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4 What is a heat pump?

“ It has become common practice now to call a heat pump any device that extracts heat from a source at low 
temperature and gives off this heat at a higher temperature, which can be useful” [1]
[1] I. Dincer, M. Kanoglu, (2010), “Refrigeration systems and applications and applications”, Wiley and Sons, Chapter 6.
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5 Heat pump classifications

• Based on Backup System:
Bivalent: Heat pumps operating with supplementary heat are often said to be operating in a bivalent mode.

Monovalent: A heat pump operating without electric resistance heating or without other backup is said to be operating in a monovalent mode. 

• Based on Heat Source:
The technical and economical performance of a heat pump is closely related to the characteristics of the heat source.  (IEA-HPC 2001)

Heat source Temperature Range

Ambient air -10-15

Exhaust air 15-25

Groundwater 4-10

Lake water 0-10

River water 0-10

Sea water 3-8

Rock 0-5

Ground 0-10

Waste water and effluent >10
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6 Heat pump classifications

• Based on Source and Sink:

R134a, R513A (Optional)
Screw compressor
Cooling: 470.1kW- 2331 kW
Heating: 523kW- 2568 kW

R134a, R407C 
Screw compressor
Cooling: 200kW- 1510 kW
Heating: 220kW- 1684 kW

Example

Example



Heat Pump Cycle



Phone: 75092  |  info@asehtejaratasia.co  |  www.asehtejaratasia.co

8 Heat pump cycle

!!!! Don’t forget the suction line accumulator
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9 Four way reversing valve

Heating Mode Cooling Mode
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10 Four way reversing valve



Balance Point
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12 Balance Point
Cooling Load=7 kW  ,   Heating Load= 9 kW

Refrigerants

Cooling Load

Evaporating and Condensing 
Temperatures

Super heat
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13 Balance Point
Cooling Mode

• Selected Evaporator: 3 Fans (30cm Diameter)
• Selected Condenser: 1 Fan (50 cm Diameter)

ሶ𝑄𝐻 = 𝐶 × 𝐸𝑓𝑓 × (𝑇𝑐 − 𝑇𝑜𝑢𝑡)

ሶ𝑄𝐶 = 𝐶 × 𝐸𝑓𝑓 × (𝑇𝑟 − 𝑇𝑒)

ሶ𝑄𝐶 = 𝑐1 + 𝑐2𝑇𝑒 + 𝑐3𝑇𝑐 + 𝑐4𝑇𝑒
2 + 𝑐5𝑇𝑒𝑇𝑐 + 𝑐6𝑇𝑐

2 + 𝑐7𝑇𝑒
3 + 𝑐8𝑇𝑐𝑇𝑒

2 + 𝑐9𝑇𝑒𝑇𝑐
2 + 𝑐10𝑇𝑐

3

Results:
If Tr=18℃ and Tout=40℃
Balance Point:
Te=8.3 ℃ and Tc=49.2 ℃
Qc=8.35 kW, W=2.45 kW, Qh=10.8 kW
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14 Balance Point
Heating Mode

• Selected Condenser: 3 Fans (30cm Diameter)
• Selected Evaporator: 1 Fan (50 cm Diameter)

ሶ𝑄𝐶 = 𝐶 × 𝐸𝑓𝑓 × (𝑇𝑟 − 𝑇𝑒)

ሶ𝑄𝐻 = 𝐶 × 𝐸𝑓𝑓 × (𝑇𝐶 − 𝑇𝑜𝑢𝑡)

ሶ𝑄𝐶 = 𝑐1 + 𝑐2𝑇𝑒 + 𝑐3𝑇𝑐 + 𝑐4𝑇𝑒
2 + 𝑐5𝑇𝑒𝑇𝑐 + 𝑐6𝑇𝑐

2 + 𝑐7𝑇𝑒
3 + 𝑐8𝑇𝑐𝑇𝑒

2 + 𝑐9𝑇𝑒𝑇𝑐
2 + 𝑐10𝑇𝑐

3

Results:
If Tr=25℃ and Tout=5.3℃
Balance Point:
Te=0.1 ℃ and Tc=35.4 ℃
Qc=7.2 kW, W=1.8 kW, Qh=9 kW
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15 Balance Point
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Suitable Refrigerants
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17 What are the most suitable refrigerants?

• “..HCFC-22, HFC 134-a and HFC-407C are the most widely used refrigerants in new heat pumps…”
S.K. Wang, (2001), “Hand book of Air Conditioning and Refrigeration”, McGraw-Hill, Chapter 12.

• “…R 134a, R407c, R410a, R717 respectively for medium and large sized, small sized and industrial 
scale heat pumps…”

Aspirationenergy.com, “Refrigerants used in Heat Pumps and How to choose it wisely”

• R134a,R513A, R407c, R410A, R32, R1234yf, R1234ze                                   Most mentioned  
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18 What are the most suitable refrigerants?

