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Abstract

ECP744 is a near azeotrope which shows promising improvements in system efficiency compared to pure R744,
whilst also operating at significantly lower pressures. It is considered to be particularly applicable to vehicle air
conditioning equipment. The improvement in efficiency is a significant benefit, but the main commercia benefit
arises from the reduced pressure (compared to R744). Since the major problem for R744 refrigeration systems is the
high pressure which increases |eakage despite the use of considerably more aluminium material for the equipment.
The use of lower pressure ECP744 refrigerant will overcome this problem, reducing leskage and the weight of
aluminium required. Furthermore, it is understood that the CO2 content of ECP744 is sufficiently diluted to
overcome the US EPA toxicity objections to the use of R744 in MAC applications.

1. Introduction
The EU MAC directive is unprecedented in so far asit legislated for the phase out of an environmentally damaging
substance before acceptable alternatives were available on the market. Given the opportunities that this presents for

not in kind technologies it is disappointing that so few alternatives are actively being considered:

Flammable Options:

1. R290/ R600ablends

2. RE170-DME

3. R152A

4, R1234yf Tetrafluorpropene

Non- flammable Options:

1. R744
2. ECP744 -R744/R41

What ever happened to heat driven cycles, air cycle or Stirling cycles for MAC applications?

2. Flammable Options
2.1 R290/R600a blends
Conversions of car air conditioners from fluorocarbon to hydrocarbon refrigerant commenced in Idaho, USA

during 1992. Today over 10 million car air conditioners worldwide have been converted, about half of these in
North America and over 20 million user years have accumulated. Almost al of these have been drop-in



conversions usualy costing less than €50. Panama, Indonesia, Korea, Philippines and China also have many
systems with drop-in HC MAC charges. The following now have ASHRAE designation:

R436A - R290/R600a (56.0/44.0)
R436B - R290/R600a (52.0/48.0)

2.2 RE170-DME

Dimethylether (RE170, DME) makes a better refrigerant than R290 / R600a blends as it has no temperature
glide and doesn’t separate during leakage. It has been extensively adopted by the aerosol industry as the most
cost effective replacement for R12 and R134A in propellant applications. There are many recognised blends
containing DME, most notably:

R723 - R717 / RE170 (60.0 / 40.0)
R510A - RE170/R600a (88.0/12.0)
R429A - RE170/R152a/R600a (60.0/10.0/30.0)
R432A - R1270/RE170 (80.0/20.0)
R435A - RE170/R152a (80.0/20.0)

There is no evidence to suggest that any of these blends would perform better as a MAC refrigerant than DME
itself.

2.3 HFC R152A

It must be remembered that the GWP limit of 150 set by the EU for MAC applications was not chosen on the
advice of climate scientists as a “safe” GWP, but to accommodate lobbying by the MAC industry to allow the
use of R152A, so it seems rather churlish that none of the MAC manufacturers now wish to use it! The problem
is, that at a practical level, the safety requirements for A2 refrigerants are little different to A3 refrigerants and
the early adoption of R152A would have opened the door for cheaper and more efficient hydrocarbon
alternatives. ASHRAE has recognised two R152A blends:

R430A - R152a/R600a (76.0/24.0)
R431A - R290/R152a (71.0/29.0)

There is no evidence to suggest that either of these blends would perform better as a MAC refrigerant than
R152A itself. However, a mixture of 82.6% HFC134A and 17.4% HFC152A is non-flammable and shows an
increase in COP of 2.7% over HFC134A. It is interesting to speculate that had the MAC industry offered to
adopt this blend together with a voluntary agreement to reduce leakage then perhaps the MAC directive could
have been avoided altogether, but that opportunity has now passed!

2.4 HFC1234yf Tetrafluorpropene

The great benefit of R1234 is that it requires relatively little fire suppressant to make it non-flammable. With
the benefit of hindsight, the producers should have used fluoroketones or fluoroethers as fire suppressants but
instead opted for CF3l, trifluoroiodomethane. This is used by the US Air Force as a fire suppressant and high
atitude emissions have been found to be ozone depleting so its use in MAC refrigerants is not permitted. But
instead of returning to the laboratory to test other fire suppressants, the producers decided that it would be easier
to amend the safety regulations! Thus any benefit to be derived from the use of R1234 rather than the other
flammable options is entirely dependant on the creation of a new refrigerant category — A2L. There are aready
precedents for the manipulation of refrigeration safety standards for the commercial benefit of those lobbying



for the changes and the European Commission has to date declined to investigate, but this practice demeans not
only those who engage in it, but also our industry as awhole, so perhaps on this occasion it will be stopped?

In an amost surreal about face, the F Gas lobby is how complaining that environmental NGOs are showing
“scaremongering” videos on the internet demonstrating the flammable effects of R1234. This is highly ironic,
given that the F Gas lobby has been using the same tactic for over 15 years to keep hydrocarbons out of the
market!

3. Non- flammable Options

3.1 R744 —Carbon Dioxide

Used as arefrigerant since 1862, until the advent of halocarbons in the 1930s led to its decline, CO2 finally went out
of usein the 1950s. Recent developments suggest that the timeis now right for its reapplication with modern
technology as a MAC refrigerant. Much of the criticism directed against R744 is unwarranted. Specifically, attempts
to ban its use as aMAC refrigerant on toxicity grounds are difficult to justify, except as atrade protectionist
measure. However, there are anumber of legitimate concerns:

The very high pressure may result in higher leakage rates
The increased mass of auminium required adds to cost and weight
Thereis a disproportionate reduction in capacity and efficiency at very high ambient temperatures

3.2 ECP744 - R744/ R41

One approach to overcome these shortcomings is to blend R744. The R744 / R41 (fluoromethane) mixture known
as ECP744 is considered to be the optimum solution. Figure 1 illustrates the phase behaviour of ECP744 in the
temperature range -50°C to +50°C. In the temperature-concentration range of interest a temperature glide of less
than 2°C is observed, corresponding to near azeotropic (quasi-azeotropic) behaviour. This makes the blend attractive
as apractical refrigerant.

