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Development Status and Prospects of Industrial High-temperature Heat Pumps
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Abstract Currently, China’s energy consumption is heavily reliant on coal, which is difficult to replace. The development of non-fossil
fuels faces multiple constraints, and the industry is adversely affected by the issues of high energy consumption, high emissions, and low
energy efficiency. Therefore, innovative low-carbon technologies urgently require further development. Heating accounts for half of all
energy consumption; therefore, low-carbon heating is important for achieving carbon neutrality. To meet the capacity and temperature
requirements of industrial heating, high-temperature water/steam heat pumps must be developed. This paper presents an analysis of the
current status of industrial heat pump technology, including system cycles, refrigerant compression technology, and steam compression
technology. Based on the development status of fourth-generation low-global warming potential refrigerants, the corresponding heat pump
technologies should be well developed. Furthermore, industrial heat pump development prospects are discussed based on the development
status and applications. Finally, application scenarios are predicted based on the market capacity and carbon reduction potentials.

Keywords industrial heat pump; high-temperature heat pump; steam heat pump; low GWP refrigerant
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Fig.1 Single-stage compression system
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Fig.2 Double-stage compression system
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Fig.3 Cascade system

PAE , AR 5 I s ¥ BRI BE Z 0] 2 10~ 15 K 1Y
M2 LIRS SRS AT, PR EEIR Bz I
SR BERSFD COP #UN, €O, 1 FH T 15 I 5L i i
BRGNS HES R, co, R K,
IS A AR OK 2% s S, 72 4E S 80 ~
100 CHUK Az SR IENLAL,
1. 1.2 HRFIE1EIR

VR EA TG PR, & — P HE Y A
AR, SRR (anZs ) A B, 2R TR T
MEEHREMGH, SIRAESKMELL, ZKEBEAT R
(LIS, T FETC 5 R A 00 T 4 8 = i
A, ¥ R AT e R TR T R R ZE VR R v AR
TIPSR B T BAAR A K, A3 B AS [R5 B 1l 4
K, AR AZER G ROKIEA Tk BRI E R
BRAE Y FH Rk AA

LA B PR T 25 07 A T e A v T g 2
TE 100~ 125 °C 114 3 B2 3 BBl 9 A AR oK 1200 B2 1X 1]
RS IR 28 PRI LA (HOK IR EE <120 °C) 1YiE
FHYEI U 28 VAT MLLEL R FH T8 iy o7 T g 40tk
Al IR POK 205 2 KSR A UR 28R, ™
FEZE VR £ vT LT T+ AN TR R B R 4 3L
s H SRS TN ZERE ™ PEER 7 =X 2R
WARULE 4~ 6,

0 P
W RS
o
o L
#“ﬁﬁ'— * % @D [N 7R
0 il
TR w U0
AL,
@ JK i
Wik EHR

B 4 BREGHE+NETER

Fig.4 Single-stage compression + vapor flash system
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Fig.5 Double-stage compression + vapor flash system
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Fig.6 Cascade system + vapor flash system
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Fig.7 Single-stage compression + vapor flash + vapor

compression system
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Fig.8 Double-stage compression + vapor flash + vapor

compression system
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Fig.9 Cascade system + vapor flash + vapor compression

system
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TERT ) HCFOs ", R1233zd (E) #1A k238 H
FrRiRAE R HE R, H ODP 4 0.003 4 GWP H
1 SRR 166. 5 °C IGHE S8 3 620 kPa %4>
A0 A1, CBUESH T IR AR R A L S
g

R1224yd(Z) & — Rl 42850y A1 W3R 2 BRI
B, EEAFE X HEHURR AR, BT
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5E B0 POE ) IR, MRAE 1T, 5 MM T
JFA EE, R12332d (E) AT FE COP 1 B3 {4 BRG] 4 i
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P TRJEACT 140 CHYEERAR) | [ COP g
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ki (R744) (2 (R717) BREAEY) (HCs) 55
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X A ERAS B (0 5 M AL /0N | S — P PRI A A 1) il ¥ 741
RRAZZ IR 2) RS 15 RAAE, AR Fh
AR AYIK 55 ] A 288 A 18 T AR L, 7K A
K5 AAF IR LT I HI R, A kK | 2 Ab B K
SR DRI U TR 3 T B VRN K 3) A
PRS- KTCHE AR ATy b A BA H A e e,
T K A AR S A M | K 3N £ 3 B2 4 [n)
S AR ) AR T KA IS T AL 3R]
B 4) FsE RS AT, K B fk 2 B Al W e
KA 20 5) BRI, STk &
FNAUARA EL, 7K 0 288 v AV B Jo o 1) ¥2 HeE ¢
K;6) RGIEATE A KEZE/N, WD T % 4T
it 7) IR TERE R EGS , 5 CFCs ML, KB A B
[) COP;8) LAZK Ry il ¥ 7 1) 2 48 ] ffi FH 2 A e
TR R AR EE

IKZEANE R B S n  m F be (g LA
FREL) , DA R ™ A i R R AL PR B Ay Bk
BB R TTIE R R HLOR v il , JL R A
KRR H TR 2RI RGPl 411, COP = i il
%R G0 F 8 bR, B HIFAR D E i TR v 57 i
ME—NZE , ODP Ml GWP ZEIREE S Bl & ™A% , iR 77
R IR I 2 B A T2 4 P RE .l b D T AN
IR B E RN T KSR R A I A
2.3.2 —| kR

CO, PN R8N , & SE B K i
AR o HEE ARV At b B v 5 I PR T S
CO, I 15 I FE6 24 R 48 b {4435 3 vl 36 90 ~
120 °C .

