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Work Package 3 Advance performance of energy 
transformation technologies [UW, UU]
• WP3.1: Low temperature lift, high COP VC heat pump to deliver heat 

from LT network to load (e.g. lift of 20⁰C with COP>9, enabling network 
to supply conventional radiator system) 

• WP3.2: VC Heat Pump for Demand Side Management; variable 
renewable electricity supply will be matched to demands using 
building/process heating controls in association with variable 
compressor speed and storage

• WP3.3: High temperature VC heat pumps from network to process heat 
in commercial or industrial applications.

• WP3.4: Combined heat pump/ORC for heat to electricity or reverse, 
allowing maximum flexibility between combined (thermal/electricity) 
energy systems. 



WP 3.1 & 3.3 Low Temperature High Lift VC Heat Pump
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WP 3.1 & 3.3 VC Heat Pump



WP 3.1 VC Heat Pump

R1233zd is has a higher exergetic efficiency

The compressor, followed by the expansion 
valve, has the biggest loss.

The losses in compression and expansion 
processes resulting from the dissipative forces.

The losses in heat exchangers are a function of 
heat transfer temperature gradient



WP 3.2 Heat Pump for Demand Side Management

At higher compressor speeds is the inverter maxing out at 8amps input



WP 3.2 Heat Pump for Demand Side Management
• Non-flammable, low GWP



R410A Base Case: Evapin 25°C/Condout 45°C - COPh 3.983

Pressure (kPa)  [1 Bar = 100 kPa]Temperature (°C)
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T-s State Diagram

P-h State Diagram



R161: Evapin 25°C/Condout 45°C – COPh 4.208

Pressure (kPa)  [1 Bar = 100 kPa]Temperature (°C)
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T-s State Diagram

P-h State Diagram



R466A: Evapin 25°C/Condout 45°C – COPh 4.017

Pressure (kPa)  [1 Bar = 100 kPa]Temperature (°C)
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T-s State Diagram

P-h State Diagram



R470A (RS-53) – Unable to evaluate
Mixture Components

In addition to the relatively small amount of CO2 (10%), it blends the R410A components, R32 (17%) and R125 
(19%), with R134a (7%), HFO1234ze(E) (44%) and a small amount of the less common HFC R227ea (3%)

Performance Characteristics

• Low direct GWP Drop-in replacement for R410A

• Similar energy efficiency to R410A

• Close match for R410A in cooling capacity

• Similar discharge pressure to R410A

• No changes to hardware required during retrofitting

• Compatible with lubricants commonly used with R410A

• Replaces R410A in air conditioning and refrigeration applications

• Similar flow rate to R410A

• Zero Ozone Depletion Potential

• Non-flammable & low toxicity

https://www.refsols.com/RS-53.html

https://www.refsols.com/RS-53.html


https://www.refsols.com/files/RS-53/RS-53_GRIT_Case_Study.pdf

https://www.refsols.com/files/RS-53/RS-53_GRIT_Case_Study.pdf


https://www.refsols.com/files/RS-53/RS-53_GRIT_Case_Study.pdf

https://www.refsols.com/files/RS-53/RS-53_GRIT_Case_Study.pdf


R454B: Evapin 25°C/Condout 45°C – COPh 4.083

Pressure (kPa)  [1 Bar = 100 kPa]Temperature (°C)
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T-s State Diagram

P-h State Diagram



R452B: Evapin 25°C/Condout 45°C – COPh 4.072

Pressure (kPa)  [1 Bar = 100 kPa]Temperature (°C)
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T-s State Diagram

P-h State Diagram



Summary Table

Refrigerant COP

COP / 

COPR410A

Discharge 

Temp. (°C)

Volumetric 

Capacity (kJ/m3)

Volumetric Capacity / 

Volumetric Capacity R410A Notes

R410A 3.983 1.00000 93.6 6767.7 1.00000

R32 4.124 1.03540 114.9 7478.4 1.10501

High discharge temp. - early 

compressor failure?

R161 4.208 1.05649 95.0 4154.8 0.61392

R466A 4.017 1.00854 100.5 7069.2 1.04455

R470A

Couldn't define blend due to 5 

component limit in cycle d-hx

R454B 4.083 1.02511 101.0 6588.1 0.97346

R452B 4.072 1.02234 100.3 6638.1 0.98085



Summary - COP



WP 3.4 Reversible Heat Pump-Organic Rankine Cycle



WP 3.4 Reversible Heat Pump-Organic Rankine Cycle

ORC mode

• Heat source temperature 90-120 
C

• Condensing temperature 60-30C

• Evaporator heat transfer 13-7kW

• Condenser heat transfer 11-6kW

• HP mode

• Evaporating temperature 70-90 C

• Condensing temperature 110-130 
C

• Evaporator heat transfer 10-7kW

• Condenser heat transfer 8-12kW



WP 3.4 Reversible Heat Pump-Organic Rankine Cycle

Open drive scroll compressor (as 

compressor in HP mode and as expander 

in ORC mode)

SANDEN TRSA09 (displacement 85.7 cc 

and built in volume ratio 1.9)

Suitable for small scale applications



WP 3.4 Reversible Heat Pump-Organic Rankine Cycle

SWEP B85Hx20 as evaporator in both ORC and HP 

modes

SWEP B25Tx26 as condenser on both ORC and HP 

modes

Specified heat exchangers suitable for handling the 

required heat transfer rates for reversible HP-ORC 

system



WP 3.4 Reversible Heat Pump-Organic Rankine Cycle

ORC pump

Vane pump is suitable for small scale ORC 

systems

Fluid-o-Tech FP0401

Suitable for pumping R1233zde at flow 

rates ranging 0.02 - 0.1 kg/s

Vane pump with motor



WP 3.1 to WP3.4 Summary

WP 3.1 and WP 3.3 – We have discovered that similar system 
improvements apply to both systems
WP 3.2 – New working fluids can replace existing choices typical in heat 
pumps
WP 3.4 – System development is underway


