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EXECUTIVE sulawy
In implementing the provisions of the Montreal Protocol, developing countries have expressed concern regarding the substantial costs arising from the need to adopt substitutes for ozone depleting substances, especially CFCs and halons. While the industrialized nations party to the Montreal Protocol have agreed to facilitate access to environmentally safe alternative sub​stances and technology, evaluation of the additional costs arising from CFC substitution has been hampered by significant uncertainties in the technologi​cal and economic options likely to‑be available.

This draft report presents the results of a study on the methodology needed for'calculating the additional costs that can be expected to accrue to developing countries as a result of implementing the Montreal Protocol. These costs are categorized in a manner which can permit a reliable calculation of the incremeatal cost to various groups of countries, depending on whether they are currently producers or importers of CFCs and equipment based on CFCs.

The particular nature of technology transfer in developing countries makes their economies especially vulnerable to sudden externally imposed changes in the availability of a given technology. It becomes necessary, therefore, to wMlore the cost impacts in greater detail than might be the case in industrialized economies. Specifically, becduse of the relatively weak industrial and technological base in developing countries, externally imposed technological perturbations can have relatively long term and wide​spread ripple effects, the costs of which can be quite considerable. While the direct costs of using more expensive substances and technologies is rela​tively simple to calculate, it is the indirect and often intangible costs which can be relatively high in magnitude.

This study presents a set of clear and explicit assumptions on the basis of which cost calculations can be carried out for introducing substitutes for ozone depleting substances for varying possible technological and economic scenarios. The formulae given can be used to sake relatively accurate calcu​lations for different national circumstances.

Assuming that developing countries will have full access to the new technologies needed to substitute for ozone depleting substances, the assump​tions considered to be basic include the types of substitutes‑11‑kely to be available, the mode of replacement of existing production and manufacturing facilities, the time periods involved and the degree to which consequential losses are to be considered. The costs to be legitimately claimed include the capital costs, the operating costs, the replacement and restoration costs and the transition costs. Each of these generic costs can be disaggregated into more specific cost elements which are amenable to precise evaluation, debate and, eventually, international agreement.

Country specific assessments of conversion costs will need da.ta on the properties of the substitutes, the behaviour of the new technologies and the quantity of CFCs and associated equipment in the market. To facilitate these, the last part of the study lists the types of information that need to be collected for carrying out country specific studies.
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BACKGROUND

The widespread use of choloro‑fluoro‑carbons (CFCs). halons and other chemicals has been shown to have a detrimental impact on the stratospheric ozone layer. The Montreal Protocol seeks to bring the production and‑use ot such substances under control and, in due course. to eliminate the threats from these gases to the ozone layer by initiat​ing a programme ot technology substitution to be undertaken by the nations signatory to the Protocol.

Under Article 5. the Montreal.Protocol recognizes the

"special situatio * n of developing countries" and provides. in

clauses 2 and 3 of the article, that:

1.

"The Parties urkdertake‑to facilitate access to environ​


mentally safe alternative substances and technology for


Parties that are developing countries and assist them


to make expeditious use of such alterpa.~iyes.o (Article


5.2). 
tj
2.
"The Parties undertake to facilitate bilaterally or multilaterally the provision of subsidies, aid. cred​its, guarantees or insurance programmes to Parties that are developing countries for the use of alternative technology and for substitute products." (Article 5.3).
The Working Group of the Parties to the Montreal Protocol. in the first session of its first meeting at UNEP headquar​t6rs in Nairobi from 21st to 25th August 1989 recognized the need to develop suitable financial mechanisms to enable developing countries to meet the requirements of the Mont​real ProtocoX. It was further recognized that the reluc​tance of developing countries to ratify the protocol was due to lack of the financial resources necessary to meet its requirements without serious disruption of their development efforts, and that they will, therefore, need concessional funding and outright grants additional to those available froar existing aid programmes.
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based.

It should then be possible to subject these to

debate among the concerned parties and to allow specific

agreement to be reached on what are the costs of conversion

to an acceptable degree of precision, and which of these can

be taken as legitimate claims for additional financing or

otherwise.

As noted above, this information could be useful in evolving international financial mechanisms for "transfer of technol ogy" required for Ofacilitating access to environmentally safe alternative substances and technologies for parties that are developing countries and assist them to make expe​ditious use of such alternatives by meeting the incremental costs associated with the transition from the controlled substances to alternatives and substitutes".

This paper does not attempt to explore the‑financing mechanisms, the possible sources of funds or the modalities by which they would be transferred to the developing countries. Once the specific cost components and incidence ot costs has been worked out according to the methodology outlined below. however, the design of acceptable mechanisms and modalities should become quite feasible.

Section 3 briefly outlines the current state of global production and use of ozone depleting substances and high​lights the different technological substitution possibili ties on the one hand and the varying national situations with respect to CFCs‑and halons on the other.

The needs of each developing country will varyi,,,depending on the current patterns of use of CFCs. the criticality of these usages, the future demand for applications which currently require CFCs and the general national economic circumstances. In the light of the little information now available publicly on the nature of the technological changes needed to reduce the ozone depletion potential of human activity, any methodology for estimating costs must make certain basic technical. economic and commercial as​sumptions. Section 4 sets forth the major assumptions under which costs of conversion to CFC and halon substitutes can be calculated. Some of these assumptions might need to be altered in the light of the deliberations and decisiqns ot the Working Group.