To construct a thermodynamic model of ECP744, the Peng-Robinson equation of state (EoS) was applied. The
results are superimposed on Figure 1. For each set of predicted isotherms the upper line indicates the pressure of the
saturated liquid (also known as the bubble-point) at the temperature, T, and the lower line indicates the pressure of
the saturated vapour (also known as the dew-point). Each set of curves are isotherms for -50°C, 0°C, +30°C, +35°C
and +50°C. This temperature range represents the approximate limits of the anticipated operating conditions.

A performance evaluation was carried out in order to determine the preferred composition and to compare its
efficiency and capacity. Further considerations include maintaining as high a critical temperature as possible,
minimising temperature glide and achieving the highest COP. System performance evaluations with a detailed
system model were carried out at European rating conditions, which revealed the following:

—  Both evaporating and condensing capacity increase notably as R744 composition increases.

— Thereisanotable reduction in both heating and cooling COP as R744 composition increases.

— Evaporating and condensing temperatures show little variation across the range of compositions, whereas
discharge temperature rises slightly with higher R744 composition.
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Figure 1. ECP744 phase equilibria

In order to evaluate the ECP744 mixture, it was compared against pure R744, since their thermodynamic
characteristics are similar. Of primary interest is the COP, which was compared over arange of operating conditions
(evaporator air-on temperature, and condenser air-on temperature). In particular, it was of interest to consider both
sub-critical and trans-critical operation, so consideration was also given to the gas-cooler pressure.

Figure 2 presents the cooling COP (for air-conditioning application) of ECP744 and pure R744 against the gas
cooler pressure, since the operation is mostly above the critical point. At a gas cooler air-on temperature of 39°C, it
is seen that ECP744 achievesits highest COP at about 8,000 kPa, whilst pure R744 does not reach its peak CO, until
some 12,000 kPa. Furthermore, the COP of ECP744 is about 10% higher than that of the pure CO,. When the
entering temperature is at 27°C, the highest COP of pure R744 is 1.7 at just under 8,000 kPa, but ECP744 is still
operating in sub-critical operating, achieving a COP of 2.0.
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Figure 2: COP comparison between CO, and ECP744 over a range of pressures and temperatures

Figure 3 shows the variation in cycle COP over a wide range of condenser air-on temperatures, and in transcritical
mode, the ideal high side pressure, i.e., the system controller is assumed to modulate the gas cooler pressure to
optimise COP. For both refrigeration and air conditioning application temperatures, ECP744 produces a notably
higher COP than pure R744, both under sub-critical and transcritical operating conditions. It is aso noted that as the

operating conditions approach the critical point of R744, and until after the critical point of the R41/R744, thereisa
significantly greater difference between the COPs.
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Figure 3: Comparison of maximum COP between CO, and ECP744 under sub-critical and transcritical operation

When considering the difference between the optimum gas cooler pressure of the two refrigerants the important
distinction is that ECP744 requires some 3,000 kPa lower operating pressure than pure R744. A commercial benefit
arises from this reduced high-side pressure, allowing a larger number of standard refrigeration components to be
used, and the use of silver soldered joints with seamed mild steel pipe without incurring the penalty of the relatively
high refrigerant leakage rates observed with most pure R744 systems.

Figure 4 shows the ECP744 Liquid Vapour Composition data and demonstrates that any preferential permeation /

leakage of the more volatile R744 would be minimal, and certainly insufficient to make the remaining charge
flammable.
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Figured4: ECP744 Liquid Vapour Composition data

A summary of the characteristics of ECP744 is provided in Table 1.

Table 1: Characteristics of ECP744

Name ECP744
Composition (molar) 50% R744, 50% R41
Molar Mass 39.0

NBP (°C) -84.5

Critical temp (°C) 37.9

Freezing temp (°C) -121

Likely safety class Al

ODP 0

GWP (100) 46

Figure 5 showsthe P—H diagram for ECP744

Figure5: ECP744 P —H diagram




Figure 6 shows the comparison of evaporation heat for the ECP744 and R744

600

500 A

<
N R41
N e ECP744

400 A

Hy-H| , kJ/kg

300 A

200

100 T T T T
0 1 2 3 4 5

Saturation pressure, MPa
Figure 6: Comparison of evaporation heat for the ECP744 and R744

Figure 7 shows the Saturation curves of the ECP744, R744, and R41
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Figure7: Saturation curves of the ECP744, R744, and R41



ECP744 is a near-azeotrope which shows promising improvements in system efficiency compared to pure R744, in
both sub-critical and transcritical operations, whilst also operating at significantly lower pressures. It is considered to
be particularly applicable to vehicle air conditioning equipment and it offers notable advantages over R744 for the
following reasons:

wN e

10.

1. At low temperatures the heat of evaporation ECP744 is app. 10% higher than R744, corresponding to the
proportional gain in the COP at equal compressor power ( Fig. 6)

2. A significant pressure decreasing in evaporator and shift of freezing point to lower temperatures (Fig. 7)

3. The higher critical temperature of ECP744 which gives advantages at both subcritical and supercritical
conditions
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