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Sectors Temperature/°C 20 40 60 80 1 120 140 160 180 200 220°C
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160 Paper 50-240
140 Food & beverages 20-250
4 Chemical 20-300
@ 120 :
E Automotive 70-130
5
5 100 Metal 20-200
2
E % Plastic 40-300
*i Mechanical engineering 20-120
g 60 Textiles 40-160
40 - i Wood 40-180
LTHP Non-heat pump area Other sectors 20-110
20 . ,
i Technology readiness level of heat pump:
1
0 ; - ; ' ' LTHPs < 60°C: established in industry;
-20 0 20 40 60 80 100 120 ] .
Heat source temperature °C MTHPs 60-100°C : commercially available, key technology; 1
HTHPs 100-160°C : prototype status, under development;
? ,‘- f } z UHTHPs 160-200°C : laboratory scale research, functional models, proofs of concept;
At UHTHPs >200°C.
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FUEKIR: [1] Di W, Bin H, R.Z Wang, et al. Vapor compression heat pumps with pure Low-GWP refrigerants, Renewable and Sustainable Energy Review, 2020, 138(2):110571.
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Heat source [ Heat sink Heating capcity 160 : ; : :
Industry Use Configuration (infout) (°d) | (invout) (:c) | | *number (ewy Refrigerant |Compressor COP Reference Year E ‘[é,nk_thown ;
120-160 150 |- cro T
Vapor DS - (steam) 380-660*1 R245fa Screw 2.5-32 Kobe Steel 2011[96] Serew ;
Distric Heating 55 402 45/88 18113* CFCIHCs | onprifugal 333 Finland 2006 [98] antrlﬁlgal :
heating 15/7 65/90 15,500 - 27 ltaly 2008 [99] ¥ Piston :
i c:enctra:j heallting SS 45/30 60/75 80*10 R406A Scroll 3.87 Youetal. | 2005 [100] 130 |- Turbo
il fi ) T :
e o ss 55-65 85-95 6758932 RaSfa | Twinscrew | 3544 | Heetal | 2015[101] v ! :
heating 2120 e S
Winemaking Cascade  [5-35 (ambierft)| 120 (steam) 150*1 R410A/R245fa | Twin-screw [1.95 (Th=14C)] Yanetal. 2020 [46] A ;
Food Noddle drying ACHP 99 144.5 (steam) 432*%1 NH:-H.0 - 5% Liu et al. 2019 [102] S 110 - m R -
- o 1 1 wn i H
Ffoultry . Cascade 20-30 62-90 270*5 NH; I?lston 418 Jiang et al. 2019 [103] . 5
handling,heating, SS 83 125 750*1 Water Twin-screw E 1okl S
Dyeing | Dyeing liquid SS 74164 94.4/97.3 108*1 R245fa Twin-screw 24 Wu et al. 2016 [104] U M ;
Drying DS+IHX 55/50 70/130 627*1 R134a Turbo 3 Umezawa et al. | 2011 [105] 4 1) — L | S
Wood drying SS+DS 43-60 60-95 143*1 R245fa . 1.42 Zhangetal. | 2013[106] , §
Drying .| SS+subcooler, Zeotropic . . : :
Powder making 65/40 75/130 2,250%1 ) Piston 2.66-3.08 * | Zihisdorf etal. | 2017 [107] 80 - HL e o
superheater refrigerant m : :
Spray-drying ACHP 75/55 85/111(air) 206*1 NHs-H-0 - 3.54.0* Jensenetal. | 2015 [108] ; :
Medicine | Pharmaceutical| ~ SS+HIHX 36.5/31 60/90 1,500-3,900 NHs - 3.0-3.9 |Urbanuccietal. | 2019 [109] 70 oo : o .
Cl:ggis' - SSHMVR 58 118(steam) 348+1 R245fa - 3.05 Leeetal. | 2017 [110] 60 ! !
0 200 400 1.000 10,000 20,000

