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Executive Summary

This report responds to the request by Parties in Decision XX/8, paragraph 1.
It describes the alternatives to HCFCs and HFCs as well as current market
penetration for all relevant sectors and subsectors, including refrigeration and
air conditioning, foams, fire protection, solvents and inhaled therapy. It
presents updated data (compared to 2005) on banks and emissions for fire
protection, foams and refrigeration and air conditioning.

Approximately 100 million domestic refrigerators and freezers are produced
annually. An estimated 1500 to 1800 million units are now installed globally.
Conversion of all new production domestic refrigerators and freezers from
ozone-depleting refrigerants is complete; non-Avrticle"5-.countries completed
conversions by 1996, Article 5 countries by 2008. 63 percent of current new
production employs HFC-134a refrigerant and 35.5 perqaent‘*"bmploy
hydrocarbon refrigerants, either HC-600a or blends of KC-600a and HC-290.
Two industry dynamics of interest are second-generation/migration from
HFC-134a to HC-600a and preliminary discussions %f unsaturated
fluorocarbons (HFOs)* to displace HFC-134a us.ag@“.i Each of these dynamics
is motivated by global warming considerations. \

Migrations from HFC-134a to HC-600a began several years ago in Japan.
This has progressed to include the majority of new refrigerator production in
Japan. A major U.S. manufacturer an_ér,,]\o;hmed the intent to introduce
refrigerators using HC-600a refrigerant./ CEdes and standards modifications

and approvals are currently in process ahq,,u ommercial introduction is
expected in 2009. Theoretical assgs’?smé‘"h"'t of the performance of unsaturated
HFCs indicates these have the poténtialﬂjfor comparable efficiency to HFC-
134a in domestic refrigerators. Sinc‘ew_ﬁng-term reliability expectations for
domestic refrigerators are significantly more demanding than for the
automotive use for which these HFGCs are being proposed, numerous
application criteria need to be assessed before these refrigerants can be

considered viable alternatiy'e&gﬁ

Not-in-Kind (NIK) refrigeration technologies continue to be pursued for
applications with unique drivers such as portability or no access to electrical
distribution networks. No-identified technology is cost or efficiency
competitive with conventional vapour-compression technology for mass-
produced domestic re\frigg?'ation equipment.

--------- i

! Newly developed (low GWP) unsaturated HFCs are normally defined by the chemical
manufacturers as “HFOS"W'V"(Hydro—fluoro—olefins), derived from “olefins”, the historic name for
unsturated hydrocarbons. , This in order to separate them from the common “HFCs”. The
nomenclature issue is fur[%er addressed in Annex 2 of this report
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Conversion of existing units to alternative refrigerants requires a significant
fraction of new product cost and has not been successful. Field service
procedures typically use originally specified refrigerants. Final ODS
refrigerant production units in developed countries are now approaching the
end of their life cycle and service demand for the legacy refrigerants is
vanishing. Service demand for these legacy refrigerants in developing
countries is expected to remain strong for at least a decade as a result of the
delayed conversion of new production.

Relative energy efficiency provides a direct nexus to}‘relative global warming
behaviour for domestic refrigeration products. Energy labelling and energy

regulations are widely used to promote improved product energy efficiency.
Options to cost-effectively improve product energy efficiency have been
thoroughly validated, but require capital funds to inllplement. Additional
options with reduced economic justification have also been validated.

; /
In commercial refrigeration, the number of supermarkets world-wide is
estimated at 530,000 in 2006 (with sales areas varying from 500 to 20,000
m?). The population of vending machines,/stand-alone equipment, and
condensing units are estimated at 20, 32, and 34 million units, respectively. In
2006, the refrigerant bank was estimated at 547,000 tonnes and it is split over

the refrigerant types CFCs (30%), |;J1CFCS (55%), HFCs (15%) and others;

hydrocarbons or CO, are still rqpre?seugﬂfting a non significant share in this
sector. Due to high refrigerant/leakage rates, commercial refrigeration causes

i

more refrigerant emissions in'terms of CO, equivalent (considering the GWP
of the CFC and HCFC refrigeranz__st than any other refrigeration application.
For stand-alone equipment, HFC-134a fulfils the technical constraints in terms
of reliability and energy perqumance. However, if the GWP of HFC-134a is
considered prohibitive’in relﬁion to HFC emissions that could occur, either
(1) a very stringent policy for recovery at end of life has to be implemented or

developed countries and no refrigerant has been considered a unique solution
to replace HCFC-22. /Intermediate HFC blends such as R-422A or R-427A
retrofit. Moreove'ﬁf: the future of a high GWP refrigerant blend such as R-
404A is seen awwu-ﬁcertain, especially in Europe. Currently, several hundreds
of new indirect systems have been installed in Europe using CO; at the low-
temperature Iev“'él either as a heat transfer fluid or as a refrigerant. For the
medium-temperature level, where the larger portion of the refrigerant charge
is present, the main choice for new systems still is R-404A, however,
hydrocarbons or CO, are applied in several European countries. The
refrigerants of the future are still under evaluation in this commercial

May 2009 TEAP XX/8 Task Force Report 11



refrigeration sector because there is not one single candidate that can be used
safely for all climatic conditions and all temperature levels, at the same time
having a low GWP, high energy efficiency and safe.

In large refrigeration systems, particularly in the industrial sector, ammonia
has been much more widely used than in other sectors, and the
hydrochlorofluorocarbons and hydrofluorocarbons are generally restricted in
use to applications where ammonia in not suitable, usually due to concerns
about toxicity. In these limited applications it has been relatively easy for
designers to adapt to other “natural” refrigerants”; in particular carbon
dioxide, usually in cascade with a reduced charge HFC system or ammonia or
a hydrocarbon. Industrial systems usually require-a_ bespoke design whichever
refrlgerant is used and hence the compIeX|ty and add\tl‘onal effort requwed to

or domestic sectors.

For chillers with reciprocating, screw, and scroll%omﬁressors HCFC-22 is
being succeeded in newly-designed equigment. bM HFC-134a or R-410A. R-
407C has been used as a transition refrigerant for equipment designed for
HCFC-22. Some chillers are available with R- 717 (ammonia) or hydrocarbon
refrigerants (HC-290 or HC-1270). Such chluubrs are manufactured in small
quantities compared to HFC chillers of similar capacity and require attention
to safety codes and regulations because of flammability concerns and, in the

case of R-717, toxicity concerns.  ( /

Few chillers with centrifugal comy ressors employed HCFC-22. When CFC

refrigerants were phased out, HFC;)?% and HCFC-123 were the refrigerants
h

used in this class of equipment.  These refrigerants continue to be used in new
equipment. R-717 is not sm;able or use in centrifugal chillers. Hydrocarbon
refrigerants are so far mainly used’in centrifugal chillers in industrial process
applications. Chiller refrigerants proposed as alternatives to HFCs include R-
717, hydrocarbons, carbon dioxide, and new unsaturated HFCs such as HFC-
1234yf. R-744 (carbon dioxide) has rather poor energy efficiency for chiller
applications in warmer and hot climates. HFC-1234yf and similar low GWP
refrigerants are too recent to allow assessment of their suitability for use in
chillers. )

For mobile air conditioning systems there are basically three refrigerant
options still under congideration, R-744, HFC-152a and HFC-1234yf. They
have GWPs below the 150 threshold and can achieve fuel efficiency
comparable to existing HFC-134a systems. Hence, adoption of either would
be of similar environmental benefit. The decision of which refrigerant to
choose would have to be made based on other considerations, such as
regulatory approval, cost, system reliability, safety, heat pump capability,
suitability for hybrid electric vehicles, and servicing. Industry work is
focused mainly on HFC-1234yf and R-744 and the choice must be made soon

12 May 2009 TEAP XX/8 Task Force Report



to meet the EU regulation. Regulations are also under development in the
USA that will encourage the use of a new low GWP refrigerant in the USA
starting in 2012.

There is an industry preference to choose one refrigerant for vehicles sold in
all markets world-wide but given the number of potential replacement options
it appears to be likely that there will be at least two refrigerants in the global
automotive marketplace in the near future, in addition to the residual use of
CFC-12 and HFC-134a as global phase-outs continue.

The main polyurethane (PU) sectors currently-using HFCs are rigid insulating
foams and erX|bIe |ntegral skin foams. Hydrocarbon (HC) technology has
with the exception of spray where safety becomesu,. critical issue. Refining of
HC technology has largely closed the gap in thermal performance with HFCs.
Current HC technology is not economic to apply in‘small and medium
enterprises because of the high equipment conyersion cost to ensure safe use.
Pre-blended or directly injected hydrﬁoarbons may play a role for these
enterprises but a rigorous safety evaluation WI|| then be needed.

S

available alternatives that reqUIre II performance validation, including foam
physical properties and fire performance testing. Unsaturated HFCs are
emerging as potentially alt?ernaﬁe blowing agents. Their evaluation of
toxicity and environmental impact as well as foam properties performance still
needs to be completed. Commermal supply is expected to take a minimum of
2 years, except for HFC 12342e which is already commercially available for
one-component foamyln the EU.

Foams compete with dlfferent types of materials in thermal insulation and
other applications.-Mineral fibre (including both glass fibre and rock fibre
products) continues to be the largest single insulation type with cost being the
primary driver for seLectlon.

The demand for
insulating XPSBgfoams and significant capacity is already in place for these
foams in China and elsewhere in Article 5 countries.

Non-Article 5 countries have almost totally eliminated HCFCs in rigid

insulating foams, particularly in Europe. In summary, XPS can use of HFCs,
CO2 and/or water in place of the HCFCs 22 and -142b.

May 2009 TEAP XX/8 Task Force Report 13



In Article 5 countries, HCFC-142b and/or HCFC 22 still are the preferred
choices and growth in their use has been driven by the large number of XPS
plants in operation in, for example, China, Middle East and Eastern Europe.
North American XPS board producers are still on course to phase out the use
of HCFCs by the end of 2009. The alternatives of choice are likely to rely on
combinations of HFCs, CO,, hydrocarbons and water. In China, work is
being carried out by the equipment suppliers to modify existing units to
introduce CO; into the extruder. Given the continuous growth of XPS foam in
Article 5 countries and with the accelerated HCFC phase-out, demand and
supply for HCFCs are likely to become pressing issues sooner rather than
later.

Owing to the long lead times for testing, approval aﬁ?f‘rnar_;ket acceptance

of new fire protection equipment types and agents, only minor changes in
use patterns have occurred since publication of the Special Report on Ozone
and Climate (SROC). The main driving force in the choice of fire protection
systems still appears to be based on three main fag’tors (1) tradition, (2)
market forces and (3) cost. | O

ml"E}

Since the SROC, two new technologies have been developed in the fire
protection area. Both of these technologies qy’b characterised as Not-in-Kind
and may represent a growing trend within fire protection total flooding system
research and development. It is too early to determine the pure market effect
of the recently developed not-in-kind gystems. Their impact may reach the
broader halon market or traditional in-kind substitutes may well limit

their impact to replacing only ot_pjér r;e-tfin-kind alternatives.

\
No additional truly new options a?)}kely to be available in fire
protection in time to have appreciable impact over the next 10 years. A
possible singular exception is a potential halon 1211 replacement that had
been under development some years back but was then abandoned. Since
much of the developmental work has already been completed, the agent has
the potential to have appreciable impact within 5 or so years from restarting
developmental efforts. .~/

Unpublished data onthe eﬁfmssmns of halon 1211 and 1301 for North Western
Europe, using the methodology described by Greally in 2007, show

that emissions of both halon 1211 and 1301 either remained relatively
constant orincreased during the period when non-critical halon systems

had to be remaved from service and halons had to be properly disposed of in
accordance with European Regulation (EC) No. 2037/2000. For both halon
1301 and halon 1211 the estimated installed base within Europe appears

to be much larger/than the reported quantities contained within the

European Union Critical Uses.
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In solvent applications, most of the ODS solvents like 1,1,1-trichloroethane
(TCA) and CFC-113 have been in principle replaced by Not-In-Kind
technologies. Therefore, the HCFC and HFC (replacement) solvents are not
part of the most important developments in the solvent sector. However,
HCFC-141b use as a solvent is still increasing in Article 5 Parties, but this
chemical will be replaced by chlorinated (non MP controlled) solvents and
other, Not-in-Kind technologies in the near future, applying appropriate safety
considerations. HCFC-225 and some HFC solvents such as HFC-43-10mee,
HFC-c447ef, HFC-245fa and HFC-365mfc have been used where non-ODS
solvents were or are not available, in particular in'solvent operations in non-
Article 5 Parties. Some hydrofluoroethers (HEEs) could be replacement
options for these HCFC and HFC solvents. e g
nﬂu

Inhaled therapy is essential for the treatment of pqﬁ]ﬂents with asthma and
COPD and the numbers of inhalers used world-wide, is increasing steeply. It
is projected that metered does inhalers (MDIs) |Ilﬂse ~7000 tonnes of HFCs
by the time the CFC transition will be completed in 2015. This will entail
significant technology transfer to deﬁopmg countries for local manufacture
of affordable HFC MDls, with financial support from the Multilateral Fund.
However, local manufacturers in developmg countrles could SWItCh to Dry
drugs, and could replace the majorlty of propellant MDls. Patients find them
easy to use, and with local manufacjhne they are affordable.

iy

f
In fire protection, banks of halons- Me expected to decrease much slower than
was expected in the 2005 Supplement, whereas it should be noted that halon
emissions are expected to be lower than predicted in the Supplement Report in
2005 (e.g., 50% lower in the year 2015). Emissions of HCFCs (and PFCs) are
in the range of 100-130 ktonnesCOz equivalent. However, emissions of
HFCs are predicted to be substantlally larger, about 4-6,000 ktonnes CO;
equivalent in the peri 20154L2020 (for comparison, emissions of HCFCs and
HFCs in refrigeration,and aET conditioning are both predicted in the 400-
600,000 ktonnes CO, equ»l__valent range during the period 2015-2020).
In refrigeration and air conditioning, the banks that are currently estimated
for the year 2015 in a business as usual (BAU) scenario are not much different
from the ones estlmatﬂd in the year 2005. They are lower for specifically
HCFCs (10%) and HFCs (25%) in stationary air conditioning. Emissions for
the world total at 8ﬁ3 ktonnes for all refrigeration and AC sectors for all
chemicals in th? year 2015, being 1.4 Gtonnes CO; equivalent in this BAU
scenario. ﬂﬂ’

If one compares the global banks (in the BAU scenario) between 2015 and
2020, the total HCFC bank is estimated to decrease, whereas the HFC bank is
estimated to increase by about 30% in this five year period. A similar
tendency can be observed in the emissions. HCFC emissions from the
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different subsectors generally decrease, with an average decrease estimated
for all sectors of 7% between 2015 and 2020. Where it concerns the HFC
emissions, growth is estimated in the BAU scenario between 4 and 63% in the
different subsectors with a growth of 21% over all sectors.

In the BAU scenario, emissions for Article 5 countries total at 502 ktonnes for
all sectors in the year 2015, this being 0.787 Gtonnes CO; equivalent for 2015
(this would be about 60% of the global total, which implies that the largest
amount of emissions originate from Article 5 countries in the year 2015). If
one compares the emissions between 2015 and 2020 in Article 5 countries,
total HCFC emissions are estimated to not further increase (where there is
estimated a sharp decrease in Non-Avrticle 5 countries). At the same time, the
HFC emissions are estimated to increase by about 2@/6"inthis five year period

(mainly in the domestic, industrial and stationary air ¢onditioning sector).

In a MIT (mitigation) global scenario, HCFC emissions from the different
subsectors generally decrease, with an average de}reaf%e estimated for all
sectors of 17% between 2015 and 2020 (¢compared to a 7% decrease in the

....... s

BAU scenario for the same period). Rélated to HFC emissions, growth is

estimated in the mitigation scenario between -#?6% and 50% in the different

uuuuuuuu

HFC emissions for the BAU scenario). Emissions for the world total at 610
ktonnes for all refrigeration and AC sectors for all chemicals in the year 2015,

being 1.0 Gtonnes CO; equivalent in tﬁeMIT scenario. This is expected to
decrease to 0.92 Gtonnes CO; equivalent by 2020.

In the MIT scenario for Article 5 countries, HCFC emissions from the
different subsectors are generally y};cted to decrease between 2015 and
2020 (+15% to -40% dependrent on the subsector), with an average decrease
estimated for all (HCFC) subsectors of 10%. Where it concerns HFC
emissions, growth is estimated over the period 2015-2020 in the MIT scenario
in several sectors, with amodest increase of about 16% % in the mobile AC
subsector between 2015/and 2020. Totalled over the different subsectors this
yields an increase of 26-30% in HFC emissions (30% in tonnes and 26% in
CO, equivalent); for comparison, HFC emissions in Non-Article 5 countries
are expected to remain.yijcwp?ually the same during 2015-2020.

Overall, however,gfbtalﬁémissions in the MIT scenario in article 5 countries
are expected to decrease by about 5% between 2015 and 2020, with a

With a significant market penetration of low GWP technologies, and good
containment poligies, it may well be that HFC emissions will stabilise in
Article 5 countries in the 2020-2030 decade. This would be contrary to the
growth sometimes considered as the tendency for HFC emissions in these
Article 5 countries for the decades after 2020 (up to 2030-2040). It may be
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expected that this could result in a further decrease of total emissions (CFC,
HCFC and HFC) after 2020.

A more accurate estimate can be made in 4-5 years when the market
penetration of different low GWP alternatives will be more accurately known,
related to the development of various HCFC replacement technologies in

refrigeration and air conditioning (following the accelerated HCFC phase-out
schedule in the Article 5 countries).

nnnnnnnnnnnn

b ‘-wumlﬂ‘ﬂr

May 2009 TEAP XX/8 Task Force Report 17






2.1

Introduction

The Process

Decision XX/8 mentions

“To request the Technology and Economic Assessment Panel to update the
data contained within the Panel’s 2005 Supplement to the IPCC/TEAP
Special Report and to report on the status of alternatives to
hydrochlorofluorocarbons and hydrofluorocarbons, including a description of
the various use patterns, costs, and potential market penetration of

alternatives no later than 15 May 2009;” - \

TEAP established a Task Force to report on varlou%& alternatlves and to deliver
and update of the data contained in the Panel S 20(55 Supplement Report.

The report describes (all known) alternatlves fcﬂk HCFCs and HFCs for the
specific sectors and sub-sectors (stat andasec{or market penetration, costs
where available, energy efficiency (TEWI, LCA) in a relatively small number
of pages per chapter, while focusing on the 99% mainstream.

TEAP is aware that other alternatives to ODS, that are not HFCs, may have a
significant GWP. For instance, Lh s been some debate on the
contribution of sulfuryl fluoride, SO %g (an alternative to methyl bromide) to
global warming due to a recently assessed high GWP (> 4,000). This issue is
currently being analysed by the Science Assessment Panel and falls outside
the scope of the work of the Task Force on Decision XX/8. A preliminary
review can be found in the TEAP2009 Progress Report in the progress
chapter by the Methyl Bromide , TOC.

This report starts with a number of chapters on various refrigeration and air
conditioning sub- sect}rs, Chapter Lead Authors here were:
Ed MclInerney (domestic reéfrlgeratlon)(RTOC)
Denis Clodic (commercial refrigeration)(RTOC);
rge size refrigeration)(RTOC);
Fred Keller (unitary air conditioning)(RTOC);
Ken Hickman (chiller,air conditioning)(RTOC); and

Jirgen Koehler (moglle air conditioning)(RTOC).

The next two chapters describe polyurethane foam for insulation and non-
insulation purg&ses and XPS foam; here the Chapter Lead Authors were
Miguel Qumtepp (FTOC) and Allen Zhang (FTOC).

Separate chapters deal with fire protection, solvents and inhaled therapy,

where the Chapter Lead Authors were TEAP members Dan Verdonik
(HTOC), Masaaki Yamabe (CTOC) and Ashley Woodcock (MTOC).
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Reviewing Authors for this report were Stephen Andersen (TEAP), Paul
Ashford (TEAP, FTOC), Steve Bernhardt (CTOC), Nick Campbell (MTOC),
Daniel Colbourne (RTOC), Sukumar Devotta (RTOC), Martin Dieryckx
(RTOC), Bill Hill (RTOC), Mike Jeffs (FTOC), Michael Kauffeld (RTOC),
Lambert Kuijpers (TEAP, RTOC), Andrew Lindley, Per Lundqvist, Petter
Neksa (RTOC), Roberto Peixoto (RTOC) and Jiirgen Suss.

All efforts (drafting, reviewing, and finalisation of the report) have been co-
ordinated by Lambert Kuijpers (TEAP). ‘

Annex 1 contains the text of decision XX/8. Annex 2 gives the viewpoint of
the TEAP on the nomenclature of fluorochemicalsz.\Anneg 3 contains the

(for this Annex Lead Authors were Lambert Kuijpers, Paul Ashford, Denis
Clodic and Dan Verdonik). The update includes the (revised) data for the year
2015 (or the period 2002-2015), but it also includes data extrapolated to the
year 2020. /i

st

The Task Force was composed in the course o;f February 2009. First drafts of
chapters were requested by 14 March 2009. ﬂeveral chapters received a large
number of comments in the period 15 March-16 April 2009. A consolidated
draft of the report was composed by 19 April for circulation to all experts

involved, with comments and suggé’"ét;g%n; requested by 22 April 2009.

iy

In order to give a cross-sectoral overview of the potential of unsaturated
HFCs, ammonia, carbon dioxide and}pydrocarbons, it was planned to insert
general overview chapters. Subst@ al efforts were undertaken by some of
the reviewing authors (as chapter Lead Authors) to draft these chapters.
However, it turned out that these ghapters had to rely very much on sector and
subsector information, which made it too difficult to merge both kind of
approaches. After substantial involvement of all Task Force members in
submitting comments and suggestions, TEAP decided to not further consider
in the efforts for the 2010\a§sessment reports.

- A,a»
A new consolidated versii‘m of the report was reviewed by the TEAP at its
meeting, held 26-30 April 2009 in Agadir, Morocco. Comments from TEAP

? Newly developed (low GWP) unsaturated HFCs are normally defined by the chemical
manufacturers as “HFOs” (hydro-fluoro-olefins), derived from “olefins™, the historic name for
unsturated hydrocarbgns. This in order to separate them from the common “HFCs”. The
nomenclature issue is further addressed in Annex 2 of this report
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members were considered for insertion and the report was circulated to the
Task Force members again for several rounds of comments and suggestions

The final report was submitted to UNEP by 25 May 2009.

lmlum
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3.1

3.2

3.2.1

Domestic Refrigeration

Background

Most domestic refrigerators and freezers are used for food storage in
dwellings and non-commercial areas such as offices. Approximately 100
million units are produced annually.  Storage volumes range from 20
litres/unit to 850 litres/unit. A typical product contains a factory-assembled,
hermetically sealed vapour-compression refrigeration system employing a 50
to 250 Watt induction motor and containing 50 to 250 grams of refrigerant.
The age distribution of the globally installed products is extremely broad with
an estimated median age of 17-19 years at retirement. The long product life
and high volume annual production combine for an estlynated global installed
inventory of 1500 to 1800 million units. il!

«mnlﬂlﬂ

Refrigerant Options C .Jt V

Conversion of all new production domestic refrigerators and freezers from the
use of ozone-depleting refrigerants |{Eomplete Non-Avrticle 5 Parties
completed conversions by 1996, Avrticle 5 Parties by 2008. The conversion of
existing units to alternative refrlgerants requwes a significant fraction of new

New Equipment Options /Y

iy

About 63 percent of current new proq@ctlon of domestic refrigerators and
employ hydrocarbon refrlgerants The remaining 1-2 percent employs either
HFC-152a or HCFC-22, presum_vggly due to regional availability. HC-600a is
the primary hydrocarbon refrigerant used. Blends of HC-600a and HC-290
are used in some cases. These blends allow matching the volumetric capacity
of previously used refrlgeranﬁ,ﬁ (e.g., CFC-12) to avoid capital investment to
retool compressor m?‘rﬁuéactgrlng These blends result in a small reduction in
refrigerator energy efficiency. Either HFC-134a or HC-600a deliver
comparable energy efficiency with design variation providing more difference
than the refrlgerant selection. Two industry dynamics of interest are partial
second-generation migration from HFC-134a to HC-600a and current
preliminary suggestlons of the use of low GWP unsaturated fluorocarbons to

replace HFC-134a.

Migration of autognatic defrost new production refrigerators from HFC-134a
to HC-600a is Mﬁ‘(’)*iivated by global warming considerations. The change
began in Japan and has progressed to include the majority of new refrigerator
production in Japan. A major U.S. manufacturer recently announced an intent
to introduce auto-defrost refrigerators using the HC-600a refrigerant. Codes
and standards modifications and approvals are currently in process and
commercial introduction is anticipated in 2009.
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Chemical manufacturers developed low GWP unsaturated HFC compounds
for automotive air conditioning use. The theoretical assessment is that HFC-
1234yf has the potential for comparable energy efficiency to HFC-134a in
domestic refrigerators. Long-term reliability expectations for domestic
refrigeration use are significantly more demanding than for automotive
applications. Numerous application criteria need to be assessed before this
refrigerant can be established as a viable alternative candidate in this sub-
sector.

3.2.2 Service of Existing Equipment

Field service procedures typically use originally specified refrigerants.
Acceptance of refrigerant blends developed for service use has been good
where mandatory service regulations promote their use. Various blends are in
use. Their selection appears to be more related to dlstrlbutlon strength than to
technical considerations. - }

‘ i

Article 5 countries completed new equgpﬁhent (OHéM) conversions
approximately 15 years ago. The final productlon legacy products are now
approaching the end of their life cycle and SEWICG demand for legacy
refrigerant is vanishing. In Article 5 countn@% the service demand for legacy
refrigerants is expected to remain strong for at least a decade because of the
delayed conversion of new productions Limited capital resources also favour
a rebuild during service options in rflcle 5 countries versus the replacement
by new equipment. This exacerbates the situation by further retarding
conversion of the installed base to ne\}\}' production units. This rebuilding also
voids an opportunity to significantly bmprove product energy efficiency of the
installed base.

