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EXECUTIVE SUMMARY 

OVERVIEW 

I. By signing the Montreal Protocol on Substances that Deplete the Orone Layer, more than 
130 of the world's nations have agreed to phaseout the consumption and, production of ozone 
depleting substances, A key feature of the Protocol is that it includes separate phaseout schedules 
for two different types of countries. Developed countries are to complete their phaseout of the most 
significant ozone depleting chemicals by 1996. Special status under Article 5 of the Protocol has been 
accorded to 91 developing countries, which currently have until 2010 to complete their phaseout. 

2. At their Second Meeting, the Parties to the Protocol called for a review of the situation of 
Article 5 countries. The Sub-Committee for the Report under Paragraph 8 of Article 5 of the 
Montreal Protocol was subsequently established and this study was initiate41. As described in the 
Terms of Reference and refined during two meetings between the Stucly Team and the Sub­
Committee, the fundamental purpose of the study is to assess the feasibility of alternative phaseout 
schedules for Article 5 countries, taking into account impediments to and incentives for technology 
transfer as well as the implementation of the financial mechanism. 

3. A total of eleven phaseout schedules are analyzed in this study. Ten of the scenarios differ 
in terms of five key parameters discussed below. An eleventh scenario investigates the fastest 
economically feasible phaseout in Article 5 countries. The five parameters that collectively define 
the scenarios can be summarized as follows: 

• London or Copenhagen Amendments: The London Amendments required that 
CFCs, halons, and carbon tetrachloride be phased out by 2000 and that methyl 
chloroform be phased out by 2005. The Copenhagen Amendments accelerated the.~e 
dates to 1994 for halons and to 1996 for the remaining chemicals. 

• Grace Period: Scenarios differ in terms of whether they provide Article 5 countries 
with a ten year grace period to comply with phaseout schedules. 

• Servicing Tail for Existing Equipment: In certain scenarios~ continued consumption 
of new ODS is allowed after the phaseout date to service existing refrigeration and 
air conditioning equipment. Such a tail eliminates the need ifor expensive retrofits or 
early retirement controls. 

• Accelerated Servicing Tail for Existing Equipment: In thel 2006 and 2010 phaseout 
scenarios. Article 5 countries are assumed to phase out ODS use in new refrigeration 
and air conditioning equipment in 1999 rather than in the final year of the phaseout. 
Consumption of ODS for servicing this equipment is then allowed after the phaseout 
date. This is in contrast to the tail scenario described above which allows continued 
use of ODS in new refrigeration and air conditioning equipment up until the phaseout 
date. 

• Duration of Fund Reimbursed Operating Costs: Scerjarios vary depending on 
whether the Multilateral Fund is assumed to reimburse iocremental operating costs 
for either two or four years. 
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4_ Using these parameters, a total of ten different phaseout scenarios are defined. Another 
scenario was also analyzed that assumed cost-effective reductions would be implemented as soon as 
possible and included a tail to service existing ODS-containing equipment. In this scenario, the 
Multilateral Fund was assumed to reimburse operating costs for two years. Exhibit ES-1 summarizes. 
the features of these scenarios based on the various parameters described above while Chapter 2 
describes them in more detail. In order to evaluate these scenarios, the Study Team developed a 
three-part approach to the project that included an extensive data collection effort, a structured 
policy and institutional analysis, and a model simulation component. 

DATA COLLECTION 

5. The Study Team visited eight Article 5 countries and interviewed over 170 individuals in­
country to collect data required for the study. The purpose of the country visits was to develop a 
concise understanding of the situation in the countries regarding the phaseout of ODS and the 
penetration of non-ODS and low-ODS technologies. The country visits involved three to five days 
of interviews with government officials, staff of the ozone protection unit (OPU) or its equivalent, 
industry representatives, chemical distributors, ODS producers (if they exist in the country), and trade 
associations representing enterprises that use ODS, among others. These in-country interviews, as 
well as all other interviews conducted for the study, were conducted on a not-for-attribution basis_ 

6. Another component of the data collection effort involved use of a questionnaire to solicit 
information from additional Article 5 countries. Thirteen of fifteen countries responded to the 
questionnaire, which focused on the status of Country Program preparation; confirmation of target 
phaseout dates; feasibility of meeting various phaseout schedules; reductions in ODS use; and factors 
impeding or facilitating ODS phaseouL 

7. The Study Team also reviewed materials provided by the Multilateral Fund Secretariat, 
including copies of 40 Country Programmes ( CPS) and over 60 project proposals. Extensive data 
were extracted from the CPs, including the plans and policies of Article 5 countries, current and 
projected consumption and production of ODS, and estimated costs of ODS phaseout. The Ozone 
Secretariat in Nairobi also provided the Study Team with both production and consumption data for 
Article 5 countries, although it should he noted that these data were unavailable for a large number 
of countries. In addition, staff from the four Implementing Agencies of the Multilateral Fund (i.e., 
the World Bank, the United Nations Environment Programme, the United Nations Development 
Programme, and the United Nations Industrial Development Organization) were interviewed by 
members of the Study Team to obtain their insights and perspectives on the impediments to and 
incentives for technology transfer to Article 5 countries. They were also asked about the feasibility 
of various phaseout schedules, as well as the progress of phaseout efforts to date and the 
implementation activities of the IAs. 

8. The Terms of Reference (TOR) of the study directed the Team to incorporate input from 
UNEP's Technical and Economic Assessment Panel (TEAP) in the study. Upon consulting the Co­
Chair, however, the Team was informed that information from TEAP's current technical reviews were 
unavailable because the assessments are being updated. The Team followed the Co-Chair's advice 
to consult existing TEAP documents for data on feasibility, cost, and performance of alternatives. 
Members of the Study Team met with the Co-Chair of the Scientific Assessment Panel to obtain his 
input on the Team's approach for analyzing the impact of alternative phaseout schedule on the 
atmosphere. The Co-Chair also made suggestions regarding interpretation and presentation of 
results. 
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EXHIBIT ES•l: DEFINITION OF PHASEOUT SCENARIOS 

Scenarios London Copenhagen Ten Year Two Years Four Years 
Amendments Amendments Grace Awelerated Operating Operating 
for Article 2 for Article 2 Period Tail Tail Cost Cost 

2000 Phaseout ✓ ✓ 

2010 Phaseout ✓ ✓ ✓ 

2010 Phaseout w/ Tail ✓ ✓ ✓ ✓ 

1996 Phaseout ✓ ✓ 

2006 Phaseout ✓ ✓ ✓ 

2006 Phaseout w/ Tail ✓ ✓ ✓ ✓ 

Fast as Cost-Effectively Possible See Text 

2010 Phaseout w/ Accelerated Tail ✓ ✓ ✓ ✓ 

2006 Phaseout w/ Accelerated Tail ✓ ✓ ✓ ✓ 

2000 Phaseout w/ 4 Years Reimbursement ✓ ✓ 

2010 Phaseout w/ 4 Years Reimbursement ✓ ✓ ✓ 
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9. Representatives from a number of countries on the Executive Committee were interviewed 
to solicit their thoughts on the impediments to and incentives for technology transfer in Article 5 
countries. Representatives from three donor countries were interviewed, as well as five 
representatives from Article 5 countries. The Study Team also solicited a variety of information from 
chemical and technology producers for use in both the model simulation and the policy and 
institutional analysis. 

10. The Study Team interviewed a representative of the Centre for Science and Environment 
from Delhi, India about the rate of technology transfer to Article 5 countries and the possibilities for 
ODS phaseout. A representative of Greenpeace USA was also interviewed by the Study Team; he 
offered insights on the performance of IAs, the need to consider a broad range of not-in-kind 
alternatives, and policies regarding reimbursement of incremental costs. In addition, information was 
solicited from the Ozone Campaign Director for Friends of the Earth USA The Study Team's 
approach to data collection is described in detail in Section 3.2 and a descriptive overview of the 
collected data is provided in Chapter 4. 

POLICY AND INSTITUTIONAL ANALYSIS 

J 1. The second element of the Study Team's approach entailed compilation of the collected data 
and its analysis during a week-long policy workshop. This workshop was attended by ten members 
of the Study Team who employed a structured analytical framework lo identify, organize, and refine 
a series of qualitative policy and institutional issues that affect the phaseout of ODS in developing 
countries. 

12. The workshop participants began by considering each of the nine specific topic areas in the 
Terms of Reference in light of the data collected for the Study. The Team reached decisions on how 
to address each TOR item. The Team also discussed the feedback obtained from various Article 5 
countries regarding the feasibility of the phaseout schedules being examined in this study. 

13. The Study Team then moved on to generate an expansive list of policy and institutional issues 
affecting the phaseout in Article 5 countries. In doing so, the Study Team first approached the 
technology transfer process from the point of view of an ODS-using enterprise. As shown graphically 
in Exhibit ES-2, the Study Team identified the key actors and principal resource flows among them. 

14. Second, the Study Team identified the steps in the process of transferring technology to an 
enterprise in an Article 5 country. Some of the steps in the process pertain only to an enterprise 
with a Fund-financed project, while other steps apply both to Fund-financed projects and projects 
taking place outside the Fund. The 12 steps identified by the Study Team are presented in Exhibit 
ES-3. The steps have been grouped into four logical summary stages to facilitate their presentation. 

