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IDM-Energiesystem
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 50 500 
kW  

R-134a  65   

OCHSNER 
Warmepumpen 
GmbH  

  100 300 
kW  

Oko1   < 98   

HELIOTHERM 
Warmepumpen 
GmbH  

 49 134 
kW  

R-134a  60   

FRIGOPOL 
Energieanlagen 
GmbH  

 1MW  R-717, R-723, 
R-236fa etc.  

> 70   
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Kaltetechnik GmbH  
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kW   

R-134a, 
R-717, etc.  

< 80   
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2 3
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/ 3-9
Osenbrück 3-10 f

2 COPh 1 Phigh 3-9

COP  

COPH = QABS/(PCompressor + PSolution Pump)  1  

f = mSolution Pump/ mCompressor  2  

 
 3-10: 

NH3/H2O  
(Osenbrück ) (Nordtvedt, 
2005) 

 3-9:  
 - COPH & phigh 

vs. f  plow = 2 bar, tsource,ex = 40 , 
tsink,ex = 85 [Vehovec et al., 2013] 
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[Rieberer et al., 2012] 

 
 

 
NH3/H2O

IL  
IL 100

 
2 bmim BF4 bmim

PF6 NH3/IL NH3/H2O 
COP 3-15



 

NH3/H2O
COP

NH3

 

 

 3-15: COP  
NH3/H2O NH3/[bmim][BF4] NH3/[bmim][PF6]  

[Rieberer et al., 2012] 
 
 

NH3/IL 
NH3/H2O 

 
 

 
 

 



 

ICON(FFG-No.: 829964, : AIT, 
: BIOS BIOENERGIESYSTEME GmbH, OCHSNER heat pumps GmbH, 

Scheuch GmbH)
 

1 
MWth

(50~60 )

10 15% CO2

( 3-16 )  

 

 3-16: 
[Seichter et al., 2013] 

 

Cofely, 2013 
http://www.cofely.info/leistungen/waermepumpen/industrie/(02.10.20
13) 



 

 
FRIGOPOL, 2013  http://www.frigopol.com/en/home/ (02.10.2013) 
Hannl, D., Rieberer, R., 2014  ABSORPTION/COMPRESSION CYCLE FOR 

HIGH TEMPER-ATURE HEAT PUMPS – SIMULATION MODEL, 
PROTOTYPE DESIGN AND INITIAL EXPERIMENTAL RESULTS 
in Proc.:11TH IEA Heat Pump Conference, 2014, Mon-treal (status: 
paper accepted) 

Heliotherm, 2013 www.heliotherm.com/ (02.10.2013) 
IDM, 2013 http://www.idm-energie.at (02.10.2013) 
Kotenko, O., 2012 Potential Analysis of Alternative Absorption Heat Pumping 

Processes with Special Emphasis on Sodium Hydroxide as Additive – 
Doctoral Thesis at Graz University of Technology, Institute of 
Thermal Engineering, Graz, 2012 

Nordtvedt, S.R., 2005 Experimental and theoretical study of a 
compression/absorption heat pump with ammonia/water as working 
fluid; Doctoral Thesis at Norwegian University of Science and 
Technology, Faculty of Mechanical Engineering, Department of 
Refrigeration and Air-Conditioning, Trondheim, 2005 

Nordtvedt, S.R., 2009 R&D Activities at IFE on Thermal Heat Pumps; Energy 
Systems Department Institute for Energy Technology, IEA 
Industrial Heat Pump Kick-off Meeting, 2009-04-07, IEA Annex 
Industrial Heat Pumps 

 

48% 8
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Minea 2010
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[Annex 9, 1990] IEA HPP 21
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1995 /

[Annex 21, 1995] 1993 1900 14
17% 90%

 
2010
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2 CANMET  

Varennes [Scott]  LTE [Minea, 2010] 
 

LTE

-5 85 
4.1  

[Minea, 2011a; Minea, 2013]

 



 

 

 4-1:  [Minea, 2011a; 
Minea, 2013] 

 ERS: ; Input: ;  
MVR: ; Output:  

 
CANMET

[Scott]

