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TOWA:~DS AN ozmrE CONVENTION A LOOlC A'l' SOME ISSUES 

Introduction 

1. The purpose of the dosument is to provide background information on 
the steps that have led to the convening of an ad hoc working group of 
leg~l and technical experts to develop a fr~~ework convention for the 
protection of the ozone layer, 

2. The document provides a brief, simplified description of the ozone 
la:rer problem for those v1ho are not familiar with the technical 
considerations involved, 

3, The document reviews the issues that need consideration in the 
development of a framework convention. The information reviewed includes 
an outline of recent trends in the production, emission and use of 
potential ozone-depleting substances, and the development and use of 
substitute chemicals and alternative technology, The socio-economic 
implications of control measures are noted, and the options for regulatory 
measures, including the idea of a convention, are briefly discussed, 

L THE UNEP P.ROGRAM11E IN OZONE ASSESSMENT 

4, The threat to the ozone layer is a global problem" In response to 
the potential threat posed by the emission of chemical substances that 
could, through catalytic actio.1, deplete the stratospheric ozone layer, 
UNEP convened a meeting of experts designated by Governments, inter­
governmental and non-governmental organizations on the ozone layer in 
Washington in Narch 1977, The meeting produced a World Plan of Action 
on the Ozone La.:,,er to be implemented b~,- United Nations bodies, 
specialized agencies, international, regional, intergovernmental and non­
governmental organizations and scientific institutions 

], With respect to the Plan, UNEP has a broad co-ordinating and catalytic 
role, aimed at the integration and co-ordination of research efforts. Its 
task is to arrange for: 

(a) Collation and dissemination of information on on-going and 
planned research activities; 

(b) Presentation and review of the results of researchi 

(c) Identification of further research needs; 

(d) Appropriate encouragement of such research, 

6,, In order for UNEP to fulfil this responsibility, it lias established 
a Co-ordinating Cammi ttee on the Ozone La:rer ( CCOL) composed of 
representatives of the agencies and non-governmental organizations 
participating ~n the implementation of the Plan of Action, The CCOL meets 
regularly (usually once a year) to make an environmental assessment of 
ozone layer depletion a.~d its impacts, This assessment is published, 
together with data on world production and release of chlorofluorocarbons 
11 and 12, in the UNEP Ozone Layer Bulletin. 

7 The members of the CCOL are Australia, Canad.a, Denmark, France, 
Federal Republic of Germany, India, Italy, Japan, Kenya, Netherlands, 
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No"'way, Siveden 1 Union of Soviet Socialist Republics, 1Jn.i.ted Kingdom of 
Great Britain and Northern Ireland, United States of America, Venezuela, 
UN/ESA, WHO, ICAO; OMO, UNEF, EZC, OECD, CT,1:8A, ICSU and the Chemical 
;;anufacturers I Association, 

IL A REVIEW 01" THL; OZONE LAYER PROBLEr.1 

0, OzonE 1 a form cf oxygen, ic foun~ throughout ti 1 2 atmosphere, but 
fomed and found in particular at high altitudes, ,,ith "la:<:imwn 
conceni;rations at about 2·, \:m over the equator and at about 20 krn in 
polar regions during the sprin,;s A layer containing about 90.'~ of al 1 
atnospheric ozone is located between 10 and )0 km, and is commonl.'r called 
the ;'ozone layer';, In tl:c lo1ver atmosphere (troposphere), a smaller 
a.inount of ozone is derived through the interaction of sunshine, oxides 
of nitrogen and organic materials such as automobile exhausts and 
petroL It is also transported d.m-m from the higher altitudes. It is 
toxic to plants, animals and man .. 

9, On the other hand, ozone absorbs from the incoming sunshine f 
particular ',.ravelengths of ultra-violet li,z-ht, ,Jhich are also harmful to 
plants, animals and. ~an. One band of ultra-violet light undergoing 
such absorption of '.1avelencths from about 290 to 320 nanometres and 
called 11UV-B 11 is 'mo'.-m to cause skin cancer and aging of skin, decrease 
productivi.ty in plants, iricluding common food crops, and cause rleath 
to early stages of aquatic life. Because of the correlation between 
sunshine and malignant melanom3,, it is believed that this especially 
dangerous type of skin cancer is also related to sun exposure, though 
not necessari l ·r to lJ"!-IL 

10. In 1974, it was predicted that chlorofluorocarbons (CFCs), such as 
those used j_n refrigerati0n, in foam manufacture and in aerosol spray 
cans I would be tr2,nsported to high altitudes and there b 9 photolysed by 
short ':Javelengts of sunshine to ·;rield atoms of chlorine\ 1 J. The 
chlonine in turn would act to destroy ozone through a complex chain of 
chemical :c'e2,ctions Various other chemicals also threaten a depletion 
of the ozone la-rer if they reach the higher atmosphere-

11, Calculat:.ons shoH that a 1 :~ decrease in the ozone would result in an 
increase in UV-3 of between app,roximatel,:,r 2 and approximately 3- 51-, 
( the "physical 2lllplification factor", sometimes called the ''radiation 
amplification factor"), This increase in UV-B would accelerate the 
inducin_:5 of skin cancer, Studies based on experimental and 
epidemiological data sho!, that a 11~ increase in UV-B exposure would 
ultimately lead to ( at least) a ;( increase in the incidence of skin 
cancer., This second amplificatj_on is referred to as the "biological 
amplificatio:: factor". 

