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~onorable George P. Shultz 
Secretary 
Department of State 
2201 C Street,,N.W. 
Washington, D.C. 20520 

Honorable :ee M. Thomas 
Administrator 

,;;~ up /-/3-~? 
11.6. •out of B.tprtttntatibtf 

Committtt on f ntr~ anb Commtrct 
lbo111 2l25, luptnzm t,ousr •mu •uilb,n~ 

■Uf)ington, iaC 20515 

January 2, :987 

Environmental Protection Agency 
Waterside Mall -- West Tower 
~01 M Street, s. w. 
Washington, D. C. 20460 

Jear Secretary Shultz and Administrator Thoffias: 

I co:nmend your agencies and representatives for their 
effect i ve efforts last mon:h i~ Ge!:eva, Sw i :zerland, :o =c:a i~ 1 

?rotocol : o : ne Ozon e Laye: C:~~e~::.: ~ =~ : 38 5 which wo~:d a?p : y 
worldwide. I oe li eve a pr1tocol :.:; :~e r~:n:. apprcac ~ . I unde:­
stand it .:.s a 1s:. S-.ippor:ed -:> y .:.::c: ;_.str· : a:- --:i e:1·n :cnme r.·a~.:.s:.s .:.;1 
:he United Sta:es, a l tho ug ~ ~ no:e ::;3: : ne ~u:cpea~ CfC 
?reducers .:.nan Oct ober 1986 stateme::: a:e ~ot as s ~ppor :1ve cf a 
protoco l. as t'.:e U. S. 1nd 1Jst r y . _ ar.i c:. sappcir.t ec :. o .i.. ea::-: : .-:a: a 
;1umber o: c~ u~:r 1es ~ere :-iot rep:ese n:ed a: Geneva and :ha:. s:~e 
:--Jatio;1s, :i~e : :-i e E:'Jrc.pean Sconc rr::.c C::-:-~11uni:y a:;d J apa n , a::-e :es:; 
SJ pporti ve ~~ : he pro:ocol appr oac ;1. ~~peful:y, ~i:h pa:ience 
and education, t~ese cou nt::.es w:.:: als c agree :.o a ~ean:.ng:~~ 
pro:ocol that .:.nc:udes ade~ Ja~ e ::ade ~r ovi s lo~s , par:.1c~la:ly 
:iaht of the rece~:.:y ann:,~-:ced t:ade ~efici: - - s:3.: b.:.::~~n 
-- r November 1986. 

::ec.:es: ; :,_i : reply oy :-=- .:r _~ ::--. _J , _;-0-:-. ~-"'.: ;e:.ci:-. ,.: _ c :py 
:f ::-::-; ~e:;:';'r d:-\d e ri c l:,s .. ::-= ::-.-=- : -eE e:-:se J e?a:: 7::r,e:1:. •. :OD ) , ::-.e 
:>e;,ar:r..e:-.t :: ::ners y (DO ~ ; , ~:.c t.:-:e \i ..::· . .::-i2..:. Oc ea :.:. : a:: :: 
At~.c .;:>!""'. i:-: .. c .~.C r:1i;i :strat:..2 :1 ~~C ~..A ) • ... :: _ ... : ~ ... s~ ==-'= :c'."':c~ ... ~-!:'1 ·.,;~ -:: ~ 

.e ::e~ 
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I am also in receipt of Assistant Secretary of State J. 
Edward Fox's December 23 reply to my letters concerning th~ 
participation of the Committee staf: as observers to the Gene va 
negotiations and in all meetings of the U.S .. delegation. I 
appreciate Mr. Fox's ccmment that the U.S. delegation undertook 
to "consult closely and continuous ly with observers as the 
discussions proceed and the U.S. position evolves." I applaud 
that and request that it continue. However, on at least two 
occasions, one here in Washington, D. C. and one in Geneva, the 
Congressional staff observers were excluded from delegati~n 
meetings. That was not consistent with my request. Subsequent 
to the second occasion, ~he head of the U.S. delegation, 
Mr. Richard Benedick, did seek to avoid such further instances. 
Thus, I presume that the matter has been resolved in favor of 
opening all such future meetings to our staff. 

Please keep our Committee appraised of all matters relating 
to the development of this protoco timely fashion. 

With best wishes. 

Enclosures 

JOHN D. DINGELL 
CHAIRMAN 

cc: Honorable Norman F. Lent, Ranking Minority Member 
Subcommittee on Oversight and Investigations 

Honorable Henry A. Waxman, Chairman 
Subcommittee on Hea lth and the Lnvironment 

Honorable Edward R. Madigan, ~anking Minorit y Member 
Subcommittee on Health a nd the Snvironment 

Honorable Caspar~. ~e1noer~er, Secretary 
Department of Defe nse 

Honorable John S. ~er::~s::~, Secre:ar y 
) epart ~en: of Sner~ 1 

Honorable Anthony J . ca: io , Ad~:nis:ratcr 
National Oceanic Atmospheric ~crninis:rat1on 
Department of Commerce 

Honorable J. Edward ?ox, Ass:s:ant Secretar y 
Legislation and Intergovernmental Affairs 
Department of State 
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Mr. Richard Benedick 
Deputy Assistant Secretary of State 
OES/ E, Department of State 



Committee on Energy and Commerce Enclosure for 
the Department of State and the Environmental Protection Agency 

Re: Ozone Layer Protocol and Related Matters 

January 2, 1987 

1. Please provide a table showing all CFC producing 
countries, the estimated annual production, and the annual 
exports by such countries of that production. ?lease include in 
the table the identity of each firm producing (by country) the 
CFCs and, if known, the specific CFCs being produced. Please 
also indicate which producing and nonproducing countries do not 
ban the use of aerosols. 

2.(a) Please provide a reasonably comprehensive statement 
of the status of the scientific understanding available today 
about the risks to human health and the environment, particularly 
the stratospheric ozone, from continued or expanded global 
emissions of fully-halogenated alkanes, including a discussion of 
the life of the compounds. Please identify the relevant 
compounds and the problems they offer. 

(b) The U.S. statement of November 5, 1986 
expressing the "U.S. Views" for a protocol said: 

Considerable evidence exists, both in theory 
and from models, linking these chemicals to 
depletion of ozor.e. Eowever, remaining scientific 
uncertainties prevent any conclusive statement 
concerning safe l eve ls of emissions. 