 

20
[Scott]

COP

7-15 bar  



 

7-15bar
 

[Ashrae, 1969]

[Yu, 2006]
[Pridasawas, 2008]  

HFCs (
R-245fa, R-141b, R-134a and R-142b) CO2

[Elbel, 2011]
4.2a

[Scott]

(b) 2

(c) 
[Ouzzane, 2003; Scott, 2008]  

 

 

 

4.2b
 

pc *

4.3
2

 



 

 
 4-2: (1) ; (2) ; 

pc*: ; :  [Scott] 
 

 

 4-3: [Scott] 
 

CanmetENERGY
[Ouzzane, 2003]  



 

CFD [Scott, 2008]  
1 HFC-134a

[Scott, 2011]  
COP

 
COP

0.35 COPs 36
15 80  

COP
4.4

30kW 9kW
25 10 

90 0.4 COP 5kW
[Scott]  

 

 4-4: CanmetENERGY  [Scott] 
 

CanmetENERGY 2



 

[Aidoun, 2011]  
Canmet Energy

 

[Scott]  
 

. 1

  

 
COP

35 
75  

1910 1930 CFC

60MW
 

 [Eames, 1995; Shrerif, 1998; Chunnanond, 2004; Alexis, 2005]

 

COPs 0.3

 
  



 

CO2

0 

 
35 0 -5 

CO2 ERS

CO2 [Minea, 2011a; 
Minea, 2013]  

EPS 4.5

4.3.1  
2 4.5a  

CO2

6 1 4.6
2

2
4

8

9  
4

5
 



 

 
 4-5: ; (a) ; (b) 

 [Minea, 2011a; Minea, 2013] 
 



 

 
 4-6: ; (a) ; (b) 

[Minea, 2011a] 
 

Table 4-1

1.6 1.7  p4 / p3 
 

 
Table 4-1:  ( 4.5 4.6 ) 

 
  



 

5.6%
27 11.4

40.7kW 4.6a CO2

COP 0.4
COPs

35 20 313kW CO2

EES
5 78.4 COP

4.7
 

 

 
 4-7: CO2 [Richard, 2011] 

  



 

35 13 [Annex 35, 2010]

[8] CO2 NH3

GWP HFC-236fa HFC-245fa HFC-134a HFO-1234yf

 
 

80-85 -5 25 
CO2

[Minea, 2013; Minea, 2012a]  
1 7 kW CO2

2 2 4.8
[Minea, 2011; Minea, 2013; Minea, 2012a]  

CO2

 

CO2 3

48kW
CO2

 
  



 

 
 

 
 4-8: 2 CO2 2

EXV: expansion valve; FM: flow meter; HEX: heat exchanger; IHE: heat 
exchanger; PR: pressure regulator; RV: 3-way regulating valve; 1 to 13: measurement 
points (temperatures, pressures, flow rates) [Minea, 2011a; Minea, 2012a] 
 
  



 

 (i) 
1kg/s 0.11kg/s

; (ii) 7 10 12 
7 15 ;

; (iii) 
; (iv) 

; (v) 
40 

15 25 

45 
38 

7 17 38 
[Minea, 2012a]

4.9a  
7 7 10 

12 67 69 71 

 
(COP hp ) (m’hot water

Cp* ΔTgc , m’hot water , Cp  - ,  ΔTgc 
– )

 (COP syst )
 

4.10b
 

  



 

7 
7  (  W-1) 10  (  W-2) 12  (  W-3)

4.9b
74%  

 

 
 4-9: ; (a) ; (b) 

 [Minea, 2013; Minea, 2012a] 

 

 4-10: ; (a) 
CO2 ; (b)  [Minea, 2013; Minea, 2012a]  
 

S-1 S-2 CO2

4.11a  
17 7 15

72 77 CO2

 
  



 

4.11b
COPs 3

COPs COPs 8.2% 4.12a
 

70%
4.12b

41.4%
17.5%

EES
4.13  

 

 
 4-13: EES CO2

[Richard, 2011] 
  



 

