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PART I 

A. INTRODUCTION 

UNIOO, the United Nations Industrial Development Organization, is 
concerned with industrial development in developing countries and, in 
the Lima Declarat1on and ~lan of Action of the Group of 77 received the 
mandate to contribute to a target, by which developing countries• indus­
tries should reach a share of world industrial output o~ 25 % by 
the year 2.000 which meant a aore than fou~fold increase in slightly 
less than a quarter of a century, a target which now does not appear out 
cf reach. In carrying out its mandate, UNIOO is in continuous direct 
contact with •inistries of industry and industry itself through a net­
work of projects and offices in practically ·!11 developing and industri­
ali?ed countries. 

In its capacity as Industrial Development Jrganization UNIDO 
shares the concern of the international co11111Jnity with industry produced 
pollution and BJst, for its own activities, take into consideration the 
resolutions in regard to environmental protection in order to a~oid pit­
falls in the industrial evolution process, which could be damaging to 
all concerned. developing and industrialiLed countries, people and com­
panies. 

Considerations regarding technology transfer cannot be restricted 
to viability alone but have to take into consideration issues such as 
the influence of industry on the environment, and the conservati~n of 
energy. 

UNIOO has since mar.y years built up expertise on environmental 
issues. As a result of its Special Advisory Conmittee Meeting of May 
1989 and the Industrial Development Board Meeting of December 1990 it 
has been specifically mandated to l~ok into the changes, such issues 
would have on the industrialization process and into the technology 
which would be required to meet with environmental objectives enabling 
the organization to give the necessary guidance to the developing coun­
tries. In response to this request, since June 1 1990 UNIDO has ap­
pointed a special coordinator. Other profession~ls in various Divisions 
are also specifically occupied with environmental issues. 

Regarding the role of UNIOO in relation to CFCs, the director 
general of UNEP, the United, Nations Environment Progra11111e, the UN Orga­
nization which has the overall concern with environmental questions, has 
urgeo UNIDO to participate in the discussion~ on the Montreal Protocol 
and to bring in its vi~-ws and guidance from an industrial point of view 
for the btnefit of the industry of the developing countries. This is 
possible only through familiarization with the practical issues involved 
which again can only be given by industry. Thus UNIOO has participated 
in the March 1990 meeting with UNEP in Geneva. 

This had also motivated the organization ·>f the meeting preceded 
by a serie3 of 35 interviews with executives and experts from industry, 
where guidance and orientation was sought on the subject of phasing out 
ozone depleting substances with a maximum efficiency and compatibility 
with the present state of know-how as well as with the other urgent re­
quirements of developing countries. This was the first meeting on the 



subject with industry, and future consultations with industry are fore­
seen. It was attended ~Y 15 invitees from outside UNIOO eleven of which 
presented a paper. 

The present technical report suaaarizes the presentations to the 
meeting and the information obtain~d through interviews and from docu­
ments received from industry. 

The activities were initiated and backstopped ~~ Ms. S. Maltezou 
and benefited from her and Mr. K. Fujita•s, Director of the Industrial 
Policy Promotion Division, professional guidance. The report also took 
into acccunt the valuable considerations received from Ms. Tcl:eknavo­
rian-Asenbauer, Director of the Division of Industrial Operations Tech­
nology and Messrs. Luken and Williams, Wiedermann, Burmistrov, Rydeng 
and Zachrisson. 
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B. DIRE:T RECOMMENDATIONS RECEIVED FROM INDUSTRIALISTS 

The following is a list of reconmendations received more or less 
directly in relation to what the participants considered UNIDO may do or 
advocate in relation to the phaseout of ozone depleting substances. 
Whereas the recommendations made Ly the participants were based on their 
perception of UNIOOs role, the conclusions listed below have been devel­
oped from th~se recommendations and from other observations made by the 
participants and persons interviewed, taking into account some of UNIOOs 
specific tools of technical cooperation with developing countries. The 
participants recommended specifically: 

Internationally, in view of the problems faced by industry in the 
development of new chemicals, clear signals should be given to the in­
dustry on whether gouvernments wanted to adopt a strategy of gradual 
phaseout, with the intermediate use of HCFCs, in particular HCFC 22, or 
whether the more drastic phaseout was preferred, where the end resu 1 t 
would be higher cost and sacrifices and a lesser efficiency with regard 
to reducing the effect on the ozone layer. Uniform regulations should be 
sought as a means of guaranteeing a coordinated phaseout. 

If know-how for the production of substitute products was desired 
by developing countries, its transfer should be accompanied by an as­
sessment of the conditions in terms of place, time and type of operation 
to avoid pitfalls due to lack of viability or offensiveness to the envi­
ronment. Aho a huge educational effort would have to be made with the 
user industry. Regional approaches should be taken (separately for Asia, 
Latin America etc.). 

The developing countries should be encouraged to import existiilg 
products (such as HCFC 22) temporarily and wait for the alternatives to 
be developed to choose the best processes and products as soon as they 
are available. 

Country studies should be executed on use patte·.-ns of a 11 po llut­
ing substances, sector specific studies, cost assessments for conversion 
per sector, and realistic time tables for phasing out the product. 

Good_Working Practice in such areas as refilling of refrigerants, 
the prevention of leakage ar.d the application of solvents could serve to 
reduce CFC consumption by up to 50% in some cases and should be promoted 
by UNIOO. 

Innovation in t~e area of solvent installations using aqueous 
methods as well as those using terpenes, alcohol or ketones should be 
internaticnally accelerjled. Mixed technology (brushing and full clean­
ing) was needed. Water plus terpenes, alcohol and ketones could bring 
the solutico and such processes should be developed fast. 

In the solvent field, objective and all-aroun1 experts would be 
required and should be recruited b~ UNIGO or •JNEP, to advise in regard 
to the uses of alternative solvents (for instancP. to use non clean flux­
es or to choose among the other alternatives). Their advice would pay 
for itself through the substantial savings to be obtained by choosing 
the optimum trade-off between the required quality and the cost of pro­
duction. In some areas like non clean fluxes, the advice would best be 
given on a plant by plant basis, in other areas, where entire branches 
could adopt a new cleaning system, seminars would be recommended. 

Developing countries, according to some participants, should be 
given the recommendation to continue using CFC 113 for an interim period 
for the most sensitive cleaning problems. 
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Assistance to developing countries in the substitution of CFC 
solvents should always be given on a case by case basis, where the op­
tions for using substitutes versus alternative products or processes, 
recycling or recovery would be weighed according to the circumstances. 

A special expertise on the safe use of solvents should be built 
up. 

Basically, the process of recovery was ~o be seen already now as 
a conmercial proposition and adding to the effort of phasing out ozone 
depleting substances. It should therefore be promoted in developing 
countries. 

Conservation in the use of solvents (and other) was one of the 
techniques to be promoted within the industry of developing countries as 
a cheap means of reducing the emissions. 

In the area of refrigeration, good workmanship for lesser leak­
age, better education of operators and contractors should be promoted. 
Specifically for automotive air-conditioning and refrigerated transpor­
tation units, where leakage is a considerable problem, up to 50 % fur­
ther reductions could be achieved through sophisticated technical solu­
tions reducing leakages, and through recovery and recycling. 

A recycling infrastructure should be created where possible. 
In regard to the disposal of refrigerators, a combination of dis­

mantling and degassing was considered a better proposition for develop­
ing countries and should therefore be promoted rather than other 
schemes, where only the motor, the mercury and the cooling liquid is 
removed before the unit is shred. 

In regard to aerosol and foam disposal, UNIOO may wish to produce 
a handbook on disposal methods for CFC containing products for the pur­
pose of giving guidance to developing countries interested in the safe 
disposal of CFC containing waste materials. Such a handbook could com­
prise various methods but could, at least in the beginning, be re­
stri~ted to cement kilns and normal waste incineration processes. 

There were no specific reconnendations with regard to halons. 
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C. CONCLUSIONS 

The following conclusions are inferred from the survey and the 
reconmendations received. They are complementary to the direct reconnen­
dations listed above. 

As a first step, UNIDO may wish to organize an in house seminar 
on the strategies to be adopted in regar4 to its future role in the area 
of phasing out ozone depleting substances. First, it may wish to deter­
mine what should be its position with regard to the proposition mad~ by 
the producers of substitutes, regarding the usefulness of further devel­
opments in this area. This will depend to a great extent on the atti­
tudes of gouvernments in industrialized and developing countries and 
there are indications, that some countries will not anymore want to use 
halogenatf:d carbon compounds of any sort. 

Then, with regard to each one of the topics discussed below and 
listed in the suanary table, the best possible combination of tools 
(handbooks, experts, fellowships, equipment, meetings and seminars, 
country and sector studies, consultations and promotional activities) 
should be identified. Country studies could be designed in such a way as 
to result in an iamediate assistance to industry and gouvernments and 
possibly be followed by in-country meetings to coordinate efforts in 
this area. Independent of the reconmendations received and the conclu­
sions listed here, it should establish priorities for the gathering of 
detailed information on know-how being rleveloped in such areas as sol­
vent alternatives, waste destruction etc., analyzing for each area the 
best use for technical support services by experts, the publication of 
handbooks, the promotion of international efforts, the organization of 
fellowships etc. A matrix could be finalized, where the best methods for 
assistance would be selected and ,>rioritized for each problem area. 

A role for UNIDO in the area of substitute products to the con­
trolled CFCs would be to assist in the preparation of license agreements 
to manufacture substitute products. 

Its main role would however be in the areas of application, con­
servation, recovery, recycling and destruction: 

On solvents, the reconmendations listed in the previous chapter 
could be implemented. In addition to this, a handbook on solvents to 
handle leakage, explosion protection, recovery and recycling, avoidance 
of enviror.mental damage should receive priority. The book and expertise 
should also specifically cover dry cleaning ir.$taliations. 

The activities of UNIDO in the area of building industry could 
receive inp~ts from the meeting to promote construction technologies: 
where f •. ? protect;on ~as considered. Other industrial tranches of UNI­
DO, in particular t~ose were halon utilization is considered ~ecessary, 
should receive orientation to replace th~ product wherever possible. A 
handbook on ~ire protection could contribute to the eli~inatic~ of 
halons within the industry of developing countries. 

The ener conscious design of bui;djngs would also contribute to 
the qlobal e fort in re uc1ng ozone depleting substances and substa~ces 
with a global wa11t1ing effect. Building u~ such expertise in UNIDG and 
promoting it through its ~su~l channels ¥10ulo thus be justified. Con­
scious design in b•cildings with nat~1ral circul~tion and temperature ba~­
anciny characteristics covld be subject of an expert group meeting, a. 
global contest where the best ideas would be pub1ished could b~ orga­
nized. A manual could be prep~red. 
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A similar reasoning applies to the area of Ins11lation, particu­
larly with regard to refrigeration. A small handbook presenting the v~r­
ious options for the insulation of refrigerators and cooling installa­
tions could present the advantages of foams versus other insulating ma­
terials and methods such as vacuum chambers or panels, glass or mineral 
fiber, cork etc. where applicable. 

UNIOO should gather the available know-how on foam production 
with CFC substitutes, where recovery and re-circulation methods could be 
subject to presentation of a handbook. It would also give orientation on 
methods of using alternatives such as water vapor and C02. More impor­
tant, however, "'°uld be the know-how required on the safe destruction of 
such foams produced with CFC, an area not so likely to be covered by the 
producers of raw materials or foam blowing installations. 

