Refrigerant Transition Under F-gas
Regulation 517/2014

Practical options towards future-proof HVACR systems

Introduction

EU legislation is irreversibly driving our markets towards higher efficiency and lower greenhouse gas emissions. This is the result of a wider effort
that Emerson Climate Technologies is actively involved in, i.e. the EU 2050 roadmap towards a low carbon economy.
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Table 1

Service and Maintenance Ban GWP Timing

Placing on the Market (New Equipment) Bans GWP Timing

Refrigerators and freezers for commercial use (hermetically sealed systems) 2500 Jan. 2020
Refrigerators and freezers for commercial use (hermetically sealed systems) 150 Jan. 2022
Stationary refrigeration equipment (except equipment for temperatures below 50°C) 2500 Jan. 2020
Multipack centralized refrigeration systems for commercial use with a capacity of =40 kW (except in the primary

refrigerant circuit of cascade systems, where flourinated greenhouse gases with a GWP of less than 1500 may 150 Jan. 2022
be used)

Movable room air-conditioning appliances (hermetically sealed equipment which is movable between rooms by 150 Jan. 2020

the end-user)

Single split air-conditioning systems containing < 3 kg 750 Jan. 2025

From the above it is obvious that the most widespread refrigerant in stationary refrigeration today, R404A, will gradually disappear from
the market. This is through the stationary refrgieration equipment limit to GWP 2500 and the HFC service ban with virgin refrigerant as of
January 2020.

Both, phase-down and bans, will introduce significant changes to the HVACR industry, going well beyond the choice of refrigerant and
including changes to system architectures and field practices.

The ambitious phase-down plan set by the EU calls for a rapid transition from today’s refrigerants to new alternatives with lower global
warming potential.

Refrigerant Alternatives

The safest way for any organization in any market/application to handle this situation is to convert their business activity to refrigerants with
a GWP well below 10. From today’s perspective, such refrigerants may be considered future-proof, i.e. they are likely to stay on the market
for the foreseeable future.

In practice, life-cycle considerations, such as age of an installation, available investment budget, as well as application specific requirements
may limit our ability to move fast to such future-proof refrigerants. To account for this, the market also requires intermediate refrigerants,
i.e. refrigerants that may not be future-proof, but still allow for a significant reduction in GWP. In some applications, there is no practically
useable alternative available yet so that the existing refrigerants have to be used in the foreseeable future. In some heating and cooling
market segments, it is questionable if future-proof refrigerants with GWP < 10 will ever come to the market. In these segments intermediate
refrigerants may turn into long-term solutions.

For this reason the modeling of overall average GWP consumption becomes important. Industry segments where future-proof refrigerant
choices exist today need to compensate for those that do not have alternatives readily available in order to achieve the overall reduction target.
It is practical to look at refrigerant choices in categories and consider only those refrigerants individually that stand a high chance to remain
on the market long-term, i.e. future-proof refrigerants.

Such categories are summarized in the table below.

Table 2
Refrigerant Category Designation Examples GWP Range Ready-to-use
Low GWP HFC alternatives HFC A1 R407A/F, R134a 1400 to 2500 today
HFO A1 Blends R449A, R450A 400 to 1500 today
Intermediate refrigerants

HFO A2L Blends, R32 R447A, R454B, R32 150...700 > 2016

HFO R1234yf, R1234ze 4...6 > 2016
Future-proof refrigerants A3 R290 (Propane) 8 today v

A1 R744 (CO,) 1 today v
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Figure 2 : Spider diagramme rating refrigerants according to relevant selection criteria

The following section gives a short summary about the considerations that lead to the evaluation represented by the above spider diagramme.

Environmental

All of the discussed refrigerant choices have no ozone depletion potential. Therefore, the environmental assessment of refrigerant options is
based on global warming potential (GWP). Specific GWP values, based on the fourth assessment of the Intergovernmental Panel on Climate
Change (IPCC) are listed further down in this document.

Safety

Safety aspects in the diagramme take into acount the ASHRAE safety groups A1 (non-toxic, non-flammable), A2L (non-toxic, mildly-flammable)
and A3 (non-toxic, flammable). The classification A2L for mildly flammable refrigerants is expected to be implemented into European
harmonized standards during year 2016.

System Design & Architecture

This criterion considers the impact on a refrigerant choice on the system design & architecture related investments. For example, an R744
system causes higher system costs due to its higher pressure and other CO2 properties. Similarly, a system using flammable or mildly flammable
refrigerants features certain peculiarities that cause costs to increase. HFO blends are slightly downgraded for the fact that they have a higher
glide that needs to be taken into account during system design.

