at 140°C supply temperature)

i ® Kobelco SGH 120/165
> O Kobelco HEM-HRS0
6 O - O HeatBooster 54
. # Ochsner IWWDSS R2R3b
5 m m © Ochsner IWWDS ER3b
O O it © Ochsner IWWDS ER3c4
4 IQOEI . < Hybrid Heat Pump
& ‘ A Unitop 22/22
o 8 A - A Combitherm
3 D &. M GEA Grasso FX P
» 'QI(.)O. o @ Star Refrigeration Neatpump
2 o ce ® o CISABROE HeatPAC HPX
o & O Vitocal 350-HT Pro
1 i A Mitsubishi ETW-L
20 40 60 80 100 120 140
AT g, [K]
— Average values: COP=3.2+0.9

10



Research status on HTHPs

Publications

20

# of publications

1978
1980

& 3
o o
- -

Research projects

1986
1988

WM SCOPUS [Web of Science

2 ¥ I L e 9sF
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2006
2008

2010
2012
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Which
laboratory
setups
already
exist?

160°C Helminger (2016),
Fleckl (2015)
AIT, Vienna
IHX, piston
(Bitzer 2CES),
R1336mzz(Z)

f [t L
Reiner (2015, 2013), Erlangen
IHX, piston (GEA Bock E3), LG6

Noack (2016), ILK, Dresden
1-stage, HT 125

Cycles

(Helminger el al., 2018)
12 KW, wilh IHX, piston
75-160°C

14
30.90°C
AT=35°C | 4.7-58
AT=TO*C 2634

(Fleck et al , 2015a,
20150)
12 KW, miston
100-150°C

30-115°C l
AT=35°C | 4.2-58
AT=TPC | 21-25

EUROPEQAN

HEQT PUMP

summit

POWERED BY CHILLVENTA

(Wilk et al., 20160)
250-400 kKW, with
BCONOMIZET, SCraw

COP []

(Reifiner, 2015, Reiliner
et al,, 2013a, 2013b)
12 KWW, with IHX, piston

T0-140°C

=]

40-90°C

AT=G0°C | 2532

(Fukuda et al , 2014)
1.8 kW, double rotary
compressor (2-slaga)
75-125°C

45-90°C

AT=30°C | 5.4-8.6

(Yamazaki and Kubo,
1985}
150-400 kW, screw
95-135°C

COP vs. supply temperature

8

60 a0

Supply temperature [°C]

State of the art

100 120

-&-Helminger et al. 2016 (20K), R1338mzz(Z)
*-PACO (27K}, H2O

-+ Fukuda st al. 2014 (30K), R1234ze(Z)

-*Reiltner 2015 (30K}, LGE

-8-EDF/Johnson Controls (35K), R245fa

~#-Flackl et al. 2015 (35K), R1336mzz(Z)

- Alter Eco (35K), ECO3 {R245fa)

—+—Wilk et al. 2016b (35K), Oko1 (R2450a)

-+--Yamazaki und Kubo 1285 (40K), R601

-o-Noack 2016 (40K), HT125

-©-Helminger et al. 2016 (45K), R1336mzziZ)
@ PACO (55K), H2D

o= Reiltner 2015 (60K), LGG

=—Yamazaki und Kubo 1885 (70K), R601

=0 Alter Eco (70K), ECO3 {R245fa)
<0-EDF/Johnsan Controls (T0K), R245fa
~o-Flackl et al. 2015 (TOK), R1336mzz(Z)
—o=Wilk el al. 2016k (70K), Okl (R2451a)
-0-Noack 2016 (70K), HT125

140 160
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Research activity on HTHPs
Number of publications

EUROPEAN
HEQT PUMP
summit

POWERED BY CHILLWENTA

20
B SCOPUS [OWeb of Science
15
(7))
-
O
< 10
Q
= )
-
o <
©
I
0
@]
o
(Y

1978
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004

Number of publications with search key word «high temperature heat pump»

2006

2008

2010

2012

2014

in databases SCOPUS (www.scopus.com) and Web of Science (www.webofknowledge.com)
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Research projects in the field of HTHPs
with information on the organization, project partners, heat pump cycle, compressor
type, refrigerant, heating capacity and sorted by the sink temperature

