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Heat Pumps with Hydrocarbons − Benefits and Challenges 
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Benefits
• Favorable thermodynamic properties and COP / SCOP 
• Very good heat transfer characteristics 
• No special issues with material compatibility

Challenges
• Selection of compressor lubricant and related measures
• Safety provisions in design, installation and operation  



R290 and R1270 Properties − Favorable for Heat Pumps 
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• Moderate pressure levels, low pressure ratio (p/po) 
due to flat temperature/pressure characteristics
− p/po lower than with any HFC, HFC/HFO or 

HFO alternative

• Volumetric refrigerating (heating) cap. @ +5/50 °C
− R290 approx. -10 % vs. R22, R448A/449A

R1270 approx. equal … +5 % 

• High enthalpy of evaporation
− @ +5/50 °C approx. 1.8 times vs. R22 // 

1.9 times vs. R448A/R449A
− Reduces mass flow, vapour density (pressure drop 

in gas pipes and HEX) in about the same proportion



R290 and R1270 Properties − Favorable for Heat Pumps 
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• High superheat enthalpy in relation to volume 
change 
− Rising volumetric refrigerating (heating) capacity 

with increasing useful superheat

− Increase of capacity and COP with liquid/suction 
line HEX

• High critical temperature (96.7 / 91.1°C)
− Favorable COP also at high condensing 

temperatures
• Low discharge and oil temperatures (low cp/cv)

− Low thermal load even with high pressure ratio
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Daten

		Druckgastemperaturen

				10		0		-10		-20		-30		-40

		R134a		57		60		64		69		74		81

		R404A		57		59		62		65		68.5		73

		R290		57		60		63		68		73		79

		R1270		60.7		65.1		70.1		76		82.8		90.8

		R22		69		77		86		96		107		120

		NH3		101		124		151		182

				90.8				82.8		76				70.1		65.1				60.7
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R290 and R1270 Properties − Favorable for Heat Pumps 
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• Good heat transfer due to intensive boiling and excellent solubility 
and miscibility with oil 
− Single fluids  no temperature glide  allows for very small TD in (e.g.) condenser
− Good oil transport, low viscosity also in superheat section of evaporators

• Material compatibility similar to R22 and HFCs
− Allows the use of specifically adapted semi-hermetic (hermetic) compressors

 Copper windings also suitable
− Elastomers/plastics  some special requirements with R1270

(see also “Forschungsrat Kältetechnik“ Research Report FKT61_99)



Selection of Compressor(s) and Main System Components
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• Compressor selection with Software − Heat Pump Mode










Selection of Compressors −
Relative Compressor COP – R22, HFCs vs. R290 and R1270

8
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Potential for improved
System COP / SCOP
- Lower pressure drop

in pipes and HEX
- Excellent heat transfer

in HEX


Bild Rel_Q

		R22		R22		R22

		R134a		R134a		R134a

		R407C		R407C		R407C

		R404A R507A		R404A R507A		R404A R507A

		R410A		R410A		R410A

		R290		R290		R290

		R1270		R1270		R1270



EN 12900 / toh 20°C / *NH3 Dtoh 5 K

to +5 °C, tc 50°C

to -10°C, tc 45°C

to -35°C, tc 40°C

Relative Cooling Capacity [%]
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Rel. Q

		R 22-Vortrag H. Renz

		Relative Compressor Cooling capacity

																				Originaldaten

		Kältemittel		Qo in %								Qo in %								Qo in %

				to +5 °C, tc 50°C		to -10°C, tc 45°C		to -35°C, tc 40°C				to +5 °C, tc 50°C		to -10°C, tc 45°C		to 35°C, tc 40°C				to +5 °C, tc 50°C		to -10°C, tc 45°C

