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Study of Scroll Condensing Unit for Green Refrigerant R474B
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ABSTRACT

As a result of the Kigali Amendment to the Montreal Protocol, developed countries have set a target of
reducing HFC production and consumption by 85% in GWP terms by 2036. In Japan, the CFC Emission Control
Law sets a target environmental impact value of 150 or 750 for condensing units and other categories in the target

year of 2029.

In order to promote the use of green refrigerant-compatible equipment, it is important that the refrigerant and
equipment meet the S+3E requirements and are easy to handle. R474B was selected as a refrigerant that satisfies
these requirements, and a scroll condensing unit compatible with this refrigerant was studied.
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1. INTRODUCTION

Condensing units are used for display cases
in food retail stores like convenience stores and
supermarkets, as well as for walk-in type
prefabricated  refrigerated  storage  warchouses
constructed by assembling insulated panels
(prefabricated panels) for food storage and
preservation. In both applications, they operate 24
hours a day, 365 days a year to maintain food
freshness, making reducing power consumption and
CO, emissions critical challenges. Traditionally,
refrigerants such as R404A and R448A have been
used in condensing units for these low-temperature
equipment systems. However, the Global Warming
Potential (GWP: using values from the IPCC Fourth
Assessment Report; where unavailable, values from
the IPCC Sixth Assessment Report are used) of
refrigerant R404A is 3922, and refrigerant R448A has
a GWP of 1387. From a global warming prevention
perspective, switching to refrigerants with lower GWP
is required. Furthermore, since these units are often
intended for food storage and preservation, requiring
time-consuming maintenance poses risks such as food
deterioration or spoilage. Therefore, condensing units
using refrigerants that are easy to handle during
service are essential.

Meanwhile, the market surrounding
condensing units has also been changing significantly.
The Montreal Protocol, adopted in 1987, functions as
an international framework aimed at protecting the
ozone layer and has achieved the phase-out of
chlorofluorocarbons (CFCs) and halons. Following
this, the Kigali Amendment was adopted in 2016,
introducing new regulations targeting
hydrofluorocarbons (HFCs), which are alternative
refrigerants. This strengthened refrigerant regulations
from the perspective of global warming
countermeasures.

Japan ratified the Kigali Amendment in
2019 and is working to reduce HFCs through

domestic legislation. Specifically, amendments to the
Ozone Layer Protection Law introduced a quota
system for HFC production and import. Based on the
Fluorocarbon Emission Control Law, obligations to
prevent leaks from refrigeration and air-conditioning
equipment and to recover HFCs during disposal have
been strengthened. Under the Designated Products
System, the weighted average target GWP for
condensing units shipped by fiscal year 2029 is
mandated to be 150 or less for units with compressor
rated outputs of 1.5 kW or less, and 750 or less for
units exceeding 1.5 kW rated output. The industry
aims to achieve an overall GWP of approximately 10
or less by 2036.

Condensing units have been using
refrigerants with a GWP of 1500 or less, such as
R448A, since around 2017, but an early transition to
green refrigerants is necessary to achieve the ultimate
goal of the Kigali Amendment.

To address the above issues, we are
considering the green refrigerant R474B, taking into
comprehensive consideration the S+3E factors of
Safety, Environment performance, Energy efficiency,
and Economic feasibility. Green refrigerants refer to
refrigerants with a global warming potential (GWP) of
10 or less and an ozone depletion potential (ODP) of 0,
which have a low environmental impact.

2. REFRIGERANT SELECTION POLICY
This section outlines our
selection policy for condensing units.
While the S+3E approach may vary
depending on circumstances, safety is a particularly
critical consideration among the evaluation factors.
Condensing units, which are used in combination with
various products such as showcases and unit coolers,
have traditionally required the use of non-flammable
refrigerants as an essential requirement. However, the
Japan Refrigeration and Air Conditioning Industry
Association's  “Safety  Evaluation Project for

refrigerant



Flammable Refrigerants” has established safety
standards and guidelines for equipment using A2L
refrigerants. Therefore, the lower flammable
refrigerants listed in JRA1001 can be safely operated.