System Efficiency

This accounts for the fact that R744 systems are challenging in terms of system efficiency, particularly in warmer climates. In summary, R744 is
considered to be similar to slightly worse in terms of system efficiency when compared with state-of-the-art HFC systems.

Operation

Refrigerant glide and high discharge temperatures as found in HFO blends cause some concerns that need to be addressed during system
operation. R744 requires particular attention due to its rising pressure with ambient temperature, for example in case of power-fail (system
resilience).

Retrofit

In order to qualify for retrofits, a refrigerant must produce as close as possible identical volumetric capacity than the refrigerant which it replaces.
Furthermore, operational pressure levels must be similar and the safety class must be identical. Many of the HFO A1 blends come close to these
requirements.

Refrigerant Replacement Guidance

e Todayinyear 2016 the refrigerant market is already in transition. Refrigerant producers have launched replacement options for some of the
frequently used refrigerants while still developing solutions for others.

e Table 3 summarizes frequently used refrigerants and available low GWP alternatives that are either fully available on the market today
(ready-to-use) or being discussed as potential replacement candidates.

¢ Those candidates that are not labeled as “ready-to-use” may be available for field testing, but they cannot be considered as main-stream
replacements today for various reasons. These may include unavailability of final chemical composition and property data, unavailability of
production series components for these refrigerants and other reasons.

e Itmustalso be indicated that the list is not exhaustive. Various refrigerant manufacturers are designing blends very similar to the ones listed
in Table 4
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Table 3

ASHRAE No. Common Name GWP Safety Class Replacing Ready-to-use
R404A R404A 3922 A1 - today
R407A/F R407A/F 2107/1825 A1 - today
R134a R134a 1430 A1 - today
R448A N40 1387 A1 R404A today
R449A XP40 1397 A1 R404A today
R450A N13 604 A1 R134a today
R513A XP10 631 A1 R134a today
R744 CO, 1 A1 - today
R32 R32 675 A2 (A2L) R410A >2016
R447A/DR5x L41/DR5x 450...700 A2 (A2L) R410A >2016
R444B/DR3 L20/DR3 150...300 A2 (A2L) R407C >2016
R454A/R455A XL40/HDR110 148/246 A2 (A2L) R404A >2016
R1234yf 1234yf 4 A2 (A2L) R134a >2016
R1234ze 1234ze 6 A2 (A2L) R134a >2016
R290 Propane S A3 - today

Refrigerant Choice By Market Segment And Application

More specific guidance may be given when considering a refrigerant choice in the context of a particular system architecture or type of
application equipment. However, recommendations can only be of a general nature. Case-by-case assessment must be conducted to take into
account application specific parameters, such as environmental ambient temperatures, system charge, installation in internal or authorized
access areas and many others. In the table below, the term “Intermediate” must be interpreted with some flexibility depending on the
application segment and availability of suitable “future-proof” alternatives. Generally it is assumed to describe a period of 5 to 10 years.

Table 4
Architecture Intermediate New Site "Future-proof"
R404A R448A, R449A
Condensing Units
& Small Packs <40 kKW R134a R450A, R513A R744, R290
R407C R407C, Note'
in R404A R448A, R449A
_ Multi compressor Packs R744, R290
direct expansion and secondary R134a R450A, R513A
Hybrid Systems R404A R448A, R449A
medum temperature circuit R290
low temperature assumed CO2 R134a R450A, R513A
CO2 Booster Systems R744 R744 R744
R404A R448A, R449A
Self -contained Systems R290, Note 2
R134a R450A, R513A
R407C R407C, Note 2
Residential & Commercial Heating R290, Note
R410A R410A, Note 2
Commercial Chillers - Small R410A R410A, Note 2 R290, Note *
Commercial Chillers - Large R410A R410A, Note * Note *
R290 R134a R134a, Note 2 Note 2

Note 1: Although there is no “ready-to-use” intermediate solution on the market, some HFO A2L Blends are being proposed. Emerson is able to support customers on request
with guidance, assessment and field testing support.

Note 2 : Although there is no “ready-to-use” intermediate solution on the market, some HFO A2L Blends and HFC R32 are being proposed. Emerson is able to support
customers on request with guidance, assessment and field testing support.

Note 3 : Beyond the stated R290 refrigerant additional refrigerant solutions will be required to address all applications of this segment. HFO refrigerants are being proposed by
refrigerant manufcturers but they are not yet “ready-to-use”. Emerson is able to support customers on request with guidance, assessment and field testing support. It
is also expected that in these applications some of the HFO A2L Blends and HFC R32 will stay in the market as long-term options, i.e. beyond the next 10 years.

For more details, see www.emersonclimate.eu
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