In replying to (a) above, pl ease summarize that 
"evidence" and the "uncertainties" and explair. the 
status of efforts worldwide and in the U.S. to reso~ve 
the uncertainties. 

(c) In its policy statement of September 16, 
19 86, the Alliance =~r Responsible C:C ?clicy said: 

Based en :ne :~eory, c~rrent scientific 
understanci~g, a :: d re2s~r.able ass ~~pticns about 
future em iss:::-.s :: 3:..:8s:ances :hat ~2 y ~edif y :he 
ozone layer, :-.: s: ~:-.:::ca:-.: ~od i:icati:n cf :~e 
ozone :a •;e ::- _.; "=' -: ; E- ·::-: es c::..: r:. ::s : ;..:e :-.e:•: c : ew . . . oecaoes, ::-.e:-':': ::- -:c , ::-.-::':- e :3 -. :::: ::-:-.;.".::-.e:-.: ::-::-ea: 
human nea:ch 2:-. ~ ::-.e e:-.~:rcnmen: :::-c~ c~rrent C?C 
use or em1ss: on . 

A reading of a ~ere rece~c research report by the 
World Resources Inst::~:e see~s :c take a different 
view, while recogn 1L:-.-:: ::-.2: ::-.e "~rgency of the issue 
has fluctuated wide: / . • , ·.-;:-2: a.re :.,·ou:- ·;ie1,,1 s on this 
issue of imminent : :: :-e:::: .:.:-: ~::-~e:1c:1, :a-<i ng .:.:1tc 
consideration the le:-.~ a:~~ .;: ~e::-e li~e:i~es of the 



compounds? Do you agree wit h :he Alliance? 

(d) The December 5, 1986 edition of The Chr i stian 
Science Monitor indicates that some scientists, such as 
one from Cornel and two from NASA, hav-e questioned some 
conclusions, including a recent EPA study. One 
observes that "chemical process can ' t ·explain all the 
facts" such as "seasonal ozone redistr i bution." The 
other challenges a recent EPA study on the "rise in 
skin cancer rates" if CFCs are not curbed. Please 
comment on those challenges and indicate their 
sign i ficance. Was the EPA st udy released pr i or to peer 
review as the Cornel sc i entist states? If yes, please 
explain why. What is the status of the study? 

3. Enclosed is a document prepared, but not used and thus : 
understand it has no official standing, by scientific advisors at 
Geneva. Nevertheless, it appears helpful. Please review it and 
if you desire, provide a revised version or make comments on i t 
where you think they are warranted for any reaso n . 

4. The U.S. "V i ews " o f l as t Nov ember called for a "prudent 
protocol" which , as a "first step; " should req-µi r:e a "near-term 
freeze on the emissions of al l f ully-halogenated alkanes (i.e., 
CFC 11, 12, 113, and Halon 1211 and 1301) at or near current 
levels." Such levels are established in the draft protocol .as . 
those that do "not exceed" each Party's "1986 level." 

(a) Please explain why the above CFCs were 
i nc l uded in the freeze and ind i cate t he curre nt uses 
and user industries of each. The enclosed paper also 
l ists CFC 22 as a s ubstance mee ti ng t he cr it er i a for 
potent i al impact on the ozone. Why i s that s ubstance 
and CFC 114 not on the U.S. l ist? 

(b ) What i s t he De f e nse Depart me nt's v:ew on 
i nc lud i ng the Ha lons i n t he pr o t ocol ? Wr.y s hould th e y 
be inc luded? 

(c ) Please exp l a in th e : e rm "e '.:li s sisns" a nd 
expl a in how the U.S. expec t s it wo ul d be a ooli ed 
mea ni ngfully in th e U.S. anc in o t he r coun t ri es, 
particularly in ~onp r oduc1 n9 cou ntr i es. ~h e Nov ember 
25 draft U.S. p rctoc::l refe r s :o a ~r:ua..:.. "bulk" expor ts 
a nd impor t s. P.:.. ease exp .:.. a::-; :-;:w : :-; :s :er~ ~crks :~ :h e 
ca se of meter ~e~:c.:..es ~::~ a: r- c:~~::::~ers :~oo r:ed 
:o :he °j . S . :r:~ _;..: c :- ::_:-:::es cs s...-e ,::e:-. , .:-a;:a.:-., a.:-:d 
Wes t Ge rma ny ? ~o~ _c ::-; e~ oe c:~:-;: ea ~~ :~e J . S. :r 
t hese o t her Nat: o~s? 
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(d) As noted in the Geneva meeting, "no country 
disputed need to control CFC 11 and 12, and many want 
to include 113 (Japan opposed)." To what extent is 
Japan a producer of CFC 113 and is all that productiqn 
now on line? Why is Japan opposed to a protocol that 
covers CFC 113? Is Japan phasing out _other solvents in 
favor of CFC 113 and going to tighter systems? Is that 
occurring in the U. S.? 

(e) Will . the U.S. proposed freeze at 1986 
production, not capacity, levels allow some countries 
without a ban on aerosols to have an advantage over 
other countries, like the U.S. which has a ban? With 
such a freeze, could those countries later adopt an 
aerosol ban and increase production of other CFCs, like 
113, and still be within the freeze? If yes, please 
explain why that approach is sound from health and 
environment, trade and competition standpoints~ 

5. The European CFC producers' October 1986 statement 
indicate that as a "first step" a protocol "might include" a 
"global limit to the production of CFCs 11 and 12." As the State 
Department's telegram points out, · the European . Communities 
offered a proposal to freeze CFCs 11 and 12 at 1986 production, 
not capacity, levels. The Alliance's policy statement indicates 
that it "supports international resolution of the issue" without 
saying what substances should be covered or what limits should be 
established, although the related press release calls for a 
global limit on the future rate of growth of fully halogenated 
CFC production capacity which leaves a great deal of "wiggle­
room" I believe. Would the U.S. agree to a protocol that only 
places limits on CFC 11 and 12 at current production levels and 
relies on future actions to provide for more limits and 
substances in order to have some agreement? 