Based on this, Table 2.1 shows the considerations
for refrigerant selection, Table 2.2 shows the
characteristics of each refrigerant, and Table 2.3
shows the pressure and applications for each
refrigerant by GWP.

Table 2.1 Considerations for refrigerant selection
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Table 2.3 Refrigerant pressure and GWP classification

Refrigerant type HCFC | HFC, HFC+HFO HFO
GWP class >1500 <1500 | <750 | <150 <10
[High-Pressure]
Air conditioner - |R410A| - R32 - -

Condensing unit

[Low-Pressure]

Condensing unit R434CIR474B

R22 |R404AR448A

Ite_ms fo_r Content
consideration
+ Safety Assurance in Case of Leakage.(Al or A2L)
Safety + Design pressure is equivalent to that of conventional
models.
Envi ) + Ozone Depletion Potential (ODP) =0
ENVIONMEN |, p o quction of GWP
performance .. . .
+ CO, emissions reduction (energy efficiency)
Energy + Efficiency and energy savings equivalent to or
efficiency |exceeding conventional models
« Utilization of existing piping
(equivalent design pressure to conventional units)
. + Ease of installation and service
Economic |, Equipment cost
feasibility quipm .
« Utilization of existing piping
(equivalent design pressure to conventional equipment)
+ Ease of installation and service , Equipment cost

Table 2.2 Characteristics of each refrigerant

HFC HFC+HFO | HFO

R404A [R410A] R32 |R448A R454C |R474B
Composition R32 50.0% 1100.0%| 26.0% | 21.5% | -
(mass%) RI25 44.0% 50.0% - |260%| - -
R143a 52.0% - - - - -
R134a 4.0% - - [210% - -

R1234yf - - - [20.0% | 78.5% | 68.5%
R1234z¢(E) - - - [70% - -

R1132(E) - - - - - [315%

Safety Class AL | Al | A2L | Al | AJL| AL
GWP IPCC AR4 | 3922 | 2088 | 675 | 1387 148 -

IPCC AR5 3943 1924 677 | 1273

IPCC AR6 4728 | 2256 | 771 | 1494 | 166 <l

ET=-10°C | Pcond (MPaabs) |2.052 | 2.730 | 2.795 | 2.007 | 1.795 | 1.737
CT=45°C | Pevap (MPaabs) | 0.434 | 0.573 | 0.583 | 0.390 | 0.351 | 0.345
Pressure Ratio (-) | 4.7 4.8 4.8 5.1 5.1 5.0
Td theoretical (°C)| 77 98 122 87 81 78
Vs ratio(%) 98% | 136% | 147% | 100% | 89% | 87%
COP ratio(%) 97% | 96% | 97% | 100% | 101% | 101%
ATevap(K) 0.4 0.1 - 4.1 5.2 3.9
ET=-40°C | Pcond (MPaabs) | 1.822 | 2.422 2478 | 1.776 | 1.591 [ 1.541
CT=40°C | Pevap (MPaabs) | 0.132 | 0.175 | 0.177 | 0.111 | 0.101 | 0.100

Pressure Ratio (-) | 13.8 | 13.8 | 140 | 160 | 158 | 154

Td theoretical (°C)| 108 146 191 127 116 112

Vs ratio(%) 107% | 147% | 157% | 100% | 90% | 89%

COP ratio(%) 99% | 96% | 94% | 100% | 102% | 102%

ATevap(K) 0.5 | 0.0 - 39 | 43 | 32

ET: Averaged Evaporation Temp. COP ratio: Theoretical COP ratio to R448A
CT: Averaged Condensing Temp. Vs ratio: Suction volume ratio to R448A
SC: Subcooled degree ATevap: Evaporation Temp. glide
Pcond: Condensation Pressure <Condition>
Pevap: Evaporating Pressure Suction temp. Ts =18°C,
Pressure ratio = Pcond/Pecap Subcooled degree SC = 5K
Refrigerant Properties : Refprop ver.10.0

Table 2.3 classifies refrigerants with a
saturated pressure at 65°C of approximately
4.3MPa abs as [High-Pressure] and those with a
saturated pressure at 65°C of approximately
3.3MPaabs or less as [Low-Pressure]. Refrigerant
R474B belongs to the [Low-Pressure] category,
enabling designs that utilize existing piping for
refrigerants R22, R404A, and R448A, which were
widely used in conventional condensing units.