12. Since ~1rr9nt predjctions of eventual ozone depletion by CFCs 11 
.(ccl,F) cmcl lr1 (CCi!'?) alone are of the order of 3-10/'., with another 
third'. as much ag::cin due -:;o other haloca.rbons, the product of these two 
amplificati::m factors and the percentage depletion significantly 
increases the predicted impact of UV-B. 

13. This startling possibility generated extensive interest and 
controvers~r I and J.ecl to new and expanded research progrornmes 1 to unilateral 
action by the United States and :3weden to ban most uses of CFCs in spray 
aerosol c~:ns, and to a later agreement in the European Economic Community 
(EEC) not to incr8ase production of C~Cs 11 and 12 and to reduce CFC use 
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in aerosols. However, as noted abcve, despite ttcse ~ctions it is 
predicted that present emission3 of CF'Cs :.1il l lead to significant 
depletion and its attendant effects 1 and -i:;he contrcversy concerning 
the need for ancl nJ.ture o,' action to protect -:;l:e ozo:-'.e layer still 
persists 

III I'EE S'T.11.TUS OF SCII~NTIFI C KNOWLEDGE 

14, ,he 1iorld Ueteo~ological Org:lllizatioi'l i_.~sued statements on the 
ozone layer· in l'.)1 i and 1)7C.'." CCOL publishec'.. assessments in 19/30 and 
1981, rrl1e r,1ost recent ''Assessment of (present and future) Ozone Layer 
Depletion and Its Impacts" i:as p1'oduced b:r CCOL in Oc:to'oe1' 19GL It 
is being made available to tl'"ce Ad Hoc Wor1r.:ing Gr-oup for use in the 
drafting of the conventio,1. Theo assessment is both up to date and 
authoritative, in tha-i:; it is a consensus oi' the i,1>::noers present, 
which included 13 Governments, a number of United Nations agencies and 
inter,_ overnmental organizations 1 and the Chemical ~1anufac--turers' 
Association (CMA). As part of its report to UNEP and the Ad Hoc Working 
Group, CCOL provided the fol lowing suntmar~1 of its assessment, 

IV, 1931 CCOL EXECUTiifj.:; SlIT~iARY 

lj, The United Nations Environment Programme's Co-ordinating Committee 
on the Ozone Layer (CCOL) met in Copenhagen, 12-16 October 1981 1 for 
its fifth session. The Committee examined the substantial contributions 
presented to it by various countries and organizations and the research 
efforts in observations 1 evaluations ill1.d modelling necessary for the 
st1.,;.d,, of the stratosphere. On the basis of existing and new information 
available the Com:nittee conclud.ed the followinr;-: 

(a) A risk of depletion of the ozone la· 0 er due to chlorofluoro-
carbon releases is still most likely, although natu!'al variations and 
other compounds whi cb may affect ozone, ,'equire increased consideration, 

(b) If one considers onll chlorofluorocarbons 11 and 12 releases 
at their present rates, current calculations estimate an eventual ozone 
reduction of somewhere between 3 and 10 percent, depending on the 
model chosen compared to about 10 percent estimated in l<1st year's CCOL 
report. The change from the 19,30 figure is due to ne,, data on certain 
chemical reaction rates, If present releases of other chlorocarbons 
are continued at present rates, then thev could increase the eventual 
ozone depletion due to CFC 11 and 12 alone by about one thi.rd. 

( c) Recognizing the simultaneous ancl cornple;~ impacts of human 
activities on atmospheric ozone, more realistic 3cenarios have been 
developed to stud;"/ the coupled natuTe of potential ozone changes, The 
changes in the trace gas concentrations of II ;P 1 CO 21 NOx and CTCs may 
have a:'..l affectec. the past ozone amounts, T11e estimate of the present 
total column c'-'one depletion is less than one percent 1 which is below 
the present detection li□i t. The relativel:,r large natural variability 
of atmospheric ozone makes detection of long-term trend difficult., 