Systematic costing of a technological change ot the type under consideration requires a comprehensive and unambiguous typology of the expenditures which will result from it for different sectors of society. Section 5 identifies the specific types of costs which can'be attributed to changing over to substitutes for ozone depleting substances.

Section 5.1 itemizes each major cost element, grouping them

into four major categories:
Capital Costs, Operating Costs,

Replacement and Restoration
Costs, and Transition Period
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Costs. In Section 5.2. these costs are described, detailed or justified, with an explanation of how they can be calcit​lated.
Sections 5.3 and 5.4 summarize these costs for ease of reference. identify those which apply undei: different circtunstances, and indicate those which have been referred to in the earlier studies, specifically "The Second Interim Report to Steering Committee for Ministerial Conference on Atmospheric Pollution and Climate Change. The Netherlands, November, 1989 (referred to here as the McKinsey Report) and the "UNEP Report on Technological options" (referred to here as the UNEP T.O. Report).

A good part of the additional costs in changing over to new substitutes in developing countries arises from the peculiar nature of the process of technology transfer in these coun​tries, which is significantly different from that in indus​trialized nations. The technology related issues relevant to evaluating costs associated with conversion.to the new technologies are described in Section 6.

Section 7 sets out the types of technical, commercial and economic data which will need to be collected to permit the preparation of country cost estimates. Because of the sensitivity of certain types of techuo‑commercial informa​tion, which may be difficult to obtain, Section 7.1 lists the minimum data required to make an approximate, though credible, estimate of the conversion costs to a country.

3.0 'CURRENT PRODUCTION AND USE OF OZONE DEPLETING SUBSTANCES

Ozone depleting substances are widely p'r'oduc6d in industri​alized countries. CFCs are used primarily in refrigeration and air conditioning (as working fluids in compressors). foam blowing agents, solvents and aerosol propellants. Halons are largely used in fire‑fighting equipment and various specialized uses.

Global production capacity for CFC‑11 and CFC‑12 is at present about‑1,240,000 metric tons (mt). The capacities in the EEC and Japan are already capped. It no new production capacity is installed, production in Japan will soon become constrained, and production in the rest of the world outside the EEC is expected to become constrained by 1995. World production as a whole will become constrained by A.D. 2QOO.
CFC consumption in developing countries is currently esti​mated to account for approximately 12 percent of the world total (Fig. 3.1). Their consumption is projected to grow

Figures 3 .1 to 3.4 have been taken from the McKinsey report
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marked1v in the next decade particularly in the producing (‑ountries, China and India (Fig. 3.2). In most (::ases, the expected growth rate for CFC consumption far outpaces the overall rate of growth of their economies. Even so, t lie 0.3 kg. of CFC per capita limit stipulated by the Montreal Protocol for the I‑ear 2000 will not be reached in these countries.

As described in Section 6 below, technology transfer proc​esses in the developing countries generally lead to sijbstan​tial delavs in the introduction of itew technology in these, countries. Newly developed sijbstitutes for CFCs are also likely to be relatively costly initil they are widely accept​ed in the global market place (Fig. 3.3). The economics ot CFC substitution will be driven by both technological and commercial factors until.the economics of depreciation and sc'ale lead to stabilized prices. In order to minimize the costs of changeover, developing countries will have to await substantial market penetration by the new substitutes in industrial countries before they are able to accelerate their own substitution process.

At present. the stages of development differ for the variotis applications but most substitutes are expected 'to be widely available by the late 1990's (Fig. 3.4). It isay be assumed that the introduction of the new substitutes to replace CFCs for various applications in the developing countries can be effected by 2000. However, no direct substitutes for halons are expected to be available by then.

As a result of the Montreal Protocol, countries that produce CFCs are now seeking ways to phase these out from widespread use and to introduce new substitutes cap4pl*',of.similar performance. At present, the best that can be hoped foi is a reduction, rather than elimiiiation,‑in the ozone depletion potential since even the most. likely candidate stibstances for substitution are still capable of reacting with strato​spheric ozone. only not as strongly (thus earning them the term "softn).
A few of the developiny countries have production racilities for manufacture of the major CFCs and/Z)r Usei Equipment and Systems. The others are totally dependent on imports ot both the CFCs as well as the Usel Equipment and Systems. Actual phase out. opportunities and funding needs will have. therefore, to be assessed individually foi each cotintry, taking into account its economic infrastructure and specia‑1 national circumstances.
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4.0 MAJOR ASSUMPTIONS FOR CALCULATION OF COSTS OF CONVERSION TO


USE OF CFC AND ffALON SUBSTITUTES

A varietv of costs would be involved in converting the CFC using systems to use ot the new substitittes as reflected ill the linkages of the ripple effects illustrated in Figures 4.1. 4‑2 and 4.3 on manutacturing activities. on user indils​try. and on societal costs respectively.

