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Emitter Design 
Considerations for 
Natural Refrigerant Air 
Source Heat Pumps

Ensuring Effective Heat Delivery for 
CO₂ and Propane Systems
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INTRODUCTION //

Maintaining the correct DT in a heat system is essential for the operation 

of any heat pump. 

In the examples that follow a CO2 heat pump with a flow of 70C is used 

for illustration. However, the same principles apply to any natural 

refrigerant heat pump but with different flow and return temperatures. 

CO2 is most efficient with a 70C flow and 30C return and therefore the 

whole system design should be predicated on achieving this. Whilst some 

CO2 heat pumps can tolerate higher return temperatures the efficiency will 

be severely affected. In order to maximise carbon savings and minimise 

energy costs systems should be designed and installed to be as efficient 

as possible. 

This guide is designed to demonstrate the principles of control that may be 

used in a design it does not constitute a design, a requirement or an 

instruction. 
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HEATING SYSTEM – NORMAL TRVS
RADIATORS – FULL DEMAND

5kW

0.03kg/s

Room 1

Full demand

Room 2

Full demand

Room 3

Full demand

Room 4

Full demand

100% 

Open

70°C

100% 

Open

100% 

Open△P

30°C

▪ Full demand – All TRVs open 

▪ 70°C flow

▪ 30°C return

▪ Fully commissioning system

▪ Lock shield valves providing the balancing 

▪ TRV heads providing demand control of rooms

▪ Constant pressure pump reacting to system pressures

100% 

Open

0.12kg/s

30°C70°C 30°C70°C 30°C70°C 30°C70°C

5kW

0.03kg/s

5kW

0.03kg/s

5kW

0.03kg/s

At full demand in design conditions a system with normal TRVs and properly sized radiators will create the design DT. 



4

C
L

A
D

E
 H

E
A

T
IN

G
 G

U
ID

A
N

C
E

  
P

A
C

K

HEATING SYSTEM – NORMAL TRVS
RADIATORS – PARTIAL DEMAND

Room 1

Full demand

Room 2

No demand

Room 3

Full demand

Room 4

No demand

0% 

Open

70°C

100% 

Open

0% 

Open△P

50°C

▪ Partial demand – 2 TRVs open, 2 TRVs shut

▪ 70°C flow

▪ 50°C return

▪ Fully commissioning system

▪ Lock shield valves providing the balancing 

▪ TRV heads providing demand control of rooms

▪ Constant pressure pump reacting to system pressures – Delay in pump reaction

▪ High return temperature 

100% 

Open

0.12kg/s

50°C70°C n/an/a 50°C70°C n/an/a

PRESSURE 

INCREASE

5kW

0.06kg/s

5kW

0.00kg/s

5kW

0.06kg/s

5kW

0.00kg/s

However, at partial demand the normal TRVs won’t control flow properly and the return temperature will rise. 
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HEATING SYSTEM – DIFFERNTIAL PRESSURE TRVS
RADIATORS – PARTIAL DEMAND

Room 1

Full demand

Room 2

No demand

Room 3

Full demand

Room 4

No demand

0% 

Open

70°C

100% 

Open

0% 

Open△P

30°C

100% 

Open

0.06kg/s

30°C70°C n/an/a 30°C70°C n/an/a

PRESSURE 

INCREASE

5kW

0.03kg/s

0kW

0.00kg/s

5kW

0.03kg/s

0kW

0.00kg/s

▪ Partial demand – 2 TRVs open, 2 TRVs shut

▪ 70°C flow

▪ 30°C return

▪ Fully commissioning system

▪ Lock shield valves providing the balancing 

▪ TRV heads providing demand control of rooms

▪ Constant pressure pump reacting to system pressures

▪ Differential pressure TRVs not allowing higher than set flow rates through emitters

When DP TRVs are used they can control flow properly and the return temperature will remain as designed.
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END OF LINE BYPASS VALVES

What Are End-of-Line Bypass Valves?

▪ Installed to maintain minimum flow in a system, 
ensuring that pumps do not operate under no-
flow conditions.

▪ Typically used to prevent pressure build-up when 
control valves in the system close.

How can they cause high return temperatures?

▪ Unintended flow through bypass:

▪ Excessive flow can bypass heating 
zones, mixing warm flow water directly 
into the return line.

Low flow pump bypass.

▪ Pump low-flow bypasses should be 
installed with a pressure-balancing valve 
appropriately sized to accommodate the 
pumps minimum flow rate and ensure 
proper operation at the valve’s opening 
pressure.

Where possible, avoid  or remove end-of-line 
bypass valves.  Use low flow bypass around 
pumps. 
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ABOUT THIS INFORMATION //

Any technical advice provided is for informational purposes only, unless specifically covered by a purchase order, and is based on our current understanding and available 

information. While we strive to ensure the accuracy and reliability of the information provided, it is not intended to be a substitute for professional advice or services 

tailored to specific circumstances. 

By utilising this advice, you acknowledge that it is provided "as is" without any warranties or guarantees, express or implied, regarding its completeness, accuracy, 

reliability, suitability, or availability. 

We strongly recommend consulting with a qualified professional before implementing any advice or making any decisions based on the information provided. 

In no event shall Clade or its representatives be liable for any direct, indirect, incidental, special, or consequential damages, including but not limited to loss of profits, data, 

or other intangible losses, arising out of or in connection with the use of, or reliance on, the technical advice provided.

-------------
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THANK YOU //

Head Office & Registered Office //

Bristol & Bath Science Park,

Dirac Crescent, Emersons Green,

BRISTOL  BS16 7FR 

The Technology Centre //

Unit R3 Gildersome Spur Industrial Estate,

Stone Pits Lane, Morley, 

LEEDS  LS27 7JZ 

 

www.clade-es.com 

Sales@clade-es.com
Aftersales@clade-es.com 
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