		R22				100						100		100		100				100		100

		R134a		64		59						64		59						64		59

		R407C		101		97						101		97						101		97

		R404A R507A		96		102		113				96		102		113				96		102

		R410A		137		141						137		141						137		141

		R290		88		92		92				88		92		92				88		92

		R1270		107		112		112				107		112		112				107		112

		Leistungsdaten

				Qo		Qo		Qo		Pe		Pe		Pe

				to +5 °C, tc 50°C		to -10°C, tc 45°C		to 35°C, tc 40°C		to +5 °C, tc 50°C		to -10°C, tc 45°C		to 35°C, tc 40°C

		R22 (6G-40.2)		106		62.2				32.5		24.9

		R22 (4DC-5.2)						3.82						3.05

		R22 (2-stufig)

		R22(CSH 7561)

		R134a

		R134a CSH7561+ ECO (O-Flash)

		R407C

		R417A

		R404A (6G-40.2 / 6G-30.2)		99.7		62.9				37.5		28.6

		R404A (4DC-5.2)						4.3						3.4

		R410A

		R290

		R1270

		NH3 2-stufig

		NH3 Schraube + ECO
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Bild Rel_COP

		R22		R22

		R404A/R507A		R404A/R507A

		R407F (Dew)		R407F (Dew)

		R448A/R449A (Dew)		R448A/R449A (Dew)

		R290		R290

		R1270		R1270



Dtoh 20 K (useful)
 hc (+5°/-10°C): 0.7

to +5°C, tc 50°C

to -10°C, tc 45°C

Relative COP [%]

100

89.2215568862

89.2430278884

95.2095808383

96.015936255

94.9101796407

95.219123506

99.7005988024

99.6015936255

97.9041916168

98.0079681275



Rel. COP

		Relative COP

		Refrigerant		COP in %

				to +5°C, tc 50°C		to -10°C, tc 45°C		to -35°C, tc 40°C

		R22				100

		R404A/R507A		89		89		87

		R407F (Dew)		95		96		96

		R448A/R449A (Dew)		95		95		94

		R290		100		100		99

		R1270		98		98		98

				COP

		R22		3.34		2.51		1.43				Theoretische Berechnung Dtoh 20 K / Eta (+5 u. -10°C) 0,7 // (-35°C) 0,65

		R404A/R507A		2.98		2.24		1.24

		R407F (Dew)		3.18		2.41		1.37

		R448A/R449A		3.17		2.39		1.35

		R290		3.33		2.5		1.41

		R1270		3.27		2.46		1.4

				rel. COP vs. R22

		R22		100		100		100

		R404A/R507A		89.2215568862		89.2430278884		86.7132867133

		R407F (Dew)		95.2095808383		96.015936255		95.8041958042

		R448A/R449A		94.9101796407		95.219123506		94.4055944056

		R290		99.7005988024		99.6015936255		98.6013986014

		R1270		97.9041916168		98.0079681275		97.9020979021
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Bild rel_ Massenstr.

		R22		R22		R22

		R134a		R134a		R134a

		R407C		R407C		R407C

		R417A		R417A		R417A

		R404A		R404A		R404A

		R507A		R507A		R507A

		R410A		R410A		R410A

		R290		R290		R290

		R1270		R1270		R1270

		NH3*		NH3*		NH3*



EN 12900 / toh 20°C / *NH3 Dtoh 5 K

to +5°C, tc 50°C

to -10°C, tc 45°C

to -35°C, tc 40°C

Relative Mass Flow [%]

100

107.8709677419

107.3170731707

0

102.064516129

100.2761159687

0

134.2606451613

130.5641969627

0

146.1505376344

138.2420616659

132.5024437928

152.1290322581

143.1201104464

136.7057673509

100.7311827957

96.8246663599

0

57.4623655914

56.7878508974

56.1583577713

56.6021505376

55.867464335

55.22971652

14.7096774194

15.6465715601

16.8132942326



Massenstrom

		Massenstrom								Qo = 100 kW

		Kältemittel		Rel		Rel				m [100 kW]		m [100 kW]

				to +5°C, tc 50°C		to -10°C, tc 45°C		to -35°C, tc 40°C		to +5°C, tc 50°C		to -10°C, tc 45°C		to -35°C, tc 40°C