3.2.3 Not-In-Kind Alternative Technologies

Alternative refrigeration technologies continue to be pursued for applications
with unique drivers suchyas portability or no access to electrical energy
distribution network. Techn logies of interest include the Stirling cycle,
absorption cycle, thermoelectrlc refrigeration (Peltier), magnetlc cycles etc.

vapour-compression tec;mology for mass- produced domestic refrigeration
equipment.
3.24 Product Energy Effl'é'lency Improvement Technologies

Relative energy e@;fﬂuency provides a direct nexus to the relative global
warming potentiei!é_ of refrigeration technology options. Energy labelling and
energy regulations are widely used to promote improved product energy
efficiency. Various energy test procedures have the intent to relate to
consumer energy consumption. Each test procedure is unique. Results from
one should never be directly compared to results from another. Significant
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technical options to improve product energy efficiency have already
demonstrated mass production feasibility and long-term reliability. Both
mandatory and voluntary energy efficiency initiatives have catalysed industry
product efficiency development efforts. Extension of these to all domestic
refrigerators would yield significant benefit, but requires availability of capital
funds. Additional technical options for significant energy efficiency
improvement presently have limited application. These premium-cost options
are restricted to high-end models or require supplemental incentives to
proliferate their use at this stage of maturity. Options include variable speed
compressors, adaptive controls, dual evaporators and improved thermal
insulation.

o

3.25 Refrigerant Annual Demand Y,

»
Domestic refrigeration annual refrigerant demand'"'“lj’s not reported but can be
estimated using reasonable assumptions. %igure B-yillustrates the refrigerant
selection, the demand and the trend over a 16-y}3ar span for new refrigerator
production. </

Figure 3-1 OEM Refri%era’[or Demand
J
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Data are not available to reasonably predict global refrigerant demand for
field service. Crude estimates suggest a 3 to 5 total ktonnes annual global
demand. Approximately one-half is estimated to be legacy refrigerant and the
remaining one-half is expected to be currently used refrigerants to service new
production units. The demand trend is expected to be stable because of the
high inertia inherent in the large installed base. Service refrigerant demand is
expected to continue to be for originally specified refrigerants: primarily
CFC-12 for legacy product and either HFC-134a or HC-600a and HC-290 for
new production. Mandatory service regulations could promote the use of
refrigerant blends for service and reduce emissions of ODS refrigerants

through CFC-12 use reduction.

3.2.6 References o
O
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4.1

4.2
421

Commercial Refrigeration

Refrigerants in use in commercial refrigeration

Commercial refrigeration includes three different categories of systems: stand-

alone equipment, condensing units, and supermarket centralised systems. The

structures of those three categories are different and the refrigerant choices

depend on the refrigerating capacity: ;

= for stand-alone equipment, HFC-134a is the dominant refrigerant, replaced
by HC-600a in some water fountains and by HC-290 in other equipment
types such as ice cream freezers. Y

= for condensing units and centralised systems, the dcﬁninant refrigerant is
HCFC-22, which has been replaced in new cenﬁrali@ed systems by R-
404A, and is replaced by several “intermediate” HFC blends designed for
the retrofit of current installations. = ~ /

The number of supermarkets world-wide is estﬁfamated at 530,000 in 2006
covering a wide span of sales areas varying\from 500 m? to 20,000 m%. The
populations of vending machines, stand-alone equipment, and condensing
units are evaluated at 20.5, 32, and 34 million units, respectively. In 2006, the
refrigerant bank was estimated at 547,000 tonnes and it is split as follows:

= 60% in centralised systems; ;'ﬂ'y‘

= 33% in condensing units, and / )

" 7% in stand-alone equipment.  /

The estimate of refrigerant types sharing in 2006 is about 30% CFCs, 55%
HCFCs, and 15% HFCs. ‘a"
/

Due to high refrigerant leakage rates, commercial refrigeration causes more
refrigerant emissions in terms of CO, equivalent (considering the GWP of
CFC and HCFC refrigerant) than any other refrigeration application when the
GWP of CFC and HCFC refrigerants are accounted for. The total emissions
expressed in CO; eqdvfie@’i are about 584 million tonnes. Centralised
systems with long piping-circuits have led to large refrigerant charges (300 to

years, a number-of technical improvements have been made to limit
refrigerant emissions’and their environmental impact, and to reduce the
refrigerant charge by developing indirect systems and using refrigerants with

lower GWP.~

‘a.uunw--@f

Refrigerant C}ptions for New Systems
Stand-alone Equipment

Stand-alone equipment integrates all refrigerating components within its
structure. They are also called plug-in systems because the only thing to be
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4.2.2

done for their installation is to insert the electric plug into a socket. Stand-
alone equipment, including freezers and all kinds of small equipment, are used
extensively in many Article 5 countries. It has to be underlined that for most
of those systems, the refrigerating circuit is virtually hermetic and emissions
during the entire lifetime are very low. The refrigerant release takes place at
the end of life and containment policy has to be efficient for the
decommissioning phase, implying an efficient recovery scheme to be
necessary.

The majority of stand-alone equipment is based on HFC-134a technology but
for low-temperature equipment R-404A can also be used. The small
refrigeration capacity has led to the use of hydroceu:bons keeplng usually the
refrigerant charge under 150 g. \

In water fountains, some large beverage companies have switched from HFC-
134a to isobutane (R-600a). For ice-cream freezers, a growing proportion of
equipment has been converted from HFC-134a tcﬁpropane (HC-290). For
larger systems such as vending machines; CO; h@,é been chosen as the
refrigerant, the main reason being the &3/0|d|ngwa large charges of flammable
refrigerants; this at the cost of a lower perforrqance at higher ambient

temperatures. J

uuuuuuuuu

In summary, HFC-134a fulfils the technical constraints in terms of reliability
and energy performance for stand-dlone equipment. When the GWP of HFC-
134ais considered prohibitive in relafiorito the HFC emissions that could
|mplemented or (2) a refrigerant such as HC-600a or HC-290 should be used
as a replacement. The latter prowgaﬂ that the refrigerant charge can be kept
below certain (acceptable) Ie)(els any equipment manufacturers have
accepted the recommendation of 150 g of hydrocarbons per piece of
equipment as the reference limit, CO, is also being introduced here,
particularly in moderate glimates even with uncertainties regarding the
performance in relation 1o th fnvestment and regarding the operating costs in
comparison to the ones for other refrigerants. It is estimated that all
refrigerants banked in sténd alone equipment represent an amount of about
38,000 tonnes globalty.

Condensing units’ VA

Condensing units, comprising the second group of commercial refrigeration
equipment, are composed of: one (or two) compressor(s), one condenser, and
one receiver assembled into the condensing unit, which is located external to
the sales area. The refrigeration equipment consists of one or more display
case(s) in the sales area and/or a small cold room. Systems using condensing
units are installed in many Article 5 countries. New equipment can use HFC-

134a, HCFC-22, R-404A, R-407C, R-507, other HFC and HCFC blends, and
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4.2.3

HC refrigerants. HFC-134a, HCFC-22 and R-404A are the dominant
refrigerants. The refrigerant charges vary from 500 g up to 20 kg. HFC-134a
is only used for the lower capacity part of this segment; if the refrigeration
capacity is larger than 2 kW, HCFC-22 or R-404A are chosen because the
large cooling capacities of these refrigerants lead to lower initial costs. The
usual choices are not different in comparison to large commercial
refrigeration, but the cost constraints are strong, and therefore the design of
condensing units has to remain simple. Although in the ranking it is not the
high priority candidate, CO- is definitely offered as a possible option for this
type of equipment. It should be noted that in Northern Europe, HC-290 or
even HC-1270 are used as refrigerants. However, this has not been the choice
over the last decade since the globally installed basestill uses HCFC-22, and
mainly R-404A in Europe. All refrigerants banked, in condensing units are
estimated to be in the order of 180,000 tonnes. .,,,m‘ﬂ)

. 4
Centralised Systems (S /

Centralised systems use racks of co gessor.s:g.i%stalled in a machinery room.
A number of possible designs exist; some are more used in certain countries
such as distributed systems in the USA. |

Direct expansion systems

The dominant design is the direct expansion centralised system: the
refrigerant circulates from the mac néry room to the sales area, where it
evaporates in heat exchangers mstallga@ in display cases, and then returns as
vapour to the compressor racks. The refrigerant piping may extend from one
to several kilometres. In the mach@nery room, racks of multiple compressors
are installed with common suctﬁi;)gg‘a and discharge lines, and each rack is
associated with an air-cooled condenser (in a few cases a water cooled
condenser can be used). Specific racks are dedicated to low temperature and
others to medium temperatur%cycles.

an

For low temperature 35 t@ -38°C evaporating temperature), the refrigerant
has been R-502, a blend of CFC-115 and HCFC-22; it has been W|dely used in

the HCFC-22 bgnkedgln those systems amounted to about 328,000 tonnes.
The emission rates vary significantly dependent in a first instance on the size
of the food sales area; the larger the number of display cases, the higher the
emission rate, for the same type of containment policy. The annual emission
rates vary fror’quuﬂ'15 to 35% in non-Article 5 countries, and can even be larger
in Article 5 countries; those emission rates have to be analysed during a
period of seve { years before one is able to draw definitive conclusions. The
only way to avoid anecdotal references is to make cross-checks with the sales
of refrigerants; this indicates at emissions in the range of 15-20% for small
supermarkets and in the range of 20-30 % for large ones. These numbers are
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valid for most developed countries (except for the Netherlands due to its
specific regulation).

Direct systems using CO, (R-744) as a refrigerant in either a trans-critical or
subcritical cycle have been introduced in several countries, mainly in Europe.
CO, offers very good properties for heat recovery, which is often desirable in
supermarkets for a substantial period of the year, even in climates with higher
outdoor ambient temperatures. This then contributes to an overall favourable
energy efficiency for these types of systems.

In order to drastically limit refrigerant charges, which vary from 300 kg to
3,000 kg depending on the size of the supermarket, two series of designs have
been introduced over the last 10 years: distributed sys\tems and indirect
systems. e W

Distributed systems

The layout of supermarkets in the United States p\%eseﬁts common and unique

characteristics for many of them. Dairy and deli ﬁroducts as well as meat are

put in display cases around the sales area, and. not displayed on long aisles.

This lay-out makes installing distributed systems an easy job; these systems

are characterised by : uﬂ,m

= compressors installed in sound-proof boxes near the display cases,

= water condensers also installed i in the boxes, which release their heat
structure as air cooled condensers.

The refrigerant charge is reduced by about 30-50% depending on the design.

Nonetheless, the market share of sup?rmarkets with this concept is limited and

has not spread out of the U.S. Jﬂ

Indirect systems { 'V

Indirect systems have been mtroduced in Europe first. They are composed of

two or three circuits: ¢

= the primary circuit where tﬁe refrigerant is contained in the machinery
room and where the alrwgﬁndensers are usually located on the roof of the
supermarket. The refrigerant evaporates in a primary evaporator and cools
a heat transfer fluid (hWF also called “secondary refrigerant™).

= once cooled, the HTF is pumped to the display cases where it absorbs heat
in an air heat efxcham'ger which cools the air, and is then transported back
to the primary heat/exchanger.

= the other sepondqry loop equipped with another heat transfer fluid (also
called a coolant fluid) is used in the system to transport the heat rejected
from the condensers in the machine room, to the dry-air coolers on the
roof.
The long circuits between the machinery room and the display cases do not
contain any refrigerant but only secondary refrigerant (HTF); the refrigerant
charge in the total circuit can therefore be reduced by at least 50% to 80%.

.
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In Northern European countries, especially in Denmark, Sweden and, to a
lesser extent, in Germany and the UK, non-HFC refrigerants have been
introduced over the last 10 years. Where the use as a primary refrigerant is
scarce for ammonia (R-717), hydrocarbons (HC-290 or HC-1270) are more
often selected as the primary refrigerants for the refrigerating system installed
in the machinery room. The refrigerant charge of R-717 as well as the charge
of hydrocarbons can be reduced by 90% compared to the usual HFC
refrigerant charge because of the higher latent heat of vaporisation (in the case
of ammonia) and related to the specific design for hydrocarbons. CO; (R-
744) is not only used as a HTF but also as prlmary refrlgerant in cascade
systems. e i
C \ rl“‘B
The share of those non-HFC refrigerating systems,n.jhn the total is difficult to
establish precisely and is estimated to be 5% of the installed base of
centralised systems in the countries it concerns]l
§ ,ql
Many indirect systems have also beeﬁdesrgh’ed using R-404A as the primary
refrigerant in the machinery room.  With the reduction of the charge, the
reduction of the environmental impact V|a the reduction of HFC emissions is

significant.

Well-designed indirect systems can;t") as efficient as direct systems due to
better heat exchange in the air coils nt?the display case. However, heat
transfer fluids used in indirect eysterr‘l"s need special attention, especially at
low temperatures where the pumping power may become excessive because
of increased viscosity; the pumps have to be carefully chosen in order to avoid
a significant increase in energyﬁ)nsumptron in that case.

gy

For indirect systems, CO; can’p.be used as a heat transfer fluid and as a
refrigerant. The use of CO, g@ a HTF is mainly done for low-temperature
display cases and col réom% A unique characteristic of CO, as a HTF is that
it can partially evaporate m the display-case evaporators, with two-phase flow
entering the prrmary evaporator This evaporatron scheme is very effrcrent no

power is not S|gn|f|cant due to the low viscosity of the CO.. Takrng into

account the tota?energy consumption of all components, the energy efficiency

of the low- temperature CO; based indirect system can be as good as the

energy consu_mptron of a direct expansion system.

For the mediurh temperature levels, several HTFs are competing:

- CO; (scarcy”ly used due to its high pressure level in the range of 2.5 MPa);

- MPG (Mono-Propylene Glycol, actually “propylene glycol™), still the
most common, and

- different blends of acetate and formate potassium with water.
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Ice-slurry, which consists of a blend of “soft” ice and MPG, is still in its early
development, the cost of the soft ice generator still being high.

Cascade systems
CO; is used as a refrigerant in the low-temperature stage with an evaporating
temperature around -35°C and a condensing temperature at the -12°C level,
keeping the pressure tubing and the components below the 2.5 MPa pressure
threshold for current technologies. The condensation of this CO, low-
temperature stage rejects its heat either directly in an evaporator / condenser
or to a heat transfer fluid circuit. The condensation heat produced by the CO,
system is therefore delivered at the medium-temperature stage and then
released outdoor by the medium-temperature vapour compression system.
These concepts have been used in very large supernﬁrkets‘;% and are claimed to

“""“'“'“'ﬂuﬂ,
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Industrial Refrigeration

The large equipment sector, also called “industrial equipment”, covers
refrigeration, heat pump and process air conditioning plants in the size range
of 100kW and upwards, with operating temperatures ranging from -50°C to
+20°C. This does not, however, include large chillers for comfort cooling,
which typically use centrifugal compressors operating on a fluorocarbon
refrigerant, or centralised supermarket refrigeration systems, which use
HCFCs or HFCs.

Large refrigeration systems predominantly use‘ar‘g[kno‘ni‘a as refrigerant unless
there are compelling local reasons to avoid it. The reasons for ammonia’s

popularity are the relatively low capital cost for thé}equﬁpment combined with
its excellent operating performance. In some coumﬁries, for example the
United States of America, the industrial sector was slow to shift to CFCs in
the post-war era, and so retained a large stock f ammonia equipment. In
Europe there was a greater shift away from ammonia from 1970 onward,

particularly to the CFC based blend Rf502,:.yvhich was well suited to small,
simple packaged systems. The phase-out of CFCs prompted a shift to HCFC-
22 in some systems, but for low temperature applications plant this refrigerant
was generally less reliable. In other cases a swift return to ammonia could be
observed, but that applied to modern systems, characterised in comparison to
traditional ammonia plants as requiring less refrigerant charge, and with a
more automated operation. National ﬁﬁarkets within Europe responded
differently to the CFC phase-out. ,Scfﬁlndinavian countries, the United
Kingdom and the Republic of Ireland returned to ammonia relatively easily.
France, Italy and Spain used more/HFC equipment in the industrial sector,
mainly due to higher levels of bureaucracy associated with the ammonia use.
In Central Europe, including Ggrmany, Austria and Switzerland there was a
marked return to ammonia, bl#t not as quickly or completely as in Northern
Europe. However incweaésedgf“estrictions on HCFC use have encouraged that
trend to continue so that, by'the turn of the century, the use of ammonia was
the Russian Federation older ammonia systems are still commonly in use,
however, these are-often in poor condition. Some modern facilities have been
constructed in India and China using ammonia as refrigerant with the
equipment suppied by European or American multinationals. The designs of
these facilities cqnfgrm to European or North American standards but there is
a strong need for qf"r'%going training in operation and maintenance of these
facilities. M.

In Article 5 countries, where the HCFC phase-out is on a slower time-scale

than in the Non-Article 5 ones, the use of HCFC-22 in industrial systems is
still very widespread.
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There is an emerging trend towards the use of carbon dioxide in industrial
systems when direct ammonia systems are not feasible, either in cascade with
low charge ammonia or HFC systems, or in two stage systems with heat
rejection at supercritical pressures. In 2008, a distribution warehouse was
commissioned in Denmark, which provided 1500 kW of cooling capacity in
chill and freezer storage rooms, and delivered about 1200 kW to a local
district heating system from a trans-critical carbon dioxide refrigeration
system. Carbon dioxide is very cost effective when applied in this way,
together with integrated heating and cooling requirements. If this type of
system becomes more common it would be possible that Article 5 countries
that would move away from HCFCs will not use large HFC or ammonia
systems, but will develop carbon dioxide solutions to suit their own
requirements. Carbon dioxide is most suitable in colder climates where it is
easier to make systems as efficient as current installations’using different
refrigerants. Some further equipment development is required if these
systems are to be accepted in warmer climates su%:l as the ones found in

mn

southern Europe, southern United States, Latin America and most of Asia.

; u.m"'
In large petrochemical facilities, WhereTe WhOie facility is engineered to
avoid |gn|t|on sources, hydrocarbons are som imes used. In these systems
efficiency is generally good. Equment can be engineered for evaporatlon
temperatures from -50°C to 20°C by selection of the hydrocarbon; wide-glide
mixtures of ethane and propane, with Ep to 20K temperature glide during the
evaporation and condensation, have bBeen used to further improve efficiency in
auto-cascade systems. Care must’be taken to avoid oil foaming in screw and
reciprocating compressors, because dg{ the extreme miscibility of the
refrigerant in the oil. Jﬂ

iy,
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6.1

6.2
6.2.1

Unitary air conditioning

Description of Product Category

On a global basis, air-cooled air conditioners and heat pumps ranging in size
from 2 to 420 kW comprise a vast majority of the air conditioning market
below 1,500 kW capacity. Nearly all air-cooled air conditioners and heat
pumps manufactured prior to 2000 used HCFC-22 as their working fluid.

Air-cooled air conditioners and heat pumps generally fall into four distinct

categories, based primarily on capacity or application:

= small self-contained air conditioners (wing,ow-.\mouﬁﬁted and through-the-
wall air conditioners); ' ,!F !

= non-ducted or duct-free split residential and c: ymmercial air conditioners;

= ducted split residential air conditioners; and ~ /

= ducted commercial split and packaged air ”%nditioners /UNEPOQ6/.

C

Current Situation
Primary HCFC-22 Replacements

In the developed countries, HFC refrigerants have been the dominant
replacement for HCFC-22 in all ;atjgpries of unitary air conditioners. The
most widely used replacement is§R§41bA, a blend of two HFC refrigerants.
The next most widely used replgace'mw@f]t is R-407C, which is another HFC
blend containing three HFC r@ﬁigg%nts /UNEPO06/. Systems using R-407C
require(d) less redesign than those EUSing R-410A because R-407C exhibits
performance and operational p[@rties very similar to those of HCFC-22.
However, over time the industry has converted more products to R-410A
because of its size, cost and serviceability advantages.

/
Hydrocarbons have been usgiBﬁ in some very low charge applications; including
lower capacity portable rogm units and split system air conditioners /Dev09a/.
The use of flammable refrigerants is limited by current building codes and
product design and safety standards. The international standard IEC 60335-2-
40 describes the limits for use of flammable refrigerants for air conditioners
and heat pumps.-Broader use of hydrocarbon refrigerants in unitary air
conditioners will be much more difficult, because the vast majority of unitary
air conditioners have much higher charge levels than the small portable and
split system-air conditioners where hydrocarbons have successfully applied.

!Bpﬁ“

In addition to ﬁﬂa'rformance (capacity and efficiency), Life Cycle Climate
Performance (LCCP), product safety and the energy efficiency at peak load
need to be evaluated to determine the optimum solution. The energy
efficiency at peak load is important because of the peak electricity demand
that air conditioners impose on the utility grid.
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6.2.3

6.3

Developed Country Status

The transition away from HCFC-22 is nearly complete or well underway in
most developed countries. The phase-out of HCFC-22 in the manufacturing
of new products in the EU occurred in 2004. The phase-out in North America
and Japan is to be completed in 2010; Japan has already phased out the use of
HCFC-22 in nearly all-new products. In North America less than 50% of new
products still utilise HCFC-22; with a complete phase-out of HCFC-22
required in January 2010. While the EU, Japan and North America are the
dominant producers and users of unitary air conditioning products among
developed countries, other developed countries have either already phased out
HCFC-22 or are currently phasing out the usage, production or imports of
HCFC-22 based air conditioners following the trmetame set by the latest
adjustments to the Montreal Protocol. C

Developing Country Status

Most developing countries are continuing to utilise HCFC-22 as the
predominate refrigerant in unitary air corgdrtronrn applications. The two
largest developing country markets arei‘fhlna and India.

Chrna has grown to become the Iargest produrtfer of air condrtroners world-
mcreasrng local market and a growing export market /Wang08/. China
currently has the capability of prodt"'lcrﬁg both HCFC-22 and R-410A air
conditioners. The HCFC-22 air conditioners serve both the domestic and
remaining HCFC-22 export markets, ~while the R-410A products are being
produced primarily for export td?"aevjloped countries.

With the recently approved adjustﬁagnt to the Montreal Protocol (the
accelerated HCFC phase-out; whigh mainly changed the phase-out schedule
for developing countries) developing countries are expected to start to
increase actions regarding the HCFC refrigerant replacement, including the
elaboration of HCFC Phése; ut Management Plans (HPMP) supported by the
Multilateral Fund of the Monﬂ real Protocol.

rrl

Potential HFC Replacements

While R-410A and R- 407C both have zero ozone depletion potential, both of
these refrigerants Frave d high global warming potential Therefore the air
which have lower glgbal warming potentials and/or better Life Cycle Clrmate
Performance. However, the current candidates create new technical
challenges of flammability, toxicity, peak load efficiency and economic
feasibility. Some of the candidate HFC replacements are described in the
following section. It is anticipated that additional candidates may emerge as
research into new low GWP refrigerants continues.
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6.3.2

6.3.3

6.3.4

HFC-32

HFC-32 is one of the primary constituents of both R-410A and R-407C. Itis
a pure HFC, which exhibits higher capacity and efficiency than R-410A.
HFC-32 also has a GWP approximately 29% of that of R-410A, which makes
it a lower GWP alternative to R-410A. HFC-32 has been given an “ASHRAE
A2 flammability” rating with a relatively low flame speed. The flammability
would need to be mitigated in the design of the product.

HFC-152a

HFC-152a has performance and thermo-physical characteristics similar to
those of HFC-134a. It has similar capacity and é‘fﬁeiengy performance to that
of HFC-134a. R-152a has a much lower GWE’“than}L Hlfuﬁ(:-134a, R-410A or R-
407C. R-152a has an “ASHRAE A2 flammability rating”, with a relative high
flame speed. Mitigation of the flammability issues would be more difficult
with HFC-152a than with HFC-32 and could pc ssiMy require limiting the
maximum refrigerant charge or the use, of secoﬁdary loops. In addition,
significant redesign of existing HCFE-22, R=410A or R-407C systems would
be required for them to use HFC-152a.

HFC-1234yf

HFC-1234yf has a very low GWP and thermodynamic performance
characteristics similar to HFC-134a. To date, the primary application for this
refrigerant is targeted to be the EMﬁiC Nﬂéector (see chapter 8). HFC-1234yfisa
lower pressure refrigerant thag?R-é}TﬁA and HCFC-22. Therefore, air
conditioning systems, which almost universally utilise HCFC-22 or R-410A
today, would require significant redesign to utilise this refrigerant. The design
changes (similar to the ones needed for application of HFC-134a) would
include larger displacement compressors, larger heat exchangers, and
modified refrigerant circuiting to match the performance (capacity and

efficiency) of current/l"-’lcg;FCg nd HFC systems.

[ Enauam

Hydrocarbon Refrigeran:ts—
HC-290 (propane) is the most likely hydrocarbon refrigerant to be applied in

close to that of HCFC-22 /Col00/. The most significant issue involved in the

application of propane is addressing its very high flammability rating, “A3".
lllllllllll ,W

Propane haé‘“be%nfapplied in some low charge applications, in less than 500 g

containing porm&b‘le units and in less than 300 g split system units /Dev09a/.

IEC standard 6?335-2-40 has established the maximum charge limits for these

applications.

Safely and cost effectively applying propane to typical unitary systems
requiring significantly higher refrigerant charges will be a significant
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6.4

technical challenge. One approach is the utilisation of a secondary refrigerant
loop. However, this approach has been shown to introduce significant cost

and/or performance penalties.

CO,

CO;, is the ideal refrigerant from the perspective of ODP and GWP. However,
CO, does have an acute toxicity level, which may put restrictions on its use in
occupied spaces. Also, the high critical point temperature of CO; results in
significant efficiency losses when it is applied at the typical indoor and
outdoor air temperatures of unitary air conditioning applications.

Considerable research is being conducted to identify-cycle modifications that
can offset these losses. These cycle modifications generally fall into the
addition of intra-cycle heat exchanger processes and/or the addition of
ejectors or expanders to recover some of the losses of the expansion process.
The addition of efficiency enhancing compoeentgls expected to add
significant cost to CO, systems, resulting,in syste S more expensive to
produce than current HCFC-22 and R- QDA systems

Summary
Currently, the HFC refrigerant blends R- 410A and R-407C are the most
applied replacements for HCFC- 22 At thls moment in tlme the industry is in

new low GWP HFCs. However the evelopment of products W|th these
options is expected to require significant additional research and development.