In refrigeration know-how required for the use o~ substitute 
products will be ~art of the package offered by the producers of the new 
raw materials. However UNIDO may also study the possibility of issuing 2 
hand-book on alternatives to CFCs in refrigeration. 

In this mos~ important area, special top level consultations be­
tween refrigeration industries from industrialized and developing coun­
tries, could be sponsored by UNIOO. All of the other experience in the 
area of know-how transfer schemes could be useful. 

With regard to the phasing out of aerosol can~. gouvernments 
should be assisted, as part of the overall exercise of the phase-out, to 
foresee the necessity for adequate destruction and interim storage fa­
cilities for such cans. 

Another area of know-how transfer would be the technology of us·· 
ing propellants other than CFCs and dispensers. Such know-how transfer 
could however come through the present producers of alternative prod­
ucts, aerosol cans, dispensers and should be encouraged by UN!DO. 

UNIDO may also wish to build up and promote the expertise for 
maintaining refrigeration installations reducing leakage, improving the 
refill operation and perhaps adapting existing equipment to the new 
coolants where this know-how is not provided by the manufacturers. 

More detailed concl~$ions are contained in Chapter E below, which 
discusses principally the results of the survey prior to the meeting 
within the context of the specific applications. 
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E. DISCUSSION BY MAIN APPLICATION AREAS 

The following considerations are baseri mainly on the content of 
35 interviews carried out with industrialists prior to the meeting tak­
ing into account also the main findings of the meeting itself. Whereas 
the report on t~e meeting PART V gives an account of its development, 
this part attem,ts to focus specifically on the scenario within each 
sector as it presented itself during the interviews. Practica1ly all of 
its findings were confirmed and some substantially extended by the meet­
ing itself. 

1 Ae1osols 

The use of aerosol in cans is equivalent in some countries to 
half of the total CFC consumption. The prob.lem of escape into the atmo­
sphere arises with the consumption or industrial application of the 
product. In a transitional period there is also a significant disposal 
problem. 

1.1 Concepts 

1.1.l Substitution. 

With the exception of certain medical sprays where toxicity or 
inflammability can constitute a problem (in particular medical sprays, 
where substitution may require another 3 years according to one of the 
companies interviewed), CFCs in Aerosols can be fully replaced. For med­
ical sprays there is no authorized replacement yet. Now mainly CFC 11 
and 12 are being used or 12 and 114 where 12 is the pressure component 
and the other products the regulators. It is being examined whether 134 
A could replace the other products but tests of toxicity will take 5 to 
6 years according to ~ CFC manufacturer after which the authorization 
process can start. The enthusiasm of present CFC producers for develop­
ing substitutes in this area is therefore not very high as it appears, 
that alternative non CFC solutions may ar~ive before. 

1.1.2 Alternative solutions. 

There will be no substitutes necessary for technical or cosmetic 
sprays because present propellants or solutions like dispensers are sat­
isfactory and since prices for the replacements would be high. 

The elimination of CFCs in aerosol cans is therefore feas·'.ble 
already now and has been done simply by decree although some say with 
sub~tantidl investment in other types of cans and equipment. Alternative 
propellants such as butane or dimethylethylene (dimethylether) propane 
or dispensers can be used ~s substitutes. 

1.1. 3 Ohposa 1. 

However, the di sposa 1 of aero so 1 s st i 11 rema 1 n mg in cans wh i cji 
are taken off the shelves, can have a counterproductive effect, when 
there is no satisfactory disposal method available for the full cans. It 
is ~uspected by some of the interviewees, that many cans are then simply 
emptied into the air charging the atmosphere with thousands of tons of 
material while in othP.r places up to 60.- USS are spent per kg on recu­
perating CFCs from refrigerators and foa,ms. 

' 
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1.2 Present situation 

1.2.1 In some industrialized countries. 

In Austria, were 4.000 of the annual 8.000 tons of CFCs consumed 
had been in aerosol cans a decree was pass~d. according to which all 
aerosol cans had to be taken from the shelves within two months by March 
1 1990. Some people feel, that a longer transition is necessary, when 
the product has a shelf life of 6 to 12 months since otherwise the ca~s 
are emptied in the backyards of the shops to avoid the costly disposal. 
A telephone call to the only company offering to discard aerosol cans 
r~vealed, that only empty cans were accepted. For the disposal of full 
cans an offer had been obtained in the order of US$ 6 (AS 70) per can or 
USS 72.- per kg.6 

In Switzerland, which has an interesting retailing infrastructure 
openly co11111itted to social development, the elimination of aerosol cans 
was brought about by the refusal of the big chains (Migros and COOP) to 
carry these products as part of their assortment. The industry complied 
and within a short time the annual consumption of CFCs in aerosol, which 
h~d sunk from 6.000 tons to 3.000 tons between 1977 and 1987 experienced 
another sharp drop to 600 tons, mostly for medical sprays (pa1·t of which 
probably for exports since the amount used in Switzerland could be con­
sidered to be a fraction of this). By 1992 it is expected to have 
dropped to 300 tons. The industry association had reco11111ended the elimi­
nation of CFCs to its members at the end of 1988 but the main leverage 
had been with the trade. 

1.2.2 Assistance to Developing countries. 

The use of non-toxic substitutes in medical sprays will be possi­
ble only after the development of such products which is not likely to 
be terminated during the next five years. The amounts of CFCs used in 
these sprays is very small. 

These costs will come down inevitably. Also, in this connection and 
particularly wnere refrigerators are disposed of with a similar cost ratio per 
kg, there are additional benefits. However they may serve to illustrate the 
necessity to balance cost versus effort, even globally. It is recalled here, 
that the total amount of CFCs still contained in refrigerating equipment 
worldwide has been estimated to be in the order of 2 million tons, the amount 
of CFCs still trapped in cans may be in the order of 500.000 tons, the amount 
tra~ped in foams other than those used in refrigeration equipment could be in 
the order of another 500.000 to a million tons. At a cost of US$ 50 per kg, 
the amount required for discarding the CFCs already trapped in various 
applications would be in the order of US $ 150 to 175 billion globally. This 
just for the CFC already processed. Estimates for phasing out the processing 
ittelf are substantially cheaper. According to an estimate of the UNEP wor~ing 
group held in Geneva between Feb. 26 and March 5 1990, tt1e total cost of the 
phasing out processing in the 24 developing countries now party to the 
Protocol plus China, India and Brazil is estimated to be in the order of US$ 
150 to 200 million. This would represent be a far better cost benefit ratio 
than the one just mentioned. 

13 



The use of non-toxic substitutes in medical sprays will be possi­
ble only after the development of such products whi~h is not likely to 
be terminated during the next five years. The amounts of CFCs used in 
these sprays is very small. 

Know-how transfer here during the next five years will therefore 
probably be restricted to the technology of using pr!>pellants other than 
CFCs and to dispensers. Know-how transfer could come through the present 
producers of alternative products, aerosol cans and disper.sers and 
should not constitute a problem. 

Another type of know-how transfer will relate to the disposal of 
unused aerosol cans in line with the disposal methods applicable to CFC 
containing substances. Here, specialized waste disposal firms may offer 
the respective technologies. The use of cement kilns for the destruction 
of the CFCs contained in such cans and even of normal waste incineration 
methods was seen as promising. While the complete destruction of CFCs in 
waste disposal plants has been proven by a leading research institute, 
the potential generation of toxic by-product has not yet been safely 
disproven. 

A suggestion by one of the participants not only applicable to 
aerosol cans, where several hundreds of thousands of tons of CfC are 
still stored at present, was that UNIDO may wish to consider the elabo­
ration of a disposal handbook as a means of know-how development and 
transfer in this area by which almost innediate results at a low cost 
per kg may be achieved. (there was even the suggestion, that the calo­
rific value of the CFCs aiay pay for their destruction in cement kilns). 
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2 Refrigeration liquids 

2.1 Concepts applied. 

The replacement of the cooling liquid, which is scheduled by the 
EEC for the 1st of January of 1995 represents several difficulties: CFCs 
are considered irreplaceable still (for instance by ADIOnia), where hu-
11an safety is a requirement or where panic may lead to disaster (such as 
in supermarkets, where aanonia leakage could produce a negative effect). 
AlllOnia can be used where safety conditions exist. Alternate solutions 
using indirect systems require 20 to 30% more energy. 

In regard to the refrigeration liquids, three concepts are appli­
cable: substitution, recycling and disposal. In theory, if recycling and 
disposal could be assu1ed 100%, there would be no need for substitution. 
However, the leakage of CFCs out of tne cooling circuit and the unsatis­
factory d~sposal methods available, make substitution appear as the only 
alternative at present, as was pointed out by a number of interviewees 
and one of the experts present in the meeting, who stated, that alterna­
tive processes were not viable for safety or energy reasons. 

2.1.1. Substitution. 

Substitution appears to be the main road considered for cooling 
liquids. The most promising product appears to be HCFC 134 A or HCFC 134 
AK. Reportedly, two large manufacturers are already building plant~ for 
this product available in the moment only in s~ple quantities from pi­
lot operations for tests with oil and compressor producers {for small 
machines). It was reported, that one of these manufacturers would offer 
the product in 1991 along with a new mixture of oils required for the 
product. Other manufacturers consider, the product will be in the market 
only in 1992/1993 since the toxicity tests (and probably the production 
scale operations) will only then be terminated. Different from HCFC 22, 
which for its 1' .g term acceptance has been considered as an interim 
solution for tt~ heavier machines, 134 A would also acconmodate house­
hold refrigerators. It had performed well in tests but long its term 
toxicity not yet proven. Also, to replace CFC 12 with 134 A meant a 15% 
energy loss in refrigeration. HFC 152 A has also been contemplated but 
has the disadvantage of being inflammable. HFCs and pentafluor were also 
~nentioned as possible substitutes. 

For the CFC presently used in la~ger refrigeration units, which 
account for 80 to 90 % of all cooling liquid and for a high share also 
of the insulating foam, HCFC 22, which is known since 30 years and has 
an ODP of 5% is suggested by basic industry ~s an alternative on an in­
terim basis. The point was, that the adoption of this product together 
with other safeguards would in practice reduce the further pollution of 
the ozone layer. Its use would however be restricted to only the indus­
trial and connercial equipment since HCFC 22 needs only 2/3 of the quan­
tity which means that the smali pumps for refrigerators would have to be 
made still smaller, a problem not worth solv~ng on an interim basis •• 
Also, because of its lower boiling point, the product requires sturdier 
compressors again only viable for the heavier equipment. 

To summarize, substitution of presently used cooling liquids by 
134 A in the industrialized countrie~ appears likely although not yet 
100% certain. It's probably higher cost and the adaptation r~quirements 
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will present a problem to the developing countries 1Raking special ef­
forts for know-how transfer in this area desirable. If the use of tens 
of thousands of tons of CFC 11 in refrigeration liquids could be avoided 
through HCFC 22, the effort to spread the corresponding know-how would 
easily pay off. For a start, UNIDO might consider an industrial consul­
tation be~n representatives from basic producers in ueveloping coun­
tries, basic ind~stries developing substitutes and government officials 
to assess this specific point and in the case of a decision in favocr of 
the interim use of HCFC 22, publish a manual on necessary adaptations of 
heavy refrigeration equipment, safe refill procedures if required, safe­
guards against leakage and training in these techniques. 

2.1.2 Recyc 1 ing 

Some consider CFCs very difficult to replace as a cool1ng liquid 
and feel recycling should be, if not a long term, an interim solution. 
Such views were expressed by one of the representatives of the Chemical 
Industries interviewed who considered the idea of recycling as favored 
by the US as a good interim solution arguing that this would also permit 
the developing countries to keep pace. 