EUROPEAN
HEQT PUMP
summit

POWERED BY CHILLWENTA

Organisation Compressor Heating
_g ’ P Refrigerant Source and supply temperatures [°C] capacity Reference
Project partners type [kW]
20 40 60 80 100 120 140 160
Austrian Institute of Technology . .
(AIT), Wien, Chemours, Bitzer IHX piston R1336mzz-Z ‘ m 12 (Helminger et al., 2016)
Austrian Institute of Technology . (Fleckl et al., 2015a,
(AIT), Wien, Chemours, Bitzer | ' —>t29® piston R1336mzz-2 m 12 2015b)
PACO, University Lyon, H.O (Chamoun et al., 2014,
EDF Electricité de France | "oon tank | doublescrew |\ ccer) ‘ ‘ h ‘ 300 2013, 2012a, 2012b)
Institut fur Luft- und Kéltetechnik
(ILK), Dresden 1-stage n.a. HT 125 ‘ H ‘ H 12 (Noack, 2016)
Friedrich-Alexander Universitat . (Reilner, 2015; Reilner
Erlangen-Nurnberg, Siemens IHX piston LG6 m 10 etal., 2013a, 2013b)
Alter ECO, IHX and ECO3 (Bobelin et al., 2012;
EDF Electricité de France | subcooler | “OUPI€ el 1 2ossta) H ‘ 50-200 IEA, 2014a)
Tokyo Electric Power Company, 1-stage screw RE01 150-400 (Yamazaki and Kubo,
Japan 1985)
Austrian Institute of Technology . OKO1 -
(AIT), Wien, Edtmayer, Ochsner economizer screw (R245fa) ‘ i H 250-400 (Wilk et al., 20186b)
Kyushu University, double rotary
Fukuoka, Japan 1-stage (2-stage) R1234ze(Z) ‘ m 1.8 (Fukuda et al., 2014)
Johnson Controls, economizer| double screw 300-500
EDF Electricité de France and IHX | centrifugal turbo | 27om@ m ‘ 900-1'200 (IEA, 2014a)
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Experimental setups
HTHPsS in research status

Lubricant
_‘separator
1 !

Reil3ner (2015, 2013), Erlangen

1-stage with IHX, piston (GEA Bock E3), LG6
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Helminger (2016),
Fleckl (2015)
AIT, Vienna

1-stage cycle with

IHX, piston
(Bitzer 2CES),
R1336mzz(2)

Noack (2016), ILK, Dresden
1-stage cycle, HT 125
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Cycles and achieved COPs

HTHPs in research status

PACO project (Chamoun et

EDF/Johnson Controls

40-90°C

75-125°C

40-90°C

(Wilk et al., 2016b) al., 2014, 2013, 2012a, (IEA, 2014a)
(Helminger et al., 2016) (Fleckl et al , 2015a, 250-400 kW, with 2012b) with economizer and
12 kW, with IHX, piston 2015b) economizer, screw 300 kW, with flash tank, IHX, 300-500 kKW,
75-160°C 12 kW, piston 80-130°C double screw double screw,
100-150°C 120-145°C 900-1"200 kKW, turbo
62-102°C
m (R245fa)
0 0.6 bar
‘ 83°C
30-90°C 30-115°C
cor
AT=35°C | 4.7-58 AT=35°C | 42-58 85-95°C
AT=70°C | 2634 AT=70°C | 2125 AT=35°C | 3.6-3.9 _
AT=70°C 2123 AT=27°C (94/121) AT=35°C 5-7
AT=55°C (75/130) 3_6 AT=70°C | 23
(Reitner, 2015; Reilkner -
etal, 2013a, 2013b) (Fukuda etal, 2014) (Yamazﬁ‘g‘%‘d KUbo, | Ater ECO project (Bobelin et al., 2012; IEA, 2014a)
12 kW, with IHX, piston ) , double rotary 50-200 KW, with IHX and subcooler, double scroll
' ' compressor (2-stage) 150-400 kKW, screw i
70-140°C 95-135°C 90-138°C

double
scroll

- 45-90°C
oy AT=40°C 670 AT=35°C | 6-7
AT=30°C | 3.6-6.0 m! = 47, AT=35° _
AT=60°C | 2.5-32 AT=30°C | 5.4-6.6 AT=70°C | 2.6-3.0 AT=70°C | 23
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Achieved COPs of HTHPs in research status versus supply temperature

at constant temperature lifts (AT,;) of 20 to 70 K
8

COP []

no
|

State of the art

1 J f ! I J f I I

60 80 100 120 140
Supply temperature [°C]
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(AT, refrigerant

-@-Helminger et al. 2016 (20K), R1336mzz(2)
-%-PACO (27K), H20
—»—Fukuda et al. 2014 (30K), R1234ze(Z)
——Reillner 2015 (30K), LG6
-B-EDF/Johnson Controls (35K), R245fa
—o-Fleckl et al. 2015 (35K), R1336mzz(Z)
—&—Alter Eco (35K), ECO3 (R245fa)

