
CO2: The Inconvenient Truth 
There are now better technologies than 
CO2 for retail refrigeration systems



Following the phase-out of CFCs in the early 1990s, 
R-404A became the dominant refrigerant choice 
for retail refrigeration, often in systems with poor 
maintenance regimes and very high (>15%) annual 
leakage rates. From a climate change perspective 
these very high leakage rates combined with the 
high GWP of R-404A (GWP=3922) lead to very high 
emissions and easily outweighed any energy efficiency 
benefits compared to using R-744 (Carbon Dioxide) 
technologies. Agreements such as the Kyoto Protocol 
(1997) raised awareness of the spectre of global 
climate change and the gases that are contributing 
toward it. With a GWP of 1, R-744 seemed to be  
a perfect candidate despite the well-known energy 
efficiency deficiencies. This led to the development 
of the transcritical R-744 Flash Gas Bypass (FGB) or 
booster system most commonly used today by retail 
stores that have chosen to use R-744 as a refrigerant.

As the requirements of the revised EU F-Gas 
Regulation became clear, other lower GWP R-404A 
replacements, such as Opteon™ XP40 (R-449A, 
GWP=1397), became available and have grown 
into the most popular R-404A retrofit options. 
Just like R-404A, Opteon™ XP40 has an A1 safety 
classification, good performance, can be used in the 
same R-404A equipment designs and has a GWP 64% 
lower than R-404A. However, the use of Opteon™ XP40 
as a long term sustainable option in new equipment is 
not a practical choice as ultimately by 2030, under the 

EU F-Gas phasedown where an approximate 400 GWP 
average must be achieved, a product with a GWP above 
500 is unlikely to be sustainable in new equipment for 
large volume applications.

Very low GWP A2L refrigerant blends such as 
Opteon™ XL20 (GWP=148) and Opteon™ XL40 
(GWP=239) have been commercially available since 
2016, but the focus of many retailers to retrofit 
existing equipment away from R-404A ahead of the EU 
F-Gas 2020 service ban, has meant opportunities to 
explore the benefits of these options have, until now, 
been limited.

Equipment and components for the Opteon™ XL 
Refrigerants are now available, as evidenced by  
the installations made in 2019 by ASDA and Central 
England Co op in the UK, meaning the use of the very 
low GWP Opteon™ XL Refrigerants is now a valid 
choice for retailers to consider. A previous white paper 
based on a study performed by Wave Refrigeration 
has already shown that in a standard supermarket 
(~2000m2 retail area) Opteon™ XL Refrigerants offer 
the lowest 10-year total TCO2e emissions (by up to 
20%) at the lowest 10-year lifecycle cost (by up to 
18%) of all the commonly used Low GWP technologies.
This paper concentrates on the comparison of 
the Opteon™ XL refrigerants with various R-744 
technologies ranging from the Standard R-744 FGB/
Booster system to the use of internal heat exchangers, 

parallel compression and ejectors to enhance  
the technology. Using the cost and emissions data 
from the Wave study, the cost of TWe emissions 
abatement (compared to R-404A) is calculated and 
shows that abatement costs when using Opteon™ XL 
refrigerants can be between 70-105% lower than 
using the optimum R-744 technology in a standard 
size supermarket at hot, moderate and cold climatic 
conditions found within the EU and other closely 
aligned western European countries.

Executive Summary
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In the first White Paper of this series1 the choice of moving to a low global 
warming potential (GWP) technology was reviewed considering 7 potential 
alternatives including water and air-cooled integrals, R 290/ Glycol, R134a 
pumped R-744, transcritical R-744 booster and the Very Low GWP refrigerants 
Opteon™ XL20 (R-454C) & Opteon™ XL40 (R-454A). The study was performed 
by independent consultants Wave Refrigeration and considered the previously 
listed technologies in 2 sizes of store, Standard (~2000m2 sales area) and Small/
Convenience (300-500m2 sales area) at hot (Sevilla, Spain) and moderate 
(Leicester, UK) European climatic conditions. All the details used for these 
conditions can be found in the previous White Paper1 with simple system 
schematics and additional data included in this paper detailed in Appendix 1.