Recycling of CFC coolants requires reprocessing the product 
which is usually contaminated with oils. It will probably never be a 
conmercial proposition for household refrigerators but possibly for the 
larger installations containing in excess of three kg of a product which 
may soon have risen to US$ 7 per kg, since the quantities will become 
smaller, and increasingly high taxes will be applied possibly even to 
HFC 22. 

2.1.3 Alternative approaches 

Better protection against leakage, better training for mainte­
nance, new insulation methods with different iilaterials and vacuum panels 
are such alternative approaches, which could be used to reduce the loss 
of CFCs into the atmosphere. 

2.1.4 Oisposa l 

As with the foams one problem ~s disposing of the equipment still 
containing enormous quantities of CFCs in foams and liquid. In Germany, 
the number of household refrigerators discarded annually is said to be 
in the order of approximately 2.5 million, in Austria 200.000.-. Pro­
jecting from these figures one can estimate the annual disposal of re­
frigerators in the world to be in the order of 50 million units contain­
ing between 20 and 35.000 tons of CFCs. Adding to this a rough estimate 
for other cooling equipment containir,g a still higher amount of CFCs in 
foams and liquids and assuming roughly an average life-cycle of ten 
years for both, the CFC trapped in refrigeration would be in the order 
of 700.000 tons. The fi~ures given by one of the participants place the 
amount at almost 2 mi"alion tons. 

There are no regulations on the subject until now in either Aus­
tria or Germany. The present philosophy regarding this disposal problem 
is to charge the colJIJlllnities with the responsibility. Simple equipmen_t 
is available for plumbers to extract the liquid from the refrigerators. 
Some question the reliability of this equipment being able to fully ex­
tract the cooling liquid and the willingness of the plumbers to carry 
this heavy equipment to where the refrigerators are being disposed. 
Also, rough handling of the refrigerator during transportation has often 
resulted in leakages. Thus, a leading foam manufacturer studying junked 
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refrigerators in we~tern Germany informed they had found only 10% of the 
original CFCs in the cooling units of these appliances, due to careless 
handling, dismounting of parts etc .. 

A mobile total disposal plant consisting of three vehicles one of 
which a heavy truck is now available in Austria at a cost of US$ 4 mil­
lion. If operated on a 1 1/2 shift basis and staying for at least 5 days 
in each place it can process 80.000 refrigerators per year. The cost per 
refrigerator thus discarded is US S 38 to 48 (or per kg of CFC US$ 55 to 
70 if one assumes an average content of 700 grams and substantially 
higher if the amount is ir the area of 400 grams). 

Another system is stationary and caters to regions with 2.5 mil­
l ion inhabitants in Germany. The cost per refrigerator is somewhat lower 
(USS 22 per unit or US$ 32 per kg of CFC). The disposal of both products 
during the years to come and the still substantial costs of the pro­
cesses offered should be a subject of primary concern. 

2.2 Assistance to developing countries 

The substitution of CFCs in cooling and air-conditioning equip­
ment is seen as one of the major if not the most important problem for 
developing countries. 

While waiting for 100% safe substitutes, efforts to use HCFC 22 
in larger installations accompanied by the introduction of more leak 
proof cooling circuits and safer refilliug methods could be a solution. 

UNIDO could follow these developments and assist in spreading -
at least the publicly accessible · Know-how through its usual channels 
of cOlllllJnication, i. e. handbook, experts, fellowships and provision of 
equipment, to advise on or train people as experts in leakproof designs 
and the adoption of safe refilling techniques (also useful in regard to 
disposal). 

UNIDO may also wish to consider, in consultation with developing 
countries, whether the interim use of HCFC 22 would not be preferable to 
the continued application of CFC 11 with a twenty times higher ODP and 
if so, assist in the necessary adaptations of equipment through fellow­
ships and the publication of a manual on the changes required. 

Assistance would finally be most useful in developing and promot­
ing cheaper disposal methods for the substantial quar.tities of CFCs 
still stored in cooling circuits and foams. Studying the use of cefiJent 
kilns and waste incineration plants for this purpose (along with the 
disposal of aerosol cans) could yield highly beneficial results within 
the overall effort. 

3 Foams 

3.1 Concepts 

Foams are to be seen as part of the market for insulation, which 
- expressed in chm of volume - according to a well informed source, in 
EurQpe subdivides as follows: 

Minerll fiber, 53% 
EPS Expanded polystyrene an~ 32 to 33% 
Extruded polystyrene foam 3.5 to 4% 
Polyurethane foam 6% 
the rest of 4 to 5% wa$ cork, glass etc. Vacuum panels ~re ~r~s­

ently being developed. These latter are considered by some as the potP.n­
tial ly best insulators. 
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The problem of CFC adaission to the atmosphere arises at differ­
ent points during the product's life-cycle. It starts already in the 
production process. One of the presentations made in the :aeeting was on 
recovering the CFCs in the foc111 production process itself using acti­
vated charcoal filters whicn are said to recuperate - under ideal condi­
tions - up to 99 % of the 11aterial used ir. the process. Others contend 
that such filters only recuperate a fraction of the product. 

A second stage of potential conta•ination is the customizing pro­
cess to suit the size requirements of the foam using companies. Up to 
30% of the material is cut and disposed of losing its 10% content of 
CFCs in part ianediately and the rest over the years being expcsed to 
the i~fluences of the climate. One company processing foams reports hav­
ing between 500 and 1 000 tons annually of scrapped material which cor­
responds to 50 to 100 tons of CFCs. Other losses are incurred in small 
scale ~n the spot application using cans for instance for the insulation 
of windows in buildings. Leakages also occur during the useful life of 
the product and again during the di~;osal period due to ~limatic influ­
ences or inadequate disposal processes. 

There are different opinions as to the ~ate of diffusion of the 
CFC through the plastic. Solle consider, that foam will continuously lose 
the containing gas while others are firm in saying, that hard foams con­
serve their CFC-load intact. 

The possibilities of CFC substitution are different for polysty­
rene and polyurethane foams the latter of which 11Jst be divided into 
soft and semi-hard as well as hard foams. Only in this latter category, 
CFCs are considered irreplaceable. 

3.1.1 Substitution possibilities of different foam types. 

3.1.1.1 Polystyrene Foams 

In polystyrene foams, the problem of contamination of the atmo­
sphere arises almost exclusively in the production process, since the 
product has open pores. As the producers are large firms, used to con­
trol even potentially hazardous production processes, it is to be as­
sumed that the problem of pollution can soon be eliminated as the indus­
try has pledged to do. 

Polystyrene foc111 is either expanded or extruded. The expanded 
polystyrene foam is now processed with pentane and this is the most 
likely process also for the future. For the extruded polystyrene foam, 
also called XPS, CFC 11 and 12 are hitherto used for their cooling char­
acteristics. However, these too will soon be replaced most probably by 
142 8, which presents a problem of inflaamability requiring production 
in rooms without oxygen and recuperation before the product escapes into 
the atmosphere. HCFC 22 appears to be cor.sidered as an interim ~olution. 
Ethylenechloride can also be used as it appears. 

3.1.1.2 Polyurethane 

The situation is different for polyurethane foams. 

3.1.1.2.1 Soft and semi-hard foams 

Propellant gases escape from the soft and semi hard foams already 
during the production process. Replacement of the CFCs in soft foams is 
considered easy since HCFC 22 and even C02 can be used, dlthough the 
latter not everywhere. 
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3.1.1.2.2 Hard foams 

A problem remains with the h~rd polyurethane foams. Here, the 
propel~ant gases have an additional insulating function making it more 
difficult to replace the CFC. Its eliminaticn would mean a reduction of 
the insulating effect by 20 to 30 % which means in turn that walls have 
to be so much thicker, taking away space from the usable storage area 
(or increasing the outer dimensions). 

The substitution picture is confuse. It is hoped, th~t substitute 
products will be available by 1992/93. CFC 11 wil~ be replaced probably 
by HCFC 123 which is available in sample quantities only. It can substi­
tute CFC 11 without a problem, h3s however some small ODP too. While 
according to some sources HCFC 123 will bP. sold still this year other5 
say that only in 1992 the toxicological researct. will be ter~inated and 
that the time schedule is said to be similar to the one for 134 A men­
tioned above. The EEC will forbid the use of thP controlled CFCs in 
foams starting 1993. Ac~ording to some source~. there are already con­
siderations regarding the phaseout of HFC 123. According to one inter­
viewee new refrigeration equipment already use very small amounts of 
CFCs in its foams. Another reports that the CFC proportion has been re­
duced to 50% without a significant reduction of the insulating effect. 
Research is also still going on with tests with pentane which is however 
a fire hazard. Results are subject to evaluation still. 

To sunnarize, it is assumed now, that substitute products with 
the same basic characteristics but without the OOP of CFC 11 etc. will 
account for 30% of the earlier CFC consumption for foams. There will be 
no need anymore for using such products 1n the expanded polystyrene and 
the soft and semisoft polyurethane foams which will be produced with 
pentane, water vapor, isocyanates or C02 (although net everywhere). 

3.1.2 Alternative approaches. 

In the same time, the volume of mineral fiber and the use of new 
construction techniques in buildings as well as the introduction of vac­
uum panels for refrigerating equipment will take ~n as yet unknown share 
of the insulating market. 

3.1.3 Recycling 

Recycling was mentioned as an interim option for the hard foams. 

3.1.4 Disposal 

Regarding the disposal of the foams, shredding, pressing and 
burning are the options which have been developed respectively tested 
for the destruction of CFCs in foams. 

Shredding requires destruction of the spheres containing the CFC 
and recuperating the escaping gas. App~rently two methods are being 
tried: electrostatic filters operating with supersaturated vapor cham: 
bers and activated charcoal. Doubts have been expr·essed as to the com­
pleteness of the recovery, in particular with respect to the activated 
charcoal. It is also reported, that the foam is often shredded without 
an effort to recuperate the CFC it still may contain. Compressing the 
foam with a press operating with 2.000 atmospheres results - according 
to the company operating this process - in an almost full recuperation 
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of the CFCs the end product being the liquid gas and a sol~d foam brick. 
The cost of foam disposal cannot be measured by the cost of total house­
hold refrigerator disposal, it appears to be however well above the fig­
ure of USS 5 per kg mentioned above. 

The burning process appears to offer potentialiy better perspec­
tives with regard to destruction and cost of disposal, is however still 
in a test stage. While some conside!· it impossible to destroy CFts at 
normal temperatures, recent ~ests u~der such nonnal conditions which 
were conducted by the Karlsruhe Atomic Research Center until March 1990 
have proven, that CFCs do not survive combustion temperatures as they 
are used fo~ normal wastes by co11111.1nities. However, although toxic side 
products had not been observed, tests are going on to exclude or prove 
the qeneration of such products. 

The destruction of CFCs in cement kilns is being studied and a 
presentation was made to the meeting. 

As the polystyrene and the soft and semisoft polyurethane foams 
do not store (•bank•) the propellants, th~re is no disposal problem for 
CFCs after the production process. 

3.2 Assistance to Developing countries. 

Know-how which could usefully be transferred, once developed, to 
developing countries will be both in the areas of CFC free production of 
polystyrene and soft and semi-hard polyurethane foams and in the de­
struction cf the junked hard polyurethane foams where large amounts of 
CFCs could be kept from escaping into the atmosphere. 

The possibility of burning foams in waste incinerators or cement 
kilns should be closely followed and once proven processes are avail­
able, the methods should be made known through the most rapid channels 
of coR111Unication. 

