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Introduction

Perspectives in refrigerant development

Stratospheric ozone depletion as well as
atmospheric greenhouse effect due to
refrigerant emissions have led to drastic
changes in the refrigeration and air 
conditioning technology since the begin-
ning of the 90s.

This is especially true for the area of com-
mercial refrigeration and A/C plants with
their wide range of applications. Until a
few years ago the main refrigerants used
for these systems were ozone depleting
types, namely R12, R22 and R502; for
special applications R114, R12B1, R13B1,
R13 and R503 were used. 

With the exception of R22 the use of
these chemicals is not allowed any more
in industrialised countries. In the Euro-
pean Union, however, there is a current
early phase-out for R22 as well which
shall be realised step by step (see page 7
for explanations). 
The main reason for this early ban of R22
contrary to the international agreement is
the ozone depletion potential although it
is only small.

Due to this situation enormous conse-
quences result for the whole refrigeration
and air conditioning trade. BITZER there-
fore committed itself to taking a leading
role in the research and development of
environmentally benign system designs.

Although the chlorine free HFC refriger-
ants R134a, R404A, R507A, R407C,
R410A as well as NH3 and various hydro-
carbons have already become estab-
lished, there are still further tasks to per-
form, especially with respect to the global
warming impact. The aim is to significant-
ly reduce direct emissions caused by
refrigerant loss, and indirect emissions
through highly efficient plants.

Therefore a close co-operation exists with
scientific institutions, the refrigeration and
oil industries, component manufacturers
as well as a number of innovative refriger-
ation and air conditioning companies. 

A large number of development tasks
have been completed; an extensive range
of compressors and equipment is already
available for the various alternative refrig-
erants.

Besides the development projects BITZER
actively supports legal regulations and
self commitments concerning the respon-
sible use of refrigerants (see also page 6).

The following report deals with possibili-
ties for a short and medium term change
to environmentally benign refrigerants in
medium and large commercial refrigera-
tion and A/C plants. At the same time, the
experience which already exists is also
dealt with and the resulting consequences
for plant technology.

❄ ❄ ❄

The results of serveral studies confirm
that the vapour compression refrigeration
plants normally used in the commer-
cial field are far superior to all other pro-
cesses down to a cold space temperature
of around -40°C.

The selection of an alternative refrigerant
and the system design receives special
significance, however. Besides the request
for substances without ozone depletion
potential (ODP=0) especially the energy
demand of a system is seen as an essen-
tial criterion due to its indirect contribu-
tion to the greenhouse effect. On top of
that there is the direct ozone depletion
potential (GWP) due to refrigerant emission.

Therefore a calculation method has been
developed for the qualified evaluation of a
system which enables an analysis of the
total influence on the greenhouse effect.

In this connection the so-called „TEWI“
factor (Total Equivalent Warming Impact)
has been introduced, the result is howe-
ver mainly dependent upon the CO2 emis-
sion from the energy generation or drive
method employed (further information on
page 6).

Therefore it is possible that in future the
assessment of refrigerants with regard to
the environment could differ according to
the place of installation and drive method.

A closer look on the HFC based substitu-
tes shows, however, that the possibilities
for directly comparable single substance
refrigerants are limited. The situation for
R12 with the substitute R134a is relatively
favourable, as it is for R502 with the alter-
natives R404A and R507A. It is more criti-
cal for alternatives to other CFC refrige-
rants and also for HCFCs, e.g. R22.

The refrigerants R32, R15 and R134a are
regarded as direct substitutes from the
line of HFCs. These however can only be
used exceptionally as a pure substance
due to their specific characteristics. Most
important criteria in this concern are flam-
mability, thermodynamic properties and
global warming potential. These substan-
ces are much more suitable as compo-
nents of blends where the individual cha-
racteristics can be matched to the
requirements according to the mixing pro-
portions.

Besides HFC refrigerants, Ammonia (NH3)
and hydrocarbons are considered as sub-
stitutes as well. The use for commercial
applications, however, is limited by strict
safety requirements.

Carbon dioxide (CO2) becomes more
important as an alternative refrigerant and
secondary fluid, too. Due to its specific
characteristics, however, there are restric-
tions to a general application.

The illustrations on the next pages show a
structural survey of the alternative refrige-
rants and a summary of the single or
blended substances which are now avai-
lable. After that the individual subjects are
discussed.

Due to the increasing interest in substitu-
tes for R114, R12B1, R13B1, R13 and
R503, the possible alternatives are also
considered in this report.

Refrigerant data, application ranges and
lubricant specifications are shown on
pages 32 to 35.

For reasons of clarity the less or only
regionally known products are not speci-
fied in this issue, which is not intended to
imply any inferiority. 
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Previous Alternatives
refrigerants

ASHRAE Trade name Composition Detailed
Classification (with blends) Information

R401A MP39 DuPont R22/152a/124
R401B MP66 DuPont R22/152a/124 pagesR12 R409A FX56 Atofina/Solvay R22/124/142b 15, 32...35(R500) R409B FX57 Atofina R22/124/142b
R413A ISCEON 49 Rhodia R134a/218/600a

R22 – – –
R402A HP80 DuPont R22/125/290 pagesR402B HP81 DuPont R22/125/290 7, 8, 14, 15,R502 R403A ISCEON 69S Rhodia R22/218/290 32...35R403B ISCEON 69L Rhodia R22/218/290
R408A FX10 Atofina R22/143a/125

R114 R124 – – pages
R12B1 R142b – – 29, 32...35

R13B1
R13 Alternatives see Fig. 3 “Chlorine free HCFC Refrigerants”
R503

Fig. 2 Alternatives for CFC refrigerants (transitional / service refrigerants)

Fig. 1 General survey of the alternative refrigerants
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Single
Substances

e.g. R22
R123
R124
R142b

Blends

predominantly
R22-Based

HCFC/HFC
- partly chlorinated -

Transitional/Service
Refrigerants

Single
Substances

e.g. R134a
R125
R32
R143a
R152a

Blends

e.g. R404A
R507A
R407-Series
R410A

HFC
- chlorine free -

Medium and Long
Term Refrigerants

Single
Substances

e.g. NH3

R290
R1270
R600a
R170

Blends

e.g. R600a/
R290

R290/
R170
R723

Halogen free

Alternative Refrigerants

Transitional / Service refrigerants  09.04



Previous Alternatives
Refrigerants

ASHRAE Trade name Composition Detailed
Classification (with blends) Information

R12 R134a
–

pages
(R500) R152a 9...11, 32...35

R404A various R143a/R125/R134a

R502 R507A R143a/125 pages
R407A, R407B KLEA 407A, 407B INEOS Fluor R32/125/134a 16...18, 32...35
R422A ISCEON 79 Rhodia R125/134a/600a

R407C  various R32/125/134a
R410A various R32/125 pagesR417A ISCEON 59 Rhodia R125/134a/600 19...21, 32...35– ISCEON 29 Rhodia R125/134a/600a
R419A FX90 Atofina R125/R134a/R-E170

R114 R236fa – – pages
R12B1 R227ea – – 29, 32...35

R410A various R32/125 pagesR13B1 – FX 80 Atofina R32/125 29, 30, 32...35– ISCEON 89 Rhodia R125/218/290

R13 R23 – – pages
R503 R508A KLEA 508A INEOS Fluor R23/116 30, 32...35R508B Suva95 DuPont R23/116

1

R22

5

Chlorine free HFC refrigerants and blends (long term alternatives) 09.04

Fig. 3 Alternatives for CFC and HCFC refrigerants (chlorine free HFC refrigerants)

Fig. 4 Alternatives for CFC and HCFC refrigerants (halogen free refrigerants)  

Explanation of Fig. 2 to 4 inflammable large deviation in refrigerating capacity and chlorine free service refrigerant
toxic pressures to the previous refrigerant Azeotrope

Perspectives in refrigerant development
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Previous Alternatives
Refrigerants

ASHRAE Trade name Formula Detailed
Classification Information

R12 R290/600a – C3H8/C4H10 pages
(R500) R600a – C4H10 24, 32...35

R717 – NH3 pagesR502 R290 – C3H8 22...26, 32...35R1270 – C3H6

R717 – NH3

R22
R723 – NH3 + R-E170 pages
R290 – C3H8 22...26, 32...35
R1270 – C3H6

R114
R600a – C4H10

pages
R12B1 29, 32...35

R13B1 keine direkte Alternative verfügbar

R13
R170 – C2H6

pages
R503 30, 32...35

Diverse R744 – CO2
pages
26, 28, 32...35

Halogen free refrigerants (long term alternatives) 09.04
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Fig. 6 Comparison of TEWI figures (Example)
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As already mentioned in the introduction a
method of calculation has been developed,
with which the influence upon the global
warming effect can be judged for the opera-
tion of individual refrigeration plants 
(TEWI = Total Equivalent Warming Impact).

All halocarbon refrigerants, including the
non-chlorinated HFCs belong to the cate-
gory of the greenhouse gases. An emis-
sion of these substances contributes to
the global warming effect. The influence is
however much greater in comparison to
CO2 which is the main greenhouse gas in
the atmosphere (in addition to water
vapour). Based on a time horizon of 100
years, the emission from 1 kg R134a is for
example roughly equivalent to 1300 kg of
CO2 (GWP100 = 1300). It is already appar-
ent from these facts that the reduction of
refrigerant losses must be one of the main
tasks for the future.

On the other hand, the major contributor
to a refrigeration plant’s global warming
effect is the (indirect) CO2 emission
caused by energy generation. Based on
the high percentage of fossil fuels used in
power stations the average European CO2
release is around 0.6 kg per kWh of elec-
trical energy. A significant greenhouse
effect occurs over the lifetime of the plant
as a result of this.

In addition to this an example in Fig. 6
(medium temperature with R134a) shows
the influence upon the TEWI value with
various refrigerant charges, leakage los-
ses and energy consumptions.

This example is simplified based on an
overall leak rate as a percentage of the
refrigerant charge. As is known the practi-
cal values vary very strongly whereby the
potential risk with individually constructed
systems and extensively branched plants
is especially high.

Great effort is taken worldwide to reduce
greenhouse gas emissions and legal 
regulations have partly been developed
already. For the EU territory a “Regulation
on Fluorinated Gases” is presently in 
process, which is likely to become legal
for the member states in 2005.

