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PREFACE

As sector-specific problems and issues arise and are identified as needing additional or
special attention, OORG Working Groups are established under the coordination of the relevant
OORG Sector Advisor and are comprised of technical experts from companies, laboratories and
applied research institutions on the leading edge of technological developments in industry around
the world. Working Group expert participants to date have included individuals from a growing
number of developing countries, among them, Brazil, China, and India. OORG Working Groups
prepare and periodically update sectoral overview papers and recomnmendations as guidance to Bank
task managers and client developing countries in preparing investment projects for financing through
the Montreal Protocol and the Global Environment Facility.

As of 1995, six OORG sector working groups have been assembled and prepared an
assortment of sector-specific overview papers and associated definitive recommendations and
guidance to the Bank and its clients', namely: (1) the OORG Refrigeration Working Group, (2) the
OORG RefrigerationlFreezer Insulating Foam Working Group, (3) the OORG Foam Pre-insulated
Pipes Working Group, (4) the OORG Production Alternatives Working Group, (5) the OORG
Chiller Working Group, (6) the OORG Mobile Air Conditioning System (MACS) Working Group,
and (7) the OORG Commercial Refrigeration Working Group.2

1 This particulaf report, OORG Report No. 13, was prepared under the overall direction of Dr. Lambert Kuijpers, Technical University,
Eindhoven, The Netherlands. Dr. Kuijpers is the OORG Refrigeration Sector Advisor to the World Bank and Chairman of the OORG Commercial
Refrigeration Working Group. The background paper was sumrnmarized by Dr. Kuijpers based upon contributions from the Working Group
members.

2 See present list of OORG publications, Appendix 111.





Ozone Operations Resource Group
(OORG)

COMMERCIAL REFRIGERATION AND HCFC's IN DEVELOPING COUNTRIES

1. Background

At its Fifteenth Meeting, in December 1994, the Executive Committee (EC) of the Multilateral Fund
under the Montreal Protocol considered five commercial refrigeration project proposals involving
conversions3 from CFCs to HCFCs, from China, for possible Multilateral Fund financing. In granting its
approval of these projects, the EC stated that, whenever possible, HCFCs should not be used. In the China
case decision, the EC noted that a number of considerations mitigated in favor of the proposed HCFC-based
projects, namely: (1) that an extensive technical review had been conducted and strong support had been
endorsed by a World Bank technical expert; (2) there were limitations upon China's capacity to implement
non-ODS technologies in this sub-sector at this time; (3) there would be emissions consequences for the
ozone layer if action were delayed; (4) the cost-effectiveness of the projects was substantial in terms of unit
abatement costs; and (5) the projects' development was at an advanced stage.

In view of this outcome, which was undertaken within the context of seeking to avoid the use of
HCFCs whenever possible, the EC requested that the applicability of HCFCs in commercial refrigeration
projects be examined and reported on by an expert group - specifically suggesting the Ozone Operations
Resource Group (OORG). The OORG was assembled by the World Bank to provide specialized sector-
based technical advice and assistance to the Bank in fulfilling its role as one of the four principal
implementing agencies (with UNDP, UNEP and UNIDO) of the Multilateral Fund under the Montreal
Protocol (MFMP). Within the context of the Bank's assistance to the developing countries to prepare
Country Programs and investment projects for the phaseout of ozone depleting substances (ODS), the
OORG keeps the Bank apprised of applicable sector-specific technological advances, commercially
available ODS substitutes, the cost-effectiveness of the various sectoral options, and related developments.

The OORG was asked, therefore, to review the present state of technology with an eye to updating
the Executive Committee regarding present day commercial refrigeration sector tradeoffs confronting
developing country enterprises facing the choice between transitional (hence, to be avoided whenever
possible) HCFC options and more ozone-friendly zero-ODS options (HFCs, ammonia, etc., as per the
preceding paragraph).

Commercial refrigeration includes a variety of self-contained stand alone refrigeration equipment,
remotely supplied display cases, and pre-fabricated (sectionallmodular) walk-in cold storage rooms. It is
employed in food merchandising and food service applications such as supermarkets, food stores,
convenience stores, restaurants, cafeterias, commercial and institutional kitchens, delicatessens, and vending
machines. Most of this equipment is factory assembled and field installed by interconnecting pipe and
wiring at the job site. Equipment unit capacities range from less than lkW to several hundred kW, including
single compressor units to multi-compressor parallel systems using reciprocating, rotary or screw
compressors.

Non-CFC commercial refrigerant alternatives include (though there may be others) HCFC-22,
various HCFC and HFC blends, HFC-134a, HFC-125, HFC-32, and ammonia. These vary in terms of

3 The term "conversion", as used here. may refer to either: (1) a change to a new system, or (2) the retrofit of an existing system, depending
upon the context. This may be in conflict with industry usage.
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compressor design requirements, energy efficiency, lubricant effectiveness, temperature range, and cost.
Furthermore, as in the China case cited above, selection amongst these options may depend upon a variety of
country-specific and/or enterprise-related considerations, some of which might have changed sufficiently in
light of recent technological developments in this sub-sector which would make zero-ODS conversion
choices more likely.

2. Maior Findings

An OORG Commercial Refrigeration Working Group4 was thus convened and met in conference
facilities graciously made available by UNEP, in Paris, on July 4, 1995, in order to assess the feasibility of
avoiding HCFCs throughout the world in this sector and to discuss in detail under what
country/sector/enterprise-specific circumstances HCFCs would likely be required as an interim option in
developing countries. The review included, inter alia, an evaluation of the technological status of both low
and zero-ODS technologies in various commercial refrigeration applications with regard to their commercial
development and economic viability. Recommendations included consideration of any zero-ODS
technologies which might be considered either comparable to or superior in performance to low-ODS
technologies.