Some of the measures, which could be taken are similar and com­
plementary to those mentioned under aerosol disposal above. 

Of a somewhat lesser interest are the recuperation processes dur­
ing production itself unless CFCs or substitute products continue to be 
used in these applications. 

4 Solvents 

4.1 Concepts applied. 

The problem of CFC entrance into the atmosphere arises here dur­
ing the application of the product. 

As in the other areas of application, various concepts compete 
with one another. In this connection, the following two are the most 
important: substitution and alternative approaches. 

4.1.1 Substitution. 

The extent for substituting CFC 113 in solvents (the main product 
for this application) is however still disputed. It had been considered 
by one of the earlier interviewees, that CFCs could be replaced in all 
applications except in such markets as electronic circuits where the 
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traceless removal of the soldering liquid colofonium is r~quired, high 
quality optical lenses, inertial navigation and other precision instru­
DY.:nts which need absolutely all eliminatio~ of the specific oils used in 
their manufacture and laser heads where particles down to 1/2 DJ must be 
removed. Here CFC 113 is seen as irreplaceable as it is easy to apply 
making training and supervision easier and guarantees the cleanliness of 
the end product evaporating completely. One of the interviewed companies 
considere~. that the target times of Montreal were too short. One large 
applying firm producing video recorders had a special permit to use CFCs 
for the laser heads to ke~p the company competitive and conserve the 
3.000 jobs presently involved in manufacturing 2 million such 
m~chines per year near Vienna, a market where productivity increases of 
up to 20% per year were required to keep up with competition from far 
Eastern countries. 

CFCs (113 and 114} are also seen as difficult to replace in dry 
cleaning furs, high quality garments and leather products, where alter­
native solu1ions or subst;tutes may appear only in 1994/95. In some 
countries such poisonous substances like carbontetrachloride were re­
portedly still being used in dry cleaning processes. 

The dispute on the substitution of CFCs in these applications 
remains unresolved. While a participant of the meeting, expert in sol­
vents, had taken the view, that practically all CFC applications in sol­
vents could be replaced by other processes using other CFC unrelated 
products, another one of the participants from the solvent applying in­
dustries in the meeting stressed that for a number of applications, no 
substitute nor alternative product could be used nor was in sight for 
the forthcoming six to seven years. 

Correspondingly, the response of the potential producers of sub­
stitute products is different, depending to some extent also on the re­
sponse of the authorities within their countries. One of the CFC manu­
facturers interviewed, considered the CFC market fer such substitute 
products yet to be developed would correspond to only between 0 and 5 % 
of current consumption in the solvent field and that it was therefore 
too small for making the effort promising. Accordir.g to this company, 
alternative solutions as mentioned below would be introduced before. On 
the other hand, at least one of the large Japanese manuf acturcrs is said 
to be developing a substitute product HCFC 225, a propane derivate part 
halogenated with fluorine. Its toxicological characteristics would yet 
have to be tested for its two isomeres and this, according to other 
sources, may take three to four years. 

4.1.2 Alternative solutions. 

Independent from the earlier considerations regarding the extent 
of possible CFC substitution, for a number of applications the replace­
ment of CFCs by other method~ appears to be feasible. Even in the above 
mentioned fields some alternative solutions are apparently progressing. 
One large solvent using company reports, tt.at it is presently developing 
a system for such special applications apparently based on alcohol, in­
vesting US$ 2 million into the process. Terpenes are not usable in some 
of these processes as these then have to be washed away with aqueous _ 
solutions where the surface tension would be too high. The process is 
still secret as patc;ts have not yet been issued. Another company in the 
same field made a s~m lar statement stressing it would not go halfway in 
substituting CFfs, .t needed however three to four years to come to sat­
isfactory solu' ,ons. 
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On oth2r applications within one of these companies, aequeous and 
~t~er methods were ~ing developed with much smaller investments (sev­
era' US $ !O.O»O) to rep~acP. the few 100 kg of solvents containing CfCs 
presently used by th1s co111pany. 

In dry-cleaning, except tor the high quality ganaents and leath­
erware, ketones and heavy benzenes (terpenes) are now being generally 
used having replaced the earlier tri- and perchlorethylene which have 
come under the suspicion of being cancerogenous. Also methylchloroform 
is now being tested. The use of HCFC 22 for these applications is pres­
ently also being eliminated in some countries. 

Alcohol alcalic methods for precleaning car bodies before lac­
quering, terpenes and aromatic petroleum derivates (requiring closed 
chamber applications) are also being tested. 

One company stressed the higher cost of some of the alternate 
products and their immediate polluting capacity and the more complicated 
application would require difficult retraining in some cases. Big public 
companies like postal services and railwa)5 according to one source in­
sisted on the use of CFCs mainly for this latter reason. 

Alternative solutions will become more economical with the possi­
ble price increases of those products which are being phased out. The 
problems are to be seen in the investments, however small, required to 
be made by many companies, for an effective application and to avoid 
other types of potential hazards (water pollution in the case of aqueous 
solutions, inflamnability in the case of alcohol (ketones) or heavy ben­
zene as used in textile cleaning etc.). 

An earlier observation by an interviewee from an environillent min­
istry had been, that the industrial know-how on solvent replacement ~as 
probably not conmon knowledge in the industries of his country 
(industrialized). The available know-how was not yet llJCh spread among 
appliers. This may be due to the secrecy of know-how development ex­
plained by the research cost and the coamercial interests of developing 
firms. The ministry is producing a book on solvents for users before the 
London Conference. 

4.1.3 Recycling 

Closed chamber applications appear to be tested by a number of 
companies for a variety of applications, for instance the terpenes, aro­
matic esters and o~her petroleum derivates, and it was believed by some 
companies, that even the CFCs used in such processes could be almost 
fully recuperated in chambers and recycled. One of the companies present 
in the meeting pres2nted the case for commercially viable recuperation 
of CFCs from solvent applications conditional however upon the reuse of 
the recuperated product by the solvent user. The method would become 
even more interesting in the case of the substitute products presently 
developed should they be allowed into the market after the toxicity 
tests have given satisfaction. Recycling of the controlled CFCs should 
however be considered only, where no other solutions are possible. 

4.2 Assistance to developing countries. 

Industry will probably assist developing countries only when in­
centives are offered. 

4.2.1 In relation to CFC substitutes 
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A!:cording to the ,~epre~t:PBt ives frM ll.!s ic iJ?rlustri~s. t~ pro­
duction of substitute products presently un~~ dev~loprne~t. iuint ven­
tures, license ~~reements an~ a11 ether f~Y"3lS would be corasidereo if 
conncr-cia l and in the end result less p:> 1 h.ctfog than prev!oos so lut ians. 
Where the principle of reducing pcilutfon is une of t~ ccjecth•es. co­
operation between rnnoo ?!'Id industry ·:n this connection coulcl b~ i;seful 
if UNIOO was to act a~ a catal~~r fo~ the proir.otion ar.d creation of 
such schemes. 

4.2.2 In relation to altercative ap11roaches 

In the areas cf finding aiternative aJfProaches, the many applica­
tior.s could the subject of a UNiDO technical assistance program in the 
area of so1~ents. One of the participants described the requirements for 
an expert in this field 1 who C0'.1ld cover a number of cou!ltcies as a re­
gional or global advisor ~n solvent ~ech~ology. The produ~tion of a sol­
vent handbook, the orgar.1zatior. ~f s~ecialized meetings lj(! alternative 
solvent techno!~gy, the organiz2tion of fellowships in cooperating com­
panies and institutions and even the introdilction of model operations in 
developing countries Ci>tlld lie of interest to UNIDO. 

4.2.3 in relation to recycling 

Under the condition. that CFC applications will not ~ elimin2ted 
soon in SOIJl!t! countries since alternative products are not availabl~. the 
spreading of recycling know-how may yet be another means of reduc1ng the 
emission of CFCs into the attn0sphere, particularly if recovery wiil be 
relatively complete and the far more expensive substitute products car. 
later also be recovered and reused by t~~ ~ame processes. If such sub­
stitutes however should not be introduced, recycling may disincentivate 
the acceptance of alternative methods until the full disappearance of 
CFC 113. This conld defeat the purpose of the effort to save the atmo­
sphere from further charges of CFCs. 

If recycling was to apply onl; to 5% of earlier CFC use for sol­
vents, as suggested by one of the basic products manufacturers as an 
upper line estimate, the total capacity of recycling operations would be 
in the area of 8.000 tons per year, less than half of which in the de­
veloping countries. The present net result of the effort, which has its 
conmercial justification, is small but promising under given conditions 
and should be subject to another consideration by UNIDO, which could 
spread the respective know-how through its usual channels of operation, 
mainly the use of experts, the production of a recycling hand book and 
the organization of visits to cooperating companies. 

5 Halons 

5.1 Concepts 

Halons are up to ten times as damaging to the ozone layer as CFCs 
in general. Their elimination therefore carries a substantially higher 
premium than the elimination of normal CFCs. 

They are seen as irreplaceable only in conditions, where human 
safety does not permit the use of toxic products or any sacrifice in 
efficiency, as is the case in closed rooms such as civil aviat\on, the 
Chunnel, submarines, tanks etc. The quantities required here are however 
extremely small. 
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According to one source, very few stationary installations re­
quire !loo~i~g entire rtlOllJS with inert gas~s to suffocate fires if human 
life is not endangered. According to one of the very informed inter­
viewees, 10% of the pre!~nt halon installations in Switzerland would be 
sufficient. Specifically hand held equipment is said not to r~quire 
halons. Halon 1211 could therefore fully disappear since it is for hand­
held fire extinguishing equipment where halons, C02, foam and powder are 
presently used. Halon 1301 would be required only in 10% of installa­
tions. 

Otherwise according to the persons inter•iewed and the presenta­
tion in the meeting, replacing halons in fire protection for most of the 
resent applications is basically a problem of using alternate processes. 

5.1.l Substitution 

The small quantities of halons required in the future make the 
development of substitute products ~ppear uninteresting to the industry. 

The COlllllVn Market will only give temporary excepti~n autnoriza-
tior.s. 

In Germany, Halon 1211 will be prohibited starting 1992 and Halon 
1301 starting 1996. Until these dates ~ndustry considers it impossible 
to develop replacement products which have ~rJJ fire extinguishing 
characteristics without being toxic. 

According to the environment office in Bern, ralons will be com­
pletely prohibited soon in Switzerland. In Austria, c new directive was 
expected for May this year. 

S.1.2 Alternative approaches 

Alternative approaches start with better construction methods, 
better fire protection schemes, the use of prope~ materials, the careful 
handling of materials which are easily ignited etc .• 

Also specific objects could be protected by mechanisms specifi­
cally designed for their protection making it possible to use smaller 
quantities and in some cases also toxic materials (like C02). Instead of 
flooding the room, only the iamediate environment of the machine is 
flooded. It was even reported that such companies as Hoffmann Laroche 
and Swissair have replaced the halon protection of their computers with 
sprinkler systems. 

5.2 Assistance to developing countries 

Any assistance given to developing countries should focus on the 
subject of fire protection with emphasis on those sensitive areas pres­
ently still be protected by halons. A fire protection prograR111e of UNIOO 
might be of interest even beyond the elimimation of halons. 
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PART II 

DEVELOPMENT OF THE MEETING 

A. Introduction 

The director of the Division of Industrial Operations Technology, 
Ms. Tcheknavorian Asenbauer, opened the meeting on behdlf of the Direc­
tor General the UNIOO and thanked the participants for their positive 
response to UNIOOs invitation on short notice which illustrated the im­
portance given to the issue by the participants. She then explained the 
expectations UNIOO had to receive guidance through the views obtained 
from practice and stressed the strength coming from cooperation. 