( d.) Consistent ·,.-i t'.1 the stud·.· usin~; ,1mJtiple scenarios from 
historical rl.ata, no evidence of cna.L::;Gs in tota.L ozon;- has been observed 
'rhis recognizes the si[r1ificant continuing progress made in statistical 
analysis of the ozone record, I'.0.1.ltiple scenario models suggest that the 
distortion of the vertical ozone profile rni~ht become more L,1portant than 
changes in +.he total amount '.•it:1 respect to possibl2 climatic consequences 

(e) Observational data indicate an ozone inc.::-es.sc in the northern 
hemisphere troposphere over the last 10 :rears .,1Lic:h is qualitatively 
consistent i,i th the model-prec.icted impac-t Z'1"or,1 past subsonic ai.ccraft 
operations and other coiT!bustion~~" Observations in the uppper stratosphere 
are still inadequate to va:;_ic:ate the model.-predicted chan['.'es du.e to CFC 
li and. 12 releases L1 the past decades" 

(f) Contin,.1ed improvement of tlie data base for atmospheric trace 
species has contributed to tlie resolutior. of some past problems in 
interpretation and pointed out new areas of possi~le concern, 

(g) \forld production of C::::'Cs 11 ar.d 12 coQbined as estimated by 
the Chemical Vianufacturers' Association 1 has fallen by a total of J.:J,1, 
between 1974 and l)GO" ~·iost of the decrease occurred. ~n the years 1974 
to 1977; only l.~ decrease took p 1 ace in the past year (1980). Jses in 
aerosols have declin2d but other uses, for example in foamed plastics and 
air conditioners have shmm an increaseo It is recognized tr.at eventually 
reduction of C.L11C used in aerosols could bE:. offset b:' growth in ?1.on-
aerosol uses There are also indications of increased production of other 
chlo~ine-containing compounds which could affect the ozone l~;er. 

(h) If atmospheric ozone decreases, more so:;.ar ultraviolet 
radi:,.tion, in the UV-B ran3:e, ·.-1ill penetrate to the earc:h 1 s surface. 
New stuclies have confirmed p=.~evious estimates of the r-::J.ation between 
o,.,one decrease and UV-B increase, The health and biological effects to 
be expected from such an increase of ultraviolet radiation formed one 
of the main topics of discussion at the 111eeting, Most of the la.1011n 

effects of UV-B are damaging ei':ects, so t:1at there is concern for the 
consequ::mces, especially with regard to agricultural production, 
fisheries and hwnan health. 

(i) Recent research results indicate that many terrestrial plants 
an.d a½.ruatic organisms ma:-' undergo dar,1age b~- increased UV-B; this applies 
to important crops such as wheat and rice, and to aquatic organisms such 
as fish eggs and larvae, Further investigations are needed, however, to 
assess the overall effects under the compUcated actual growth conditions 

(j) With regard to human health, it is we1.l-established that an 
increase in solar UV-B would lead to an increased incidence of non-melanoma 
skin c.:1:.'1.ce:c, especiall~, in lieht-skinned people. 

'l1here are several indications that sunlight may be one oi' the 
causative factc- ·_,s of malignant melanoma, v1hich affects people of al 1 skin 
types. :::t is presently not lmown if UV-B is involvedi should it be 
involved, a decrease of atmospheric 03one might be expected to increase the 
incidence of melanoma, 

(k) Tb.e Committee emphasized the importance of member countries and 
international organizations as the World rloteorological Organization (WNO), 
with the support of UNEP, to provide pertinent shemical production, 
release and usage data ancl. to continue to collaborate in studies on the 
ozone layer. 

/-
., 1 " ;; / ) 

C 



INEVIT.tBL:2 0'UTU:'.F.: ~?"ECTS o::;i TODLY 1 8 ACTIONS 

16. Al though scientists cannot quanti/~' '!i tJ-1 confidence the e:-::tent of 
ozo.ne la·.,er depletion due to man's activities (as is evidenced by the 
various cha"1ges i,1 their assessments) 1 the~· do seem to a~ree that some 
ar:10W1t of chan::;e ;-Jill occur T:12y alc:o c1r;ree that it '.·.'ill occur· after 
an intervaJ. 1 that is, that the chemicals released tod.ay ':,ill have their 
effect on t;,e ozone in the future. In this ;Ja•· 7 mo.a 1,1a.1<es inevitable 
unknown su.osequent effects on Lir.iself and t:-:.e biosphere. Analogous 
situations exist vri th th,:; release of carbon dioxide through fossil 
fuel combustion, and the ,nanufacture and release to the environment of 
a variet·, oT long-lived chemicals and •.rastes. 