6. The November 5, 1986 U.S. Views also calls for a 
"long-term sc heduled phase-out of emissions of these chemicals." 
The "phase-out" would have such "characteristics" as to: 

(d) provide adequate time for s hifting away from 
ozone-depleting chemicals to avoid social and economic 
disruption, while at the same time give a strong 
incentive for t~e rapid development and emp loyment ~f 
emission contr 8ls, re cyc~ing, and benign substi:ute 
chemicals (i.e., a technology-forcing app~ oach ) ; 

(e ) :a ke ~~: c ~~:: c2~side~a:i o~ sc:e~::~~ c 
uncertainties a nd prcmcte future improvements ~~ 
understanding by i~stit uting a requirement for 
reassessing the goal and timing cf emissic n limits if 
changes in scie~ce suggest suc h action is warranted; 
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(f) address all fully-halogenated alkanes, so 
that the principal anthropogenic sources of 
a~mospheric chlorine and bromine are included; 

(g) allow flexibility for industrial planning by 
allowing trade-offs among these chemicals based on 
their relative ozone-depleting effects; 

(h) allow flexibility for limited continued use 
of those chemicals which are of highest social value 
and for which no substitutes presently exist; and 

(i) create incentives to participate in the 
protocol by regulating relevant trade between parties 
and non-parties. 

The draft protocol of November 25, 1986 calls for global 
reductions of 20, 50, and 95 percent from the 1986 levels over an 
unspecified period following the effective date of the protocol 
which could be several years after its adoption. I understand 
that these percentages (which depending on the reasonableness of 
the related timeframes) are suggestions by the U.S. and not firm. 
On the other hand, the World Resources Institute -press release of 
November 30, 1986 states that CFC emissions ''could be reduced by 
one third in the U.S. and worldwide by using 'safe' CFCs, banning 
aerosols, and recycling CFCs." -

A December 4, 1986 contract report to EPA on CFC subiti~ 
tutes which "has not been peer reviewed" discusses the new 
substitutes being considered today. Some of that discussion 
follows: 

Mobile Air Conditioning 

FC-134a appears to be a good candidate for 
substitution of CFC- 12 as the refr i gerant in mob il e 
a i r conditioning, providing that f urther tox i c i t y 
stud i es do not show negat ive res ul ts. Ot her poss i bl e 
pr obl ems are oi l compatib i lity and ti me f o r 
imo l ementation. 

CFC-22 may be used as a mobile air conci:i0ning 
refrigerant. Howe ver, a 60 oercent ~i a her c oerati~a 
pressure would req ui re s i snif i can t redes i gn and 
re tooling o f t he curre~: lv ~sed a i r c ~nd ::: c~ : ~g 
s vs t ems. A ~a ~c r ~r =~:e~ : s : ~e di::i c~ :: ~ : ~ 
cc~t a: n: nc CFC- 2 . ~:: ~ =r~se~: ~a:e r: 2:5 , =e r~e2:::~ - . 
is about five ti mes areacer t~an c~c-:2. ~:t~cu : 
s ubstantial red uc: :cn c : per ~eati on , refrigera n t 
losses would requ ire a n~ual rechargi na f o r e very 
vehicle, and excessive CFC-22 emissions wou l d red uce 
some of the progress made toward reducing 
stratospheric ozone deoletina emissions. 

CFC-114 (current~: pr~cuced in small quantities) 
also may be used as a s ubstitute mobile air 
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conditioning refrigerant. Permeation would be reduced 
for this low pressure system. However, CFC-114 still 
has a significant ozone depletion factor. Compared to 
current CFC-12 systems, emissions of ozone depleting 
substances would be reduced by 60 per~ent after 
implementation of CFC-114. However, complete redesign 
and retooling must be made for this low pressure 
refrigerant. Alternatively, low vapor pressure 
hydrocarbons with zero ozone depletion factor could be 
used in this system, if the problem of flammability of 
hydrocarbons were resolved. 

* * * 

Home Appliances 

CFC-502 may be a good candidate for substitution 
of CFC-12 in home appliances. It has been used 
satisfactorily in both low and medium temperature 
retail food store refrigeration systems. However, 
redesign for higher pressures, including a compressor 
much smaller than food store applications, would be 
necessary. CFC-22 also has been used satisfactorily 
in medium temperature retail food store applications. 

The CFC-22/CFC-142b mixture may be a very good 
candidate for substitution of CFC-12 in 
refrigerator/freezers. The addition of CFC-142b 
lowers the operating pressure required for pure CFC-22 
and increases oil solubility in the refrigerant. 

FC-134a also may be a good candidate for 
substitution of CFC-12 if it becomes commercially 
available. Also, development work must overcome the 
problem with electrodeposition of copper. FC-134a 
causes electrodeposition of copper and copper salts 
from the motor windings on the int ernal s urfaces of 
the expansion cap ill ary and on the bearings of th e 
motor and compressor. 

* * * 

Thus, there are more ootential ca ndidat es for 
refrigerants f e r ~ome a~p· i ances :han =~r mobile a i r 
conditioninq. ~owever, aci~i:ional deve:ocment wcrk 
scecific to :~:s aooi:ca::on :s necessa:y :o insure 
:nat a~v c: ven s~js:::~:e ~i:~ : ncie eci ~e accec:ab:e. 

Flexible Foam Blowing Agents 

From a technical and safety standpoint, CFC-123 
appears to be a good substitute CFC blowing agent for 
flexible polyurethane fcams. The major irnoediment to 
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its implementation is its cost and availability. 
These factors are not yet well-defined. Economic 
evaluations are hindered until a practical commerc i al 
process for CFC-123 is developed. 

CFC-133a has less ootential then CFC-123 as a 
flexible foam blowing agent, due to its recognized 
toxicity and uncertainty regarding compatibility with 
differing feed formulations. 

In comparison with CFC-123, there is much greater 
uncertainty associated with CFC-l4lb application as a 
substitute blowing age n:. Questions regarding inplant 
safety hazards and solvent affinity toward the foam 
product cannot be adequately resolved with presently 
available information. 

Rigid Polyurethane Foam Blowing Agents 

An attractive a lt ernative CFC to CFC-11 as a 
rigid urethane blowing agent may be CFC-123. The 
processing and product characteristics of this 
alternative closely resemble those of CF~-11, yet the 
estimated ozone depletion factor of CFC-123 is 91 
percent lower than th~t cf CFC-11. The main trade-off 
with using CFC-123 is production of foams which have a 
lower insulatino efficiency. The other alternatives, 
CFC-14lb and CFC-133a, may not be suitable blowing 
agents because of their toxicity and their strong 
solvent action. An additional drawback to CFC-133a 
are its low boiling point which could comoromise foam 
qual ity. 