She briefly referred to UNIDOs mandate and the Lima declaration 
and plan of action with its target to inc~ease the share of industrial 
output in developing countries from 7 to 25 % in the year 2.000 and em­
phasized the importance of technology, where she said UNIDO had a coor­
dinating roie not being a technology holder itself. She pointed out the 
increased complexity of UNIDOs role where only a few years ago, economic 
viability had been sufficient as an argument for assisting industrial 
development, now also environmental issues and energy issues where part 
of the criteria to be applied. 

Regarding the roie of UNIDO in relation to CFCs she pointed out, 
that there was no duplication with UNEP on this issue but rather that 
the director general of UNEP, which had the overall concern with envi­
ronmental questions, had urged UNIDO to participate in the discussions 
on the subject and to bring in its views and guidance from an industrial 
point of view for the benefit of the industry of the developing coun­
tries. This was possible only through familiarization with the practical 
issues involved which again could only be given by industry. Work had 
already started on the subject and UNIDO had participated in the March 
1990 meeting with UNEP in Geneva. 

She then explained, that UNIDO as a result of the Special Advi­
sory Co11111ittee Meeting of May 1989 and the Industrial Development Board 
Meeting of December 1990 had been mandated to look into the changes, 
environmental issues would have on the industrialization process and 
what changes of technology would be required to meet with environmental 
objectives in order to be able to give the necessary guidance to the 
developing countries, where UNIDO was in direct contact with the minis­
tries of industry and the industry itself. 

In response, UNIOO had appointed a special coordinator on envi­
ronmental isst•es since June 1 1990 and there were professionals in the 
Industrial Technology Division and in the Technology Promotion Division 
also concerned with the subject of environment. She thanked the Technol­
ogy Promotion Division and its officials for organizing the meeting, 
pointing to the role of this division to be concerned with new technolo­
gies and referred to respectively presented other UNIDO officials con­
cerned with environmental issues within UNIDO mentioning also the role 
of the consultant on the subject of financing international progrannes 
in regard to CFC and the technical country reports for India, China, 
Mexico and Brasil. 

She concluded her remarks referring to the expectations from the 
meeting, namely to obtain guidance from the industry on the various op­
tions for CFC substitution through the efforts of basic industries and 
in the area of the five major applications inviting the participants to 
introduce changes to these subjects if necessary or opportune. 
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The director of the Industrial Technology Promotion Division, Mr. 
K. Fujita, joined Ms. Tcheknavorian in her introductory remarks and 
pointed out, that although the necessity of technological change some­
times produced a crisis it also meant a challenge for improvement. He 
stated that although this was the firs~ meeting on the subject with in­
dustry, there would be a continuation of this exchange the purpose of 
which was to leave a better environment to the children. 

The fourteen invited participants, then pr~sented themselves (see 
list of Participants) and were once again welcomed. The following is a 
sunmary of the ten papers pr~sented and the ensuing rliscussion. 

B. Su11111ary of Papers and Discussions 

1. Subject: Substitution of Basic Chemicals 

1.1 CFC Substitution and Transfer of Technology. 
Mr. Roy Breslau, Ou Pont de Nemours 

Mr. Breslau started out explaining the interest of Dupont in the 
subject and its coomitment to the global effort related to the protec­
tion of the ozone layer. His company ~as actually investing 1 billion US 
dollars for finding alternatives and participated in the two in~ustry 
progranmes PAFT and AFEAS designed for testing new compounds for their 
·'toxicity respectively their environmental innocuousness. Both 
programmes were designed for getting faster results, but the normal 
testing time for toxicity still was in the order of 5 years and the 
AFEAS programme was planned for three year until 1993. Dupont was also 
looking at what were termed conservation methods (improving the 
handling, the impenr.eability of cooling circuits, the refill methods an(i 
recovery and recycling). The company also considered such alternatives 
as water for cleaning, anmonia for refrigeration, C02 for foam 
production etc. However the point was strongly made, that HCFCs (OOP .02 
to .10 with an average below .05) were going to account for a market of 
still 30% and HFCs (OOP = 0) for 9 % in the year 2.000 although 
tendencies were o~~,1~ved, that these products also were to be phased out 
in some countries very soon. Illustrating the development of various 
scenarios, some of which with potentially grave side effects to the 
economies of developing and developed countries (in particular with 
regard to refrigeration) he remarked, that the use of HCFCs on an 
interim basis would be more beneficial than the complete stop to all 
fluorocarbons, which would in any case not happen, because of the 
reluctance of some countries to fully participate in the global effort. 
A minimum of 20% would remain due to non-signing countries unless HCFCs 
were continued and permitted as an interim replacement by the 
international co11111Unity. CFC 22 was present already now and 123 and 134 
A would be available in 4 to 5 years followed a little later by 124 in 
replacement of CFC 11. He said there was no reason for panic as there 
was no increase ir. ultraviolet radiation on the ground due to other 
factors etc. 

Dupont in the li9ht of a probable development of 10 % per year of 
the developing countries and 2.5 for the industrialized countries pro­
posed a phaseout of the HCFCs by the year 2030 for the products with a 
lifetime of 10 to 20 years and in 2040 for products with a lifetime of 0 
to 10 years, showing the respective alternatives of development in this 
case. 

Mr. Breslau observed that due to the ~hrinking of the market for 
substitute CFCs a scale disadvantage would result in prices 2 to 5 times 
as high for products like 134 A. He considered joint ventures would hap-
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pen where the interest was mutual, but that guarantees on safety of the 
new plant in a developing country to the environment would be a "co~di­
tio sine qua non" requiring training of tne staff, a point which ~as 
also made by the subsequent speaker, Mr. Harris, from ICI. He pointed 
also to the technology to be adopted by the user where the technical 
service was normally provided by the producer, an area where both close­
ly cooperate. New producers fo~ instance i~ developing countries would 
have to develop also the capacity to give guidance to their clients in 
the applications of CFC~ ~nd their substitutes or alternative processes. 
The investments re~uired for producers being in the order of US$ 4 bil­
lion the necessity for users to change their installation~ would be sev­
eral times that amount (although certainly not more than a hundred times 
as su~~ested). Trade associations normally served as clearing houses in 
setting quality standards, providing technology and could be used in 
spreading the respective know-how •. 

He felt that recycling would be a process of increasing impor­
tance in the fu:ure and continue even after the phaseout of the ozone 
depleting products if only for reasons of economy. Technologies for this 
would soon be available. 

Summarizing he said that chemical and equipment producers want to 
market their products in exactly defined markets where user technology 
was particularly necessary. The content of Mr. Breslau's paper is con­
tained in a well illustrated document distributed to the participants. 

1.L Perspectives of CFC substitution 
Dr. Michael Harris, ICI, Runcorn UK. 

Dr. Harris, in view of the timE. limitations, instearl of present­
ing his own prepared paper complemented Mr. Breslau's presentation sec­
onding parts of its conclusions ar.d pointed to the complexity and the 
size of the problem and the cost involved (US$ 4 billion for the substi­
tute development by the producing companies alone, far more for the ap­
plying companies). He observed that the goal of 2 parts per billion 
would only be reached in 2050. However, he stated, that if only 80 % of 
the world would comply with the protocol, the goal would not be reached 
by then. Rushing the phaseout would substantially increase the cost to 
the industrialized and the developing countries alike. If, to avoid the 
pressure of political groups, Hoechst was to close its plants in 1995 
and ICI and the others would follow that example, this would easily be 
absorbed by the producers of basir. products like ICI, but could mean the 
existence of many applying firms. The development of substitutes, and 
the interim use of HCFCs or techniques such as conservation appeared to 
him a better strategy. By conservation alone, 30% of the i11111issions 
could be controlled. This could be done by developing countries already 
now through recycling, better handling etc. The chemical companies of 
the developed countries could assist in this if this was conunercially 
feasible. Recycling was also becoming more interesting because of the 
increases to be expected in the cost of the substitute products. 

Also HCFC 22 was a product for interim use wher~ the incremental 
cost was minimal. He stressed the different conditions in developing 
countries, where the situation would have to be studied for the best 
t~chnological solution. 

Regarding new technologies (alternative approaches see above) be 
considered these would not be available before the next century. Point­
ing to the ten years moratorium he considered that the developing coun­
tries, having used such methods as conservation or HCFC substitution, 
would then find a situation different from now to choose their definite 
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options. His view was that the development and production of CFC substi­
tutes in developing countries would be justified only, where large mar­
kets could be secured. ICI would gladly enter into joint ventures if the 
plants were viable and safe to the environment. 

Another point was related to the alternative substitutes under 
development. Situating the various compounds in a triangle according to 
their hydrogen, chlorine and fluorine contents, he stressed the limited 
amount of options in the development of substitutes. A 1110ve in the di­
rectiQn of more hydrogen content tended to make the product more explo­
sive, in the direction of chlorine there was the danger of more toxicity 
and in the direction of fluorine, the lifetime of the agent in the ozone 
layer would be increased. 

He showed some of the new substances to have a far smaller life­
time and a fraction of the OOP of present products and suggested they 
should be adopted instead of continuing with the i111111ission of the old 
products. 

The new substances were not ?erfect but much better than the old. 
He also referred to the PAFT and AFTEAS progranmes, the first for 

toxicity and the second for environmental safety testing, and then dis­
cussed each of the products as follows: 

PAFT 1 testing 134 a had given excellent results, 
with regard to 123 the results had been fairly good requiring 
extra tests parallel to others. 
PAFT 2 had been encouraging for 141 B 
PAFT 3 had found 124 excellent in first testing 
and the testing of 125 had not yet started for a lack of product 
although he understood that Dupont had announced conmercial 
quantities of it for 1991. 
PAFT 4 was being announced June 1 1990 for the product 225 ca and 
cb. 

The testing of each compound was in the order of US$ 5 million 
and the total progranme was reported to cost USS 60 million. 

By applications the substitutes would be: 

for solvents: HCFC 123, and HCFC 141 b, the latter somewhat flam­
mable and 225ca and ch as well as pentafluoropropanol. 
in dry cleaning: 1,1,1- trichlorethane 
for polystyrene foams: packaging: pentane (flammable) and HCFC 22 

insulation: HCFC 22 and or HCFC 142.b 
for polyurethane foams: flexible: water blowing (carbon dioxide) 

methylene chloride 
phase out ultra low density 
foams 

rigid: HCFC 123 (no volume a~ailable 
before early 90ies, and 141 b 
(flammability and ODP unknown), 
vacuum panels, mineral fiber, 
other fluorocarbons. 

for automotive airconditioning:134 a well advanced 
conmercial air conditioning :123,22,134a,(124) 
industrial refrigeration :22, ammonia, others 
co1mnercial refrigeration :22, 134a, 125 
domestic refrigeration :134a, (HCFC 22 short term 

solution) 
transportation refrigeration :125, 134a 
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aerosols :hydrocarbons, dimethylether, 
ether, compressed and dissolved 
gas propellants, methylene 
chloride. 

As new technologies, he mentioned 
for refrigeration: new ther11<>dynamic cycles, new compressor de­
signs and absorption refrigeration. 
for polyurethane foams: 11<>dified fon11Jlation and densities, modi­
fied polyols and water blown foams 
for solvents: aqueous cleaning. 