The conclusions of the initial paper were that for retailers with stores between 
300m2 and 2000m2 sales areas, in both the hot and moderate climates,  
the Very Low GWP Opteon™ XL20 and Opteon™ XL40 refrigerants offered the best 
combination of low 10-year Life Cycle Cost and the lowest 10-year total emissions 
(TeqCO2), even compared to the current most popular low GWP alternative 
technology i.e. the transcritical R-744 Flash Gas Bypass (FGB) or booster system.

This raises the obvious questions of why did the industry choose a relatively high 
total emissions technology and are there other R-744 technologies which need 
to be considered before a definitive opinion can be made about which low GWP 
option provides the lowest environmental impact and best value for money.

Introduction
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Table 1
Electricity Cost and CO2 Factor for Different Locations

Location Electricity Cost  
per kWh Euro

CO₂ Factor  
kgCO₂e/kWh

Sevilla, Spain 0.152 0.309

Leicester, UK 0.153 0.3072

Helsinki 0.106 0.185

Figure 1 
Comparison of Total Emissions (TeqCO2) using R-404A 
(10% ALR), and Transcritical R-744 FGB for a standard 
supermarket in different climates
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The use of R-744 as a refrigerant is of course nothing 
new. During the development of vapor compression 
refrigeration systems in the late 19th century diethyl 
ether, ammonia and carbon dioxide (R-744) were all 
commonly considered as refrigerant fluids. As vapor 
compression technology developed, the flammability  
of diethyl ether and the poor energy efficiency of 
R-7442 proved to be more difficult to overcome than 
the low flammability and toxicity of ammonia leading  
to a decline in the popularity of R-744. 

Fast forward to the late 20th century when 
agreements such as the Kyoto Protocol (1997) 
raised awareness of the spectre of global climate 
change and the gases that are contributing toward 
it. With a GWP of 1, R-744 seemed to be a perfect 
candidate and many research projects were 
launched to tackle the previously mentioned energy 
efficiency deficiencies. This led to the development 
of the transcritical R-744 Flash Gas Bypass (FGB) 
or booster system most commonly used today by 
retail stores that have chosen to use R-744 as a 
refrigerant.

Following the phase-out of CFCs in the early 1990s, 
R-404A became the dominant refrigerant choice 
for retail refrigeration, often in systems with poor 

maintenance regimes and very high (>15%) 
annual leakage rates (ALR). From a climate change 
emissions perspective these very high leakage rates 
combined with the high GWP of R-404A (3922)3 
easily outweighed any energy efficiency benefits,  
as can be seen in figure 1 which uses an ALR of  
just 10% of the total refrigerant charge. 

What is also evident from figure 1 is that relative 
to R-404A, the indirect emissions from energy 
consumption disproportionately increase with the 
R-744 technology as the climate becomes warmer. 
Due to the increased sensitivity of the transcritical 
R-744 FGB technology to the climatic conditions, 
this paper considers an additional geographic 
location (Helsinki, Finland) to represent a cold 
European climate. Adding Helsinki to the study also 
introduces a lower energy cost and lower emissions 
energy source than the other two locations  
(Table 1) and thus represents a best-case scenario 
for use of a transcritical FGB system. 

Across the 3 climatic conditions, the contribution 
of the indirect emissions rise from 9% higher 
than a R-404A system in Helsinki to 20% higher 
than R-404A in Sevilla as at higher ambient 
temperatures the R-744 systems operates in 
transcritical mode more frequently leading to 
deterioration in energy efficiency of the R-744 FGB 
system as the temperatures increase.

Why Choose R-744 (Carbon Dioxide)?
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Figure 2
Transcritical R-744 FGB System 10-year Life Cycle Cost 
versus R-404A for a standard supermarket in different climates

Figure 3
Transcritical R-744 FGB System 10-year Emissions and 
10-year Life Cycle Cost versus R-404A & Opteon™ XP40 at 
a 10% ALR for a standard supermarket in different climates

In the years leading up to the last EU F-Gas Regulation 
revision in 20146, it seemed clear that R-744 was 
an option to replace R-404A having a low GWP, 
significantly lower total emissions, low toxicity and 
non-flammable. The fly in the ointment was of course 
that the equipment is more complex and expensive and 
the poor energy efficiency leads to a higher 10-year 
Life Cycle Cost (LCC), as can be seen in figure 2, but 
the regulations primary focus is low GWP not cost, so 
R-744 appeared to be a good choice.