		R22				100				2325		2173		2046

		R134a		107.87		107.32		0.00		2508		2332

		R407C		102.06		100.28		0.00		2373		2179				2300		2121		Dew

		R417A		134.26		130.56		0.00		3122		2837				3059		2789		Dew

		R404A		146.15		138.24		132.50		3398		3004		2711		3537		3110		507A

		R507A		152.13		143.12		136.71		3537		3110		2797

		R410A		100.73		96.82		0.00		2342		2104

		R290		57.46		56.79		56.16		1336		1234		1149

		R1270		56.60		55.87		55.23		1316		1214		1130

		NH3*		14.71		15.65		16.81		342		340		344

										R417A [kg/s]

										0.8671		0.7881		0.8496		0.7746
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Bild DG_Temp

		R22		R22		R22

		R 134a		R 134a		R 134a

		R 407C		R 407C		R 407C

		R417A		R417A		R417A

		R404A / R507A		R404A / R507A		R404A / R507A

		R 410A		R 410A		R 410A

		R 290		R 290		R 290

		R 1270		R 1270		R 1270

		NH3*		NH3*		NH3*



* Vergleich zwischen
 offenen Verdichtern 
(Dt0h = 10 K)

t0h = 20°C (Dt0h = 10 K*)
µ = 0.7 / NH3 µ = 0.8

toh 20°C (Dtoh 10K)
 Eff. 0.7 / NH3 0.8

to +5°C, tc 50°C

to -10°C, tc 45°C

to -35°C, tc 40°C

Discharge Gas Temperature [°C]

99.7

124.6

184

78.8

95.7

88.9

109

78

94

76.4

91

127

95.4

118.5

78

94.5

132

85.3

103.9

146

140

166.4

240



DGTemp

		

		Druckgastemperaturen

		Kältemittel		DG [°C]		DG [°C]		DG [°C]

				to +5°C, tc 50°C		to -10°C, tc 45°C		to -35°C, tc 40°C

		R22		99.7		124.6		184

		R 134a		78.8		95.7

		R 407C		88.9		109

		R417A		78		94

		R404A / R507A		76.4		91		127

		R 410A		95.4		118.5

		R 290		78		94.5		132

		R 1270		85.3		103.9		146

		NH3*		140		166.4		240
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Bild T krit

		R22

		R 134a

		R 407C

		Isceon 59

		R 404A / R507

		R 410A

		R 290

		R 1270

		NH3
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R 22

R 134a

R 407C

Isceon 59

R 404A / R507

R 410A

R 290

R 1270

NH3

Kritische Temperatur [°C]

Vergleich der kritischen Temperatur

96

101

87

90

73

72

97

92

133



T krit

		Kritische Temperatur

		Kältemittel		T krit

		R22		96

		R 134a		101

		R 407C		87

		Isceon 59		90

		R 404A / R507		73

		R 410A		72

		R 290		97

		R 1270		92

		NH3		133
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Bild Druck

		R22		R22		R22		R22

		R 134a		R 134a		R 134a		R 134a

		R 407C		R 407C		R 407C		R 407C

		Isceon 59		Isceon 59		Isceon 59		Isceon 59

		R 404A / R507		R 404A / R507		R 404A / R507		R 404A / R507

		R 410A		R 410A		R 410A		R 410A

		R 290		R 290		R 290		R 290

		R 1270		R 1270		R 1270		R 1270

		NH3		NH3		NH3		NH3
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R 22

R 134a

R 407C

Isceon 59

R 404A / R 507

R 410A

R 290

R 1270

NH3

-10°C

+5°C

+45°C

+50°C

Relative Drucklage [%]