For conservation, recovery and recycling he mentioned: 
solvent cleaning: in house recovery and recycling, reprocessing 
by specialist companies or solvent producers. 
refrigerants: reliable devices for local recovery, especially 
with regard to ~~tomotive airconditioners. 
reprocessing of (unmixed) refrigerant at manufacturing plant 

For conservation, control of emission during production etc. 
for solvents: enclosed and automated equipment 

good working practice 
for firefighting halons: no flood testing 

better training and maintenance 
for refrigerants: deal with leaks, capture on servicing 

terminal recovery where effective 

These subjects were later treated by tile applying industries in 
greater detail. 

Also in his view, in the year 2000, CFCs will have been replaced 
30% by other products or processes, 30% by conservation, 31 % by HCFCs 
and 9% by HFCs (the latter not containing fluorine and therefore with no 
ozone depleting potential). 

The cost of the restructuring on the level of present CFC produc­
ers were estimated to be in the order of 4 billion US dollars, the cost 
for restructuring in the user industries in the order of several tens of 
billions of dollars. The cost estimates were detailed for the US by one 
of the various illustrative tables presented to the audience. 

To su11Darize, he stressed, that the production of new chemicals 
was one problem area where clear signals had to be given to the industry 
on whether to pursue its development or drop it to the disadvantage of 
everybody. In re~ard to transferring this know-how, he pointed to the 
necessity to ~ccompany such a transfer with an assessment of the condi­
tions in terms of place, time and type of operation to avoid pitfalls 
due to lack of viability or offensiveness to the environment. He also 
pointed to the huge educational effort to be made with the user indus­
try. He suggested regional approaches and for the transfer of producer 
technology possibly bilateral schemes. 

His suggestion was repeated, that developing countries should 
temporar:ly import and wait for the alternatives to be developed to pick 
the best. 

Finally, he offered himself for giving further details on the 
activities of his company to the interested participants. 

1.3 Discussion 
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In the subsequent discussion, the view was repeated, that a grad­
ual phaseout would be more efficient both economically dnd in terms of 
real impact on the ozone layer. Technology transfer in the pilot plant 
stage was possible but of little use. One of the real problems for this 
transfer was the justification of the huge investment, if it was justi­
fied, for production on a large scale. The feedstock either had to be 
produced locally or imported presenting problems of transportation. In­
termediate products. some of which potential feedstock for chemical 
weapons with the corresponding problems of control, some extremely poi­
sonous, required special measures for handling. (Collateral products 
would have to be disposed in other forms since some of them could now 
not be used anymore as in earlier times before the Montreal Protocol, 
when production of a variety of products was complementary etc.) 

To sulllllarize, he stressed, that the production of new chemicals 
was one problem area where clear signals had to be given to the industry 
on whether to pursue its development or drop it to the disadvantage of 
everybody. In regard to transferring this know-how, he pointed to the 
necessity to accompany such a transfer with an assessment of the condi­
tions in terms of place, time and type of operation to avoid pitfalls 
due to lack of viability or offensiveness to the environment. He also 
pointed to the huge educational effort to be made with the user indus­
try. He suggested regional approaches and for the transfer of producer 
technology possibly bilateral schemes. 

His suggestion was repeated, that developing countries should 
temporarily import and wait for the alternatives to be develope~ to pick 
the best. Clear signals should be given to the industry on whether gou­
vernments wanted to adopt a strategy of gradual phaseout, with the in­
termediate use of HCFCs, in particular HCFC 22 or whether the more dras­
tic phaseout was preferred, where the end result would be l1igher cost 
and sacrifices and a lesser efficiency with regard to reducing the ef­
fect on the ozone 1ayer. 

2 Discussion by Applications 
2.1 Use of CFCs in Foams 

2.1.1 Present state of CFCs in foams, particularly polyurethane 
foams, and possible means of substitution. 
Dr. John Hutchison, BASF 

Dr. Hutchison gave a detailed accou1t of the use of CFCs and sub­
stitutes, respectively alternative products in the manufacture of foams. 

According to him, replacement of CFCs in practically all foams 
except the hard polyurethane foams, where the product was required as an 
insulator, was possible and to a large extent already done. 

In the expanded polystyrene f~ams, CFC had been replaced by pen­
tane, in the extruded foams HCFC 22 had started to be used. 

The speaker emphasized the necessity for uniform regulations. He 
said, that where substitutes such as HCFC 22 or the newer materials un­
der development would offer the qualities required for the purposes con­
sidered, the producers should get clear signals as to their desirability 
not as part of the problem but as a way towards its solution. 

In regard to soft polyurethane foams, he considered that CFCs in 
mattresses and molded foams could be abandoned innediately oy all pro­
ducers without any problem. In flexible foam, t~e technology was also. 
available. However for insulating rigid polyurethane foam, there was no 
replacement yet, since the CFC used contributed to the insulation. Sue-
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cessful results had been achieved with aixtures where the CFC had been 
reduced to 50 % with little loss in insulation. C02 was not seen as a 
solution for this reason. 

For canned foaa, HCFC 22 could be used. For 110lded integral skin 
foam the substitution of CFCs was no problem:. 

With regard to timing, he considered, that the 1086 level of con­
sumption could be reduced by 60% in 1993 and by 100% in 1996. 

2.1.2 Total Recovery of CFCs in Foa• Production ? Probable sched 
ules, i11plications for developing countries and possibilities of assis­
tance. 

Mr. C. Zachariasson, AMEG, UK Ltd. 

Mr. Zachariasson presented considerations regarding the recovery 
of CFCs in the foa•ing process for which AMEG supplies the equip11ent. 
These techniques are already presently interesting frOll a comnercial 
point of view as investment of these inst~llations can be recovered in 
two and a half years on the savings on the product alone. This only ap­
plies, of course, to those processes, where the products can be reused. 
His exhibition covered the technical aspects of this recovery, condi­
tions to avoid such as dilution of the product due to additional venti­
lation, conditions to meet such as reducing the volU111e of space devoted 
to the curing process referring to the use of the process with block 
frames where the recovery process could be used 11e>derately well etc .. 
Basically, the process of recovery was to be seen already now as a COlt­
mercial proposition adding to the effort of phasing out ozone depleting 
substances. 

2.1.3 Discussion 

In Mr. Hutchison's view, the legislators were proceeding too 
fast. If CFCs were to be eliminated, there would be no use in recycling. 
Mr. Zachariasson, on the other hand, stressed the necessity for serious 
studies to be made. In his view, a recovery of up to 95 % was possible. 
In solvents, he stated, a recovery of 84% was possible. It was apparent 
from the discussion, that for at least some of the applicacions, in par­
ticular for rigid polyurethane foam, some insecurity persisted regarding 
the possibility to use HCFC 22 as an interim product while waiting for 
substitutes or whether the phaseout also of this product would becOlle, 
as it appeared, necessary. In the latter case, doubts ~uld be raised 
with regard to the future of the entire development of substitutes in 
this field. 

2.2 CFC Substitution in Solvents 

2.2.1 CFC substitution (in solvents) and the developing 
countries 
Mr. Brian Ellis, Protonique S.A. Lausanne 

Mr. Ellis gave a detailed analysis of the alternatives with re­
gard to the use of CFCs in solvents, contained also in a paper submitted 
to the meeting. In his views, the large maj~1 :ty of operations could 
easily be shifted the use of non clean fluxe~ or to other cleaning pro­
cesses, where the increased cost of the new installations would be com­
pensated or even overcompensated by the economies achieved through lower 
costs of the replacement materials. 
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However. the decisions to use non clean fluxes or to choose among 
the other alternatives, could only be IAclde by objective experts, who 
would be able to justfy their advice by the substantial savings a com­
pany would achieve by choosing the opti .. • trade-off bet~n the re­
quired quality and the cost of production. In some areas like non clean 
fluxes, the advi~e would best be given on a plant by plant bas~s. in 
other areas, where entire branches could adopt a new cleaning system, 
seminars would be rec01111ended. 

He considered, that 98 % of CFC 113 used in solvents could be 
replaced by alternative products ar.d processes within a few 110nths if 
the capital and existing know-how were made available. New plants would 
cost 1.5 to 10 times the cost of present CFC 113 installations and there 
was no single substitute for all of these. The adaptation costs would 
vary according to the size of the production line between 10.000 and 1 
•illion US dollars (a reference which had been obtained frOll another 
source seemed to indicate that an investment of approximately USS 100 
per kg solvent consu11ption per year was required for the smaller produc­
tion units and USS 30 approximately pe~ kg CFC preseqtly used in a larg­
er unit. The latter included the developiG~ cost and apparently a pat­
entable closed chamber recycling process). He expressed however concern, 
that specifically the small cleaning operations could not be reached 
through international financing mechanisms used to assist on~y large 
operations. 

Toxicity and infla111ability of alternative products and the ques­
tion of contaminating water with heavy metal residues had to be taken 
into account with the new installations contributing to their higher 
cost. He pointed out, that ancillary costs due to possible water contam­
ination varied in degree from country to country and different standards 
had to be applied for instance with regard to water supply. He then re­
ferred to the requirements a solvent expert would have to fulfill to 
comply with a c<>11plex task of advising developing countries, some of 
which perhaps not interested, in the best way to eliminate CFC in sol­
vents, the var~ous types of studies required, the financing mechanisms 
necessary including the possibility of self-financing etc. In his view, 
the process of eliainating CFC 113 from the solvent field, would possi­
bly be accelerated by the gradual disappearance of the product from the 
market, since many countries had already prepared the corresponding leg­
islation and aany manufacturers would not i>e willing to produce s111all 
quantities of the product if not C0111pensated with higher prices for the 
loss of econ<>11y of scale. Such price increases were already happening 
through taxes levied on CFCs aaking the search for alternative solutions 
economically 110re interesting. 

One of his special points of concern was also the massive use of 
highly toxic solvents such as carbon tetrachloride in Eastern countries. 

To suanarize, the technical suggestions made by Mr. Ellis, these 
concentrated on the executicn of studies on use patterns of all pollut­
ing substances, sector specific studies, cost assessments for conversion 
per sector, and realistic time tables for phasing out the product (with 
quest~onnaire format added). Furthermore on the use of experts to visit 
countries and advice individual plants and the execution of seminars for 
sectors with similar problems and alternative solutions. 

2.2.2 Substitution of CFC 113 in various applications in the­
electronics industry, Ing. Plescher, Alcatel Austria. 
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Hr. Plescher presented the view, that CFCs, chlGrinated carbon 
compounds, or partly halogenated compounds could not be seen as a long 
tena solution in replacing solvents in the electronics industry, since 
the quantity of i .. ission to be expected from them, bec3use of their 
high solubility in air, was not tolerabie. He saw the long term future 
in the rapid development of in line cleaning installations which would 
use aqueous processes and or terpenes, alcohol or ketones. 

He gave a detailed c<>11parison of using CFCs or their substitutes 
versus alternative solutions in the areas of metal cleaning and degreas­
ing, and drying of precision parts, and the cleaning of semiconductors 
after soldering. 

In the area of metal cleaning and degreasing, aqueous processes 
had the advantage of not producing iaaissions and chlorine free old oils 
and the ~isadvantage of high energy costs for drying, expensive treat­
ment of the water with the difficulty of splitting up the emulsions re­
sulting in the process. Installations for such processes were produced 
in Austria and corresponded to international stan~ards. 

For the cleaning of precision parts cleaning only with ketones or 
benzenes was being discussed and possible with the advantage of not pro­
ducing innissions of CFC 113 but the disadvantages that the cleaning 
substances were inflaaaable requiring explosion protection aod led to 
e!llissions of organic chemicals with a global warming effect. Few hori­
zontal installations for this process were offered by some countries 
like the FRG and could be imported. 

