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Context

Phase down Product bans

Source: EPEE F-gas brochure
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Our vision about R290 in HP Applications
According to IEC 60335-2-40 ed7 

A/A Residential 
Split

A/W Residential 
Split

A/W Monoblock
• Residential
• Light Comm.
• Commercial

Exhaust A/W

B-W/W Monoblock
• Residential
• Light Comm.
• Commercial

Y / Y

Y / N

N / na

Y / N

Y / N

Type of System
Can leak indoor –> leak detector 
/ Charge = f(room m2)

Comments

• Charge >10kW is an issue despite Releasable Charge
Alternative: Ventilated Enclosure
Alternative: Outdoor design
A2L alternative: R454C/R455A or R32/R454B
• Machinery Room likely available in Commercial
A2L alternative: R1234ze

R290 likelihood

• Unit design is made for Ventilated Enclosure

• No concern
• >1 circuit above 70-75kW
• Modular architecture on the water side or EN378 revision
A2L alternative: R516A/R454C/R455A or R32/R454B

• Most likely replaced by Monoblock (at least in New 
build) Releasable Charge only effective option

A2L alternative: R454C/R455A or R32

• Enhanced tightness in New Build 
• Circulation Airflow/Releasable Charge in 

Renovation
A2L alternative: R454C/R455A or R32

HIGH MEDIUM LOW

R1234ze <10GWP
R516A/R454C/R455A <150GWP
R32/R454B <750GWP

Single family: GSHP
Multi family: “apartment booster” in ambient loop or 5G DH
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Main challenges

The challenges when attempting to develop a very low charge heat pump are several, 
3 major axis we worked on:

Must be minimized especially on 
the liquid side:

▪ Short & small diameters piping

▪ Compact line components

▪ Relocation of filter drier to 
suction

Internal volume reduction:

▪ Press depth

▪ Heat transfer

Danfoss new MPHE are perfect for 
the job:

▪ H39-EZU as evaporator (and 
condenser for reversible systems)

▪ H30-CW as condenser for heating 
only systems

Internal volume Heat exchangers Compressor

▪ Minimum oil charge

▪ Oil type (PAG vs POE)

▪ Design type (low vs high side)

▪ Minimal free volume

Specific Danfoss VRN rotary meets 
most criterias
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R290 micro-plate heat exchangers lineup

4 options with varying cost, performance, compactness, refrigerant charge and ease of 
compliance to safety standard

Residential Commercial

Double Wall

Mixing chamber 
(+ deaerator)

Single Wall
(+ deaerator)

HDW30 HDW44

H39 EZU

Compliance 
made easy

Best performance 
compromise between 
evaporator and 
condenser designs

Low charge

Ideal for reversible 
W/W systems

H30 H62 H118 C129-D

H62 EZU

Standard 
(& low charge variant 
in residential)
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The rotary compressor

Brand Danfoss Danfoss Alternative 1 Alternative 2

Design
Single rotary 

High side
Single rotary 

High side
Scroll 

Low side
Twin rotary
High side

Swept volume 14 15 29 21

Oil type PAG POE POE PAG

Oil quantity 0.15 0.48 0.744 0.25

The compressor is the most important 
component, the heart of the system as 
usual, but also plays a critical role in 
the final system refrigerant charge.

Specifications of the ideal compressor:

• Low internal free volume

• Low side design

• PAG oil

• Low oil charge

This model meets most of those 
characteristics and is very likely one of 
the most if not the most suitable 
compressor available in the market. 