Vergleich relativer Drucklagen

100

100

100

100

56.5633802817

57.6446631597

67.3601022721

68.1481864749

90.338028169

92.7371457662

101.8246266488

102.8664562529

112.676056338

84.8464279654

87.1636934162

93.1339576758

121.7183098592

119.2771084337

118.769248649

118.694054949

161.9436619718

158.4761581537

158.393863676

158.4726030941

97.2112676056

93.5007636179

89.1277819745

88.6169607285

121.014084507

115.1196334634

107.2810738567

106.4469395147

82.0845070423

87.6463600882

103.5504677785

105.1948051948



Druck

		Drucklagen

		Kältemittel		ND		ND		HD		HD		ND %		ND %		HD%		HD%

				-10°C		+5°C		+45°C		+50°C		-10°C		+5°C		+45°C		+50°C

		R22		3.55		5.893		17.209		19.327		100		100		100		100

		R 134a		2.008		3.397		11.592		13.171		56.5633802817		57.6446631597		67.3601022721		68.1481864749

		R 407C		3.207		5.465		17.523		19.881		90.338028169		92.7371457662		101.8246266488		102.8664562529

		Isceon 59		4		5		15		18		112.676056338		84.8464279654		87.1636934162		93.1339576758

		R 404A / R507		4.321		7.029		20.439		22.94		121.7183098592		119.2771084337		118.769248649		118.694054949

		R 410A		5.749		9.339		27.258		30.628		161.9436619718		158.4761581537		158.393863676		158.4726030941

		R 290		3.451		5.51		15.338		17.127		97.2112676056		93.5007636179		89.1277819745		88.6169607285

		R 1270		4.296		6.784		18.462		20.573		121.014084507		115.1196334634		107.2810738567		106.4469395147

		NH3		2.914		5.165		17.82		20.331		82.0845070423		87.6463600882		103.5504677785		105.1948051948
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Bild Dichte

		R22		R22

		R 134a		R 134a

		R 407C		R 407C

		Isceon 59		Isceon 59

		R 404A / R507		R 404A / R507

		R 410A		R 410A

		R 290		R 290

		R 1270		R 1270

		NH3		NH3
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t0 = +5 °C; tC = +50°C

t0 =-10 °C ; tC = +45°C

t0h = 20°C (Dt0h = 10 K*)

EN 12900

* Vergleich zwischen
 offenen Verdichtern 
(Dt0h = 10 K)

R 22

R 134a

R 407C

Isceon 59

R 404A / R 507

R 410A

R 290

R 1270

NH3*

+5°C

-10°C

Relative Dampfdichte [%]

Dampfdichte

100

69.5422144229

65.9742902893

92.0696367065

89.2117983329

56.6081280563

74.824536462

140.7138720395

140.1777830986

137.9770867716

138.0699759065

48.4535094862

49.8510991724

57.3318412011

59.4742828068

17.1209106071

17.1288328869



Dichte

		Dampfdichte

		Kältemittel		ND		ND		Rel		Rel

				-10°C		+5°C		-10°C		+5°C

		R22		13.3646		22.9649				100

		R 134a		8.8172		15.9703		65.9742902893		69.5422144229

		R 407C		11.9228		21.1437		89.2117983329		92.0696367065

		Isceon 59		10		13		74.824536462		56.6081280563

		R 404A / R507		18.7342		32.3148		140.1777830986		140.7138720395

		R 410A		18.4525		31.6863		138.0699759065		137.9770867716

		R 290		6.6624		11.1273		49.8510991724		48.4535094862

		R 1270		7.9485		13.1662		59.4742828068		57.3318412011

		NH3		2.2892		3.9318		17.1288328869		17.1209106071
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Bild vo

		R22

		R 134a

		R 407C

		Isceon 59

		R 404A / R507

		R 410A

		R 290

		R 1270

		NH3
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R 22

R 134a

R 407C

Isceon 59

R 404A / R 507

R 410A

R 290

R 1270

NH3*

t0 = +5 °C; tC = +50°C

Dt0h = 0 .. 20 K / NH3 = Dt0h = 10 K*

Zunahme der volumetrischen Kälteleistung [%]