As the requirements of the revised EU F-Gas 
Regulation became clear, other lower GWP R-404A 
replacements such as Opteon™ XP40 (R-449A) 
became available and have grown into the most 
popular R-404A retrofit option. Just like R-404A, 
Opteon™ XP40 has an A1 safety classification, 
good performance, can be used in the same R-404A 
equipment designs and has a GWP 64% lower than 
R-404A (Opteon™ XP40 GWP = 1397)3. However, 
the use of Opteon™ XP40 as a long term sustainable 
option in new equipment is not a practical choice. 
After 2021 the EU F-Gas Regulation will ban the 
use of refrigerants with a GWP >=150 in multi-
compressor retail systems >=40kW capacity and 
ultimately by 2030, under the EU F-Gas phasedown 
where an approximate 400 GWP average must 
be achieved, a product with a GWP above 500 is 
unlikely to be sustainable in new equipment for large 
volume applications.  

Also, although the use of Opteon™ XP40 reduces  
the 10-year Life Cycle Cost and the total emissions 
by 36-47% compared to R-404A, at a 10% ALR 
it still has higher total emissions than an equivalent 
transcritical R-744 FGB system, even in the hot 
Sevilla climate. By plotting the 10-year emissions 
against the 10-year Life Cycle Costs, a clear ‘map’ 
of where each technology lies in terms of emissions 
and costs at the different locations can be seen 
(Figure 3).

Of the non-flammable options available, assuming 
the annual leak rates are 10% or more, R-744 
would still appear to be the lowest total emissions 
choice but, as already mentioned, at a significantly 
higher CAPEX (17-22% higher compared to 
Opteon™ XP40) and 10-year Life Cycle Cost 
(15-26% higher compared to Opteon™ XP40).
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As stated in the previous White Paper1 in this series, 
as well as reducing total climate change emissions, 
retailers have expressed a wish list of criteria to which 
their choice of refrigeration technology should comply:

• Match Cooling Performance
• Match Or Exceed Energy Performance
• Match System Uptime (minimise risk to trade)
• Match Or Improve Total Cost Of Ownership
       AND
• Ideally Match Ease Of Installation

And Maintenance

Although R-744 achieves the primary objective of 
lowering the total emissions, apart from matching 
cooling performance, the use of R-744 does not 
necessarily meet any of the other desired criteria.

Clearly there is room for improvement 
in the technology choice. 

Very low GWP A2L refrigerant blends such 
as Opteon™ XL20 and Opteon™ XL40 have 
been commercially available since 2016, but 
the high demands on equipment and component 
manufacturers from other regulations  
(e.g. Eco Design Directive7) and the focus of 
many retailers to retrofit existing equipment 
away from R-404A ahead of the EU F-Gas 2020 
service ban, has meant opportunities to explore 
the benefits of these options have, until now, 
been limited.

Within the refrigeration sector, the first commercial 
application of the very low GWP Opteon™ XL 
range was made in October 2017 when a low 
temperature cold store at Park Cake Bakeries in 
Oldham (UK) was installed using Opteon™ XL408. 
Raising the profile of this alternative technology 
led to interest from retailers for use in supermarket 
refrigeration. Equipment and components for the 
Opteon™ XL products are now available, as evidenced 
by the installations made by ASDA9 and Central 
England Co op10 in the UK, meaning the use of very low 
GWP Opteon™ XL refrigerants is now a valid choice 
for retailers to consider.

Is there a better option
than R-744?
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Figure 4
Comparison of Total Emissions (TeqCO2) for R-404A, Opteon™ XP40, Opteon™ XL20, Opteon™ XL40 
and R-744 for a standard supermarket in different climates using 10% ALR

The study performed by Wave Refrigeration considered 
the use of the very low GWP Opteon™ XL products 
based on the published data available from Chemours11 
and the practical experience gained working on the 
ASDA project. The very low GWP of Opteon™ XL20 
(GWP=148) and Opteon™ XL40 (GWP=239) greatly 
reduces the contribution of direct emissions from 
leakage. Even with an ALR of 10%, the direct 
emissions from using the Opteon™ XL refrigerants in 
the standard supermarket format account for <10% 
of the total emissions which, when combined with 
the improved energy performance, results in the total 
emissions when using Opteon™ XL refrigerants in a 
standard supermarket format being lower than the total 
emissions for an equivalent Transcritical R-744 FGB 
system (Figure 4) in the locations considered (Helsinki 
1-5% lower, Leicester 12-15% lower & Sevilla 
16-19% lower).
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Figure 5
Comparison of Total Emissions (TeqCO2) for R-404A, Opteon™ XP40, Opteon™ XL20, Opteon™ XL40 
and R-744 technologies for a standard supermarket in different climates using 25% ALR