Following considerable discussion of the options, their applicability and availability, the Group
concluded that the single most important factor in selecting alternatives in the commercial refrigeration sector
was a determination whether or not the appliance in question is either factory-charged or field-charged. The
first reason is that factory-charged commercial refrigeration manufacturing inherently imparts vastly greater
capacity for intensive monitoring and a more resolute control of the manufacturing process. Secondly, factory-
charged appliances tend to be smaller and thus require smaller refrigerant charges which lessens the safety risk
when using flammables such as hydrocarbons. For these reasons, the recommended zero-ODS alternatives for
conversion of factory-charged commercial refrigeration manufacturing are the same as those for factory-
charged domestic refrigeration manufacturing, i.e., HFC-134a and isobutane. Factory-charging ensures that the
more stringent manufacturing standards required for both HFC-134a (due to related problems of oil,
hygroscopicity, leakage, and material compatibility) and isobutane (due to the need for special
procedures/standards/equipment to handle hydrocarbon inflamability and safety issues) will be met.

The second important finding is that there is no general technical basis for maintaining that zero-ODS
alternatives (HFCs or hydrocarbons, for example) are superior to low-ODS HCFC-based options in terms of
performance, energy efficiency, or reliability. By contrast, HCFC-based options have a major near-term
competitive advantage in terms of service availability and installation capacity due to an extensive dedicated
cadre of trained technical servicing personnel. Regardless of the options chosen, however, approval must be
conditional upon proof of an appropriate technology transfer or licensing agreement and verification of a
relationship with an experienced partner or component supplier who can provide adequate technical
knowledge.

Due to safety hazards, hydrocarbons are not recommended options for field-charged installations
due to the generally larger charges involved and concerns about existing electrical components, both of
which raise serious safety risks. The result has been that, even in developed countries, the number of actual
field conversions to hydrocarbons have been minuscule to date and thus the option was considered
unacceptable, at the present time, as a candidate for technology transfer to developing countries. HFC-134a
is the recommended option for conversion of small CFC-12 field-charged hermetic equipment. For large

4 The First OORG Commercial Refrigeration Working Group Meeting was convened in Paris, France, at the United Nations Environment
Program/Industry and Environment, on Tuesday, July 4, 1995. The meeting was chaired by Dr. Lambert Kuijpers. Working Group members
included: Prof. Dr. Ing. H. Kruse (University of Hannover, Hannover, Germany, and represented at the meeting by Mr. Thomnas Tiedemann, also of
the University of Hannover), Mr. Peter Cooper (Adtec Services, Ltd., UK, who was unable to attend the meeting due to illness), Dr. Denis Clodic
(Centre d' Energetique, Ecole des Mines de Paris, France), Mr. Roberto de Aguiar Peixoto (IPT Technical Research Institute, Cidade Universitaria
A.S.O., Sao Paulo, Brazil), Mr. S. Ganesan Sundaresan (Copeland Corporation, Sydney, Ohio, USA), Dr. R.S. Agarwal (India Institute of
Technology, New Delhi, India), and Mr. Martien Janssen (Re/GENT BV, Eindhoven, Netherlands).
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field-charged commercial refrigeration equipment using CFC-12, HFC-134a is also the recommended
option, provided that adequate design, servicing and handling standards are met. The recommended option
for all types of field-charged low temperature systems is HCFC-22, or HCFC-22 based blends (where it is
necessary to maintain compressor discharge temperature control).

Although much research and development is underway, the Group concluded that there are at
present no viable options for ammonia in commercial refrigeration conversion applications. The
development of prospective ammonia applications in the smaller commercial refrigeration systems remains
proprietary and is not expected to be commercially available before the year 2000.

Retrofits of field-charged commercial refrigeration installations must be considered within the
context of a larger commercial refrigeration equipment base in conjunction with the possible replacement of
old equipment or continued servicing of part of the equipment base with recycled CFC refrigerants.
Available retrofit options include zero-ODS HFC-134a or HFC blends, and low-ODS HCFC-22 or HCFC
blends, provided that proper attention is given to recovery and containment of the refrigerant base.

Finally, in view of the rapid pace of developments in a number of commnercial refrigeration related
technologies, the Working Group decided that their recommendations should be revisited, and updated as
appropriate, no later than December 1996.

3. Commercial Refrigeration Background Report

The OORG Commercial Refrigeration Sector background report on "Comnmercial Refrigeration and
HCFC's", which was prepared by Dr. Kuijpers with contributions from the Working Group, is presented in
Appendix II of this report.
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OORG
COMMERCIAL REFRIGERATION WORKING GROUP

DEFINITIVE RECOMMENDATIONS

July 1995

General

1. Projects in the commercial refrigeration5 sector should be approved conditional upon appropriate
technology transfer or license agreements, and a relationship with an experienced partner or
component suppliers that provide adequate technical knowledge.

2. Projects in this sector should have strong components that address the servicing operation as well as
adequate training of personnel.

3. Reducing leakage of commercial refrigeration equipment is a cost-effective option, which should be
seriously considered before any retrofit or replacement option is taken into account.

4. There is no general technical justification, based upon either energy efficiency or reliability
evidence to date, for stating that zero-ODS alternatives are superior to HCFC-based options in
commercial refrigeration equipment applications.

5. Although research and development continues, the lack of any viable transfer possibilities precludes
conversion6 of commercial refrigeration equipment manufacturing to ammonia at present.

6. Despite the fact that technology developments continue to evolve, the general lack of both adequate
reliability data and appropriate technology transfer possibilities, leads to the conclusion that the
conversion of field-charged conmmercial refrigeration equipment to the use of hydrocarbons cannot
now be recommended (future developments will also need to take safety concerns into account).

New Systems

Small Factory-Charged Hermetic Equipment

7. For factory-charged hermetic commercial refrigeration equipment, using CFC-12, the recommended
option is conversion to the same type of zero-ODS refrigerants as used in domestic refrigeration
equipment, viz. HFC-134a and isobutane. (Due to the control provided by factory operating
conditions it is feasible for this type of equipment to be converted to the aforementioned
alternatives).

The commercial refrigeration sector includes: (1) relatively small factory-charged hermetic refrigeration equipment; (2) small field-

charged hermetic refrigeration equipment; and (3) large field-charged refrigeration systems.
6 The term "conversion", as used in all OORG recommendations, may refer to either: (I) a change to a new system, or (2) the retrofit of an
existing system, depending upon the context. This may be in conflict with industry usage.
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Small Field-Charged Hermetic Eguipment

8. For field-charged hermetic commercial refrigeration equipment, using CFC-12, such as condensing
units (which require mounting work on the evaporator) the recommended option is conversion to
HFC- 134a.