Vergleich der Zunahme der volumetrischen Kälteleistung

-0.3128730112

3.6038588797

2.157842891

5.8

7.7018896704

1.5385385786

3.8682509737

2.4410753524

-2.2790250114



vo

		Zunahme der volumetrischen Kälteleistung

		Kältemittel		ND		ND

				0 K		20 K		Zunahme

		R22		3571.69		3560.55		-0.3128730112

		R 134a		2211.26		2293.93		3.6038588797

		R 407C		3466.44		3542.89		2.157842891

		Isceon 59						5.8

		R 404A / R507		3267.63		3540.3		7.7018896704

		R 410A		4915.59		4992.4		1.5385385786

		R 290		2919.8		3037.29		3.8682509737

		R 1270		3538.55		3627.09		2.4410753524

		NH3		4241.01		4146.51		-2.2790250114
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Selection of Compressor(s) and Main System Components
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• Liquid/Suction Line HEX essential  target ∆toh ≈ 20 K (HP, HT, MT)
− Benefit in capacity, COP and reduced oil dilution  higher oil temperature

w/o IHX w/ IHX  COP ≈ +5..6%
incl. higher isentropic eff. of compressor

Examples of Cycle Configuration (R290)

83°C

33.3°C
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70°C



R290 Cycle Diagram − Capacity and COP Increase by IHEX
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IHEX
Polytropic
Compression

∆h vO



Selection of Compressor(s) and Main System Components
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• Selection of evaporators, condensers and line components according to 
mass and volume flow

− Evaporator: Special attention on injection distribution, pipe length and pipe geometry
 Potential of uneven distribution and liquid overfeed in part load

− TXV / EXV  capacity* vs. R22 − same nozzle (bulb charge adapted): 
 R290 ≈ HT / MT: 0..+5%
 R1270 ≈ +13..18%
Higher numbers with lower condensing temperatures

* Reference: Danfoss / Honeywell calculation methodology



Influence of Hydrocarbons on Compressor Lubrication 
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• HC‘s have exceptionally good solubility/miscibility behavior in oil especially with 
lubricants of low polarity like mineral oil (MO)
− Strong oil dilution / reduced viscosity / solvent effect 
− Strong degassing and foaming with pressure fluctuation

• Operating temperatures (discharge / oil) remarkably low
− Increased amount of dissolved HC in oil especially at small pressure ratios, 

high evaporating temperatures and low superheat

• Solubility (oil/refrigerant) usually measured in “mass %“
− With MO no severe difference in mass % vs. R22 or HFC‘s w/ POE − however …
− Low liquid density of HCs (40 – 45% vs. R22) leads to more than double volume of 

dissolved refrigerant in oil  Far stronger oil dilution than with R22 and HFCs



Pressure / Temperature / Solubility Relation − Example MO / R290 vs. R22
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Operation @ to +5°C
Oil temp R22 10 K higher than with R290 (55° vs. 45°C)

Standstill @ 20°C

MO VG 68 cSt − R290 MO VG 68 cSt − R22

~ 16% R290

~ 8% R290

~ 7% R22

~ 17% R22

va
po

ur
pr

es
su

re
 (b

ar
)

va
po

ur
pr

es
su

re
 (b

ar
)

Temperature (°C)

Temperature (°C)
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Solubility / Viscosity Relation − Example MO / R290 vs. R22
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MO VG 68 cSt − R290 MO VG 68 cSt − R22

Standstill @ 20°C
Oil temp 40°C

40°C 55°COperation @ to +5°C
Oil temp R22 10 K higher than with R290 (55° vs. 45°C)

45°C

Far lower viscosities!