In calculating these costs, certain specific assumptions have to be made, both because of the time schedules implied in the implementation of the ~Iontreal Protocol and ot the nature of technological or economic changes of this type. These assumptions must be made explicit and are needed for carrying out specific cost calculations along the lines described below.

One possibility is that the new sabstititte will be ot the "drop‑in" type. capable of substituting for‑ existing CFCs with no or very little modification in production facilities for user equipment. From current information, this appears to be suilikely.
In case the new substitutes are'not of the "drop‑iri" type, significant changes might be needed. both in the production of CFCs and in the User systems, rend9ring the existing CFC based equipment and systems obsolete and redundant. In this event, substantial replacement of equipment will become necessary, impacting a considerable number of economic sectors.

On the basis of current trends in research and development. a complete changeover to systems free of ozop.e depleting substances does not appear likely in the"sWort term. In view of this, the transition to the final state of achieving the ultimate objective of eliminating use of ozone depleting substances might well require several stages. These would progressively reduce the ozone depletion potential ot tech​nologies in use. possibly ending with entirely different technological solutions from those available today.

In the first. stage (covering the short and medium term), hard CFCs will presumably be replaced by "sotter" CFCs which will have lowipr (but not necessarily zero) ozone depletion potential. The latter snbstances will subsequently (as a longer‑ term, second stage) be replaced by still safer sub​stitutes or technologies as and when these become avai1abl._;‑.
In the context of the above and the current state ot tech​riology described in the previous section, certain basic fundamental. assumptions are needed to form the basis ot preparing the estimates ot costs of conversion. With these. it should be possible to project realistic and comparable Cost figures for the assistance required by each developiiiL: countries on a uniform basis.
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SOCJETAL COST OF TRANSITION
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While there appear to be no viable substitutes cur‑i‑entl\‑ ill sight to replace the halons, similar aSSURIptions and cost calculations would apply whenever such siibst.itution becomes possible.

At present, the assumptions whicli need to be made tor CFCs are as follows:

4


Tile consitmption ot CFC's will be gradually phased OLIt to



nil level by the target vear for the ‑conversion (pre​



stimably '11010) ‑
4.n
No new, additional capacity to proditce CFCs will be


41
planned for in the developing countries hereafter.

4.3
Aaiy additional demand for CFCs over and above the



existing domestic production capacity will be met



during the coming years through additional imports ot


CFCs till the changeover to substitutes takes place.

4.4
The existing manutacturing itnits prodncing CFCs and



their intermediates wi‑11 be written off and replaced by



new itnits to manutacture the substitutes. The new



units will be installed and commissioned before discon​


tinuing production of the CFCs.

4.5
The installed User Eqiiipment and Systems utilizing CFCs



will be written off and replaced by appropriate equip​



ment suitable for utilizing the new substitutes at the



time of changeover.

4.6
The incremental costs in producing. purchasing. or



using the substitutes will be compensated for during



the transition period. , a I .
4.7
The transition period during which the changeover to



substitutes will be effected is taken as 10 vears.
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5.0

A METHQUIOLOGY FOJR COMPILING COSTS OF CaNNERSION
5.1
Assuming.that the substitution ot ozone depleting substances will proceed in several stages, the additional costs incurred as a result ot this progressive conversion will have to be calculated at each stage. The additional costs to be accounted for at each stage incl"de:
a. CAPITAL COSTS JLCI
W
Costs ot establishing new production facilities tor the substitutes and their intermediates. (Q
ii)
Costs of establishing manufacturing facilities for the new User Equipment and Systems. (C21
iii)
Costs ot enhancement ot infrastructure particularly for additional power generation capacity. (CY
b.

OPERATINg COSTS 1101

i)
Incremental costs of production and marketing of the new substitutes vis‑a‑vis the corresponding CFCs. [011
0)

Incremental costs of production and marketing ot the


new User Equipment And Systems vis‑a‑vis the CFC based User


Equipment and Systems. [021

UP
Incremental costs of additional power consumed by converted User Equipment and Systems. (031

c. REPLACEMENT AND RESTORATION COSTS I[R]
W
Costs ot replacing the redundant User Equipment and Systems by new substitutes. [RI)

ii)
Costs ot establishing CFC collection and treatment systems to render the existing 'bank' harmless. [R2J
iii)
Costs of rehabilitation of mini/small businesses made redundant. (R31
d.

COSTS DURING THE TRANSITION PERIOD'JITI
i)
Incremental costs ot import ot additional CFCs/new substitutes. (T11
ii)
Costs of 'retardation' or growth ot user industries i",:i consequent losses to the national economy. [Ty

iii)

Costs or 'loss' of expo:t markets. (10
0
5.2

Annotated description ot the cost items.

Any country that introduces a programme ot substitution tor CFCs and user equipment will incur certain costs which would not have been incurred it CFC "ses had continued. These costs accrue to various segments of the economy. including manufact"rers / importers of CFCs and "ser equipment, as well as to the suppliers of these products and of mainte​nance services. In developing countries, many of the down​stream industries which are dependent for their functioning on CFCs are quite vulnerable to the availability and priciny oh the substitutes.