TEWI   =  TOTAL  EQUIVALENT  WARMING  IMPACT

TEWI = ( GWP x L x n ) + ( GWP x m [ 1- α recovery ] + ( n x Eannual x β )

Leakage Recovery losses

direct global warming potential

Energy consumption

indicrect global
warming potential

GWP = Global warming potantial
L = Leakage rate per year
n = System operating time
m = Refrigerant charge
α recovery = Recycling factor
Eannual = Energy consumption per year
β = CO2-Emission per  kWh

[ CO2-related ]
[ kg ]
[ Years ]
[ kg ]

[ kWh ]
(Energy-Mix)

TEWI   =  TOTAL  EQUIVALENT  WARMING  IMPACT

Example
Medium temperature R134a

SST -10 °C
SCT +40 °C
m 10 kg // 25 kg
L[10%] 1 kg // 2,5 kg
CAP 13,5 kW  
E 5 kW x 5000 h/a
β 0,6 kg CO2/kWh
α 0,75
n 15 years
GWP 1300 (CO2 = 1)

time horizon 100 years

As this is a high proportion of the total
balance it is also necessary to place an
increased emphasis upon the use of high
efficiency compressors and associated
equipment as well as optimized system
components, in addition to the demand
for alternative refrigerants with favourable
(thermodynamic) energy consumption.

When various compressor designs are
compared, the difference of indirect CO2
emission (due to the energy requirement)
can have a larger influence upon the total
effect as the refrigerant losses.

A usual formula is shown in Fig. 5, the
TEWI factor can be calculated and the
various areas of influence are correspon-
dingly separated.

Fig. 5 Method for the calculation of TEWI figures

Perspectives in refrigerant development
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HCFC Refrigerants

R22 as transitional
refrigerant

Fig. 7 R12/R22 – Comparison of discharge gas temperatures of
a semi-hermetic compressor

Fig. 8 R12/R22/ R502 – Comparison of pressure levels

Despite of the generally favourable prop-
erties R22 is already subject to various
regional restrictions* which control the
use of this refrigerant in new systems and
for service purposes due to its ozone
depletion potential – although being low.

With regard to components and system
technology a number of particularities are
to follow as well. Refrigerant R22 has
approximately 55% higher refrigerating
capacity and pressure levels in compari-
son to R12. The significantly higher dis-
charge gas temperature is also a critical
factor compared to R12 (see Fig. 7) and
R502.

Suitable compressors are required for
plants with R22, these have been avail-
able and are proven for medium tempera-
ture and air conditioning for a long time. 

Refrigeration and air conditioning in vehi-
cles – such as cars, trucks, buses and
trains – are more problematic. The higher
pressure and temperature levels of R22
seriously limit here the range of applica-
tion. Only some of the applications can
therefore be covered.

Also critical – due to the high discharge
gas temperature – are low temperature
plants especially concerning thermal sta-
bility of oil and refrigerant, with the dan-
ger of acid formation and copper plating.
Special measures have to be adopted
therefore, such as two stage compres-
sion, controlled refrigerant injection, addi-
tional cooling, monitoring of discharge
gas temperature, limiting the suction gas
superheat and particularly careful 
installation.

* Not allowed for new equipment in Germany and
Denmark since 2000 January 1st and in Sweden
as of 1998.
Since January 1st, 2001 restrictions apply to the
other member states of the EU as well. The mea-
sures concerned are defined in the new ODS
Regulation 2037/2000 of the EU commision on
ozone depleting substances. This regulation also
governs the use of R22 for service reasons within
the entire EU.

Information about the world wide R22 
phase-out regulation can be found under
www.arap.org/docs/regs.html as well. 
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Although the chlorine free substitutes
R134a and R404A/R507A (Fig. 1 and 3) have
extensively made their way as alternatives
to R12 and R502, in many international
fields R22 is still used in new installations
and for retrofitting of existing systems.

Reasons are relatively low investment
costs, especially compared with R134a
systems, but also in its large application
range, favourable thermodynamic proper-
ties and low energy requirement. Addi-
tionally there is world wide availability of
R22 and the proven components for it,
which is not yet guaranteed everywhere
with the chlorine free alternatives.

The latter is also true for the “zeotropic”
service refrigerants (Fig. 1 and 2). More-
over, they predominantly contain R22 and
therefore only make sense where pure
R22 cannot be controlled due to high
operation temperatures. Related to these
mixtures special handling procedures are
required (see section “Refrigerant blends”
from page 12).
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An incomparably wide palette is availa-
ble from BITZER for use with R22:
❏ Open and semi-hermetic reciproca-

ting compressors from 0.37 to 74 kW
nominal motor power with special
design features for low temperature
use
– VARICOOL semi-hermetic (up to

5.5 kW)
– Single stage semi-hermetic 

with         (up to 60 kW)
– Two stage compressors 

(up to 44 kW)
❏ Open and semi-hermetic screw com-

pressors from 15 to 220 kW nominal
motor power (parallel operation to
400 kW) for single and two stage
systems.

Converting existing plants

Existing R12 plants can only subsequently
be converted to R22 under restrictions
without exchanging major components.
Even if the compressor, heat exchanger
and pressure vessel are suitable for oper-
ation with R22, the refrigeration capacity
and energy requirement (with identical
compressor displacement) are significant-
ly higher after the conversion. The tempe-
rature differences at the evaporator and
condenser will be much greater and
abnormal or critical operating conditions
could even occur. 

The installation of a compressor with a
smaller displacement (same capacity as
with R12) could on the other hand lead to

unstable operation of the evaporator and
oil migration due to the reduced flow
velocities.

R502 plants can in many cases be con-
verted to R22 with reasonable effort. The
individual components must however be
checked for suitability and possibly be
modified or exchanged.
In this connection the significantly lower
mass flow of R22 must also be considered.

®

HCFC Refrigerants

Supplementary BITZER information
(see also http://www.bitzer.de)

❏ Technical Information KT-650
“Retrofitting of R12 and R502 
refrigerating systems to 
alternative refrigerants”



R134a as substitute for
R12 and R22

9

Chlorine free HFC refrigerants

Fig. 9/1 R134a/R12 – Comparison of performance data of 
a semi-hermetic compressor

Fig. 9/2 R134a/R22 – Comparison of performance data of 
a semi-hermetic compressor
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Comprehensive tests have demonstrated
that the performance of R134a exceeds
theoretical predictions over a wide range
of compressor operating conditions. 
Temperature levels (discharge gas, oil) are
even lower than with R12 and, therefore,
substantially lower than R22 values. There
are thus many potential applications in
air-conditioning and medium temperature
refrigeration plants. Good heat transfer
characteristics in evaporators and 
condensers (unlike zeotropic blends)
favour particularly an economical use. 

Lubricants for R134a and other HFCs
The question of a suitable lubricant for
R134a (and other HFCs described in the
following) has been found to be a pro-
blem. The traditional mineral and synthe-
tic oils are not miscible (soluble) with
R134a and are therefore only insufficiently
transported around the refrigeration 
circuit.
Immiscible oil can settle out in the heat
exchangers and prevent heat transfer to
such an extent that the plant can no lon-
ger be operated.

New lubricants were developed with the
appropriate solubility and have now –
after a long test phase – been in use for

several years. These lubricants are based
on Polyol Ester (POE) and Polyalkylene
Glycol (PAG).
They have similar lubrication characteri-
stics to the traditional oils, but are more
or less hygroscopic, dependent upon the
refrigerant solubility. 
This demands special care during manu-
facturing (including dehydrating), trans-
port, storage and charging, to avoid che-
mical reactions in the plant, such as
hydrolysis.

PAG based oils are especially critical with
respect to water absorption. Moreover,
they have a relatively low dielectric
strength and for this reason are not very
suitable for semi-hermetic and hermetic
compressors. They are therefore mainly
used in car A/C systems with open com-
pressors, where specific demands are
placed on lubrication and optimum solubi-
lity is required because of the high oil cir-
culatation rate. In order to avoid copper
plating, no copper containing materials
are used in these systems either. 

The rest of the refrigeration industry pre-
fers ester oils, for which extensive expe-
rience is already available. The results are
generally positive when the water content
in the oil does not much exceed 100 ppm. 

R134a was the first chlorine free (ODP=0)
HFC refrigerant that was tested compre-
hensively. It is now used world-wide in
many refrigeration and air-conditioning
units with good results. As well as being
used as a pure substance R134a is also
applied as a component of a variety of
blends (see “Refrigerant blends”, page 12). 

R134a has similar thermodynamic pro-
perties to R12: refrigeration capacity,
energy requirement, temperature proper-
ties and pressure levels are comparable,
at least in air-conditioning and medium
temperature refrigeration plants. This refri-
gerant can therefore be used as an alter-
native for most R12 applications. 

For some applications R134a is even
preferred as a substitute for R22, an
important reason being the limitations to
the use of R22 in new plants. However,
the lower volumetric refrigeration capacity
of R134a (see Fig. 9/2) requires a larger
compressor displacement than with R22.
There are also limitations in the applica-
tion with low evaporating temperatures to
be considered. 



Fig. 10 R134a/R12/R22 – Comparison of pressure levels
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Supplementary BITZER information
concerning the use of R134a
(see also http://www.bitzer.de)

❏ Technical Information KT-620
“HFC-Refrigerant R134a”

❏ Technical Information KT-650
“Retrofitting of R12 and R502 
refrigerating systems to alternative
refrigerants”

❏ Technical Information KT-510
“Polyolester oils for reciprocating
compressors”

However, for buses and commercial vehi-
cles, alternatives are being examined as
hygroscopic lubricants lead to increased
risks due to the permeability of hoses and
partly through inadequate servicing. An
alternative to this are the (almost) non-
soluble alkylates where the flow and lubri-
cating characteristics are improved by
additives. There are already positive oper-
ating results, however, practical imple-
mentation requires individual adaptation
and system trials. 

In the meantime, factory made A/C and
cooling units are increasingly being 
charged with Polyvinyl Ether (PVE) oils.
Although they are even more hygroscopic
than POE, on the other hand they are very
resistant to hydrolysis, thermally and che-
mically stable, possess good lubricating
properties and high dielectric strength.
Unlike POE they do not tend to form
metal soap and thus the danger of capil-
lary clogging is reduced.

Resulting design and construction 
criteria

Suitable compressors are required for
R134a with a special oil charge, and
adapted system components.

The normal metallic materials used in CFC
plants have also been proven with ester
oils; elastomers must sometimes be 
matched to the changing situation. This is
especially valid for flexible hoses where
the requirements call for a minimum 
residual moisture content and low perme-
ability.

The plants must be dehydrated with par-
ticular care and the charging or changing
of lubricant must also be done carefully.
In addition relatively large driers should
be provided, which have also to be
matched to the smaller molecule size of
R134a. 

As the result of many years experience
in close cooperation with the oil indu-
stry, BITZER can offer the whole pro-
gram of reciprocating, screw and scroll
compressors for R134a – including the
suitable oil. Positive experience has
been gained with a large number of
refrigeration and air-conditioning plants
of different designs.

Converting existing R12 plants

At the beginning this subject had been
discussed very controversially, several
conversion methods were recommended
and applied. Today there is a general
agreement on technically and economical-
ly matching solutions.