Therefore, the responsible use of HFCs is the near term solution to achieve the

best LCCP for unitary air conditighers.

iy

4
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7.1

7.2

Chiller air conditioning

Description of Product Category

Comfort air conditioning in commercial buildings and building complexes
(including hotels, offices, hospitals, universities) is commonly provided by
water chillers coupled with chilled water distribution and air handling and
distribution systems. Chillers are used for air conditioning in industrial
processes such as textile manufacturing and printing. In these applications
chillers cool water or a water/antifreeze mixture which is pumped through a
heat exchanger in an air handler or fan-coil unit for cooling and
dehumidifying the air. Chillers also are used for praﬂbvid"?ng chilled water for
process cooling in industrial applications. 8

Types of Chillers
r

Vapour compression chillers: The principal components of a vapour-
compression chiller are a compressor driven by an electric motor (or less
commonly an engine or turbine), two heat exchangers - a liquid cooler
(evaporator) and a condenser, a refrigerant, a refrigerant expansion device,
and a control unit. The refrigeratin circuit in chillers usually is factory
sealed and tested; no connection be%w@en refrigerant-containing parts is
required on site by the installer. Leaks during installation and use are
minimised accordingly. An exception is for very large units for which
compressors and heat exchangeﬁL__;g%re separated for shipping due to large size.
Vapour-compression chillers are identified by the type of compressor they
employ. They are classified as ¢entrifugal (turbo) compressors or positive
displacement compressors. 'Ijnghe positive displacement category includes
reciprocating piston, %rgw, and scroll compressors. Chillers can be further
divided according to their condenser heat exchanger type; water-cooled, air-

cooled, and evaporatively=cooled.

Water-cooled chillers génerally employ cooling towers for heat rejection from
the system. Air-cooled chillers are equipped with refrigerant-to-air condenser
coils and fans to reject heat to the atmosphere.

There also are evaporatively-cooled chillers. Heat from the condensing
refrigerant is r%’eéted to the air in a coil, which is continually wetted on the
outside by a recirculating water system. Air is directed over the coil causing a
small portion of the water to evaporate to help cool the coil. There is no
circulation of water from the condenser to the chiller. Most of these chillers
are supplied without the condenser which is added in the field. This requires
refrigerant pipework at the installation site.
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The selection of water-cooled, air-cooled, or evaporatively-cooled chillers for
a particular application varies with regional climate conditions, water
availability for water-cooling, owner preferences, and operational and
investment cost evaluations.

Absorption chillers: Absorption chillers employ a different technology,
which is based upon the absorption cycle. This type of chiller does not use
HCFCs or HFCs. The energy source for absorption chillers is heat provided
by steam, hot water, or a fuel burner. In absorption chillers, the compressor
and motor of the vapour-compression cycle are replaced by two heat
exchangers (a generator and an absorber) and a solution pump. The
refrigerant in these systems commonly is water and the absorbent usually is
lithium bromide, though lithium chloride also was MO}{] in the past and is
still used infrequently. Small absorption chillers may,use/an alternate fluid
pair: ammonia as the refrigerant and water as the absorbent. This fluid pair
also is used for lower temperatures (below 0° C). Absorption chillers are a
not-in-kind alternative to vapour compression chillers: They are
manufactured and applied primarily in the Asi‘a__;“mﬁcific region, particularly in
Japan, China, India, and South Korea. §mallgr quantities are used in Europe,
India, and North America. ,,iP‘
J

Table 7-1 lists the cooling capacity rangé'offered by single units of each type
of chiller (many applications use multiple chillers).

e

Chiller Type C & Cooling Capacity
,;' Range (kW)
Scroll and reciprocating water-cooled 7-1,600
Screw water-cooled . 140 - 10,000
Positive displacement air-cooled ¢ 35-1760
Centrifugal water-cooled 200 — 30,000
Centrifugal air-cooled [, 200 — 1,500
Absorption K4 Less than 90; 140-17,500

““““

This report is an update G‘n‘ the status of alternatives to the refrigerants
employed in vapour compression chillers, so the remainder of this chapter 7
will focus on those systems.

Current Situation
Primary HCFC-%Q---FiepIacements in New Chillers

In the developed countries, chillers with positive displacement compressors
employed HCFC-22 until the Montreal Protocol phase-out date, 2010,

approached for this refrigerant’s use in new equipment. (Europe phased out
HCFC-22 in 2004.) . A portion of the market, particularly for chillers below
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350 kW capacity, initially converted to the R-407C refrigerant, which has
physical and thermodynamic properties similar to those of HCFC-22.
However, R-407C is a non-azeotropic mixture with an appreciable
temperature glide (4-5 K), which negatively affects heat transfer. Chillers with
R-407C require larger, more expensive heat exchangers to achieve
competitive performance. The temperature glide makes R-407C unsuitable
for use in larger chillers, which employ flooded evaporators.

Reciprocating compressors, used for many years in HCFC-22 chillers, are
being displaced in new products by screw and scroll compressors. For screw
compressor chillers, the transition away from HCFC-22 (and R-407C) to
HFC-134a was under way by 2005 or earlier in developed countries. Scroll
compressor chillers began to employ HFC-134a or‘w‘ “410A to deal with the
phase-out of HCFC-22. The transition is just getting under way in Article 5
countries, which have later phase-out dates for HCFC-22. HCFC-22
refrigerant is much less expensive than the commor alternatives and
development expenditures for new chillers and ompressors is therefore
postponed in these countries. r

Chillers with R-717 (ammonia) as the refrigerant are available with screw
compressors in the capacity range 100-10,000 kW. Chillers with reciprocating
compressors are available in the capaC|ty range 20-1600 kW. R-717 chillers
are manufactured in small quantétles" compared to HFC chillers of similar
capacity. Applications in comfort cooling have been less common than in
process cooling and the primary marh%et for R-717 chillers has been Europe.
HC-290, a hydrocarbon (propane) with refrigerant properties similar to those
of HCFC-22, is used in chillers in industrial applications. HC-290 and
another hydrocarbon, HC- 1270’5are used in a limited number of chiller
installations in Europe in banks hospitals, schools, universities, data centres,
and similar facilities. Some of the Article 5 countries such as Indonesia,
Malaysia, and the Phi ipplnesB are applying hydrocarbon chillers to large space
cooling needs. } Y

Centrifugal Chillers

““““““““

CFC refngerant&were phased out, this class of chillers began to employ HFC-
134a or HCFC-123 as refrigerants. Centrifugal chillers in developed countries
and in Article 5 countries alike employ the same refrigerants, i.e., HFC-134a
or HCFC-123 (HCFC-123 is no longer allowed in new chillers in Europe).
HCFC-123 rembms under the common phase-out schedule. There are no
replacements tQat have been commercialised yet to replace either refrigerant
for centrifugal chillers.

HFC-245fa was developed as a foaming agent and is available for use in
centrifugal chillers. Its use has been limited and does not seem to be
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increasing. HFC-245fa operates at volume flow rates and pressure levels in
evaporators and condensers, which are intermediate between the levels of
HCFC-123 and HFC-134a. Centrifugal chillers must be designed specifically
for HFC-245fa; it is not a drop-in replacement for either HCFC-123 or HFC-
134a.

Primary HCFC-22 Replacements in Existing Positive Displacement Chillers

Positive displacement chillers employing HCFC-22 refrigerant can be kept in
operation by changing to HFC refrigerants. R-407C can be used as an
alternative in systems, which do not employ flooded evaporators. The
conversion from HCFC-22 to R-407C requires a change in lubricants and
other important steps that have been established.. The-manufacturer of the
chiller should be consulted to assure that all factors, including material
compatibility, have been taken into account. |

A number of “service fluids”, normally HFC/blends, have been developed to
replace HCFC-22 in existing equipment. When Rﬂg‘MO?C or one of the service
fluids is used in an existing system, there' will be’changes in cooling capacity
and power consumption. The extent of these changes has generally not been
quantified by laboratory testing. Manufacture,ffs’ warranties may not be
supported after a conversion away from HCFC-22.

Potential HFC Replacements
Low GWP Refrigerants
HFC-1234yf

\
This refrigerant is similar in chara;:qtg}istics to HFC-134a. It has potential
application in the range of screw centrifugal compressor chillers that are
manufactured today. Data on the performance obtainable with this refrigerant
in chillers are not yet available.. The design changes needed to optimise
systems to use this refrigerant and their costs are not known either. Safety
concerns with the use ofthis Fwer flammability refrigerant also need to be
evaluated (it has an A2 “?atin% according to ISO 817 and ASHRAE Standard
34). At this moment it is not possible to know whether HFC-1234yf will find

significant usage asﬂavvrefr\iﬂ‘@erant in chillers.
““““““““““““ {

R-717 (ammonia)”

for many years. There are a number of installations in Europe. If the use of

this refrigerant is to‘expand in the capacity range served by positive

displacement compressors, particularly outside Europe, several aspects must

be addressed taking into consideration what has been achieved in the

European region.

= Chiller costs are higher than for HFC chillers, partly because R-717
chillers are manufactured in smaller quantities;
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= Safety concerns with R-717 in comfort cooling applications can increase
installation costs. Building codes and regulations may need to be revised.

R-717 is not a suitable refrigerant for centrifugal compressor chillers because
of its low molecular weight. This characteristic requires a large number of
compressor stages to produce the pressure rise (“head”) required for the R-717
vapour compression cycle.

Where heating though heat recovery from the chiller can be employed in a
total energy strategy for a building, R-744 chillers offer the advantage of
being able to raise waste heat to higher tempera“t‘trrea.wi{h higher efficiency
than other refrigerants. Chilled water can be used to suﬂﬁf)-cool the refrigerant
before expansion. For this application, R-744 heaﬂ,ﬂﬁrecﬁu)very chillers provide
high efficiency. |
‘ }B

J

Hydrocarbons

/

Chillers employing hydrocarbons asﬁrefrigérant have been available for over
10 years. There are installations in Europe and South East Asia. Hydrocarbon
refrigerants are available with properties similar to those of HFC-134a and
HCFC-22, which allows them to be used in equipment of current design after
appropriate adjustments for different material compatibility, lubricant, and
safety aspects. Chillers employing g'ly‘grocarbon refrigerants are higher in cost
than HFC chillers because they are mﬁnufactured in smaller quantities. There

are safety codes and regulations tobe addressed because of the flammability

\

of hydrocarbon refrigerants. ;!)
7,

R-744 (carbon dioxide) ¢

Several companies have starte;dgthe production of R-744 chillers. R-744 has
poor energy efficien(z;gfor ch?’iler application conditions in warmer climates

such as southern Europe, Eslen with a number of cycle enhancements (e.g.,
recovery of expansion energy, economiser features) the energy efficiency is

chillers makes them less attractive from a Life Cycle Climate Performance
perspective. In'cooler climates such as in Northern Europe, R-744 chillers

R-718 (water) x
f

The low pressmﬂ es and high volumetric flow rates required in water vapour
compression sjstems require compressor designs that are uncommon in the
chiller field. Applications for water as a refrigerant can chill water or produce
ice slurries by direct evaporation from a pool of water. R-718 systems carry a
significant cost premium above conventional systems. The higher costs are
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inherent and are associated with the large physical size of water vapour
chillers and the complexity of the compressor technology. Several systems

have been demonstrated in Europe and South Africa.
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8.1

8.1.1

Vehicle Air Conditioning

Introduction

Vehicles (cars, trucks, and buses) built before the mid-1990°s used CFC-12 as
the refrigerant. Since then, in response to the Montreal Protocol, new vehicles
with air conditioning (A/C) have been equipped with systems using HFC-
134a, a zero ODP refrigerant. In the year 2008, almost all vehicles are sold
with air conditioning systems using HFC-134a and the transition from CFC-
12 is complete. Currently, about 30% of the total global HFC emissions are
from MACs including the emissions in production, use, serwcmg use, and
end-of-life [64]. E Iﬂﬂﬁg
‘ »
The US EPA had organised a global Mobile Air C‘ondltlonmg Climate
Protection Partnership (MACCPP), whichhas been tvorking now for almost a
decade to clear the way for such a transmon ( .epa.gov/cpd/mac). This
partnership includes SAE International, the: Moabile Air Conditioning Society,
and environmental authorities and aut motlve companies from Asia (China,
Korea, and Japan) Europe, India, and North America.

Regulatlons affecting vehicle air condltlonlng and refrlgerants

from MAC systems, the European {Jnﬂfon has finalised legislation banning the
use of HFC-134a in new-type \5eh|0I@s from 2011 and all new vehicles from
2017 [3]. They have limited replacement refrigerants to those with a
maximum global warming potential (GWP) of 150. Furthermore, this same
regulations restricts leakage from mobile air conditioning to 40 g/yr for single
evaporator systems and 60 g/yr for dual evaporator systems beginning with
new type vehicles in 2009 m()ﬁdél year and all vehicles in 2010 model year.

- 4

In Australia, a tax of y3§/k9§is proposed for HFC-134a from 2011.

In the USA, the state of IVIlnnesota has passed a regulation [25] requiring all
manufacturers to report the leakage of the systems they sell in the USA as
calculated in the SAE standard J2727. This data is reported to consumers
through a State of Minnesota website. Data is required to be updated with
each model year. |

The State of C llfornla has a regulation [AB1493], which was to take place in
2009 model ye&r to restrict CO, emissions of vehicles (fourteen other USA
states had planﬁed to follow California on this initiative). This bill provides
credits for AC direct and indirect equivalent CO, emissions. The US EPA
prevented this bill from becoming effective under the Bush administration, but
the Obama administration had instructed the EPA to provide California a
waver or institute a national regulation that follows the California lead. This
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issue is scheduled to be resolved in June, 2009 and expected to be effective in
2010.

Beginning 1 January 2009, all vehicles sold in California must carry a SMOG
label indicating the level of Pollution attributed to each vehicle sold in
California. This regulation [AB1229] also provided a level of credits for
efficient and low leakage mobile air conditioning systems.

California is now proposing new regulations, more stringent than those in
AB1493 to become effective from 2016 model year in regulation AB32. The
details of the rulemaking related to this regulation are still being finalised.

The US EPA has recently published an ANPR [Amo;anoe Notice of Public
Hydrofluorocarbon Nltrous OX|de Methane and Air Conditionmg -Related
Carbon Dioxide Emissions and Potential Controls] requesting public comment
on a proposal to add an additional test cycle to the vehicle emissions test cycle
to test for AC fuel consumption. This ANPR alsg requests comments with
regards to refrigerant leakage reporting. " The proposed leakage limits as
measured by SAE J2727 are shown below: ,i
: ai’u

Table 8-1 Potential A/C Ieaka[ﬁ"e equivalent standards

based on leakage scores

Model Year Leakage Equivalent
/ Standard (g/yr)
2011 /" Current baseline
2012 9 | 18
2013 w/ 13.5
2014 o, 9
2015 45

EUG regulations are proﬁoée n Europe to limit grams of CO,/km for vehicles

iiiii

iiiiiiiiiii

ASHRAE suggests that R-744 should be considered for use in mobile air
conditioning [7]. ;

Options for future Mobile Air Conditioning Systems

For sake of this pgaper, mobile air conditioning systems are those used in
passenger cars, light duty trucks, buses and rail vehicles. This paper covers
the new developments in this field since the 2005 IPCC TEAP Special Report
on ozone and Climate (for more details on the history of refrigerant system
development for these vehicles prior to 2005, see this report).
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8.2.2

Bus and Rail Air Conditioning

Currently, reliable leakage data on mobile air conditioning systems for short
and long distance buses and railway vehicles is only reported for Europe,
based on a study conducted in Sweden.

On behalf of the European Commission, a study [1] based on 2,000 report
forms on inspections of MACs of short and long distance buses in Sweden
established empirically the annual leakage rate for the use phase of the
vehicles. In buses recharges or topping-off (gas-and-go) are carried out in
relatively short service intervals to compensatev‘FeLIeakages whatever their
nature. Such refills are recorded over a sufficiently Ionﬂ, time and in
appropriate detail in Sweden where annual mspectl}pn IS mandatory for every
installation with a refrigerant charge of HFCs moré than 3 kg.

o~ 4
Based on a statistical analysis of the recorded r%}flll data, the study concludes
that the average leakage rate of ne }M«Cs (2‘00 and newer) in diesel driven
long distance buses is of the order of 1 kg/annum (1.20 + 0.74 kg/yr) and is of
the same magnitude as leak rates from MACs of new short distance buses with
diesel drive, with 0.92 + 0.40 kg/yr. The percentage leakage rates are 13.3%
and 13.7%, respectively Older buses (1995 — 2000) show leakage rates,

nw

uuuuuu

vast majority of the vehicles [2] ‘El

ln,

At present, no regulation is foreseeable in the EU on fluorinated greenhouse
gases used as refrigerants for MAC systems of buses and rail cars. However,
because the car industry will Whases out HFC-134a under the EU F-gas
directive between 2011 and 2017, it is likely that sooner or later the same
technology will be adopted also for buses and rail vehicles. But due to the
expected high costs and (rﬁaybe) the lack of Iegislation pressure this

cars and I|ght tr;,jcks that use refrigerant systems similar to passenger cars.
iﬂ'

)
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8.2.2.1 Improved HFC-134a Systems

As the list of regulations grows limiting the use of HFC-134a, this may not be
an option for mobile air conditioning systems in the near future.

Significant research has been undertaken with regards to regular leakage rates
of HFC-134a mobile air conditioning systems over the last five years.
Improvements to the HFC-134a system are concerned with optimising current
systems and not in developing a completely new design system. [New sealing
designs are under consideration to reduce refrigerant leakage]. For more
details see [5, 21, 22, 25]. JAMA and ACEA conducted fleet tests average
leakage rate for these vehicles were 9.7-11.1 g/yr-[20]. ACEA also sponsored
laboratory investigations, which resulted in the development of the test
procedure that is currently specified to meet the EU leakage regulation [3].
Additional work was done by the SAE IMAC CRP [Improved Mobile Air
Conditioning Cooperative Research Program] in the USA [21]. The average
leakage in the four systems evaluated by IMAC was 12.9 g/yr [21]. This
project went further to evaluate alternatl\ée impro; ed technologies and
systems were demonstrated at Ieakage rates of13.8 and 4.1 glyr [21] Data
from the Minnesota website reports that the mﬂbst leak tight vehicles have
estimated emissions of about 7 g/yr and the Teast leak tight at more than 30
glyr. The average result is similar to the ACEA/JAMA studies. Further work
was done for the California Air Reqbu;ce Board (CARB) analysing five
different systems typical of those in fﬁgf'évolume use in California and these
laboratory results indicate predicted average field leakage of 8.9 g/yr [22].

All of this work could lead one to conclude that the much of the atmosphere
loading that has been reported fo;lﬁc 134a is not due to regular leakage, but
due to the leakage that occurs dueto irregular leakage and much of this is
controllable by improved service and end of life reclamation procedures.

The IMAC group has alse demo’éhstrated that 30% reduction in energy
consumption of the MAC @sﬁfm is possible [4].

8.2.2.2 Carbon D|0X|de (R 744) Systems

The refrigerating eqmpmdnt safety standard (ASHRAE 34) classifies R-744 as
an Al refrigerant, @ low;toxicity and non-flammable refrigerant. Due to the
concern for adverse effects on the vehicle occupant in the case of high CO,
concentrations in the Vehicle (asphyxiation risk, diminished driver capacity, or

impairment of normal functioning [26] and [27]), the German OEMs are
recommending the use of an odorant to the CO, gas as a warning system.
New SAE standards are being developed to cover service equipment, safety,
and refrigerant purity of R-744. In 2008 a decision was deferred pending
harmonisation options with other regulations regarding other controls for the
greenhouse gas carbon dioxide (GHG ANPRM) [8].
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R-744 has been shown to be comparable to HFC-134a with respect to cooling
performance and fuel use in MAC systems and qualifies for use in the EU
under the current impending regulation. For more details see [5, 6, 14, 28, 29,
30, 31, 32, 33, 34, 35, 36, 41, 46, 48, 50, 62].

Currently, still technical (reliability, leakage, NVH) and commercial
(additional costs) hurdles exist that will require resolution prior to the
commercial implementation of R-744 as refrigerant for car air conditioning.

However, following investigation of numerous alternatives to the currently
used HFC-134a, vehicle manufacturers in the German Association of the
Automotive Industry (VDA) have agreed to use theﬁﬁatural refrigerant R-744
in vehicle air-conditioning systems in the future [9]| anq [10].

o lﬂ'ﬂ

W Vv

HFC-152a is classified as an A2 refrlgerant lower toxicity and lower
flammability (ASHRAE 34). Because of its ﬂammablllty, it would require
additional safety systems. The US EPA hasgstudled the potential use of HFC-
152a as a refrigerant under the US Clean Air Act’s Significant New
Alternatives Policy (SNAP) Program and has SNAP-listed HFC-152a as
refrigerant under the following conditions: Engineering strategies and/or
devices shall be incorporated into tg@ ystem such that foreseeable leaks into
the passenger compartment do notéres It in HFC-152a concentrations of 3.7%
v/v or above in any part of the free. sm"ace inside the passenger compartment

for more than 15 seconds when the1 car ignition is on [8].

F
Y/,
HFC-152a has been shown to be‘Comparable to HFC-134a with respect to
cooling performance and fuel use in MAC systems and qualifies for use in the
EU under the aforementioned regulation. HFC-152a systems have been

described in [5] and [6]. ~ /

8.2.2.3 HFC-152a Systems

=™

At present, no car manufaciurer has selected HFC-152a as refrigerant for A/C
serial production due to technical and commercial issues related to the
secondary loop system Most development activity has been focused on using
This system utilises glycol and water as the direct coolant in the passenger
compartment with this coolant being cooled underhood by the refrigerant.
Prototypes: vehlcles have been demonstrated by several of the OEMs [17] and
[16]. M,\,gza-

4

8.2.2.4 Blend Qk“lternatives
In early 2006, several chemical companies announced new non-flammable

refrigerant blends to replace HFC-134a in Europe. One was an azeotropic
blend of FIC-13I1 and HFC-1234yf (2,3,3,3-tetrafluoroprop-1-ene). Two
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other formulations were zeotropic blends of HFC-1234yf, HFC-1225ze, and
minor concentrations of HFC-134a.

In 2006, due to safety and cost issues of R-744 and R-152a, carmakers
organised a co-operative effort to assess the new candidates with a focus on
selecting a replacement for HFC-134a. The VDA, SAE, and Japanese
Automobile Manufacturers Associations assisted in this effort. Following
these investigations, the VDA declared in September 2007 that the use of the
proposed chemical refrigerant blends will not be pursued any further as an
alternative [9]. The refrigerant blends were withdrawn by chemical
companies in the fourth quarter 2007 after discovery of chronic toxicological
effects [11]. —

I

nnnnn

air conditioning and for other stationary applications- [15] and [19].

One other chemical company has announcedg_theiﬁmexs[é generation refrigerant.
To date, very little is known about this reérlgergqt‘ It is a zeotropic blend,

containing HFC-1243zf, for which the other components have not been
publicly disclosed but for WhICh the production routes of the |nd|V|duaI

uuuuuuuuuu

blend is very similar to that of HFC- 1234yf (LFL 5 6 Vol.% and UFL =13
- 16 VoI %) Due to an about 8 percent Iower mass flow rate the energy
addition to that, the toxicity is also efpeeted to be low. The earllest t|me to
start high volume mass production coufd be 2013 [11].

&K

' »
8.2.2.5 HFC-1234yf Systems Jﬂ’
In the fourth quarter of 2007 the flammable substance HFC-1234yf which was
one component of the above mentioned blends was proposed as global mobile
A/C refrigerant [12]. At the January 2008 ASHRAE meeting, this refrigerant
was also given an A2 raang

With a GWP of 4, the IOW tgxicity substance HFC 1234yf qualifies for use in

w

and a classification as an AZ2L refrigerant according to 1SO 817 is likely [13,
45, 65]. HFC- 1234yf is a new chemical currently undergomg EPA

for low volume appllcatlons by REACH review in the EU The high volume
REACH application was submitted in February, 2009. As with HFC-152a,
use of any flammable substitute requires removal to US state prohibitions on
flammable refrigerants [8]. The US EPA reported that barriers had been
removed in all but three states [23]. At present, SNAP/PMN and REACH
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8.3

procedures are on their way. Because of the flammability of HFC-1234yf, it
is likely that it would require additional safety systems.

HFC-1234yf has been shown to be comparable to HFC-134a with respect to
cooling performance and fuel use in MAC systems and qualifies for use in the
EU under the aforementioned regulation. HFC-1234yf systems have been
described in the following references [37, 38, 39, 40, 42, 43, 44, 45, 47, 49,
51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 63, 65].

HFC-1234yf requires a different chemical process route in comparison to that
of HFC-134a and a simple conversion of existing assets is not possible [11].
Two North American chemical companies have anrmunced that they will
supply market demand after regulatory approval, but h@ e not announced a
timetable for the installation of a new HFC-1234yf production plant. A
French chemical company has announced the Iaunu(q of an industrial
production project in Europe of HFC- 1234yff omotive air-conditioning
[24].

Many global car OEMs have expressed theii' interest in HFC-1234yf but have
not yet announced a commitment to use HFC-1234yf as refrigerant for A/C
serial production [12]. In October 2008, after thorough examinations by
German automotive companies, the VDA announced that most of them had
completed their assessments andfogﬂng that the alternative refrigerant HFC-

1234yf is not an option [10]. u'i
5 j

Conclusions "“

Other refrigerants, such as hydrogérbons (HC’s) or blends of hydrocarbons, as
well as other refrigerationtechnologies have been investigated but have not
received support from car manufacturers as a possible alternative technology
due to safety concerns. Hence@ ; the mobile air conditioning system of the near
and intermediate future will be based on the vapour compression cycle, and it
remains the (dauntlngﬂ taslé‘to determine the suitable refrigerant.

existing HFC-134a systems (see for example [5], [6], and [14]). Hence,
adoption of either would be of similar environmental benefit. The decision of
which refrlgerant.mxgmchoose would have to be made based on other
considerations, sueh as regulatory approval, cost, system reliability, safety,
heat pump cap@bmty suitability for hybrid electric vehicles, and servicing.