3. TESTING OF REFRIGERANT R474B

As shown in Table 2.2, the refrigeration
capacity per unit of suction gas volume for refrigerant
R474B is approximately 10% lower than that for
refrigerant R448A. The required refrigeration capacity
for the condensing unit can be compensated for by
increasing the suction gas flow rate through methods
such as increasing the compressor displacement
volume or rotational speed. However, increasing the
suction gas flow rate may reduce efficiency due to
increased pressure loss when flow path constraints
exist, necessitating actual measurements.

The results of a test are shown where
refrigerant R474B was in a condensing unit for
R448A with a compressor rated output of 6.0 kW.
Note that SEPR _1JV complies with the Japanese
version of SEPR (Seasonal Energy Performance
Ratio) specified in JRA 4019:2020.
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Fig.3.1 Condensing unit cycle




Table 3.1 Test results for refrigerant R474B

Condensing unit 6.0kW

ET -10°C

Vapor Inlet Temp. 18°C
COP ratio AT: 32°C 93%
AT: 20°C 99%
AT:10°C 96%
SEPR 1JV ratio 97%

COP ratio: COP ratio to R448A
SEPR_1JV ratio: SEPR_1JV ratio to R448A

ET: Averaged Evaporation Temp.
AT: Ambient Temp.

4. IMPROVEMENT IN EFFICIENCY

In a drop-in test conducted on a condensing
unit with a rated output of 6.0 kW, the COP at an
ambient temperature of 32°C was 93% for refrigerant
R448A. However, since the market expects a COP
equivalent to current products, improvement measures
are being considered.

By adding a subcooling circuit (Fig.4.1) that
reduces pressure loss within the unit and lowers the
evaporator inlet temperature, a COP improvement of
+4.6% over the drop-in unit has been confirmed in
actual testing. Furthermore, calculations indicate that
combining measures to reduce accumulator pressure
loss (Fig.4.2) and the effect of microchannel heat
exchangers (MCHX) (Fig.4.3) could achieve a COP
exceeding 100% compared to the current unit. The
cumulative results are shown in Fig.4.4.
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Fig.4.1 Subcooling circuit

Fig.4.2 Low-pressure loss of the accumulator.
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Beyond the considerations in this section,
there remains for further optimization, such as
adapting the compressor for refrigerant R474B, and
we will pursue additional efficiency improvements
going forward.

5. REFRIGERANT CHARGE REDUCTION

Refrigerant R474B has a GWP < 1, meaning
its environmental impact is low even if leaked from a
global warming perspective. However, a lower
refrigerant charge within the condensing unit is
preferable. While MCHX offers the advantage of
enabling high performance, it is also effective in
reducing this refrigerant charge.

Fig.5.1 shows the -calculated refrigerant
reduction effect for the improved MCHX from the
previous section, representing the refrigerant ratio in
the condensing unit excluding excess refrigerant in the
receiver. Compared to current round tube condensers,
refrigerant volume can be reduced to 75%.
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0.60

Refrigerant quantity ratio

0.00

Current condenser MCHX

Fig.5.1 Refrigerant quantity in condensing units other
than the receiver



6. RISK ASSESSMENT (RA) FOR THE LOWER
FLAMMABLE RISK OF REFRIGERANT R474B
Refrigerant R474B is listed as a specified
inert gas in the Refrigeration Safety Regulations.
However, as it is not currently listed in JRA1001,
individual companies must conduct their own risk
assessment evaluations. Since the subject this time is a
condensing unit, the RA was performed using the
same method as the risk assessment report for
low-temperature equipment using lower flammable
refrigerants. The RA for the condensing unit was
conducted at each stage (Installation, Usage, Repair,
Disposal) with the probability of a major accident
occurring once every 100 years set as the acceptable
level. Where the probability was unacceptable, safety
measures were implemented to reduce the risk below
the acceptable level.