Even if the excessively high leak rates (25%) which 
used to occur before the first EU F-Gas legislation12 
are considered, using the Opteon™ XL refrigerants 
technologies, the total emissions are still lower than 
the equivalent R-744 FGB systems at both the hot and 
moderate climate conditions, and only marginally higher 
than the R-744 FGB system in the cool, low carbon 
power generation location of Helsinki (Figure 5). 
 
In the past leakage rates from supermarkets have 
been very high but since the introduction of the first 
EU F-Gas Regulation in 2006, reporting requirements 
and programmes such as STEK in the Netherlands 
have led to a much-improved annual loss rates with 
responsible retailers across Europe now reporting they 
are achieving leak rates of 5% or less13. 

At a 5% ALR, the total emissions when using of 
Opteon™ XL refrigerants compared to a Transcritical 
R-744 FGB are 5% lower in the cooler Helsinki climate 
and up to 20% lower in the hot Sevilla climate.
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Figure 6
10-Year Life Cycle Cost Comparison of Opteon™ XL40, Opteon™ XL20 and Transcritical R-744 FGB 
technologies in different locations

Figure 7
Comparison of 10-year total emissions, 10-year Life Cycle Cost and CAPEX for Opteon™ XL and R-744 
FGB Technologies for a small supermarket/convenience store located in Sevilla, Leicester & Helsinki 

As there is now an alternative low emissions technology 
that can match or reduce the total emissions to 
atmosphere from a transcritical R-744 FGB system, 
the cost element now becomes a relevant and 
important consideration. As can be seen in figure 6, 
the Opteon™ XL refrigerant systems have the lowest 
CAPEX and maintenance costs, but by far the most 
significant cost saving over a 10-year period is from 
the lower energy consumption leading to 10-year Life 
Cycle Costs significantly lower than using the R-744 
FGB technology (Helsinki 8-9% lower, Leicester 14% 
lower & Sevilla 17-18% lower).

All the comparisons so far have been based on the 
Standard Supermarket (~2000m2 sales area) size 
store. As can be seen in figure 7, for a Convenience/
Small Supermarket (300-500m2 sales area, 40kW MT, 
8kW LT) size store the trends are largely the same 
i.e. 10-year Emissions (5% ALR) for the Opteon™ XL 
refrigerants are 4-7% lower in Helsinki, 14-16% lower 
in Leicester and 18-20% lower in Sevilla compared 
with using Transcritical R-744 FGB technology and  
the 10-year Life Cycle Cost at 6-7% lower in Helsinki, 
11-12% lower in Leicester and 16% lower in Sevilla 
compared with using Transcritical R-744 FGB 
technology.
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The results of this analysis leave no doubt 
that the use of the Opteon™ XL refrigerants 
meet all criteria expected by retailers and 

therefore are a better option than using 
Transcritical R-744 FGB technology.
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Figure 8 
Approximate border for the use of basic Transcritical 
R-744 FGB systems, the so-called “CO2 Equator”

Whilst the Transcritical R-744 FGB technology is often used, 
it is not the only R-744 architecture that has been developed. 
The knowledge that R-744 systems have an inherently poor 
energy efficiency in warmer climates has lead to a geographical 
barrier, which has become known as the CO2 Equator 
(Figure 8), where the use of R-744 FGB systems can become 
excessively costly.

This has led to further system architecture developments to try 
to improve the system energy efficiency, particularly in locations 
south of the R-744 FGB CO2 equator boundary.

In order to improve the performance of R-744 systems  
a number of architecture changes are employed:

1.	 Transcritical R-744 FGB + Internal Heat Exchanger (IHX)
2.	 Parallel Compression
3.	 Parallel Compression + Ejector Technology 

Based on a variety of heat exchanger types, applications, and 
compressor selections available to Wave, the effect of adding 
an internal heat exchanger (IHX) was estimated to increase the 
seasonal energy performance ratio (SEPR) of a transcritical FGB 
system by 1%.