Temperature (°C)Temperature (°C)

Temperature (°C)
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Lubricants: Required Measures for Reliable Operation
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• Best suitable lubricant − acc. to compressor manufacturer specification
− Higher basic viscosity  MO or AB
− Or lubricants with higher viscosity index (Vi)  PAO
− Or high polarity oils (lower solubility)  POE or PAG (PAG very hygroscopic)

• Generously sized and temperature controlled crankcase heater

• Thermal insulation of compressors especially with outdoor installations

• Minimum refrigerant charge

• Measures against ”wet operation“ during start and operation
− Avoid refrigerant migration to suction side during standstill
− Maintain sufficiently high suction gas superheat 



Example of R290 Heat Pump
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• Heat pump for ground source loop and (waste) heat recovery (1)

− Designed for indoor and outdoor installation
− Heating capacity up to 250 kW
 2 separate refrigerant circuits max. 15 kg R290

 SCOP / Space Heating Energy Efficiency (ηs,h)
by far exceeding EU Regulation 813/2013 MEPS

− 2 Semi-hermetic reciprocating compressors HC version
 One compressor VSD with frequency inverter
 One compressor with “Varistep” capacity control

Source: FRIGOPOL (Austria) Heat Pump Unit “ES”



Example of R290 Heat Pump
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• Heat pump for ground source loop and (waste) heat recovery (2)

− Plate type evaporator and condenser for very small TD
− Electronic TX valves 
− 3-way motorized liquid valve for suction superheat control 

 By-passing IHEX 
− Intelligent system controller − also for liquid pumps
− Far-reaching protection system incl. two independent 

gas sensors and control for ventilation system
− Gas sensors and ventilation system with separate 

power supply 

Source: FRIGOPOL (Austria) Heat Pump Unit “ES”



R290 Heat Pump − Safety Provisions in Design 
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• Safety concept of a ground source heat pump − Risk assessment by Certified Body
− Isolated control cabinet and refrigeration compartment with controlled ventilation

18

Refrigeration / heat pump 
compartment 
• SH compressors special HC version

(risk assessment by Certified Body)
• PED approvals for HEX, pipe work,

controls according to PED fluid group 1 

Control cabinet incl.
• Switch board
• System controller
• Gas sensor control

with independent
power supply

• Frequency inverter
• IP66 against 

heat pump
compartment  

Source: FRIGOPOL (Austria) Heat Pump Unit “ES”



Safety Provisions in Design, Installation and Operation 
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• Safety concept of a ground source heat pump − Risk assessment by Certified Body
− Indoor installation

19

Indoor area
Vent pipe for 
safety valve 

Outdoor 
area

Air outlet

Air inlet 

Air inlet

Air outlet

Vent pipe
connection

Folded spiral-seam pipe
for air inlet and outlet

Source: FRIGOPOL (Austria) Heat Pump Unit “ES”

Ex-proof fan
- indep. power



Safety Provisions in Design, Installation and Operation 
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• Safety concept of a ground source heat pump − Risk assessment by Certified Body
− Outdoor installation

20

Air inlet

Air outlet

Source: FRIGOPOL (Austria) Heat Pump Unit “ES”

Condenser outlet

Condenser inlet

Evaporator outlet

Evaporator inlet

Integrated Ex-proof fans
- Independent power supply



Summary
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• Hydrocarbons like R290 and R1270 show convincing features for efficient and reliable 
heat pump solutions − also for use in light industrial applications

• Selection and layout of compressors, suitable lubricants as well as main circuit 
components require specific consideration of fluid properties which differ from commonly 
used synthetic refrigerants

• Special care must be taken in terms of safety provisions in design, installation, operation, 
service − and disposal 

• Risk assessment is essential − involvement of a Certified Body is recommended     



Contact:
Hermann Renz
Peter-Schaufler-Strasse 3
72108 Rottenburg-Ergenzingen, Germany
Phone: +49 7031 932 240
E-Mail: hermann.renz@bitzer.de

Thank You for Your Attention!

mailto:hermann.renz@bitzer.de
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