CFD analysis was performed for the RA.
The analysis conditions are shown in Fig.6.1. The
outdoor unit was modeled as a standard installation
with all four sides open, assuming a leak rate of
75 kg/h from the entire heat exchanger. The analysis
results are shown in Fig.6.2. The leaked refrigerant
showed minimal accumulation on the floor surface,
and no flammable zone formed on the floor.

For refrigerants listed under JRA1001, even
when not considered ignition sources, R474B is
currently under review. For now, all are treated as
potential ignition sources, and naked flames are also
considered ignition sources as before, with their
probability of occurrence calculated accordingly.

Analysis Space

Outdoor Unit

il

B

2sm|| Ty 0.372m

1.38m

1.17m

7.7m 6.5m

Fig.6.1 Analysis conditions (open on all sides)
refrigerant amount 19kg

R474B (Vol%) 4.9Vol% Above : white

1
00 05 1.0 15 2.0 24 29 34 39 44 49(Vol%)
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Table 6.1 Kind of ignition sources

O: Ignition X: Does not ignite

Ignition sources for | Ignition source
Kind Ignition sources refrigerants registered | considered in
under JRA1001 RA
Electric appliances
Electric (Fire cause) o o
appliances | Electrical components % 0
inside the device
Spark . Match @) O
N Smoking -
(Occurs in a tools Kerosene lighters O O
flammable Electronic lighter X O
space) Electric tool X (@]
Work tool | Refrigerant recovery & x
. . O
reclaim machines
Human Static electricity « o
body (By human body)

Table 6.2 Ignition probability of each life stage

Stage Allowable level Ignition probability
Installation 6.9E-07 2.51E-07
Usage 6.9E-08 4.05E-10
Repair 6.9E-07 1.39E-07
Disposal 6.9E-07 2.39E-07

80s 240s 960s

Fig.6.2 Analysis results

Table 6.2 shows the ignition probability.
Without countermeasures, the installation and disposal
stages resulted in ignition probabilities exceeding the
allowable value. By implementing safety measures
carrying portable leak detectors and educating
workers on open flames and combustion equipment
the risk was reduced to below the allowable value.

Future tasks include conducting RA for
semi-basement installations, confined installations,
and installations on each floor. If risks are found
unacceptable, it must be confirmed whether existing
safety measures can adequately address them.

7. OPERATIONS AT PHYSICAL STORES

At the Seven-Eleven stores within the
Osaka-Kansai Expo site, Hitachi condensing units
using refrigerant R474B have been adopted.
Commercial operation began in April 2025 at two
stores, “West Gate” and “Water Plaza,” and they are
operating smoothly. (As of September 2025, at the
time of writing this paper)

J13grrryilrasrrre

Fig.7.1 Condensing unit runing at the Expo 2025.



8. SUMMARY

From the perspective of preventing global
warming, condensing units require early conversion to
green refrigerants with low GWP. On the other hand,
due to the nature of products intended for food storage
and preservation, continuous operation throughout the
year is necessary, making improved energy efficiency
an important issue.

This study confirmed the safety and Energy
efficiency of the environmentally friendly green
refrigerant R474B. Since its operating pressure is
equivalent to that of conventional refrigerants,
existing piping can be easily utilized, making it highly
Economic feasibility. This has led to the prospect of
practical application of condensing units compatible
with R474B refrigerant, realizing S+3E.

Product development is currently underway,
aiming for early commercialization and widespread
adoption to contribute to global warming
countermeasures.
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As a result of the Kigali Amendment to the Montreal Protocol, developed countries have set a
target of reducing HFC production and consumption by 85% in GWP terms by 2036. In Japan, the CFC Emission
Control Law sets a target environmental impact value of 150 or 750 for condensing units and other categories in

the target year of 2029.

In order to promote the use of green refrigerant-compatible equipment, it is important that the refrigerant and
equipment meet the S+3E requirements and are easy to handle. R474B was selected as a refrigerant that satisfies
these requirements, and a scroll condensing unit compatible with this refrigerant was studied.