The global trar&ition from HFC-134a to the next-generation refrigerant could

be accomplished the timeframe outlined by the EU F-gas regulation [6
years]—providing that governments worked quickly to approve the
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8.4

refrigerant(s) and we are disciplined in removing barriers and implementing
standards necessary for safety and environmental performance.

There is an industry preference to choose one refrigerant for vehicles sold in
all markets world-wide but given the number of potential replacement options
it appears to be likely that there will be at least two refrigerants in the global
automotive marketplace in the near future, in addition to the residual use of
CFC-12 and HFC-134a as global phase out continues. Whilst it is anticipated
that the selected replacements will have a long period of use, it is prudent to
maintain the GWP 150 threshold globally to ensure that options are available
if necessary in the future. With GWPs less than 150 energy use dominates.
However, time is truly of the essence as decisions mﬁst beymade to determine
acceptable replacement(s) for HFC-134a. But with the exceptlon of the
German Automotive Industry no car manufacturer has publicly announced a
decision yet. As a consequence it is not clearhOVﬁthe 2011 European

: ]

|

“lmn

requirement possibly will be met. '

nru!p‘
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9 Alternative Foam Technologies

Foams are used in a wide variety of applications where they compete with
other product types in insulation and other applications. The following two
tables are reproduced from the 2005 IPCC/TEAP Special Report on Ozone
and Climate and indicate the main uses and alternative products in insulation
and non-insulation applications:

Application Area
Foam Type Refrigeration & Transport Buildings & Building Services
Domestic Other Reefers Wall | Roof Floor Pipe Cold
Appliances | Appliances & Insulation | ‘Insulation | Insulation | Insulation Stores
Transport e
mlﬂiﬂ"
Injected/ P-i-P VRV v Vv vVVvy v v Vv
Boardstock v};v v v VvV v
f . ”,.,.ﬁ“'g
Cont. Panel d vV \| vVvv v VvV v v
V]
Disc. Panel v v v v Vv v Vv
V)
Polyurethan
olyurethane Cont. Block v Vv v v vV v Vv
g
Disc. Block 5/ v v v v Vv
§ .mmlﬂ'w
Spra: v A VvV
pray »V/ \ v Vv v
One- J v v v v
Component —
C a
Extruded /
Polystyrene Board f ] . v Vv v vV v VvV v vV v v Vv
Boardstock VvV v VvV
Phenolic Disc. Panel _ vV Vv v vdv
\ ]
Disc Black Tf vVvuv v v
d
=
Board *ll1 v
Polyethylene
Pipe / v v Vv
Mineral v v v vVvVv VvV vVvVv v
Fibre
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v v v = Major use of insulation type ¥ ¥ = Frequent use of insulation type ¥ = Minor use of insulation type

Foams and other Products for Insulation Applications

Application Area

Foam Type Transport Comfort Packaging | Buoyancy
Seating Safety Bedding | Furniture Food & Marine &
Other Leisure
Polyurethan | Slabstock v v vvv VvV v Vv
e
Moulded vvy v Vv
Integral Skin vvyv o \., /4 v
: 'ﬂiﬂ’
Injected/ P-1-P = & v v v
Cont. Block |ﬂi£ v
llllllll nﬂ'u
Spray v
Extruded Sheet v vV
Polystyrene
Board v VvV
Polyethylene | Board Vv v Vv

v ¥ ¥ = Major use of insulation type ¥ ¥ =

QEJe t.ose of insulation type ¥ = Minor use of insulation type

mﬂlnw;l?‘; fay

ml“lu|

Foams and other Proddcts for Non-Insulation Appllcatlons

be the largest single insulation type for thermal insulation applications in most
geographic regions Wlt price being the primary driver for selection. Foam
products have made |n -roads on this position since the 19605 in a number of

intervening period. Indeed a number of innovative design and construction
methods have only been made possible by the increased range of product

types available.

58
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9.1
9.11

There have been increasing trends in recent years towards naturally sourced
and recycled products such as sheep’ s wool and cellulose fibre. However,

overall uptake has been relatively low in market share terms — partially
because of uncertainties about longer-term performance. This remains a key
component of the Life Cycle Climate Performance (LCCP) of buildings which
is becoming an increasingly important parameter as global climate policy
focuses more on the contribution of energy efficiency in general and building
energy efficiency in particular. :

Foams typically hold a market share of 30-40% in-most regions despite their
higher unit cost and, for a number of applications, they j?emain the only
practical option. Therefore, the search for altérnatijt/e H’iowing agents to
support the sector has continued through CFC phat%“e-out and now HCFC
phase-out. The following sections document the alternatives in each case.

Polyurethane Foams J

Current Status
The main polyurethane (PU) sectors usj,ngﬁ:sfiIFCs and HCFCs are insulating

foams, integral skin foams and microcellular foams (shoe soles). In the last
two sectors the usage is much less than in the insulating market because of the
smaller overall market and the higher foam density. Historically, the use of
HFCs and HCFCs was not necegssagryﬂl or the replacement of CFCs in the main
flexible foam sectors such as slabstock, used for upholstered furniture and
mattresses, and moulded foam used for car seats, although there are minor
exceptions in specialty products. The following table describes the blowing

agents currently used: =~ ~ -

ey

May 2009 TEAP XX/8 Task Force Report 59



SECTOR DEVELOPED DEVELOPING COMMENTS
COUNTRIES COUNTRIES
PU RIGID
Domestic HCs (cyclopentane & | Majority  HCs, balance
refrigerators and | cyclo/iso pentane blends), | HCFC-141b  or HCFC- erwi?icf:r: r:]r;erkl:torth
freezers HFC-245fa & HFC-134a 141b/22
Other appliances HCs, HFC-245fa, HFC- | Residual CFC-11, HCFC-
PP 365mfc/ HFC-227ea 141b & HCs, methyl formate
Transport & | HCs, HFC-245fa, HFC- | HCFC-141b, HCFC- HECs used in China
reefers 365mfc/ HFC-227ea 141b/22, HFCs
HFC for stringent
Mainly HCs, minor use of gtr;ndduacrtdgfnd lower
Boardstock HFC-245fa, HFC-365mfc/ | HCFC-141b - thermal
HFC-227ea T conductivity. Some
(& production in China.
Panels _ | Mainly HCs, some = HFC- pHr’c:)guf;rfis;[gmgem
continuous 245fa, HFC-365mfc/ HFC- | HCFC-141b & HCs standards and lower
227ea - 2 L
& /4 thermal conductivity
Panels HFC-245fa, HFC-365mfc/ - HFCs, not HCs, for
discontinuous HFC-227ea , some HC Hcgc'lﬂ'lb l,uig SMEs
HFC-245fa, HFC-365mfc/ | Sl Potential use of HCs
Spray HFC-227ea , CO,, (HC) (ICFGiq1b in North America
HCs, HFC-245fa, HFC- pl . .
Blocks 365mfc/ HEC-227ea HCFC-lzjl b HC use increasing
Mainly HCs, minor HFC- | vy Cvelobentane is
Pipe-in-pipe 245fa, HFC-365mfc/ HFC- | Mainly HCFC-141b m)e/lin IE)|C

227ea

One Component
Foam

Mainly HCs, HFC-134a

Trend to use HFO-
1234ze. HC use
driven by cost and
legislation

)

PU FLEXIBLE

CO, (water), HFC-245fa,

|

CO, (water), HCFC-141b,

HFC-134a is main

Integral Skin HFC-365mfc/ HFC-227ea
HFC-134a, HCs J methyl formate HFC
CO, (water), = HFC-245fa, _ . )
Shoe Soles HFC-365mfc/ HFC-227ea, | CO, (water), HCFC-141b HFC-134a is main
HFC
HFC-134a
Source: 2008 FTOC progress rep

‘ 0 nl|ﬂ| - - .
In insulating foams, additjd“r“lually to the physical expansion of the reactive
mixture, the blowing.,agenhp plays a critical role in the insulating performance.

It should remain in the closed cells of the foam and have a low gaseous

thermal conductivity. It

ust also be safe to use (human toxicity and

flammability) and ecorf;)”omic in terms of the required processing equipment.
These considerations €xplain why HCFC-141b was one of the preferred
options to replace CFC-11 in the developing countries and why HFC-245fa
and HFC-365mfc’(normally blended with HFC-227ea to reduce flammability,
7 or 13 % by weight) are widely used in the developed countries.

The table below illustrates the properties of the HCFCs and HFCs currently in

use:
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9.1.2

HCFC-141b HFC-134a HFC-245fa HFC-365mfc HFC-227ea
Chemical Formula CCI,FCH,4 CH,FCF, CF;CH,CHF, | CF;CH,CF,CH; CF,CHFCF,4
Molecular Weight 117,0 102,0 134,0 148,1 170
Boiling point (°C) 31,9 -26,2 15,3 40,2 -185
Gas Conduct. o o
(mWIm*K at 10°C) 8,8 124 12.0 (20°C) 10,6(25°C) 116
F.Iammable limits in 5.6-17.7 None None 3.6-13.3 None
air (vol.%)
GWP (100 Yr.) *** 713 1410 1020 782 2900

In integral skin foams and shoe soles, the bIovﬁﬁqageht should contribute to
the skin formation governed by gas condensation underﬂ"the high injection
pressures and relatively low mould temperatures. Ti%e rﬁoor skin formation
provided by water blown systems has made HCFC 141D the preferred option
in developing countries and has promoted the uEse of HFCs, mainly HFC-134a,

in developed countries. Y

Established HFC and HCFC alternglves
Hydrocarbons

Since the early 1990s hydrocarbons have been the preferred route to replace
HCFCs and HFCs. The technology has evolved from the initial 100 % n-
pentane or cyclo-pentane to blendsjwth other hydrocarbons, particularly
isopentane and isobutane. These blenﬁs provide a greater gas pressure in the
foam cell and allow the reductmn of foam density. Today hydrocarbons have
become the most widely applled tek:hnology in the world for PU foams. A
notable exception is spray foam_,éﬁhere hydrocarbons are not an option for
safety reasons. o

The following table describes;the properties of typical hydrocarbons
compared against HCBIC-141

Ainaw

HCFC—14;b Isopentane Cyclo-pentane n-pentane
Chemical Formula CCleCH3 CsHiz (CHy)s CsHiz
Molecular Weight |~ 117,0 72,1 70,1 72,1
Boiling point (°C) 319 28 49 36,1
Gas Conduct.
(MW/m°K at ’ / 88 13 11 14
10°C) /
Flammable limits
in air (vol.%) / 5.6-17.7 1.4-7.8 1.5-8.7 1.4-8.0
GWP (100 Yr.) 713 <5 <5 <5

*k%
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Although suitable for large manufacturing facilities, this technology is not
economic to apply in small and medium enterprises because of the high
equipment conversion cost to ensure a safe use with HCs. In the various HC-
based/MLF-supported CFC-phase out projects the cost-effectiveness
thresholds applied resulted in a minimum project size of 50 ODP tonnes per
annum as a “rule of thumb”. A rough estimate of the capital cost for one
dispenser unit, which involves storage tank, pre-blending station, sensors and
venting, is in the range of $ 400,000 to $ 700,000. Since HCFCs have lower
ODPs than CFCs, the cost effectiveness thresholds would need to be raised
considerably to meet these investment levels, particularly in view of the fact
that many remaining enterprises are smaller than 50 ODP tonnes per annum.

As a consequence of the higher gaseous thermal th\TtiVities the thermal
of 5% higher than those for HFC-based foams. In a medlum size standard
refrigerator, this would translate, on a like for like basis, to an increase in
energy consumption of the order of 3%. Nowaday. PU foams based on
hydrocarbons have been refined and then*lnsu‘mmhn performance, as

expressed by foam thermal conductivity, is very close to those for HFC-based
foams

uuuuuuuuu

Carbon Dioxide

considered as another route to replﬂc%gHCFCs and HFCs but the resulting
foams have much mferlor msulatlng propertles An additional restriction is the

avoid shrinkage, densities need to be relatlvely high which has a serious
detrimental effect on the operatmg;;dsts over and above the poor insulation
value.

Carbon dioxide can also be added directly as a physical blowing agent. The
FTOC 2008 update reports,the use of super-critical CO, may have reached up
to 10% of all spray foam app?t((;-atlons in Japan. However, it is not clear
whether the market share continues to grow or not.

In the case of integral skin'foams, the insulating value is not generally a
concern. For automotive applications like steering wheels the OEMs often set
the blowmg agent requlfements Some of them speC|fy COZ (water) but HFC-
properties. In heavy _duty applications, such as trucks, hydrocarbons are used
to provide a robue’t”sfkin. Because of the high conversion costs, hydrocarbons
are only used in specialised applications; normally the factories make a range
of auto components in mixed production halls.

For microcellular foams (shoe soles), there exists a significant use of CO2
(water) combined with the introduction of polyesters polyols to compensate
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for the poor skin formation and improve the abrasion resistance of the surface
along with the use of HFCs and HCs.

Emerging HCFC and HFC alternatives
Methyl Formate

In the 2008 update FTOC reported that methyl formate has been adopted to
some extent in one Article 5 country, Brazil, where it is used in steering wheel
applications, bottle coolers and steel-faced panels, as substitute for HCFC-
141b. In each case the customers require non-ODS/low GWP product.

Methyl formate, also called methyl-methanoate, is a low molecular weight
chemlcal substance, liquid at room temperature. Under the trade name of
Ecomate®, Foam Supplies, Inc. (FSI) has pioneered its Mse as a blowing agent
in PU foams from 2000 onwards and its application has been patented in
several countries. Presentations by FSI have been made at major PU
conferences and to the Foam Technical Options Committee (FTOC 2006). As
far as it is known, methyl formate has enly been used to a limited extent in
developed countries. r \

According to the 2008 FTOC report, experience in Brazil shows that product
performance in steering wheels (integral skin foam) is similar to that achieved
when using HCFC-141b. In bottle coolers (other appliances), a lower foam
insulation value compared to HGFQMAlb has been measured, although
customers who measure energy cor‘asufnptlon in cabinets claim no change. In
steel-faced panels, no change in |nsu“|ﬂat|on value has been reported.

Regarding cost implications, opinions vary about the impact of methyl
formate on foam density. Its mcrg’gsed solubility in the polymer matrix may
create challenges in maintginiriﬁoam dimensional stability. To counter this,
the moulded density needs to be increased. An example is the case of bottle
coolers, where a 5% increase ;n density has been required to keep the
dimensional stability of the f@am There are, however, also some cost factors
in favour of methyl fgrmatea its lower cost than HCFC-141b in some (but not
all) regions and its higher blowing efficiency derived from its low molecular
weight. The Executive Committee approved in its 56th meeting, November
2008, two pilot projects;that will address the validation of methyl formate in
all relevant PU gppllcatlons First results will be available in the third quarter
of 2009. \

'E'WHMu

Methylal “

~4
At different inm@arnational conferences on Blowing Agents and Foaming
Processes and yartlcularly at the 8th Conference, held in Munich, May 2006,
the use of a clear, flammable liquid, methylal, as a co-blowing agent in
conjunction with hydrocarbons and HFCs for rigid foam applications
(domestic refrigeration, panels, pipe insulation and spray) was described. It is
claimed that improves the miscibility of pentane and HFCs, the easy of mixing
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at the mixhead, the foam uniformity, the flow, the adhesion to metal surfaces
and the insulation properties, reducing simultaneously the size of the cells.
TLV of 1000 ppm (TWA) is reported (ACGIH (TLV), 1998).

New Unsaturated HFCs

In recent years a new family of blowing agents for PU foams has been
proposed by major international manufacturers of halogenated compounds.
These unsaturated HFCs (also referred to as HFOs, Hydro-Fluoro-Olefins, see
Annex 2), are being promoted as HFC replacements and display low/no
flammability, zero ODP and insignificant GWPs:

HFC-1234ze: Introduced by Honeywell at the Smii‘ﬁérs-Rapra Conference on
gas directive, HFC-1234ze is a non-flammable gas at'room temperature with a
low GWP and is being promoted as blowing agent for pne and two component
polyurethane foam and extruded polystyrenegfoarnj(XF’S). In the information

released it is claimed to be a near drop-inireplacement for HFC-134a in One

Component Foams (OCFs). In insulatifﬁ PU\@’bﬁwéwms, compared to HFC-134a,
it is claimed to provide equal foam mechanica} properties, equal or better
foam thermal conductivity and improved polm%l miscibility. This compound
is commercially available in the EU and will be shortly commercialised in the
US, pending regulatory requirements/approvals (PMN/TSCA inventory

listing/ SNAP). ¢

HBA-2: At the CPI Technical Cohference, held at San Antonio, Texas,
September 2008, Honeywell introduced HBA-2, a liquid blowing agent with
low GWP aiming to be a near droﬁﬁfor HFC-245fa for insulating foams
including spray foams. The results of the preliminary stages of toxicity
screening have been very encouraging.

FEA-1100: At the abovermentioned conference on Blowing Agents in Berlin,
April 2008, information,on this compound was disclosed by DuPont. Being a
non-flammable liquid at room temperature (boiling point>25°C) with low
thermal conductivity and low GWP, it is claimed to be an ideal HCFC
replacement in insuiating“_mgﬂnd integral skin foams. An interesting feature is its
capability to form azeotrope-like mixtures with HCs to reduce their
flammability. ~ '

announced the deyelopment of this liquid low GWP blowing agent. Its
foaming characteristics are being evaluated. The cost prediction is similar to
HFC-245fa/ HFC~365mfc and commercialisation could be achieved by
2012/13.
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Except for methyl formate, methylal and HFC-1234ze, above chemicals still
have to undergo substantial further toxicity testing and will therefore not

appear in the market for another 2-4 years. Their properties are summarised
in the following table:

Manufacturers’ | Ecomate HFO- FEA- HBA-2 AFA-L1 Methylal
Identification (Methyl 1234ze 1100

Formate)
Potential Foam Honeywell | Du Pont Honeywell Arkema Lambiotte,
supplier Supplies N others
MW 60 114 Not <HFC-245fa | <134 76

disclosed L

B Pt (°C) 313 -19 >25 15. 3<T<32 1 t 10<T<30 | 42
Gas Thermal 10.7 13 10.7 Not repoyj[ed "T10 Not
Conductivity 4 available
(Mw/MK, o W/
25°C) L\ B
Flammable 5-23 Flame None | [ None None 2.2-19.9
limits in air limits at -
(volume %), 30°C
20°C
GWP (100yr Negligible 6 5 <15 <15 Negligible
ITH)
9.14 Energy efficiency and Cllma'ee QQMSlderatlons

Insulating foams reduce the use Ofi’l energy in many applications. The blowing

agent plays a key role in the foamn insulating performance and so the

replacement of a given blowmg ‘agent, such as HCFC and HFC, has to take
into account any change in thﬁ energy efficiency performance of the foam.
Overall, there has bevﬂv a step‘LW|se reduction in the inherent insulation

properties of the blo

ng agent, and often of the foam, in switching from

CFCs to HCFCs and theq_:_i_t,f) non-HCFC blowing agents. This is apparent in
an examination of the gas conductivity data in above tables. The increase in

the gas conductivities can be compensated by improvements in foam structure
(such as smaller cells to reduce radiative heat transfer) or by design
improvements in the gnd article or building by, for example, increasing the
foam thickness.

In the table bél?w?the thermal conductivities are given for PU foams for the
various applic&'tions for the blowing agents currently used. In many
applications, aéas impermeable facing material that is usually applied “in-
situ” during the manufacturing process, covers the foam. In these cases, there
Is no significant difference between the “initial” and “aged” foam thermal
conductivities. These applications are marked by * in the table below. Initial
and aged thermal conductivity values are displayed for spray foam. There is
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no data included for integral skin foams, which are not used as high-
performance insulating applications.

Sector Blowing Agent Foam Thermal Comments
Conductivity
(mW/mK, 10°C)
Domestic HCFC 141b 18-19 Baseline
refrigerators/freezer | HFC 134a 22-23
s* HFC 245fa 18-19 Based on A2 use
Cyclo and 19-20 Result of intensive system

Cycloli | optimisation, actual values

S0 | down to 18.7 mW/mK

pentane { i
Commercial HFC 245fa 20-21
refrigerators/freezer | Pentanes
s* COy(water) " Ageing dependant on

construction/design

Refrigerated trucks | HFC 245fa Static mixer required
& reefers* HFC 365mfc/HFC

227ea

Cyclopentane

Sandwich panels* HFC 365mfc/HFC
(Continuous) 227ea

Cyclopentane

Results of on-going system
optimisation

2123

Sandwich panels* | HFC 365mfc/HFC./| -
(Discontinuous) 227ea | |
HFC 245fa /2021
Cyclopentane . | 20-22
PU Spray HCFC 141b 21 (initial), 26 Baseline
. (aged)
HFC 245fa 23 (initial),
AN/ 28 (aged)
CO,(water) | 24 (initial)
..... v 32 (age d)
Pipes* HFC 365mfc 21-23
Cyclopentane 21-23
Blocks HFCE- 245f
HFC 365mfc
Pentane/
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Following this discussion on blowing agent replacement in insulating foams

the climate contributions at every stage in the life of a foam-based application
can be considered. The three key stages are:

Manufacture of Use of End of life of
article/ article/building
foam/article/building building element
element _
TETE . N Emission
=  Energy saved during Energy use
Energy usage use N during waste
Choice of blowing u‘ management or
agent (GWP, A-Value) ”ﬂh recycling
Emissions during 4
manufacture = /A

9.2

|
: /
It is apparent that there is a complexlﬁe‘ét of pesitive or negative climate
contributions. It is also clear that climate considerations cannot be based on
the consideration of just the GWPs. The rigorous way forward would be by a
consideration of Life Cycle Climate Perfermance (LCCP). However, this
would need to be done on an application-by-application basis. As a practical
simplification of this complex situation, a Functional Unit approach would
mirror a typical insulating foam application. Such analyses should identify
major and minor components impacting the climate contribution in order to
allow prioritisation of factors Whera making decisions.

Note that there are different eneégy performance requirements for integral skin
foams. The thermal insulation value of the article made with such foams is not
generally a concern. However, the weight of the article is important as it may

impact the fuel efficiency of @ vehicle.

o

Humuuuum

Polystyrene (XPS) )

The demand for energy saving measures and materials is driving the growth of
insulating foams and significant capacity is already in place for these foams in
China and elsewhere in Article 5 countries.

In insulating foams, the blowing agent has two principle functions. The first is
to physically expand the foaming mixture to produce the foam. Thereafter, the
blowing agent should remain in the foam and contribute to its insulating
function. To fui“ifil this latter function, the blowing agent should have a low
gaseous thermgi conductivity, and low gaseous diffusivity for aged insulation.

In addition, the blowing agent must be safe to use (in terms of human toxicity
and flammability), be economical in use and in terms of any additional
processing equipment required for (safe) use.
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9.2.2

HCFCs are widely used in extruded polystyrene (XPS) insulating foams.

Whilst eliminating HCFCs there is now greater emphasis on energy efficiency
and, in terms of foams, this implies that the insulation performance of the
foam should, at least, be maintained. If higher standards are met then the
possibility of supplementary finance via voluntary carbon market mechanisms
arises.

Substitutes and alternatives that minimise other impacts on the environment,
including on the climate, taking into account global warming potential, energy
use and other relevant factors. -

Current status (

The technology status is reviewed in detail in.the UNEP Foams TOC Report
of 2008. Non Article 5 countries have almost-totally eliminated HCFCs in
rigid insulating foams. This is particularly so in Ejhrope where the use of
HCFCs in foams was eliminated by engéoos‘ -bw“'hegulation 2037/2000. In
summary, for XPS use can be made of HFCs, CO2 and/or water in lieu of
HCFC-22 and -142b. /

In Article 5 countries, HCFC-142b and/or HCFC 22 were and are still the
preferred choice and growth in its use has been driven by the large number of
XPS plants in operation, for example,’in China, the Middle East and Eastern
Europe.

The growth of XPS board foam :prod}ghction in China has been field-researched
and the existence of more than 400.small-scale XPS plants has been
confirmed. Although not fully utilised at present, these could account for over
63,000 tonnes of HCFCs (predominantly HCFC-22, but more and more
companies use the blend of HCFC-142b and HCFC 22). Additional growth
has been reported in Turkey, where up to 10,000 tonnes of HCFCs is also
being consumed for XPS board products. XPS foam growth has also been
demonstrated in Russia,*sorm@ other Eastern European countries and Brazil.

Existing HCFC and HEC alternatives

North American XPS board producers are still on course to phase-out HCFC
use by the end of 2009 The alternatives of choice are likely to rely on
combinations of HFCs, CO2, hydrocarbons and water. The significant
differences in the products required to serve the North American market
(thinner and wider products with different thermal resistance standards and
different fire-test-response characteristics) will result in different formulations
than have been adopted already in Europe and Japan for similar XPS board
products. These new formulations are almost certain to rely on HFC-134a as
a large component of the final blowing agent.
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In China, work is being carried out by the equipment suppliers to modify
existing units to introduce CO, into the extruder. The cost of this
modification is estimated to be around 100,000 RMB. However, where
bottled CO, cannot be used and additional storage is required, a further cost of
300,000 RMB is currently being budgeted. These modifications could allow
the replacement of HCFCs by up to 30%. However, full replacement is not
possible with pure CO..

Water based blowing agent substitution have been developed in China since
2008, and this technology has been widely used in XPS manufacturing plants.
Water mixed with surfactant, soda and AC blowing agent are introduced to
the process which could allow the replacement of F CE,@S by up to 20% and
also decrease the density around 5%. u.ul

Total HCFC phase-out will require 100% Subst tutig‘n, but HFC-134a and/or
HFC-152a are viewed as too expensive for the Chinese market. Work is
continuing with CO,/ethanol and C({ﬂwydrocarbon blends to achieve higher
levels of substitution. There is some belief that a total hydrocarbon solution
(n-butane) might be possible, but this wou_IEj require blowing agent evacuation
immediately after production to avoid major fire risks in storage and use.

Given the continuous growth of %(Pﬂ foam in Article 5 countries, with the
HCFC freeze being advanced now by (ftwo years to 2013 in Article 5 countries,
and reductions to follow in 2015, 2@@0 2025 and 2030, HCFCs
demand/supply will become & pressing issue sooner or later. More and more
companies therefore started to WOIE on next generation blowing agents.

Emerging HCFC and HFC alternatives

i
!