17. The Environment Conmi ttee of the Organization for Economic 
Co-operation and ;)eve:1.0pment (OECD) r!.istributed some lJ hvpothetical 
emission scenarios to its members and encouraged those members with 
ozone depletion :node ls to predict tl:.e resultant depletion over time, 
The purpose Has not to describe futu:-e enissions as thev might occur, 
constrained ar otherir,ise by reguL\tor:· actions, but to examine an 
array of emission scenarios within an envelope containing any 
conceivable emission pattern. 1111~ resultant calculations of depletion 
are useful for visualizing: future effects made inevitable by releases 
in the present; the effectiveness of immediate versus delayed action; 
and the effectiveness of gradual versus abrupt action to control 
releases, 

l8o Six scenarios selected from the Uni tecl Sta"tes submission to OECD( 'i) 
are reproduced in figJ.:res l and 2,. The:' are not ~'eproduced l1ere in 
support of a specific control action but i·ather to ill1.1s+,rate the 
magnitude of the issue 1 as outlined above.. The amplitudes and time of 
occurrence of the scenario peaks will vary bst;1een models 1 and 'dith the 
chemical rate constants, atmospheric diffusivities and chemical compound 
li fetir,ies used in the models. 

19. For scenarios III and VI in figures 1 and 2 1 it can 'oe seen that if 
emissions are reduced steadily beginning in the .~rear 2000 1 the greatest 
eventual depletion occuJ.·s some 20 to 30 years later and is about L 7 
times tLe depletion that exists in the year 2000, From then on the 
depletion and associated effects begin to lessen, but continue for man:r 
decades. 

20. It is probable that, despite the many uncertainties still rema1m.ng 
in the models and model inputs, the principles of inevitable future 
ozone depletion illustrated by these fiGU::.'es will not change 
significantl~r. For this reason 1 tte decision when to act cannot be 
postponed merel,r because inadequate information exists to act Hi th 
assurance novL In fact, of course, decj sions on whether to act now or 
later are being made continuously, 

VL THE INABILrrrY TO 0,UXJTI'IFY THE E?::ECTS 

2L The r.lagni tude of the predicted eventual clepletion has varied broadl·_; 
between 5·:1o and 2(},S since about 197>, with wide confidence limits due to 
uncertainties in emission rates, in ,'eaction rc1.te constants anu. in the 
models (2)(3) .. 'rhe:re are uow more modeJ.s and voups i:1aki:1.:; predictions, 
and no uncontested basis for choosing bet,1een prediction.s 1 so that CCOL 

elected to report a prediction of ozone depletion of bet,rnen \;~ and 10% 
instead o_;_' a single value with confidence limits ( see section IV I para" 
15(b) abov8), 
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22- Scientists 11°,pothesize that c1-imatic changes Hill occur ic' t:-:e ozone 
concentration changes, as a reS'J.3 t o~- changes in the ro.diat"i.ve balance 
between atmospheric layers and resultant temperature changes,- Ozone is 
onl;' one of the radiative]'/ important gases.; 1-rater vapow0 and carbon 
d.ioxide also significantl" 3,ffect tl1e c:1.ir,1ate 1 c1,"1d otLei0 s could ii' theii· 
concentrations ~erP to i~crease. Prese~t models can predict the 
associated temperature c;:anges ( "greenhou.ce e:::fects") d 1.1e to c'.1anges in 
these trace gases 1 alt' ou,,:;11 not to ever~·one 7 s s,rcisfaction 1'::e:· cannot, 
hmrnver, "Jredict speci.:ics o? t!1e pa.:-a.';'lete_cs (such as precipitation) 
needed for a,2:ricuJ_tu1.·al and socio-economic impact assessment 

23 'rhe magni tudcs of the physical and biological ampli:ication i'."actors 
seem to be accepted for k.un2Jl non-melanoma s~:in ca."lcer Dut, as the CCOL 
suinli1ar;: states 1 tlrn m:c.1:,ini tudes of the effect~: on malignant rnelanor:ia, 
on aquatic ecosystems ancl fisheries, on agricultural production and. on 
climate are quite u.ncertain Yet tbese may turn out to be ri101'e serious to 
the world tl1an the comraon and curable, if disfiguring, non-melanoma skin 
cancers 

24, It is most imp:c'obable that prediction of specific effects will be f 
available in the foreseea.ble futu.ce (except for non-rne::.anomas) Decision-
makers will have to deal instead with subjective estimates of risk, and 
the scientific community is unlikely to agree on these GSti!ntes at least 
in the next few decades, :Jecisions will have to be made in the light oi 
the effects of prohibiting the use of ozone+depleting substances for 
certain purposes after priorities have been established between the 
different pu:;.~poses" 

VII PROVING THE OZONE DEPT,E'I'ION 'THEORY THROUGH DEI'ECTION 

25. BecausE.: protection of th,-=: ozone layer entails economic and associated. 
social costs, there are those Hho arQ.1e against taking regulatory action 
until scientists are more certain and "the theor:? is proven''. They 
caution that :i1an should wait until there is evidence of the depletion of 
the ozone layer The only possible direct proof would seer:i to be actual 
measurement of a change large enough to be confidently attributed to tlw 
chemicals rather than to other causes, 