For the cleaning of semiconductors after soldering, several al­
ternative procedures were analyzerl. The most conoon search was for the 
use of fluxes with little residues requiring no cleaning. While the 
emission problem was solved, the small activator share of these fluxes 
ofteJ made a great amount of finishing work necessary. Also the corro­
sion danger in countries with high climat:c differences was substantial. 
The process was however already in use in Austria. 

Terpenes had the disadvantage of being combustible requiring ex­
plosion p,·otection, emitted organic substances adding to the green house 
effect, required aftercleaning with water and were therefore not usable 
for SMO technology. The installations offered from outside Austria did 
not find clients. 

Alcohol ketones had high cleaning properties making them suitable 
for •SMD• technology, h~ver they required explosion protection and 
their emissions had to be taken into consideration. In Austria, horizon­
tal installations for this purpose were being offered. 

Aqueous cleaning again meant high energy cost for drying and was 
useful only for some parts. The process cannot be used for •SMO• tech­
nology, since the high surface tension of water impedes the flushing of 
dissociable residues. In Austria such processes are not being used, al­
though installations are offer~d from producers in other countries. 

Soldering with protected gas meant high finishing costs if used 
without activator and pollution if used with activators. Formic and adi­
pic acids are preferably used. Subsequent cleaning was necessary for 
high technology and other semiconductors used in difficult climes. Some 
installations for protected gas soldering were being discussed by large 
companies. Such installations were not produced in Austria. 

Mr. Plescher concluded with the reconmendation, that innovation 
in the area of installations using aqueous methods as well as those us­
ing terpenes, alcohol or ketones should be ir.~ernationally accelerated. 

At the present moment printed circuits are seen as still depen­
dent on CFCs and only alcohols and ketones could bring a solution the 
problem being inflannability. An installation was already available in 
Germany. 

33 



• 
The Elecironic industry, acc~rding to Hr. Plescher would need 

mixed technology brushing and full cleaning. Water plus terpenes, alco­
hols and ketones could bring the solution and such processes should be 
developed fast. Interim substitutes according to him, as illustrated 
with one example, could be absorbed by the air in dangerous quantities 
and therefore constitute a heavy burden to the atmosphere. Partly halo­
genated products were not the solution for this reason. 

2.2.3 Development of CFC substitJtes for solvents. 
Dr. 0. Paleta, Prague institute of Chemistry. 

Mr. Paleta presented the research of the Department of Organic 
Chemistry in the search for an alternative to CFC 113 which should have 
a low potential of ozone depletion, at least comparable solvent proper­
ties, a higher boiling point to prevent evaporation and facilitate recy­
cling and an uncomplicated production technology. He considered that 
these requirements could be met with chlorofluoropropanes, for the pro­
duction of which a method had been developed using f luoroethylenes and 
CFC 11 or HCFC 21 as feedstock and alu•inua chloride as a catalizer at 
temperatures between 10 and 30 degrees Celsius. Although the production 
had reached the bench plant and pilot plant level in the laboratory, no 
infonaation was available yet on the OOP and GWP of these chlorofluoro­
propanes. 

He stated that fluorination of these products could be used to 
lower their boiling points and that with perhalogenated compounds mor.o­
hydrogen c011pOunds can be obtained. He considered th~t CFC 113 versions 
shoul~ be substituted by aonohydrogenated COllpOunds. 

2.2.4 Discussion 

Recoanendations were then solicited UNIDO should make to the de­
veloping countries in the area of solvents in addition to the observa­
tions made by the earlier speakers, and it appeared to be the consensus, 
that assistance was of interest only on a case by case basis, where the 
options for using substitutes versus alternative products or processes, 
recycling or recovery had to be weighed according to the circumstances. 
The main factors to be taken into account in this area were, according 
to the processes used, explosion and fire protection, toxicity, pollu­
tion of the soil or water by metallic residues, chlorinated oils or of 
the air by organic chemicals. The process requirements were different 
even within a subsector s~ch as the electronics industry and an addi­
tional variable was the situation of the industry in the developing 
country, the existing ecology of cities versus country etc. All this 
would require building up an expertise specifically on the safe use of 
solvents. 

Some of the participants felt however, developing countries may 
wish to continue using CFC 113 for an interim period for the most sensi­
tive cleaning problems. However, although a replacement for CFC 113 
could pussibly be seen in HCFC 225 CA or DA but definite results regard­
ing the safety of these products would not be available before 1995. 

Diversity of the solutions was emphasized, the statement that 98 
% of CFC 113 could be replaced with present technology was repeated, 
reference was made to the reduction of use by conservation as illus-. 
trated by the fact, that in the US for the same process twice as llklCh 
solvent was used as ~n Europe. Changing the speed of lowering the steel 
part to be cleaned into the solvent can reduce the use of the solvent. 
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2.3 Substituting of CFCs in Refrigeration 

2.3.1 Substituting o~ CF~s in Refrigeration 
Or. H. Lotz, BSHG Bosch-Siemens Hausgeraete GllbH. 

The speaker covered in his expos;tion the situation regarding 
coaling liquids and insulating foaas. 

The c01111ents related to the substitution of presently used CFCs, 
the use of alternativ£ product, recove~y and recycling and to the dis­
posal of banked CFCs. 

The a1110unts of C~C to be considered are the annual emission of 
154.000 tons 11ainly through leakage of not COllPletely hen1etic systems, 
particularly true fer 110bile units, and losses during IK>unting and re­
pair (figures ~f 1986 p!'Obably still valid), and the 1 •illion tons of 
CFCs which could be reuioerated from the total 2 •illion tons of CFCs 
presently barked world wide i~ iJOlyurethane hard foa•s (1.1 million 
tons}, refrigerants for car a~r-conditioning (250.000 tons) and refrig­
erants in ref~~geration equipamt (650.000 tons). 

The speak~r ref erred to the EEC C091it.ent to phase out CFCs and 
analyzed the various options in the area of cooling liquids and insulat­
ing foams, considering not only the ozone depletion potential of the 
CFCs but also their global wan1ing potential several thousand times 
higher than the GNP of C02. An earlier speaker, Mr. Hutchison from BASF 
had conside~ ~he Green House Effect to be a 111ch greater problem than 
the damage to the stratospheric ozone layer. 

The negative balan~e of certain alternative options for refriger­
ll'-lOR in respect to their global wan1ing potential excludes such options 
~s the ~old gas pr~cess (•helium refrigerators•) at least for s11aller 
refr19eration units or the Peltier refrigeration technique. 

In re~ard to both the ODP ana the GWP, he considered the adapta­
tion of refrigeration eq~ipment for HCFC 22 and Allllonia, where safety 
conditi~ns could be inet, steps in the right direction. On a longer term 
basis, the ~roducts 123 and 134 A were the most pro11ising provided they 
proved innoOJ'l!.IS in the global PAFT testing exercises. 

The ~~te of November 1989 by the International Institut~ of Re­
frigeration: a" intergovernmental organization founded 1920 witn seat in 
Paris, wi1ich was also submitted by the speaker, states that only three 
to f~ar years fr°"' now sufficient infonliltion on substitute fluids will 
be available ar.c recomnends to permit the continued use of CFC 11 and 12 
for s111all hen1etic systems until cost effective alternatives are found. 
Until then, mechanics and repair-shops shou1d be trained in non or lit­
tle polluting procedures, to sanction the emission of such liquids and 

_favor tneir recovery and recycling. The Institute offers its cooperation 
_ in designing such prograanes. 

Furthennore, the use of HCFC 22 should be permitted beyond the 
yea1· ~.000, obviously to encourage the innediate adaptation of equipment 
to this n111c~ less nocuous product, requir~ng smaller COllJ>ressor units 
a~d therefore not suitable for smaller machines as yet. 

A~ earlier note by the same institute had seen a possibility of 
reducing f!lllissions by 30 to 40% through such simple measures as good 
~rkl!'hlnship (less leakage), better erlucation of operators and contrac­
tors. Specifically for automotive air-conditioning and refrigerated 
transportation units, where leakage is a considerable problem, up to 50 
% further reductions could be achieved through sophisticated technical 
solutions reducing leakages, and through recovery and recycling. 
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Of a total world consumption of 224.000 tons of CFCs for cooling 
liquids, the refilling of refrigeration units corresponded to 154.000 
tons of which 92.000 tons for car airconditioners, 60.500 tons for in­
dustrial and COlllllercial units and only 1.500 tons for household refrig­
erators. 

Regarding the reduction of emission of CFCs during foam produc­
tion and the use of recovery, recycling and disposal techniques, the 
speaker observed that the diffusion of the CFCs from these foams had a 
half-time of approximately 100 years (corresponding in this connection 
to 5.500 tons per year glob?lly) frOll which would be led to conclude, 
that although the amount is consider~ble, the early development of inex­
pensive disposal techniques for these foams would ~ preferable to the 
diversion of resources to introduce expensive methods if these could 
achieve better and more effective results regarding the larger quanti­
ties lost in other applications, in particular in regard to the 154.000 
tons of cooling liquids emitted annually into the atmosphere. 

fhe alternative solutions for insulation are still being studied. 
Thicker walls for refrigerators or lesser insulation meant 110re energy 
consumption and was not feasible for small kitchens. Vacuum panels had 
not yet been around long enough to say anything about their long term 
performance. 

Or. Lotz stressed the necessity for a recycling infrastructure. 
HCFC 22 was presently no solution in Germany because of the expected 
banning of the product, 

2.4 Halon Substitution in Fire Protection 

2.4.1 Halon Substitution in Fire Protection 
Mr. Waeckerlig, Schweizer Brand Verhuetungsdienst 

Mr. Waeckerlig explained the role of the two basic halons used in 
fire protection, halon 1301 (OOP 10) for fixed installations and halon 
1211 (OOP 4) for mobile installations. The product had previously been 
considered fashionable and was highly appreciated for not leaving resi­
du~s. not being too toxic, its capability for being used for flooding 
and the possibility for using it in small quantities. 

It is still seen as irreplaceable for the fire protection of com­
puters, planes, tanks, submarines, electric rooms and laboratories. In­
surance companies used to encourage its use with discounts of up to 80 
%. Until recently, t~ey required users to test flood the protected in­
stallations to check the effectiveness before g~anting the premium dis­
count. Although the quantities used are small (3% of CFCs), its ozone 
depletion eff:,t makes it a sizeable contributor to the pollution prob­
lem since it is halogenated with bromine instead of fluor. 

Mr. Waeckerlig considered the product not too difficult to be 
phased out. For mobile units, there was practically no problem of re­
placement and for the other applications new concepts were being studied 
like better structural designs in construction, smaller areas to protect 
against fire, lesser consideration to the value of computers which after 
all are just office machines. The b~havior in case of fire could be 
trained, sprinklers could be improved through more sensitive trigger 
systems as with smoke detectors, admixing of C02 could be considered in 
other cases. Mr. Waeckerlig pointed to the working groups on the sub-_ 
ject, the UNEP report with its matrix indicating areas of use UNEP re­
port. and the meeting to take place on the subject October 1 through ~ 
1990 in Geneva. 
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Switzerland. according to the office for environmental protection 
in Bern was planning a programne for phasing out halons as follows: 

A national halon bank would handle all quantities required. 
In 91 exports and imports would be prohibited. 
Halons could then only be used for fire fighting and all fixed 
installations would be registered. 
In 1992 no 11Dre new installations would be per11itted except those 
defined as impossible to be protected otherwise. 
In 1994 there would be no more refilling of installations. 
In 1998 the phaseout would be total. 