15. Third, the Study Team developed a matrix of key actors and steps involved in the technology 
transfer process, presented in Exhibit ES-4. The Study Team used the matrix to determine in which 
steps each key actor played a significant role and noted the result with a cheek mark in the matrix. 
The rationale behind this approach is that presence of impediments and/or incentives at these key 
steps could have a significant effect on technology transfer and hence on the feasibility of alternative 
phaseout scenarios. Once the matrix was filled in, workshop participants organized and developed 
the policy and institutional issues identified through the data collection that correspond to the 
significant cells in the matrix. A detailed description of the policy and institutional analysis is 
presented in Section 3.3 while results are provided in Chapter 5 of the report. 
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Exhibit ES-3 

Summary Stages and Twelve Steps in the Technology Transfer Process 

■ An ODS-consuming enterprise decides to switch to non-ODS technologies: 

I. Enterprise becomes aware that a key input to its production process is 
disappearing 

2. Enterprise is motivated to act 

■ Non-ODS technologies are evaluated and specific options are selected: 

3. Enterprise identifies non-ODS technologies 

4. Enterprise evaluates non-ODS technologies 

5. Enterprise selects non-ODS technology 

■ A project is designed and financing is obtained: 

6. Project proposal is prepared 

7. Project receives final approval from Implementing Agency 

8. Project receives final approval from Executive Committee 

9. Funds are disbursed for the project 

■ The new technology is acquired, installed, and used: 

10. Terms of technology acquisition are negotiated 

11. Non-ODS technology is delivered and installed on the •shop floor• 

12. Non-ODS technology is used on the "shop floor" 
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Exhibit ES-4 
Framework for Organizing the Discussion on Policy and Institutional Issues 

D Decision to Switch Sele<:Hon of Technology Projed Design AcquisUion, Installation, and Use or 
Non-ODS Technnlogy 

Step/ Become Be Identify Evaluate Select Prepare Receive Receive Transfer Acquire Install Use 

Actor Aware of Motivated Techno- Techno- Techno~ Project IA ExCom Funds Techno• Techno- Techno-

Situation to Act logy logy logy Proposal Approval Approval logy logy logy 

Donor 
Countries ✓ ✓ ✓ ✓ 

Vendors of 
Nternatives ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Executive 
Committee ✓ ✓ ✓ . 
Secretariat ✓ ✓ ✓ 

!As ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Article 5 
Govern- ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

ments 

F!Ms ✓ ✓ ✓ ✓ ✓ 

Article 5 
Enterprises ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ,/ 

NGOs ✓ ✓ ✓ 

✓ Actor plays a key rote in this step or technology transfer. 
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SIMULATION OF FINANCIAL, ECONOMIC, AND ENVIRONMENTAL IMPACTS 

16. The third and final element of the Study Team's approach was the development and use of 
a modeling tool to assess the financial, economic, and environmental impacts of alternative phaseout 
schedules. Sections 3.4, 3.5, and 3.6 summarize the simulation methodology in detail while Chapter 
6 presents the results. 

Model Outputs 

17. The first two key outputs of the model for each phaseout scenario are the real resource costs 
and the costs borne by the Multilateral Fund. Real resource costs measure the increase in resources 
that will be expended by Article 5 countries in complying with the requirements of an ODS phaseout. 
Real resource costs can take the following forms: capital costs (i.e., cost of purchasing new 
equipment to replace ODS-containing equipment), one-time costs (i.e., product reformulations or 
industry retooling), and operating costs (i.e., chemical, labor, energy, material, and all other recurrent 
costs). Fund Costs are a measure of expected financial demand on the Multilateral Fund from 
projects eligible for reimbursement. The cost components included in the Fund costs were those 
specified in the document entitled "Indicative List of Incremental Costs• prepared by the Executive 
Committee of the Multilateral Fund. Both real resource costs and Fund cost are calculated at 
discount rates of ten, five, and zero per cent. Ten per cent is assumed to be a measure of the real 
cost of capital in Article 5 countries while a zero per cent rate allows consideration of nominal 
dollars. The five per cent rate is included as a sensitivity. 

18. The third key model output for each scenario is annual projected consumption of ODS, which 
is simulated by the model each year until the phaseout is complete across all Article 5 countries. 
Estimates of annual ODS use are divided by chemical class (i.e., CFCs, MCF, carbon tetrachloride. 
and halons) and by the quantity of chemical used in new equipment and the quantity used to service 
existing equipment. For tail scenarios, the model also reports the quantity of ODS required each year 
after the phaseout date to service existing equipment (and thereby avoid costly retrofits or early 
retirements). 

19. The final key model output is the adjusted stratospheric chlorine loadings estimated for each 
scenario. Given that the presence of chlorine and bromine in the stratosphere are considered to be 
the primary causes of ozone depletion, and that ODS compounds are the primary source of chlorine 
and/or bromine reaching the stratosphere, the impact of each scenario on adjusted stratospheric 
chlorine levels is a good indication of its potential harm to the ozone layer. 

Model Inputs 

20. The first important model input is an estimate of the total baseline ODS use in Article 5 
countries for 1993 and the expected growth of this use in the absence of controls. The use estimate 
was developed based on a four step procedure. First, 40 Country Programmes approved by the 
Executive Committee were reviewed and key information on ODS use was extracted. Second, ODS 
use data reported by Article 5 countries to UNEP under the terms of the Protocol were obtained and 
incorporated in the analysis. Third, if a Country Programme had not been prepared for a given 
country, and that country bad not reported its ODS use to UNEP, then total ODS use was estimated 
using a regression analysis correlating ODS use in Article 5 countries with Gross Domestic Product 
and population. Fourth, total ◊DP-weighted use in each Article 5 country was divided into the 
following six broad sector categories: refrigeration and air conditioning, foams, halons, solvent 
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cleaning, aerosols, and miscellaneous uses (sterilization and tobacco expansion). Total ODP weighted 
ODS use in 1993 for all Article 5 countries was estimated to be 235,000 tonnes and this use was 
assumed to grow at a rate of 8,9 per cent per year until the base year for reduction was reached when 
growth was frozen. 

21. Baseline ODS use was then further subdivided into 33 segments to r~flect specific end-uses 
within sector (e.g., flexible foams versus packaging foams), to allocate total ODS use between the 
formal and informal sectors, and to identify ODS use which would be phased out on accelerated basis 
because of multinational ownership or export orientation. In conducting this further division of ODS 
use, the Study Team felt it was critical to map groups of Article 5 countries with similar characteristics 
and did so based on Gross Domestic Product (GDP). This variable was sele¢ted because it was felt 
that countries with low GDP would tend to have their ODS use concentrated in refrigeration end 
uses, would be more likely to have a large informal sector, and would be iunlikely to implement 
controls in an accelerated fashion. Countries with a high GDP, on the other :band, were assumed to 
have a more industrialized economy that would employ ODS in all the major; end use sectors, would 
have a large proportion of formal industries, and would be more likely to implement controls in an 
accelerated fashion. 

22. To group Article 5 countries, a graph was prepared plotting each Article 5 country for which 
a Country Programme had been prepared according to its GDP and total ops use. The result was 
that most countries clustered into one of three groups according to of GDP.i It was found that four 
countries did not fall into any of these three clusters -- Brazil, China, India, and Mexico. These 
countries were then each treated separately because they represent such a large portion of global use 
and because detailed information on ODS use in each was available from the Study Team's country 
visits. For each of the three groups and the four specific countries, the Stllldy Team then mapped 
the use into the 33 segments. 

23. The second major input to the simulation is a series of "model" proj~ts. For each of the 33 
use segments defined above, model projects were developed that characterized the control 
technologies available to eliminate this ODS use in that segment. For example, in the formal 
commercial refrigeration segment assumed to pursue an accelerated phaseo1,1t, three model projects 
were defined, including HCFC-22, HFC-134a, and HFC blends. A total of 98 model projects 
inclusive of retrofit and recycling controls were developed as part of this analysis. Model projects 
were characterized in terms of capital and operating cost; ODS use avoided each year; date of earliest 
availability; the time required to reach maximum market penetration; and maximum estimated market 
penetration, which is defined as the maximum fraction of the total ODS use/ in a given segment that 
can be replaced by a project. (The market penetrations across all projects in a given use segment 
always sum to 100 per cent.) 

24. The model projects were developed and parameterized based on a review of the array of 
investment projects approved by the Executive Committee of the Multilateral Fund to-date, the 
control technologies identified as likely lo be used in the eight Article 5 courjtries visited by the Study 
Team, information on control technologies contained in the 13 responses to the fax questionnaires, 
data from the various TEAP reports, and the professional judgement of the Study Team. 
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Model Operation 

25. The model begins with the estimated baseline ODS use in the 33 segments across all Article 
5 countries in the absence of controls. It then calculates the total reduction in ODS use that must 
be achieved each year to comply with the phaseout targets specified in a given scenario. This is 
simply the difference between unconstrained use and the total use allowed under the scenario. Next, 
the model simulates the implementation of the model projects in segments expected to pursue an 
accelerated phaseout and estimates the total reductions achieved by these projects. The model then 
determines the remaining reductions in total weighted ODP use required to meet the target. To 
achieve these additional reductions, the model determines the sequence of target driven model 
projects that must be implemented by implementing model projects in order of decreasing cost­
effectiveness use. The cost-effectiveness of each project is measured using the real resource unit 
abatement cost (i.e., the real resource cost divided by the ODS use avoided). 

26. Once the model has determined the sequence of model projects that must be implemented 
over time to achieve the targets, it calculates the Fund and real resource costs. Real resource costs 
are equal to the discounted sum of all project capital costs and chemical and operating costs 
throughout the economic life of the projects assuming baseline chemical prices. Fund costs are 
calculated only for projects with net incremental costs, meaning that projects with aggregate savings 
are not considered eligible for Fund support. For those projects which are supported, Fund costs are 
equal to the discounted sum of all project capital costs, chemical costs, and operating costs for the 
specified duration of operating costs assuming rising chemical prices. Furthermore, Fund grants are 
reduced to retlect the fraction of foreign ownership. 

27. When evaluating results generated by the model, it is important to keep some key limitations 
in mind. First, the modeling framework tracks ODS use and implements projects on a global basis. 
It is thus not possible to make fim, inferences about the capability of any individual or group of 
countries to achieve a particular phaseout date. Second, model project costs were based for the most 
part of projects approved by the Executive Committee. This may bias cost estimates upward, since 
by definition, inherently cost effective projects, which would lower the average cost, would not be 
presented to the Fund. Third, the estimation of ODS prices is an extremely difficult analytic 
undertaking. A very simplified approach was used in the Study. For a complete review of the model 
limitations and their implications, please refer to Section 3.4. 

28. The Study Team also devised a relatively simple approach to estimating the likely demands 
on the Multilateral Fund associated with addressing ODS production. The Team compiled a profile 
of ODS production plants in Article 5 countries, developed a method for calculating conversion costs 
based on chemical prices, and applied the method to the profile to compute global costs. Two 
different assumptions about the global quantity of production capacity to be addressed and six 
approaches for computing grants from the Multilateral Fund were combined to yield twelve different 
estimates. Substantial uncertainty exists about production phaseout costs; results must be evaluated 
in the context of the limitations described in Section 3.5. 