KIRHNR R CO, J& T —ACHIR ., AL NH,
WA A TR ARG G, CO, BA m A
FERNTAERE Sy, nl il R RIIE R 50, CO, IRFHIA
& CFCs, HCFCs , HFCs 1 HCs il ¥ #] 4 3 ~ 10
55 BRI TEA PR E K, BRIGRRERE
31 °C MBI R E Sk 7 360 kPa, JLF & 1% 4o il
FIE 5~ 10 £%, FIIAE— @& 2B BRI T COo, Mk
W T HEBE 5 Im FE PR R AT i)z 1) COo,
PAEEE , N CO, 1Y T-s RN T-h EIRT AT, 22T I
TR Bl TR A R K R 2m) TR B T
SR ENES AR BE , B R R B i SRR H A%
B DR 1 30 o T v ) I A A A T R, B AR
AP Al CO, B — R BE TR
JEE AV KM BRGNS [ KR 22 B R AL T2 Ieah,
E R R 25 B0 Ak I A HpOR mT 31 it 2k &, cop
BAK,

2.3.3 8

NH,; J&—F R AF 1y il 71, BA UL 5 i 2= 1
REFEIAMERE , O N H FINRFIA H R g, 735
T 95% 1 Tolk i ¥ 48 41 NH, , NH, 7ERR 9
WA T A0 A, BSR NH, 7E—EWRE T HA %
PR | WhATR BUCRE 6 22 4 13 7 43 i, FL A7 7 B 3 %) )
Bk MR S 55

HH T NH, B B g OBl Pt R e K4
HAOR T EA TERH MR L LA 2 A8 R
MIHERRRE F7 5 FLA v AR LG, NH, (9 A A
NH, =5 A 1 4 o T 3 A A2 v TR o 1 ) IR i 491
1,97, 5 CARFNELEE XTI A AT H 14 6 000 kPa, K
ZH0NH, SR AR B 5 BRI AE 90 €,
LA R Rl NH, FE4i HL7E o HE SR (4
110 °C) FHYE S8 % 7 600 kPa A ATHED
2.3.4 EULEY

HCs H11E T %E (R600 ) FlS ke (R601) & & ODP
A GWP Byl ¥ 57, B A& (KB, 75 3 800 kPa FI
3 370 kPa B Y i 54 I B2 43901 24 152 °C 1 196.6 °C.,
{H HCs Z#R1E s (A3) , WhATR IURRIA Y & A it
WK HCs T st/ Mg/ RS, Fi 4 Sk
[38], LI WA HCs e KRR BR 1M 150 ¢, H
T LA B 5% 5 R ML AT LA T i e R R 2.5 ke,
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Hess, MR A 7= B CO, HERR B, Y
S it (ol HE I 0 20 2 b A BB O Bl AR 1 33% (U

J— 7 J—



$£44%E Lol
2023 £ 12 A

#l % F W

Journal of Refrigeration

Vol. 44 ,No. 6
December, 2023

> 67%) . AL R G A Bk, P R st i AR A HE
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I

Tl B B AR AT B A A R BE AR T 100 C Y
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WoEiE gl wEIH N5 AT N RS, ff e K
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BLI] R AL A I | BT X 4 AL SR T 6 i) 97 725 24
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(TSR TR
3.2 SIRESEHN
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B TR AR A 3 164. 1 °C, A5 BT, ¥ i
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HA d AR R, DR L SR I & R 28 AR 4R LR 3 1
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PERIR T, 36 AR T 00 RE 5k, AR 5 9 . B
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et 28 S R GE R By 1 K Z8 IR Al AR 75 G
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BRI 2E T N FR PR Z RRAR . JaIRnT, [
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sion ) B¢ B A P — 0 B0 28 SRZE ML, I F 43 51
35,50 °C, f L AT UL , 22 9% 1 46 AN IO S 0 7%
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P LA URARHE ARG A SRR RS R, e
(o T3 s AS A A A A A 7 0o R TP AR A R T
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3.3 Blg5 CO, BT

20 142 90 AEARES It CO, I ALAE H A5
F AL, 8 R AR St 10 MPa (9 AR
JEZEHL, CO, PRI T R POK il 55, IF it — 20
88 2 T AT Py R s U 6, e AR B A XU
A3 120 °C, PEERR T 280 ALE AR 5T RS I 7
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T T EHAEE AL RO LA LA T e
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Fig.10 Centralized hydronics coupling air-source and

renewable energy''>
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Fig.11 Centralized hydronics based on waste heat recovery

of industrial circulating water!*
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Fig.12 Distributed carbon capture device coupled with high-temperature heat pump and DAC**!
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