Here, the characteristics of ester oils are
very favourable. Under certain conditions
they can be used with CFC refrigerants,
they can be mixed with mineral oils and
tolerate a proportion of chlorine up to a
few hundred ppm in an R134a system.

The remaining moisture content has
however an enormous influence. The
essential requirement therefore exists for
very thorough evacuation (removal of
remaining chlorine and dehydration) and
the installation of generously dimensioned
driers. Doubtful experience has also been
found, with systems where the chemical
stability was already insufficient with R12
operation e.g. with bad maintenance,
small drier capacity, high thermal loading.
The increased deposition of oil decompo-
sition products containing chlorine often
occurs here. These products are released
by the working of the highly polarized
mixture of ester oil and R134a and find
their way into the compressor and regulat-
ing devices. Conversion should therefore
be limited to systems which are in a good
condition.
Meanwhile, corresponding conversion
procedures have been proven, but individ-
ual adaptation may be required in certain
cases.

Chlorine free HFC refrigerants
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Chlorine free HFC refrigerants

safety measures along with the corre-
sponding risk analysis. 

The drawback in case of greater pressure
ratios is the comparatively high compres-
sor discharge gas temperature which lies
between the levels of R134a and R22,
known for its high thermal loading (Fig.
11). This presents an added difficulty for
the extreme operating conditions in auto-
motive air-conditioning units – considering
also the chemical stability of the circuit
and the lubricants. The oils used for
R134a are likewise suitable as lubricants.

A final judgment of the application of
R152a is not possible at this time, further
developments will be reported upon
accordingly.

R125, R143a and R32 likewise belong to
the chlorine free (ODP=0) alternatives,
whereas the latter two are flammable
(safety group A2) and are therefore no
direct substitutes for (H)CFC refrigerants.
R32, moreover, is characterised by very
high pressure levels and discharge gas
temperatures. 

R125, on the other hand, is non-flamma-
ble, the boiling point lies at -48.5°C and
the adiabatic exponent is comparatively
low. At least from this viewpoint, there are
similar conditions to the previously often
used R502. The disadvantages of R125,
however, are the steep pressure slope
with resulting higher pressure ratios and a
very low critical temperature of 66°C.
Applications with air-cooled condensers
are thereby restricted and the energy effi-
ciency at high condensing temperatures is
relatively poor.

For the reasons stated before, the above
mentioned refrigerants are not or only
used in exceptional cases as pure sub-
stances. On the other hand, they can be
blended into mixtures – also with additio-
nal substances such as R134a – for a
defined application profile (see next topic
“Refrigerant blends”).

R152a – an alternative 
to R134a (?)

Abb. 11 R134a/R152a/R22 – Comparison of discharge gas temperatures Abb. 12 R125/R143a/R32 – Comparison of pressure levels
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Compared to R134a, R152a is very similar
with regard to volumetric cooling capacity
(approx. -5%), pressure levels (approx. 
-10%) and energy efficiency. Mass flow,
vapour density and thus also the pressure
drop are even more favourable (approx. 
-40%). 

R152a has been used for many years as a
component in blends but not as a single
substance refrigerant till now. Especially
advantageous is the very low global 
warming potential (GWP=140 / compare
R134a: GWP=1300). This is the main rea-
son why R152a is discussed as an alter-
native to R134a in automotive air condi-
tioners for quite some time. It is known
that mobile units with open drive com-
pressors and hose connections in the
refrigerant circuit pose a higher risk of
leakage than stationary systems, with the
potential threat of direct emissions contri-
buting to the global warming effect.

As already mentioned, however, R152a is
inflammable – due to its low fluorine con-
tent – and classified in safety group A2.
As a result, increased safety requirements
demand individual design solutions and

R125, R143a and R32 
as components for 
refrigerant blends



Refrigerant blends have been developed
for existing as well as for new plants with
properties making them comparable alter-
natives to the previously used substances.

Although the situation is now less complex,
the range on offer is nevertheless still very
extensive.

It is necessary to distinguish between two
categories:

1. Transitional or service blends
Most of these blends contain HCFC R22
as the main constituent. They are prima-
rily intended as service refrigerants for
existing plants where limitations with
R12, R502 and other CFCs are to be
expected (for details of availability and
legal regulations see also page 7). Cor-
responding products are offered by vari-
ous manufacturers, the practical experi-
ence covering the necessary steps of
conversion procedure are mainly avail-
able.

2. Chlorine free HFC blends 
These are long term substitutes for the
refrigerants R502, R22, R13B1 and
R503. Above all, R404A and R507A are
already being used to a great extent. 

Two and three component blends already
have a long history in the refrigeration
trade. A difference is made between the so
called “azeotropes” (e.g. R502) with 
thermodynamic properties similar to single
substance refrigerants, and “zeotropes”
with “gliding” phase changes (see also next
section). The development of “zeotropes”
was mainly concentrated on special appli-
cations in low temperature and heat pump
systems. Actual system construction
remained however the exception.

A somewhat more common earlier practice
was the mixing of R12 to R22 in order to
improve the oil’s return flow and to reduce
the discharge gas temperature with higher
pressure ratios. It was also usual to add R22
to R12 systems for improved performance,
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Refrigerant blends or to add hydrocarbons in the extra low
temperature range for a better oil transport.

This possibility of specific “formulation” of
certain characteristics was indeed the
main starting point for the development of
a new generation of blends.

As already mentioned earlier, no directly
comparable substitute for R502 and R22
is available from the chlorine free single
substance series of alternative refriger-
ants. A similar situation can be stated for
R13B1 and R503.

If flammability is unacceptable, and toxi-
cological certainty is required and in addi-
tion, application range, COP, pressure and
temperature conditions are to be compar-
able, the only substitutes which remain
for the long term, in addition to R134a for
R12, are blends.

Substitutes for R502 have first priority,
as it was used in larger quantities and is
already effected by the phase-out regula-
tions in many countries. The following 
discussion therefore, deals first with the
established alternatives for this refrigerant
and the results from the extensive appli-
cations in real systems. 

Another focal point are alternatives for
R22.

BITZER has already accumulated
extensive experience with the new gen-
eration of blends. Laboratory and field
testing was commenced at an early
stage so that basic information was
obtained for the optimizing of the mix-
ing proportions and for testing suitable
lubricants. Based on this data, 
a large supermarket plant – with 4
semi-hermetics type 4G-20.2 in parallel
– could already be commissioned at
the start of ‘91. 
Even after long periods of use there
were no signs of abnormal wear of the
compressor or chemical reactions in
the circuit.

General characteristics of zeotropic
blends

As opposed to azeotropic blends (e.g.
R502, R507A), which behave as single
substance refrigerants with regard to
evaporation and condensing processes,
the phase change with zeotropic fluids
occurs in a “gliding” form over a certain
range of temperature.

This “temperature glide” can be more or
less pronounced, it is mainly dependent
upon the boiling points and the percent-
age proportions of the individual compo-
nents. Certain supplementary definitions
are also being used, depending on the
effective values, such as “near-azeotrope”
or “semi-azeotrope” for less than 1 K
glide.

This means in practice already a small
increase in temperature in the evaporation
phase and a reduction during condensing.
In other words, based on a certain pres-
sure the resulting saturation temperatures
differ in the liquid and vapour phases 
(Fig. 13).

To enable a comparison with single sub-
stance refrigerants, the evaporating and
condensing temperatures have been
mostly defined as mean values. As a con-
sequence the measured subcooling and
superheating conditions (based on mean
values) are unreal. The effective result –
related to dew and bubble temperature –
is less in each case.

These factors are very important when
assessing the minimum superheat at the
compressor inlet (usually 5 to 7 K) and the
quality of the refrigerant after the liquid 
receiver. 

With regard to a uniform and easily com-
prehensible definition of the rated com-
pressor capacity, the revised standards
EN12900 and ARI540 will be applied.
Evaporating and condensing temperatures
refer to saturated conditions (dew points). 

❏ Evaporating temperature according to
point A (Fig. 13).

❏ Condensing temperature according to
point B (Fig. 13).

Refrigerant blends
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Refrigerant blends

Fig. 13 Evaporating and condensing behavior of zeotropic blends Fig. 14 Pressure levels of blends in comparison to R502
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Also in this case the assessment of the
effective superheating and subcooling
temperatures will be simplified.

It must however be considered that the
actual refrigeration capacity of the sys-
tem can be higher than the rated com-
pressor capacity. This is partly due to an
effectively lower temperature at the evap-
orator inlet.

A further characteristic of zeotropic
refrigerants is the potential concentration
shift when leakage occurs. Refrigerant
loss in the pure gas and liquid phases is
mainly non-critical. Leaks in the phase
change areas, e.g. after the expansion
valve, within the evaporator and con-
denser/ receiver are considered more sig-
nificant. It is therefore recommended that
soldered or welded joints should be used
in these sections.

Extended investigations have in the
meantime shown that the effect of leak-
age leads to less serious changes in con-
centration than was previously thought. It
is in any case certain that the following

substances which are dealt with here
cannot develop any flammable mixtures,
either inside or outside the circuit. Essen-
tially similar operating conditions and
temperatures as before can only be
obtained by supplementary charging with
the original refrigerant in the case of a
small temperature glide.

Further conditions/recommendations 
concerning the practical handling of
blends must also be considered:

❏ The plant always has to be charged
with liquid refrigerant. When vapour is
taken from the charging cylinder shifts
in concentrations may occur.

❏ Since all blends contain at least one
flammable component, the entry of air
into the system must be avoided. 
A critical shift of the ignition point can 
occur under high pressure and evacu-
ating when a high proportion of air is 
present.

❏ The use of blends with a significant
temperature glide is not recommended

for plants with flooded evaporators. 
A large concentration shift is to be 
expected in this type of evaporator, 
and as a result also in the circulating 
refrigerant mass flow.



These refrigerants belong to the group of
“Service blends” and are offered under
the designations R402A/R402B* (HP80/
HP81 – DuPont), R403A/R403B* (“Isceon”
69S/69L – Rhodia) and R408A* (“Forane”
FX10 – Atofina).

The basic component is in each case
R22, the high discharge gas temperature
of which is significantly reduced by the
addition of chlorine free substances with
low isentropic compression exponent 
(e.g. R125, R143a, R218). A characteristic
feature of these additives is an extraordi-
narily high mass flow, which enables the
mixture to achieve a great similarity to R502.
R290 (Propane) is added as the third
component to R402A/B and R403A/B to
improve miscibility with traditional lubri-
cants as hydrocarbons have especially
good solubility characteristics. 

For these blends two variations are offered
in each case. When optimizing the blend

variaions with regard to identical refrigerat-
ion capacity as for R502 the laboratory
measurements showed a significantly
increased discharge gas temperature (Fig.
15), which above all, with higher suction
gas superheat (e.g. supermarket use)
leads to limitations in the application range.