29. The non-investment costs incurred by the Fund for support of the Implementing Agencies, 
institutional strengthening, the clearinghouse function, and the operation of the Secretariat and the 
Executive Committee were also estimated and added to the sum of the ODS use and production 
phaseout costs. 
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30. Finally, based on the ODS use estimates developed for each scenario, the impacts of emitting 
tilis ODS consumed on stratospheric chlorine were calculated using the Atmospheric Stabilization 
Framework. Changes in stratospheric chlorine are reported as changes in cumulative chlorine over 
the period 1993 to 2030. 

SCOPE OF STUDY 

Boundaries of the Analysis 
I 

3 L There were several topic areas deemed outside the scope of the study, Each of these issues 
has been discussed with and agreed to by the Sub-Committee for the Report; 

• First, the study is not an evaluation of operation or policies of the Montreal Protocol 
Multilateral Fund, its financial mechanisms, or the Implementing Agencies. 

• Second, the study does not make any recommendations aboul the various phaseout 
schedules, though it does note certain cases where a particulait scenario is infeasible. 

• Third, no analysis or summary information is presented on a 1country-specific basis. 
Nor are any cost estimates developed for individual enterprises. All data and 
conclusions are presented as applicable to the global col)lmunity of Article 5 
countries. 

I 
• Fourth, due to analytic complexity, tight schedules, and resource limitations, certain 

topics have been addressed in a simplified fashion. Examplli:s include ODS prices 
which have not been rigorously forecast and production ph~seout costs which are 
estimated in a summary manner. 

32. Finally, it must be noted that the study does not directly incorpora¢ the reviews that are 
currently being conducted by the Technical and Economic Assessment Panel, its Technical Options 
Committees, or the Scientific Assessment Panel. While the Co-Chairs of both Panels were 
interviewed, neither was able to offer any information from the current, Olljgoing reviews because 
these deliberations are not yet complete and definitive conclusions have not been reached. Final 
reports are expected to be issued publicly later this year. 

Treatment of HCFCs 

33. In addition to the four groups of chemical substances that are the primary focus of the study 
(i.e., CFCs, halons, MCF, and CTC), there are other chemicals with th¢ potential to deplete 
stratospheric ozone. HCFCs can deplete ozone, as can methyl bromide. All agreed with the Sub­
Committee for the Report, this Study does not directly address the phaseout of HCFCs and methyl 
bromide, although it does provide an overview of the status of substitutes. 1 

34. The Study Team contacted the Technical and Economic Assessment Panel (TEAP) to 
determine what the TEAP plans to propose as an HCFC phaseout schedule and to learn more about 
possible substitutes for HCFCs. Explaining that the TEAP's deliberations ~re still in process, the 
Co-Chair of the TEAP was unable to share any information from the current review with the Study 
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Team. The Co-Chair wrote to the Team and provided a summary of the situation with respect to 
HCFCs. 

35. The TEAP believes that HCFCs are important to the phaseout of CFCs and the selection of 
alternatives involves balancing the need to effect an early transition from CFCs with the need to 
ensure that HCFCs are nol encouraged where other more environmentally appropriate technologies 
exist. HCFCs are considered by the TEAP to be technically and economically necessary for the 
transition in several uses, including the majority of refrigeration and air conditioning applications, 
manufacturing of insulating foams, selected and limited solvent applications, and certain fire 
protection applications where space constraints exist. The TEAP believes that other more 
environmentally acceptable alternatives to HCFCs are available in the following applications: most 
fire fighting applications. non-insulating foams, the majority of solvent applications, as an alternative 
to MCF, aerosols, sterilization, and solar tracking systems. 

Treatment of Methyl Bromide 

36. Methyl bromide is used throughout the world as a fumigant to control a variety of nematode, 
disease, weed, and insect pests for soils, commodities, and structures. The Study Team's approach 
to assessing the rhaseout of methyl bromide was similar to that used for HCFCs. A:; with HCFCs, 
the TEAP Co-Chair was unable to ,,tfer any materials or information from the current review being 
conducted by the Methyl Bromide Technical Options Committee, but did provide a summary of the 
status of substitutes for methyl bromide. The TEAP believes that while there is no single alternative 
for the broad spectrum of applications for which methyl bromide is currently used, there are 
substitute chemicals and alternative procedures available for specific applications that could lead to 
reduced anthropogenic methyl bromide emissions to the atmosphere. More specifically: 

• For soil fumigation applications, methyl bromide use may be decreased by changes in 
application practices, combining methyl bromide with other pesticides, utilizing 
chemical substitutes, implementing non-chemical pest control practices, use of tarping 
procedures, and new farming systems. Other techniques such as flooding, soil 
solarization, biological control, and cultural management may help to reduce the use 
of methyl bromide for certain applications. 

• Quarantine regulations often require 100 per cent control effectiveness for commodity 
treatments. These uses rely on methyl bromide and there are no foreseeable 
alternatives. The use of gas tight structures, recycling, and volume displacement 
techniques may be technically feasible and may reduce emissions. Major alternatives 
for non-quarantine treatment alternatives include phosphine, irradiation, biological 
control, atmosphere modification, and hot and cold procedures. 

• There are technically and economically feasible alternatives to specific structural 
applications. In some countries there are limited alternatives for certain applications 
such as food processing, warehouses, aircraft, and historic buildings. Volume 
displacement technologies for structural fumigation are available in some markets. 

• Across all methyl bromide uses, certain technolo~ies (i.e., containment and recovery) 
can decrease the rate of leakage to the atmosph .:, but these are only in limited use 
worldwide. Good containment is a prerequisitt ,1r efficient recovery. The overall 
scope of recovery is likely to be low and impractical in most situations. 
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RESULTS OF THE STUDY 

37. The fundamental purp<.1se of this study was to assess the feasibility of alternative phaseout 
schedules for Article 5 countries. The Study Team examined seven such scenarios, as presented in 
Chapter 2, from a variety of technological, institutional, and policy perspectives. In addition, the 
Study Team considered variations of several of those scenarios. This section reports the major 
conclusions of this assessment. (Note that all costs in this chapter are presented on a discounted 
basis using a 10 per cent discount rate.) 

38. At the outset, it is important to consider that, in the context of the current Protocol with its 
single phaseout schedule for all Article 5 countries, the feasibility of any scenario is determined not 
by the prospects for phaseout in countries that will act first, but rather by the situation in those 
countries that will phase out last. 

39. Phaseout by 1996. The Study Teams concluded that global phaseout by 1996 is not feasible. 
None of the CPs target such a phaseout and every country that provided feedback for this study 
stated that it could not meet a 1996 phaseout target. For this phaseout date to be met, tens to 
hundreds of field level projects would have to be implemented in approximately ninety countries 
within the next sixteen months. Article 5 governments, ODS-consuming enterprises, and technology 
suppliers do not have the capacity to complete a global transition within this time frame. Only four 
per cent of the Multilateral Fund-supported investment projects initiated to date have been 
completed and market forces and Article 5 government actions cannot be expei;ted to change enough 
to drive an immediate ODS phaseout. The quantitative modeling results support this assessment by 
showing that targets for 1996 phaseout could not be met. 

40. Phaseout by 2000. Global phaseout by 2000 would be extremely diffif:ult, if not impossible. 
Although more than twenty Article 5 countries anticipate in their CPs that they can phase out by 
2000, the remainder either specify later dates in their CPs or have yet to even finalize a CP with firm 
targets. Additionally, the time required for alternative technologies to compl~tely penetrate certain 
informal sectors is six to seven years, effectively ruling out the 2000 target d♦te. Furthermore, the 
capacities of implementing agencies, Article 5 governments and enterprises, add technology suppliers 
would be severely tested by this phaseout date. Many Article 5 governments, (¢Jr example, have spent 
several years constructing policy frameworks based on targets well after 2000. Changing these targets 
would require immediate and definitive action by a large number of Article $ countries, along with 
determined efforts to lead their industries through a very accelerated phaseout. If a 2000 phaseout 
is politically and institutionally possible, the quantitative modeling results sh<>w total Fund costs of 
US $6. 7 billion and real resource costs of US $7.9 billion. • 

41. Phaseout by 2006. The Study Team concluded that a 2006 phaseout ill feasible depending on 
how a significant number of policy and institutional constraints are dealt with, Approximately thirty 
CPs, or 75 per cent of those submitted to date, indicate the country's intention to eliminate ODS use 
near 2006. It is important to point out, however, that some of the higher ODS-consuming countries 
have some of the latest phaseout dates. The number of years until 2006 also is sufficient to allow 
for complete penetration of alternative technologies in all sectors. The prima~ constraint, therefore, 
is whether the government, the Multilateral Fund, and the private sector in ~ach Article 5 country 
can implement phaseout plans by 2006 that are based on the specific factors that drive local ODS 
consumption. As Chapter 5 highlights, these factors vary considerably between countries due to 
economic, technological, political, and cultural diversity. While it may be possible to group most 
Article 5 countries into three or four sub-categories, based on their gross domestic product and 
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generalized ODS consumption and technology patterns, achieving a 2006 phaseout would probably 
still require distinct and deliberate actions to address the specific factors that affect each of these sub­
groups, The feasibility of the 2006 and earlier phaseout scenarios also depends, of course, on the 
time it takes the parties to the Montreal Protocol to agree to the revised date. The quantitative 
modeling estimates total Fund costs of US $897 million and real resource costs of US $2 billion for 
this scenario. 

42. Phaseout by 2006 with a Servicing TaiL The only difference between this and the previous 
scenario, 2006 without a servicing tail, is that the servicing tail avoids the need for a significant 
ponion of equipment retrofits, effectively lowering costs but delaying the actual ODS phaseout by 
approximately 10 years, to 2016. A number of countries that provided feedback on the issue stated 
that they could meet this phaseout date. For this scenario, Fund costs are estimated at US $545 
million and real resource costs at US $ 1.4 billion. 