The costs of production/import. marketing and servicing wil"L ultimately be passed on to the consumer (ot the final product) and thus to the national economy. For this reasoL, the additional costs incurred because of the technological shifts required progressively to eliminate ozone depleting substances can be ascribed to the requirements ot the Mont​real Protocol and therefore constitutes a legitimate claim under Article 5 of the Protocol.

In the context of the assumptions in Section Vu above, the additional costs for the changeover may be compiled as follows:

5.2.L. Costs ot New Production Facilities tor CEC' Substicures [C11
a.
The investments in the existing production faciiities for CFCs and their intermediates should be depreciated to nil value by the target year.for changeover. A straight line or other suitable method of depreciation may be employed tor this purpose.

b.
The existing CFC production capacity will be replace,,​by an equivalent capacity tor production ot the uei. substitutes and the corresponding raw materials ot intermediates, e.g. anhydrous hydrotluoric acid. The investment cost ot establishing the new facilities shall be based on the assumption of new greentield site plants ot comparable capacities, and in the light or the requirements of the new technologies and shall comprise such costs as the following:

i)
knowhow and license fees including any royalties;

ii)
design/engineering services;

iii)
imported proprietary equipment and material;

iv)
imported non‑proprietary equipment and materiai;
V)
indigenously procured equipment and material;

vi)
construction/erection of the plant;

vii)
commissioning and start up ot the pianr7 Viii) training of operating personnel:

im)
labout redundancy, it any, from tue oxistiug "nits.

C.

Additional capacities to fulfill the increased demands

tor the CFC equivalent substitittes generated dUrinq Che
period of changeover will also require new investments.

The incremental costs of these investments shall be

derived as the difference between the estimated invest​

ment costs for the CFC manutact tiring units and L1111tS 01

comparable capacities for manufacture ot stibstitutes.
5.2.2

Costs of User Equipment and Systems JC21
New designs of User Equipment and Systems may be necessary to adopt usage ot the substitutes. If so, such new equip​ment and systems will have to be imported by the developing countries incurring additional costs such as the following:

a.

The countries which at present manufacture User Equip‑

ment and Systems for CFC applications, will gradually

changeover their facilities to be able to make new Uset
Equipment and Systems. They will have to import new

technologies (hardware and software) for this purpose

and discontinue existing production of the conventional

CFC User Equipment and Systems as the new technologies

become available. The costs of establishing (possibl%
several) production units for the new User Equipment

and Systems would comprise the iollowing:
j.

designs, knowbow and license fees including patent

royalties, if any.


ii.

retooling

iii. retraining of workers and staff


iv.

*lay‑offs, if an,%


b.


In the meantime, they will have to import the new User




Equipment and Systems to adopt. usage ot the new subst)​



toites. The costs of such imports will be iticurred year




by year, till local production is established.

5.2.3


Costs of Z'nfrastruccure Enhancement [C.3j
Should the energy requirements for (a) product3on ot the substitutes and (b) operation of the corresponding User Systems be higher than that required for CFC production and User Systems‑based on CFCs then additional power‑generation capacities will need to be provided to service the new units. Additional costs for such facilities will have co oe borne by the national economy for enhancing the infrastruc​tural support to this industry.

~ r,
5.2.4
Costs of Marketing of the New Substitutes jO,j
Selling price of the new substitutes will be determined by such elements as costs of raw materials, utilities, labour etc., and marketing and distribution costs. These are, however, technology specific. It appears that these costs are likelv to be higher‑ for the new subst‑itiites than the corresponding costs of eqiiivalent CFCs. It so, che new manufacturing units will have to be compensated for the incremental difference over che costs of prodticing and marketing of CFCs till 3t. reduces to nil in terms of real costs.

5.2.5 ~ 

Costs of Marketing the New User Equipment and Systems 1'02j
Because of their higher prices, new User Equipment and

Systems

whether manufactured domestically or imported

will be sold at higher‑ prices to the consumer‑. The incre​
mental cost will have to be compensated for until it dimin​

ishes to nil in terms ot real costs.

5.2.6
Costs of Additional Power Consumed (031

The additional power which will be required by User Equip​ment and Systems based on CFC substitutes will be paid for by the consumer. entailing a charge on the national economy.

5.2.7.
Cost of Replacing the Redundant User EqLl2pment and Systems [Ri.1
a.
As the imports/availability of the‑substitutes increases, the existing installed CFC User Equipment and Systems will be rendered obsolete and have to be written oft. These will have to be replaced by new User Equipment and Systems either all throtigh isports or part import and part local production as the latter becomes available. The existing installed systems will have to be replaced in toto. The cost of r‑his replacement will need to be compensated.
b.
Countri es that do not have anv fabrication or manufac. ture of User Equipment and Systems, will incur incre‑​mental costs of imports being the difference‑betueen the CFC based equipment/systems and the corresponding new equipment/systems, year by year‑, till ‑‑he change​over is completed. In addition, thev will also have to write‑off the installed CFC based Usei Equ~.pment and Systems during this peiiod and replace tlieai t),. r‑he new User Equipment arid Systems at additional cz)sts.
16

5.2.8
costs of Neutralizinq the CFC Bank [R21
Cost ot establishing CFC collection and treatment systems to destroy the CFC 'bank'. In order to ensure minimum release of CFCs to the atmosphere, it would be necessary to collect trom the existing user systems and storages the reserves held in stock and rerider them harmless. New technologies, software and hardware Would have to be provided for this purpose.