* 

Sol vent Applications 

Both CFC- ~23 a~d CFC-:32b appear to be ver y good 
subst itut es in several app li cations f o r CFC-113 to 
reduce stratosp:-:e:-:.c czo:--.e depleticn. :-1owe ver, :.: 1s 
not certain tha t :r.ev wou:c be acceotable in all or 
most applicati= ~s . S:~ce :he ozone depletion 
potentials are =~:! ~~ e :~:.rd l ess than me:hyl 
chloroform and :~e ?rc:ec:ed costs are relatively 
high, both CFC- :23 a~~ :~c-:32b c~rre~::y a?pear :c be 
h i gh c~st s ·1

0· c- · - -~s ~-~ rpa· •·c; -n --r---c~~er : c ... , - "- u. _._ _ _ __ _ --- ~-- I.,..- ' ·':' ~ ...... o. .... --~·· --

c~:crine from ~e :~- ~ :~ _: : :~: :- 7 e~:ss::~s. 

As to costs o: :he ?~:e~:=-a~ subst:t ~tes, :~e dra:t repor: 
states: 

The inexpensive s: ~:-:e :: c~::roca:bo ns and 
hydrogen fluoride a:::~s :~e ~e:-y ::1expensive 
manufacture of c ur :-e'."'. ": ::~:.erc :3 : C?Cs ·; :a :he Swarts 
reactions. Commo :1 :?C; ==-'= :i:-_ ~ed ~:-: ::-,e range of 
S 1 . 5 0 to $ 2 . O O p e r -< : : : ; :- ~ :7. . : : ·,. c ;.i : d ::, e ·, e r v 



difficult to prod uce the newer CFCs with a specific 
structure at competitive prices. Bulk prices for 
newer CFC when fully commercialized are expected to be 
in the range of $2.55 to $10.20 per kilogram, although 
CFC-124 may be as high as $15.00 per-kilogram (see 
Section a). (Underlining supplied) 

The draft report and the U.S. protocol do not appear to 
address another con~ern about how the user industry and the small 
business service industry, and the smaITbusiness service 
industr~, particularly in case of home and commercial refriger­
ation/ air conditioners and motor vehicle air conditioners, will 
be able to continue to service those systems over their l ifetime , 
once reductions begin. Those vehicles and un i ts were built and 
installed with CFCs now being considered for global reduction. 
Some require recharging, a l though the draft report says that is 
"very infrequent" for home appliances which, may or may not 
include home central air conditioners which often do require 
recharging. It is not clear that the substitutes would be 
compatible or suitabl e f o r ex i sting installed systems, 
particularly mobile systems. Many such systems have long 
l i fetimes. • 

~. (a) Please exp l ain to what extent -you disagree or 
agree with the above comments about the availability of 
substitutes. What analysis was made by the U.S. of the 
availability of substitutes and their costs within the 
timeframes and percentages contemplated in the November 
25 draft? Do the proposed reductions suggested in the 
draft consider the availability of present CFCs for 
existing units? 

(b) Is there ~ny reason to bel i eve that producers 
in other countries with existing patents wi ll develop 
substitutes sooner tha n U.S. firms? I note t hat the 
d r af t report states t hat th e "pate nts a r e base d upon 
l abo ra to r y sca l e res ult s, a nd do no t imply th a t eac h 
p r ocess cou l d be comme r c i a li ze d on a lar ge sca l e ." ::1 
the case o f CFCs- 123 , 12 4, 132b , 133a, 13 4a a nd 141b , 
the draft r eport s ta tes t ha t "de ve l opme nt worK a t 
DuPont has been s: oppe d . " My understandin g .:.s t ha t 
DuPont is not t he =~ly u .S. :i r rn trying tc de ve lop 
subst i tutes. Wha : .:.s :he s ta t us of t hi s e ffort by a ny 
fir m? To what e x: e~t de :h ese s ub s t.:.tut e s ?r e s e :1t 
poss ibl e pr obl e~s : 2 r :~e us er i:1dus:r:es, s ue~ as 
saf e ty a nd : ue: ec:~=~Y ~r: □ :e~s. : ~r :~e ~:::r ~en:c:e 
indu s t r y? Are =~cs e :r :c _ems be:~g e~2~:~ed =~ : ~e 
appl i cab l e agenc:e s? 

(c) I note :~a t a ~a ll St reet Jour ~a : ar ti c l e cf 
December 2, 1986 states t hat "U .S. chem i ca l pr oducers 
clearly aren't r us ning tc de velop s ubst i t '...l tes" ar.d 
DuPont is not plan ni:. c; ":--: ea· ... ·y spend i ng" 0 :1 CFC l34a 
"unt i l regulator y ac: : ::;.: : r c : ~s '...lm e r .je~ar. d just i f y 
it." The World Res cu r ces : :-: s :: t:.1te states ': hat ...., i t:1o u: 
a "st i :f tax, che!n .:.ca: C C:7D a : .>': 5 :r.ay :)e ~i"'.·;,1 i :.li ng :o 
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invest" in substitutes. I presume this would be a U.S. 
tax only. How will the U.S. draft protocol encourage 
on a global basis acceptable and reasonable substitutes 
for the user industries? Do you agree that a tax is . 
needed? 

{d) World Resources urges "short-term reductions 
of one third "to promote substitutes and a total phase 
out in "perhaps a decade." The Natural Resource 
Defense Counsel seeks 30% reduction by the end of 1988, 
85\ by 1992, and a phaseout in ten years. The draft 
EPA report does not appear to support such short 
timeframes. It states: 

In the absence of future regulations, the 
newer CFCs do not appear cost effective compared 
to current CFCs. Up to five years of additional 
develQpment work may still be required, depending 
on remaining process problems. Thus, it is 
anticipated that commercialization of new CFC 
chemicals would require about four to 10 years, 
depending on the statu~ _of current process 
development work, the remaining process problems, 
and the strength of the driving forces to proceed. 

Lead time and technology problems, if any, including 
safety, for the user industries to adopt to such 
substitutes is not discussed in the U.S. Views. 

What are your views on the time required to 
develop suitable substitutes and for the user 
industries to be able to adopt them (a) after a 
protocol is developed and (b) after the protocol 1s 
effective? What is the justification_ for a 
"technology-forcing approach" in this case: and what is 
the implication of that approach for the user 
industri es? What is the likelihood that a orotocol 
will reflect the recommendations of the ~orld ~esource 
Institute or the NRDC? 

(e) To what extent is recycling ar.d the use of 
closed systems, espec ially in the case cf solver.ts, 
expected to result in considerable reductions? ~o ~hat 
extent are these used by :he CFC 1:3 users ~n this 
country? 