——Wilk et al. 2016b (35K), Oko1 (R245fa)
->--Yamazaki und Kubo 1985 (40K), R601
-w--Noack 2016 (40K), HT125

-O--Helminger et al. 2016 (45K), R1336mzz(Z2)
0O PACO (55K), H20

—~Reiliner 2015 (60K), LG6

->—Yamazaki und Kubo 1985 (70K), R601
—2—Alter Eco (70K), ECO3 (R245fa)
-0-EDF/Johnson Controls (70K), R245fa
—0—Fleckl et al. 2015 (70K), R1336mzz(Z)
——Wilk et al. 2016b (70K), Oko1 (R245fa)
-O-Noack 2016 (70K), HT125

State of the art
Indicated at 120°C
supply temperature

and a COP of up to 6
at 60 to 90°C.

160
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Refrigerants for HTHPs

Selection criteria

Criteria Required properties

Thermal suitability High critical temperature, low critical pressure

Environmental ODP = 0, low GWP, short atmospheric life
Safety Non-toxic, non-combustible (safety group A1)
Efficiency High COP, low pressure ratio, minimal

overheat to prevent fluid compression, high

volumetric capacity

Availability

Available on the market, low price

Other factors

Good solubility in oil, thermal stability of the
refrigerant-oil mixture, lubricating properties
at high temperatures, material compatibility

with steel and copper

Refrigerant

Description

Refrigerant prope

rties

R113 1,1.2-Trchioro-1.2.2-tnfluoroethane  |CCLFCCIF; E 2800
R114 1,2-Dichloro-1,1.2 2 CCIF.CCF; [1857( 26 | 1 |@m00 | A1 [ 38 [ 1700
Ri34a 1112 CH;FCFy A004f406| 0 [1480 (A1 [-351] 1020
R152a 1,1-Difluroethari CHyCHE 1aa 2] o 124 | Az |-240] es1
R245%a 11223 P (CHF ;CF:CH:F 1744[303] o 608 [nv.[251] 1340
R2451a 1.1.2:2 2-Penlanuorogropant: CHFCHCFs 1540[%5 | o [ ess e 149 ] 1340
R236la 111333 CFAGHCFy [i248( 320 o @810 | a1 | 14| 1520
R227ea 1,1.1.2.3,3,3-Heptafluaropropane CF ,CHFEF, e[ 293 ] o [@220 [ a1 [-156] 1700
R700 Propane CHyCHCHy [967 425 o 3 || 4z1] 441
Fropene [CH,CH=CH; 911456 o 2 | A3 |476] 421

Pentane

| CHyCH;CHCHCHy

CHyCH:CH:CH,y

Isobutane (CHICH: RCH, w3 o

[Rogmizs gost)  [owracerce,  [728[400] o |

ro Olefines (HFOs

1,1.1.4.4.4-Hexafluoro-2-butens CF.CH=CHCF. 1713280 0 2
R12332d(E) opene 166.5 36.2 [0.0003) 1 [ A1 [18.0 | 1305
Riz34ze(Z) A CF.CHeCHF{cis)  [150.1]353 | o 1 |az| 88 | 1140
R1234z8(E) _[trans-1.3.3.3-Tetrafuoro-1-propene  |CF,CH=CHFifrans) _ |109.4] 354 | 0 7 [A2L]-19.0] 1140
R1234y1 2,3,3.3-Telrafuore- 1-ropene CFLCF=CH; TAERN 4 |aau]-ze8] 1140
DR-14 na na G EIN B0 (A1 |-205] nw
DR-1Z na na A ETID 32 [ 175 nw
LGE n.a. n.a. 1650 na| o 1 na| na | na
MF2 na na 1450 na ] 10 |na|na na
E170 Dimethyl ether (CHyOCHy 1272534 o 1 [ A3 [-248] 481
R718 Water H:0 3739[2206] 0 0| A1 [1000] 180
RT1T Aminia 1 13231123 o o |sa|-333] e
R744 Carbon diode co; 30|78 o 1 | a|-78s5] aa0

Critical temperature [°C]
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Which
refrigerants
are suitable

for HTHPs?