5.2.9
Costs or Rehabilitation or Minilamall Businesses [R31
Costs of rehabilitation or small business units such as engaged in aerosols production, ice candy units, ancillary industries, etc., using CFCs. Many of them way be rendered redundant and would require assistance in finding and estab​lishing new avenues of business.

5.2.10
Costs of Tmports of CFCs and Products [TlJ
a.
The demand for CFCs is on the rise in most of the


developing countries. As the CFC availability reduces


because of the decrease in their production capacities


world‑wide, their prices in the interriational market


would tend to rise. These countri.es, therefore, will


have to import their rising needs at higher prices.


The incremental unit cost of such imports year by year


should be computed on the basis ot the difference in


terms of real costs between the‑current costs and


the corresponding estimated costs in the coming years


till the target year of transition.

b.
As the availability of CFCs diminishes and thdt of their substitutes increases, the developing importing countries will increasingly adopt usage of the latter. The incremental unit costs of such imports should be computed year by year on the basis ot the difference (in terms of real costs) between the cut‑rent prices ot CFCs and the projected estimated prices of the equiva​lent.substitutes in the cot‑responding years till the differential reduces to nil.

5.2.11. Coscs on account 'of Groiwth Retardation during T‑ransitloh from CFCs to Afew Substitutes IT21.
A decision to discontinue usage of CFCs will have an inhibi​

tive impact on the rate of growth of consumer demand foi CFi,
based svstems on account of (a) uncertaintv or future avail​

abilitv of necessarv servicing tacilities along wIr‑h pros​

pects of obsolescence and (b) possibly highei cos‑,_iz of the

substitutes and corresponding
Systems. !his 'IliCI:Ll~)'
could be quite costly to the national econoiny par7 :cul,:ii 1v
t I

in terms of adversely affecting growth of primary industries and the consequent 'retardation' of their user activities, e.y. , transport of perishables, immunization programmes,'etc.
5.2.12
Costs due to Loss of Export Plarkets 11 31

For the producer countries, adherence to the Montreal Protocol will lead to changes in the relevant cost StL*LICtUre of manufacturing both CFC substitutes and User Equipment and Systems. Export markets actually developed at considerable effort will have to be rejuvenated at additional cost.

5.3
Cost calculations under different circumstances.

To calculate the costs of converting to CFC substitutes, a formula is needed for each type of country to identify the cost components which are relevant to its position with respect to CFC production today. Broadly, there are two distinct groups of countries, those that produce CFCs (and the associated User Equipment and Systems), and those that import CFCs (together with the User Equipment and Systems). There appear to be very few countries which import CFCs but produce their own equipment.

5.3.1
For CFC producer countries:

The cost incurred in changing over to CFC substitutes will cover the entire gamut ot costs:

Cost
C
C
0.1
R I
R
R I ‑ 
T
1
2‑1 C3 ‑' 01 1 02

T 2 T 3

5.3.2
For CFC importing countries:

The costs to countries which currently import CFCs and will have to progressively switch to imports of CFC substittites will be calculated on the basis ot the formula:

Cost = C3 ‑4 03 ‑1 R, , R 2 .1 T,
5.4
Earlier cost estimates

In the absence of definitive data on the likely substances which could act as commercially viable and technically acceptable substitutes for CFCs, very little meanitictul woi‑k has vet been done to estimate the costs which might accrue to a developing country as a resiilt ot the proposed ~71ianqe​over'.

The wain studies currently dvailable are the McKinsezy Re​port, the UNEP T.O. Report and the ear‑liei documenration
Id

r.:‑ep‑a:‑‑.?d
the FRand _'corpc,ratiQrj. i S..A.

RePorC
U,

01‑ ‑ T1
calcula!_‑:on does not include the othez cosl~s​Par::ic___z_r, 41.c icn‑)res che costs of aadit:.orial pot.;er
produc‑:iorn C3

03'
the_capital costs z7‑ n‑a..
produc‑:ioc.manufacturing facilities C 
alia
replacemer:,~ restorat:on and transition perioc costs, R 3nd
F,jr cLe ctazcs zuclude‑d iu clie McKinsey Reporz. it arrives az the ic‑Ilowiog figures for all developing countries:

for m,‑;.a
refrig. uses:
Cost = S150‑200M per % ear

For re'‑frigeratica uses:
Cost = S400 500M per year

5.4.2
The V%‑_‑P T.O. Report

IMe LWEEP T.O.'Report does not carry out any cost calculation but refers co the need for calculating additional power requirement.s on the basis of 5 to 8 per cent additional power %Lse ia User Equipment and Systems tk:3, %)3)‑
5.4.3
Rand Corporation Report

Tue Rand Corporation Report does not carry ot,r specific cost calculations for developing countries.