43, Phaseout hy 2010. This scenario is feasible. All forty countries wuh CPs expect to phase out 
by this date, and the technology, policy and institutional constraints described above are less binding, 
though still important The interplay of specific factors affecting phaseout in each individual country 
would still need to be addressed. For this scenario, the model estimates total Fund costs of US $909 
million and real resource costs of US $1.9 billion. 

44, Phaseout by 2010 with a Servicing Tail. A servicing tail under the 2010 phaseout scenario 
would eliminate all need for equipment retrofits, thereby lowering the costs of the phaseout and 
delaying ultimate phaseout to 2016. As such, costs of this phaseout are estimaied at US $584 million 
for Fund costs and US $ L2 billion for real resource costs. 

45. Phaseout as Fast as Cost-Effectively Possible. The Study Team estimated the fastest possible 
phaseout, subject to a cost effectiveness constraint that equipment retrofits would never be required. 
Under this scenario, new ODS using equipment need not be installed anywhere as of 2002, Based 
on the modeling results, virgin production of ODS can then be halted in 2011, with demand for ODS 
in existing equipment met through the year 2019 by recycling. This phaseout scenario produces total 
Fund costs of US $667 million and real resource costs of about US $2 billion. 

46, Variations on these scenarios. In the quantitative modeling exercise the Study Team 
conducted sensitivity analyses regarding accelerated servicing tails and the duration of operating costs 
lD be covered by the Multilateral Fund. An accelerated servicing tail indicates that ODS produced 
for the servicing tail could only be used for equipment manufactured prior to 1999. The results of 
these analyses are that an accelerated tail increases the speed of phaseout only in certain parts of the 
refrigeration sector and also increases the costs of the phaseout slightly. For the 2006 target date 
the accelerated phaseout costs projected in the quantitative model are US $704 million for Fund costs 
and US S LB billion for real resource costs_ A 2010 phaseout with accelerated tail yields estimated 
Fund costs of US $787 million and real resource costs of US $1.7 billion. The impact of a variation 
in the duration of operating costs to be covered by the Multilateral Fund depends on the scenario 
being evaluated, For a 2000 phaseout, the Fund cost associated with reimbursihg 4 years of operating 
cost instead of two years is about US $44 million less, while for the 2010 target, the difference is 
about US $8 million more, 

47. In summary, the earliest feasible phaseout date among those considered is 2006. Servicing 
tails lower costs by avoiding the need for equipment retrofit.~ but do not affect the ultimate feasibility 
of any target date. 



1.1 OVERVIEW 

CHAPTER l 

INTRODUCTION 

48. By signing the Montreal Protocol on Substances that Deplete the Omne Layer, more than 
130 of the world's nations have agreed to phaseout the consumption and' production of ozone 
depleting substances. A key feature of the Protocol is that it includes separate phaseout schedules 
for two different types of countries. Developed countries are to complete their phaseout of the most 
significant ozone depleting chemicals by 1996. Special status under Article 5 of the Protocol has been 
accorded to 91 developing countries, which currently have until 2010 to complete their phaseout. 

49. At their Second Meeting, the Parties to the Protocol called for a review of the situation of 
Article 5 countries. The review is to assess the implementation of fina~cial cooperation and 
technology transfer to such countries, as well as possible revisions of the applicable phaseout 
schedules. The Executive Committee of the Multilateral Fund was subse4tently charged by the 
Parties with responsibility for preparing the required review. The Sub-Con:µnittee for the Report 
under Paragraph 8 of Article 5 of the Montreal Protocol was then establis~ed and this study was 
initiated. The Terms of Reference (TOR) are included as Attachment 1. 

50. A~ described in the TOR and refined during two meetings between t~e Study Team and the 
Sub-Committee, the fundamental purpose of the study is to assess the feasibility of alternative 
phaseout schedules for Article 5 countries. It first characterizes the factors ~at affect the phaseout 
of ozone depleting substances (ODS), including the specific incentives for apd impediments to the 
implementation of new technologies in developing countries. The study then! measures the financial 
implications and environmental impacts of several alternative ODS phaseout targets. By doing so, 
the report illuminates some of the policy issues that will be important during deliberations about 
adjustments to the phaseout schedule for Article 5 countries. 

51. The remainder of this introductory chapter addresses several topics. A brief overview of the 
Study Team's approach is presented first to set the context of the report. Tljle scope of the study is 
defined next and a related discussion of the treatment of HCFCs and methyl bromide is provided. 
The chapter closes with a quick review of the organization of the document. 

1.2 APPROACH 

52. In conducting the analysis, the Study Team pursued a three-part approach. First, an extensive 
data collection effort was undertaken. Eight Article 5 countries were visited and more than 170 
individuals interviewed in-country. An additional 13 Article 5 countries, responded to a faxed 
questionnaire. Staff from the Secretariat of the Multilateral Fund, the Ozone Secretariat, and the 
Implementing Agencies of the Multilateral Fund were interviewed as were $CVeral members of the 
Executive Committee. Representatives of industry and other non-governmental organizations were 
also interviewed. Meetings were held with the Co-Chairs of the Technical and Economic Assessment 
Panel and the Scientific Assessment Panel. rorty Country Programmes were:collected and reviewed. 
In addition, several dozen investment project proposals approved by the Exqcutive Committee were 
studied to extract cost and technical data. Statistical analyses of the Inventory of Approved Projects 
were also conducted by the Multilateral Fund Secretariat staff. 
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53. The second element of the Study Team's approach entailed compilation of the collected data 
and its analysis during a week-long policy workshop. This workshop was attended by ten members 
of the Study Team who employed a structured analytical framework to identify, organize, and refine 
a series of qualitative policy and institutional issues that affect the phaseout of ODS in developing 
countries. During the workshop, the key steps in the process of technology transfer were identified 
as were the multiple actors who are involved in implementing the Montreal Protocol. By considering 
the role of each actor at each stage of technology transfer, a comprehensive set of incentives and 
impediments was defined. 

54. The third and final element of the Study Team's approach was the development and use of 
a computerized modeling tool to assess the financial, economic, and environmental impacts of 
alternative phaseout schedules. The inputs for the modeling effort were, for the most part, drawn 
from the data collected during the first phase of the project. This ensured, for example, that the cost 
of ODS phaseout projects reflected actual experience in developing countries and that the factors 
affecting the speed of project implementation were incorporated in the model inputs. In addition, 
the conclusions from the policy and institutional analysis workshop were used to validate and refine 
the modeling assumptions. Participants in the workshop were, for example, able to group Article 5 
countries into clusters across which the patterns of ODS use varied markedly; these variations have 
subsequently been incorporated into the model. 

1.3 SCOPE OF THE STUDY 

55. As noted above, this study is being conducted pursuant to Paragraph 8 of Article 5 of the 
Montreal Protocol which defines its basic scope. The nature of the study was further elucidated by 
the Terms of Reference adopted by the Sub-Committee for the Report and refined during two 
meetings in Montreal, Canada. 1 

56. The focus of the study is on the f haseout schedules for CFCs, batons, methyl chloroform 
(MCF), and carbon tetrachloride (CTC). Eleven distinct phaseout schedules are evaluated in the 
study. Key quantitative outputs are, for each scenario, an estimate of the cost to the Multilateral 
Fund, the real resource cost, the quantity of ODS used per year, and the environmental impact of 
ODS emissions on the stratosphere. 

57. There are also several topic areas outside the scope of the study. 

2 

• First, the study is not an evaluation of operation or policies of the Montreal Protocol 
Multilateral Fund, its financial mechanisms, or the Implementing Agencies. 

• Second, the study does not make any recommendations about the various phaseout 
schedules, though it does note certain cases where a particular scenario is infeasible. 

The first meeting was held 23-24 May 1994 and the second on 24 July 1994. Summaries of both meetings are 
included in Attachment l. 

Other ozone depleting substances are addressed in Section 1. 4 below. 
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• Third, no analysis or summary information is presented on a ¢ountry-specific basis. 
Nor are any cost estimates developed for individual enterprises. All data and 
conclusions are presented as applicable to the global community of Article 5 
countries. 

• Fourth, due to analytic complexity, tight schedules, and resource limitations, certain 
topics have been addressed in a simplified fashion. Examples include ODS prices 
which have not been rigorously forecast and production phaseout costs which are 
estimated in a summary manner. 

Each of these issues has been discussed with and agreed to by the Sub-Committee for the Report. 

58. Finally, it must be noted that the study does not directly incorporate the reviews that are 
currently being conducted by the Technical and Economic Assessment Panel, iits Technical Options 
Committees, or the Scientific Assessment Panel. While the Co-Chairs of both Panels were 
interviewed, neither was able to offer any information from the current, ond{ling reviews because 
these deliberations are not yet complete and definitive conclusions have not, been reached. Final 
reports are expected to be issued publicly later this year. 

1.4 TREATME1''T OF HCFCS AND MEfHYL BROMIDE 

59. In addition to the four groups of chemical substances that are the primary focus of the study 
(i.e., CFCs, halons, MCF, and CTC), there are other chemicals with the· potential to deplete 
stratospheric ozone. A family of chemicals, known as hydrochlorofluorocarqons (or HCFCs), can 
deplete ozone, as can methyl bromide. This section briefly summarizes the factors that affect the 
feasibility of phasing out HCFCs and methyl bromide. 

1.4.l HCFCs 

60. Prior to the adoption of the Montreal Protocol, there was only one chemical in the HCFC 
family, HCFC-22, in widespread use on a global basis. Its use is primarily in refrigeration and air 
conditioning with some applications in foam blowing. Other HCFCs, such as HCFC-!41b and HCFC-
123, are in the process of being developed and commercialized as substitutes for CFCs in multiple 
applications. Because they contain chlorine and have significant atmosphericilifetimes, HCFCs can 
deplete stratospheric ozone, although their ozone depletion potential (ODP) is!typically less than that 
of the CFCs. 

61. HCFCs have been recognized as transitional substances important to lihe phaseout of CFCs. 
Because of their environmental impact, however, HCFCs are slated to be phased out by developed 
countries by the year 2030. The feasibility of an HCFC phaseout among Ar1iicle 5 countries is not 
quantitatively addressed in this study for two reasons.3 

3 

• In situations where HCFCs are expected to replace an existing CFC application, 
predicting the nature and timing of the subsequent replacement of the HCFC with 
an as yet undetermined third chemical is extremely difficult. In the absence of such 

This approach is con.~istent with direction from the Sub-Committee for the Report that "the modeling will ... not 
(include] substitutes for HCFC..s or methyl bromide:· See UNEP/OzL.Pro/F.xCom/13(39. 
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information, it is not analytically possible to assess the cost and environmental impact 
of an HCFC phaseout. 