26, There is consiclerable natural variabili t·r in the total ar,iount of 
ozone above a measuring instrument on the ea,~th' s surface Seasonal 
variation (March-October difference) at L)O det3rees nortl. latitude is about 
13% L'Eased on a figure in London and Bojkov (~Jl. Daily values at 
Tallahassee, Florida for a G ,iO-day period in 197 }-1375 varied as much as 
10';0 between successive da~rs and bv 20;~ :::'1°om the mea.,'1 for the period ( 2)" 

27, 3tatistical t.ceatment of the data from the network of ground-based 
stations, ozone-sondes and satellite measurements does not show an over-all 
change of more than 2,; in total ozon~ between 1953 and l ')80, acco:i.~ding to 
the CCOL report The report states that a trend of~ attributable to 
combined an+:hropogenic sources since 1)70 is the smallest that could be 
detected I thouc;h the threshold ma'· be as hi£?;h as LJ:t" As the record 
lengthens, one expects to be able to detect a smaller chanee over the 
period of the record, However, even if it were possible to measu~0 e a z,:t 
stratospheric ozone depletion, should it take p1-ace, it remains 
impossible to attribute this trend confident]_·: to a specific cause, 
whether CFCG or not, or to man's activities rather than natural causes. 
In an;· case 1 the statistical treatments do not show a z;b change 1 nor do 
the models predict that even a 1;~ change has occurred as ~-·et 'l'hese a1.'e 
the same models that predict the 5-10~ eventual depletion 

(; 'J ~ 0 C, 0 ,/1 
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28. The models also predict an u:!'leven change in the vertical distributiJn 
of the total ozone 1 with greatest depletion occur rin::; aroill1cl ~-C k.J., a 
smaller, partially offsetting, increase occurring around lo km and an even 
smaller decrease in the lower atmosphe~'e The d.ata available for detection 
of changes in vertical distribution appear to be confused by particles from 
a volcanic eruption 7 and show disagreement between t:rpes of ;-:ieasurements" 
The global total ozone amowit has not chanced much 9 despi L:: a significant 
and steaJy increase of up to 201~ in ozone in t;1e iower atmosphere (troposphere) 
reported b_y a number of stations since l)G7 'l.1 his latter increase is 
believed to be due to ozone creation throug11 chemical reactions involving 
oxides of nitrogen from subsonic aircraft and other soui'ces of combustion 

29. Other contributions to variation in ozone and measured ozone over, sav, 
a 10-year period include solar activity and atmospheric dust, for e::ample, 
fro;o volcanic activity Other contributions to change in total ozone 
include the cooling effect in the upper atmosphere due to increased carbon 
dioxide in the atmosphere (increase), N 2o from fertilizers and changes in 
land use (decrease), and planned supersonic fleets of aircraft at high 
altitudes (decrease). 

VIII. GLOBAL INVOLVEMENT' IN THE PROBLE:',1 

30. It can be seen from table 1 that sales of CFCs 11 and 12 no longer 
occur predominantly in the United States and EEC, Other countries have 
increased consumption by 36/o from 1976 to 1979, offsetting much of the 
decrease in the use in aerosols by the United States and EEC, 

3L The countries which are believed to produce and distribute CFCs 
currently include Argentina, Australia, Belgium, Brazil, Canada*, 
China*, Czechoslovakia 1 Federal Republic of Germany*, France*, German 
Democratic Republic, Greece, India, Israel, Ital:-", Jap::m0t

, Ifoxico, 
Netherlands*, Poland, Romania, South Africa, Spain, Sweden, Switzerland, 
United Kingdom*, United States*, USSH and Venezuela, Countries that may 
produce include Bulgaria, Hungary and Yugoslavia, (Net exporters a~e 
marked with an asterisk,) 

32, These lists and the notations as to net exporter status are 
probably neither complete nor current, as only second-hand and limited 
information is available from Eastern Europe and Asia anrl the cl.eveloping 
world in generaL The lists were compiled from t,npublished OECD 
documents, CMA reports, and an earl_y pu':Jlication by CZQ (5), 

33 It is clear that action to p,otect the ozone layer must not be 
limited to the United States and the EEC coun.tries. Though the present 
rate of undergoing economic development in other producers is slow, the 
sheer magni -'cude of their populations ensures that they wi 11 be capable 
of overwhelming any reduction in the use of ozone-depleting chemicals 
in the United States and EEC., Should scientists and decision-makers 
ever agree upvn a global quota for production and release, the mammoth 
task will rernai, of dividing up production; use and release between 
coill1tri es. 