On the other hand a higher proportion of
R125 or R218, which has the effect of
reducing the discharge gas temperature
to the level of R502, results in somewhat
higher cooling capacity (Fig. 16).

With regard to material compatibility the
blends can be judged similarly to (H)CFC
refrigerants. The use of conventional refri-
geration oil (preferably semi or full synthetic)
is also possible due to the R22 and R290
proportions.

Apart from the positive aspects there are
also some disadvantages. These substan-
ces can also only be seen as alternatives
for a limited time. The R22 proportion has 
(although low) an ozone depletion potential.
The additional components R125, R143a
and R218 still have a comparatively high
global warming potential.    

Resulting design criteria/
Converting existing R502 plants

The compressor and the components
which are matched to R502 can remain in
the system in most cases. The limitations
in the application range must however be
considered: Higher discharge gas temper-
ature as for R502 with R402B**, R403A**
and R408A** or higher pressure levels
with R402A** and R403B**.

Due to the good solubility characteristics
of R22 and R290 an increased danger
exists, that after conversion of the plant,
possible deposits of oil decomposition
products containing chlorine may be dis-
solved and find their way into the com-
pressor and regulating devices. Systems
where the chemical stability was already
insufficient with R502 operation (bad
maintenance, low drier capacity, high 

* When using blends containing R22, legal 
regulations are to be observed, see also page 7.

** Classification according to ASHRAE nomenclature 
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Service blends with the
basic component R22* as
substitutes for R502

Fig. 15 Effect of the mixture variation upon the discharge 
gas temperature (Example: R22/R218/R290)

Fig. 16 Comparison of the performance data of a semi-hermetic 
compressor
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Service blends

The basic suitability of BITZER com-
pressors has already been established
by laboratory and field tests. However
as the result of a conversion is very
much dependent upon the previous
condition of the plant (see above expla-
nation), the judgement of a possible
guarantee claim must be made subject
to the examination of the compressor.

thermal loading) are particularly at risk.
Before conversion generously dimen-
sioned suction gas filters and liquid line
driers should therefore be fitted for clean-
ing and after approximately 100 hours
operation an oil change should be made;
further checks are recommended.

The operating conditions with R502
(including discharge gas temperature and
suction gas superheat) should be noted
so that a comparison can be made with
the values after conversion. Depending
upon the results regulating devices should
possibly be reset and other additional
measures should be taken as required.

Resulting design criteria/
Converting existing R12 plants

Compressors and components can mostly
remain in the system. However, when
using R413A the suitability must be
checked against R134a. The actual “retro-
fit” measures are mainly restricted to 
changing the refrigerant (possibly oil) and
a careful check of the superheat setting of
the expansion valve. A significant temper-
ature glide is present due to the relatively
large differences in the boiling points of
the individual substances (Fig. 33, page
33), which demands an exact knowledge
of the saturation conditions (can be 
found from vapour tables of refrigerant
manufacturer) in order to assess the
effective suction gas superheat.

In addition the application range must
also be observed.
Different refrigerant types are required for
high and low evaporating temperatures or
distinct capacity differences must be con-
sidered (data and application ranges see
pages 32 to 35). This is due to the steeper
capacity characteristic, compared to R12.

Due to the partially high proportion of R22
especially with the low temperature blends,
the discharge gas temperature with some
refrigerants is significantly higher than
with R12. The application limits of the
compressor should therefore be checked
before converting.
The remaining application criteria are simi-
lar to those for the substitute substances
for R502 which have already been men-
tioned. 

„“

Supplementary BITZER information
concerning the use of retrofit blends
(see also http://www.bitzer.de)

❏ Technical Information KT-650 
“Retrofitting of R12 and R502
refrigerating systems to 
alternative refrigerants”

Although as experience already shows,
R134a is also well suited for the conver-
sion of existing R12 plants, the general
use for such a “retrofit” procedure is not
always possible. Not all compressors
which have previously been installed are
designed for the application with R134a.
In addition a conversion to R134a requires
the possibility to make an oil change,
which is for example not the case with
most hermetic type compressors.

Economical considerations also arise,
especially with older plants where the
effort in converting to R134a is relatively
high. The chemical stability of such plants
is also often insufficient and therefore the
chance of success is very questionable.
Therefore “Service blends” are also avail-
able for such plants as an alternative to
R134a and are offered under the designa-
tions R401A/R401B (MP39/MP66 –
DuPont), R409A/B (FX56/FX57 – Atofina
and Solvay). 
The main components are the HCFC
refrigerants R22, R124 and/or R142b.
Either HFC R152a or R600a (Isobutan) is
used as the third component. Operation
with traditional lubricants (preferably semi
or full synthetic) is also possible due to
the major proportion of HCFC.

A further service blend is offered under
the designation R413A (ISCEON 49 –
Rhodia). The constituents consist of the
chlorine free substances R134a, R218 and
R600a. In spite of the high R134a content
the use of conventional lubricants is pos-
sible because of the relatively low polarity
of R218 and the favourable solubility of
R600a. Oil migration may, however, result
in systems with a high oil circulation rate
and/or a large liquid volume in the receiver.
In such cases ester oil is recommended. 

Service blends as substi-
tutes for R12 (R500)

Supplementary BITZER information
concerning the use of retrofit blends
(see also http://www.bitzer.de)

❏ Technical Information KT-650
“Retrofitting of R12 and R502 
refrigerating systems to alternative
refrigerants”



These blends are substitutes which are
absolutely chlorine free (ODP=0) and are
therefore long term alternatives for R502.

A composition which was already
launched at the beginning of ‘92 is known
under the trade name „Suva“ HP62
(DuPont). Long term use has shown good
results.
Further blends were traded as „Forane“
FX70 (Atofina) and “Genetron” AZ50
(Allied Signal) or “Solkane” 507 (Solvay).
In the mean time HP62 and FX70 have
been listed in the ASHRAE nomenclature
as R404A and AZ50 as R507A.

The basic components belong to the HFC
group, where R143a belongs to the flam-
mable category. Due to the combination
with a relatively high proportion of R125
the flammability is effectively counteract-
ed and also in the case of leakage.

A feature of all three ingredients is the
very low isentropic compression exponent

16

Fig. 17 R404A/R502 – Comparison of discharge gas temperatures of a semi-
hermetic compressor

Fig. 18 Comparison of performance data of a semi-hermetic 
compressor
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R404A and R507A as
substitutes for R502

which results in a similar, with even a ten-
dency to be lower, discharge gas temper-
ature to R502 (Fig. 17). The efficient appli-
cation of single stage compressors with
low evaporating temperatures is therefore
guaranteed.

Due to the similar boiling points for R143a
and R125, with a relatively low proportion
of R134a, the temperature glide with the
ternary blend R404A within the relevant
application range is less than one Kelvin.
The characteristics within the heat
exchangers are not therefore very different
as with azeotropes. The results obtained
so far from heat transfer measurements
show favourable conditions.

R507A is a binary substance combination
which even gives an azeotropic character-
istic over a relatively wide range. The con-
ditions therefore tend to be even better.

The performance found in laboratory 
tests (Fig. 18) gives hardly any difference
between the various substances and show
a large amount of agreement with R502.
This justifies the good market penetration
of these substitutes.

Questions concerning material compatibil-
ity are manageable; experience with other
HFCs justifies a positive assessment.

The newly developed POE oils can be
used as lubricants; the suitability of vari-
ous alternatives is being investigated as
well (see pages 9 and 10).

The relatively high global warming poten-
tial (GWP100 = 3260… 3300) which is
mainly determined by the R143a and
R125 is something of a hitch. It is how-
ever improved compared to R502
(GWP100 = 5600) and which with regard
also to the favourable energy requirement
leads to a reduction of the TEWI value.
Other improvements are to be expected in
this respect due to further developed 
system control including for example the
controlled lowering of the condensing tem-
perature with low ambient temperatures.

Resulting design criteria

The system technology can be based on
the experience with R502 over a wide
area. On the thermodynamic side, a heat

Chlorine free R502 alternatives (blends)
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Chlorine free R502 alternatives (blends)

Supplementary BITZER information
concerning the use of HFC blends
(see also http://www.bitzer.de)

❏ Technical Information KT-630
“HFC Refrigerant Blends”

❏ Technical Information KT-650 
“Retrofitting of R12 and R502 
refrigerating systems to alternative
refrigerants”

❏ Technical Information KT-510 
“Polyolester oils for
reciprocating compressors”

Alternatively to the earlier described sub-
stitutes additional mixture versions have
been developed based on R32 which is
chlorine free (ODP=0) and flammable like
R143a. 

The refrigerant R32 is also of the HFC type
and primarily seen as a candidate for R22
alternatives (page 19). Due to the extent
of the blend variations however comparable
thermodynamic characteristics to R502
can also be obtained.

Such kind of refrigerants were at first in
the market under the trade name KLEA
60/61 (ICI) and are listed as R407A*/ R407B*
in the ASHRAE nomenclature.

The necessary conditions, however, for
R502 alternatives containing R32 are not
quite as favourable compared to the
R143a based substitutes as dealt with
earlier. The boiling point of R32 is very
low at -52°C, in addition the isentropic
compression exponent is similarly high as
with R22. To match the characteristics of
R502 therefore requires relatively high
proportions of R125 and R134a. The flam-
mability of the R32 is thus effectively sup-
pressed, at the same time the large differ-
ences in the boiling points with a high
proportion of R134a leads to a larger tem-
perature glide.

The main advantage of R32 is the extraor-
dinarily low global warming potential
(GWP100 = 650) so that even in combina-
tion with R125 and R134a it is significant-
ly lower than with the R143a based alter-
natives mentioned above.

Comprehensive measurements made with
R32 containing blends in the BITZER lab-
oratory do show certain capacity reduc-
tions compared to R502 with low evapor-
ating temperatures, the COP however
shows less deviation (Fig. 20). The TEWI
values are relatively low, together with the
advantageous global warming potential.

Where these favourable prospects are
confirmed in real applications is subject to
the system criteria.

An important factor is the significant tem-
perature glide which can have a negative
influence upon the capacity/temperature
difference of the evaporator and condenser.
In order to closer examine this factor
investigations concerning the behaviour 
of heat exchangers (including design/con-
struction) have already been carried out.

With regard to the material compatibility,
R32 blends can be assessed similarly to
the HFC substitutes described before; the
same applies to the lubricants.

Despite the relatively high proportion of
R125 and R134a in the R32 blends aimed
at R502 characteristics, the discharge gas
temperature is somewhat higher than with
the R143a based alternatives. As a result
certain limitations occur in the application
range. 

From this point of view, but also with
regard to the efficiency an intelligent con-
trol is recommended for controlled float-
ing of the condensing pressure with low
ambient temperatures.

2-stage compressors can be applied very
efficiently where especially large lift con-
ditions are found. An important advantage
thereby is the use of a liquid subcooler.