Are there other technologies  
that need to be considered?
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Table 2
Reported and Estimated increase in SEPR using R-744 parallel compression

Location
Time weighted  

average ambient  
temperatures / ºC

% increase in SEPR using  
R-744 Parallel compression

% increase in SEPR using R-744 
Ejector + Parallel compression

Helsinki 5.82 1.60 1.62

Leicester 10.05 3.32 3.51

Sevilla 19.78 7.24 8.36

Table 3
Calculated energy multiplier factors for enhanced R-744 systems

Location Transcritical R-744 FGB 
+ IHX

R-744 Parallel 
compression

R-744 Ejector + Parallel 
compression

Helsinki 0.9901 0.9745 0.9743

Leicester 0.9901 0.9582 0.9565

Sevilla 0.9901 0.9233 0.9137

Figure 9
Annual energy usage for a standard supermarket architecture in Sevilla using various 
R-744 technologies
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SEPR data, supplied to Wave by an equipment manufacturer, 
provided the energy efficiency of a R-744 parallel compression 
system operating in Helsinki, Strasbourg and Athens which 
showed a linear relationship when plotted against the time 
weighted average ambient temperatures of those locations. 
This allowed interpolation for Leicester and extrapolation to 
the slightly higher temperature of Sevilla to determine the 
expected SEPR values for the locations used in this study.

Data for estimating the performance improvement of a Parallel 
Compression + Ejector Technology system was taken from a 
presentation by Hillphoenix made at an ATMOsphere America 
event14. The data reported was based on two locations in 
the USA, Miami, Florida and Atlanta, Georgia. As before, 
this was plotted against the time weighted average ambient 
temperatures of those locations and then interpolated and 
extrapolated to provide the equivalent values for the locations 
considered in this study.

Applying the derived performance values from the various 
system enhancements, a series of energy multiplier factors 
were calculated for the different advanced R-744 technologies 
to allow performance comparisons to a standard Transcritical 
R-744 FGB system to be made.

In addition to the system performance Wave obtained costing 
information from system OEMs which were added into the 
CAPEX and 10-year Life Cycle Cost costs for the enhanced 
systems. Utilising the various system enhancements improves 
the energy efficiency, especially in the higher ambient climatic 
conditions of Sevilla (Figure 9).
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Figure 10
10-Year Life Cycle Cost/kW, 10-year total emissions/kW and CAPEX comparison of 
R-744 FGB and R-744 Ejector technologies at different locations

For the standard supermarket size store, across all the 
locations considered in this study, the R-744 Ejector 
technology had the lowest energy consumption, but the 
difference in energy consumption between the R-744 
FGB system and the R-744 Ejector systems significantly 
decreased as the climatic conditions became cooler 
(Figure 10). 

This means for cold locations such as Helsinki, the higher 
CAPEX of the ejector technology outweighed the energy 
consumption savings resulting in a higher 10-year Life 
Cycle Cost than the basic R-744 FGB technology with 
minimal improvement (3%) of the 10-year total emissions. 
Even in the moderate conditions of Leicester the 10-year 
Life Cycle Cost for the R-744 Ejector technology was 
only 1% lower and provided just 5% lower total emissions 
than the standard R-744 FGB technology.
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Figure 12
10-Year Total Emissions Comparison of R-744 FGB & Ejector technologies with Opteon™ XL refrigerant 
technologies for a standard supermarket architecture in Sevilla, Spain

Figure 11
10-Year Life Cycle Cost Comparison of R-744 FGB & Ejector technologies with Opteon™ XL refrigerant 
technologies for a standard supermarket architecture in Sevilla, Spain
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In the hot Sevilla climate, the improvement in 
performance over a standard R-744 FGB system using 
the Ejector technology in a standard supermarket size 
store is significant (10-year Life Cycle Cost/kW 5% 
lower and the 10-year total emissions/kW 9% lower), 
but this still pales into insignificance when compared to 
utilisation of the Opteon™ XL refrigerant technologies 
which deliver 17-18% lower 10-year Life Cycle Cost 
(Figure 11) and 19-20% lower emissions (Figure 12) 
compared to a standard R-744 FGB system.