Critical temperature

vs. GWP

Price

2afriqer: AAC N Container  Price per
Refrigerant  CAS Nr. [kg] kg [Euro] 4
12 8.55 1.0
R134a 811-97-2 28 8.55 1.0
63 8.25 1.0
10 8.85 1.0
75-10-5 (50%)
R410A 22 8.85 1.0
stk i) 53 860 | 1.0
R744 124-38-9 30 9.00 1.1
11 49.50 5.8
R1234ze(E) | 1645-83-6 69.90 | 8.2
59 48.25 5.6
R1233zd 14 62.70 7.3
R245fa 460-73-1 14 el
R1234yf 754-12-1 5 j3.88 | 11
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4.0 L i 1
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Condensation temperature,  Teona [°C]
] R290, R1270, RBO1,
higher A3 | Rso0, Re00a, E170 | B3
2
2 R152a, R38SMIc,
E lower A2| SES3S R1234ze(Z), | B2 RT1T
£ R1234z8(E), R1234yf
&
™ R113, R114, R134a,
no flame i R245ca,
propagation Al mﬂn R1336mzz-Z | B1 oy
123320(E), DR-14,
DR-12, R718, R744
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EUROPEQAN

Selection criteria for refrigerants for HTHPs HEQT PUMP
summiTt

Thermal suitability High critical temperature, low critical pressure

Environmental ODP = 0, low GWP, short atmospheric life

Safety Non-toxic, non-combustible (safety group Al)

Efficiency High COP, low pressure ratio, minimal overheat to prevent
fluid compression, high volumetric capacity

Availability Available on the market, low price

Other factors Good solubility in oil, thermal stability of the refrigerant-oil
mixture, lubricating properties at high temperatures, material
compatibility with steel and copper

Data sources: Bertinat (1986), Burtscher et al. (2009), Calm (2008), Eisa et al. (1986),
GOktun (1995), Helminger et al. (2016), Klein (2009), Kujak (2016),
Reil3ner et al. (2013), Rieberer et al. (2015)
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Classification of refrigerants by critical temperature and GWP HEQT PUMP
summITt
O GWP <50 O50<GWP<1'000 @ GWP >1000
200 OR6E01 4006
180 | [ Ri23300(E) i
Lge R600 >
160 —_
S 3”R123§E(§AF2 O/ © 300
e, 140 (bg o O DR-12 o
m | -
3 120 P70 2 20
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Safety Group Classification HEQT PUMP
according to DIN EN 378-1 (2008) and ASHRAE 34 SummIT
: R290, R1270, R601,
higher | A3| a0 Re00a, E170 | B3
= R152a, R365mfc,
= lower A2 | SES36, R1234ze(Z), | B2 R717
= R1234ze(E), R1234yf
L
LL R113, R114, R134a,
R236fa, R227ea,
g ﬂamje A1 | R410A R1336mzz(2), | B1 E‘EZ'
propagation R1233zd(E), DR-14,
DR-12, R718, R744
lower higher
Toxicity
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Properties of refrigerants for HTHPs