Resulting design criteria

The experience with R502 and R22 can
be used for the plant technology in many
respects, considering the temperature
glide as well as the difference in the 
thermodynamic properties. This is espe-
cially the case for designing and con-
structing heat exchangers and expansion
valves.

The refrigerants are available. Occassion-
ally, individual selection will be required
for the necessary components.

* Meanwhile, R407A/B have only limited availability
in the market. Due to the historical development of
HFC blends they will, however, still be considered
in this Report.

exchanger between the suction and liquid
line is recommended as this will improve
the refrigeration capacity and COP. 

The availability of the refrigerants is guar-
anteed.

Apart from laboratory investigations
BITZER has been co-ordinating a wide
program of field tests to obtain the nec-
essary operating experience over a
wide area for several years. 
BITZER offers the whole program of
reciprocating, scroll and screw com-
pressors including the suitable oils for
these blends.

Converting existing CFC plants

Experience gained in investigative pro-
grams shows that qualified conversions
are possible. However, major expenditure
may be necessary depending on the sys-
tem design. 

R407A and R407B as 
substitutes for R502
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Fig. 19 Comparison of discharge gas temperature of a semi-hermetic 
compressor

Fig. 20 Comparison of performance data of a semi-hermetic compressor

D
is

ch
ar

ge
 g

as
 te

m
p.

 o
f R

40
7A

/B
 –

 re
la

tiv
e 

di
ffe

re
nc

e 
to

 R
50

2 
 [K

]

Evaporation  [˚C]

-10
-40 -30 -20 -10

0

+10

+20

R407A

toh

R407B

40°Ctc

20°C

C
om

p
ar

is
on

 o
f p

er
fo

rm
an

ce

Qo

100

95

90

75

[%] to
tc
toh

-35°C
40°C
20°C

105

80

COP

R
50

2

R
40

7A

R
40

7B

R
50

2

R
40

7A

R
40

7B

BITZER offers a complete range of semi-
hermetic reciprocating compressors –
including suitable oil – for these blends. 

Converting existing CFC plants

A comprehensive test program has been
completed in which practicability was
proven. Because of the abovementioned
criteria, however, no general guidelines
can be established. Each case must
therefore be examined individually. 

Supplementary BITZER information
concerning the use of HFC blends
(see also http://www.bitzer.de)

❏ Technical Information KT-630 
“HFC Refrigerant Blends”

❏ Technical Information KT-650 
“Retrofitting of R12 and R502 
refrigerating systems to alternative
refrigerants”

❏ Technical Information KT-510
“Polyolester oils for
reciprocating compressors”

Chlorine free R502 alternatives (blends)

R422A (ISCEON 79 – Rhodia) was develo-
ped with the goal of reaching a similar
performance and energy efficiency as with
R404A and R507A but with a reduced glo-
bal warming potential (GWP=2530).

This pertains to a zeotropic blend of the
basic components R125 and R134a with a
small addition of R600a. Due to its relati-
vely high R134a percentage, the tempera-
ture glide (Fig. 32) lies higher than for
R404A, but lower than for R407A/B.

The adiabatic exponent, compared to
R404A and R507A, is smaller and therefo-
re the discharge gas and oil temperatures
of the compressor, too. Under extreme
low temperature conditions this can be
advantageous. In cases of low pressure
ratio and suction gas superheat this can
be negative due to increased refrigerant
solution in the lubricant. 

The material compatibility is comparable
to the blends mentioned previously, the
same applies to the lubricants, as well.

R422A (ISCEON 79) as 
substitute for R502

On account of the good solubility of
R600a, conventional lubricants can also
be used under favourable circumstances.
Due to the usual application of this refri-
gerant at low evaporating temperatures
POE oils are more suitable especially for
widely branched systems. 

From a thermodynamic point of view a
heat exchanger between suction and
liquid line is recommended, thereby
improving the cooling capacity and coeffi-
cient of performance. Besides this the
resulting increase in operating temperatu-
res leads to more favourable lubricating
conditions (lower solubility).

Bitzer compressors are suitable for
ISCEON 79 in principle. An individual
selection is possible upon demand.



As the HCFC refrigerant R22 (ODP=0.05)
is still widely accepted only as a transi-
tional solution, a number of chlorine-free
(ODP=0) alternatives have been devel-
oped and tested extensively. They are
already being used on a large range of
applications. 

Experience shows, however, that none of
these substitutes can replace the refriger-
ant R22 in all respects. Amongst other
things there are differences in the volumet-
ric refrigeration capacity, restrictions in
possible applications, special requirements
in system design or also considerably dif-
fering pressure levels. So various alterna-
tives come under consideration according
to the particular operating conditions. 

As well as the refrigerant R134a (page 9)
the prefered alternatives are R32/R125/
R134a, R32/R125 and R125/R134a/R600
blends. The following description mainly
concerns the development and potential
applications of these. The halogen-free
substitutes NH3, propane and propylene
as well as CO2 should also be considered,
however, specific criteria must be applied
for their use (described from page 22).
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Fig. 21 R407C/R22 – Comparison of performance data of a semi-hermetic
compressor

Fig. 22 R407C/R22 – Comparison of pressure levels
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Chlorine free 
R22 alternatives

R407C as substitute
for R22

relatively low (GWP100 = 1520), which is a
good presupposition for favourable TEWI
values. 

The high temperature glide is a disadvan-
tage for usual applications which requires
appropriate system design and can have
a negative influence on the efficiency of
the heat exchangers (see explanations on
pages 12/13).

Due to the properties mentioned, R407C
is preferably an R22 substitute for air-
conditioning systems and (within certain
limitations) also for medium temperature
refrigeration. In low temperature refrigera-
tion, because of the high proportion of
R134a, a significant drop in cooling
capacity and COP is to be expected.
There is also the danger of an increased
R134a concentration in the blend in evap-
orators, with consequential reduction in
performance and malfunctioning of the
expansion valve (e.g. insufficient suction
gas superheat). 

Material compatibility can be assessed as
similar to that of the blends discussed pre-
viously; the same applies to the lubricants. 

* Because of the high proportion (70%) of R134a
contained in R407D this refrigerant cannot be
regarded as an alternative to R22, but rather as a
substitute to R12 for low temperature cooling.

Blends of the HFC refrigerants R32, R125
and R134a are seen as the favourite 
candidates for shortterm substitution for
R22 – their performance and efficiency
are very similar (Fig. 21). At first two
blends of the same composition have
been introduced under the trade names
AC9000 (DuPont) and KLEA66 (ICI). They
are listed in the ASHRAE nomenclature 
as R407C. In the meantime there are also
further blend varieties (e.g. R407D*/ R407E)
with somewhat differing compositions,
whose properties have been optimized 
for particular applications. 

Unlike the R502 substitutes with identical
blend components (see pages 17/18), the
R22 substitutes under consideration con-
tain higher proportions of R32 and R134a. 
A good correspondence with the proper-
ties of R22 in terms of pressure levels,
mass flow, vapour density and volumetric
refrigeration capacity is thus achieved. In
addition, the global warming potential is
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Fig. 23 R410A/R22 – Comparison of performance data of a semi-hermetic 
compressor

Fig. 24 R410A/R22 – Comparison of pressure levels
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Resulting design criteria

With regard to system technology, previ-
ous experience with R22 can only be 
utilized to a limited extent. The distinctive
temperature glide requires a particular
design of the main system components,
e.g. evaporator, condenser, expansion
valve. In this context it must be consid-
ered that heat exchangers should prefer-
ably be laid out for counterflow operation
and with optimized refrigerant distribution.
There are also special requirements with
regard to the adjustment of regulating
devices and service handling. 

Furthermore, the use in systems with
flooded evaporators is not recommended
as this would result in a severe concentra-
tion shift and layer formation in the evap-
orator. 

In addition to laboratory investigations
BITZER was also co-ordinating a com-
prehensive program of field tests from
which the necessary operating experi-
ence could be gained over a wide area.
These tests have already demonstrated
clearly that reliable compressor opera-
tion depends entirely on the quality and
design of the system. 

BITZER can supply a range of semi-her-
metic reciprocating, screw and scroll
compressors – including suitable oil – 
for R407C. 

Converting existing R22 plants

A series of plants have been converted for
test purposes. Because of the above
mentioned criteria, however, no general
guidelines can be defined. Each case
must therefore be examined individually. 

In addition to R407C, there is a near
azeotropic blend being offered with the
ASHRAE designation R410A. It is used 
in real systems, mainly in air conditioning
applications.

An essential feature indicates nearly 50%
higher cooling capacity (Fig.23) in com-
parison to R22, but with the consequence
of a proportional rise in system pressure. 

The research also indicates a favourable
energy consumption when used with low
condensing temperatures and this gives
good premises for a low TEWI 
(GWP100 = 1720).

Just as advantageous are the high heat
transfer coefficients (found in tests) in the
evaporator and condenser, therefore pro-
viding further potential for increased effi-
ciencies. Because of  the negligible tem-
perature glide (< 0.2 K), the general
usability can be seen similar to a pure
refrigerant.

The material compatibility is comparable
to the previously discussed blends and
the same applies for the lubricants. How-

R410A as substitute
for R22

caijunqi
筑          龙           网
www.zhulong.com
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ever, the pressure levels and the higher
specific loads on the system components
need to be taken into account.

Resulting design criteria

The fundamental criteria for HFC blends
also apply to the system technology with
R410A, however the extreme high pres-
sure levels have to be considered (43°C
condensing temperature already corre-
sponds to 26 bar abs.).

At present the general availability of com-
pressors and other system components
for this refrigerant has substantial limita-
tions. Furthermore the resultant effect of
the safety regulations are essential.

With the favourable properties of R410A,
world wide research programs are under-
way for the development and testing of
suitable system components.

When considering to cover usual R22
application ranges, the significant differ-
ences in the thermodynamic properties
(e.g. mass and volume flow, vapour densi-
ty) must be evaluated. In addition, the
high pressure levels of R410A may require
major design changes to the compressor,
heat exchangers, controls, piping and
hoses, together with special care for the
overall plant safety regulations affecting
the quality and dimensions of hoses and
flexible elements (for condensing temper-
atures of approx. 60°C and 40 bar!). 

Another criterion is the relatively low criti-
cal temperature of 73°C. Irrespective of
the design of components on the high
pressure side, the condensing temperature
is thus limited significantly. 

BITZER has done comprehensive 
research with R410A and can offer 
specially designed compressors, inclu-
sive of suitable oils, for testing 
purposes.

R419A (FX90) as a 
substitute for R22

The manufacturer (Atofina) offers this R22
substitute for the conversion of existing
R22 systems (preferably air conditioning
plants) for which a “Zero ODP” solution is
requested. This refrigerant is also a mixtu-
re with base components R125 and
R134a with a higher portion of R125 and
dimethylether (R-E170) as a third substan-
ce instead of butane.