9. In case HFC-134a cannot be used in the conversion of CFC-12 based field-charged hermetic
commercial equipment, HCFC-22 containing blends7 are recommended, using hydrocarbon-type
lubricants such as alkylbenzenes.

Large Field-Charged Systems

10. For field charged large commercial refrigeration systems, using CFC-12, the recommended option is
conversion to HFC-134a, provided that the necessary service infrastructure exists, i.e. that adequate
handling and servicing has been addressed and well-defined, adequate servicing standards are
guaranteed in leak testing, refrigerant evacuation, and control of lubricant moisture.

11. For field charged low temperature systems based on R.502, the recommended option is conversion
to HFC based blends, provided the necessary infrastructure exists (see recommendation 10).

12. In all cases where HFC-134a or HFC based blends cannot be applied, the recommended option is
HCFC-22 or HCFC-22 based blendsg, in particular when it is necessary to maintain compressor
discharge temperature control. Furthermore, based upon data available to date, the conversion to
HCFCs of field charged low temperature commercial refrigeration systems based on R-502 is a
much more cost-effective option than conversion to zero-ODS alternatives, but it is important to note
that availability of HCFCs must be guaranteed for the lifetime of the commercial refrigeration
equipment.

Existing Systems

Retrofits

13. Retrofits of existing field-charged equipment to ammonia are not possible.

14. Both retrofits to BFC (HFC-134a or HFC-based blends) and HCFC options for field charged
commercial refrigeration equipment are available options provided that proper attention is given to
the recovery and containment of the refrigerant base and the appropriate lubricant.

15. Although research and development continues, retrofits of small to medium sized field-charged
equipment to hydrocarbons need further study at present, given: (a) the lack of available reliability
data; (b) the present limitations on technology transfer possibilities from equipment manufacturers;
and (c) the fact that safety concerns require even greater attention in developing countries.

7 HCFC-22 containing blends such as R-401A, R-401B, and R-409A are recommended, in such cases, witn alkylbenzene lubricants.
8 R-502 conversion to HCFC-22 depends upon the compressor discharge temperature limitations; when recommended maximum discharge
temperature cannot be maintained without complex modifications, HCFC-22 containing blends such as R-402A, R-402B, R-403A, R-403B, and R-
408A are recommended.
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Other Considerations

16. Retrofit projects should be addressed as but one option within a phaseout program for a larger
commercial refrigeration equipment base, together with other options including replacement of old
equipment and continued servicing (including recovery and recycle) of part of the equipment base
with CFC refrigerants.

Follow-up

Future Review of Recommendations

17. Taking into account the rapid pace at which developments are evolving in this sector, these
recommendations should be revisited not later than December 1996.
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Terms of Reference and Composition of Working Group

The OORG is being asked to review the present state of technology with an eye to updating the
Executive Committee regarding present day commercial refrigeration sector trade-offs confronting
developing country enterprises facing the choice between transitional (hence, to be avoided, whenever
possible) HCFC options and more ozone-friendly zero-ODS options (HFCs, ammonia, etc., as per the
preceding paragraph).

The review will assess the feasibility of avoiding HCFCs throughout the world in this sector and
discuss under what country/sector/enterprise-specific circumstances HCFCs will likely be required as an
interim option. The review will include, inter alia, an evaluation of the technological status of both low and
zero-ODS technologies in various commercial refrigeration applications with regard to their commercial
development and economic variability. Recommendations will include identification of any zero-ODS
technologies which can be considered equal to or superior in performance to low-ODS technologies. For
this purpose, the OORG has installed the following Commercial Refrigeration Working Group9:

Dr. R. Agarwal - IIT, New Delhi, India
Dr. D. Clodic - Ecole des Mines, Paris, France
Mr. P. Cooper - Adtec Services, St. Albans, UK
Mr. M. Janssen - Regent BV, Eindhoven, NL
Professor Dr. H. Kruse - University of Hannover, FRG
Dr. L. Kuijpers - OORG (Chair)
Dr. R. de A. Peixoto - University Sao Paulo, Brazil
Mr. G. Sundaresan - Copeland Co., Sidney, OH, USA

9 The Working Group has worked on this report during the period May - June 1995. endorsed the draft and derived recommendations in a
meeting at UNEP IE, Paris, 4 July 1995.
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1. Introduction

This paper will give an overview of the present state of technology in commercial refrigeration, in
both medium pressure and high pressure applications. It will shortly deal with retrofit procedures for
equipment in the field and center on conversion possibilities for CFC (R-502) equipment manufacturing
facilities.

In Article 5(1) countries, aspects are important which include refrigerant availability, contamninants,
moisture control, technology transfer of certain technologies and, in particular, training. These aspects are
used in order to derive circumstances in Article 5(1) countries where only HCFCs are viable solutions.

A number of recommendations for commercial refrigeration applications are given.

2. Commercial refrigeration in Article 5(1) countries

Commercial refrigeration appliances mainly use the vapor compression refrigeration cycle with
cooling capacity ranging from less than I kW up to 150 kW. These appliances are commnonly used in food
merchandising and food service applications such as supermarkets, food stores, convenience stores,
restaurants, cafeterias, commercial and institutional kitchens and delicatessens and vending machines and
also for drinking water cooling system in some of the tropical Article 5(1) countries.

Type Description Applications
Central Systems compressor located in large display cabinets, cold rooms,

plant room blast freezers, etc.
Stand Alone Equipment condensing unit integrated within the medium and small capacity display

equipment cabinets, visi coolers, water
coolers, etc.

Separated/Split Systems compressor and condenser separated food and beverage conservation
from the refrigerant fixture

The majority of commercial refrigeration systems used in Article 5(1) countries are relatively small
in size. In some of the Article 5(1) countries drinking water chilling appliances are also very common.
These appliances use hermetically sealed/semi-sealed compressors with refrigeration capacity ranging from
0.5 kW to 25 kW.