• Pressure and Compressor Envelope                                   Needs More Attention
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19 What are the most suitable refrigerants?

• Pressure and Compressor Envelope                                   Needs More Attention

2DES-3Y

R134a R22 R407C

R513A
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20 What are the most suitable refrigerants?

• Pressure and Compressor Envelope                                   Needs More Attention

• N. Stefan, C.S. Wuust, S. Thorsen, E. Brian, (2018), “Comparison of Heat Pump Design and Performance for 
Modern Refrigerants” , In Proceedings of 13th IIR- Gustav Lorentzen Conference on Natural Refrigerants.



Bitzer Screw Compressors For Heat Pump
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22 Bitzer Screw Compressor For Heat Pump
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23 Bitzer Screw Compressor For Heat Pump

Bitzer Suggestion
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24 Bitzer Screw Compressor For Heat Pump
For R134a, R1234yf, R450A and R513A



Phone: 75092  |  info@asehtejaratasia.co  |  www.asehtejaratasia.co

25 Bitzer Screw Compressor For Heat Pump

Refrigerant

Selected Compressors

Evaporator and Condenser Temperatures

Rejection= 351 kWRejection=254.5 kW



Heat Pump Performance
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27 Heat Pump performance evaluation

Compressor:     ሶ𝑊 = ሶ𝑚 × (ℎ2 − ℎ1)
Condenser:       ሶ𝑄𝐻 = ሶ𝑚 × (ℎ2 − ℎ3)
Evaporator:       ሶ𝑄𝐿 = ሶ𝑚 × ℎ1 − ℎ4

Expansion Valve:                  ℎ3 = ℎ4

𝐶𝑂𝑃 =
ሶ𝑄𝐻

ሶ𝑊

The most common measurement used to rate heat pump efficiency

Air source heat pumps: COPs= 2 to 4 
Water source heat pumps: COPs= 3 to 5

𝐶𝑂𝑃 @ 8.3℃ (47℉)

𝐶𝑂𝑃 @ − 9.4℃ (17℉)

While COPs is helpful, it does not provide the whole picture
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28 Heat Pump performance evaluation

• Primary Energy Ratio (PER)
𝑃𝐸𝑅 = 𝜂 × 𝐶𝑂𝑃

• Energy Efficiency Ratio (EER)
𝐸𝐸𝑅 = ൗ𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝐵𝑡𝑢

ℎ
𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡 (𝑊)

In practice, EER ratings higher than 10 are the most desirable.

• Heating Season Performance Factor (HSPF)
𝐻𝑆𝑃𝐹 = Τ𝑡𝑜𝑡𝑎𝑙 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 ℎ𝑒𝑎𝑡𝑖𝑛𝑔 𝑜𝑢𝑡𝑝𝑢𝑡(𝐵𝑡𝑢) 𝑡𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡 (𝑊ℎ)

An HSPF of 6.8 corresponds to an average COP of 2. HSPFs of 5-7 are considered good.

• Seasonal Energy Efficiency Ratio (SEER)
𝑆𝐸𝐸𝑅 = Τ𝑡𝑜𝑡𝑎𝑙 𝑠𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝑐𝑜𝑜𝑙𝑖𝑛𝑔 𝑜𝑢𝑡𝑝𝑢𝑡(𝐵𝑡𝑢) 𝑡𝑜𝑡𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛𝑝𝑢𝑡 (𝑊ℎ)
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29 Heat Pump performance evaluation

• Minimum Performance Based on ASHREA 90.1-1999

Test Standards: 
-AHRI Standard 210/240, “Performance Rating of Unitary Air-Conditioning and Air-source Heat Pump Equipment”
-ISO 13256-1:2021,”Water-source heat pumps-Testing and rating for performance-Part1:Water-to-air and brine-to-air heat pumps”
-ISO 13256-2:2021, “Water-source heat pumps-Testing and rating for performance-Part2:Water-to-water and brine-to-water heat pumps”



Heat Pump vs Boiler
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31 Heat Pump vs Boiler (Case study)
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32 Heat Pump vs Boiler (Case study)

Existing System Proposed System
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33 Heat Pump vs Boiler (Case study)

Existing System Proposed System

𝑃𝐸 = 3 × 282.59 + 209.3 = 1057.03 𝑀𝑊ℎ 𝑃𝐸 = 3 × 301.57 + 80.67 = 985.38 𝑀𝑊ℎ
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Conclusion
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35 Conclusion

• Global sales of heat pumps grew by 11% in 2022, according to the latest IEA analysis.



Phone: 75092  |  info@asehtejaratasia.co  |  www.asehtejaratasia.co

36 Conclusion



Thank You!

Office: No 189, Qaedi St, North Saadi St, Tehran, Iran.

Factory: Kharazmi Industrial Town, Imam Reza Hwy, Semnan, Iran.
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