Heating capacity (kW)
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FWESKIR: [1]Jia T, Bin H, R.Z Wang, et al. A review and perspective on industry high-temperature heat pumps, Renewable and Sustainable Energy Review, 2022, 112106).
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60-100°C Combitherm HWW Ochsner IWHS ER3 Star Neatpump, = 3
Combitherm HWW GEA Grasso FXP
Friotherm Unitop 22 Johnson Controls Tian OM
Friotherm Unitop 50
100-120°C | Mayekawa Eco Sirocco Ochsner IWDS 330 ER3
Kobelco SGH 120
Durr thermae thermeco2 Siemens Energy
Hybrid Energy AS Man Energy
120-160°C | Viking Heat Booster Ochsner IWWDS
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O Yamazakietal,1985 O Reineretal. 2013
© Fukuda et al.,2014 © Helminger et al.,2016
A Yuetal, 2014 A Moist et al.,2017
v Madsboell etal.,2014 w7 Wemmers et al.,2017
¢ TFleckletal.,2015 % Wuetal.,2019
> Noack et al.,2016 + Caoetal.,2019
¥ Huang et al.,2017 ¥ Arpagaus etal.,2019
— Zhang et al.,2017 O Wang et al. 2010
X Deng etal 2019 O Bobelin et al. 2012
+ Zhang et al.,2020
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ATy (°C)
Larminat et al.,2014
He et al.,2015
Wilk et al.,2016
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Zhou et al.2016
Zhu etal 2018
Bamigbeta et al., 2017
Lee et al.,2017
Lietal.,2019
Yan et al.,2020
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FUESIR: [1]Jia T, Bin H, R.Z Wang, et al. A review and perspective on industry high-temperature heat pumps, Renewable and Sustainable Energy Review, 2022, 112106).
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e R G RERE /C A E/KW HD)2/KW 3 COP,

25 1,307 235 5.6
35 1,709 231 74
40 1,935 212 9.1

F2 HAKBE 65°C (1.=68) BARENAMSITRER

A RGAERE/C HIFHE/LW FiThER/KW E CoP,

25 1,286 268 4.8
35 1,671 267 6.3
40 1,914 257 7.4
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#WESKIR: [1] Wu D, Hu B, Yan HZ, Wang RZ. Modeling and simulation on a water vapor high temperature heat pump system. Energy 2019;168:1063-72
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FUESIR: [1] YanH, Hu B, Wang R . Air-Source Heat Pump for Distributed Steam Generation: A New and Sustainable Solution to Replace Coal-Fired Boilers in China[J]. Advanced Sustainable Systems, 2020, 4(11).
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FUESIR: [1] Cordin A, Ralph K, Manuel P, et al. High temperature heat pump using HFO and HCFO refrigerants - System design and experimental results. 25t IIR International Congress of Refrigeration, 2019, Montreal.
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WAk FlE HHRE WA CoP-  EftL- REIED HISIE
HE@P) ECC) (kw) Z(Kkw) i (MPa)  E(°C)
115.3 17.29 4.41 3.92 3.99 1.98 123.4
210 120.0 16.73 4.67 3.58 4.07 2.12 126.4
> 125.0 15.80 5.02 3.15 4.31 2.30 130.4
130.4 15.36 5.59 2.75 4.74 2.55 136.2
SELE K-
® Xi=Rut/KiEE 80°C TR3EFEE 3.3kg
® ZLMKRE 24mih  RERMIKRE 2.6m3h
4 &b
BY-55NBY-1#RIBIHEGESEINILL
Q. (kw) P, (kW) COP
LB | o0ec | 125°¢ | 130°C | | 120°C | 125°C | 130°C | | 120°C | 125°€ | 130°C
BY-5 | 14.91 | 14.62 | 13.66 496 | 538 | 5.97 3.00 | 2.72 | 2.25
NBY-1 | 15.82 | 14.93 | 14.33 476 | 519 | 5.58 3.32 | 287 | 257
?EZI%Z 6.10 | 212 | 4.90 -4.03 | -3.53 | -6.53 10.67 | 551 | 14.22
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