{f ) J~r:~g c:sc-ss:c~s o f :~e c -= -- ;r:::c=- ~1:~ 

observers preser.t, ~r. BenedicK explai;1ed :~a: :~e 
draft protocol prov1des for ad justments .:.~ :~e 
stringency, timing, and scope of :he co r.: r=l meas ures 
if the substitutes are not developed and / or the users 
cannot accommodate to the substitutes with:n the time 
set in the protocol. ~owever, our staf: pointed out 
that the draf: (Art ic :e : v: 3 ) allows s~c h adjustments 
only in "light of sc.:.e;1:.:.f ic review." '.1,r. Benedick 
agreed that :he draf: needed r ~vis1on :c reflect his 
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--- / 
statements. Please make that revisio1,< 

,,/ 
......_ ,. ,.,,.--

7. The December · rwa i l Streer )ournal article states that 
an "estimated 70\ of the world's CFC use occurs outside the U.S." 
and greater demand is "projected in future -years" by deveioping 
nations. The article states that "EPA is also under a court­
ordered May deadline to decide on added CFC regulations." Please 
provide a copy of that order. What is the status of that 
decision effort in light of the on-going United Nations negoti­
ations and the above estimates? How will CFC regulations in the 
U.S. significantly impact the global picture of emissions? What 
will be the impact on U.s. industries competing with other 
nations with no corresponding regulations? Would the regu­
lations, if any, be issued under section 157 of the Clean Air 
Act? What substances will be considered for regulation? 

8. Please describe the Soviet and Nordic proposals and 
explain any concerns about them. What is being done to encourage 
more nations to participate in the next negotiations? Please 
describe your efforts to further examine the trade issues 
concerning CFCs. What are those issues? 

9. I am in receipt of a November 26, 19a6 _release by the 
Department of Energy (DOE) of a December seminar to describe 
DOE's "state-of-the-art reports on carbon dioxide research and 
the greenhouse effect." Senator Chafee, in recent Senate 
hearings, said ozone "depletion and the greenhouse effect can no 
longer be treated solely as important scientific questions. ·" "The 
World Resource Institute is also concerned about the greenhouse 
problem. What is the science today regarding the greenhouse 
effect and what is the status of the research? What is the 
relationship of t h i s t o t he ozon e i ssue? Wh a t i s being done 
about t his problem in the U.S. a nd wor l dw i de? I f the problem 
relates to the burning of fossil f uels in the U.S. and e l sewhere, 
what are the alternatives since ha l ting su·ch burn i ng by our 
factories, homes, and uti li t i es does not appear lik el y? 

I am a l s o pr ov id i ng a c opy of this l e tt e r to th e World 
Reso urces In s ti tute, the NRDC, a nd th e Alli a nce . I we l come tr.eir 
comments on t he matters disc ussed here in. I~ t he case of t he 
All iance, I urge that the Al li a nce provide c op i es thereof t o i ts : 
members and encourage a ll : he ~e~b e r s, but parti c ul ar ly t ~e users 
o f CFCs, to submit comme nt s er. : ~ese ma tt ers di rec: ly to : he 
Commi ttee wit hi n the :: ext 60 da ys with s pec i f ic att e ntion to t:-i e 
quality , t ra de, e ner gy , : ec~~c:0gical , c cmpe titive, s a f ety , 
economic, a~d o th e r ? r co:ems Lsers may i~entif y ~::~ :~e deve:=~­
~ent c f s u □ s :::Ltes a~d :~e ~ea~ ::~es req~:rec ::r ~se~s a~d =~e 
need f o r ince nt iv es of a ny ~:~d to st imulat e t~ e cev e lcp8en t ~­
s ubst i t ut es a nd/ o r r ec yc li~ s or other meas ur es t o p r eve :. t o r 
great ly reduce emissions. 



SCIENTIFIC ADVICE REGARDING COMPOUNDS 

TO BE INCLUDED IN THE PROTOCOL 

I. Definitions 

Suggest that compounds be listed by individual chemical 

formula rather than generic labels in order to avoid any 

ambiguity in scope of chemicals to be included in the 

protocol. 

For example, there would then be no confusion as to 

whether CF2BrCl (i.e., Halon 1211} is a fully halogenated 

chl9rofluoro~arbon. 

II. Criteria for consideration of priority order of 

compounds that have the potential of destroying 

stratospheric ozone 

l. Rate of release of the compound into the 

atmosphere. 

2. Fraction of the compound released at ground level 

that reaches the stratosphere. 

3. Efficiency of the compound to destroy ozone once 

in the stratosphere. 

III. Preliminary Conclusions 

Based on our knowledge of the three factors above, the 

co~pounds that deserve consideration for inclusion in the 

protocol are in the following approximate order of importance: 



First priority: 

CFC13 (11), CF2Cl2 (12), and C2F3Cl3 (113) 

reason: ,high emission rates 

,high fraction reaching the stratbsphere 

■ high efficiency ~o destroy ozone 

Second priority: 

CF3Br (1301) and CF2ClBr (1211) 

reason:• low current emission rates but with 

Third priority: 

potential for rapid growth 
l"'tac'\o\'.N! 

•high fraction ra~aiiW the stratosphere 

(unity or close to unity) 

every high efficiency to destroy ozone 

(bromine is about a factor of ten more 

efficient than chl6rine per atom) 

CF2ClH (22) and CH3CC13 (methyl chloroform) 

reason: .even with significant emission rates, 

only a small fraction (l/5 - 1/20) of 

the ground-level- release reaches the 

stratosphere ( removal in the 

troposphere due to the hydrogen content 

of the compound) 

• moderately high efficiency to destroy 

ozo ne once in the stratosphere 

The details are given in Tables I and II 



TABLES 

TABLt I. SIMPLE APPROXIMATE CALCULATION OF IMPACT OF COMPOUNDS 

ON OZONE USING TIIREE CRITERIA OUTLINED 

CATEGORIE S 

I 

I I 

I I I 

COMPOUND 

CFC 1 J ( J 1 ) 

CF2 C12 (12) 

C2F)Cl2 (ll)) 

EMISSIONS+ 

300 

400 

150 

C F 3 £lr ( 130)) 1-10• 

CF2C lBr (1211) 1-10• 

C F2 C lll (22) 50 - 200•• 

Clf)CC lJ 500 

FRACTION 

REACHING 

STRATOSPHERE 

l 

l 

1 

1 

tv0.5 

0.2 

0 ~·1 

+ mill i nn :;( >! k il o<Jr <1 ms - .inr111 a l ql o hal production 

• e ~; t 1 111, , r , ·. I , , , , , , I' · , , t 1 11 1 r t • 1 1 t I, r o , I 11 , • t I n 11 

EFFICIENCY 

I ATOMS E 

3 

2 

3 

1 

l 

1 

3 

l 

l 

1 

10 

10 

l 

1 

TOTAL 

900 

800 

450 

10-100 

5-50 

10-40 

150 



I. 