• In many situations where HCFC-22 is currently in use, there is substantial 
disagreement among technical experts about whether substitutes are readily available. 
Moreover, the Executive Committee has not to date considered HCFC phaseout 
pmjects, meaning that no firm data are available to estimate technical and economic 
project parameters in the context of Multilateral Fund policies and practices. 

62. Accordingly, the Study Team contacted the Technical and Economic Assessment Panel 
(TEAP) to determine what the TEAP plans to propose as an HCFC phaseout schedule and to learn 
more about possible substitutes for HCFCs. Explaining that the TEAP's deliberations were still in 
process, the Co-Chair of the TEAP was unahle to share any information from the current review with 
the Study Team. The Co-Chair wrote to the Team and provided a succinct summary of the situation 
with respect to HCFCs which was based upon the "1994 Report of the TEAP, Including 
Recommendations on Nominations for Essential Use Production/Consumption Exemptions for Ozone 
Depleting Substances: published in March 1994.4 Excerpts from the Co-Chair's memorandum 
follow: 

63. "HCFCs are important to the phaseout of CFCs and the selection of alternatives involves 
balancing the need to effect an early transition from CFCs with the need to ensure that HCFCs are 
not encouraged where other more environmentally appropriate technologies exist. HCFCs are 
technically and economically necessary for the transition in several uses: 

4 

• The majority of refrigeration and air conditioning applications: HCFCs, primarily 
HCFC-22, are being used in many types of equipment. As a result, a substantial 
amount of equipment using HCFCs, as well as CFCs, remains to be converted to 
other zero-ODP refrigerants. 

• Manufacturing of insulating foams: Some zero-ODP conversions are being made in 
appliance and boardstock insulation foam applications but the lead time for testing 
and development of some substitutes in certain applications could be several years. 

• Selected and limited solvent applications: HCFC solvents may be necessary for some 
solvent applications such as the cleaning of components with sensitive materials, 
cleaning of certain oxygen systems, and cleaning of sensitive materials with delicate 
decorations. It is expected, however, that HCFC-141b and HCFC-225 together will 
not replace more than I per cent of global CFC-I 13 use unless HCFC-225 becomes 
a substitute for CFC-113 in dry cleaning, which could increase use up to 5 per cent. 

• Certain fire protection applications where space constraints ezjst: Such constraints 
may exist where cylinder storage of non-halon extinguishers is impractical. 

Memorandum from Stephen 0. Andersen, Panel Co-Chair, TEAP, to Peter Lmqu1ti, !CF Incorporated, July 30, 
1994, lines .13 to 85. 
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64. "The TEAP believes that other more environmentally acceptable alternatives to HCFCs are 
available in the following applications: 

• 

• 

• 

• 

• 

• 

• 

Most fire fighting applications: Alternatives include zero-0D P chemical replacements 
and not-in-kind tecb.nologies. 

Non-insulating foams: Virtually all flexible foam and packaging foam applications can 
use zero-ODP alternatives. 

The majority of solvent applications: No large scale use of HCFCs has been reported 
as solvents. 

As an alternative to (MCFJ: Small use of HCFC has been reported in solvents, 
coatings, or adhesives applications. 

Aerosols: Some use may remain as a partial replacement for CFC-113 where non­
tlammability is critical. Otherwise, hydrocarbons, dimethyl ether, compressed gases, 
non-aerosol delivery systems, and product substitutes can be lilied. 

Sterilization: HCFC-124 is being commercialized but is not technically required as a 
short term substitute of CFC-12. Alternatives include ethylen~ oxide/carbon dioxide 
mixtures, 100 per cent ethylene oxide mixtures, and radiation sterilization. The HCFC 
substitute does allow use of existing equipment, a substantial economic saving 
compared to replacement. 

Solar tracking system: Use in this application will represent a very minor fraction of 
total global consumption of HCFCs." 

1.4.2 Methyl Bromide 

65. Methyl bromide is used throughout the world as a fumigant to control • variety of nematode, 
disease, weed, and insect pests for soils, commodities, and structures. The S'1dY Team's approach 
to assessing the phaseout of methyl bromide was similar to that used for HClfCs. As noted above, 
it was agreed with the Sub-Committee for the Report that a quantitative a111alysis of the costs of 
methyl bromide would not be a part of the study. In addition, as with HCFQj, the TEAP Co-Chair 
was unable to offer any materials or information from the current review bqing conducted by the 
Methyl Bromide Technical Options Committee, but did provide a summary of the status of substitutes 
for methyl bromide based on the 1992 "Interim Technology and Economic Assessment of Methyl 
Bromide Uses, Alternatives, and Substitutes; the pertinent parts of which ant presented below.5 

66. "There is no single alternative for the broad spectrum of applications for which methyl 
bromide is currently used. The major end uses of methyl bromide include soil, commodity ( durable 
and perishable), and structural fumigation. There are substitute chemicals and alternative procedures 
available for specific applications that could lead to reduced anthropogenic methyl bromide emissions 
to the atmosphere. 

5 Memorandum from Stephen 0. Andersen, Panel Co-Chair, TEAP, to Peter Linquiti,, !CF Incorporated, July 30, 
1994, lines 86 to 138. 
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67. "For soil fumigation applications, methyl bromide use may be decreased by changes in 
application practices, combining methyl b, nide with other pesticides, utilizing chemical substitutes, 
and implementing non-chemical pest cont ;1 practices. Some agricultural systems have developed a 
dependence on methyl bromide applicatior". (i.e., soil pests and pest complexes are difficult to control 
without methyl bromide). Use of tarping procedures for these use areas could reduce application 
rates. 

68. "New farming systems demonstrate the feasibility of eliminating soil fumigation applications 
for glasshouses, and also raised beds and open fields. More investigation is needed to determine the 
costs and the applicability of these systems to other agricultural systems and regions. 

69. "Other techniques such as flooding, soil solarization, biological control, and cultural 
management may help to reduce the use of methyl bromide for certain applications. These 
techniques require further investigation to determine their technical feasibility and cost effectiveness. 

70. "Quarantine regulations often require JOO per cent control effectiveness for commodity 
treatments. These uses rely on methyl bromide. For these applications, there are no foreseeable 
alternatives. The use of gas tight structures, recycling, and volume displacement techniques may be 
technically feasible, and may reduce or control emissions. 

71. "The prospects for non-quarantine treatment alternatives are positive for both durable and 
non-food commodities. Major alternatives include phosphine, irradiation, biological control, 
atmosphere modification, and hot and cold procedures. 

72. "There are technically and economically feasible alternatives to specific structural applications. 
In some countries there are limited alternatives for certain applications such as food processing, 
warehouses, aircraft, and historic buildings. Volume displacement technologies for structural 
fumigation are available in some markets. 

73. "Across all end uses, certain technologies (i.e., containment and recovery) can decrease the 
rate of leakage to the atmosphere, but these are only in limited use worldwide. Good containment 
is a prerequisite for efficient recovery. The overall scope of recovery is 'likely to be low and 
impractical in most situations. As a special case, recovery from fumigation of perishables carried out 
in gaslight chambers appear likely to be technically feasible with potential recoveries often exceeding 
90 per cent of applied dose. Equipment is expected to commercially available soon and some 
recapture equipment, without recycling, is already in operation."6 

6 
The final two sentences in this paragraph were provided to the Study Team by Jonathan Banks, Chair, Methyl 
Bromide Technical Options Commiuee, by fax on August 2, 1994. 
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l.S STRUCTURE OF THE REPORT 

74. The remainder of this report consists of six chapters. More specifically: 

• Chapter 2 gives an overview of the phaseout scenarios evaluated; 
• Chapter 3 describes the methodology of the study, including an overview of the data 

collection, the policy and institutional analysis, and the modeling simulation; 
• Chapter 4 offers a descriptive overview of the data collected and is organized around 

the specific elements of the Terms of Reference; 
• Chapter 5 presents the conclusions of the policy and institutional analysis; 
• Chapter 6 presents the modeling results, including costs and environmental impacts; 

and 
• Chapter 7 integrates the findings of Chapters 4, 5, and 6 to assess the feasibility of 

alternative phaseout schedules, as per the Terms of Reference. 
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CHAPTER 2 

OVERVIEW OF SCENARIOS 1<.,'VALUATED 

75. This chapter describes the ODS phaseout scenarios for Article 5 countries analyzed in this 
study. These phaseout scenarios were developed based on input from the Subcommittee for the 
Report. 7 A total of eleven scenarios are analyzed in this study. Ten of the sdenarios differ in terms 
of five key parameters discussed below. An eleventh scenario investigates the fastest economically 
feasible phaseout in Article 5 countries. The five parameters that collectively define the scenarios 
are summarized below. 

76. London or Copenhagen Amendments: Scenarios differ based on whether they reflect the 
London Amendments or the Copenhagen Amendments. The London Amendments required that 
the production of CFCs, halons and carbon tetrachloride be phased out by 2000 and that the 
production of methyl chloroform be phased out by 2005 in Article 2 countries. The Copenhagen 
Amendments required that production of CFCs, carbon tetrachloride, and methyl chloroform be 
phased out by 1996 and that the production of halons be phased out by 1994 in Article 2 countries. 
Both schedules also imposed interim reductions in the production of these compounds prior to the 
phaseout date. 

77. Grace Period: Scenarios differ in terms of whether or not they provide Article 5 countries 
with up to a ten year grace period to comply with phaseout schedules for Article 2 countries 
contained in the Copenhagen and London Amendments. 

78. Senricing Tail for Existing Equipment: In certain scenarios, a provision is made for Article 
5 countries to continue consumption of new ODS to senrice existing refrigeration and air conditioning 
ODS equipment after the ODS production phaseout date. Such a tail eliminates the need for 
expensive retrofits or early retirement controls. 