In Article 5(1) countries, commercial refrigeration equipment and appliances are
manufactured/assembled on site by both the organized and the unorganized sector. A relatively large
number of manufacturers can be found in the unorganized sector. The costs of the equipment or appliance
for the user will be one of the important criteria in the selection of the alternative technology. To date,
mainly CFC- 12 and R-502 (an azeotrope of HCFC-22 and CFC- 115) are used, with a smaller use of the pure
HCFC refrigerant (the share of HCFC-22 varies between 5 and 20 percent, mainly dependent on the
country).

The design of commercial refrigeration systems and the type of refrigerants used depends on the
desired operating temperatures. Typically, fresh fruits and vegetables require a variety of air temperatures
ranging from 0°C to 13°C depending on the type of product. Fresh meat and dairy products require medium
air temperatures from -2°C to 2°C and frozen meat, ice cream and frozen food require low temperatures -
18°C to -320C. CFC-12 is currently used both for medium and high temperature refrigeration (-15°C to
150C). HCFC-22 is used for evaporator temperatures down to - 35°C and R-502 is used for temperatures
down to -450C. R-502 is also used in medium temperature systems in some instances (e.g. where low
temperature systems on R-502 share the same plant room).
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Although present CFC consumption in this sector in Article 5 countries is of the order of 25,000
metric tonnes, it is increasing at a very rapid rate. The expected growth rate in this particular sector is about
15 percent. The consumption may even reach to 60,000 metric tonnes by the year 2000. It is therefore
desirable to convert the production of new appliances to non-CFC based technology as early as possible.

The phaseout of CFCs in commnercial refrigeration appliances in Article 5(1) countries will depend
on as to how a particular country consumes CFCs. It will be useful to categorize Article 5 countries as those
who are:

1. Commercial refrigeration end users.

2. Commercial refrigeration manufacturers for their own internal needs.

3. Commercial refrigeration manufacturers for their own internal needs and for export to
developed countries.

4. Compressor manufacturers for commercial refrigeration products manufactured in their own
country or for export as compressors.

5. Aspirants to manufacture their own replacement refrigerants.

The time schedule to phase out CFCs in these countries will be, up to a certain extent, according to
the category/categories to which the country can be listed in. The countries in first three categories may
phaseout CFCs (except for servicing requirements) almost along with the developed countries. The
countries which fall in category 4 and 5 will require relatively longer time for the phaseout. This is due to
the fact that these countries would be interested in adopting proven and cost effective technology. For the
latter countries, project developments for support by the Multilateral Fund need adequate attention, since
they will, specifically in these countries, contribute to national phaseouts.

On the other hand, it should also be underlined that in countries from Categories 4 and 5, CFCs are
cheap, and one is usually not so much inclined to convert or retrofit to more costly, less available substitute
refrigerants.

Most of the Article 5 countries have considered and addressed HCFC-22 as an alternative refrigerant
in their country programs. This is due to the fact that HCFC-22 remains a proven option for new
manufacturing, as the design and the skills are well established.

3. Commercial refrizeration: proDerties of alternatives

In comrnercial refrigeration CFC-12 is used for applications with medium evaporation temperatures
whereas in the largest part of commercial refrigeration with lower temperatures HCFC-22 and R-502 are
used. Since a replacement should have similar thermodynamic properties as the original refrigerant, there
are some alternatives as replacement, pure fluids as well as mixtures.

3.1 Pure fluids

In Annex 1 available pure fluids (including R-502, being an azeotrope) are listed.

Among these substances HFC-134a is the leading replacement for CFC-12 in most industrialized
countries and most applications. Since a conversion of existing refrigeration plants from CFC-12 to HFC-
134a is often complicated (or even problematic, due to oil mniscibility, lower capacity) HCFC-22 is also used
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as replacement offering no problems in conversion and a higher capacity. However, one should be aware of
the fact that the replacement of CFC-12 by HCFC-22 is in principle a mismatch due to higher pressures and
capacity, which may imply safety problems due to higher pressures. This kind of retrofit has been carried
out in many developing countries already. Another possible replacement for CFC-12 is HFC-152a. The
main advantage of HFC-152a is the significantly lower global warming potential compared to HFC-l 34a, but
due to its flanmmability it is actually not used. Ammonia (R-717) cannot be used in conventional systems as
it is not compatible with existing commercial refrigeration technology using copper as pipeline and motor
winding material.

To replace R-502 there are five possible pure fluids: the HFCs 143a, 125 and 32, the hydrocarbon
propane and HCFC-22, which has an ODP of 0.055. Since HFC-143a and HFC-32 are flammable and HFC-
125 is energetically unfavorable due to the low critical temperature, none of these three pure fluids is used as
refrigerant. Propane offers the advantage of negligible GWP, but requires additional safety installations due
to its flammability. As a consequence, there is no pure non-flammable and zero ODP fluid to substitute R-
502.

HCFC-22 as substitute for R-502 for lower temperatures may require a two-stage compression
and/or liquid injection to maintain reasonable discharge temperatures. Consequently the compressor has to
be changed to a compound compressor or two compressors for the two stages have to be used. As an
alternative "demand cooling" was introduced where liquid refrigerant is injected into the suction side in
order to keep the discharge temperature below the application limits. Both methods have cost implications.

3.2 Refrigerant blends

Many refrigerant mixtures have been developed to replace CFC-12 and R-502. These vary in terms
of compressor design requirements, energy efficiency, lubricant effectiveness, temperature range and glide,
costs and commercial maturity.

In Annex 1 mixtures as substitutes for CFC- 12 have also been listed. Only one of these mixtures -
Isceon 49 - has no ODP, whereas all others are based on HCFC-22. None of these mixtures is so far
elaborated in the developed countries very well.

To substitute R-502 also several mixtures have been developed, the most important ones are also
given in Annex 1.

The development of blends with the components HCFC-22 and a heavy molecular fluid like HFC-
125 or FC-218 enables a replacement of R-502 without having to change the compressor by keeping the
discharge temperature at reasonable values. The possible third component, propane, may allow the further
use of the existing lubricants. Some experiences have been made with these HCFC-based mixtures in the
recent years, but long-term experience is not available yet.