Key Word : low GWP refrigerant, R474B, condensing unit, refrigeration, Green refrigerants
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Table 2.1 Considerations for refrigerant selection
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Table 2.3 Refrigerant pressure and GWP classification

Refrigerant type HCFC | HFC, HFC+HFO HFO
GWP class >1500 <1500 | <750 <150 <10
[BER]
I7avTavar— R410A - R32

avFrivdaz=y b

[EEZR]

avTyiydaz=yk

R22 | R404A | R448A R454C | R474B

HMEHEH 2! B
AN - IR ORE D Z AR (AL or A2L)
Safety * BEHE S GERAS & (R
B < A U JEEARE(ODP) = 0
Environment - HERIEBE(LARE(GWP) DK
performance | . o, g BRHI(E = X 1)
Energ)‘/rttaf‘?lciency - PR Ll Eog)E, Bx ik
P AXELE FI (KA & [ OREHE )
Econorlrﬁc feasibility | ° WL - —EADEG
RO = A b

Table 2.2 Characteristics of each refrigerant

HFC HFC+HFO | HFO
R404A R410A| R32 |R448A R454C|R474B

Composition R32 50.0% 100.0%] 26.0% | 21.5%
(mass%) RI125 44.0% 50.0% - [26.0% - -
R143a 52.0% - - - - -
R134a 4.0% | - - [21.0% - -
R1234yf - - - [20.0% 78.5% | 68.5%
R1234z¢(E) - - - 17.0% - -
R1132(E) - - - - 31.5%
Safety Class Al | Al | AL | Al | AJL| A2L
GWP IPCC AR4 | 3922 | 2088 | 675 | 1387 | 148 | -

IPCC AR5 3943 | 1924 | 677 | 1273 | 146 -
IPCC AR6 4728 | 2256 | 771 | 1494 | 166 <1
ET=-10°C | Pcond (MPa abs) | 2.052 | 2.730 | 2.795 | 2.007 | 1.795 | 1.737
CT=45°C | Pevap (MPa abs) | 0.434 | 0.573 | 0.583 | 0.390 ' 0.351 | 0.345
Pressure Ratio (-) [ 4.7 4.8 4.8 5.1 5.1 5.0
Td theoretical (°C)| 77 98 122 87 81 78

Vs ratio(%) 98% 1 136%  147% | 100% = 89% | 87%

COP ratio(%) | 97% | 96% | 97% | 100% | 101% | 101%

ATevap(K) 04 | 0.1 41 | 52 | 39

ET=-40°C | Pcond (MPaabs) | 1.822 | 2.422 | 2.478 | 1.776 | 1.591 | 1.541

CT=40°C | Pevap (MPaabs) | 0.132 | 0.175 ' 0.177 [ 0.111 ' 0.101 | 0.100

Pressure Ratio (-) | 13.8 | 13.8 | 14.0 | 16.0 = 158 | 154

Td theoretical (°C)| 108 146 191 127 116 112

Vs ratio(%) 107% | 147% | 157% | 100% @ 90% | 89%

COP ratio(%) | 99% | 96% | 94% | 100% | 102% | 102%

ATevap(K) 0.5 | 0.0 - 3.9 | 43 | 32

ET: Averaged Evaporation Temp. COP ratio: Theoretical COP ratio to R448A
CT: Averaged Condensing Temp. Vs ratio: Suction volume ratio to R448A
SC: Subcooled degree ATevap: Evaporation Temp. glide

Pcond: Condensation Pressure <Condition>

Pevap: Evaporating Pressure Suction temp. Ts =18°C,

Pressure ratio = Pcond/Pecap Subcooled degree SC = 5K
Refrigerant Properties : Refprop ver.10.0

Table 2.3 Tl 65°C @ f1 1 £ 11 7 # 1
4.3MPa abs F&/& DM % [)+5%] , 3.3MPa abs &
FELUTOREZRERIEDELTWD, Wil
R474B IH[IRJERNCE L, ka7
2=y b TELEDN G R22, W R404A,
B R448A O BERRAELE R H AT RE 25k 5123 EBLT
x5,