Since the climatic conditions and indirect emissions 
from power generation have a significant impact on 
the total emissions resulting from using the various 
R-744 technologies, a good method to determine
the optimum R-744 technology for each location is 
to calculate the cost of abatement per Tonne of CO2 
emissions over a 10-year period. Using R-404A (5% 
ALR) as the baseline technology, the relative CO2 
emissions abatement cost can be calculated by dividing 
the difference in the 10-year Life Cycle Cost of the 
alternate technology by the difference in the 10-year 
Total emissions of the alternate technology (compared 
to R-404A) to give a €/TCO2e abatement cost. 

Relative CO2 Emissions Abatement Cost =
(LCCAlt - LCCR-404A)

(Emissions R-404A- Emissions Alt)
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Figure 14
10-Year TeqCO2 abatement costs (compared to R-404A 5% ALR) in a standard supermarket 
architecture using the optimum R-744 technology in various locations compared to Opteon™ XL 
refrigerant technology (5% ALR)

Figure 13
Comparison of 10-year TeqCO2 abatement costs (compared to R-404A 5% ALR) in a standard 
supermarket architecture using various R-744 technologies in various locations 

This approach does not show which technologies 
provide the largest reductions but does give a true 
vision of which technologies offer the best value for 
money to achieve a given level of emission reductions, 
which in this case is at least equivalent to the R-744 
FGB technology. As can be seen in figure 13 the 
optimum R-744 technology for each location is 
different i.e. the R-744 Ejector technology for Sevilla, 
Parallel Compression for Leicester and FGB + IHX 
for Helsinki.

Using these enhanced R-744 technologies reduces 
the cost of abatement compared to using the standard 
R-744 FGB technology but even in the cool, low cost
and low carbon emissions power generation location
of Helsinki, the abatement costs are still >70% higher
than using an Opteon™ XL refrigerant technology
(Figure 14). In the hot climate conditions of Sevilla,
the use of Opteon™ XL refrigerants not only reduce
emissions, but deliver the required emissions reduction
at a lower 10-year cost than if the system was
operated with R-404A, with no emissions reduction i.e.
a negative cost of abatement (-3 to -10 € per tonne of
CO2 equivalent). It has already been mentioned several
times that the warmer climates do not favour the use
of R-744 technology and this is clearly demonstrated,
as even using parallel compression and ejector
technologies, the cost of abatement in Sevilla is € 218
per tonne of CO2 equivalent.
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Figure 15
Comparison of 10-year total emissions, 10-year Life Cycle Cost and CAPEX for Opteon™ XL 
and enhanced R-744 technologies for a small supermarket/convenience store located in Sevilla, 
Leicester & Helsinki

In the moderate Leicester climate, the abatement costs 
compared to R-744 + parallel compression use are 
92-96% lower when using Opteon™ XL refrigerants and
even in the cool, low carbon and low cost power generation
location of Helsinki, the abatement cost is 73-83% lower
when using the Opteon™ XL refrigerants compared to
using a transcritical R-744 FGB + IHX system.

When considering the Small Supermarket / Convenience 
size store, the trend is again largely in line with what is 
seen for the Standard Supermarket. Despite the improved 
performance of the enhanced R-744 technologies, 
the Opteon™ XL refrigerants technologies still deliver 
significantly lower 10-year total emissions (up to 13% 
lower), significantly lower 10-year Life Cycle Cost (up 
to 14%) and by far the lowest TCO2e abatement cost 
at between 55% (Helsinki) and 97% (Sevilla) lower than 
the optimum R-744 technology option.
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Following the phase-out of ozone depleting CFCs and 
HCFCs, the commercial retail sector turned to the use 
of R-404A because of its relatively low cost, good 
performance, reliability, safety and system simplicity. 
The low cost of R-404A led to complacency within the 
industry and high leakage rates were common place 
until the International community agreed protocols to 
reduce emissions of climate changing gases, resulting  
in legislation such as the EU F-Gas regulations 
in Europe. 

With a very low direct GWP, R-744 initially appeared  
to be a good choice to replace the R-404A technology 
but the inherent low energy efficiency and complexity  
of R-744 systems has left many question marks as  
to whether this technology is the best choice.

More than a decade of system development has seen 
ever more complex designs introduced in order to 
improve the performance of R-744 based systems and 
increase the climatic range, but on a like for like basis, 
these enhanced systems still don’t match the energy 
performance of the R-404A technology they are trying 
to replace.