IX. TRbNDS IN USE OF OZONE-D:e;PLEI'ING CIIBMICALS AND 0lJBSI'ITTJ'1'~S 

34, Comparing 1980 data with data for 197~, the -r,?ar when the pubbc 
began to react to predictions of ozone depletion due to t~1e use of CFCs 
as aerosol propellants, production of C?Cs 11 and 12 combined has 

/3. 
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fallen b~l 1J; In the past 'f''lar the re.-':_uction has been onl~· about 1r~, 
A furthe :- reduction in aerosol use in EEC and other cJuntries uould seem 
possible in view o~' the Swedish and United States success in achieving 
a 95~ reduction, though it must be recognized that different countries 
have different economic and legislative problems in effecting controls 

:1,')" Table 2 shows sales of C,<'Cs 11 and l2 by categor:r of use for the 
world, EEC, th8 United States and other countries. 'I'hese data are 
reflected in figure 3, 

36 Not only are other uses of CFCs 11 and 12 increasin~ and 
demonstrating a potentin,l to offset the reductions in aerosol use, U,::;re 
is also a slow in:::rease in production of other potential 7 .. " ozone-depletin[: 
chemicals, such as CFCs 22 ( CHClF ) , 1 P, ( C Cl ,F-,) and P4 ( C .?Cl /\1.); 
methvl chloroform ( CH Cl,) and carton tetracfilo~ide ( C~l .1), '11ne~e other 
chemicals do not have the same ozone depletion potenti:11'. per unit of 
weight as CFCs 11 and 12 1 and those con tainin~~ l:.:rdrogen ( CFC 22' and 
methyl-chloroform) degrade more rapidly in the troposphere, with a 
smaller fraction of the releases eventually reachine the stratosphere. 
The sheer volume of release of some of them, ho1,rnver, makes it 
essential for them to be considGrGd in an;:; over-all stratet:-'f to protect 
the ozone layer, Table 3 shows -t;he relative contribution o/ each of 
several halocarbons to eventual steady-state depletion if releases 
continue at the present release rate (Le, with a CJ;:, growth rate), 

X, ALTERNATIVES AND SUBSTITUTES 

37, The biggest constraints in the substitution of other chemicals for 
CFCs 11 and 12 are higher cost and certain physical properties (such as 
their toxicity, flammability and vapour pressui'e) .-1hich make them l8ss 
desirable for specific uses, 

38, The main propellant substitution to date has been that of hydro­
carbons, Uith these there is an increased risk of fire or explosion 
during uGe and manufacture, Substitute products such as pump spra?S 
and roll-ons require public acceptance, Dii:1ethyl ether is a possible 
alternative propellant, but it is fla.;~mable and. has not yet been cleared 
as to toxic effects. 

3'), More than half of all emissions from refrigeratior.. systems occur 
at the time of disposaL Here recovery is possible, although more 
expensive than manufacture of new refrigerants 1 and r€:covery might be 
difficult to enforce In the case of automobile nir conditioning, ,nost 
emissions occur during servicing Hecover~r would be q,.ii te expensive 
at servicing as well as at disposaL The use of alternative chernicals 
as refrigerants carries cost and energy penalties, and for some a 
toxicity risk as well, 

40. CFCs are more expensive than other solvents, and so are al.read.'" 
used only in r1•:.ire ori ti cal tasks, Emissions could be reduced sor.iev1hat 
as a r'"sult of iJore careful and imp:::--oved design, A~ternative solvents 
pose health hazards 

41 l/Iethylene chloride could be substituted for much of the present use 
of C:i'Cs in blowing flexiole foams; however, it poses J-,ealth problems, and. 
toxicologica1 studies have not yet been complBted. ThGre appears to be 
no \·,ay to reduce elilissions from rigid insulating foams, as t}1e CFC:: are an 
integral part of the foa.u ;uid, indeed, contribute to their insulating 
properties, Use of other insulation carries a space and/or energ:.· penalty, 

C 



XL 30CIO-SCONCIUC CONSIDIBATIONS 

42 The most obvious effects of control of CF'Cs (and otl,er chemicals) 
are the follo~ing: 

(a) Loss of emplo~rrnent and expo11 t earnings for coun·tries with a CPC 
industr~'i 

(b) Shifting emplo;yment v1i thin a country from one factory, region O!' 

technolog',-' to another wi .,h accompanying social disruption Here account 
must be taken of er.1ploym0nt in the feed materials production soctor as ¼'el 1 i 

( c) Changing economic aspects for CFC users in countries ·.1i th differin,'! 
laws and regulationsj 

(d) Probable greater cost of the product to users, with accompan:,ing 
economic losses; 

(e) Probability that the substitute will be less suitable, with 
consequent inefficienc,· anJ possible r.azard, 

( f) Additional cost of moni taring and enforcement" 