The good solubility of R-E170 in mineral
and alkylbenzene oils provides a good
basis for an operation with conventional
lubricants as well. However, the criteria as
described for the two refrigerants in the
chapter before have to be considered as
well. Similar circumstances can be app-
lied to the thermodynamic properties with
the resulting consequences.

Since some time a further R22 substitute
is offered on the market with the compo-
sition components R125/R134a/R600. It
was first introduced under the trade name
ISCEON 59 (Rhodia) and in the meantime
is listed in the ASHRAE nomenclature as
R417A.

Another blend variation with the same
components but with a different formula –
trade name ISCEON 29 – was presented
at the beginning of 2003. In the frame-
work of further development R600 will,
however, be substituted by R600a in
future. According to the manufacturer’s
statement this refrigerant has been opti-
mised for liquid chiller applications.

Like R407C, these are zeotropic blends
show a significant temperature glide. In
this respect the criteria described in 
connection with R407C are also valid. 

Despite similar refrigeration capacity there
are fundamental differences in thermody-
namic properties and in oil transport
behaviour. The high proportion of R125
causes a higher mass flow than with
R407C, a lower discharge gas tempera-
ture and a relatively high superheating
enthalpy. These properties indicate that
there could be differences in the optimiza-
tion of system components and a heat
exchanger between liquid and suction
lines might be of advantage. 

Despite the predominant proportion of
HFC refrigerants the use of conventional
lubricants is possible to some extent
because of the good solubility properties
of the R600(a) constituent. However, in
systems with a high oil circulation rate
and/or a large volume of liquid in the
receiver oil migration may result. In such
cases ester oil is recommended. 

BITZER compressors are already proven
with R417A and are basically also 
suitable for ISCEON 29. An individual
selection is possible upon demand.

R417A and ISCEON 29
as substitutes for R22



The refrigerant NH3 has been used for more
than a century in industrial and larger refri-
geration plants. It has no ozone depletion
potential and no direct global warming
potential. The efficiency is at least as good
as with R22, in some areas even more
favourable; the contribution to the indirect
global warming effect is therefore small. 
In addition it is incomparably low in price.
Summarized, is this then an ideal refrige-
rant and an optimum substitute for R22 or
an alternative for HFCs!? NH3 has indeed
very positive features, which can also be
mainly exploited in large refrigeration plants.

Unfortunately there are also negative
aspects, which restrict the wider use in
the commercial area or require costly and
sometimes new technical developments. 

A disadvantage with NH3 is the high isen-
tropic exponent (NH3=1.31 / R22= 1.18 /
R12=1.14), that results in a discharge
temperature which is even significantly
higher than that of R22. Single stage
compression is therefore already subject to
certain restrictions below an evaporating
temperature of around -10°C.

The question of suitable lubricants is also
not satisfactorily solved for smaller plants
in some kinds of applications. The oils used
previously were not soluble with the refriger-
ant. They must be separated with compli-
cated technology and seriously limit the
use of “direct expansion evaporators” due
to the deterioration in the heat transfer.

Special demands are made on the thermal
stability of the lubricants due to the high
discharge gas temperatures. This is espe-
cially valid when automatic operation is 
considered where the oil should remain
for years in the circuit without losing any
of its stability.

NH3 has an extraordinarily high enthalpy
difference and as a result a relatively
small circulating mass flow (approximately
13 to 15% compared to R22). This feature
which is favourable for large plants makes
the regulation of the refrigerant injection
more difficult with small capacities.

22

NH3 (Ammonia) 
as substitute for R22

A further criteria which must be considered
is the corrosive action on copper contain-
ing materials; pipe lines must therefore 
be made in steel. Apart from this the
development of motor windings resistant
to NH3 is also hindered. Another difficulty
arises from the electrical conductivity of
the refrigerant with higher moisture content. 

Additional characteristics include toxicity
and flammability, which require special
safety measures for the construction and
operation of such plants.

Resulting design and construction 
criteria

Based on the present “state of technolo-
gy”, industrial NH3 systems demand total-
ly different plant technology, compared to
usual commercial systems.

Due to the insolubility with the lubricating
oil and the specific characteristics of the
refrigerant, high efficiency oil separators
and also flooded evaporators with gravity
or pump circulation are usually employed.
Because of the danger to the public and
to the product to be cooled, the evapora-
tor often cannot be installed directly at
the cold space. The heat transport must
then take place with a secondary refrige-
rant circuit.

Two stage compressors or screw com-
pressors with generously sized oil coolers,
must already be used at medium pressure
ratios, due to the unfavorable thermal
behaviour.

Refrigerant lines, heat exchangers and fit-
tings must be made of steel; larger size
pipe lines are subject to examination by a
certified inspector.

Corresponding safety measures and also
special machine rooms are required
depending upon the size of the plant and
the refrigerant charge.

The refrigeration compressor is usually of
“open” design, the drive motor is a sepa-
rate component.

These measures significantly increase 
the expenditure involved for NH3 plants,
especially in the medium and smaller
capacity area.

Halogen free refrigerants

Efforts are therefore being made world-
wide to develop simpler systems which
can also be used in the commercial area.

A part of the research programs is dealing
with part soluble lubricants, with the aim
of improving oil circulation in the system.
Simplified methods for automatic return of
non-soluble oils are also being examined
as an alternative.

BITZER is strongly involved in these
projects and has a large number of
compressors operating. The experien-
ces up to now have revealed that
systems with part soluble oils are diffi-
cult to govern. The moisture content in
the system has an important influence
on the chemical stability of the circuit
and the wear of the compressor. Besi-
des, high refrigerant dilution in the oil
(wet operation, insufficient oil tempera-
ture) leads to strong wear on the bea-
rings and other moving parts. This is
due to the enormous volume change
when NH3 evaporates in the lubricated
areas.

These developments are being done on
a widely used program. The emphasis
is also on alternative solutions for non-
soluble lubricants.

Besides to this various equipment manu-
facturers have developed special evapo-
rators, where the refrigerant charge can
be significantly reduced.

In addition to this there are also solutions
for the “sealing” of NH3 plants. This deals
with compact liquid chillers (charge below
50 kg), installed in a closed container and
partly with an integrated water reservoir
to absorb NH3 in case of a leak. This type
of compact unit can be installed in areas
which were previously reserved for plants
with halogen refrigerants due to the safety
requirements.

It is still too early to give a final judgement
concerning the extended use of compact
NH3 systems, in place of plants with HFC
refrigerants and mainly conventional tech-
nology. From the purely technical viewpo-
int and presupposing an acceptable price,
it is anticipated that a wider range will be
available soon.
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Fig. 25 Comparison of discharge gas temperatures Fig. 26 NH3/R22 – Comparision of pressure levels
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Conversion of existing plants

The refrigerant NH3 is not suitable for the
conversion of existing (H)CFC plants; they
must be constructed completely new with
all components.

The previously described experiences
with the use of NH3 in commercial refrige-
ration plants with direct evaporation 
caused further experiments on the basis
of NH3 under the addition of an oil soluble
refrigerant component. The main goals
were an improvement of the oil transport
characteristics and the heat transmission
with conventional lubricants along with a
reduced discharge gas temperature for
the extended application range with single
stage compressors.

The result of this research project is a
refrigerant blend of NH3 (60%) and dime-
thyl ether “DME” (40%), developed by the
“Institut fuer Luft- und Kaeltetechnik,
Dresden”, Germany (ILK), that has been
tested in a series of real systems. As a
largely inorganic refrigerant it received the
designation R723 due to it its average
molecular weight of 23 kg/kmol in accor-
dance to the standard refrigerant nomen-
clature.

DME was selected as an additional com-
ponent for its properties of good solubility

Supplementary BITZER information
concerning the application of NH3
(see also http://www.bitzer.de)

❏ Technical Information KT-640
“Application of Ammonia (NH3)
as an alternative refrigerant”

The production program from BITZER
today includes an extensive selection
of optimized NH3 compressors for
various types of lubricants:

❏ Single stage open reciprocating
compressors (displacement 19 to
152 m3/h with 1450 rpm) for air-con-
ditioning, medium temperature an
Booster applications

❏ Open screw compressors (displace-
ment 84 to 250 m3/h – with parallel
operation to 1500 m3/h with 2900
rpm) for air-conditioning, medium
and low temperature cooling.
Options for low temperature cooling:
– single stage operation
– Economiser operation
– Booster operation

R723 (NH3/DME) as an
alternative to NH3



24

R290 (Propane) as sub-
stitute for R502 and R22

R290 (propane) can also be used as a
substitute refrigerant. As it is an organic
compound (hydrocarbon) it does not have
an ozone depletion potential and a negli-
gible direct global warming effect. To take
into consideration however, is a certain
contribution to summer smog.

The pressure levels and the refrigeration
capacity are similar to R22/R502 and the
temperature behaviour is as favourable as
with R12 and R502.

There are no particular material problems.
In contrast to NH3 copper materials are
also suitable, so that also semi-hermetic
and hermetic compressors are possible.
The mineral oils usually found in a CFC
system can be used here as a lubricant
over a wide application range.

Refrigeration plants with R290 have been
in operation world-wide for many years,
mainly in the industrial area – it is a „pro-
ven“ refrigerant.

Meanwhile R290 is also used in smaller
compact systems with low refrigerant
charges like residential A/C units and heat
pumps. Furthermore, a rising trend can be
seen in its use with commercial refrigera-
tion systems and chillers.

Propane is offered also as a mixture with
Isobutane (R600a) or Ethan (R170). This
should obtain a good performance match
with halocarbon refrigerants. Pure Isobu-
tane is mostly intended as a substitute for
R12 in small plants (preferably domestic
refrigerators).

The disadvantage of hydrocarbons is the
light flammability, and therefore been
classified as refrigerants of “Safety Group
A3“. With the normal refrigerant charge
found in commercial plants this means
that the system must be designed accord-
ing to „flame-proof“ regulations.

The use of semi-hermetic compressors in
so called „hermetically sealed“ systems is
in this case subject to the regulations for
danger zone 2 (only seldom and short
term risk). The demands for the safety
technology include special devices

Halogen free refrigerants

and high individual stability. It has a boi-
ling point of -26°C, a relatively low adia-
batic exponent, is non toxic and is availa-
ble in a high technical standard of purity.
In the given concentration NH3 and DME
form an azeotropic blend characterised by
a slightly rising pressure level in compari-
son to pure NH3. The boiling point lies at
-36.5°C (NH3 -33.4°C), 26 bar (abs.) of
condensing pressure corresponds to
58.2°C (NH3 59.7°C). 