4.14 CO2

[Minea, 2013; Marchand, 2011] 60 
75 IHP

2013
 

 
 4-14: 100 kWth CO2 

 [Minea, 2013; Marchand, 2011] 
 

 
NH3 R-717  (ODP)

 (GWP)  
15  45 

25% 60 
85  

  



 

 

7.5kW

4.15
[Minea, 2011a; Minea, 2013]

48kW
 

 

 
 4-15: [Minea, 2011a; Minea, 2013] 

 

 
  



 

 
4.16a 15 1.08kg/s

1.26kg/s 42 
25.5 44 0.19 kg/s

4.16a
3.84 3.46

(0.65 kW) (1.44 kW)
2.85  

 

 
 4-16: ; (a) ; (b)

[Minea, 2011a; Minea, 2013] 
 

EES

4.17 90 
10   85 

 [Richard, 
2011]  



 

 
 4-17: [Richard, 2011] 

 
4.18a

[Gosselin, 2013] 4.18b
[Vilter]

2013 12
 



 

 
 4-18: 

; (a)  [Gosselin, 2013]; (b)  [Vilter] 
  



 

 
2

[Minea, 2011a; Minea, 2013]
4.19 / 2

 

2

#2 HFC-245fa  
2 4.20 2

 [Minea, 2011a; Minea, 2013]  
48kW 50%

10 30 
85 

HFC-236fa HFC-134a HFO-1234yf 1
HFC-245fa 2  

ODP GWP  
70% 97%

5 15 
 

 



 

 

 4-19: ; EXV: [Minea, 2011a; 
Minea, 2013] 
 

 
 4-20: ;(a) ; (b)

; EXV: , 2011a; Minea, 2013] 
 
 
 



 

4.21 HFO-1234yf HFC-134a 1 2
 

25 84.5 
2.08 0.34 [Richard, 2011]

COPs  
 

 
 4-21: 1 2 HFO-1234yf HFC-134a

[Richard, 2011] 
 

4.22
Caddet

2
12 

25 
63  



 

 
 4-22: [Caddet] 

 

2 MVR

[Annex 21, 1995] MVR

 [Annex 21, 1995]  
MVR COPs 100

20 
 

  



 

4.23
[Bédard, 2002] MVR

 

200mbar
60  107.5kW

20mbar 2   

 
1

700 1 7.8

86 30kW

1 9.9
COP 68

60kW  [Bédard, 
2002]  
 

 
 4-23: [Bédard, 2002] 

  



 

 
 
a)  

5.6 kW
4.24 13m3

[29, 30]

6 5% 72%

 
  



 

4.25a
[Minea, 2006; Minea, 2011b]

100%
0 100%

60%
30 20

4.25b 4.25a
 

 

 
 4-24:  [Minea, 2006; 

Minea, 2011b]; B: blower; C: compressor; CD: condenser; EXV: expansion valve; EV: 
evaporator; LV: liquid valve; SA: suction accumulator; SC: sub-cooler; SV: solenoid 

valve; VS: variable speed; A, B: air circulation direction. 
 



 

 

 4-25: (a) (WB)
; (b)  [Minea, 2006; Minea, 2011b] 

 
SMER

2.5kgwater/kWhhp

57.5%
23%

 
 
b)  

1
354m3 4.26

 [Minea, 2011b; Minea, 2004, Minea, 2012b]   
  



 

115 
[Minea, 2011b; Minea, 2004]

65kW

HFC-236fa

 

 
 4-26: [Minea, 2011b; 

Minea, 2004; Minea, 2012b]; C: compressor; LV: liquid valve; SA: suction accumulator; 
SC: sub-cooler; EXV: expansion valve; VS: variable speed; SV: solenoid valve; A, B: 
direction of air circulation 
  



 

35% 45%

COP kW kW
4.6 3

72%
28% 18%
2.5 6.3

27000 kg 19,100kg 4.27
 

178.8 kgwater/h 313 kgwater/h
90kgwater/h

5% SMER 1.46 kgwater/kWh ( )
2.52 kgwater/kWh

27% 57%

35%  
 

 
 4-27: [Minea, 2011b; Minea, 

2004; Minea, 2012b] 
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