Some regions in the world favor blends (such as R-408A) to replace R-502 in both new and existing
systems. No oil change in case of retrofits would be needed in the case of HCFC-22 based blends.

The application of mixtures especially with a high temperature glide can cause problems in the
refrigeration cycle. In case of a leakage, the composition of the remaining refrigerant charge can be changed
significantly, especially with regard to pressure and flammability limits. Another problem of mixtures can
be the composition shift caused by differential hold-up in the two phase regions and the differential oil
solubility of the components. This effect can intensify the .effect of leakages.
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3.3 Lubricants

Oil - Refrigerant

In CFC-12 and R-502 refrigeration plants mainly mineral oils or alkylbenzenes are being used as
lubricants. The refrigerant HCFC-22 and all HCFC-22 blends are soluble with these lubricants and can be
used without any oil change.

The chlorine-free HFC blends and HFC-134a are insufficiently soluble with mineral oils and
alkylbenzenes. For these refrigerants the more expensive ester based oils are required.

Oil - Humidity

Ester based oils are very hygroscopic and tend to absorb humidity from the ambient. Humidity in
connection with ester based oils inside a refrigeration cycle can cause the formation of acid and thus damage
the compressor.

This problem of hygroscopicity is of particular interest for countries with warm and humid climate
and in systems which have to be serviced on site like commercial equipment.

3.4 Pressures

In a customary commercial refrigeration plant the refrigerant pressure has to meet two requirements:

* The suction pressure has to be higher than ambient pressure to avoid introduction of air and
humidity in the cycle.

- The discharge pressure should be lower than 25 bar since most components are designed to this
maximum pressure.

While these requirements are fulfilled by the CFC-12 substitutes the discharge pressure of possible
substitutes for R-502 exceeds 25 bar at a saturation temperature of 55°C. Especially the mixture R-410A has
a very high discharge pressure, but also the application of. FX40 at high condensing temperatures requires a
redesign of the refrigeration cycle.

3.5 More specific data

The alternatives to the commonly used CFC-12 and R-502 technologies can also be categorized as
follows:

low ODP technology (HCFC-22 based)
zero ODP technology

In the tables below some more specific data for the low ODP and zero ODP alternative refrigerants
can be found.
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Table 1: Low ODP alternative refrigerants for CFC-12

Refri erant CFC- 12 HCFC-22 R-401A R-401B R405A R-409A
Type Pure Pure near-

azeotrope
rel. capacity 1.0 1.59 1.09 1.16 0.98 1.08
condenser 13.7 22.0 15.0 15.0 ?
pressure
(55 C)

rel. COP 1.0 0.96 0.99 0.98 0.96 1.01
temp. glide (K) - 5 5 ? 8
lubricant MO MO AB AB AB MO AB
status in Art. 5 available limited limited not avail. not avail.
availability availability availability

Art. 5 proven limited tests limited limited limited
- technology __I I_I
Cost refrigerant x 1.3x 5x 5x Sx 5x
lubricant Y _ 6y I6y 1_6y __ _

Table 2: Low ODP alternative refrigerants for R-502

Refrigerant R-502 |HCFC-22 R-402A R-403B R-408A
Type Pure Pure near near near

azeotrope azeotrope azeotrope
rel. capacity 1.0 0.95 1.08 1.07 1.01
condenser 23.0 22.0 ? 26.0 ?
pressure
(55 C)
rel. COP 0.96 1.0 __ 0.93 1.04
temp. glide (K) - 1.5 small 0.5
lubricant MO MO AB AB MO/AB
status in Art. 5 available limited not avail. not avail.
- availability availability
Art. 5 proven limited test limited limited
- technology I _ I I _I

Cost refrigerant x 0.25x 2x 2x 2x
lubricant Y Y 6y 6y 6y



19

Table 3: Zero ODP alternative refrigerants for CFC-12

Refrigerant CFC-12 HFC-134a HFC-152a R-717 HC-290/600a
Type Pure Pure Pure Pure Non-azeotr.
rel. capacity 1.0 0.94 0.97 1.74 0.98
condenser 13.7 14.9 13.3 23.1 14.0
pressure
(55 C)
rel. COP 1.0 0.97 1.01 0.98 0.97
temp. glide - - - _ _ 4-6
lubricant MO POE POE MO(?) MO
status in Art. 5 available available available limited
- availability availability
- technology tested laboratory not proven limited tests

I___________________ I______________ tested
Cost refrigerant x 3x 3x 0.2x 4x
lubricant Y 6y I_6y Y Y

Table 4: Zero ODP alternative refrigerants for R-502

Refrigerant R-502 R-717 HC-290 R-410A R-404A R-507 R-407A/B
Type Pure Pure Pure near- near- azeotr.

azeotrope azeotrope
rel. capacity 1.0 0.89 0.95 1.4- 1.5 0.99 1.05 0.85-0.93
condenser 23.0 23.1 19.1 35.0 25.0 26.0 24.0
pressure
(55 C)
rel. COP 1.0 0.99 0.99 0.93 0.95 0.94 0.95-0.99
temp. glide - - - <0.5 <0.5 - 2-4
lubricant MO MO AB POE POE POE POE
status in Art. 5 avail. limited not avail. limited not avail. not avail.
availability avail.
Art. 5 proven limited limited limited limited limited
- technology Itests tests tests _tests tests
Cost refrigerant x 0.05x 2.5x 3x 3x 3x 3x
lubricant Y,_ Y y 6y 6y 6y 6y

4. Status of commercial refri2eration retrofit technologv in developed countries

4.1 Retrofits R-502

The application of the pure fluid HCFC-22 as an altemative to R-502, if not correctly applied,
particularly for low temperatures, can cause operational problems in retrofits.
Many low temperature systems cannot be converted to HCFC-22 and this includes a large number using the
smaller hermetic and semi-hermetic systems, which additionally may also be unsuitable for retrofit to an
HFC refrigerant.
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Technology and experience to date in some developed countries show that retrofit blends containing
HCFC-22 can be applied successfully. It avoids the application of very extensive flushing procedures and
lubricant exchange. In particular, the blend R-408A can be mentioned here.