Although some HCFC1 transglons are still taking place in non-Article 5
countries to HFC-1344 based solutions, there is a clear recognition that low-
GWP alternatives are an essential long-term solution in view of the emissions
related to XPS productlon Slnce CO,-based solutions have thelr own

can be producegwork contlnues on other solutions.

mnu

Hydrocarbons are..mp,emg considered both on their own and as co-blowing
agents with CO,. Fhese formulations are often proprietary, as companies seek
specific blendsﬁo meet the demanding processing parameters of specific
equipment orleﬁztatlons

A further emerging blowing agent is the unsaturated HFC, HFC-1234ze. This
is currently the subject of a potential Pilot Project in Turkey and is also being
actively considered by those non-Article 5 manufacturers that are currently
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reliant on saturated HFCs (HFC-134a and/or HFC-152a) as their primary
blowing agent. Cost of this alternative may still be an issue, but technically it

has considerable promise.

uuuuuuuuuuu

uuuuuuuuuuuuu
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10.1

Fire Protection

Current Status of Alternatives

In the four years since the IPCC/TEAP SROC was published, there have been
only minor changes in the use patterns for halons 1301 and 1211 and their
alternatives. While no information was available on halon 2402 in the SROC,
recent information has now been obtained on estimated installed base and
emissions and is provided in this section.

As stated in the SROC, owing to the long lead times for testing, approval and
market acceptance of new fire protection equipment types and agents, only
minor changes in use patterns were expected. The fluoroketone (FK 5-1-12)
that was very new to the market when the SRoq;wwas«__Wrigfen has gained some
use as an alternative to halon 1301. Potentially, in the future it may be also an

alternative to halon 2402. FK 5-1-12 is currently projected to be about 2% of
the former halon 1301 usage, taking up WhatﬁNasi?]itiélly filled by PFCs and
displacing equally HFCs and inert gases for the re ainder. PFCs are still no
longer used in new total flooding systems and their use in new portable
extinguishers is limited to a minor constituent\(approximately 2%) in one

HCFC blend. The estimate of their use is now essentially zero.

~ umﬂ‘ﬂﬂﬂ

uuuuuuuu

Heptafluoroiodopropane, proposed and certified in the Russian Federation as
an alternative for halon 2402 for non —/aviation applications, has only minor
market acceptance due to high prices.and toxicity issues. Only one HCFC in
the form of a blend still continues;to be/used for new systems in portable fire
extinguishers to replace halon 1211. It is currently projected to be 1% of the
former halon usage. The former hal n market that still required halon in new
systems was estimated to be onlyll-% as of 1999. Currently, that value could
probably be reduced by more than,half since, with the exception of civil
aviation, there are virtually no otHér applications that cannot use alternative
fire protection materials and/or methods. However, while there is no technical
reason for non-aviation new systems to use halon, new halon systems are still
being installed, e.g., Japan reports that they still install new halon 1301
systems using halon rec0yer@d from retiring systems and anecdotal
information from the Unif‘%d States further supports this assertion. Therefore,
the use of halon 1301 for new systems is projected to remain at 4%. For halon
2402 it is expected-that military demand for new systems will increase in the
Russian Federation; correct estimation of this cannot be made due to lack of
data at this time.. "

Using the 1999 “Estimate of halon alternatives use” as a baseline, the current
usage patterns forshalon alternatives are projected to be as follows.

gy,
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Table 10-1

e Not-in-kind (non gaseous) Agents: 49%

e Clean Agents: 51%
carbon dioxide and inert gases 24%
halons 4%
PFCs >0%
FK 2%
lodinated FCs >0%
HFCs 20%
HCFCs 1%

The main driving force in the choice of systems still appears to be based on
three main factors: tradition, market forces, and cost. For example, when
merchant shipping transitioned from halons for new shij s in the early 1990s,
the decision was to go back to carbon dioxide. In this case, it appears that the
choice was based mainly on cost, as the reason that the ships went to halon in
the first place was that halon systems weré less\expénsive than the carbon
dioxide systems they had been using. Q'radltloU] and/or market forces may also
have played a lesser role in returnlng'[’f) carbon dioxide. In many
telecommunication facilities, tradition and market forces have biased the
decision towards clean agents, and then within them the choice has mainly

been based on cost. In this context carbon dioxide has be omitted because
while it may be cheaper than HFCs, Iethal concentrations are required for total
flooding systems. As shown in 'Ealje 0-1 (Table 9.6 from SROC), of the
clean agents, HFC-227ea was the ﬁrecﬁ)mmant choice and the cheapest
available until HFC-125 was agprov@d for occupied spaces. Since that
approval, it appears that HFCL125 i!s gaining acceptance at the expense of
HFC-227ea.

Comparisons of averaggvalueﬁs over the 500 to 5,000 m® range

(Per cubic meter of protecte? volume at the concentration indicated)

iﬂ’

|/ HFC- HFC- HFC- | FK 5-1- Inert

23 227ea 125 12 Gas

Concentration | Vol. % 19.5 8.7 12.1 5.5 40.0

Weight kg/m?® 2.3 1.1 1.1 1.2 4.3

213

Footprint rlnofm X 12.0 6.8 7.4 7.3 28.2
3/ 3 {K

Cube r1“04m X 18.0 13.1 14.4 13.8 56.6

System Cost | USD/m®_ 39.77 28.05 26.37 35.98 34.07

‘D
The role of coéﬂt in maklng a final choice of agent is also highly evident in the
market acceptaﬁce of portable fire extinguishers. Where carbon dioxide can
meet the fire protection requirements, it has been a prominent choice because
of its lower cost than other clean agent. As stated in the SROC, in cases
where carbon dioxide is not acceptable, a large portion of the market place
was willing to pay over 7 times more to get a clean agent halon 1211 unit
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versus a not very clean dry chemical extinguisher. However, the current cost
multiple of 13 to 16 for the HCFC Blend and HFC agents is limiting market
acceptance of these agents to those applications where users consider
cleanliness an absolute necessity and carbon dioxide does not meet fire
protection requirements.

Current banks and emissions

The Halons Technical Options Committee has developed models to predict
the banks and emissions of halon 1301, halon 1211 and halon 2402. Put
simply, the models for halon 1301 and 1211 use a mass balance approach of
production minus emissions and destruction equals the quantity that is added
to the bank. The models begin in the year 1963 and-year by year build the
bank (or installed base) of the halons. The models break global use and
emissions into five “regions:” 1) Article 5(1) countries, 2) Countries with

Economies in Transition (CEIT), 3) Japan, 4) Western Europe and Australia
and 5) North America. The models base the emissions'in a given year on the
quantity of halon in the bank. Different mis‘sior?jates are used for the
different regions. Figure 10-1 provides-the resu-ﬂs from the 2006 HTOC
Assessment graphically below.
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Figure 10-1 - HTC Model Estimates of Banks of Halons 1301 and 1211.

The actual quantity of halons emitted from Japan is tracked each year. The
emission rate is on the order of 0.1% of their bank per year. This has been
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considered to be the lowest possible emission rate, and is not necessarily
achievable in other regions of the world. Unpublished data on the emissions
of halon 1211 and 1301 for NW Europe, using the methodology described in
(Greally, B. R., et al. (2007), Observations of 1,1-difluoroethane (HFC-152a)
at AGAGE and SOGE monitoring stations in 1994-2004 and derived global
and regional emission estimates, J. Geophys. Res., 112, D06308, doi:
10.1029/ 2006JD007527), have been obtained.

The data are provided in Table 10-2 below and show that emissions of both
halon 1211 and 1301 either remained relatively constant or increased during
the period when non-critical halon systems had to be "removed from service
and halons properly disposed of in accordance with European Regulation (EC)
No. 2037/2000. This regulation limited the use of halon to only very specific
critical uses listed in Annex VII of that regulation,/

O w
Table 10-2 — Unpublished Estimated NW Europea Erﬂissions, kilotons (metric) /
year (uncertainty a factor of 2) using mel;ihodolog"= described by Greally, B. R., et

al. (2007) il N
halon 1301 halon 1211
(ktonnes) | (ktonnes)
1999 0.35+0.14/ 0.41 +0.09
2000 0.36 +0.08 0.37 +£0.07
2001 0.35.+0.13 0.36 +0.08
2002 0.39 +0.12 0.44 +0.10
2003 0.56 £0.14 0.47 £0.09
2004 7 0.6640.21 0.47 +0.08
2005 [ 0.27+0.14 0.27 +0.06
2006 0.23 +0.13 0.29 +0.07
2007 0736 +0.18 0.43 +0.08
F

gy

The installed quantities or bank of halons reported by the European
Commission for all Critical Uses in all 27 EU Member States for the year
2006 total approximately 0.95 kt (950 tonnes) of halon 1301, 0.250 kt (250
tonnes) of halon 1211 and 0.060 kt (60 tonnes) of halon 2402. Assuming that
only these Critical Uses of halons remain in the EU, and scaling the NW
factor of 1.6), the average emissions of halon 1301 would be 0.37 kt (370
tonnes) in 2006.and 0,58 kt (580 tonnes) in 2007. Comparing these with the
reported installed quantities gives an average emissions rate for halon 1301 of
39% in 2006 and 62% in 2007 — both extremely high emission rates. Doing
the same calculations for halon 1211, reveals that the emissions are higher
than the report@”“d installed base of Critical Uses for both years. Therefore, it
appears that there are additional quantities of halons either installed, in storage
and/or discarded that are also contributing to the measured annual halon
emissions. It is possible to estimate the smallest size of the bank of halons
that would lead to these emissions by using the lower end of the emission
estimate from Table 11-1 and dividing that value by the higher end of the
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average emission rate previously reported. For halon 1301, the highest
average emission rate is 3% based on the average of 2% +1%. For 2006, the
lowest emission is 0.16 kt (1.6 x (0.23 kt - 0.13 kt)) and for 2007 it is 0.29 kt
(1.6x (0.36 kt — 0.18 kt)). The estimated smallest bank of halon 1301 is 5.3
KT and 9.7 kt for 2006 and 2007 respectively for all 27 EU countries. This is
consistent with the HTOC model estimates of an average of 6 kt for 2006 —
2007. Similarly for halon 1211, the highest average emission rate is 6% based
on an average of 4%+2%. The estimated smallest bank of halon 1211 is 5.9 kt
and 9.3 kt for 2006 and 2007 respectively for all 27 EU countries. This is
significantly lower than the HTOC model estimate of an average of 15 kt for
2006 — 2007, which will warrant further evaluation in the future. None-the-
less, for both halon 1301 and halon 1211 the estimated installed base within
Europe appears to be much larger than the reported cﬁntltles contained
within the European Union Critical Uses. - B

provided 2004-2006 measurements of ODS and their alternatives from the US
and Mexico. The results indicated that halon 1211 emissions from the U.S.
were 0.6 (0.3-0.8) Gg/yr and Mexico were 0.1 (0-0.3) Gglyr. The results for
the U.S. match well with the HTOC model estfmate of 0.6 Gg/yr emissions.
The emissions for Mexico appear to be mﬂlm@"’wnh estimating techniques that

calculate usage and emissions based on Gross Domestic Product (GDP). The
results for halon 1301 however, are surprlsmg The emissions in both the

AAAAAAA

A recent publication in the Journal of Enwronmeatal Smence and Technology,

emissions of about 0.6 Gg/yr, approxim&iely the same as for halon 1211.
These findings may point to the iricreasing trend of reducing halon emissions
where halon has it highest market. This is consistent with the measured very
low losses in Japan and the potentia [/‘ higher emissions in Europe where
halon in non-critical uses ha§‘lost any market value and may in fact be a
financial liability.

Modelling based on the work of Verdonik, updated to incorporate the most
recent trends reported in/this work, estimate the average C-eq emissions for
fixed systems to replace halon 1301 for the years 2004 — 2006 at 0.4 Mt/yr C-
eq. While no direct data or published estimates are provided for emissions of
streaming agents to repl@g;@ halon 1211, it is anticipated that their limited up-

take in the market place has limited their C-eq emissions to approximately
10% of that of the' total !Ioodlng (halon 1301) replacements.

When the usage of halon 2402 as a process agent was stopped in Russia, it
became possible to perform rough estimation of its emissions. According to a
simplified approach proposed by Sergey Kopylov, current emissions of halon
2402 can be estimated as 10 % of the amount of halon to be recycled annually.
This model is applicable for the Russian market only and covers the emissions
of halon 2402 caused by accidental release, fire suppression and losses via
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recycling. Using this approach the following forecast was made (see Table 10-
3).

Table 10-3 Russian Bank of Halon 2402 Forecast

2007* | 2008 | 2009 | 2010 2011 | 2012 | 2013 | 2014 | 2015

Necessity in
recycling, 0.080 | 0.160 | 0.160 | 0.160 | 0.050 | 0.050 | 0.030 | 0.030 | 0.030
(ktonnes)

Annual offer ‘
of free agent | 0.010 0.020 | 0.020 0.020 0.050 | 0.050 | 0.030 | 0.030 0.030

10.3

(ktonnes) ;
Possible "“‘\1‘&& \
losses 0.008 | 0.016 | 0.016 | 0.016 | 0.005 [ 0.005 | [0.003 | 0.003 | 0.003
(ktonnes) ( “‘E} /
Totalbank | o0 | 0931 | 0915 | 0899 | 0894 | 0.8%9 | 0886 | 0.883 | 0.880
(ktonnes)
*Data obtained May 2008 e 7

_ I
The predictions were confirmed for 2008: aqg.q'ding to preliminary data, the
current bank of halon 2402 in the RLgian Federation can be estimated as
0.938 — 0.941 kt. A two times reduction in the predicted amount of recycled
are .007-.009 kt (approximately 10% of the 0.080 MT of halon recycled in
2008).

The trends of market acceptaﬁj’ée b;sed on cost factors appear to be affecting

umu,,".%:

wlm‘ﬂ

the development of new agents and systems as well. As noted in the SROC,
we anticipated that research inte-new fire protection technologies would
continue and that additional options would likely emerge. This is indeed the
case. Since the SROC, two ne}?b technologies have been developed, and while
it is too early to anticib)ate their eventual impact on usage patterns, a
discussion of these new techhologies is warranted due to implications for
future technology development.

The first of these technologies is a hybrid of traditional water mist and an inert
gas, in this case nitrogen. Developed by Victaulic, it is called the Victaulic
Vortex System.(The US EPA has approved its use as a halon 1301 substitute
for total flooding in both occupied and unoccupied areas under its Significant

flammable 'I"i‘quipgfand ordinary combustibles. As it contains only de-ionised
water and nitrqﬂben gas its ODP and GWP are both zero. The use of both
water and nitrogen combine two different fire extinguishing mechanisms:
cooling and oxygen depletion. The combination of the two agents provides an
advantage over the agents alone with the intent of reducing space, weight and
costs. These systems are designed to compete with the clean agent total
flooding systems in the broader halon 1301 replacement market.
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The second technology, developed by ATK and known as the OS-10 system,
uses gas generators (a similar technology to automobile air bags) to suppress
fires through the production of mainly nitrogen with water vapour. The US
EPA has approved its use as a halon 1301 substitute for total flooding in both
occupied and unoccupied areas under its SNAP program. The ODP of all
generated gases are zero and their GWPs are 1 or less. According to the EPA,
data provided by the developer indicate that there will not be a significant
amount of particulates left in the space after discharge, and they concluded
that there would not be any detrimental health effects within the five-minute
egress timeframe specified for total flooding fire extinguishing systems in the
NFPA Standard 2001. These systems are also bemg\eagned to compete with
the clean agent total flooding systems in the broatlder halon 1301 replacement
market. a B

Both of these technologies are characterised as not-in- klnd and may represent
a growing trend within fire protection total floodir g system research and
development. Firstly, both are non-halocarbon q@gents that are intended to
compete directly with halocarbon agenfs in the broader market. They use zero
Or near zero, naturally occurring gases to exthgmsh the flres and were

(not considered a clean agent) and inert gé%s (need to store the agent in many
high pressure cylinders). These systems employ unique methods to reduce the
greater space, weight and therefore(cost of the traditional non-halocarbon
agents, with the intent of improving tﬁeif market acceptance.

Trends for the Future E}

It is anticipated that research mtoMN fire protection technologies will
continue and that some additional pptions will likely emerge. However, as
was reported in the SROC, owing'to the lengthy process of testing, approval
and market acceptance of new fire protection equipment types and agents, no
additional truly new optlt)r5 are likely to be available in time to have
appreciable impact over'the next 10 years. - A possible singular exception is a
potential halon 1211 replacew‘hent that had been under development some
years back but was then aQandoned Since much of the developmental work
has already been compIet@’d the agent has the potential to have appreciable
impact within 5 oryso years from restarting developmental efforts. More
likely however, may be‘the development of additional novel methods of
making hybrid systems that combine existing agents or employ much more
efficient methods of storlng inert gases so as to reduce the negative impacts of

Even if addltlonai new novel methods are not developed and/or the two
recently developed technologies discussed above do not come to fruition,
there is from a purely technical perspective, still the potential to alter the
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current market acceptance of halon and halon alternatives. With the exception
of civil aviation cargo bays, virtually all other former halon applications have
halon alternatives available today, and it must be recognised that only some of
these would require high GWP or HCFC agents to meet performance
requirements. These are mainly in the following 5 areas: 1) low temperature
uses such as oil and gas production in the North Slope, 2) civil and military
aviation portable extinguishers, lavatory waste basket, and engine nacelles, 3)
civil and military crash, fire and rescue operations at airports, 4) explosion
suppression in military ground combat vehicles and 5) some applications on
military vessels. It is conceivable that regulatory actions such as those being
discussed by the U.S. State of California to impose use taxes on fire protection
agents based on their 100-yr GWP may in fact alter the choice of an agent in
certain applications, particularly within a subset of\ gem“ts, e.g., halocarbons.

It must be noted that this is an example and is not meant to imply that there is
the potential for universal replacement of one haloc rbon with another. All
choices for replacing halons or transitional haljn sd%stltutes need to be
evaluated by appropriate Fire Protection engln ers based on the specific use

environment. (-s o

It is too early to determine the pure market, effect of the recently developed
not-in-kind systems. Their impact may reach the broader halon market or
traditional in-kind substitutes may well limit their impact to replacing only
other not-in-kind alternatives. j'u \

iy

Fmally it is also too early to de‘termrﬁe if the apparent reduced emission rates
?rary anomaly. This situation warrants
:0‘
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11.2

Solvents

Description of Product Category

On an ozone-depletion weighted basis, solvents constituted approximately 15
% of the market for chemicals targeted for phase-out under the Montreal
Protocol. Of the four most common ODS chemicals used as solvents — CFC-
113, CFC-11, carbon tetrachloride (CTC) and 1,1,1-trichloroethane (TCA;
also known as methyl chloroform) — the vast majority of use in non-Article 5
countries consisted of CFC-113 and TCA. Precision and electronics cleaning
used mostly CFC-113 and metal cleaning applications principally relied on
TCA. As is seen in the IPCC/TEAP SROC, over 90% of the ODS solvent use
had been reduced through conservation and substitution with not-in-kind
technologies (no-clean flux, aqueous or semi-aqueous cleanlng and
hydrocarbon solvents) by 1999. The remaining less than 10% of solvent use is
shared by several organic solvent alternatives, especially by the in-kind
alternatives to CFC-113 which include HCFCs, I—“ Cs and HFEs
(hydrofluoroethers) and partly PFCs |nsﬁ€)n Artlt‘EIe 5 countries.

Current situation gaf?E
HCFC solvents

The only HCFC solvents used are HCFC-141b and HCFC-225ca/cb with ODP
of 0.11 and 0.025/0.033 and GWP- qi@@yr; of 713 and 120/586, respectively
(SROC Chapter 2, Table 2-1).

As a solvent, HCFC-141b use in nonﬂArticIe 5 countries was widely banned,
but use from existing stockpiles isallowed in the US. Now that HCFC-141b
inventory is getting low, conversmn to non-ozone depleting alternatives has
accelerated.

In Article 5 countries, us_g of HCFC-141b is still increasing especially in
China, India and Brazil,‘as e pnomlc growth rates are high even if process
containment and recycling afe developed. Its consumption could have
exceeded 5,000 metric tonnes even in 2002 (AFEAS 2002). This is often the
most cost-effective substitution to TCA or CFC-113,

HCFC-225ca/ch was dg%igned to duplicate the chemical and physical
properties of CFC-113 and can be used as drop-in replacement to CFC-113.
With these characteristics, HCFC-225ca/cb is advantageously used in oxygen
system cleaning for military and space rocket applications and is also directed
to niche applications in precision cleaning and as a career solvent. It is very
expensive and the market seems to remain only in Japan and USA with
consumption of several thousand metric tonnes.
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11.3

HFC solvents

There are two HFC solvents commercially available. They are HFC-43-10mee
(CsHzF10) and HFC-c447ef (heptafluorocyclopentane; c-CsHsF7) and two
other HFCs are coming into the solvent markets in replacing CFC-113.
HFC-43-10mee is a non-flammable solvent with low toxicity. Its atmospheric
life is 15 years and its GWP (100yr) amounts to 1,610. HFC-43-10mee
readily forms azeotropes with alcohols, chlorocarbons and hydrocarbons to
give blends enhanced cleaning properties. The blends are used in applications
such as precision cleaning, defluxing flip chips and printed wiring board
(PWB). HFC-c447ef is non-flammable with a boiling point of 82C (Zeon
Corporation, 2004). Its atmospheric life is 3.4 Vearsv‘yv‘ith a GWP (100 yr) of
250, which is lower than that of most HFCs and Hles. N

; B
Two other HFC candidates, although primarily de@ileloped as foam blowing
agents, have been promoted in some solvent aprlicgtions. They are HFC-

245fa and HFC-365mfc. aﬁl
&

Although HFCs are available in all r(gions;‘-—:étheir uses have been primarily in
non-Article 5 countries, due to relatively high cost and importance of high
tech industries. Also with increasing concern about their GWP, uses are
focused in critical applications with no other substitutes. Therefore, growth is
expected to be minimal. jgw \

HFE solvents N Euaf

uuuuuuuuu

HFE-449s| and HFE-569sf2 dre segregated hydrofluoroethers with the ether
oxygen separating a fully fluorinated and a fully hydrogenated alky! group.
Both of these compounds are used as replacements for CFCs and HCFCs. The
pure HFEs are limited in Utility,in cleaning applications due to their mild
solvency. Therefore HFEs are usually used in azeotropic blends with other
solvents such as alcohols and‘aa“’trans-l,Z-dichloroethylene and in co-solvent
cleaning processes giving them broader cleaning efficacy. The relatively high
cost of these materials limits their use compared to lower cost solvents such as
chlorinated solvents and hydrocarbons.

Potential HCFC andHFC Replacements
Not-in-kind altérhaﬁ/es to HCFC and HFC solvents

None of these HCFC and HFC solvents came anywhere near to reaching the
pre-phase-out volume of CFC-113. In the mid-“90s, for example, global
solvent use of MCFC-Mlb was about 27,000 metric tonnes. Since then, Asian
demand has grown but US and EU demand have dropped to nearly zero.
Japanese demand is currently about 2,000 metric tonnes and declining. HCFC
225 solvent demand is probably less than 4,500 metric tonnes. HFC and HFE
solvent volumes have remained low, probably less than 4,500 metric tonnes
each (maybe much less).

May 2009 TEAP XX/8 Task Force Report 81



If HCFC and HFC solvents were to be eliminated, many of the options that
were available at the CFC phase-out will still be available and will find
various levels of acceptance. However, no single option seems well suited to
replace HCFCs and HFCs completely. Hydrocarbons (and alcohols, ketones,
etc.) are effective solvents but are extremely flammable. Engineering controls,
some of which are costly, can reduce the risk but flammability concerns may
constrain growth. Additionally, most of the commonly used hydrocarbons are
VOCs, which may further constrain growth in some countries.

Chlorinated solvents will also be available as replacements for HCFCs and
HFCs in a variety of cleaning applications due to their high solvency.
However, large-scale conversions to chlorinated salvents would seem unlikely
because of toxicity concerns. For example, trichloroe\tﬁylepe (TCE) usage in
the U.S. and Europe has dropped significantly since TCEAvas listed as a
probable carcinogen. In the U.S., the OSHA PEL is still at 100 PPM (8-hour
TWA) but the ACGIH TLV has been reduced to 10 ppm. Similarly, n-PB is
an effective and useful solvent but widespread growth'in its use would seem
unlikely because of toxicity concerns. Agceptabww exposure limits of 10 ppm,

1 —

or even 1 ppm, have been proposed for(n-PB.

Some conversion to aqueous cleaning is I_:_[(WSM but there are limits to its utility
because some products/processes simply can’t tolerate water. There is also the
additional requirement that an aqueous cleaning step be followed by a drying

step, which can be energy-intensive. gﬁesre may still be opportunities to

In-kind alternatives to HCFC and I—%FC solvents

There remains possibility to devel,g.p“uénew HFEs with suitable solvency and
with lower global warming potential than existing HFCs. One example in this
category will be HFE-347pcf. This compound is a non-segregated
hydrofluoroether with oxygen sgparating two partially fluorinated alky!l
groups. The material is @ new gompound and has only recently become
commercially available.g\/érﬁtle information is available regarding its
performance in cleaning\,\apﬂl‘lcations.

Several ultra low GWP fluorinated olefins are currently under development
for a variety of applications. Some of these might offer the best combination
of performance, toxicity and environmental properties even in solvent
applications. A newly developed liquid chemical with low GWP, for
example, exhibits CFC-113-like solvency, is non-flammable, and exhibits
good toxicological properties based on early test results. And it seems likely
that it will not be glassified as a VOC.

Ty,
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Consumption / Emissions

Most solvent uses are emissive in nature with a short inventory period of a
few months to 2 years (IPCC Good Practice guidance, 2001). Although used
solvents can and are distilled and recycled on site, all quantities sold are
eventually emitted. The IPCC Good Practice Guidance recommends a default
emission factor of 50% of the initial solvent charge per year (IPCC Good
Practice, 2002). A report by the US-EPA uses an assumption of 90% of the
solvent consumed annually is emitted to the atmosphere. Thus, distinction
between consumption and emission is typically not S|gn|f|cant for these

solvent applications.