The introduction of very low GWP Opteon™ XL20 and 
Opteon™ XL40 over the last couple of years has now 
been proven to be a viable alternative to R-404A 
and R-744 in both large and small supermarket 
refrigeration applications. The study performed by 
Wave and practical experience from installations have 
shown improved energy performance compared with 
R-404A whilst maintaining similar equipment costs,
system simplicity and reliability. All this has been
achieved with the lowest 10-year total emissions
of all the low GWP alternatives commonly used.

In terms of TCO2e abatement costs, it has been 
demonstrated that the use of Opteon™ XL refrigerants 
is by far the most cost-effective technology. Results 
vary greatly depending on location and store 
size, ranging from >50% lower abatement cost 
(compared to the optimum R-744 technology) in 
a small supermarket in the cool, low cost and low 
carbon emissions power generation location of 
Helsinki to >100% lower abatement cost (compared 
to the optimum R-744 technology) for a standard 
supermarket in the hot climate of Sevilla. 

As mentioned earlier in this paper and the previous 
white paper1, the key criteria for retailers when 
choosing a sustainable refrigeration technology are:

• Match Cooling Performance
• Match Or Exceed Energy Performance
• Match System Uptime (minimise risk to trade)
• Match Or Improve Total Cost Of Ownership

AND
• Ideally Match Ease Of Installation

And Maintenance

Opteon™ XL Refrigerants,  
why would you choose anything else?

Inconvenient or not, the truth is...
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Despite the performance improvements achieved 
using the enhanced R-744 technologies, 

Opteon™ XL refrigerants are still the only technology 
choices that deliver on all of these criteria in 

different sized stores and across the range of 
climatic conditions experienced in Europe.
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10-Year	 Ten year

ALR 	 Annual Loss or Leakage Rate

AR4 	 IPCC Assessment Report 43

CAPEX 	 Capital Expenditure

CO2 factor  
(kgCO2e/kWh)	 Emissions produced from electricity generation

FGB 	 Flash Gas Bypass.  
Also known as a Booster system.

GWP 	 Global Warming Potential. AR4 100-
year values.

IHX 	 Internal Heat Exchanger

IPCC 	 Intergovernmental Panel on Climate Change

LCC 	 Life Cycle Cost

R-744 	 ISO 817 designation for Carbon Dioxide15

SEPR 	 Seasonal Energy Performance Ratio

TCO2e 	 Tonnes of Carbon Dioxide Equivalents
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Appendix 1
Simplified drawings of Layouts for the Various Technologies.
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R-744 Parallel Compression System LayoutR-744 Flash Gas Bypass (FGB) system with Internal Heat 
Exchanger (IHX) Layout
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R-744 Parallel Compression with Ejector System Layout
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The information set forth herein is furnished free of charge and based on technical data that Chemours believes to be reliable. Chemours makes no warranties, express or implied, and assumes no liability in connection 
with any use of this information. Nothing herein is to be taken as a license to operate under or a recommendation to infringe any patents or patent applications. © 2020 The Chemours Company FC, LLC. Opteon™ and 
any associated logos are trademarks or copyrights of The Chemours Company FC, LLC. Chemours™ and the Chemours Logo are trademarks of The Chemours Company.

The Opteon™ refrigerants portfolio offers the optimal balance of environmental sustainability, 
performance, safety, and cost to help meet both regulations and business goals.

Specifically, in Europe, the very low GWP Opteon™ XL refrigerant portfolio supports the market 
transitions required by the EU F-Gas Regulation and enables customers to select their optimal solution—
considering performance, safety, sustainability, and total cost of ownership.

About Opteon™ Refrigerants

Businesses trust Opteon™ refrigerants because they offer:

Low GWP
Up to a 99% reduction compared to previous
refrigerant generations.

Zero ODP
The HFO-based refrigerant family  
is non-ozone depleting.

Ease-of-Conversion
Minimizing conversion costs and downtime.

Excellent Capacity
A near match to many HCFC- and  
HFC-based technologies.

Energy Efficiency
Reduced energy use creates long-term  
savings over the system’s life.

Long-Term Regulatory Compliance
HFO-based refrigerants can meet or exceed
globaland local regulatory standards.

Knowledgeable Experts
With more than 85 years of industry experience,
Chemours refrigerant experts can help customers
achieve both compliance and peak performance.

Visit Opteon.com/regulations for more information on HFC replacements or to contact our experts.
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