HFC-blends retrofits are most frequently applied to date.

4.2 CFC-12 Retrofits

For the higher temperature equipment, a retrofit to HFC-134a can be carried out. For many
commercial uses, HFC-134a is a reasonable thermodynamic choice, and it is the only pure fluid for which
extensive experience exists. It requires extensive flushing procedures to remove the mineral oil, and
recharging with ester oil under moisture control. This operation can only be conducted by trained service
engineers, that know how the flushing has to be carried out, in surroundings that avoid humidity entering the
system. It requires extensive training also where it relates to the servicing of the HFC-134a equipment
(detection of emissions).

Retrofits to low-ODP blends have been recommended since quite some time (R-401AfB etc.) but are
not frequently applied. There exists one blend containing PFC-218 and HC-600a that has an ODP value of
0, however, only very limited experience exists to date.

4.3 Remaining issues

Retrofits to ammonia can generally not be carried out (due to copper incompatibility). Retrofits to
HFC-152a have so far not been applied; also due to flammability concerns; there is only very limited
experience with HFC-152a regarding material compatibility and lubricants.

There is limited experience available in servicing domestic appliances with blends of hydrocarbons.
The temperature glide often prohibits adequate functioning at all ambient temperatures. Taking into

account this effect, together with the flammability concerns this mixture cannot be recommended for
retrofits of commercial refrigeration.

S. Status of commercial refri2eration technoloev (new equipment) in develoDed countries

5.1 HCFC-22 Technology

The selection of HCFC-22 technology for intermediate and low temperature applications is still a
first choice in many countries (for CFC-12 and R-502 technology), since it remains a safe option from a
technical aspect, as the design and installation skills are well established. These aspects need not be
underestimated.

The higher costs of the compressor equipment for low temperature application will result in a move
away towards other candidates, mainly HFCs (or HFC mixtures). This will change manufacturing
procedures and requires a substantial amount of training for service engineers.

There is considerable use of HCFC-22 based mixtures in low temperature equipment (also according
to suppliers' data). This does not require application of more costly HCFC-22 equipment, and can postpone
a change over to certain HFC candidates.
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5.2 HFC technology

HFC-134a is the main replacement to CFC-12 in all applications (excluding domestic equipment) in
all developed countries. Equipment using commercial HFC mixtures is increasingly applied in commercial
refrigeration. However, uncertainty about definite selections of HFC candidates in the near future
(azeotropes preferred over non-azeotropes; a move towards candidates such as R-410A and R-507) has not
led to large-scale application over the last 3 years. However, attractiveness for their application is
increasing, together with application of other components (scroll compressors) and components that reduce
refrigerant charge. In summary, to replace R-502, the HFC mixtures R-404A, -407A and -507 have been
preferred in a limited number of applications (R-410A is so far not at all used commercially, due to the
major redesigns of compressors and heat exchangers).

A degree of reservation remains due to uncertainty of long-term reliable operation and to the more
complicated procedures (use of polyolester oils, basic costs, leakage control and the difficulty of detecting
emissions). HFCs demand highest standards during installation and regular preventive maintenance.

5.3 Ammonia

Ammonia is being traditionally applied in large (ice making/cold storage) systems and its use is
encouraged for appropriate applications. More emphasis is at present being laid on the use of ammonia in
smaller systems, together with secondary refrigerant systems.

However, several barriers to this fluid remain, including safety. It is therefore important to
recognize that very special care must be taken in the safe design and application of ammonia systems, where
training and skills of installers and operators need to be emphasized. To date, it is unrealistic to suggest that
ammonia will be the general solution to HCFCs (and possibly HFCs) in commercial refrigeration; it not only
applies to the training programs involved but also to the costs of the installation.

However, significant development for smaller ranges is underway although technology is even not
elaborated very well in the developed countries and is mostly proprietary.

Several ammonia systems using a secondary coolant now exist in a number of European countries
(CH, D, GB, L, S). In order to introduce ammonia for systems with low capacity, three important
components must be commercially available:

* hermetic or semi-hermetic compressors;
no semi-hermetic compressor under 20 kW is so far available (research and development
activities)

* ammonia soluble lubricants;
lubricants of this type are commercially available

* environmentally acceptable secondary system fluids.
so far there is limited availability of fluids with mostly inferior properties; much research

and development is underway.

Control devices and evaporation equipment for ammonia systems need to be optimized (so far
problems are encountered). In summary, availability of small ammonia systems is not expected before the
year 2000.
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5.4. Hydrocarbons

The interest in hydrocarbons is growing, however, mostly applied to small systems (comparable to
domestic appliances) with small charges. It implies availability of appropriate components (compressors)
which is still at a very early stage in the developed countries (for the comnmercial refrigeration range).

At present, hydrocarbons are not applied in cornmercial equipment. Development of larger systems
is directed towards indirect systems with a secondary coolant, or towards the combination of a number of
small systems (in this way safety standards can be more easily met). So far, commercial availability of
systems using hydrocarbons cannot be forecast.

Propane may become an alternative to other refrigerants (HCFC-22) in those systems that can meet
safety standards but it is too early to make any further statements.

Training for engineers (servicing, leak detection) and appropriate safety standards must be made
widely available before application in (smaller) commercial equipment can ever be considered.

6. Commercial refrigeration technoloEy conversions in develoning countries

6.1 General

Major issues involved in the application of refrigerants such as HFCs, ammonia and hydrocarbons,
if at all feasible, include:

- manufacturing standards
- safety issues
- training
- availability

Conversion to Ammonia Hydrocarbons
_ _ _ _ _ _ _ _ _ _ _ _ _ _ H F C s_ _ _ _ _ _ _ _ _

Manufacturing standards more stringent standards no changes for need of higher
due to problems of oil, conventional large plants manufacturing standards
hygroscopicity, leakage, higher standards because of
material compatibility required for small plants inflammability

safety issues no additional care need of additional need of special
standards for installation procedures/standards to
operation, and handle the safety issues
maintenance and
mandatory regulation

refrigerant availability yes (limited) yes limited
equipment availability yes no (<20 kW) no
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Table 5 summarizes the pros and cons of the conversion routes away from CFCs in the developing countries.