79. Accelerated Servicing Tail for Existing Eguipment: In certain scenarios, it is assumed that 
Article 5 countries must accelerate their phaseout of ODS use in new refrigeration and air 
conditioning equipment to no later than 1999 in order to take advantage of a senricing tail that 
provides ODS to service existing refrigeration an air conditioning equipment after the phaseout date. 
This is in contrast to the regular tail scenario described above which allows Article 5 countries to 
continue to consume ODS in new refrigeration and air conditioning equipment up until the phaseout 
date. 

80. Period of Time that the Fund Reimburses Operating Costs: Scenarios can differ in terms of 
the number of years that it is assumed that the Multilateral Fund "ill reimburse incremental 
operating costs. Such costs are assumed to be reimbursable for either two or four years. 

7 
See "Report of the Sub-committee for the Report on the Review Under Paragraph 8 of Article 5 of the 
Montreal Protocol," (UNEP\OzLPro\ExCom\!3\.19). 
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8 l. l 1-:i ng these parameters, a total of ten different phaseout scenarios are defined. Exhibit 2-1 
surnrnari.-e., the features of these scenarios based on the various parameters described above (see 
Scenarios 1 to 6 and 8 to 11 ). 

82. Finally, another scenario (Scenario 7) was analyzed that assumed (1) the maximum possible 
cost-effective reductions would be implemented as soon as possible; (2) the availability of a tail to 
service existing ODS-containing refrigeration and air conditioning equipment; and (3) that the 
Multilateral Fund would reimburse operating costs for two years. This scenario was implemented by 
assuming that technologies available to replace ODS use in new equipment and recycling controls 
would be implemented as early and as fast as technically possible (this implicitly assumes that all of 
these technologies are also cost-effective). Given the existence of the servicing tail, retrofit or early 
retirement controls were not implemented under this scenario. 
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EXHIBIT 2-1 
DEFINITION OF PHASEOUT SCENARIOS 

Scenarios London Copenhagen Ten Year Two Years Four Years 
Amendments Amendments Grace Accelerated Operating Operating 
for Article 2 for Article 2 Period Tail Tail Cost Cost 

2000 Phaseout ✓ ✓ 

2010 Phaseou I ✓ ✓ ✓ 

2010 Phaseout w/ Tail ✓ ✓ ✓ ✓ 

1996 Phaseout ✓ ✓ 

2006 Phaseout ✓ ✓ ✓ 

2006 Phaseout w/ Tail ✓ ✓ ✓ ✓ 

Fast as Cost-Effectively Possible See Text 

2010 Phaseout w/ Accelerated Tail ✓ ✓ ✓ ✓ 

2006 Phaseout w/ Accelerated Tail ✓ ✓ ✓ ✓ 

2000 Phaseout w/ 4 Years Reimbursement ✓ ✓ 

2010 Phaseout w/ 4 Years Reimbursement ✓ ✓ ✓ 
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83. This chapter presents the methodology used to conduct the study. Section 3.2 discusses the 
methodology for the data collection effort The method used to perform the policy and institutional 
analysis is presented in Section 3.3 of the chapter. Section 3.4 describes the modeling tools used to 
estimate the costs of implementing investment projects to phase out ODS use under each of the 
phaseout scenarios and to assess the atmospheric impacts of each of the scenarios. Section 3.5 
presents the approach for estimating the costs of phasing out the production Qf ODS at production 
plants in Article 5 countries. Section 3.6 details the method used to estimate!Ilon-investment costs 
associated with the phaseout including the costs of supporting ( 1) the activities of Implementing 
Agencies, the Secretariat, and the Executive Committee, (2) institutional strengthening for Article 
5 governments, and (3) the information clearinghouse functions. 1 

3.2 DATA COLLECTION 

84. This section presents the methods undertaken for the extensive data collection effort involved 
in this study. This data collection effort provided the inputs for both the pblicy and institutional 
analysis and the model simulation. Data were obtained through a variety of sources, which are 
described below. 

3.2.l Country Visits 

85. The Study Team visited eight countries to collect data required for the study: two in Africa, 
three in Asia, and three in Latin America. The purpose of the country visits w$S to develop a concise 
understanding of the situation in the countries regarding the phaseout of ODS and the penetration 
of non-ODS and low-ODS technologies. Prior to the visits, the Study Team <leveloped hypotheses 
regarding possible impediments and incentives to technology transfer in Article 5 countries. These 
hypotheses served as the basis for the development of an extensive data collection fonn for use by 
team members conducting interviews in the countries. The topics of discussion addressed during the 
in-country visits included the following: 

• Overview of progress to date, current policies, and future plans of the country, to 
characterize the basic situation in the country with respect to 'ODS phaseout 

• In-country production of ODS, to determine if the country produces ODS and the 
impact of in-country production on the country's phaseout efforts 
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Potential impediments to and incentives for technology transfer, to capture factors 
that control the rate of transfer of non- and low-ODS technologies: 

availability of information on alternative technologies 
market dynamics 
industry structure 
legislative/regulatory efforts undertaken to promote the ODS 
phaseout 
effectiveness of the OPU or its equivalent 
Multilateral Fund activities 
activities underway outside the Fund and IAs 
other potential impediments/incentives 

• Penetration of non- and low-ODS technologies by sector, to capture the likely rate 
of technology transfer under current conditions (i.e., with no change in phaseout 
schedules or the size of the Multilateral Fund) 

• Description of completed projects, if any, to capture any lessons learned or insights 
from material available on projects already completed in the country visited. 

86. The country visits involved three to five days of interviews with government officials, staff of 
the ozone protection unit (OPU) or its equivalent, industry representatives, chemical distributors, 
ODS producers (if they exist in the country), and trade associations representing enterprises that use 
ODS, among others. Interviews were conducted on a not-for-attribution basis. At the conclusion 
of the country visits, each team member that visited a country prepared a 10-15 page report organized 
around the topic areas listed above. 

3.2.2 Fax Questionnaires 

87. A second component of the data collection effort involved the preparation and dissemination 
of a questionnaire to solicit information from additional Article 5 countries. The Study Team 
solicited information from 15 Article 5 countries other than the eight countries visited. The Study 
Team determined that the use of a fax questionnaire would be more effective than telephone 
interviews because it would eliminate the need to coordinate the scheduling of the telephone 
interviews and provide greater consistency in the questions asked to each respondent. 

88. The Study Team prepared two versions of the questionnaire: one for countries with an 
approved Country Programme (CP), and one for countries. without a CP. Additional questions were 
prepared and sent to one Article 5 country that produces ODS. The fax questionnaires solicited the 
following information: 

• Status of CP preparation or confirmation of target phaseout dates 

• Feasibility of meeting various phaseout schedules 

• Reductions in ODS use 

• Factors impeding or facilitating ODS phaseout: 
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awareness/availability of alternative technologies 
trends in ODS prices 
degree of export orientation 
extent and impact of foreign ownership 
domestic legislation/regulations and their impact 
activities of the OPU or its equivalent 
impact of the Multilateral Fund 

• Expected market share of alternative technologies 
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89. As with the country visits, respondents were informed that their comments would not be 
attributed to them. Thirteen of the 15 countries that were sent the questionnaire responded. 

3.2.3 Multilateral Fund Secretariat 

90. The Multilateral Fund Secretariat provided extensive materials and data to the Study Team. 
Some of the materials provided include the following: 

• Letters of introduction to the governments of the eight countries visited and the 15 
countries that received a fax questionnaire 

• Copies of approved CPs 

• Project proposals, IA work programmes and amendments, antjl IA progress reports 

91. In addition, the Fund Secretariat responded to numerous requests for extracts from the 
database of projects approved by the Executive Committee and other data. The Fund Secretariat also 
arranged for members of the Study Team to attend the 13th meeting of the Executive Committee 
as observers, to witness the deliberations firsthand. 

3.2.4 Ozone Secretariat 

92. The Ozone Secretariat in Nairobi provided the Study Team with both production and 
consumption data for Article 5 countries, for the baseline year as well as years 1991 and 1992 (it 
should be noted that data were unavailable for a large number of countries). llbe Ozone Secretariat 
also was consulted regarding the best means of estimating ODS consumption: for Article 5 countries 
without a CP that have not reported to UNEP. The data resulting from this effort are summarized 
in Chapter 4 and were used in the development of the model simulation in Chapter 6. In addition, 
members of the Study Team interviewed the Ozone Secretariat via telephone tegarding issues relating 
to Article 5 ODS consumption and production and on the feasibility of vari¢ms phaseout schedules 
for Article 5 countries to contribute to the policy and institutional analysis. , 

3.2.5 Implementing Agencies 

93. The four Implementing Agencies (lAs) were interviewed by the Study Team to obtain their 
insights and perspectives on the impediments to and incentives for technolQgy transfer to Article 5 
countries and the feasibility of various phaseout schedules, as well as the progress of phaseout efforts 
to date and the implementation activities of the IAs. Interviews were held with the following !As: 
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Various task managers at the World Bank who work on Montreal Protocol projects 

UNDP's Montreal Protocol Unit 

UNIDO's Industrial Sectors and Environment Division 

UNEP's Industry and Environment Programme Activity Centre (IE/PAC) 

Interviewees were guaranteed that comments would not be attributed to individuals or to specific !As. 

3.2.6 The Executive Committee 

94. Members of the Study Team interviewed representatives from a number of countries on the 
Executive Committee. Representatives from three donor countries were interviewed, as well as five 
representatives from Article 5 countries. Again, interviews were conducted on a not-for-attribution 
basis. 

3.2. 7 Technical and Economic Assessment Panel 

95. The Terms of Reference (TOR) of the study indicated that the Team was to incorporate 
input from the TEAP in the study. Upon consulting the Co-Chair, the Team was informed that the 
Co-Chair could not provide any information from this review because the assessments currently are 
being updated. The Co-Chair recommended that the Team rely on existing TEAP documents for 
data on feasibility, cost, and performance of alternatives. The Co-Chair also provided a memorandum 
summarizing the key findings of earlier materials on alternatives to HCFCs and methyl bromide. 