]
A/
/N
S
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Inhaled Therapy for Asthma and COPD

Inhaled therapy is essential for the treatment of patients with asthma and
COPD. Both asthma and COPD are increasing in prevalence world-wide. At
the same time, the acceptance and use of inhalers (which are generally
superior to oral therapies) for individual patients is also increasing. These two
factors combined mean that the numbers of inhalers used world-wide is
increasing steeply.

CFC MDls have traditionally been the inhaled delivery device of choice as
they are inexpensive, reliable and extremely effective. They are now being
rapidly phased out under the Montreal Protocol. ?heﬁlase out of CFC MDls
completed in developing countries no later than 5015 The process by which
this final phase-out will be achieved safely and effectlvely for all patients is
still under discussion, but it might include a final campaign production of
pharmaceutical grade CFCs for residual MDI maﬁ;ufacture

Over the last decade, the focus has mamly been on providing like-for-like
HFC MDils to replace CFC MDls. Multlnatloglal companies have developed
and marketed HFC MDI alternatives to almng all the effective drugs.
However some products proved too difficult to reformulate. The propellant
replacement process has been dlfflcglt“slow and expensive. However, there
are now sufficient HFC MDI altern"atlgles available for all drugs addressing
asthma and COPD. It is estimated that &Dprommately 250 million HFC based
MDls are currently manufactured’ annually world-wide, using approximately
4000 tonnes of HFCs (this may growpto more than 7,000 tonnes of HFCs if
this trend continues in the comlngj rs). When an MDI is used by a patient,

all the HFC propellant is emptted mto the atmosphere

A major problem for developing countrles has been that replacement HFC
MDIs from multinational companies can be more expensive than locally
manufactured CFC MDIs, gar}ftahis may mean that poorer patients cannot
afford them. Transferring HFC MDI technology to local manufacturers in
developing countries is still proving difficult, in spite of support and funding
by the Multilateral Fund-for the 10 remaining countries that have domestic
CFC MDI manufagglure;s.
Dry powder inhalers provide a suitable technical alternative to MDIs for
almost all patients. DPIs fall into two categories, single dose and multi-dose
inhalers. Single-dose DPIs, which have been in use world-wide for more than
40 years, utilise a single capsule that is inserted into the device. They are
inexpensive but may not have the dose-to-dose reliability of more recent
multi-dose DPIs. Multi-dose inhalers typically contain at least enough doses
for 1 month’s treatment, and have also been in use for more than 20 years.
There are two types, one with individual doses pre-metered during
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manufacture, and the second, which loads a measured amount for inhalation
from a reservoir in the device. Both typically will use formulations that may
contain lactose as a carrier or micronised active substance

Older reservoir DPIs can suffer from water ingress in high humidity
environments, leading to clumping of the powder formulation and reduced
dosing (also seen with some HFC MDIs). DPIs are easier to use for the
patient as the drug delivery is effected by the patient’s inhalation. Multi-dose
DPIs from multinational pharmaceutical companies have generally been
priced at the same level as the same company's MDls, but remain more
expensive than domestically manufactured MDIs in developing countries. In
some parts of Europe, multi-dose DPIs now account for,more than 90% of
inhaled therapy, and in India single dose DPIs'now: acqﬂunt for more than
50% of inhaled therapy. There is no reason in prim@iple (when manufactured
in moderate volumes) that a multi-dose DPI should not be priced comparably
to an HFC MDI. In addition, newer multi-tose Plg’ function equally well in
areas of high humidity, such as seen inymany developing countries.

A major impediment to the increased use of|DPIs has been the idea that “not
all patients can use DPIs”. In fact, the only,category of patient for whom DPIs
are ineffective are the very youngest children < 4years old, who cannot
generate sufficient inspiratory flow through the device, and for whom an MDI
and spacer is currently the best @tiﬂ'n Indeed, less than 50% of patients can
use an HFC MDI efficiently, because i})f poor co-ordination of activation with
inhalation. Many have to use asaul-kw'“'spacer device to use them effectively.

| \

Recently, a novel but expensive propellant-free agueous MDI has been
launched and marketed for a limited range of drugs.

The MLF has sponsored projeﬁs focussed exclusively on the technology
transfer for HFC MDI,replacement for CFC MDIs. Local manufacturers in
developing countries efulggalso consider DPI manufacture.
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Concluding Remarks

63% of current global domestic refrigeration production uses HFC-134a and
35.5% use hydrocarbons; the remaining 1.5% use regionally available HCFCs
or HFCs. Second generation conversion from HFC-134a to HC-600a began in
Japan where it has now progressed to include the majority of new domestic
refrigeration production. A major U.S. manufacturer has announced
production of HC-600a refrigerators in 2009.

With the HC-600a refrigerant (and the possibility for propane/ isobutane
mixtures), it can be expected that alternatives are-available to significantly
reduce the number of HFC-134a applications. It is ﬁaf“cerjtain whether it is

worthwile to consider other alternatives than hydrocarbons for HFC-134a,
such as HFC-1234yf, given uncertainties in long term performance and
reliability. The advantage of this unsaturated HFC would be that the
compressor design and volume would not have t \bbe changed, compared to
isobutane. M,Mg

Wﬂb

uuuuuuuuu

where last units produced with legacy refrigerants are approaching the end of
their life cycle. Delayed conversioh of original production from legacy
refrigerant results in service demand for legacy refrigerant to continue to be
strong for at least another decade/ Regulations promoting the use of service
blends and recovery and recycling at“‘Fervice and disposal could mitigate
future emissions. Jﬂ“

Product energy efficiency is Eighlfl leveraged vis-a-vis global warming
performance and power distribution grid demand stress. Energy labelling,
energy regulations and demand Side incentives are widely used to promote
product energy efficiency iinj(ovements. Energy improvement product
design options with broad spectra of cost effectiveness and implementation
capital requirements have been thoroughly validated and are widely used.
Application of especially HIﬂ—|CFC-22 in commercial refrigeration has led and
will lead to continued uge of R-404A. However, there is more and more
shift to lower GWP HFC blends and to HFC-134a, both for new equipment
and for retrofits. , /

In commercial refrigeration, the use of a combination of options such as
small hydrocarbon or HFC charges in a primary circuit combined with a
secondary loop, distributed systems with low charges and low leakage, carbon
dioxide systems in a number of supermarkets, as well as high energy
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efficiency two stage systems could substantially decrease HFC banks and
emissions over the next 10 years in many non-Article 5 countries. To a
certain degree a number of these tendencies will also be picked up in Article 5
countries. The use of unsaturated HFCs is currently not foreseen to be of
major influence on this subsector, since, at this moment, it would only apply
for substituting HFC-134a, which is a less preferred refrigerant for lower
temperatures. Application of possible new higher pressure (low temperature)
unsaturated HFCs (where nothing is known so far regarding their
development) might change the picture, although flammability of these
compounds for large volume equipment will be an important aspect.

Future development in the industrial sector (Iarg‘é"’refrigeration systems) will
focus increasingly on improved energy efficiency, sustainability, whole life
cycle climate performance and integration of the cooling system with other
heat transferring processes within the enterprise. This is likely to include

greater use of combined heat, power and r%frigarati n systems and
implementation of a far greater range of heat pump systems. Ammonia will

be the preferred refrigerant, with useﬁT carboﬁ dioxide in a number of
applications, including cold storage facilities.

There will also be an increasing trend t6”i’ﬁ?tegrate a refrigeration user into the

wider community, for example by delivering waste heat to neighbouring users
. . 4 A . .

who can utilise it to mutual advaﬁtqeﬁe\% A mix of incentives, tax breaks for

heat recovery, energy tariffs and bﬁ?ilqﬂjng planning regulations could all be

used to encourage integration of in@hﬂﬁ%trial systems.

\
HFC refrigerants have been the dgﬁninant replacements for HCFC-22 in all
categories of unitary air cgndi’ﬁners. The most widely used HCFC-22
replacements are the HFC blends R-410A and R-407C. Hydrocarbons have
also been used in some low cr}arge applications (less than a few hundred
grams), including lower capq@ity (portable) room units and small split-system
air conditioners. Most Article 5 countries are continuing to utilise HCFC-22
as the predominate refrigg;%nt in unitary air conditioning applications.

While R-410A and-R-407C have zero ozone depletion potentials, both of
these refrigerants have global warming potentials close to that of HCFC-22.
Therefore the air conditioning industry is exploring alternatives to these
refrigerants, which tjéve lower global warming potentials and/or better Life
Cycle Climate Performance.

Nl
A number of al‘%ernatives such as hydrocarbons (in smaller units) and HFC-
134a (having a/iower GWP than R-410A, although not significant) could be
alternative options, next to carbon dioxide for a small number of equipment.
This subsector, with an enormous growth potential, in particular in Article 5
countries, both for domestic use and exports, is one of the sectors where it is
most difficult to predict future developments at present. Since R-410A is a
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higher pressure alternative for HCFC-22 than e.g. propane and other
flammables, developments of unsaturated HFCs to replace R-410A, via pure
substances or via blends, are very difficult to forecast. A combination of the
use of HFC-134a, hydrocarbons, R-407C and R-410A seems to be the one that
will still determine future developments. In the near term, the responsible use
of HFCs is the best “replacement” option for HCFC-22 in unitary air
conditioners.

In chillers, HCFC-22 has been phased out in developed countries with
refrigerants HFC-134a, HCFC-123 (for centrifugal chillers) and R-410A (for
chillers with positive displacement compressors).. Alternatives to HFC
refrigerants for chillers include R-717 or hydrocarbons; a mall number of
these are produced using modular approaches. Chil@“erﬁ;ploying these
refrigerants are produced in small quantities and*ﬂf"i“nsta;llatibns must meet more
stringent codes and standards than HFC refrigerants.”R-744 (carbon dioxide)
yields poor energy efficiency for chiller applications in hot climates. It is not
yet clear whether unsaturated HFCs, such as H ch[lzsﬁze, would form an
appropriate alternative for low pressureﬁg;entrifggdl chillers. On the other
hand, the low GWP of the HCFC-123 refrigerant as well as the high energy
efficiency make this refrigerant somewhat less important at short notice in
phasing out global warming emissions. Where it concerns HFC-134a

centrifugal chillers, the leakage of HFC-134a will be determining whether or
not alternatives such as unsaturated HECs should be considered. In large

chillers it will be the energy efficieﬂcgog the refrigerant that will be largely
determining the climate performance of the equipment. Low GWP refrigerants
such as HFC-1234yf are too recent to-allow assessment of their suitability for
use in chillers. “!E
7
In mobile AC, all three refrigeranT{ptions, R-744, HFC-152a and HFC-
1234yf, have GWPs below the 150 threshold and can achieve fuel efficiency
comparable to existing HFC-134a systems. Hence, adoption of either would
be of similar environmental benefit. 1t could be that other unsaturated HFCs
or blends containing ungatérefd HFCs have to be added to the list, mainly
determined by energy efficiency factors and flammability properties. The
decision of which refrigerant to choose would have to be made based on other
considerations, suchas regulatory approval, cost, system reliability, safety,
heat pump capability, suitability for hybrid electric vehicles, and servicing.
The global transition frgm HFC-134a to the next-generation refrigerant could
be accomplished the timeframe outlined by the EU F-gas regulation (i.e., 6

refrigerant(s) and__;orfé is disciplined in removing barriers and implementing
standards necessary for safety and environmental performance.

=

Whilst it is anticiioated that the selected replacements will have a long period
of use, it is prudent to maintain the GWP 150 threshold globally to ensure that
options are available if necessary in the future. With GWPs less than 150
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energy use dominates. However, time is truly of the essence as decisions
must be made to determine acceptable replacement(s) for HFC-134a. But
with the exception of the German Automotive Industry no car manufacturer
has publicly announced a decision yet. As a consequence it is not clear how
the 2011 European requirement will possibly be met.

There is an industry preference to choose one refrigerant for vehicles sold in
all markets world-wide but given the number of potential replacement options
it appears to be likely that there will be at least two different refrigerants
options in the global automotive marketplace in the near future; this in
addition to the residual use of CFC-12 and HFC-134a as global phase-outs

continue. ~

: MB

The main polyurethane (PU) sectors currently usiﬁg HFCs are rigid insulating
foams and flexible integral skin foams. Hydrocarbon (HC) technology has
proven to be a suitable option to HFCs for'all m'alyu‘Fethane foam applications
with the exception of spray where safety becomes a critical issue. Refining of
HC technology has largely closed thﬁ;ap in thermal performance with HFCs.
Current HC technology is not economic to apply in small and medium
enterprises because of the high equipment_pbnversion cost to ensure a safe
use. Pre-blended or directly injected hydrocarbons may play a role for these
enterprises but a rigorous safety. evagﬁuuation will then be needed.

¢/
For PU integral skin foams CO; (w%teﬂf) or hydrocarbon technologies are well
proven alternatives. In Japan s_gfperwﬁical CO;, has been successfully
introduced as an option for spray dfplications.

y,

Methyl formate, marketed?undéﬁghe trade name of Ecomate, and methylal are
commercially available alternatives that require full performance validation,
including foam physical prop%rties and fire performance testing. Low-GWP
unsaturated HFCs are Q@rrjergjﬁg as potentially alternative blowing agents.
Their evaluation of to}iéfit)é%%nd environmental impact as well as foam
properties performance requires to be completed. Commercial supply will

take as a minimum 2 years, except for HFC-1234ze (HFO), already
commercially available for one-component foams in the EU.

Foams competeﬁ&/ith different type of materials in insulation and other
applications. Mineral fibre (including both glass fibre and rock fibre products)
‘ ‘fargest single insulation type with cost being the primary
driver for selécﬂﬁiaﬁ.
¢

The XPS sectofis still dependent on HCFCs in several geographic regions and
is growing rapidly in a number of Article 5 countries. Although it would seem
sensible to convert directly to low-GWP solutions, those currently available
have limitations, either in processing (e.g. CO,-based solutions) or in product
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performance (e.g. hydrocarbons). A lot of work is currently ongoing to find
proprietary blends in order to gain maximum benefit out of these options.

Where transition has already taken place to HFCs (HFC-134a and/or HFC-
152a), there is increasing realization that the high production emissions
associated with XPS manufacture are unsustainable. Further moves are
therefore being considered to unsaturated HFCs such as HFC-1234ze,
although the toxicity of the product and cost characteristics may yet act as

barriers.

No additional truly new options are likely to be available in fire
protection in time to have appreciable impact over.the next 10 years. A
possible singular exception is a potential halon 121mpla§ement that
had been under development some years back bt'i'"fwa‘s then abandoned.

No additional truly new options are likely to be avallable in fire
protection in time to have appreciable impact over the next 10 years. A
possible singular exception is a potentlal halon 1;!11 replacement that
had been under development some years back\ but was then abandoned.

important replacements in the solvent sector espeually because of the use of
Not-in-Kind solutions. However, HCEC-141b use as a solvent is still
increasing in Article 5 Parties, but it is'expected that this chemical will be
replaced by chlorinated (non MP controlled) solvents and other Not-in-Kind
technologies in the near future while applymg the appropriate safety
considerations. Some hydrofluoroetr}}ers (HFESs) could be replacement options

for HCFC and HFC solvents. Jﬂ

..........

ey

iy
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Acronyms

CTC
DPI
GWP
HC
HCFC
HFC
HFE
HTF
LCA
LCCP
MB
MDI
NIK

ODS
OEM
SAE
TCA
TEAP
TEWI
TOC

VDA

Refrigerants
R-400’s
R-717
R-718
R-729
R-744

92

Carbon Tetra Chloride

Dry Powder Inhaler

Global Warming Potential
Hydrocarbon
Hydro-chloro-fluoro-carbon
Hydro-fluoro-carbon
Hydro-fluoro-olefin

Heat Transfer Fluid

Life Cycle Analysis

Life Cycle Climate Performance\
Methyl Bromide
Metered Dose Inhaler
Not-in-Kind, different method from the commonly applied
principle (in refrigeration,-foam blowing, cleaning etc.)
Ozone Depleting Substance rj: '

Original (New) Equipment Manufacture

Society of Automotive Engineers
1,1,1 tri-chloro ethane (melﬁ;Hyl chloroform)
Technology and Economie Assessment Panel
Total Equivalent Warming Impact

Technical Options Committee

CTOC - Chemicals |

FTOC - Rigid ¢ and FIeX|bIe Foams

HTOC — Halon
MTOC - Medical
RTOC — Refrigeration, Air Conditioning and Heat Pumps
Verband der Automobilindustrie (Germany)

AN
\

i

HFC blean each with specific composition
Ammonla

Water/

AiIr

Carb6n dioxide
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Workshop for a dialogue on high-global warming potential alternatives
for ozone-depleting substances

Noting that the transition from, and phase-out of, ozone-depleting
substances has implications for climate system protection,

Recognizing that decision XIX/6 encourages Parties to promote the
selection of alternatives to hydrochlorofluorocarbons to minimize
environmental impacts, in particular impacts on climate,

Recognizing also that there is scope for coordination between the Montreal
Protocol and the United Nations Framework Convention on Climate Change
and its Kyoto Protocol for reducing emissions and minimizing
environmental impacts from hydrofluorocarbons, and that Montreal
Protocol Parties and associated bodies have considerable expertise in these

areas which they could share, 0\

Recognizing further that there is a need for more information on the
environmental implications of possible transitions from ozone-depleting
substances to high-global warming potential chemicals, in particular
hydrofluorocarbons, -

gy

To request the Technology and Economic éﬂgessmﬂgﬂm’g‘[ Panel to update the data
contalrged within the Panel’s 2005 Supplement to the IPCC/TEAP Special
Report®and to report on the status of alternatives to hydrochlorofluorocarbons and
hydrofluorocarbons, including a description of the various use patterns, costs, and
potential market penetration of alternatives no_later than 15 May 2009;

To request the Ozone Secretariat to prepare a report that compiles current control
measures, limits and information reporting’requirements for compounds that are
alternatives to ozone-depleting substances and that are addressed under

To request the Ozone Secretariat with input, where appropriate, from the
secretariat of the United Nations Framework Convention on Climate Change and
its Kyoto Protocol to convene an open-ended dialogue on high-global warming
potential alternatives for ozone-depleting substances among Parties, including
participation by the assessment panels and the Multilateral Fund Secretariat, and
Inviting the Fund’s implementing agencies, other relevant multilateral
environmental a?reement secretariats and non-governmental organizations to
discuss technical and policy issues,related to alternatives for ozone-depleting?1
substances, with a particular'focus on exchanging views of the best ways of how
the experience from the Montreal Protocol can be used to address the impact of
hydrofluorocarbons, and also with a view to maximizing the ozone and climate
Benefitslof the hydrochvlqoroflU~B§)rocarbon early phase-out under the Montreal
rotocol; —~

To encourage Parties to include their climate experts as participants in the
workshop;

That the above-mentioned dialogue on high-é;l_obal warming potential alternatives
to ozone-depleting substances should be held just before the twenty-ninth meeting

P,

3 Available at the website
http://ozone.unep.org/Assessment_Panels/TEAP/Reports/TEAP_Reports/teap-supplement-ippc-teap-
report-nov2005.pdf.
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of the Open-Ended Working Group and that interpretation will be provided in the
six official languages of the United Nations;

6. To request the co-chairs of the workshop, in cooperation with the Ozone _
Secretariat, to prepare a summary report of the discussions that take place during
the dialogue and to report on the proceedings to the Open-ended Working Group

at its twenty-ninth meeting;

7. To invite one representative of a Party operating under paragraph 1 of Article 5
and one representative of a Party not so operating to serve as co-chairs of the

workshop;

8. To request the Ozone Secretariat to communicate the present decision to the
secretariat of the United Nations Framework Convention on Climate Change and
its Kyoto Protocol and to encourage that secretariat to make the decision available
at the fourteenth meeting of the Conference of the-Parties ta that Convention for

possible consideration of participation in the Workshop]; ’

o

Note: This report responds specifically to Paragraéh 1 iﬁp De/:':ision XX/8.

Annex 2 On Fluorocarbon Nomenclature
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TEAP is aware of the commercial and marketing sensitivities surrounding the
development and launch of a new series of low-GWP substances containing
hydrogen, carbon and fluorine atoms with unsaturated carbon-carbon bonds
(sometimes described as ‘double bonds’). The manufacturers have sought to
describe them as hydro-fluoro-olefins or HFOs, where the term “olefin’ is the
historical, but still widely used, term for hydrocarbons containing double
bonds. In this regard, a hydro-fluoro-olefin is the synonym for a hydro-
fluoro-alkene.

In considering its position regarding this choice of nomenclature, TEAP has
considered the following points as significant:

1. Hydro-fluoro-olefins (HFOs), in contrast witt']‘ ;‘lﬁh‘“‘other substances as
hydrogen, carbon and fluorine atoms. This means that they are a specific sub-
set of the hydrofluorocarbon (HFC) family.

iy,

2. Hydrofluorocarbons (HFCs) are a named g__[%m) of chemicals, whose
emissions are controlled under the Kyato Prot\p'“éoI. In practice, the control is
triggered through validation of the GWP. by th?p IPCC, adoption by the Kyoto
Protocol Parties of substances so charactear_iswgﬂ and then applied within a

subsequent commitment period.

uuuuuuuu

first digit signifies the number of double bonds in the molecule. Those HFCs
without a double bond (the HFCs/that-have been used as ODS replacements to
date) have only two or three digits because the ‘0’ that would otherwise be the
first digit in the sequence is omitted./ For example, HFC-134a would
otherwise be HFC-0134a anq\HF" -245fa would otherwise be HFC-0245fa.
This is exactly the same as for the/CFC and HCFC code numbers.

TEAP therefore concludes that in order to avoid misunderstandings about the
scope of application of the Kyoto Protocol, these new substances should be
referred to in its reports as HFCs, since this is what they are. The four digit
code will signify the pre\'s\e_nce of at least one double bond and will indicate

should be sufficient for stakeholders to identify those substances that they
might wish to encourage as alternatives to more traditional HFCs without
double bonds.
TEAP is also weI!:;r'a-\ii/are of the value to manufacturers of distinguishing this
group of substances in additional ways and is fully supportive of their right to
use terms such as‘hydro-fluoro-olefin in their own marketing materials, trade
names, patents and other documents. These will be cross-referenced at first
mention by footnote wherever appropriate. Indeed, TEAP has evaluated
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language that could help to reinforce the demarcation in its own reports.
Among the options considered have been:

» Low-GWP HFCs (in contrast with high-GWP HFCs)
» Unsaturated HFCs (in contrast with saturated HFCs)

Although the language of ‘low’ and ‘high’ is superficially attractive, it
ultimately requires a definition of the boundary between the two categories,
which would inevitably be subjective and without links to any recognised
convention. Thus, the language based on levels. of saturatlon might be more
appropriate. e

a B
If the production and/or consumption of HFCs wen’ to become controlled
under the Montreal Protocol or any new Protocol at some future date, Parties
may wish to distinguish on a substance-by-substance basis those HFCs that it
wishes to encourage and those that it wishes to/control. TEAP would not see
its role as inadvertently signalling th(gdlstlnctlon ahead of the consideration
of the Parties themselves. TEAP therefore invites discussion on the option of
expressmg the on-going HFC distinction iy terms of levels of saturation,

uuuuuuuu
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Annex 3 Update of the data from the 2005 TEAP Supplement Report;
fire protection

Fire protection data (data for banks and emissions of chemicals) were given in
the 2005 TEAP Supplement Report. They are once more given here for the
years 2002 and 2015.

Table A3-1 Banks and emissions data for fire protection for the years 2002 and
2015 (tonnes) from the 2005 TEAP Supplement Report

2002 Halons HCFC HFC PFC
BANKS —

World 167,740 4,391 18,600 480
Non-Article 5 80,078 3,820 /14,694 440
Article 5 87,662 571 | 3,906 39
EMISSIONS ;

World 10,308 107\ 7 318 10
Non-Article 5 4,711 93 251 9
Article 5 5597 | /' 14 67 1
2015 Halons| | HCFC HFC PFC
BANKS /i

World 55,494 | @ — 6,273 64,039 514
Non-Article 5 39,668 4,956 42,266 466
Article 5 15,8261 / 1,317 21,773 48
EMISSIONS A

World 5897 | / 179 1,190 11
Non-Article 5 1,903 |, 141 786 10
Article 5 3,994 ;ﬁ; 38 405 1

It can be observed from Table 3- 1 that halon banks are expected to decrease

substantially between 2002 and 2015 in Non-Atrticle 5 (50%) and Avrticle 5

countries (85%). Over the same’period, emissions are expected to decrease by
60% (Non-Article 5 couﬁtr;es)jand 30% (Article 5 countries).

gy, =

A relatively small growth is.expected for HCFCs world-wide (about 45%),
and a smaller even for PFCs (7%) over the period 2002-2015. HFC banks
were expected to mcrease.nby 45,000 tonnes world-wide (350%), with an
almost three-fold increase in the Non-Avrticle 5 countries and a five-fold
increase in Article 5 cedntries

not available prev1ously) The further updates are based on the recent trends
that are discussed in the fire protection chapter.
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The tables below give the bank and emissions for halons, HCFCs, HFCs and
PFCs, in tonnes, ODP tonnes (where applicable) and in ktonnes CO,
equivalent.

The following can be observed.

Banks of halons are expected to decrease much slower than was expected in
the 2005 Supplement, whereas it should be noted that halon emissions are
expected to be lower than predicted in the Supplement Report in 2005 (e.g.,
50% lower in the year 2015).