Table 5. Low ODP and zero-ODP Conversion Routes: Pros and Cons

Conversion Route Through Pros Cons
Low ODP HCFC-22 option - Well established technology - Non zero ODP

- Technology already in use - Interim Option
and readily available

- Cost effective
- Refrigerant and lubricants

already in use
- Trained manpower available
- No change required in

manufacturing and servicing
Low ODP Mixtures - Technology available - Non zero ODP

- Training not problematic - Interim option
- No change in manufacturing - Limited availability
and servicing - Technology not fully

established
Zero-ODP Options - Zero-ODP Option - Technologies not fully

- Long-term solution established
- Technologies not readily

available to Article 5
countries

- Higher costs of refrigerant
and lubricant

- Higher costs of appliance
- Non availability of trained

skilled manpower
- Higher quality standards

required in manufacturing
and servicing

6.2 Options

Concerning the different options, the following can be stated:

HCFCs

HCFC-22 and HCFC based mixtures can be applied as an interim solution for medium and large
capacity commercial refrigeration until zero ODP technologies are well established, readily available and
training infrastructure has been put in place.

HCFC technologies should be incorporated if technology transfer possibilities exist to convert CFC
based equipment to HCFCs. These technology transfer agreements are available to date.
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HFC-134a

Conversion of a limited amount of CFC-12 based equipment to the use of HFC-134a can be
seriously considered. It implies the availability of the appropriate manufacturing standards and the
installment of adequate training, required for servicing the equipment. It will also need transfer agreements.

HFCs

The application of HFC mixtures can be considered in some cases. However, uncertainty with
regard to definite choices, combined with the fact that these refrigerants are not readily available and that
technologies are mostly proprietary (not ready for technology transfer) will be often prohibitive.

If they should be put in place, it will require the set up of a good infrastructure for training first.

Ammonia, hydrocarbons

Ammonia can be applied in those systems where the technology is proven and adequate design,
operation and servicing standards exist, together with trained personnel.

New developments for ammonia and hydrocarbons have so far not resulted in mature application.
They are, if at all, proprietary and not at all ready for transfer. Furthermore, it would require the
establishment of appropriate servicing/maintenance procedures first.

6.3 Training

In order to enable the introduction of both low ODP and zero-ODP options as a refrigeration
technology conversion in developing countries it is essential the existence of training actions.

Training programs for different levels people and for different sectors can change this mentality.
The three different levels are:

1. General (representative from manufacturers, universities and R&D Centres, Governmental
Agencies).

To form local experts network to demonstrate best practice in designing and servicing
(through, for example, workshops and seminars to transfer knowledge from both developed
and article 5 countries companies and institutions that have know-how in CFC-free
technologies).

2. Production level (engineering staff from manufacturing companies; production staff
involved with the refrigeration system).

Seminars and courses aiming to transfer knowledge about precautions and technical details
during implementation of CFC-free technologies.

3. Servicing level (refrigeration mechanics).

In Article 5 countries the majority of refrigeration mechanics deliver low quality services, because
they have never had the opportunity to participate in any kind of training, and are not able to buy the
appropriate tools. Out of this total, the small part of mechanics that work for authorized official shops
deliver better quality services, due to technical training and improved working conditions.
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In contrast with what occurs in developed countries, the activity of repairing used refrigeration is a
common practice in developing countries. Price of new equipment is much higher than the cost of the repair
service mainly because of the low cost of labor involved in this activity.

To reinforce the equipment, mainly in the domestic and commercial segments (refrigerators,
freezers, etc.) confidence of companies which have already chosen a CFC-free technology or to help the
companies to decide to convert their factories to phase out CFCs, a training and certification program for
refrigeration mechanics, who are involved in the installation and maintenance of refrigeration systems and
equipment, plays a very important role in the implementation of CFC phaseout.

Besides the repair and maintenance procedures for CFC-free technologies, the training program of
mechanics should include the containment and reuse techniques for the reduction of ODS emissions in the
refrigeration sector. Another difference between developed and developing countries is that the developing
countries have their larger part of CFC consumption in the after-market. This consumption includes CFC
emissions that were done either voluntarily or involuntarily, which is the major individual source of
emission in those countries.

So far, training levels for the different technologies can be summarized as follows:-

Technology Level of Training
HCFC-22 Training infrastructure exits

HCFC mixtures Training will be required to handle the mixtures which are not azeotropic, both for
manufacturing and servicing particularly in the unorganized sector.

HFC-134a Extensive training and facilities for manufacturing and servicing mainly in the
unorganized sector will be required to introduce this technology

Mixture of HFCs Introduction of this technology as a mid-term solution would require extensive
training of personnel both to handle HFC refrigerants with polyolester oil and the
mixtures

Ammonia Training infrastructure exists

Hydrocarbons Introduction of this technology would require training to handle flammable
refrigerants as well as in handling of binary mixtures

6.4 Conclusion

Main emphasis on HCFC technology in the developing countries remains on HCFC technology
since:

- technology transfer agreements exists
- requirements to service engineers are moderate
- HCFCs are readily available and technology is proven
- definite options for HFCs have not matured
- new developments on ammonia/hydrocarbons have not matured.

New technologies applying zero ODP solutions (in fact, HFC-134a) can so far be applied in the sub-
sector consisting of small capacity stand alone equipment (commercial refrigeration and freezers, displays,
etc.)
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7. Time Scale for Implementation

Dependent on the type of Article 5(1) country (see Section 2) the time scale for implementation will
slightly vary.

In countries with only end users or with equipment manufacturers that rely on supplies from
developed countries and/or export to the developed countries CFCs can be phased out by 1996 - 1998, using
both HCFC based and HFC based options. It will much depend on technology transfer from the developed
countries when the use of HCFCs can be reduced. For a large part, it will be parallel to the tendencies in the
developed countries.