3.2.8 Scientific Assessment Panel 

96. Members of the Study Team met with the Scientific Assessment 11anel (SAP) to obtain its 
input on the Team's approach for the atmospheric chlorine analysis and its thoughts on the impact 
of changes to the phaseout schedule on the atmosphere. The Team consulted the Chair of the SAP, 
who agreed with the Team's methodology for performing the atmospheric chlorine analysis. The 
Chair also made suggestions regarding interpretation and presentation of results. 

3.2.9 Chemical and Technology Producers 

97. The Study Team solicited a variety of information from chemical and technology producers 
for use in both the model simulation and the policy and institutional analysis. Several chemical 
manufacturers in both developed and developing countries were contacted for the following 
information: current and pre-Protocol prices of ODS and substitutes; potential future prices of ODS; 
ODS production capacities in Article 5 countries; and the costs of converting production of ODS to 
alternatives. lt should be noted that all manufacturers contacted said they were unable to provide 
price forecasts because of the existing instability in ODS markets, 

98. The Study Team used its in-house experts to obtain information on alternative technologies. 
The experts· judgments, informed by ongoing discussions with vendors of alternative technologies, 

were used to verify the parameters of the model projects used in the modei simulation (see Section 
3.3 below). In addition, representatives of an ODS-producing firm in an' Article 5 country were 
interviewed to obtain their perspectives on the issues associated with phaseout of ODS production. 
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3.2.10 Environmental Organizations 

99. The Study Team interviewed a representative of the Centre for Scierice and Environment 
from Delhi, India about the rate of technology transfer to Article 5 countries and the possibilities for 
ODS phaseout. A representative of Greenpeace USA was also interviewed; he offered insights on 
the performance of lAs, the need to consider a broad range of not-in-kind alternatives, and policies 
regarding reimbursement of incremental costs. In addition, information was solicited from the Orone 
Campaign Director for Friends of the Earth USA. 

3.3 POLICY AND INSTITUTIONAL ANALYSIS 

100. The results of the data collection effort provided the foundation for the policy and 
institutional analysis conducted by the Study Team. The method used to conduct this analysis of 
factors affecting the phaseout of ODS in Article 5 countries involved a week-long brainstorming 
workshop during which the Study Team reviewed all the data that had been collected. 

101. The workshop participants reached decisions on how to address the findings from the data 
on the nine TOR topic areas. The Team also discussed the feedback obtained from various Article 
5 countries regarding the feasibility of the phaseout schedules being examined in this study. The 
findings are presented in Chapter 4 of the report. 

102. The Study Team also generated an expansive list of policy and institutional issues affecting 
the phaseout in Article 5 countries. To organize the policy and institutional issues having the most 
significant impact on the phaseout, the Study Team approached the technology transfer process from 
the point of view of an ODS-using enterprise. First, the Study Team identified the key actors and 
principal resource flows among them. Exhibit 3-1 presents the diagram of the re.~ource flows among 
the key actors in the phaseout of ODS in Article 5 countries. 

103. Second, the Study Team identified the steps in the process of transferring technology to an 
enterprise in an Article 5 country. Some of the steps in the process pertain only to an enterprise 
with a Fund-financed project, while other steps apply both to Fund-financed projects and projects 
taking place outside the Fund. The 12 steps identified by the Study Team are presented in Exhibit 
3-2. The steps have been grouped into four logical summary stages to facilitate their presentation. 

104. Third, the Study Team developed a matrix of key actors and steps involved in the technology 
transfer process, presented in Exhibit 3-3. This matrix provides the frameiwork for organizing the 
policy and institutional issues identified by the Study Team. The Study Team used the matrix to 
determine in which steps each key actor played a significant role. These steps are indicated with a 
check mark in the matrix. The rationale behind this approach is that presenae of impediments and/or 
incentives at these key steps could have a siinificant effect on technology transfer and hence on the 
feasibility of alternative phaseout scenarios. , 

8 Portions of this methodology were adopted from analyses presented in «strategic Planning to Promote 
lnternat1onal Technology Cooperation; as prepared by David M. Strelneck for tbe World Wildlife Fund and 
Harvard University in June, 1992 



TEAP 
Parties 
OEWG 

Exhibit 3-1 
Principnl Tiesource FI0,1'1i Among Key Actors in ODS 

Phaseout in Article 5 Countries 

Donor 
Governments 

I NGO I 

Vendors of 
Alternatives 

Chemicals 
Technologies 

NGO 

NGO 

I 
$ 

Executive Committee 
Secretariat 

Implementing Agencies 

$ 
I 

LEGEND 

$=Funds 
I = Information resources 
T = Technology resources 
A = Authority 

$ 

T 
I 

FIM = Financial Intermediation Mechanism 
NGO = Non-Governmental Organization 
OEWG = Open-Ended Working Group 
TEAP = Technical & Economic Assessment Panel 

I NGO I 

Article 5 
Governments 

PIM 

A 

Tl$ 

Article 5 
Enterprises 

f 
I NGO I 



Preliminary Draft Page 19 

Exhibit 3-2 

Summary Stages and Twelve Steps in the Technology Transfer Process 

■ An ODS-consuming enterprise decides to switch to non-ODS technologies: 

1. Enterprise becomes aware that a key input to its production process is 
disappearing 

2. Enterprise is motivated to act 

■ Non-ODS technologies are evaluated and specific options are i.elected: 

3. Enterprise identifies non-ODS technologies 

4. Enterprise evaluates non-ODS technologies 

5. Enterprise selects non-ODS technology 

■ A project is designed and financing is obtained: 

6. Project proposal is prepared 

7. Project receives final approval from Implementing Agency 

8. Project receives final approval from Executive Committee 

9. Funds are disbursed for the project 

■ The new technology is acquired, installed, and used: 

10. Terms of technology acquisition are negotiated 

11. Non-ODS tech1!ology is delivered and installed on the "shop floor" 

12. Non-ODS technology is used on the "shop floor• 
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Exhlbll 3-3 
Framework for Organizing the Olscussion on Policy and Institutional Issues 

D Decision to Swilch Selection or Technology Project Design Acquisition, Installation, and Use or 
Non-ODS Technology 

Step/ Become Be Identify Evaluate Select Prepare Receive Receive Transfer Acquire Install Use 

Actor Aware of Motivated Techno- Techno- Techno- Project IA ExCom Funds Techno- Techno- Techno-
Situation to Act logy logy logy Proposal Approval Approval logy logy logy 

Donor 
Countries ✓ ✓ ✓ ✓ 

Vendors of 
Alternatives ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Executive 
Committee ✓ ✓ ✓ 

Secretariat ✓ ✓ ✓ 

!As ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Article 5 
Govern- ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

ments 

--

FIMs ✓ ✓ ✓ ✓ ✓ 

Article 5 
Enterprises ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

NGOs ✓ ✓ ✓ 

✓ = Actor plays a key role in this step or technology transfer. 



Preliminary Draft Page 21 

105. Once the matrix was filled in, workshop participants organized and developed the policy and 
institutional issues identified through the data collection that correspond to theisignificant cells in the 
matrix. The results of the policy and institutional analysis are presented in Chapter 5 of the report. 

3.4 SIMULATION OF INVESTMENT COSTS TO PHASE OUT ODS USE AND ANALYSIS 
OF ATMOSPHERIC IMPACTS 

106, This section presents the modeling tools used to estimate ( l) the real resource and 
Multilateral Fund cost, resulting from the implementation of investment projects to comply with each 
of the phaseout scenarios; and (2) the likely impact on the atmosphere of ,each of the phaseout 
scenarios. The modeling activities described in this section build on and ar~ informed by the data 
collection activities and policy and institutional analyses described in the previous two sections, These 
modeling tools have also incorporated many of the techniques and approach<:$ previously developed 
by the Study Team for estimating the economic and atmospheric implications of policies designed to 
protect tbe ozone layer, 

3.4.l Overview of Simulation 

lll7. In considering approaches that could be used to estimate the costs <1SSQCiated with phasing 
out the use of ODS in Article 5 countries, the Study Team recognized that multiple factors were 
impacting the rate of implementation of investment projects to reduce ODS use in such countries, 
First, projects are and will continue to be implemented for economic reasons as the price of ODS 
rises. Second, the implementation of projects may be accelerated for non-etonomic reasons. 'Th.is 
can occur because multinatiooal companies are implementing corporate polii;ies to phase out ODS 
use across all of their factories globally in an accelerated fashion. In addition,:such multinational and 
many domestic enterprises in Article 5 countries are currently phasing oui their use of ODS to 
protect export markets in Article 2 countries.9 Lastly, projects may be accelerated because many 
Article 5 governments have adopted aggressive phaseout schedules that are forcing enterprises in 
these countries to implement investment projects sooner than mandated under the current Protocol. 

108. It is apparent that any simulation tool used to estimate the costs of t1!ie phaseout must adopt 
a hybrid approach tbat considers all of these factors. Indeed, a simulation technique that only 
considered the economic incentives driving the phaseout would be inadequate as would one that only 
focused on the non-price related factors accelerating the phaseout The· approach adopted was 
purposefully kept simple because attempting to simulate all of these factors in a sophisticated fashion 
would be difficult, expensive, and require significant quantities of input data. 

I 09. Within this context, the Study Team believed that the best use of re$ources was in collecting 
the most accurate and current data to be used in informing the simulation model. Emphasis was 
therefore placed on obtaining as much data as possible on the use and emissions of ODS substances 
in Article 5 countries, the types of control tecbnologies that might be usecl to reduce this use, the 
potential availability and rate of penetration of such technologies, and the range of costs of these 
technologies when implemented in Article 5 countries, 

9 Under the terms of the Montreal Protocol1 Article 2 countries are not allowed to import ODS-containing 
equipment after the ODS phaseout date. As a result, enterprises in Article 5 countries manufacturmg products 
for export to Article 2 countries must switch out o( ODS by the phaseout date seL for Article 2 countries. 
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110. The remainder of this subsection describes the simulation techniques used to calculate the 
phaseout costs associated with the implementation of investment projects and the atmospheric 
implications of each of the phaseout scenarios. Exhibit 3-4 presents an overview of the simulation 
model. 