3. A% R474B D ER

Table 2.2 TaR$ XK 9 (ZHE R474B O AT A
KRS 72 D OWHREE I XA I R448A (ZxF L 1
BERTT2, arrFry v ra=y MILER
B HRE ) I ERERE O AT R S FE BN 0 (Al 5 5k o> 1
72 & DOFETHR AT A O & BN S il
HZEeNTEDL, —J, WATADFEEIE
T HIFI 2N AT E 4B R H NI X v
WRMETTEHEERHHT-DEEITI,
JEHERE D ERE T 6.0kW D R4A48A Xfin= T
Vv o=y NTHEE R4TAB B Ru vy 7 A v
iR LR ORE R4 ~d, 723, SEPR_IJV (X
JRA4019:2020 TH & & 1L T W 5 H A Kt
SEPR(Seasonal Energy Performance Ratio)|Z ¥ U 7=
HDTh D,

=
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Sub Cooler
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Fx?he::aﬂ Liquid ,__S___,
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Valve SERrmes

1 I
Compressor Accumulator Vapor
— —/
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Fig.3.1 Condensing unit cycle

Table 3.1 Test results for refrigerant R474B

Condensing unit 6.0kW

ET -10°C

Vapor Inlet Temp. 18°C
COP ratio AT: 32°C 93%
AT: 20°C 99%
AT:10°C 96%
SEPR 1JV ratio 97%

COP ratio: COP ratio to R448A
SEPR_1JV ratio: SEPR_1JV ratio to R448A

ET: Averaged Evaporation Temp.
AT: Ambient Temp.




4. EQHE

Ka w7 A R EAT o T EEE O ER )
6.0kW DT 7 a=y MIBWTHARBA
JE 32°C @ COP LI R448A % L 93% & 72 o 7=,
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Fig.4.2 Low-pressure loss of the accumulator.
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Fig.5.1 Refrigerant quantity in condensing units other
than the receiver

6. IE R474B DR RO 7R A 2 FRA)
AL R474B I AR AN B W) TREEATE
P AL STV AN, BiEES TIE JRA1001
WZITBA SN TR WOt 27 78 %
AV Nl A ERf T 2 BN H D, SEIORSRIT
ayFrovrsTa=y FOED, RA IIHURMES
A L KIEMERR D U R 7 Bl s E L [F
BOHETIT-1-, avsFyi vy Za=yk O
RA (X 100 FIZ—EDOEKRFHLNBAET HHHER
DHRTEDHL~YLE LT, B« 55 - &5 -
BEDZ AT —VTITY, MRNHFAETE RN
ROV BRI RITO 2 LTV 27 ZHARMELL



TET 5,

RA FEfii2®7- Y, CFD f#hr & 3k L7, T
&A% Fig.6.1 (2R3, SEAMEIL VY f B ik DO FE R
BE L, SAMEOBZHLIR R B 2
75kgh IZ TR AW L7256 2408 UTe, s R
% Fig.6.2 \ZR 7, WA WIS RS IE & A E
B, RmIC rIME b Ak S e,

Table 6.1 (2 A/ 8— 7|2 X % 75 KR O % fofk
9%, JRA1001 84 OMELIZ% L, R474B DK
BFisHERTobL0bH Y, ~ B2 THEARE R
L, 7, #KIZOWTHAEkREEE, Sk E R
e LIFEMEE R L,

Analysis Space

“|outdoor Unit

1.38m
) 1.17m

25m| Ty 0.372m
7.7Tm 6.5m

Fig.6.1 Analysis conditions (open on all sides)
refrigerant amount 19kg

R474B (Vol%) 4.9Vol% Above : white

00 05 1.0 15 20 24 29 34 39 44 4.9(Vol%)

80s 240s 960s

Fig.6.2 Analysis results

Table 6.1 Kind of ignition sources
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Table 6.2 Ignition probability of each life stage

AT = PPRAE KRR
K%t | 2.52E-06
il 6.9E-07 k% | 2.51E-07
i 6.9E-08 Kxte | 4.05E-10
2 6.9E-07 K5t | 1.39E-07
Fxf# | 4.36E-06
Bx 6.9E-07 %% | 2.39E-07
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Fig.7.1 Condensing unit runing at the Expo 2025.
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