Predictions for banks and emissions of HCFCS an(ﬂ“IF%s have not changed,
banks and emissions for PFCs have become some 'hat larger.

|n|l1i
Emissions of HCFCs (and PFCs) are in the > range of 100-130 ktonnes CO;
equivalent. However, emissions of HFCs are predicted to be substantially
larger, about 4-6,000 ktonnes CO; equivalent in the period 2015-2020. This

number is comparable to the emlssmgﬁf estlmated for halons in CO; equivalent
for the period 2015-2020. .

conditioning are both predicted in the 400-600,000 ktonnes CO; equivalent
range during the period 2015- 20?.0;'

"ﬂlwmum,

Table A3-2 Banks for halons and HCFCs in fire protection. 2002-2020
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BANK
Halons Halons Halons HCFCs HCFCs HCFCs
(ktonnes COR2 (ktonnes CQ
Year (tonnes (ODP tonne! equiv. (tonneg (ODP tonne$) equiv.
2002 164,189 885,244 500,760 4,391 189 4,585
2003 157,763 854,115 482,814 4,654 198 4,769
2004 150,155 817,841 463,427 4,839 204 4,856
2005 142,551 786,651 446,127 4,970 207 4,872
2006 135,179 753,840 427,588 5,096 209 4,883
2007 128,426 724,409 410,386 5,223 212 4,894
2008 122,094 696,711 394,214 5,351 214 4,905
2009 116,221 671,021 379,114 5,479 217 4,916
2010 110,525 644,948 363,888 -5,609 219 4,927
2011 105,198 620,505 349,603 5,739 222 4,938
2012 100,204 597,523 336,178 #5,870 225 4,950
2013 95,524 575,917 323,560 6,003 227 4,961
2014 91,135 555,586 311,693 6,137 230 4,973
2015 87,017 536,447 300,528+ 6,273 233 4,985
2016 83,152 518,421 290,018| 6,409 235 4,996
2017 79,524 501,437 280,122 /6,544 238 5,008
2018 76,117 485,427 270,799] . 6,680 241 5,020
2019 72,917 470,328 262,012 | 6,816 243 5,031
2020 69,909 456,081 253,726] ; 6,952 246 5,043
e
Table A3-3 Emissions for halons and HCFCs in fire protection. 2002-2020
[
EMISSIONS
Halons Halons Halons HCFCs HCFCs HCFCs
(k;pnnes CO2 (ktonnes CO2
Year (tonnes) (ODP tonnes) \‘w‘ equiv.) (tonnes) (ODP tonnes) equiv.)
2002 5551 25081 ‘5E114,588 100 4 90
2003 5330 24175] 7 14,052 108 4 94
2004 5109 23268 13,515 116 4 97
2005 4875 22206 12,926 122 5 99
2006 4617 21201 12,347 127 5 100
2007 4366 20196 11,761 132 5 100
2008 4125 21928 11,212 138 5 101
2009 3900 " 1842 10,698 143 5 101
2010 3689 . 17625 10,218 148 5 102
2011 3487 16839 9,747 153 5 102
2012 3299 ;]w6103 9,306 158 5 103
2013 3122 15413 8,892 163 5 103
2014 2957] 4 14765 8,504 169 6 104
2015 2803 . 14156 8,139 174 6 104
2016 2658 13584 7,797 180 6 105
2017 2522 13047 7,476 185 6 105
2018 2394 12542 7,174 190 6 105
2019 2275 12067 6,890 196 6 106
2020 2163] 11620 6,623 201 6 106

Table A3-4 Banks for HFCs and PFCs in fire protection. 2002-2020
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BANK

HFCs HFCs PFCs PFCs

(ktonnes CO2 (ktonnes CO2
Year (tonnes) equiv.) (tonnes) equiv.)
2002 19,059 63,482 868 6,068
2003 19,496 65,008 871 6,086
2004 22,525 75,077 874 6,103
2005 25,690 85,438 876 6,120
2006 29,081 96,679 879 6,136
2007 32,543 108,154 881 6,153
2008 36,079 119,870 884 6,170
2009 39,665 131,752 887 6,187
2010 43,350 143,963 889 6,205
2011 47,092 156,357 892 6,222
2012 50,879 168,904 895 6,239
2013 54,739 181,689 897 6,257
2014 59,236 198,266 900 6,275
2015 63,338 211,940 903 6,293
2016 67,707 226,492 906 . 6311
2017 72,348 241,940 909 . 6,329
2018 77,266 258,298 011 J 6,347
2019 82,461 275,571 7914 [ 6,365
2020 87,934 293,756 L 017 | 6,383

Table A3-5 Emissions for HFCs and PFCs'in fire protection. 2002-2020
EMISSIONS
HFCs HFCs /PFCs PFCs

(ktonnes CO§2 ugﬂﬂw (ktonnes CO2
Year (tonnes) equiv.) \"‘”“’”‘"’ (tonnes) equiv.)
2002 376 1,263 | | 18 124
2003 386 1,297 | / 18 125
2004 395 1,332} 18 125
2005 456 4,537 | 18 126
2006 520 1,747 18 127
2007 588 1,976 18 127
2008 658] s 2,209 18 128
2009 729 0 | 2,446 18 129
2010 802| 2,688 19 130
2011 876 ~2,935 19 130
2012 951 3,187 19 131
2013 1028[ 3,441 19 132
2014 1105 3,701 19 132
2015 1207 7 4,107 19 133
2016 1290| | 4,388 19 134
2017 13791 4,686 19 134
2018 1473 5,003 19 135
2019 1573 5,337 19 136
2020 1678 5,690 20 137

7/
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Annex 4 Update of the data from the 2005 TEAP Supplement Report;
foams

Table A4-1 presents the update on banks and emissions in the foam sector,
current status.

Although consumption, bank and emissions data for CFCs and HCFCs in the
foam sector were updated in 2006/7 for the Report in response to Decision
XVI1I1-12, this did not include an updated estimate of HFC consumption,
banks and emissions. Accordingly, the Business-as-Usual situation for HFCs
is still as foreseen in the Special Report on Ozone and Climate (2005).
Since foams generally retain their blowing agenglsmfo?l\ang;periods, the climate
impact of emissions from CFC and HCFC banks is largely still ahead.
Accordingly, the pattern of use of HCFCs, HFCs and their respective
alternatives is less significant to annual emigsionj than the more emissive

applications in the refrigeration sector. M‘

J
~ -wunl“'“l

;x, which are still in their

Additionally, there are a number of alternative:

proving stages, making speculation on their uptake premature. The Foams
Technical Options Committee therefore antieipates carrying out a thorough
review of alternatives and their uptake as part of its 2010 Assessment Report.

Meanwhile, the current assessmentquf banks is set out below.

““““““““““

oy

mlnlu."nm

Table A4-1 Foams banks and emissions update (current 2009 estimate)
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BANKS | | |
CFCs HCFCs HFCs

Year (tonnes) (ODP tonnes) (kt CO2-eq) (tonnes) (ODP tonnes) (ktCO2-eq)[ (tonnes)]  (kt CO2-eq)
2002 1,858,321 1,858,321 9,868,421| 1,126,433 109,875] 1,241,200 11,699 14,537
2003 1,815,777 1,815,777 9,661,183| 1,155,360 112,558 1,277,781 32,972 37,522
2004 1,773,234 1,773,234 9,453,944| 1,184,287 115,242] 1,314,363 60,245 66,902
2005 1,730,690 1,730,690 9,246,706| 1,213,214 117,925] 1,350,944| 91,228 99,948
2006 1,688,146 1,688,146 9,039,468| 1,242,141 120,608 1,387,525| 125,039 135,950
2007 1,645,603 1,645,603| 8,832,230] 1,271,068 123,292| 1,424,106 160,253 173,483
2008 1,603,059 1,603,059| 8,624,992 1,299,995 125,975 1,460,688| 196,805 212,465
2009 1,560,515 1,560,515 8,417,754] 1,328,921 128,659| \, 1,497,269 234,681 252,891
2010 1,517,971 1,517,971 8,210,516] 1,357,848 131,342 Aﬂgﬂ3’1,533,850 276,448 298,090
2011 1,475,428]  1,475,428] 8,003,278| 1,386,775 134,025]" 1,570,432] 330,156] 358,529
2012 1,432,884 1,432,884| 7,796,040] 1,415,702 13@,709 1,607,013| 384,813 419,973
2013 1,390,340 1,390,340 7,588,802] 1,444,629{ . 139,392 1,643,594| 440,026 481,949
2014 1,347,797 1,347,797| 7,381,564| 1,473,556 ]E 142,075 1,680,176| 495,278 543,836
2015 1,305,253 1,305,253| 7,174,326] 1,502,483 ,\Jui"’ 144,759 1,716,757| 549,877 604,811
2016 1,290,054 1,290,054 7,090,762 m7,852 """ 147,277 1,704,711| 613,777 676,560
2017 1,274,826 1,274,826 7,007,149] 1,532,602 149,739] 1,691,928| 677,211 747,787
2018 1,259,605 1,259,605| 6,923,638| 1,549,986| 152,492] 1,680,892| 738,578 816,884
2019 1,244,379 1,244,379| 6,840,165 1,567,796 155,303 1,669,867| 799,140 885,125
2020 1,229,112 1,229,112 6,756,555 1,585,238 158,085 1,658,297| 859,143 952,759

&
EMISSIONS 1/
CFCs HCFCs HFCs
Year (tonnes)  |(ODP tonnes) (kt CQ?iEq) \| (tonnes) [(ODP tonnes) (kt CO2-eq) (tonnes) [(kt CO2-eq)
|
/
2002 21,252 21,252 116,&_9% 26,657 2,276 39,022| 6,829 3,479
2003 21,056 21,056], 114,970 23,297 1,914 36,353| 10,221 5,689
2004 20,538 20,538 111,902 22,967 1,845 36,979 12,701 7,197
2005 20,058 20,058 109,119] 23,623 1,878 38,528| 13,914 7,704
2006 19,397 19,397 105,729 24,476 1,939 40,013| 14,593 8,141
2007 18,924 18,924 103,370 25,836 2,048 42,133| 15,318 8,574
2008 18,359 18,359| | 100,573] 27,682 2,207 44,687 16,137 9,194
2009 17,814 17,814)  97,857| 29,794 2,393 47,479 16,883 9,816
2010 17,066 94,193 31,106 2,532 48,323 18,107 11,180
2011 16,707| 92,323| 28,337 2,424 39,323 22,123 16,295
2012 16,333 90,404 29,855 2,551 41,422 22,610 17,055
2013 16,051 88,943 31,089 2,646 43,346 22,833 17,725
2014 15,792 87,601 32,672 2,772 45,737 22,706 18,257
2015 15,606 86,599 34,296 2,902 48,173 22,139 18,612
2016 15,199 83,564 34,651 2,935 48,499 22,574 19,104
2017 15,228|/ 83,613| 35,269 2,992 49,236| 23,039 19,625
2018 15,221 83,5611 32,635 2,701 47,488| 25,107 21,756
2019 15,226}/ 83,473| 32,210 2,643 47,478| 25,911 22,611
2020 15,267 15,267 83,610 32,577 2,672 48,022 26,470 23,218
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Annex 5 Update of the data from the 2005 TEAP Supplement Report;

A5.1

A5.11

refrigeration and air conditioning

Refrigeration and Air Conditioning

Below the updated forecasts for the year 2015 for banks and emissions in
refrigeration and air conditioning are given. These are given for the two
scenarios BAU (Business-as-Usual) and MIT (Mitigation) as defined in the
SROC and Supplement Report, for the world, as well as for Article 5 and
Non-Article 5 countries separately. For the bottom-up estimate methods
applied the article "HCFCs and HFCs emissions from the refrigerating
systems for the period 2004-2015", by L.Palandre, D. Clodlc L.Kuijpers
should be referenced.

Here not only an update for the year 2015 is ﬁ’iveg but also a new forecast for
the year 2020, based upon the same assumptions gs currently applied for the
new data for 2015. The assumptions for the |mff)rovement of emission rates
and recovery efficiency have been extended to 2020 according to the variation
assumed between 2002 and 2015 in the earlley’ studies.

unﬂ

nnnnnnnnnn

The new input assumptions used mainly relate to

- new data for particularly roof tqpséﬁeat exchangers — equipment;

- the controls for CFCs, and for HCFCs after 2013 in Article 5 countries;

- alimitation of the Mobile Acfgrawth for the period 2008-2010; and

- the replacement of R-407C By R-410A in Europe for stationary AC in the
short term (this is more uncerte;iq”for the longer term).

Concerning the application of f refrigerants, the HCFC percentages have been
reduced to an overall value of 10% of the 2000 level for the year 2020 in non-
Article 5 countries. HFQ—1234yf has been assumed to be gradually introduced
in MAC systems as of 25913 '15 dependent on the type of country (Article 5

or non-Article 5). J

Table A5-1 shows the global results for the BAU scenario for both banks
(tonnes) and em|55|ons (tonnes per year), for CFCS HCFCs, HFCs and others
and air condmonlng ::(domestlc commerC|aI transport and industrial
refrigeration, stationary and mobile air conditioning). Results are given for
the years 2015 arig 2020. An extra table gives the ratio for the banks and
emissions between the year 2015 and 2020.

Table A5-2 gives the emissions in ktonnes CO, equivalent per year for 2015
and 2020.
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Table A5-1 Global banks and emissions for 2015 and 2020 for the BAU case

Global

Banks (tonnes)

2015 CFC HCFC HFC OTHERS Total Suppl. Rep. 05
DOM 31,382 - 190,143 17,778 239,303 239,256
COM - 766,767 428,128 - 1,194,895 1,193,236
TRA - 3,504 19,705 - 23,209 23,210
IND 26,497 120,716 83,866 124,586 355,665 355,665
SAC 20,814 791,928 732,009 1,727 1,546,478 1,857,926
MAC 985 17,236 630,422 4,213 652,856 675,923
Total 79,679 1,700,151 2,084,273 148,303 4,012,405 4,345,216
2020 CFC HCFC HFC OTHERS Total
DOM 12,283 - 244,227 23,951 280,461
COM - 722,053 547,989 4 1,270,041
TRA - 3,702 22,819 7i 26,521
IND 18,017 119,580 119,239 138,481 395,317
SAC 1,468 666,400 1,090,343 . 1,932 1,760,143
MAC 5 9,400 691,721 10,706 711,832
Total 31,773 1,521,134 2,716,338 175,070 4,444,315
2020/2015 CFC HCFC HFC OTHERS Total
DOM 0.39 1.28 1.35 1.17
COM 0.94 1.28 1.06
TRA 1.06 1.16 1.14
IND 0.68 0.99 1.42 1.11 1.11
SAC 0.07 0.84 1.49 1.12 1.14
MAC 0.01 0.55 7110 2.54 1.09
Total 0.40 0.89 ©1.30 1.18 1.11
g ﬂu‘muﬂ“w
Total emissions (tonnes / year) |
2015 CFC HCFC HFC OTHERS Total Suppl. Rep. 05
DOM 4,989 - 7 7,754 609 13,353 13,404
COM 72 302,740 - 89,269 - 392,081 392,757
TRA - 1,528 7,162 - 8,690 8,695
IND 4,822 19,529 10,614 21,109 56,074 56,024
SAC 5,497 109,160 | ; 53,936 243 168,836 205,639
MAC 615 8,381 174,362 885 184,243 191,399
Total 15,995 4414339 ] 343,097 22,846 823,276 867,918
ki

2020 CFC HCFC HFC OTHERS Total
DOM 2,356 — - 12,636 1,036 16,028
COM - 288,358 110,363 - 398,721
TRA - 1,612 8,334 - 9,946
IND 2,870 |' 19,962 15,565 23,822 62,219
SAC 3,217 97,594 85,307 276 186,394
MAC 122 . 4,849 182,112 1,788 188,871
Total 8,564 412,374 414,316 26,923 862,177

ﬂmswl‘
2020/2015 CFC HCFC HFC OTHERS Total
DOM 0.47 1.63 1.70 1.20
COM - 0.95 1.24 1.02
TRA 1.05 1.16 1.14
IND 0.60 1.02 1.47 1.13 1.11
SAC 0.59 0.89 1.58 1.14 1.10
MAC 0.20 0.58 1.04 2.02 1.03
Total 0.54 0.93 1.21 1.18 1.05
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Table A5-2 Global emissions for 2015 and 2020 for the BAU case

Emissions (ktonnes CO2 eq / year)
2015 CFC HCFC HFC OTHERS Total Suppl. Rep. 05
DOM 40,413 - 10,081 12 50,506 51,318
COM 573 457,883 271,975 - 730,431 758,869
TRA - 2,954 18,868 - 21,822 22,195
IND 31,013 29,294 27,900 - 88,208 91,266
SAC 31,814 154,071 76,298 - 262,183 322,788
MAC 4,980 12,572 226,752 1 244,304 280,766
Total 108,794 656,774 631,874 13 1,397,455 1,527,202
2020 CFC HCFC OTHERS Total
DOM 19,081 - . 21 35,528
COM - 434,533 \ - 762,897
TRA - 3,117 - 24,969
IND 18,269 29,943 ) - 88,633
SAC 19,010 143,083 { - % 284,129
MAC 989 7,273 /2 245,091
Total 57,349 617,950 723 1,441,247
2020/2015 CFC HCFC HFC OTHERS Total
DOM 0.47 1.63 | 1.70 0.70
COM - 0.95 1.21 1.04
TRA 1.06 116 1.14
IND 0.59 1.02 ' 1.45 1.00
SAC 0.60 0.93 1.60 1.08
MAC 0.20 0.58 1.04 2.02 1.00
Total 0.53 0.94 1,21 1.72 1.03
,,ﬁgwﬂ“g"
T
F
wii\“
=
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World

The banks that are currently estimated for the year 2015 are not much
different from the ones estimated in the year 2005. They are lower for
specifically HCFCs (10%) and HFCs (25%) in stationary air conditioning.
Stationary air conditioning, where one of the favourite refrigerants is R-410A,
is difficult to estimate where it concerns the future developments and the
refrigerant choices.

Compared to the estimates given in 2005, the cg‘r‘[enti‘ones are also
significantly lower for mobile air conditioning and the Qanks of CFCs and
HCFCs as estimated in 2005. C “v;' “,wfé

Wul“'
Emissions for the world total at 823 ktonnes for all sectors in the year 2015
and at 1.40 Gtonnes CO; equivalent for 2015. IB

.gﬂ‘ﬂ

The growth in the emissions in tonneﬁsand ijfi"""fg'onnes CO,, equivalent between
2015 and 2020 is not much different. '

If one compares the banks between 2015 and 2020, the total HCFC bank is
estimated to decrease, whereas the HFC bank is estimated to increase by about

30% in this five year period. = ( ;‘E' \

iy

A similar tendency can be obsgvedu-u-f'f!\ the emissions. HCFC emissions from

the different subsectors generally decrease, with an average decrease
estimated for all sectors of 7% between 2015 and 2020. Where it concerns the
HFC emissions, growth is estimated in the business as usual scenario between
4 and 63% in the different{subsgctors with a growth of 21% for all sectors.
This is due to an estimated relatively moderate growth in the MAC sector and
a strong growth in the}statiorléry air conditioning sector.
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A5.1.2

BAU-Non-Article 5 countries; banks and emissions

Table A5-3 shows the global results for the BAU scenario for both banks
(tonnes) and emissions (tonnes per year), for CFCs, HCFCs, HFCs and others
(such as ammonia or hydrocarbons), for the different sectors in refrigeration
and air conditioning (domestic, commercial, transport and industrial
refrigeration, stationary and mobile air conditioning). Results are given for
the years 2015 and 2020. An extra table gives the ratio between the year 2015
and 2020.

Table A5-4 gives the emissions in ktonnes CO; equivalent per year for 2015
and 2020.

Non-Article 5 countries BAU tendencies

Almost 50% of the total bank of CFCs, HCFCs and HFCs is estimated for
stationary air conditioning with the largest share for HFCs, and a relatively
small share for other, low GWP refrigerants. Thlg tendency is not estimated
to change in the BAU scenario betwee%ZOlS\and 2020.

\ 4
Compared to the estimates given in 2005, the ;turrent ones are also
significantly lower for mobile air condltlomnb and the banks of CFCs and
HCFCs as estimated in 2005.
Emissions for Non-Article 5 countries toial at 344 ktonnes (about 40% of the
world total, which implies that the Iargest amount of emissions originate from
Article 5 countries in the year 2015) for all sectors in the year 2015, this being
0.610 Gtonnes CO, equivalent for 20}?15

The growth in the emissionsn tortnes and in tonnes CO, equivalent between
2015 and 2020 is not much dn‘ferent

If one compares the banks bet een 2015 and 2010, the total HCFC bank is
estimated to decrease sttarplyi whereas the HFC bank is estimated to increase
by about 26% in this five yeefr period (mainly in the stationary air
conditioning sector).

A similar tendency can be observed in the emissions. HCFC emissions from
the different subsectors‘generally decrease in a substantial manner (28-50%
dependent on the subsector), with an average decrease estimated for all

emissions, growth is estlmated in the busmess as usual scenario between 0 and
57% in the different subsectors with an average growth of about 17-20% over
all sectors. This is due to an estimated no growth (0%) in the MAC sector and
a strong growth in the stationary air conditioning sector.
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Table A5-3 Non Article 5 banks and emissions for 2015 and 2020 for BAU case

nAS
Bank

2015 CFC HCFC HFC OTHERS Total
DOM 349 - 75,945 13,863 90,157
COM - 42,724 242,981 - 285,705
TRA - 6 17,511 - 17,517
IND 13,457 44,361 67,127 82,683 207,628
SAC 10,633 356,447 564,429 1,410 932,920
MAC 11 4,279 468,074 4,213 476,577
Total 24,452 447,817 1,436,067 102,168 2,010,504

2020 CFC HCFC HFEC OTHERS Total
DOM 320 - 80,784 17,050 98,154
COM - 22,456 302,623 - 325,079
TRA - 3 20,004 4 20,006
IND 8,542 32,252 90,566 89,219 220,579
SAC 2 210,170 824,337 1,548 |* 1,036,056
MAC 5 2,359 493,973 10,706 | = /507,044
Total 8,869 267,240 1,812,287 118,523 | 2,206,918

o
3

2020/2015 CFEC HCFEC HEC OTHERS Total
DOM 0.92 1.06 . 1.28 1.09
COM 0.53 1.25 J 1.14
TRA 0.52 1.14 ] ‘ 1.14
IND 0.63 0.73 1.35 ,1.08 1.06
SAC 0.00 0.59 1.46 1.10 1.11
MAC 0.44 0.55 1.06 2.54 1.06
Total 0.36 0.60 1.26 1.16 1.10

. @ /1
Total emissions Q \

2015 CEC HCFEC HEC OTHERS Total
DOM 30 - 4,935 466 5,431
COM - 14,456 62,876 - 77,332
TRA - 2 | 6,158 - 6,160
IND 2,195 6,926 8,674 13,979 31,774
SAC 2,631 50,217 40,098 187 93,133
MAC 6 2,033 |, 127,027 885 129,950
Total 4,863 73,634 249,768 15,516 343,781

2020 CFC HCFC HFC OTHERS Total
DOM 20 - ¢ .o 5,170 741 5,930
COM - 7,743 79,223 - 86,966
TRA - 1 7,038 - 7,039
IND 1,388 4,983 11,784 15,273 33,428
SAC 1,455 32,852 ; 62,631 209 97,147
MAC 7 1,194 126,662 1,788 129,650
Total 2,870 46,773 292,506 18,011 360,160
2020/2015 CFC HCFC HFEC OTHERS Total
DOM 0.66 1.05 1.59 1.09
COM 4 0.54 1.26 1.12
TRA /050 1.14 1.14
IND 0.63 ., 072 1.36 1.09 1.05
SAC 0.55 J 0.65 1.56 1.12 1.04
MAC 1.07 0.59 1.00 2.02 1.00
Total Tabhlel A5-4 RiGA Artticle 5 @%dssions for PATS and 2020 ¥6r the BAU ch4b |
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Emissions (ktonnes CO2 eq / year)

2015 CFC HCFC HFEC OTHERS Total
DOM 245 - 6,416 9 6,670
COM - 25,393 203,253 - 228,646
TRA - 5 16,645 - 16,650
IND 14,273 10,388 23,716 - 48,377
SAC 14,500 69,289 57,826 - 141,614
MAC 51 3,049 165,185 1 168,286
Total 29,069 108,124 473,040 10 610,243

2020 CFC HCFC HEC OTHERS Total
DOM 161 - 6,720 15 6,896
COM - 13,594 256,064 - 269,657
TRA - 2 19,026 - 19,028
IND 8,949 7,475 32,306 = 48,729
SAC 7,991 46,585 90,630 S 145,206
MAC 54 1,791 164,703 2 166,550
Total 17,155 69,447 569,449 17 656,067
2020/2015 CEC HCEC HEC OTHERS Total
DOM 0.66 1.05 1.59 1.03
COM 0.54 1.26 Vi 1.18
TRA 0.51 114 1.14
IND 0.63 0.72 1.36 1.01
SAC 0.55 0.67 1.57 J 1.03
MAC 1.07 0.59 1.00 [/ 202 0.99
Total 0.59 0.64 1.20 1.63 1.08
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A5.1.3

BAU-Article 5 Countries; banks and emissions

Table A5-5 shows the global results for the BAU scenario for both banks
(tonnes) and emissions (tonnes per year), for CFCs, HCFCs, HFCs and others
(such as ammonia or hydrocarbons), for the different sectors in refrigeration
and air conditioning (domestic, commercial, transport and industrial
refrigeration, stationary and mobile air conditioning). Results are given for
the years 2015 and 2020. An extra table gives the ratio between the year 2015
and 2020.

Table A5-6 gives the emissions in ktonnes CO2 equwalent per year for 2015
and 2020. g

Article 5 countries ‘t 4,

Almost 50% of the total bank of HCFCs and HFCs )as estimated for
commercial refrigeration (completely dlfferent n comparison to the Non-
Avrticle 5 countries) with far the largest share. for HCFCs, and a relatively
small share for HFC refrigerants in 2015. This tendency is not estimated to
change in the BAU scenario between 2015 énd 2020.

It should be mentioned that the bank for both commercial refrigeration and
stationary air conditioning in Article;5 countries in the BAU scenario is about
75% of the total bank (with thu%lg change between 2015 and 2020, apart
from the fact that the total bank incregses by roughly 10%.

.....

However, this is different for the s parate chemicals, the banks of CFCs
(already relatively small in 201;$ecreases by 60%, the bank of HCFCs is
estimated to not change, whereas growth in the different subsector banks for
HFCs varies between 22 and 71%, with an average growth of 39% between
2015 and 2020 (note: the growth in the HFC banks was estimated 26% in the
Non-Article 5 countrlgs)

Emlssmns for Artlcle 5 colntries total at 502 ktonnes (about 60% of the world

being 0.787 Gtcmnes COg equwalent for 2015.

‘tm

The growth in thewgmlssions in tonnes and in tonnes CO;, equivalent between
2015 and 2020 is not much different.