II. 

III. 

TA6~E' II. ESTIMATE S : F ATMOSPHERIC LIFETIMES (YEARS ) 

CFC13 (11) 75 

CF2Cl2 (12) 110 

C2P3Cl3 (113) 90 

CT3Br {1301) 110 

cr2C1Br (1211} 25 

CP2ClH { 22) 

CB3CC13 

20 

6 

Additional cou:ients: 

(a} Any source of chlorine or bromine to the stratosphere 

is thought to eventually lead to~ ozone depletion. 

(bl If the release of compounds such as CFC13 or CF2Cl2 do 

cause ozone to be depleted significantly, then the full 

recovery of the atmospheric system after complete 

tennination of emissions will take many decades or 

centuries due to the long atmospheric lifetimes of 

these compounds. Row;ver, in contrast, once releases 

of CR3CC13 or CF2ClH are terminated, the recovery is 

much quicker (e.g., decades ) due to t~e shorter 

atmospheric l if et imes . 

(c) CC14 was not exp licitly considered s:~ce our 

understanding of the emission rates is inadequate 

most ~ot released to the atmosphere but rather is 

used to produce Fll and Fl2. 
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COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS 

WASHINGTON, DC 2051~1711 

February 20, 1987 

Mr. A. Alan Hill 
Chairman 
Executive Office of the President 
Council on Environmental Quality 
722 Jackson Place, N.W. 
Washington, DC 20006 

Dear Mr. Hill: 

RECEIVED 

FEB 2 41987 

~c EQ 

By this letter we request the submission of information, not 
later than March 6, 1987, regarding your agency's activities in 
addressing the environmental problems of the greenhouse effect, 
global climate change, and stratospheric ozone depletion. 

The Senate Environment and Public Works Committee ha s held a 
number of hearings on the greenhouse effect, global climate 
change, and stratospheric ozone depletion. Testimony given at 
these hearings has shown that we are already committed to an 
unprecedented increase in surface temperature over the next few 
decades, with possible effects including a rise in global sea 
level, changes in ocean circulation, and changes in precipitation 
patterns. 

We are deeply concerned by the prospect of such major and 
unparalleled changes in the composition of the atmosphere, and 
t h e implications for global climatic and environmental change. 
We are requesting information regarding your agency's efforts in 
these areas to assist us in understanding the existing and 
anticipated programs already addressing these issues. 
Specifically we would appreciate your responses to the attached 
questions. 

We have forwarded a copy of this letter to the Cha irman of 
the Appropriations Committee, and have requested that he 
incorporate these questions and your responses in the record of 
the budget hearings for FY88. 

We look forward to receiving your response no later than 
March 6, 1987. If you have questions, please feel free to call 
Kate Kimball, Ron Cooper, Steve Shimberg, or Curtis Moore. They 
may be reached through the Committee on Environment and Public 
Works at 224-6176. 



Thank you for your support in working with us on these 
important environmental issues. 

Sincerely, 

4 /!:,._,~ -~ 
Quentin N. Burdick 

~ 
~Mitchell 

Max Baucus 



1. Please describe each of your program(s) which directly 
or indirectly involve or support work on (a) the greenhouse 
effect, (b) climate change, and (c) stratospheric ozone 
depletion, including: 

(a) basic research efforts 
(b) effects on human health, biota, etc. 
(c) studies of policy options for avoiding, minimizing, or 

coping with predicted changes, including use of 
alternative fuels and substitute chemicals and 
conservation. 

(d) international programs 

2. Please indicate your current agency priorities and where, 
among these priorities, the problems of the greenhouse 
effect, global climate change, and stratospheric ozone 
depletion appear. 

3. Does your agency have a major thrust or focus with respect t o 
greenhouse, climate change, and stratospheric ozone issues? 
What are the priorities within your greenhouse, climate 
change, and stratospheric ozone programs? Are these multi­
year efforts? When do you anticipate completing each of 
these projects? 

4. The scientific evidence demonstrates that we are already 
0 committed to a 2 C increase in global average temperature, 

and that the effects of global warming may be manifested as 
early as the next several decade s . How have these findings 
been factored into your planning? How do es the magnitude and 
timing of thes e changes affect your projects? 

5. Please provide a detailed accounting on the following, 
including a breakdown by specific offices/laboratories and 
projects for each fiscal year. 

(A) For the greenhouse effect 
(1) Expenditures in FY86. 
(2) Appropriations and exp e cted expenditures in FY87. 
(3) Budget request in FY88. 

(B) For climate change 
(1) Expenditures in FY8 6 . 
(2) Appropriations and expected expenditures in FY87. 
(3) Budget request in FY88. 

(C) For stratospheric ozone dep letion 
(1) Expenditures in FY86. 
(2) Appropriations and expected expenditures in FY87. 
(3) Budget request in FY88. 

6. Please describe how your agency's efforts are coordinated 
with those of other federal agencies and the scientific 
community. 



7. What do you see as the five highest priority research needs 
in the area of greenhouse effect, global climate change, and 
stratospheric ozone depletion? 
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Production Scenarios 
Module 

Exogenous Endogenous 

Bottom-Up 
methods 

Top-Down 
methods 

Re lat ionsh ip: 
Population/ GNP 



BOTTOM UP APPROACH 
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Source: •overview Paper for Topic 12: Projections of Future Demand,• 
UNEP Workshop, Hay 1986 
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TOP DOWN PROJECTION METHOD 

• Aggregate statistical relationship 

o Explains variance in historical data 

o Reflects historical innovation/displacement 

• Future demand 

o Projections of aggregate values (e.g., GNP, population) 

o Adjustments for technological change 

• Umitatlons 

o Reliance on aggregate values 

o Representativeness of historical data 

o Adjustments rely on judgments 

l\t:i\. .L,. ~ .I 



APPL V RELATIONSHIPS TO RANGES 
OF POPULATION AND ECONOMIC PROJECTIONS 
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UNEP Workshop, May 1986 

I ••' 
~ .~o.Midl••,.,;.,. J.i.e-- -- l ..w...61141../li..kfflU.li .c.u il 



Method: OECD 

Production/ 
Capita • 

• . . ;/. :-. - /~ . 