6.0 CFCs Dr DCVELOPLVG COUNTJUES
‑IL terms or usage of :FCs. the promiijent ievelopiisy Coll.‑. tries are c,_rrently in the "stimulated Lj.‑ :)wtt phasE‑"
Sectice 6‑2 below) . '‑For example, in Ind:a, .4‑‑l‑lowing S.‑ . 3.
s‑.antiz‑1 JLL. .‑estuent :.‑ CFZ productioit. anc cou,~: essoi‑ wa.‑. i ‑
facture dta,:1r3g tZle W‑‑. ‑4 P7*6,js, the annijal zr‑o;.‑_1'n rate of rAie
refriceraczz‑ and air :onditioner industr:,‑_‑!i d Jinc f:he
1'486 ‑*‑;89 ‑a=proached ‑:U%. in a conservat:ve 
T‑he
‑::_rren‑ gra‑th rates :f C‑;‑",‑‑ consumption ‑zad cf prod,4cti,:o
C‑7c Lser Fq‑_ipsent anz; Systems for India Ind
zan :.‑e
caker. :o be i‑n excess ot 21.'; percent per &:Inuz.
F=om qzverzAent. and cLmmercial data, it .1‑4 C.Iear that L.‑‑.a
mz‑jor‑‑:v of‑ :FC ;zonsLaption is In refrige‑_‑at:.3_‑‑, al‑, c‑c‑Al t:oninz arDt relazed ‑‑‑zes. The profile of end ~sace and

c_rren: grz:‑‑h rates 5 . riow‑n in Table I de‑a‑ri . c ei ‑z t‑. ‑‑r s 1

t:On :z
wnd can be T‑aken as t%‑pica‑‑ of :‑nez 'FC
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Table I : Patterns of CFC Usage in 1ndja
End Use
REP/OE

Consumption %GR %/%‑r
1.

Refrigerators
50/5o
4


Room A/C
70/30
14
20

3.

Industrial A/C
85/15
38
25

4.

Bottle Freezers
70/30
1.5
20

5.

Ice Caudy M/C
5U/50
10
8

b.

Packaged A/C
60/40
L.5
25





Iwo

7.

Aerosols, KUPS. etc
26

REP

Replacement
OE
Original Equipment

Given the low starting base of appliances currently in place, and the already complete indigenisation of production technology, these high rates ot growth are quite sustainable during the forthcoming decade. These rates of growth, taken from national commercial data, are in agreement with the

overall rate of growth of CFC consumption projected in the

McKinsey report. Many allied consumer electronics and other contemporary industries in developing countries show simi
larly high levels of growth rate.

A point of particular interest is the relatively high pro​portion ot CFCs i4sed for replacement purposes. This is probably because, unlike the situation in developed coun​tries, the compressor circuits in the appliances sold in developing countries cannot be adequately sealed. Break d;wns and leaks also result from the use of equipment whose design is inadequately adapted to local circumstances such as excessive voltage fluctuations (a cowmqn,teatute t‑Jkere power‑ is in short supply), poor maintenance practices and extreme environmental conditions. The impending disappear​ance of CFCs will lead to premature obsolescence ot a very large number of functioning appliances.

6.1

Technology Transfer Issues in Developing Countries.

The generation, absorption, development and dissemination ~)t technology iollows a broadly similar pattern of growth )n all countries, as exemplified by tile logistic or "S‑shaped" curve frequently used to describe a normal growth trajectory over time. ‑ Nevertheless, within this apparent similat'it\ there resides considerable variation among couritl'ies WiLl) respect to the relative impact of ‑introducing a new cechnol ogy or causing substantial change in existing ones.

The underlying factors which dre resporisible foi tile di f t 4~; L ences in impact fox countries at various stayes of econoinl,,
ZO
development include differences in

The relative rates ot growth during the successive phases ot the evolution ot a technalogy‑based industry

The perception of risks arid the ability of the business communitv to make investments in the face ot uncei​tainties regarding the technology

The breadth of the nation's industrial base (arid, therefore, its resilience to perturbations)

The dependence of the economy on external/international economic svstems
The flexibility and capacity of the infrastructure, particularly electrical power supply to meet the addi​tional demands placed on it

The scale and distribution of industrial operations

The access to technical information and technology

The availability of capital.

In each of these respects, a developing country economy is far more vulnerable than one which hasestablished an ad​vanced industrial base. Where all these factors exist simultaneously and in combination. as is the case in most developing countries, the economic response to an enforced technological change can be fundamentally different from that in a morle industrialized countrv.
The major difference lies i.r, the cost borne bya national economy, riot only directly because of the'pLmarv arid immediately identifiable impacts of the change, but also indirectly because of the second and higher order effects in downstream, ancillary and related sectors. Historical experience shows that the indirect costs can be real and substantial.

6.2
The Industrial Growth Pattern in a Developing Country

There are severol key technological factors that influence the pattern of industrial growth in developing countries. Industrial growth in a given sector usually follows'a gener​al pattern consisting of three phases:

1.
Generation (oi selection), adoption, adaptatioij
and absorption of new technology

2.
Stimulated growth ot industrv
3.
StabiLized gro6,;th ot jrjd,jsLL,.‑
21

Adoption, Adaptation and Absorption phase

In the initial stages following introduccion, the rate ot absorption ot a new technology is initially very limited 3n a developing country, increasing gradUally after the tirst few vears. This is so primarily because ot the existeiice ot a variety of risks associated i~ith 'Lmportirig an untamiliar innovation, a factor which is areat';v ieiriforced bv the lack of adequate supportive industrial and technical infrastruc​ture within the country. There is clear evidence from the recent experience of the electronics and consumer industries in several developing countries that the time period for absorption ot a new technology can be upto 10 years, during which the market demand builds up, quite slowly at first and then at an accelerated pace (at times from 2‑3% pei annum at startup to 20‑25% per annum at the end ot this phase).