Assumption 
Toil =

SDT+15K
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Component Danfoss

Compressor

Inverter

Evaporator

Condenser

EXV

4WV

Controller

tube diameter (inch) length (m)

Discharge line, CP to 4WV 3/8 0.95

Discharge line, 4WV to CDS 3/8 0.05

Liquid line, CDS to EXV 1/4 0.045

Liquid line, EXV to EVP 1/4 0.045

Suction line, EVP to 4WV 1/2 0.05

Suction line, 4WV to CP 1/2 0.9

No filter drier

VRN

ETS 5M

Condenser: 
H39-EZU

Evaporator: 
H39-EZU

1/4” 0.5 m

5
/

8
”
 0

.5
 m

1/2” 0.5 m

1/4” 0.2 m

5/8” 0.5 m

5
/

8
”
 0

.5
 m

DMB

STF

VRN140

CDS203-22P1K5

H39-EZU-18

H39-EZU-18

ETS5M-13 1/4"

STF-H0267

CX06 Pro+ 

Let's talk for 
the full bill of 

materials

Simulated design: 2.645L Assembled & tested design: ~2.02L (-24%)
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H39EZU

ETS5M

STF

ProTight

Sensor block 
with

P110 & ACB

VRN

CDS203 Alsmart

36 x 22.5 x 29 cm
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Charge optimization (simulations) - B0/W35@120 rps

A B C D E

HC

A B C D E

Power

A B C D E

SH

A B C D E

SC

A B C D E

%EEV

A B C D E

COP

[B-C]
Underfilled

• EEV charge sensitive

• SH as desired

• No SC

• Lower heating capacity

• Reduced COP

[D-E]
Overfilled

• Reduced COP

• Increased SC > 
7K

• Increased 
Power Cp.

[A-B]
Extremely underfilled

• EEV 100% opened

• SH larger than desired (>5K)

• No SC

• Lower heating capacity

• Reduced COP

[C-D]
Correctly filled

• EEV at ~fixed position

• Optimal COP

• SH as desired

• SC between 0 and 7K

The 
optimal 
R290 
charge is 
158g
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Charge optimization – B0/W35@60rps

The optimal charge is obtained at 
130g R290 with a COP of 4.13

Charge optimization was run at 60rps 

instead of the maximum speed

This is conservative, at maximum speed 

the system will be slightly overcharged and 

COP slightly impacted

158g simulated vs 130g tested

Source of discrepancy:

▪ Tested internal volume is lower

▪ Dymola model +/- 30% uncertainty in 2 

phase (evaporator and condenser)

Trends still match very well.
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Performance points - Heating

COP Heating Capacity

LT MT LT MT

E point biv -7 3.85 2.64 4.71 4.12

A point biv -7 3.92 2.78 4.71 4.2

C point biv -7 5.26 4.08 1.86 1.66

Aerotherm -10Brine 2.98 2.15 3.42 2.99

E condition B0/W35:
▪ COP=4.13 SC=7K @60rps
▪ COP=3.85 SC=9K @120rps

Note: pump correction not included

Delta:
▪ Charge optimization @60rps
▪ Lower approach @60rps
▪ High motor efficiency @60rps
▪ Lower drive efficiency @60rps
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Performance 
points – 
Cooling

Co-current operation
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Conclusions

We are able to meet/exceed the requirements:

• 130g R290 optimized charge @60rps

• B0W35: 4.71kW with a COP of 3.85 @120rps or 2.26kW with a COP 
of 4.13 @60rps

• B-10W35: 3.82kW with a COP of 2.98

Potential for further optimizations:

• The charge optimization has to be made based on the speed that will 
be used with the final product

• There is a 20g+ R290 margin that can be used for the addition of the 
filter drier but also to increase the number of plates of the MPHEs

• The compressor and piping have to be insulated to reduce heat losses 
that are significant with high side compressors

Benchmark:

• Exceeds in performance and in charge the only such unit certified on 
the market (HP Keymark)

• Exceeds in performance and/or in charge other available reference 
from the valuable projects already completed at Fraunhofer or Cetiat 
institutes (that were using some of Danfoss products but not the 
latest ones)

Bill of materials ready 
and qualified. 

Contact Danfoss.



Thank you for your attention!
Let’s meet at the Danfoss Booth Hall 7, booth 251
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