The discharge gas temperature in air-con-
ditioning and medium temperature ranges
decrease by about 10 to 25 K (Fig. 25)
and thereby allows for an extension of the
application range to higher pressure
ratios. On the basis of thermodynamic
calculations a single-digit percent rise in
cooling capacity results when compared
to NH3. The coefficient of performance is
similar and is even more favourable at
high pressure ratios, which experiments
have confirmed. Due to the lower tempe-
rature level during compression an impro-
ved volumetric and isentropic efficiency is
also to be expected, at least with recipro-
cating compressors in case of an increa-
sing pressure ratio.

Due to the higher molecular weight of
DME, mass flow and vapour density incre-
ase with respect to NH3 by nearly 50%
which is of little importance to commercial
plants, especially in short circuits. In clas-
sical industrial refrigeration plants, howe-
ver, this is a substantial criterion with
regard to pressure drops and refrigerant
circulation. Also from this standpoint it
can be clearly seen that in commercial
applications and especially in water chil-
lers, R723 has its preferred utilisation. 

The material compatibility is comparable
to that of NH3. Although non-ferrous
metals (e.g. CuNi alloys, bronze, hard sol-
ders) are potentially suitable, provided
that the water content in the system is at
a minimum (<1000 ppm), a system design
that corresponds with typical ammonia
practise is recommended nonetheless.

As lubricant mineral oils or (preferred)
poly-alpha olefin can be used. As mentio-
ned before the portion of DME creates
improved oil solubility and a partial misci-
bility. Besides this the relatively low liquid

density and an increased concentration of
DME in the circulating oil, positively
influences the oil circulation. PAG oils
would be fully or partly miscible with
R723 for typical applications but are not
recommended for reasons of the chemical
stability and high solubility in the com-
pressor crankcase (strong vapour deve-
lopment in the bearings).

Tests have shown that the heat transfer
coefficient at evaporation and high heat
flux is improved in systems with R723 and
mineral oil than when using NH3 with
mineral oil. 

Further characteristics are toxicity and
flammability. By means of the DME con-
tent, the ignition point in air diminishes
from 15 to 6% but, despite of this, the
azeotrope still remains in the safety 
group B2. 

Resulting layout criteria

The experiences made with the NH3 com-
pact systems described above can be
used in the plant technology. However,
adjustments in the component layout are
necessary under consideration of the hig-
her mass flow. Besides a suitable selec-
tion of the evaporator and the expansion
valve a very stable superheat control must
be ensured. Due to the improved oil solu-
bility “wet operation” can have considera-
ble negative results when compared to
NH3 systems with non-soluble oil.

With regards to safety regulations the
same criteria apply to installation and
operation as in the case of NH3 plants.

Suitable compressors are special NH3
versions which possibly have to be adap-
ted to the mass flow conditions and to the
continuous oil circulation. An oil separator
is usually not necessary with reciprocating
compressors.

Bitzer NH3 reciprocating compressors
are suitable for R723 in principle. An
individual selection of prototype com-
pressors is possible on demand.
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Fig. 27 R290/R1270/R22 – Comparison of performance data of a 
semi-hermetic compressor

Fig. 28 R290/R1270/R22 – comparison of pressure levels
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to protect against excess pressures and
special arrangements for the electrical
system. In addition measures are required
to ensure hazard free ventilation to effec-
tively prevent a flammable gas mixture
occurring in case of refrigerant leakage.

The design requirements are defined by
standards (e.g. EN378, Draft DIN 7003) and
may vary in different countries. For systems
applied within the EU an assessment accor-
ding to the EC Directive 76/117/EC (ATEX
100a) may become necessary as well.

With open compressors this will possibly
lead to a classification in zone 1. Zone 1
demands, however, electrical equipment
in special flame-proof design.

Resulting design criteria

Apart from the measures mentioned
above, propane plants require practically
no special features in the medium and low
temperature ranges compared with a
usual (H)CFC and HFC system. When siz-
ing components consideration should
however be given to the relatively low
mass flow (approximately 55 to 60% com-
pared to R22). An advantage in connec-
tion with this is the possibility to greatly
reduce the refrigerant charge.

On the thermodynamic side an internal
heat exchanger between the suction and
liquid line is recommended as this will
improve the refrigeration capacity and
COP.

Due to the particularly good solubility with
mineral oils, it may be necessary to use
an oil with lower mixing characteristics or
increased viscosity for higher suction
pressures (air-conditioning range).

In connection to this, an internal heat
exchanger is also an advantage as it leads
to higher oil temperatures thus to lower
solubility with the result of an improved
viscosity.

Due to the very favourable temperature
behaviour (Fig. 25), single stage compres-
sors can be used down to approximately 
-40°C evaporation temperature. R290
could then also be considered as a direct
substitute for R502 or an alternative for
some of the HFC blends.

On demand a palette of semi-hermetic
reciprocating compressors is available
for R290. Due to the individual require-
ments a specifically equipped compres-
sor is offered. Extension “P“ with com-

pressor designation – e.g. 4CC-9.2P
Inquires and orders need a distinstive
indication to R290. The handling of the
order does include an individual agree-
ment between the contract partners.
Open reciprocating compressors are
also available for R290, together with a
comprehensive program of flame-proof
accessories which may be required.

Conversion of existing CFC plants

Due to the flame-proof protection meas-
ures required for an R290 plant, it would
appear that a conversion of existing plants
is only possible in exceptional cases.

They are limited to systems, which can be
modified to meet the corresponding safe-
ty regulations with an acceptable effort. 

Supplementary BITZER information
concerning the use of R290

❏ Technical Information KT-660
“Application of Propane with 
semi-hermetic reciprocating 
compressors”
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Carbon Dioxide R744 (CO2)
as an alternative refrige-
rant and secondary fluid

Resulting design criteria

With regard to system technology, experi-
ence gained from the use of propane can
widely be applied to propylene. However,
component dimensions have to be altered
due to higher volumetric refrigeration
capacity (Fig. 27). The compressor dis-
placement is correspondingly lower and
therefore also the suction and high pres-
sure volume flows. Because of higher
vapour density the mass flow is almost
the same as for R290. As liquid density is
nearly identical the same applies for the
liquid volume in circulation. 

As with R290 the use of an internal heat
exchanger between suction and liquid
lines is of advantage. However, due to
R1270’s higher discharge gas temperature
restrictions are partly necessary. 

BITZER has carried out a series of 
investigations with R1270. In addition
there are experiences with the operation
in real plants. An indivdual selection is
possible upon demand.

For some time there has also been
increasing interest in using propylene
(propene) as a substitute for R22/R502.
Due to its higher volumetric refrigeration
capacity and lower boiling temperature
(compared to R290) applications in medi-
um and low temperature systems, e.g. 
liquid chillers for supermarkets, are of
particular interest. On the other hand,
higher pressure levels (>20%) and dis-
charge gas temperatures have to be taken
into consideration, thus restricting the
possible application range. 

Material compatibility is comparable with
propane, as is the choice of lubricants. 

Propylene is also easily inflammable and
belongs to the A3 group of refrigerants.
The same safety regulations are therefore
to be observed as with propane (page 23). 

Due to the chemical double linkage
propylene is relatively reaction friendly,
which means that there is a danger of
polymerization at high pressure and tem-
perature levels. Tests carried out by
hydrocarbon manufacturers and stability
tests in real applications show that reac-
tivity in refrigeration systems is practically
non-existent. Doubts have occasionally
been mentioned in some literature regard-
ing propylene’s possible carcinogenic
effects. These assumptions have been
disproved by appropriate studies. 

Propylene (R1270) as an
alternative to Propane

CO2 has had a long tradition in the refrig-
eration technology reaching far into the
19th century. It has no ozone depleting
potential, a negligible direct global warm-
ing potential (GWP = 1), is chemically
inactive, non-flammable and not toxic in
the classical sense. However, compared
to HFCs the lower practical limit in air has
to be considered. For closed rooms this may
require special safety and monitoring systems.

CO2 is also low in cost and there is no
necessity for recovery and disposal. In
addition, it has a very high volumetric
refrigeration capacity, which equates to
approx. 5-8 times more than R22 and NH3.

Above all, the safety relevant characteris-
tics were an essential reason for the initial
widespread use. With the introduction of
the “Safety Refrigerants”, CO2 became
less popular and since the fifties had near-
ly disappeared. 

The main reasons for that are its relatively
unfavourable thermodynamic characteris-
tics for usual applications in refrigeration
and air-conditioning.The discharge pres-
sure with CO2 is extremely high and the
critical temperature at 31°C (74 bar) is
very low. Depending on the heat source
temperature at the high pressure side
transcritical operations with pressures
beyond 100 bar are required. Moreover,
the energy efficiency is often lower com-
pared to the classic vapour compression
process (with condensation), and there-
fore the indirect global warming effect is
suitably higher.

Nevertheless, under an ecological point of
view, a favourable balance (low TEWI) can
emerge in applications with potentially
high leakage rates. This is valid, e.g. in
vehicle air-conditioning, provided that
there are no efficiency disadvantages
compared to recent technologies. Though
extensive research and development is
done in this field, a generally accepted
technical and ecological assessment
does, however, not exist at present.

Halogen free refrigerants
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Abb. 29/1 R744(CO2) – Pressure-/Enthapy-Diagram
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Resulting design criteria

For the high temperature side of such a
cascade system, a compact cooling unit
can be used, whose evaporator serves on
the secondary side as the condenser for
CO2. Chlorine-free refrigerants (NH3, HCs
or HFCs) refrigerants are suitable.

With NH3 the cascade heat exchanger
should be designed so that the dreaded
build-up of ammonium carbonate is pre-
vented in the case of leakage. This tech-
nology has been applied in breweries for
a long time. 

A secondary circuit for larger plants with
CO2 could be constructed utilising, to a
wide extent, the same principles for a low
pressure pump circulating system, as is
often used with NH3 plants. The essential
difference exists therein, that the con-
densing of the CO2 results in the cascade
cooler, and the receiver tank (accumula-
tor) only serves as a supply vessel.

The extremely high volumetric refrigera-
tion capacity of CO2 (latent heat through

Further potential applications for example,
for which the transcritical process can
even be of benefit, are heat pumps for
sanitary hot water or drying processes.
With the usually high temperature gradient
on the high pressure side the temperature
glide can be used advantageously. Sani-
tary water heat pumps are already being
mass-produced and are widely applied.

From energy and pressure level points of
view, much more beneficial applications
can be seen for industrial and larger com-
mercial refrigeration plants. For this, CO2
can be used as a secondary fluid in a
cascade system and if required, in combi-
nation with a further booster stage for
lower evaporating temperatures (Fig. 30/1). 
The operating conditions are always sub-
critical which guarantees good efficiency
levels. In the most favourable application
range (approx. -10 to -50°C), pressures 
are still on a level where already existing
components or items in development, e.g.
for R410A, can be matched with accept-
able effort.

the changing of phases) leads to very low
mass flow rates and makes it possible to
use small cross sectional pipe and mini-
mal energy needs for the circulating
pumps.