Stimulated growth phase

The second, rapid growth, phase is characterized by a con​tinuing high rate of industrial growth. This rate of growth is sustainable because during this period, the industry utilizing the technology is able to expand and innovate indigenously, aided by incremental imports. Further, this phase is generally characterized by the installation of extra manufacturing capacity in response to sustained demand which both results in and is a consdquence of stabilized pricing. This phase can extend upto 15 years after the introduction of the technology.

Stabilization phase

The stabilization of growth phase has riot yet been experi​enced in the developing countries. as pronounced growth in manufacturing industry is a recent phenomenon. arid the demand for technical products is far from saturated. The various phases are illustrated in Fig. b.1.
6.3
Impact ot Internal Technology,Policy Changes

The growth of cechriology‑depencLent industry in deeloping countries in the stimulated growth phase is‑demonstrablNY sensitive to changes, even those imposed by internal policy interventions such as

i)
niandato~v changes ot sourcing of raw material (e.q., from imported to indigenous), .
ii)
introduction of price diffeteiLtials tavouring indige nous raw materials ovei ‑‑inpor‑s, and evei,
iii)
change of raw material suppl‑, fron. orie indigenotts souice t.o another indiae:_',DL1‑_!:
Fw. 4‑1

T A

TICH14OLOGY ADAPTATION CUIRVES
FOR DEVELOPING COUNTRY.

StabiliSation O'splacconent
(A)

slim

ated

phas*
UKM

‑AMMPTM PKASE
go YE.AAS NUMOER OFTEAMS AFTER INTRODUCTION OF TEC‑NOLOGY.
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The impact of an internal change which is cost‑effeCL]ve and in favour of indigenous technology is illustrated in Fig. b.e'_" b\‑ curve 'B'.
6.3.1
The "Hiccup" factor

The primary effect of any imposed change in technological options is manifested by temporary retardation of growth​rate, manifested in an industry‑wide "hiccup", most evident (and economically disruptive) in the stimulated growth phase. The effect of the resulting reduced growth rate is usually transitory in nature, and the growth rate is likely to recover in the subsequent period to the original level once the change in technology is demonstrated to be fully viable. During the last decade, several such hiccup effects have been experienced in developing countries, the hiccup lasting for 2 to 4 years.

6.4
Impact of External Technological Change

An externally imposed technological change, such as the CFC substitution which will result from implementation of the Montreal Protocol, involves, for a given end‑use applica. tion, all the problems of an internal change plus:

i)
higher costs,

ii)
higher energy inputs,

iii)
new maintenance problems, and

iii)
few advantages in usage.

Perhaps most important, fi‑im the viewpoint of‑businesses and

consumers, the impending change entails uncertainties which

greatly inhibit investment in additional production or

marketing capacity. Until the position and availability of

the new technology becomes clear, the industry ‑ and the

other industries dependent on it
can suffer a significant

setback in their growth.

The externally driven technology/policy change is, there​fore, usually ev6n more disruptive and pervasive than the type ot internally imposed technology or policy change described earlier. The growing restrictions on availability of CFCs combined with the uncertainties in CFC substitute performance wili inevitably lead to a relatively large hiccup (i.e., retardation of growth) in.the operations and new investment plans of CFC user industries, despite contin​ued and growing demand for CFC based retrigeration and air​conditioning equipment.
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FIG 6'l
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6.4.1
The Hiccijp Cost

The retardation ot growth ot CFC‑based User Equipment and Systems will.become evident almost immediately the impending restrictions on usage or availability of CFCs become known. The lower rate of growth. or the hiccup effect, will persist until such time as the CFC substitutes are established as cost effective, energy efficient and commonly maintainable alternatives in the market place.

The market will have no choice but to accept this lower rate of growth. This hiccup will cause further (downstream) hiccups in the user industries, notably refrigeration. The retardation of growth rate in CFC supply, arid the absence ot new investment in the user industries vill lead to substan​tial loss of revenue to the developing countries in teritis of inadequate availability of User Equipment and Systems. The direct, first order loss of revenue will be attributable directly to the lower rate ot production of CFC User Equ3p​ment and Svstems. Production losses of this type hi:ive frequently been observed to result in 5 to 10 per cent, or even greater, reduction in the growth of a consumer durable industry like refrigerators and air conditioners.