XII. REGULATORY OPrIONS 

43. The NAS report, and a r:iore recent OECD Environment Committee report 
not yet derestricted, contain comprehensive discussions of options for 
control of emissions, and regulatory and socio-economic considerationso 
The fol lowing should suffice to illustrate the complexity of ~:~e task of 
definin6 and selecting options, 

44. To protect the ozone layer,emissions must be limited, The practicability 
of this course depe!lds upon the chemical, its use, and the immediacy of the 
emission (compare hermetically sealed refrigerants with aerosol spray 
propellants), Hence, for practical purposes, it would seem eacier to limit 
production, since what is not produced cannot be emittedc 

45- Production ( or at :east production capacity) should be easy to moni toro 
-, Further, it may be assumed that limitation of production will encourage 

conservation, reclamation and rec;;rcling, so that expanded usage would still 
be possible. 

46, On the other hand, different uses have iifferent priori tic::;, and the) 
feasibility of a shift to substitutes varies, Fire extinguishin;, medical 
uses and food refrigeration -.rould seem to have higher priority, and hence 
a greater right of access to limited amounts of C<'Cs. Yet it is easier to 
reclaim and recycle the CFCs in refrigeration equipment than in foar.i 
insulation sl1eets, Both refrigeration and insulation have energ~.r use 
implications, 

47, One possible control strategy would be to add to a convention various 
annexes relating to production control, and then to allow each country to 
determine how its production would be used" This is rather simplistic, 
however, in its cavalier treatment of internatio,al trade and of demand 
from nations that produce loss than they currently consume 1 or "should;' 
consume in the future, It also assumes that chemical companies will not ta.kc 
the simple step of by passing the convention by building production plants 
in countries that are non-signatories, 
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48, The National Academy of Sciences report considered seven broc1d 
regulator/ options for reducin0 emissions t·Ji thin a countf',r: 

(a) Bans on C~Cs in specific app~ications 

(t) Standards for allowable emissions from specific applications 
either in the form of specific restrictions on emissions or in a 
rcquireme"'t to use the best available control technology; 

( c) Quotas or· ceilings on CFC production or purchase for 
specific uses., QUotas v:ould be implemented by ma~~ketable (transferable) 
permits, i.e, b~r "rights" to purchase a cei0 tain amount, which could 
be traded among firmsj 

( d) Taxes on production and/ or use of C1.<'Cs, to increase cost and 
thereby reduce demand; 

( e) Deposit-refund s·· stems to create user incentives to recycle j 

( f) Subsidies to promote the creation of rec:,cling and recovery 
activi tiesj 

(g) Education and labelling to promote public awareness and 
consumer concern, 

49, The report notes that "some of these approaches are only 
applicable to a small part of the ranges o.c C:i'C uses. None o~' the 
approaches appears to be clearl~r superior to others for the whole 
range"., 

50, In short, it was ea~, to reduce use of CFCs in the United States 
and western Europe because alternative technologies and public support 
were available, but additional action becomes increasingl:r difficult, 
Further unilateral action would seem unlikelv because: of the 
competitive disadvantage suffered by a count:;o:r that reduces CFC usage 
by adopting more e::pensive and less suitable substitutes and 
technologies, 

')L In the meantime 1 it may be assumed that research on alternatives 
and substi tut cs continues., 

XIIL THE NATURE OF A COIJVENTI0H 

5 2. It can be considered that the te:;rm "framewoz-1:e convention" means 
an agreement by the signatories to a common objective (e.g. protection 
of the ozone layer, or reduction of ir.1pacts); an agreement to co­
operate in research, monitoring and the exchange of information; and an 
expression of intent to effect future agreements (as annexes to the 
framework convention) for specific actions toward controls and other 
measures, 

53. It can therefore be assumed that a framework convention Hill be 
drafted and signed after a rather len0thy period~ caused in part by 
reluctance to to take action which may later prove to have been hast=,r, 
in part by the inherent slowness of internationa;. negotiations, and in 
part b:r concern that future annexes inight be proposed v1i th ir.1plici t 
socio-economic effects which are perhaps not evenly distributed or 
cannot easilJ' be absorbed b· potential signatories. 
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;4. It is clear that the drafters of a convention will have to provide 
a fairly clear indication of the nature of future annexes. This means 
that the probable socio-economic effects of a variety of global strategies 
will need to be projected and appraised during the drafting of the 
framework itself. 