In factory assembled small capacity refrigeration equipment CFCs can be phased out by using non
HCFC options, such as HFC-134a and isobutane (equal to what is the case in domestic refrigeration
equipment).

For field charged commercial refrigeration equipment:

- HFC options can be introduced over the period 1996 - 2000, dependent on whether the
servicing sector is well organized to meet the standards.

- HCFC options (pure fluids and mixtures) will remain very important candidates over the
next ten year period, where the equipment manufacturing methods and servicing standards are not
appropriate to deal with HFC based solutions.

* hydrocarbon and ammonia are so far only reliable candidates in large capacity (cold storage,
industrial refrigeration) units; use in low capacity units can so far not be related to a certain time
schedule.

In summary, for medium to large size commercial refrigeration equipment HCFC based options will
so far remain the option of preference. However, since developments are going at a rapid pace, the pictures
may very well change over the next three year period.



27

Annex 1

Table 1: Purefluids (ODP reL to CFC-11, GWPI/OO years)

Refrigerant NBP [°C] Flammable ODP GWP
HFC-152a -24.2 yes 0. 140
HFC-134a -26.1 no 0. 1300
CFC-12 -29.8 no 1.0 8500
R717 (NH3) -33.0 yes 0 3
HCFC-22 -40.8 no 0.055 1700
HC-290 (propane) -42.1 yes 0. 3
R-502 (azeotr.) -45.6 no 0.33 5600
HFC- 143a -47.4 yes 0. 4400
HFC-125 -48.6 no 0. 3200
HFC-32 -51.8 yes 0. 580

Table 2: Mixtures as substitutes for CFC-12 (ODP reL to CFC-11, GWP/IOO years)

Mixture Components (composition in percentage of each component) ODP GWP
R-401A HCFC-22/HFC- 152a/HCFC- 124 (53/13/34) 0.037 1080
R-401B HCFC-22/HFC-152a/HCFC-124 (61/11/28) 0.040 1190
R-405A HCFC-22/HFC-152a/HCFC-142b/FC-318 (45/7/5.5/42.5) 0.029 > ?
R-406A HCFC-22/HCFC-142b/HC-600a (55/41/4) 0.057 1760
R-409A HCFC-22/HCFC- 124/HCFC- 142b (60/25/15) 0.048 1440
Isceon 49 FC-218/HFC-134a/HC-600a (9/88/3) 0 >4000
Care-30 HC-290/HC-600a (30/70) 0 3

Table 3: Mixtures as substitutes for R-502

Mixture Components (composition in percentage of each component) ODP GWP
R-402A HCFC-22/HC-290/HFC- 125 (38/2/60) 0.021 2570
R-402B HCFC-22/HC-290/HFC-125 (60/2/38) 0.033 2240
R-403A HCFC-22/FC-218/HC-290 (75/20/5) 0.041 >8000
R-403B HCFC-221FC-218/HC-290 (56/39/5) 0.031 > 14000
R-404A HFC-125/HFC-134a/HFC-143a (44/4/52) 0 3750
R-407A HFC-32/HFC- 125/HFC- 134a (20/40/40) 0 1920
R-407B HFC-32/HFC- 125/HFC- 134a (10/70/20) 0 2560
R-407C HFC-32/HFC- 125/HFC- 134a (23/25/52) 0 1610
R-408A HCFC-22/HFC- 143a/HFC- 125 (47/46/7) 0.026 3050
FX40 HFC-32/HFC-125/HFC-143a (10/45/45) 0 3480
HX4 HFC-32/HFC- 125/HFC- 134alHFC- 143a (10/33/21/36) 0 2970
R-507 HFC-125/HFC-143a (50/50) 0 3800
R-410A HFC-32/HFC-125 (50/50) 0 1890
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APPENDIX III

OORG OORG Publications
Report
No.:

1. First OORG Refrigeration Working Group, "Reducing ODS Use by Developing Countries in
Refrigeration", World Bank, Washington, D.C., October 1992.

2. First OORG Foams Working Group, "Reducing ODS Use in Foam-Blown Pre-Insulated
Pipes (with particular reference to Poland)", World Bank, Washington, D.C., December
1992.

3. First OORG Refrigeration/Freezer Insulating Foams Working Group, "Reducing Ozone
Depleting Substance Use in Developing Countries in Domestic Refrigerator/Freezer
Insulating Foams", World Bank, Washington, D.C., October 1993.

4. First OORG Production Working Group, "Technical Considerationsfor Chlorofluorocarbon
Alternatives Production in Developing Countries", World Bank, Washington, D.C., October
1993.

5. Fourth OORG Meeting, "The Status of Hydrocarbon and Other Flammable Alternatives Use
in Domestic Refrigeration ", World Bank, Washington, D.C., October, 1993.

6. OORG Production Sector, "CFC-12 to HCFC-22 Plant Conversion: OORG Production
Sector Case Study", World Bank, Washington, D.C., February 1994.

7. Second OORG Refrigeration Working Group, "Domestic Refrigeration Refrigerant
Alternatives", World Bank, Washington, D.C., May 1994.

8. Second OORG Foam Pre-Insulated Pipe Working Group, "Zero ODS Foam Pre-Insulated
Pipe Alternatives", World Bank, Washington, D.C., May 1994.

9. Second OORG Refrigerator/Freezer Foam Working Group, "Transitional and Zero ODS
Domestic Refrigerator/Freezer Insulating Foam Alternatives", World Bank, Washington,
D.C., May 1994.

10. First OORG Chiller Working Group, "Chiller Refrigeration ODS Phase-out Alternatives",
World Bank, Washington, D.C., July 1994.

11. First OORG Mobile Air Conditioning Systems (MACS) Working Group, "Mobile Air
Conditioning Systems (MACS) Conversion to Zero-ODS Technology", World Bank,
Washington, D.C., January 1995.

12. OORG Production Sector, "The Availability of Hydrocarbons for ODS Phaseout in Developing
Countries", World Bank, Washington, D.C., April 1995.

13. OORG Commercial Refrigeration Working Group, "Commercial Refrigeration and HCFCs in
Developing Countries", World Bank, Washington, D.C., July 1995.