For the combination with a further com-
pression stage, e.g. for low temperatures,
there are different solutions. 

Fig. 30/1 shows a variation with an addi-
tional receiver where one or more Booster
compressors will pull down to the neces-
sary evaporation pressure. Likewise, the
discharge gas is fed into the cascade
cooler, condenses and then carried over
to the receiver (MT). The feeding of the
low pressure receiver (LT) is achieved by a
level control device.
Instead of classical pump circulation the
booster stage can also be built as a so-
called LPR system. 
The circulation pump is thus not neces-
sary but the number of evaporators is
then limited with a view to an even distri-
bution of the injected CO2.
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The compressors, for example, must be
properly designed because of the high
vapour density and pressure levels (parti-
cularly on the suction side). There are also
specific requirements with regard to mate-
rials. Furthermore only highly dehydrated
CO2 must be used. 

High demands are made on lubricants as
well. Conventional oils are mostly not mis-
cible and therefore require costly meas-
ures to return the oil from the system. On
the other hand, a strong viscosity reduc-
tion with the use of a miscible and highly
soluble POE must be considered.
Besides, there is insufficient experience 
in general on the long term stability of
recently developed lubricants.

Further development work is necessary,
also with regard to the adaptation of tech-
nical standards and safety requirements.

BITZER is actively involved in a number
of projects. For subcritical applications
specially designed compressors, inclu-
sive of suitable oil, can be offered. 

In the case of a system breakdown where
a high rise in pressure could occur, safety
valves can vent the CO2 to the atmos-
phere with the necessary precautions.

As an alternative to this CO2 absorbing
storage systems are used where longer
shut-off periods can be bridged without a
critical pressure increase.

For systems in commercial applications a
direct expansion version is possible as
well.

Supermarket plants with their usually
widely branched pipe work offer an espe-
cially good potential in this regard. The
medium temperature system is then car-
ried out in a conventional design or with a
secondary circuit and for low temperature
application combined with a CO2 cascade
system (for sub-critical operation). A
system example is shown in Fig. 30/2. 

For a general application, however, not all
requirements can be met at the moment.
It is worth considering that system tech-
nology changes in many respects and
specially adjusted components are 
necessary to meet the demands.

Supplementary BITZER information
concerning compressor selection
and the use of CO2

❏ Brochure KP-120:
CO2 Compressors – Octagon 
K Series

❏ Paper: Semi-hermetic reciprocating
and screw compressors for CO2
cascade systems

Halogen free refrigerants

Fig. 30/2 Conventional refrigeration system combined with CO2 low 
temperature cascade
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Fig. 30/1 Casacde system with CO2 for industrial applications
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R124 and R142b as 
substitutes for
R114 and R12B1

Instead of the refrigerants R114 and
R12B1 predominately found in the past in
high temperature heat pumps and crane
cabin A/C installations, the HCFC R124
and R142b can be used as alternatives in
new installations.
With these gases it is also possible to 
use long proven lubricants, preferably
mineral oils and alkyl benzenes with high 
viscosity.

Because of the Ozone Depleting Potential,
the use of these refrigerants must certain-
ly only be regarded as an interim solution.
The flammability of R142b should also be
considered with the resulting safety impli-
cations (refrigerant group A2).

Resulting design criteria/
Converting existing plants

In comparison to R114 the boiling tem-
peratures of the alternatives are lower
(approx. -10°C) which results in larger dif-
ferences in the pressure levels and refrig-
eration volumetric capacities. This leads
to stronger limitations in the application
range concerning high evaporation and
condensing temperatures.
A conversion of an existing installation
will in most cases necessitate the
exchanging of the compressor and regu-
lating devices. Owing to the lower volume
flow (higher volumetric refrigeration
capacity), possible adjustments to the
evaporator and the suction line will be 
required.

Over the previous years BITZER com-
pressors have been found to be well
suited with R124 and R142b in actual
installations. Depending on perform-
ance data and compressor type modifi-
cations are necessary, however. Perfor-
mance data including further design
instructions are available on request.

Abb. 31 R13B1/HFC alternatives – Comparison of discharge gas temperatures of a 2-stage compressor
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Due to the limited markets for systems
with extra high and low temperature appli-
cations, the requirements for the develop-
ment of alternative refrigerants and sys-
tem components for these areas has not
been so great.

Only a few years ago a group of alterna-
tives for the CFC R114 and Halon R12B1
(high temperature), R13B1, R13 and R503
(extra low temperature) were offered as the
replacements. With closer observations it
has been found that the thermodynamic
properties of the alternatives differ 
considerably from the substances used
untill now. This can cause costly changes
especially with the conversion of existing
systems.

Alternatives for R114 and R12B1

At present R227ea and R236fa are regard-
ed as the prefered substitutes, however,
the availability of R236fa is partly limited.

R227ea cannot be seen as a full replace-
ment. Recent research and field tests
have shown favourable results, but with

normal system technology the critical
temperature of 102°C limits the condens-
ing temperatures to about  85..90°C.

R236fa provides the more favourable con-
ditions at least in this regard – the critical
temperature is above 120°C. A disadvan-
tage, however, is the smaller volumetric
refrigeration capacity. This is similar to
R114 and with that 40% below the perfor-
mance of R124 which is widely used for
extra high temperature applications today.

Refrigerant R600a (Isobutane) will be an
interesting alternative where the safety
regulations allow the use of hydrocarbons
(Group A3). With a critical temperature of
135°C, condensing temperatures of 100°C
and more are within reach.

The volumetric refrigeration capacity is
almost identical to R124.

Alternatives for R13B1

Besides R410A, Forane FX80 (Atofina)
and ISCEON 89 (Rhodia) can be regarded
as potential R13B1 substitutes.With
R410A a substantially higher discharge
gas temperature is to be considered when
compared to R13B1 which restricts the
application range even in 2-stage com-
pression systems to a greater extent. 

Chlorine free substitutes 
for special applications

Special applications
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Special applications

In addition to this, the steep fall of pres-
sure limits the application at very low
temperatures and may require a change
to a cascade system with for example
R23 in the low temperature stage.

Lubrication and material compatibility are
assessed as being similar to the other
HFC blends.

Alternatives for R13 and R503

The situation is more favourable with
these substances as R23 and R508A/
R508B can already replace R13 and R503.
Refrigerant R170 (Ethane) is also suitable
when the safety regulations allow the use
of hydrocarbons (Group A3).

Due to the partly steeper pressure curve
of the alternative refrigerants and the
higher discharge gas temperature of R23
compared with R13, differences in per-
formance and application ranges for the

compressors must be considered. Individ-
ual adaptation of the heat exchangers and
controls is also necessary.

As lubricants for R23 and R508A/B, polyol
ester oils are suitable, but these must be
matched for the special requirements at
extreme low temperatures.

R170 has also good solubility with con-
ventional oils, however an adaptation to
the temperature conditions will be neces-
sary.

BITZER  has already carried out investi-
gations and also collected experiences
with several of the substitutes mentioned,
performance data and instructions are
available on request.
Due to the individual system technology
for these special installations, consul-
tation with BITZER is necessary.

FX 80 is – like R410A – a mixture of R32
and R125, with a higher proportion of
R125, however. Amongst other things, this
results in a rise in vapour density and
lower discharge gas temperature, which
can be advantageous, depending on the
application and the compressor design. 

ISCEON 89 is a mixture of R125 and R218
with a small proportion of R290. Due to
the properties of the two main compo-
nents, density and mass flow are relatively
high and discharge gas temperature is
very low. Liquid subcooling is a particular
advantage. 

All of the mentioned types have relatively
high pressure levels and are therefore lim-
ited to 40 through 45°C condensing tem-
perature. They also show less capacity
than R13B1 at evaporating temperatures
below -60°C.

caijunqi
筑          龙           网
www.zhulong.com
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According to EN 378-1, Annex E

N/A Data not yet available

32

Alternative refrigerant has larger deviation in 
refrigerating capacity and pressure

Alternative refrigerant has larger deviation 
below - 60°C evaporating temperature

These statements are valid subject to reservations; they are based on information published by various refrigerant manufacturers.

Also proposed as a component in R290/
600a-Blends (direct alternative to R12)

Time horizont 100 years – according to 
IPCC II (1996) and published manufacturer’s data

Classification according to EN378-1 and ASHRAE 34

09.04

Fig. 32 Characteristics of alternatives (continued on Fig. 33)
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Valid for single stage compressors

Data on request (operating conditions
must be given)

Triple point at 5,27 bar

Stated performance data are average values
based on calorimeter tests

Rounded values

Total glide from bubble to dew line – 
based on 1 bar (abs.) pressure.
Real glide dependent on operating
conditions.
Approx. values in evaporator:
H/M 70%; L 60% of total glide

Reference refrigerant for these values 
is stated in Fig. 32 under the nomina-
tion “Substitute for” (column 3)
Letter within brackets indicates opera-
ting conditions
H High temp (+7/55°C)
M Medium temp (-10/40°C)
L Low temp (-35/40°C) 

09.04

Fig. 33 Characteristics of CFC alternatives
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-100-80-60-40-2002040

R124 ●  R142b

R401A ●  R409A ●  R409B*

R401B

R413A

R22

R402B ●  R403A

R402A ●  R403B ●  R408A

* R500-alternative Evaporation °CApplication with limitations

2-stage

2-stage

R404A ●  R507 ●  R407B

-100-80-60-40-2002040

R227ea ●  R236fa

R134a

R407A

R407C ●  R417A
ISCEON 29 ●  R419A

R410A

ISCEON 89 ●  FX80

R23 ●  R508A ●  R508B

Evaporation °CNew compressor generation

Condsensing temperature limited

Application with
limitations

For evaporating temperature below < -50°C please
consult the refrigerant supplier

CASCADE

2-stage

2-stage

2-stage

2-stage

R404A ●  R507A
R407B ●   R422A

1

2

3

3

1

2

2

2
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Transitional/Service refrigerants

Fig. 34 Application ranges for HCFC’s and Service Blends

Chlorine free HFC refrigerants and blends

Fig. 35 Application ranges for HFC refrigerants and blends (ODP=O)

Application Ranges



R290 ●  R1270

-100-80-60-40-2002040
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Further information see pages 9/10 and explanations for the particular refrigerants.
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Halogen free refrigerants

Fig. 36 Application ranges for halogen free refrigerants

Lubricants

Fig. 37 Lubricants for compressors
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Bitzer Kühlmaschinenbau GmbH
Eschenbrünnlestraße 15

71065 Sindelfingen (Germany)
Tel. +49(0)7031-932-0

Fax +49(0)7031-932-146 & -147
bitzer@bitzer.de • http://www.bitzer.de
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