J)• F'or this reason, and also because the frameuork convention will 
probably contain articles calling for co-operation in research, monitoring, 
evaluation and development of control technologies, the drafters of the 
convention must include persons of strong technical and scientific 
e:cpertise including modellers and persons •,,.ri th extensive knowledge of the 
socio-economic impacts of different strategies for reducing CFC 
production and use, 

XIV. CONCLUSIONS 

56. The protection of the ozone layer has r.ian~' aspects, many of which, 
including the eventual effects, are not at present quantifiable. However, 
the predictions of depletion are consistent and not likel~' to go away . or 
change in sign. At the moment there is general concern that some effects 
may occur even with the present predicted depletion (5-101S plus another 
third); this concern is reflected in curr0nt efforts to investigate and 
assess the issues. Moreover, the effects will occur in all countries, not 
only those producing or using halocarbons, 

57. A prediction of still greater depletion as a result of incre~sed 
halocarbon emissions would increase both the likelihood that effects 
would occur and concern about such effects. It is reasonable to conclude 
that, unless present predictions are again revised dowmrard, there is 
little room left for world production of ozone-depleting chemicals to 
expand to accommodate world development, A downward ravision could occur 
as a result of new chemical rate coefficients, successful substitution 
for CFCs 11 and 12 and/or national and international controls. 

53. Accepting the validity of the issues presented earlier, and in 
particular noting the global nature of the problem, it is desirable that 
as man2r States as possible should become parties to the convention, not 
onl~r those which are at present the principal manufacturers and users of 
CFCs 11 and 12. 



12. 

Table L CFC 11 and 12 sales ( thousands of tons) 

1976(-9;) 1979(E;) 1')80(b) ----
EEC Countries 244 220 

United States 289 16j 

Rest of world 192 262 ' , . 
Total 725 647 641 

Sources: (a) Unpublished documc;nt prepared by the Commission of the 
European Communities, (b) CMA report to CCOL. 



Table 2o CFC 11 and 12 sales by use (in thousands of tons) 

Categor;y: Year World EEC countries United Rest of World 
States 

Aerosols 1976 432 177 13G 117 

1979 255 137 7 111 
1980 244 

Refrigeration 1976 152 21 88 44 

1979 191 20 89 82 

1980 188 

Foam 1976 llO 42 44 24 

1979 152 56 36 60 

198o 162 ? •• 

other uses 1976 30 ·4 19 7 
1979 48 7 33 9 
1980 47 

Total all uses 1976 7 2'j 244 289 192 
1979 647 220 165 262 

1980 641 

Sources: As for table 1. 



CFC .11 

CFC 12 

Carbon 

CFC 113 

Table 3, Relative contribution to ozone depletion resulting 
from the continued injection of 10 halocarJons at present 
release rates if total steacL-state depletion is assumed to 
be 8,17 per cent 

Halocarbon Current annual Estimated stead::,r-
release rate state ozone 
(kilotons per depletion, per 
year) cent 

272 2,94 

383 3, 28 

tetrachloride 82 0,84 

91 0,76 
Methyl· d-rloroform 476 0, 21 

CFC 114 18 Oo 10 

Tetrachloroethylene 608 0"02 
CFC 22 72 OoOl 

CFC llj 45 0,01 

8 17 

Source: Modified from reference No. 6, 



Figure 1. Change in total ozone as a function of time 
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Figure 3. Total CFC 11 and L sales by use category 

6001 

500. n 
i 

[ -,,, 
.coot .. 

E 
E 

I f -... 
.E: 
i2 

300l 

-
C' 
D ---,!. 
~ 200 
.,J 
< ,,, 

100 

I 
__i 

""'It CT"- ✓- C' 0 
...... 'I-- .......... , .. 00 

AI:i<OSOJ.S JH l·RIGI HATIO~ FOA,15 OT!lfR I 
Source: Table 2. 

.... I i 1 



17 

References 

1. Molina, r.~ and. F, Rowland. •!Stra.tosphe:hc oink for chloro­
fluoromethancs: ChlorinQ atom catalyzed destrnction of 
•:i;.:;one• 1 , Nature, 249, p.810-EIJ.2. (lr;74). 

2. National Academ~r of Sciencec1. "Protection against depletion 
of stratopsheric ozone by chlorofluo.cocarbons 11 , Washington 
D.C. (1979). 

3. Wuebbles, Donald J, "Chlorocarbon emission scenarios: 
Potential impact on stratospheric ozone 11 • Tieport UCID 19171. 
Lawrence Livermore Laboratory, Livermore, California. (1901). 

4. Londont J., and J. Bojkov- "Atlas of total ozone 1957/1966 11
• 

NC.AR Tech Note. Boulder, Colorado, (1976). 

Council on Environmental Quality 
environment 11 .• Report of Federal 
Modification of the Stratosphere 
(1975), 

"Fluorocarbons and the 
Task Force on Inadvertent 
(IMOS). Washington, D. C. 

6. Curtis, A. a.nd R. Derwent. "Stra.tosp:ieric ozone depletion 
estimates for global halocarbon usage estimated by the linear 
superposition of contributions from individual ha.locarbons". 
AERE-R. 10160. Harwell, U.K. (1981). 


	Main Menu