2.4.2 Discussion 

In the subsequent discussion. one of the producer representatives 
considered the impossibility for halons to continue in the 111arket, since 
such a phaseout would mean 2% of present use and no lllclnufacturer would 
produce the pro~uct any11Qre. This corresponds to views heard from other 
sources before the meeting, which had considered halons practically ter-
minated. 

2.5 Recovery and Disposal 

2.5.1 Recovery and Disposal of CFCs in Polyurethane Foams 
J.M.Blessing, Adelmann GmbH. 

Mr. Blessing presented a degassing unit for rigid polyurethane 
foams from refrigerators, where the material is shred, spiral fed into a 
high pressure compression unit in a conti~~ous process requiring a buff­
er silo. The result is a briquet with a residual CFC 11 content of .01% 
condensed water and pure CFC 11. He then went on to describe the testing 
process carried out by a neutral body, which confirmed the extremely low 
residual CFC and stated that the measurements around the plant had re­
sulted in an i111ission of only .7% of the gas during the dismantling 
process resulting in a total efficiency of 99%. The experience of the 
company in shredding and compacting was emphasized. 

Hr. Blessing then advocated dismantling instead of shredding of 
the entire units as most of the foam came from coamercial refrigeration 
units, which were not standardized like household refrigeratcrs. Disman­
tling had th~ advantage, that units with only small damages could be 
repaired and brought back into service and that other units would still 
yield valuable metals like copper, steel and aluminum, rock wool etc. 
The process also was labor intensive and easy to manage. He considered a 
combination of dis111antling and degassing a better proposition then the 
other schemes, where only the !Wltor, the mercury and the cooling liquid 
is removed before the unit is shred. He considered this proposition also 
better suited to the requirements of the developing countries. 

2.5.2 Disposal of CFCs in Cement Kilns 
Prof. Jeffreis, European Center for Pollution Research 

Professor Jeffreis presented the possibility of using cement 
kilns as a cheap disposal method for CFC containing wastes. Their advan­
tage was their universal availability, the long time products would have 
to be completely destroyed at high temperatures and even the fact, that 
CFCs would possibly contribute to the energy requirements of the kiln 
while the ashes of accompanying products such as aluminum cans, would 
safely be integrated into what was the end product of a Cement Kiln, 
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ashes. He also referred to the feeding mechanisms required for waste 
products to be fed into the process. In subsequent discussions he men­
tioned the high capacity of handling ~aste products including metals for 
instance frOll aerosol cans and even to withstand without difficulty 
small explosions which might result from feeding aerosol cans into the 
process. 

Professor Jefferis explained the functioning of Cement kilns 
where ~t. semi-~t or dry processes are used. The wet process was par­
ticularly energy intensive and required kilns of a length of 230 meters 
whereas the dry and semi dry kilns could be much shorter (70 or 65 
meters). The flow of the process and the requirements for the fer;dstock 
(raw meal) varied. The technology of burning cement included alr~ady 
substantial know-how of handling a large variety of materials as ~hey 
occur in nature, which are not directly required for cement production. 
A great variety of waste products could therefore be accolllllOdated either 
for their calorific value or for their nature as special wastes. 

Cement kilns had shown in tests in the USA, that they would de­
stroy 99.99 % of organic m...terials because of the high temperatures 
reached by the solid 11aterial (1400 degrees Celsius) and by the gases 
(2.0~ degrees). The product could he fed into the kiln as a liquid, 
injected coaxially with the main burner, a procedure considered suitable 
for liquid wastes, as a solid material pushed into the kiln or blended 
with the raw material feed. The latter type of feeding would however 
probably not be suitable for volatile material, because it may evaporate 
before reaching temperatures high enough for destruction. In earlier and 
subsequent discussions he gave specific consideration to the possibility 
of injecting aerosol cans into the kiln, which would be capable of ab­
sorbing the small explosions to be expected. He had also considered mix­
ing the material with the slurry. 

Considering that probably the longer wet kilns would produce a 
better destruction of organic chemicals, he pointed to the necessity of 
tests and mentioned the conditions that waste must not reduce the qual­
ity of the cement produced, not interfere with the flow of the clinker 
through the kiln and not impair the dust control. 

The limiting factor for the destruction of CFCs was seen as their 
chlorine content for which reason Mr. Jefferis estimated the input 
should be limited to .5% of the weight of the cement or 5 tons of chlo­
rine contained in CFCs and other wastes for a kiln processing 1.000 tons 
daily. Fluorine on the other hand could even be beneficial up to a quan­
tity of .2%. 

He suRlllarized his exposition by pointing to the necessity of 
studying the use of the cement kiln as a device for cheaply and effi­
ciently destroying CFC containing aerosol cans or foams, or other. Also 
for developing countries, this process might offer a good solution, 
since cement kilns could be found everywhere and the know-how, once 
available, could therefore be spread rapidly. One of the obstacles to 
overcome, however, may be the opposition of some governments to use ce­
ment kilns for waste disposal purposes. 

He pointed to the body of know-how available on burners, materi­
als and plant operation, which could be brought to bear on a rapid de­
velopment in this direction. The idea of preparing a hand book on the 
subject of disposing of CFC containing wastes by cement kilns was men­
tioned subsequently to the meeting. 

2.5.3 Discussion 

One objection to the process was made in respect to the prefer­
ence which should be given to recycling over burning. 
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3 Final Discussion 

The participants were told about the type of activities UNIOO 
could carry out and for suggestions within this framework on the basis 
of all prior presentations and discussions. The suggestions which were 
made at this moment related basically to the possible role of UNIDO as a 
clearing house were information on the subject was assembled and trans­
mitted, training progrannes designed, country studies undertaken on con­
sumption patterns of CFCs. Conservation through better production, re­
filling, repair and disposal techniques should be promoted, ar.d recovery 
and recycling know-how should be sp~ead. Alternative solutions to the 
CFCs should be presented where applicable, assistance should be given 
particularly also to small companies, for instance cleaning operations, 
the assistance to countries should take an integral view of the problem 
including such topics as the possible contamination of land and water by 
alternatives. 

The meeting was closed with an expression of great appreciation 
for the intense effort invested by all participants into the exchange. 
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Appendix 1 

PROGRAMME OF ADHOC UNIDO INDUSTRY MEETING 
ON PHASING OUT OZONE DEPLETING SUBSTANCES. 

9.00 am 

9.30 am 

10.00 am 

10.30 am 

10.50 am 

11.10 am 

11.30 am 

12.00 pm 

1.15 pm 

1.40 pm 

2.05 pm 

2.20 pm 

2.30 pm 

3.10 pn: 

3.30 pm 

3.40 pm 

3.55 pm 

4 .10 pm 

4.30 pm 
5.00 

OPENING OF MEETING. 
SUBSTITUTION OF BASIC CHEMICALS 
CFC Substitution and Transfer of Technology. 
Mr. Roy Breslau, ~u Pont de Nemours. 
Perspectives of CrC substitution. 
Dr. Michael Harris, ICI, Runcorn UK. 
Discussion: Substitution of CFCs by new products, 
perspectives, probable schedules, implications for 
developing countries. Some questions regarding 
aerosols. 
FOAMS 
Present state of CFCs in foams (particularly 
polyurethane foams) and possible means of 
substitution. 
Mr. Hutchison BASF Aktiengesellschaft . 
Total recovery of CFCs in foam production? 
Mr. C. Zachariasson AMEG UK Ltd .. 
Discussion: The problem of alternatives for the use 
of CFCs in foam production. Probable schedules. 
Implications for developing countries and possibili­
ties of assistance. 

LUNCH 

SOLVENTS 
CFC substitution (in solvents) and the developing 
countries. M. Brian Ellis, Protonique S.A. Lausanne. 
Substitution of CFC 113 in various applictions in the 
electronics industry. 
Ing. Plescher, ALCATEL Austria. 
Development of CFC substitutes for solvents 
Dr. 0. Paleta, Prague Institute of Chemistry and 
Technology. 
Discussion: The problem of alternatives for the use 
of CFCs in the application of solvents. Probable 
schedules. Implications for developing countries and 
possibilities of assi~tance. 
REFRIGERATION 
Substitution of CFCs in refrigeration. 
Dr. H. Lotz, BHSG Bosch-Siemens Hausgeraete GmbH. 
and discussion. 

HALONS ANO FIRE PROTE-:T ION 
Halon substitution in fire protection. 
Mr. Waeckerlig Schweizer Brand-Verhuetungs-Oienst 
fuer Industrie und Gewerbe, Zuerich. 
Conclusions or. the use of halons. Implications for 
and possible assistance to developing countries. 
DISPOSAL 
Recovery and Disposal of CFCs in polyurethane foams 
through pressure Mr. J.M. Blessing, ADELMANN. 
Di5pcsal od CFCs in Cement Kilns. 
Prof. Jeffreis, European Centre for Pollution. 
Research, Queen Mary College London UK. 
Discussion: The problem of disposal. Implications for 
developing countries. Possibilities of assistance. 
final Conclusions and Summary 
Cl.OSUR( or Tit[ M((TJNG. 
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APPENDIX 3 

THE COST Of PHASEOUT - A NEW ASSESStt:NT 

The following considerations are intended to convey a feeling for 
the cost of the effort required to save the atllDsphere fro11 further pol­
lution by ozone depleting substances and to contribute to the develop­
ment of a sense of proportion which could perhaps be useful for the def­
inition of the role UNIDO will play in this effort, both as an advisory 
institution to the coordinating organization and as an actor of its own, 
assisting the industry in the developing countries to contribute effec­
tively to this global effort. The figures given below therefore do not 
have to be fully exact, but should provide new insights in their rela­
tionship to one anJther. 

It was esti11ated by the representatives of basic industries in 
the meeting that the cost of developing substitute products would be in 
the order of four billion USS for the basic industries alcne. In addi­
tion to this, the applying industries world-wide would be faced with 
substantially higher costs in the order of several tens of billions of 
Dollars for: 

- adapting existing processes to substitutes, i.e. to new prod­
ucts like CFC 134 A, which are presently being developed. These costs, 
will be incurred in the solvent applying, aerosol 11anufacturing, foam 
producing, refrigeration and fire protection industries and services. 

- CFC applications where alternative processes will now be used, 
for instance in the cleaning services, in SOiie of the solvent applica­
tion in industry where aqueous systCllS and terpenes etc. shall be used 
now, or in the foa• blowing applications where C02 or water vapor will 
now be applied. 

Also, one ll.ISt take into consideration the often higher running 
costs of the various new processes due to, at least in the beginning, 
higher energy consumption, 110re expensive raw .aterials, higher cost of 
supervision in applications where special protection methods (for in­
stance explosion) are required, training etc. 

If one adds to this the cost of the necessary disposal of the at 
least 2 million tons of CFCs stored in refrigeration alone without 
counting CFCs stored in the hard foams used in other applications sev­
eral billion USS a1st be added to this figure. 

A conservative estimate would then mean a total cost of pha:eout 
efforts as follows: 

COST OF PHASEOUT EFFORTS BILLION US DOLLARS 

Development of substitute products: 4 
Adaptation of present installations 
to use these substitutes:! 15 
Transformation to use alternative 
products like pentane etc.: g 3 
Higher operating costs of new pro-
cesses during the first five yearsJ: 5 
Destruction of presently •bankedM 
products ( > 2 million tons of CFC)!: 10 

Total 3/ 