/-
If one compareul the emissions between 2015 and 2020, total HCFC emissions
are estimated to not further increase (where there is estimated a steep decrease
in Non-Article 5 countries). At the same time, the HFC emissions are
estimated to increase by about 28% in this five year period (mainly in the
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domestic, industrial and stationary air conditioning sector), which --in growth
percentage-- is not so much different from Non-Article 5 countries.

The emissions from CFC banks are expected to decrease by 50% between
2015 and 2020. In comparison to the Non-Article 5 countries where the MAC
subsector emissions are not expected to grow between 2015 and 2020 in the
BAU scenario, emissions from HFC banks in the MAC subsector in the
Article 5 countries are estimated to increase by 17% during the 2015-2020

five year period.

nnnnnnnnnnnnn

nnnnn
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Table A5-5 Article 5 banks and emissions for 2015 and 2020 for the BAU case

A5
Banks (tonnes)

2015 CFC HCFC HFC OTHERS Total
DOM 31,033 - 114,198 3,915 149,146
COM - 724,043 185,147 - 909,190
TRA - 3,498 2,194 - 5,692
IND 13,040 76,355 16,739 41,903 148,037
SAC 10,181 435,481 167,580 316 613,558
MAC 973 12,957 162,348 - 176,278
Total 55,227 1,252,334 648,206 46,134 2,001,901

2020 CFC HCFC HFC OTHERS Total
DOM 11,963 - 163,444 6,901 182,308
COM - 699,596 245,366 - 944,962
TRA - 3,699 2,815 - 6,514
IND 9,475 87,328 28,673 49,262 [~ 174,738
SAC 1,466 456,230 266,006 384 | /724,087
MAC - 7,040 197,748 - | ¥ 204,788
Total 22,904 1,253,894 904,052 56,547 J 2,237,397

O
2020/2015 CFC HCFC HFC OTHERS Total
DOM 0.39 1.43 |: 1.76 1.22
COM 0.97 1.33 #| 1.04
TRA 1.06 1.28 | 1.14
IND 0.73 1.14 1.71 1.18 1.18
SAC 0.14 1.05 1.59 1.21 1.18
MAC - 0.54 1.22 |- 1.16
Total 0.41 1.00 1.39 1.23 1.12
gﬂaﬂ"‘ l

Total emissions (tonnes / year) g

2015 CFC HCFC HFC OTHERS Total
DOM 4,959 - 2,819=" 144 7,922
COM 72 288,285 26,39 - 314,749
TRA - 1,525 1,004 - 2,529
IND 2,627 12,604 1,93¢ 7,130 24,300
SAC 2,866 58,943 13,838 56 75,703
MAC 609 6,349 |1 47,336 - 54,293
Total 11,132 367,705 93,329 7,330 479,496

/a ¢

2020 CFC HCFC HFC OTHERS Total
DOM 2,336 -¢ ] 7466 296 10,098
COM - 280,615 31,140 - 311,755
TRA - 1,610 1,296 - 2,906
IND 1,482 14,979 3,781 8,549 28,791
SAC 1,762 64,742 22,676 67 89,247
MAC 115 3,655 55,450 - 59,220
Total 5,695 865,601 121,810 8,912 502,017
2020/2015 CFC HCFC HFC OTHERS Total
DOM 047 | 2.65 2.06 1.27
COM - J 7 0.97 1.18 0.99
TRA A 1.06 1.29 1.15
IND 0.56 4 1.19 1.95 1.20 1.18
SAC 0.61 i 1.10 1.64 1.20 1.18
MAC 0.19 0.58 1.17 1.09
Total 0.51 0.99 1.31 1.22 1.05
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Table A5-6 Non Article 5 emissions for 2015 and 2020 for the BAU case

Emissions (ktonnes CO2 eq / year)

2015 CFC HCFC HFC OTHERS Total
DOM 40,168 - 3,665 3 43,836
COM 573 432,491 68,722 - 501,785
TRA - 2,949 2,223 - 5,173
IND 16,740 18,906 4,185 - 39,830
SAC 17,315 84,782 18,472 - 120,569
MAC 4,929 9,523 61,567 - 76,019
Total 79,725 548,651 158,833 3 787,212

2020 CFC HCFC HFC OTHERS Total
DOM 18,920 - 9,706 6 28,632
COM - 420,939 72,300 4 493,240
TRA - 3,115 2,825 - - . 5940
IND 9,320 22,468 8,115 | 39,903
SAC 11,019 96,498 31,407 \ 4 138,923
MAC 935 5,482 72,123 - 78,541
Total 40,194 548,503 196,477 6 785,179

Y
)

2020/2015 CFC HCFC HFC OTHERS Total
DOM 0.47 #DIV/O! 2.65¢ | . 2.06 0.65
COM - 0.97 1.05 " 0.98
TRA 1.06 1.27 1.15
IND 0.56 1.19 1.94 1.00
SAC 0.64 1.14 1.70 1.15
MAC 0.19 0.58 1.17 1.03
Total 0.50 1.00 E247 | 2.06 1.00

May 2009 TEAP XX/8 Task Force Report




A5.14

MIT-World; banks and emissions

Table A5-7 shows the global results for the MIT scenario for both banks
(tonnes) and emissions (tonnes per year), for CFCs, HCFCs, HFCs and others
(such as ammonia or hydrocarbons), for the different sectors in refrigeration
and air conditioning (domestic, commercial, transport and industrial
refrigeration, stationary and mobile air conditioning). Results are given for
the years 2015 and 2020. An extra table gives the ratio between the year 2015
and 2020. Table A5-8 gives the emissions in ktonnes CO2 equivalent per year
for 2015 and 2020.

World 0

In the MIT scenario, the global banks that are'currq:ptlyﬂ“ﬂestimated for the year
2015 are not much different from the ones estimated in the year 2005. They
are lower for specifically HCFCs (10%) and HFCs ﬁ@O%) in stationary air
conditioning. Stationary air conditionipg,YWhe e one of the favorite
refrigerants is R-410A, is difficult to ;sstimate.;xfﬂvhere it concerns the future
developments and the refrigerant choices.

Compared to the estimates given in 200.5,.,,:_=tf;e current ones are also
significantly lower for mobile air conditioning and the banks of CFCs and
HCFCs here, as estimated in 2005.

4

h

g .mg‘;%

L 609 k tonnes for all sectors in the year 2015
being 1.02 Gtonnes CO, equiyaélen;f".'“" This is expected to decrease to 0.92
Gtonnes CO; equivalent by 2020. a“!}

Emissions for the world total até60§9

!hﬂuinn

The growth in the emissiops in f;)nnes and in tonnes CO; equivalent between
2015 and 2020 is not much different.

/
If one compares the banks bgween 2015 and 2010, the total HCFC bank is
estimated to decreaseféf 15%, whereas the HFC bank is estimated to increase
by about 26% in this five-year period (slightly lower than in the MIT
scenario). A similar tendency can be observed in the emissions. HCFC
emissions from the different subsectors generally decrease, with an average
decrease estimated for all sectors of 17% between 2015 and 2020 (note:
compare the 7% decrease in the BAU scenario). Where it concerns the HFC
emissions, growth is estimated in the mitigation scenario between -16%
(minus!) and 50%;in the different subsectors with an average growth of 8%
over all sector%,;ﬁ(rfbte: compare the 20% growth in HFC emissions for the
BAU scenario)., The 8% figure is due to an estimated 10-15% reduction in
MAC emissions, a 40% increase in stationary air conditioning emissions
(BAU: 60% increase), as well as a 10-16% increase in commercial
refrigeration (BAU: 22% increase).
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Table A5-7 Global banks and emissions for 2015 and 2020 for the MIT case

Global

Banks (tonnes)

2015 CFC HCFC HFC OTHERS Total Suppl. Rep. 05
DOM 30,862 - 149,999 36,406 217,267 217,226
COM - 761,150 413,592 - 1,174,742 1,172,827
TRA - 3,506 19,704 - 23,210 23,210
IND 26,496 119,475 76,217 122,138 344,326 344,326
SAC 20,814 625,985 842,901 1,650 1,491,349 1,785,640
MAC 867 16,910 587,269 13,688 618,734 641,510
Total 79,039 1,527,026 2,089,681 173,881 3,869,628 4,184,739
2020 CFC HCFC HFC OTHERS Total

DOM 12,252 - 176,979 55,560 244,790

COM - 658,723 545,061 - 1,203,784

TRA - 3,702 22,818 = - 26,521

IND 18,016 117,730 104,884 134,138 374,768

SAC 1,483 511,461 1,183,914 1,799 1,698,951

MAC - 9,710 605,120 42,020 661,762

Total 31,750 1,301,325 2,638,777 233,517 4,210,576

2020/2015 CFC HCFC OTHERS Total

DOM 0.40 -1"53 1.13

COM 0.87 1.02

TRA 1.06 1.14

IND 0.68 0.99 J 1.10 1.09

SAC 0.07 082 | = 140 [ _ ¢ 1.09 1.14

MAC - 0.57 3.07 1.07

Total 0.40 0.85 1.34 1.09

Total emissions (tonnes / year)

2015 CFC HCFC OTHERS Total Suppl. Rep. 05
DOM 3,758 - 594 9,235 9,284
COM 50 237,435 - 298,234 300,155
TRA - 1,332 - 7,275 7,278
IND 4,283 17,153 18,260 48,113 48,186
SAC 3,857 70,604 - 44,042 167 118,671 142,873
MAC 460 7,288 " 118,331 2,189 128,268 133,564
Total 12,408 333,812 242,365 21,211 609,796 641,340
2020 CFC HCFC HFC OTHERS Total

DOM 1,724 N 7,389 909 10,022

COM - 203,072 |/ 70,249 - 273,321

TRA - 1,086 6,373 - 7,459

IND 2,493 16,888 11,347 19,433 50,161

SAC 1,990 51,944 61,070 169 115,173

MAC 115 4,200 107,498 5,097 116,910

Total 6,323 277,190 263,926 25,607 573,046

2020/2015 CFC HCFC HFC OTHERS Total

DOM 0.46 1.51 1.53 1.09

COM - 0.86 1.16 0.92

TRA 0.82 1.07 1.03

IND 0.58 7 098 1.35 1.06 1.04

SAC 0.52 T 0.74 1.39 1.01 0.97

MAC Hotra aR-20~p by 058 e 0091  bnone 2 A IT 0.91

TOtaI 1"aviIc I'\ﬁgll\.jl DUAI U IIG%I 19] TUT LU.Lf-Squ avrav) IUIl. IViT T CAdol 094

Emissions (ktonnes CO2 eq / year)

2015 CFC HCFC HFC OTHERS Total Suppl. Rep. 05
DOM 111 30'441 Moy, 20N0 THAD V\ﬁléunnl Coven DI‘\]II-'\ZI'\I"" 36’800 37'399
COM 4+ 401 TUIBE3L T rrr A9 T UER 535,909 560,011
TRA - 2,580 15,701 - 18,280 18,612
IND 27,511 25,730 22,032 - 75,273 77,516
SAC 22,477 100,221 62,591 - 185,290 225,172
MAC 3,730 10,931 150,794 2 165,458 195,446







A5.15

MIT-Non-Article 5 countries; banks and emissions

Table A5-9 shows the global results for the MIT scenario for both banks
(tonnes) and emissions (tonnes per year), for CFCs, HCFCs, HFCs and others
(such as ammonia or hydrocarbons), for the different sectors in refrigeration
and air conditioning (domestic, commercial, transport and industrial
refrigeration, stationary and mobile air conditioning). Results are again given
for the years 2015 and 2020. An extra table gives the ratio between the year
2015 and 2020.

Table A5-10 gives the emissions in ktonnes CO2 equivalent per year for 2015
and 2020.

Non-Article 5 countries MIT tendencies 0

Almost 45% of the total bank of CFCs, HCFCs and HFCs is estimated for
stationary air conditioning with the largest share for HFCs (almost 80% in this
subtotal), and a relatively small share for other Ioaﬁ/v GWP refrigerants. This
tendency is estimated to change substagsally inthe MIT scenario between
2015 and 2020. With an increase of the total bank of 145,000 tonnes, the
share of the stationary air conditioning bank |rl the total doe not change much
(45%), but the share of HFCs in the subtotalincreases drastically to almost
95%, and it is estimated that by 2020, HCFC banks in stationary air
conditioning in Non-Atrticle 5 coun%rles have largely disappeared.

"""Wnnwan

Emissions for Non-Article 5 coun;neg}__m the MIT scenario total at 226
ktonnes (about 35% of the world-total, which implies that the largest amount
of emissions (65%) originate from A’Btlcle 5 countries in the year 2015) for all
sectors in the year 2015 and at 0. M Mt CO; equivalent for 2015.

(Y
(Only for comparison: emissions for Non-Article 5 countries total at 343

ktonnes and 0.610 Mt 002 equiyalent in 2015 in the BAU scenario).

If one compares the banéf?s be[viveen 2015 and 2010, the total HCFC bank is
estimated to decrease sha\lkrpiyﬁﬂ (by 60%), whereas the HFC bank is estimated to
increase by about 19% in\tuhis five year period (mainly in the stationary air
conditioning sector and to’some degree in the commercial refrigeration
sector). CW

A similar tendency can be observed in the emissions (the growth in the
emissions in tonnes and in tonnes CO; equivalent between 2015 and 2020 is
not much different in the MIT scenario). HCFC emissions from the different
subsectors generally decrease in a substantial manner (33-78% dependent on
the subsector), with an average decrease estimated for all (HCFC) subsectors
of 60% between 2015 and 2020. Where it concerns the HFC emissions,
growth is estimated over the period 2015-2020 in the mitigation scenario in
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several sectors, but also a decrease of about 33% in the mobile AC subsector
between 2015 and 2020. Over the different subsectors this yields a decrease
of 1% in HFC emissions (both in tonnes and in CO; equivalent).

Overall, emissions are expected to decrease by 13% between 2015 and 2020,

with no increase in HFC emissions.

Similar to what has been mentioned for the world-wide emissions, it may well
be that all emissions, including the ones of HFCs from all refrigeration and
AC subsectors will decrease in the 2020-2030 decade. A more accurate
estimate can be made in 4-5 years when the market penetration of different

low GWP alternatives will be more accurately known. w

\ B / I"‘ﬂ

mmlﬂlﬂ

‘i“lnlulnw
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Table A5-9 Non Article 5 banks and emissions for 2015 and 2020 for MIT case
Non-Article 5

Bank

2015 CFC HCFC HFC OTHERS Total
DOM 349 - 58,077 22,668 81,094
COM - 37,107 228,444 - 265,552
TRA - 6 17,512 - 17,518
IND 13,456 43,120 59,478 80,235 196,289
SAC 10,633 190,504 675,321 1,333 877,791
MAC 4 2,965 425,799 13,688 442 455
Total 24,442 273,702 1,464,632 117,924 1,880,700

2020 CFC HCFC HEC OTHERS Total
DOM 320 - 51,362 31,278 82,960
COM - 18,519 275,028 = 293,547
TRA - 2 20,005 -~ . 20,006
IND 8,541 30,493 76,211 84,786 200,030
SAC 17 61,115 912,022 1,415 974,570
MAC - 1,249 408,793 42,020 452,061
Total 8,878 111,377 1,743,421 159,499 2,023,174
2020/2015 CFC HCFC OTHERS Total
DOM 092 | ] 088+ | = «1 38 1.02
COM 0.50 1.11
TRA 0.31 ] 1.14
IND 0.63 0.71 J 1.06 1.02
SAC 0.00 0.32 -7 1.06 1.11
MAC - 0.42 3.07 1.02
Total 0.36 0.41 1.35 1.08
Total emissions

2015 CFC HCFC OTHERS Total
DOM 20 - 382 3,197
COM - 8,667 - 48,825
TRA - 2 - 5,045
IND 1,972 5,926 11,890 26,460
SAC 1,711 26,291 /] 33,823 126 61,951
MAC 2 1,109 77,644 2,189 80,944
Total 3,705 41,994 166,135 14,588 226,422

2020 CFC HCFC HFC OTHERS Total
DOM 13 - / 2,392 567 2,972
COM - 3,867 43,980 - 47,848
TRA - 1 5,279 - 5,280
IND 1,203 3,967 8,117 12,036 25,322
SAC 735 8,644 44,332 122 53,833
MAC T 467 60,141 5,097 65,707
Total 1,952 L 16,947 164,243 17,821 200,962
2020/2015 CFC HCFC HEC OTHERS Total
DOM 0.64 0.86 1.48 0.93
COM 0.45 1.10 0.98
TRA 0.32 1.05 1.05
IND 061 | 0.67 1.22 1.01 0.96
SAC 0.43 0.33 1.31 0.97 0.87
MAC 0.77 0.42 0.77 2.33 0.81
Total 0.53 0.40 0.99 1.22 0.89
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Table A5-10 Non Article 5 emissions for 2015 and 2020 for the MIT case

Emissions (ktonnes CO2 eq / year)

2015 CFC HCFC HFC OTHERS Total
DOM 163 - 3,634 8 3,804
COM - 15,112 124,094 - 139,206
TRA - 4 13,695 - 13,699
IND 12,820 8,889 18,265 - 39,974
SAC 9,463 36,472 48,946 - 94,882
MAC 14 1,663 97,911 2 99,591
Total 22,461 62,140 306,545 10 391,156

2020 CFC HCFC HFC OTHERS Total
DOM 105 - 3,110 ~ 11 J 3,226
COM - 6,745 132,889 - ] 139,633
TRA - 1 14,343 74 14,344
IND 7,753 5,051 22,311 - 36,014
SAC 4,057 11,995 64,347 ([ \ -/ 80,399
MAC 11 701 65,223 | 5 65,940
Total 11,925 25,393 302,222 J 16 339,556

(,

2020/2015 CFC HCFC HFC OTHERS Total
DOM 0.64 0.86 1.48 0.85
COM 0.45 1.07 1.00
TRA 0.32 1.05 1.05
IND 0.60 0.67 s 41,22 0.90
SAC 0.43 0.33 131 0.85
MAC 0.77 0.42 067 2.33 0.66
Total 0.53 041 |/ +0.99 1.67 0.87

-
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A5.1.6

MIT-Article 5 Countries; banks and emissions

Table A5-11 shows the global results for the MIT scenario for both banks
(tonnes) and emissions (tonnes per year), for CFCs, HCFCs, HFCs and others
(such as ammonia or hydrocarbons), for the different sectors in refrigeration
and air conditioning (domestic, commercial, transport and industrial
refrigeration, stationary and mobile air conditioning). Results are given for
the years 2015 and 2020. An extra table gives the ratio between the year 2015
and 2020.

Table A5-12 gives the emissions in ktonnes CO, equivalent per year for 2015
and 2020.

Article 5 countries -

Almost 30% of the total bank of CFCs, HCFCs and HFCs is estimated for
stationary air conditioning with the largest share for HCFCs (almost 70% in
this subtotal), and a relatively small share for othq@% low GWP refrigerants.
The largest bank in 2015 is thought to t;&sﬂuata@' in commercial refrigeration
at 910,000 tonnes (in the total of 1,988,000 tohnes) the total of the
commercial refrigeration bank represents 450/(;,3 of the total bank in 2015.

This tendency is estimated to slightly change in the MIT scenario between
2015 and 2020, with a small decrease in HCFCs in commercial refrigeration
and a small increase of the HFC bar I<;|n §tat|onary air conditioning.

With an increase of the total bank of, 194 000 tonnes between 2015 and 2020,
the share of HFCs in the total bank dﬁbes not change much (30%). The bank of
HCFCs is expected to slightly dec;e&se (from 1253 to 1189 ktonnes), with a
decrease in commercial refrigeration and a further increase (note the increase
here) in stationary air condltlonlng

countries in stationary air conditioning are about 435 ktonnes, whereas they
are estimated at 190 ktonne@wEﬂ Non-Article 5 countries. The values for 2015
for HFCs in stationary air (B:ondltlonlng are 675 ktonnes and 168 ktonnes for
the Non-Article 5 and Article 5 countries respectively.

Emissions for Article @f{:ountries in the MIT scenario total at 383 ktonnes
(about 65% of the world total, which implies that the largest amount of
emissions originate from Article 5 countries in the year 2015) for all sectors in

the year 2015 and'at 0.625 Mt CO; equivalent for 2015.

In the year 2015 in the I\QI'E ’s]gnarlo the amounts of HCFCs in Article 5

(Only for compaﬁson. emissions for Article 5 countries total at 479 ktonnes or
0.787 Mt CO;, equivalent in 2015 in the BAU scenario).
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The growth in the emissions in tonnes and in tonnes CO; equivalent between
2015 and 2020 is not much different in the MIT scenario.

A similar tendency as in the banks can be observed in the emissions. In the
MIT scenario for Article 5 countries, HCFC emissions from the different
subsectors are generally expected to decrease between 2015 and 2020 (+15%
to -40% dependent on the subsector), with an average decrease estimated for
all (HCFC) subsectors of 10%. Where it concerns HFC emissions, growth is
estimated over the period 2015-2020 in the MIT scenario in several sectors,
with a modest increase of about 16% % in the mobile AC subsector between
2015 and 2020. Totalled over the different subsectors this yields an increase
of 26-30% in HFC emissions (30% in tonnes and 26% in CO; equivalent).
For comparison, HFC emissions in the MIT séénarmo |n.a'N0n -Article 5
countries are expected to remain virtually the same'during 2015-2020.

~ \ o
Overall, however, total emissions in the MIT scenario decrease by about 5%
between 2015 and 2020, with a relatively small increase in HFC emissions.

With a significant market penetration of low GWP technologies, and good
containment policies it may well be that HFC emissions will stabilise in the
growth sometimes con3|dered as the general tendency for HFC emissions in
Article 5 countries for the decades g*tgr 2020 (up to 2030-2040). It may be
expected that this could result in a%furﬁwer decrease of total (CFC, HCFC and
HFC) emissions after 2020, j

{ \
A more accurate estimate can be mJade in 4-5 years when the market
penetration of different Iow GWP alternatives will be more accurately known,
especially related to the d6velop§ment of various HCFC replacement
technologies in refrigeration a](nd air conditioning (following the accelerated
HCFC phase-out sche@ule |nx'fhe Article 5 countries).
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Table A5-11 Article 5 banks and emissions for 2015 and 2020 for the MIT case

Article 5
Banks (tonnes)
2015 CFEC HCFC HFC OTHERS Total
DOM 30,513 - 91,922 13,738 136,172
COM - 724,043 185,147 - 909,190
TRA - 3,500 2,192 - 5,692
IND 13,040 76,355 16,739 41,903 148,037
SAC 10,181 435,481 167,580 316 613,558
MAC 863 13,946 161,470 - 176,278
Total 54,597 1,253,324 625,049 55,957 1,988,928
2020 CFC HCFC HFC OTHERS Total
DOM 11,932 - 125,617 24,282 161,830
COM - 640,204 270,033 - 910,237
TRA - 3,701 2,814 - 6,514
IND 9,475 87,238 28,673 49,353 174,738
SAC 1,466 450,345 271,891 ‘a \384 /i 724,087
MAC - 8,461 196,327 - 204,788
Total 22,873 1,189,949 895,355 74,018 2,182,195
2020/2015 CFC HCFC HFC OTHERS Total
DOM 0.39 137 | J 177 1.19
COM 0.88 1.46 1 1.00
TRA 1.06 1.28 1.14
IND 0.73 1.14 1.71 1.18 1.18
SAC 0.14 1.03 [ 1.62 1.21 1.18
MAC - 0.61 a.22 1.16
Total 0.42 0.95 1.43 1.32 1.10
\
Total emissions (tonnes / year) Agh
2015 CFC HCFEC HFEC OTHERS Total
DOM 3,738 - 2,087 212 6,037
COM 50 228,768 4+ 20,591 - 249,409
TRA - 1,330 900 - 2,230
IND 2,311 11,227 1,746 6,369 21,653
SAC 2,146 44,314 10,219 41 56,720
MAC 459 6,179 / 40,687 - 47,324
Total 8,703 251,818%' 76,230 6,623 383,374
\ mwﬁuﬂp‘
2020 CFC HCFC HFEC OTHERS Total
DOM 1,711 | T /A 4,997 342 7,050
COM - 199,205 26,269 - 225,473
TRA - [l ;1,086 1,093 - 2,179
IND 1,290 12,921 3,230 7,398 24,839
SAC 1,255 43,300 16,737 47 61,340
MAC 114 3,732 47,356 - 51,203
Total 4,371 260,244 99,683 7,787 372,084
2020/2015 CFC HCFC HFEC OTHERS Total
DOM 0.46° 2.39 1.61 1.17
COM - 0.87 1.28 0.90
TRA 0.82 1.22 0.98
IND 0.56 1.15 1.85 1.16 1.15
SAC 0.59 0.98 1.64 1.13 1.08
MAC 0.25 0.60 1.16 1.08
Totaly 54 0.3Qav/o000 TERD XiIx/g TidEqrbe Renki8 0.97
TZF 2 v Ll




Table A5-12 Non Article 5 emissions for 2015 and 2020 for the MIT case

Emissions (ktonnes CO2 eq / year)

2015 CFC HCFC HFC OTHERS Total

DOM 30,278 - 2,713 4 32,996
COM 401 343,200 53,102 - 396,704
TRA - 2,576 2,006 - 4,582
IND 14,691 16,841 3,767 - 35,299
SAC 13,014 63,749 13,645 . 90,408
MAC 3,716 9,268 52,883 - 65,867
Total 62,100 435,634 128,116 ~— 4 625,855

_ ) wi?

2020 CFC HCFC HFC OTHERS Total

DOM 13,860 - 6,496 J 7 20,363
COM - 298,823 61,612 . 360,435
TRA - 2,125 2431 ¢ | v 4 4,556
IND 8,114 19,381 6,908 e 34,403
SAC 7,992 64,550 23,207 J - 95,750
MAC 925 5,599 61,101 - 67,624
Total 30,891 390,477 161,755 7 583,130
2020/2015 CFC HCFC HFC OTHERS Total

DOM 0.46 #DIV/O! 2.39 1.61 0.62
COM - 0.87 4. 116 0.91
TRA 0.82 721 0.99
IND 0.55 1.15 Y 183 0.97
SAC 0.61 1.01 : 170 1.06
MAC 0.25 060~ |\ 116 - 1.03
Total 0.50 0.90 ]| 1.26 1.61 0.93
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