Refrigerant Description Chemical Torit P

formula [°C] [bkar]
Ethane line
R113 1,1.2-Trichloro-1,2,2-trifluoroethane CCI:FCCIFz 2140( 339 | 08 4'800 | A1 | 476 | 1874
R114 1,2-Dichloro-1,1,2 2-tetrafluoroethane  |CCIF:CCIF; 145.7| 326 1 9'800 | A1 | 38 170.9
R134a 1,1,1,2-Tetrafluoroethane CH;FCF: 101.1| 40.6 0 1430 | A1 [-26.1] 1020
R152a 1,1-Difluoroethane CH2CHF 3 113.3| 45.2 0 124 AZ |-240| B6.1
Propane line
R245ca 1,1.2,2,3-Pentafluoropropane CHF2CF:CH:F 174.4] 39.3 0 693 |nwv. | 251 | 1340
R245fa 1,1,2,2, 3-Pentafluoropropane CHF;CH;CF; 154.0( 36.5 0 858 B1 | 149 | 1340
R236fa 1,1,1,3.3,3-Hexafluoropropane CF1CH;CF2 1249| 32.0 0 9'810 | A1 | 14 | 1520
R227ea 1,1,1,2.3,3 3-Heptafluoropropane CFiCHFCF2 1018 29.3 0 3'220 | A1 |-156] 1700
R290 Propane CHaCHzCH= 96.7 | 42.5 0 3 A | -421 441
R1270 Propene CHsCH=CH;: 911 | 456 0 2 A3 |-476( 421
Butane line
R36amfc 1.1,1,3.3-Pentafluorobutane CF1CH;CFzCH; 186.9( 32.7 0 804 | A2 | 402 1481
SES36 Pentafluorobutane R36omfc/PFPEBS/35 |177.6| 28.5 0 3126 | A2 | 356 | 1845
Hydrocarbons
RE01 Pentane CH3sCHzCHzCHzCHs 196.6| 33.7 0 20 A3 | 36.1 722
RE00 Butane CH3CH;CH;CH3 152.0( 36.0 0 20 A3 | 05 581
RE00a Isobutane CH(CH3)zCH; 134.7| 36.3 0 3 A3 [-11.8] 581
Refrigerant mixtures
R410A [R32/R125 (50/50) |CHoF2/CHFCF5 |726400] o [ 2088 [ a1[-515] 726
Hydro Fluore Olefines (HFOs)
R1338mzz-Z (1,1,1,4,4,4-Hexaflucrc-2-butene CF3CH=CHCF(Z) 171.3| 29.0 0 2 A1 | 33.4 | 1641
R1233zd(E) Tetrafluorpropene CF,CH=CHCI(trans) |166.5| 36.2 |0.0003 1 A1 | 18.0 | 1305
R1234ze(Z) ¢is-1,3,3,3-Tetrafluoro-1-propene CF;CH=CHF(cis) 150.1( 35.3 0 1 A2 | 9.8 114.0
R1234ze(E) trans-1,3.3,3-Tetrafluoro-1-propene CF2CH=CHF(trans) 1094 36.4 0 7 AZL|-19.0| 1140
R1234yT 2,3,3,3-Tetrafluoro-1-propene CFsCF=CH: 947 | 338 0 4 AZL|-29.5] 1140
DR-14 n.a. na. 1116| 39.6 0 380 Al | -20.5 n.v.
DR-12 n.a. na. 137.7| 30.0 0 32 1 7.5 n.v.
LGE n.a. n.a. 165.0( n.a.( O 1 n.a.| na. | na
MF2 n.a. n.a. 1450 na.| O 10 |na | na n.a.
Others
E170 Dimethyl ether CH30OCH3 1272 53.4 0 1 A3 | -248| 461
R718 Water H;O 3739|2206 0 0 A1 |100.0] 180
R717 Ammonia MNHz 132.3(113.3 0 0 B2L | -33.3 17.0
R744 Carbon dioxide CQO2 3.0 (738 0 1 Al |-78.5| 440
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T, = critical temperature
Pt = Critical pressure
ODP = Ozone Depletion Potenial (R11=1.0)

GWP = Global Warming Potential (CO2=1.0, 100
years EU F-Gas regulation 517/2014)

SG = Safety group (according to DIN EN 378-1,
2008, ASHRAE 34)

Bp. = Boiling point at 1.013 bar

M = Molecular weight

[ 1 excluded
[ ] suitable
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Conclusions

Market overview

— More than 20 HTHP models identified with supply
temperatures > 90°C from 13 manufacturers (e.g. Vicking
HeatBooster with 150°C, Ochsner IWWDS with 130°C,
Kobelco SGH120, Mayekawa Eco Sirocco, and Hybrid
Energy Heat Pump with 120°C)

— Heat source: water, brine, waste heat (17 to 65°C)

— COP: 2.4 t0 5.8 at a temperature lift of 40 to 95 K

— Heating capacity: from about 20 kW to 20 MW

— Refrigerants: R245fa, R717 (NH3), R744 (CO2), R134a,
R1234ze(E)

— Compressors: 1- and 2-shaft screws, 2-stage turbos,
pistons (parallel)

— Cycles: usually 1-stage, optimization by IHX, parallel

compressors, economizer, intermediate injection, 2-stage
cascade (R134a/R245fa) or with a flash economizer

2017-10-24_11-45Uhr_Review on High Temperature Heat Pumps_Arpagaus.pptx
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— Highest supply temperature of 160°C at AIT (Vienna),
1-stage cycle with IHX and R1336mzz(2)

— At least 10 research projects reached > 100°C
— Heating capacity: lab scale 12 kW, larger prototypes >100 kW

— COPs (at 120°C supply temperature):
5.7 to 6.5 (30 K temperature lift), 2.2 to 2.8 (70 K)

— Cycles all 1-stage: partly with IHX and/or economizer with
intermediate injection

— Refrigerants: R1336mzz(Z), R718 (H20), R245fa, R1234ze
(2), R601, LG6 (Siemens), OKO1 (contains R245fa, Ochsner),
ECO3 (R245fa, Alter ECO), HT125 (ILK, Dresden)

— Compressors: pistons in lab systems

— HFO refrigerants: thermodynamic suitable, good efficiency,
GWP <10, ODP = 0, safe, future-proof according to F-Gas
regulation
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Thank you for your
attention

Contact details: cordin.arpagaus@ntb.ch
+41 81 755 34 94

Weblink: www.ntb.ch/projekt/hochtemperatur-waermepumpe

NTB _U.n-iV"éF;é'}"?y_of hpp/ied Sciences of Technology Buchs, SW/tzeﬂfandq
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