• • 

• 
• 

GNP/Capita 

• = Historical Data: 19S8-1983 

• 

- = Fitted Relationship : Use/Capita = A + B x GNP/Capita 
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HISTORICAL DATA REFLECT TECHNOLOGICAL CHANGE 

• Rates of new product introduction 

• Rates of product. displacement 

• Changes in the intensity of use of CFCs in products 
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HISTORICAL DATA ARE WELL REPLICATED 
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POPULATION: DETERMINANTS 

• Fertility 

• Mortality 

• Migration 



Reaching Zero Population Growth 

1. Births = Replacement Rate: Approximately 2.1 - 2.2 
2. Births = Deaths •• 

DEATHS 

D C 

C B 

B A 
Population Grows: 
BIRTHS > DEATHS 

A BIRTHS 

TIME = 1 .'. TIME = 2 

DEATIIS 

D C 

C B Population Stable: 
B A BIRTHS = DEATHS 
A BIRTHS 

TIME= 1 TIME= 2 

Ullil 
' t·• 
,,_ 
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- - - U.N. High, Medun, Ind Low vartants '. 

--- EPA wilh 95 percent e01lllrilla Interval; 

2.._ ___ ...._ ____ ..._ ___ ,... ____ .._ ___ __ 

1975 2000 2025 2050 2075 

Fie- B.1-Projected world population with confidence interval 
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Tallle 1,2 

Al.'?UHATivt POPIJUTION GaM1I Mffl 

c,.rcent per Jear) 

e ,~.., leaioa ltS0 1'7S 2000 2025 2050 2075 

I I I v, Vorlll 1.t I 1.1 I o.t I 0.4 0.1 

Oll:D 1.2 I 1.7 I 0 .4 I 0 .1 I 0.1 
lat. tloc l .! f • -1 I o.4 I 0.1 I 0 . 1 
Dne~epiq 2. 1 I \ .t I 1.0 I o.s I 0.1 

U.N. CHIS, ltll) 2010 
llecbia World 1.1 1.2 0.7 I 0.2 I 
YUiUlt 

Ol.tl) o .s o., -0 .1 I o.o 
tut lloc 0.1 o.s o .o I o. 1 
Developilla 2.0 1. , o.t I o., 

IOI World I ' 1.s 0.1 0.4 'f o.o 
YUiUlt : 

OECD 0 .4 •0.0 •0.2 -0, 1 I 
ten lloc • . 7 0.4 •0.1 o.o I 
DevelopiJI& 1.1 1.0 o .s D.1 I 

lliah World ,, 1.1 1.s I 1.1 D.4 
•er1ent 

OlCD 0 .' o. s I o. 1 D.1 
tan llot o., 0 .1 I O. D 0.1 
Developin& 2.1 1.7 I 1. , o.s 

1910 
World laak World I 1.1 1.2 0.7 0.2 
(1'14) 

OECD 0.5 0.2 o.o 0 .0 
ten lloc o., 0.4 0.2 0.1 
Developina 2.0 1.4 0 .1 0.2 

1'15 2020 
Population World 11.,1 1.2 I 
a.fennce 
hreau (ltlS) ma> 10 .•1 0.1 

1Ht llot 10 .11 0., 
Developa, ' 11.,, 1.4 

11AM UHl) World 1.1 I 
2030 

0.1 I 

CllCD 0.1 I 0.4 I 
Ian lloc 1. , I 0.7 I 
Developiq J.4 I 1.1 I 

aoao -. World IMrs, World 1.s 1.1 I 
C:.feruca 
(1177) Cl£CP 1.0 0.7 

C.P . (a) 1. 2 1.1 
8evelopiq 2.0 J.4 

lalm at al. World 
(1976)(11) 

2.0 I 1.4 0.1 

lotty and World 
KarlUld (1110)(11) 

1., 

Ola> (1979)(11) World 1.1 I 

-• • Centrally pla11ed HUOIII , iaclucUaa tut lloc' hoplN' a.,uuc of 
Clauaa , ad oilier cuually pl-.d ._.iu uucaa. 
~- leponed ia Cl&rll (1912) . 



Table B. 1 

ALTERNATIVE POPULATION PROJECTIONS 

(NII Ilona) 

itucly Aeglon 1975 1980 2000 2020 2025 2030 2050 2075 2080 2100 

EPA world 3976 5892 7364 8197 8446 

OECD 747 884 974 1008 1023 
Eaatern Bloc 395 472 516 533 541 
Oevetoplng 28311 .. 536 5874 6656 6882 

u.N. c1,9,,1911) 
Medtua World 11076 6127 8177 9775 10ll51 
variant 

OECD 736 840 900 877 877 
Eaatern Bloc 359 436 • la98 503 512 
Developing 2981 4851 6780 8395 9062 

Low World 11076 5899 7278 8004 8099 
variant 

OECD 736 812 808 773 758 
Eaatern lloc 359 la26 • la67 459 459 
Oeveloplng 2981 11661 6003 6773. 6881 

I 

.... 
Nigh World 11076 6367 9185 12076 13767 .... 
variant .... 

OCCD 736 869 995 1011 1034 
Eaatern lloc 359 .... 1 5t,1 5117 565 
Oeveloplng 1981 50119 761a9 10518 12168 

World Bink WOrlcl .... 3, 6145 8297 9778 10869 
t19811) / 

OECO 760 8)2 883 879 885 
Eaatem Bloc 378 IU0 475 500 522 
Develop Ing 3297 11883 6939 8398 9462 