The lowered rate of growth for CFC‑dependent activities will continue for 10 years or more after the substitutes are nominally available in the market, wh~ch is currently slated for 1995, but could be as late as 1998. The growth rate is likely to recover in the subsequent period so that in the final stage when the viability of the new technology is fully demonstrated. it will approach the actual demand level. For a developing country, the hiccup effect caused by a period of technological uncertainty is real and consid​erable, as demonstrated by the commonly observed sensitivity of manufacturing industries to certain typbs'of teckinologi​cal changes. The net loss of revenue indicated by the area enclosed between curve A and curve B in Fig. 6.3 is a cost directly attributable to the process of changeover to CFC substitutes. (Cost component T21

Market scarcity or rising prices ot refrigeration, air conditioning and other CFC‑based equipment quickly impact the businesses arid activities (e.g., pharmaceuticals, iiiarine fisheries, food processing. immunisation programmes) which depend heavily on it. Hicro‑enterprises (such ds ice candy makers) whose blusiness is generally marginal but vit~ally dependent on refrigeration will in many cases become nori​viable. These indirect, consequential 'costs to the economy are.real. ascribable to the shift from CFCs, bUt difficult to measure. [Cost component R31‑
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specific uses, they will inevitably find their way into others which are riot permitted. The onlY teasible optioii available is to remove CFCs altogether, and enforce complete substitution.

7.0 Z‑NFORMATIONIDATA REQUIRED FOR PREPARING COUAfTRY CONVERSION COST ESTIMATES

In order to estimate the costs ot changeover.to each coun​try, as indicated in the earlier sections, data will have to be collected on:

a.
Techno‑economic aspects of CFC substitutes arid the new User Equipment and Systems needed to use them, and

b.

Current and projected patterns of use of CFCs.

The techno‑economic information will be genet‑ally applicable

"to all country studies, and may need only to be collected centrally, possibly by the Montreal Protocol secretariat. It will necessarily include some data of a commercially sensitive nature, but with appropriate precautions. it should be feasible to obtain reasonably accurate values for the parameters on which the final conversion cost calcula​tions will depend.

The commercial information on the patterns and trends of use of CFCs and the end‑uses which depend on them. currently and year by year for the entire period under consideration will have to be collected for each country which intends to make claims for additional transfer ot funds on account ot con​version costs incurred. . I I .
For an accurate assessment of the costs ot conversion, the following information will be needed:

7.1
Techno‑economic data regarding the behaviour, performance and economics of CFC substitutes and new User Equipment and Systems (applicable with minor adjustments, to all coun​tries):

1.

Description ot the technology hardware and software for‑

manufacture of the CFC substitutes, along with an

assessment of the technological implications of ics
adoption vis‑a‑vis the existing CFC production systems.

This will include information on the riar‑ure arid uiagn,.
tude of the utilities, raw materials, catalysts, etc.,

consumed in the new process.

2H
In particular, data will be needed on the estimated costs of the production facilities for CFC substitutes, including:

a.

Knowhow and licence fees

b.
Imported proprietary and non‑proprietary equipment and materials

C.
Other plant and equipment including ancillaries and utilities

2.
Techno‑commercial data on the CFC substitittes, including:

a.
Physico‑chemical characteristics of the new sub​stitutes, along with their performance data as refrigerants, solvents, foam blowing agents and propellants.

b.
Projection of estimated prices of the new substi​tutes, year by year, till the target year of their complete changeover.

3.
Description of the new User Equipment and Systems and the design changes required for using the new substi​tutes, along with estimated costs, year by year, till the target date of changeover of the following:

a.
Capital costs of substitute User Equipment and' Systems of different capacities, vis‑a‑vis simildi. CFC systems.

b.
Design‑, knowhow and licence fees for establishinq manufacture of new‑User Equipment and Systems.

4.
Realistic estimates, for each end user application, of the additional operating costs for the new User Equip​ment and Systems, including particularly:

a.
Power efficiencies for each CFC substitute, and

b.
New consumables and other input requirements.

5.
Techno‑economi‑c information on the collection and destruction of existing CFCs.
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7.2
Country specific commercial data on the use patLei‑ns foi CFCs.

I
Projection of estimated consumption/demand patter'n ot CFCs. year by year, along with their, respective prices till the target year of their‑ phase out.

2.
Estimates of currently installed User‑ Equipment and Systems in the country by capacities and sizes (based on CFC usage) along with their installed costs and their age.

3.
Projected rate ot increase of installation of riew User Equipment and Systems, year by year. by capacities and sizes based on CFC usage till the year of changeover.

4.
Installed cost of the existing CFC producing unit in the country along with the year of their start‑tips and their rated capacities.

5.
Magnitude of the existing batik of CFCs in the national economy (e.g. in air conditioners, refrigerators, etc.).

6.
Information on the impact of CFC substitution on mitti​businesses, loss of employment. etc.

7.3 The Minimum Data Requirements:

It should be noted that preliminary empirical studies appear to indicate that while the direct cost of changeover to substitution may be small. and desirable from the literature (e.g. Mckinsey report) some of the indirept ‑opt~s could be relatively high and will need some basic technical and country‑specific commercial data. At a minimum, the follow​ing information will be required:

1.
Current patterns of installations of CFC using Equip​ment and User Systems and their growth rates in the country for the period L990 to 2000.

2.
Capital and operating costs for manufacture ot CFC substitutes and related uses.

3.

Projected costs of CFC substitutes.

4.
Additional power requirements for the new User Equip​ment and Systems.