Populatlon WOrld 7760 ,u, . 7760 
Reference 
Bureau ( 19H) OECD 859 an 859 

Eaatern lloc 491 1136 .. 91 
Oeveloplng 61t08 tt861t 61108 

IIASA ( 1981) World 6080 7976 

OECD 9611 1082 
Eaatem 1100 1136 1180 
Oevetoplng lt680 61114 



Range of Population Projections 

14 

12 

10 

Billions of 8 People 

6 

4 

2 

0 
1950 1985 2000 2025 2050 2075 

3 Billion 4.7 Billion 5.4-6.5 Billion 6.5-9.5 Billion 7.3-12.l Billion 7.1-13.6 Bllllon 



, ~ -, 

Most of the Population Increase is 
Expected in Non-OECD Countries 

OECD 
Countries 



GNP PER CAPITA: DETERMINANTS 

• Productivity: . Labor and Capital 

• Natural Resources and Energy 

• Government -Policies . • 
/ 

• Population 

I 

~~ L <~lt1ttiifdSHHOH fefttr itfts ' . • ---,..~----liliillli:MIIIMl-iitll--..... _, 1.-. ....................... • ··-~· ..... -. ••. .. .......... _.,._..-l,J,.j,. Juii&::--- ,.u.,_., . ·· · ·~·~ -. ~ . .1~lu1M61iH:ttiwMM&. 
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Table B.4 

ALTERNATE GROSS DOMESTIC PRODUCT PER CAPITA GROWTH RATES 

(percent per annum) 

- Study Region 1950 1975 2090 2025 2050 2075 ~ I 

r I . I 
' EPA World I 1.6 1.7 1. 7 1.6 

OECD I 2 .2 1.9 1. 7 1. 7 
I.ast llock I . 1. 7 1.6 1.5 1.5 
Developing 1 • 2.7 2.4 2.1 1.5 

2030 
IIASA (1981) World I 1.3-2 .41 0 .9-1.91 

OECD u. 7-3 .. 21 ·0.8-l.61 
East Block 13.1-3:61 1.9-3.21 
Developing 11.9-3 . ll 1.5-2.51 

2020 
World Energy World 2.1. .I 1.2 - 2.3 I 
Conference 
(1977) OECD 2.3 I 2.2 - 3.0 

C.P.(a) 3.6 I 2. 1 - 3.4 
Developing 1.8 I 1.4 - 2.8 

2030 2080 
Lovins et al. World 1.3 0.9 I 0.4 I 
(198)) 

Developed(b) 2.0 1.2 0.0 
Developing 1.9 l.S 0.1 

1970 
Leontief et Developed(b) I 3.0-3.SI 
al. (1977) Developing ' I 3.1-4.91 

JCahn et al. World 2.8 3.1 1.2 
(1976)(c) 

Rotty and World l.S 
f Harland (1980)(c) I 

t OECD (l979)(c) World I 1.9-3.41 

t (a.) Includes Peoples' Republic of China and centrally planned Asia . 
(b.) Corresponds to OECD plus Ea~t Block . 
(c.) Reported in Clark (1982). 
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Table B.3 

COMPARATIVE WORLD GROSS NATIONAL PRODUCT PER CAPITA 

1975 • 1.00 

Study 2000 2025 2050 2075 

EPA 1.49 2.27 3.45 5.01 

IIASA (1981) low 1.38 2.21 
high 1.81 2.90 

World Energy low 1.35 -:.1.s2a 

Conference high 1.77 3.~2a 
(1978) 

Lovins et al. 1.38 1.73 1.96 2.16 
(1961) 

• Leont ie{ et low: developed 2.09 
al. (1977) developing 2.15 

high: developed 2.36 
developing 3.31 

Kahn et. al. 1.99 4.28 5.77 7. 77 
(1976)b 

Rotty and Harland 1.45 2.11 
(1980)b 

OECD (1979? low 1.60 
high 2.31 

~rapolated from 2020 at projected 197S-2020 srowth rate. 
b Reported in Clark (1982) 

The implied annual percen~age growth rates. disaggregated by region 

where thP. source~ allow. are reported in Table B.4. As are the 

population projections. the EPA projections are low to moderate compared 

to other reported projections of per capita GNP. 
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Range of GNP/Capita Projections 

20-----------------------. 

18 

16 

14 
. 
12 GNP/Capita 

(1975 us$) 
(Thousands) 10 

8 I Current U.S. GNP/Capita 

6 

4 

2 

0 

- - - - - .... - - -- - - - - - ---

1985 2000 2025 2050 2075 



LtJGt 
Approximately One-Half of the Projected 

Economic Growth is Expected 
in the OECD Countries 

---4~ 



Expected 
Production/Capita Based 
on GNP/ Capita 

Production/Capita 

Current Production/Capita 

f. , !lt ,' 

Method: Non-OECD Countries 

• 
. . . . . . . . . . . . . . . . . . . . . . . . . . ................ . 

• 

/ - Fitted "S-Shaped" Curve 

• • • • • ~~•---r 

198S 207S 
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NORDHAUSC 
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LONG TERM PROJECTIONS 
CFC-11 AND CFC-12 -World 

(2000-2050) 

CFC-11 
; .. ., .... : ·'. .,.: , -.· ,. ,,il)!)>F',, l"-. . ":lifr . o·,.c . , '· , ~' : .. ,', ·., : 
.... ,,, • f.. ~e?,-'l(\;i!i.;c," ~~:,cc·,~·i~/l!'q '. ·• l'l•r· . ;•, ', 

:~·\: .•• •f-;.",:?· •\.1- :·,;, -\~•:t~•-,''. , . .:."i=(. . ·'-'t• . 

.-:: c· F··c··· ~~,.~2.~ ; .:;~,,%;~~;-:?'. ~~7✓//"//h'1/h~//;-~<>~<:.-:<•··· 

. -:- . . .// 1/./i" ,,//. /,.-~'1/,-•': //ij1//,/.',.,,,.✓.,-: (,"'./, .<, :./. ·• . ...-: .. ,· ·: 

I" ,• -> i ~·,. .• ' ... , ':.·., ,:, 
-~-t•_ .. , -,·?!',,(.,,, . 

_.,·· ,. , .. , , , , '/'/, ,.,.,,..,., , 

:;,~~~-11~2~-~~ 
/ 

CFC-11 ~~ ., -~:,·rtit~: ~ ·~., 

.... ~ _-:-- 7:" · - .... ~-;- ·" ···7, .. , ,,., .-' ·-· 

CFC-12 >><<-·>.> . ,,I•,.•• •• . 

0.0 4.0 1.0 2.0 '~3.0 
8 

Annual Rate of Ch nge (%) 
b Range ~ 5th lo 95th percenlile 
c Probab1h11es not reported; range rellecas five scenarios ¥ 

Range = 25th to 751h percentile; nonaerosol applicatory only . , ~ 
._..,.,.. ~ 

Source: •overview Paper for Topic 12: Projections of Future Demand,• 
UNEP Workshop, Hay 1986 

f 
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5.0 6.0 
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