111. The discussion of the approach used to estimate the costs associated with implementing 
investment projects to reduce ODS use is divided into three parts. First, Section 3.4.2 presents the 
model outputs. These outputs are presented first to define and provide an overview of the key 
variables assessed in the analysis. Section 3.4.3 describes the model inputs. This input data was 
collected through the extensive efforts described earlier in this chapter. Finally, Section 3.4.4 
describes the model algorithms for estimating the economic and atmospheric, impacts and Section 
3.4.5 details the model limitations. 

3.4.2 Model Outputs 

112. The key outputs of the model for each scenario are real resource oosts, the cost to the 
Multilateral Fund, annual consumption of ODS, and impact on adjusted atmospheric chlorine 
loadings. Each of these outputs is discussed below. 

3.4.2.1 Discounted Real Resource Costs 

113. Real resource costs measure the increase in resources that will be ekpended by Article 5 
countries in complying with the requirements of an ODS phaseout. Other ll!lalyses often use the 
equivalent term "social cost" when discussing real resource costs. Real resoutce costs can take the 
following forms: capital costs (i.e., cost of purchasing new equipment to replace ODS-containing 
equipment), one-time costs (i.e., product reformulations or industry retooling}, and operating costs 
(i.e., chemical, labor, energy, material, and all other recurrent costs). 

114. Not all phaseout costs are real resource costs. For example, if a tax increases the price of a 
commodity, consumers pay more for the commodity, but no extra resources are required to produce 
the product. 10 The tax only transfers money from consumers to the government. Similarly, if the 
supplv of a commodity is restricted by government regulation ( as is the case for ODS), consumers will 
have m pay more for the commodity, but again no additional resources (machinery, labor, raw 
materials, etc.) will be needed to produce the commodity. If the price rises, it provides extra profit -
- that is, money is transferred from consumers to producers, but no additional resources are used. 
Economists distinguish such transfer payments from real resource costs. The d'5tinction is important 
because to the degree that policy or regulation increases the real resource costslof production, society 
(or Article 5 countries) as a whole expend resources that could produce other goods and services 
while the net effect of transfer payments on society as a whole is nil. 11 

115. In this analysis, real• resource costs are calculated as the sum of all capital, one-time, and 
operating costs associated with phasing-out the use of ODS in Article 5 countries. It is assumed that 

10 

l l 

For simplicity, this discussion assumes the tax does not decrease the amount of this commodity purchased by 
,·,msumers. 

Of course, to the extent that consumers of ODS in Article 5 countries are transferring resources to producers of 
such chemicals in Article 2 or other Article 5 countries, then the economy of that country is worse off because 
resourcl'-" are transferred to entities outside the country. 
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operating costs are incurred over the economic lifetime of each project, which, for the sake of 
consistency was assumed to be ten years. In addition, since ODS prices rise because the Protocol 
makes them scarce, and not because more resources are required to produce them, the chemical cost 
component of operating cost is calculated assuming pre-Protocol ODS priaes. Real resource costs 
for each scenario are calculated for the period 1993 to 2030. Results are presented assuming a ten 
per cent discount rate in Article 5 countries, and sensitivity analyses are performed assuming discount 
rate., of zero and five per cent. Zero per cent was chosen to provide an indication of the actual 
monetary transfers that would be required during the phaseout period, and five per cent was chosen 
to give an indication of the implications of assuming a relatively low discount rate for Article 5 
countries. 

3.4.2.2 Fund Costs 

116. Fund costs are a measure of expected financial demand on the Multilateral Fund from 
project, eligible for reimbursement The cost components included in the Fund costs were those 
specified in the document entitled "Indicative List of Incremental Costs" prepared by the Executive 
C',ommittee. Key differences between the calculation of Fund and real resource costs include the fact 
that Fund costs (I) include up to only four years of operating costs for each project (this analysis 
assumes two years of operating costs in the base scenario and performs a :sensitivity assuming four 
years of operating costs are reimbursable), 12 (2) assume rising ODS prices over time in the 
calculation of such operating costs, (3) do not include negative costs (or savjngs) for projects that are 
profitable without funding, and ( 4) are adjusted to reflect the fact that projects are not reimbursed 
for a percentage of their costs equal to their percentage foreign ownershjp. As a result of these 
major differences, real resource costs are typically higher than Fund costs.; 

I 17. Fund costs in this analysis are presented for the time period 1993 to 2030 and are presented 
assuming a discount rate of ten per cent in Article 5 countries. Sensitivity analyses are also 
performed for discount rates of zero and five per cent. 

3.4.23 Annual Consumption of ODS 

118. The model simulation estimates the total quantity of ODS used eaoh year until the phaseout 
is complete across all Article 5 countries. Estimates of annual ODS use are divided by chemical class 
(i.e., CFCs, MCF, carbon tetrachloride, and halons) and by the quantity of chemical used in new 
equipment and the quantity used to service existing equipment. For tail scenarios, the model also 
reports the quantity of ODS required each year after the phaseout date to service existing equipment 
( and thereby avoid costly retrofits or early retirements). 

3.4.2.4 Adjusted Stratospheric Chlorine Loadings 

119. Given that the presence of chlorine and bromine in the stratosphere are considered to be the 
primary causes of ozone depletion, and that ODS compounds are the primary source of chlorine 
and/or bromine reaching the stratosphere, the impact of each scenario on adjusted stratospheric 

12 Nine of the eleven scenarios modeled in this analysis assume that the Fund will reimburse operating costs for 
two years. This period of llme was calculated based on the average length of time that operating costs were 
mcluded in proiec1s presented m the Thirteenth meeting of the Executive Comrniuee. 
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chlorine levels is a good indication of its potential harm to the ozone layer. 13 To assess the 
potential environmental impacts associated with each of the phaseout schedules for Article 5 
countries, model runs were performed lo estimate adjusted stratospheric chlotine level~ under each 
scenario. For each scenarin, tntal cumulative chlorine values are presented. Total cumulative Clx 
is reported as the area under the adjusted chlorine curve above 2.0 parts per billion from 1985 until 
the year adjusted chlorine concentrations return to 2.0 ppb. 

3.4.3 Model Inputs 

3.4.3.1 Baseline ODS Use in Article 5 Countries 

120. The key inputs to the model related to baseline ODS use are total 1'993 ODS use and the 
expected growth of this use in the absence of controls. The following four step process was used to 
estimate baseline. 

121. First, ODS use estimates and expected growth rates were extracted from the 40 Country 
Programmes prepared for Article 5 countries to-date. The ODS use data and growth rates contained 
in these documents varied widely in terms of the years for which data were reported and the level 
of disaggregation of the data by chemical and end use. &timates of 1993 ODS use by chemical were 
developed based on the most recent use estimate contained in the Country Programme and the 
expected growth rate. If growth rates were not included in a given Country Programme, then a 
weighted average value was used based on the growth rates contained in the other Country 
Programmes. If the Country Programme did not present ODS use disaggregated by chemical, then 
best professional judgement was used to disaggregate total ODS use for the country into use by 
chemical. 

122. Second, if a Country Programme was not available for a given country, ODS use data 
reported by Article 5 countries to UNEP were obtained. Use data for an 1additional 22 Article 5 
countries were obtained in this fashion. These data were always for the baseline year (1986 or 1989 
depending on the ODS), and in some instances was also reported for I 990 on 1991. UNEP does not 
require countries to report data on expected growth in ODS use. Ar, a result, use estimates by 
chemical for I 993 were developed based on ( 1) the most recent year for which data were reported 
to UNEP, and (2) a weighted average ODS growth rate for Article 5 countries developed based on 
the growth rates contained in the 40 Country Programmes noted above. 

123. Third, if a Country Programme had not been prepared for a given ~untry, and that country 
had not reported its ODS use to UNEP (i.e., it was out of compliance with the reporting 
requirements of the Protocol), then total ODS use was estimated using a regression analysis 
correlating ODS use in Article 5 countries with Gross Domestic Product (GDP) and population. This 
regression analysis correlated total weighted ODS use in 1993 in the 65 Artide 5 countries for which 
use data were available from the Country Programmes or from UNEP with 1993 GDP and population 
estimates for the countrie.~. The analysis showed a strong correlation betwii:en total weighted ODS 
use in a given Article 5 country and the GDP and population for that country. This correlation was 

11 Adjusted stratospheric chlorlne loading is defined as the concentration of chlorine in the stratosphere pius 40 
times the concentration of bromine in the stratosphere. This calculation assumes that bromine molecules are 40 
nmes more effective at destroymg ozone lhan cbtorine. US.Ing adjusted chlorine \e\tels is convenient because it 
provides a single measure of the concentration of chlorine and bromine in the stratosphere in chlorine 
equivalents. 
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then used to estimate total 1993 ODP weighted use for the remaining 26 Article 5 countries. Growth 
in ODS use for these countries was assumed to be the same as the average ODS growth rate across 
the 40 countries for which Country Programmes were available. 

124. Fourth, total ODP-weighted use in each Article 5 country was divided ,into the following six 
broad sector categories: refrigeration and air conditioning, foams, batons, solvent cleaning, aerosols, 
and miscellaneous uses (sterilization and tobacco expansion). The division of total ODP-weighted 
ODS use by sector was accomplished as follows: 

( 1) Estimates of ODS use by sector were developed for the 40 AI;ticle 5 countries with 
Country Programmes based on the sector level data contained in these studies. The 
level of disaggregation and definition of sectors varied widely in the Country 
Programmes, and therefore best professional judgement was often used to divide the 
use into the six sectors defined for this analysis. 

(2) Sector level data were not available for countries whose total ODS use had been 
estimated based on the UNEP data or the regression analysis. Total weighted ODS 
use for these countries was divided into the six sectors using the average division of 
use by sector across the 40 countries with Country Programmt!s. 

The end result was baseline GDP-weighted ODS use across all Article 5 countries by sector and 
chemical from 1993 to 2030. Total ODP weighted ODS use in 1993 for all Article 5 countries was 
estimated to be 235,000 tonnes and this use was assumed to grow at a rate of 8.9 per cent per year 
until the base year for reduction was reached when growth was frozen. 

3.4.3.2 Mapping of Baseline Use in Article 5 Countries into Use Segments 

125. The next step in developing the model inputs was to map ODP weighted ODS use in each 
of the six sectors into 33 distinct use segments across all six sectors. These. 33 segments differ in 
terms of four key parameters that the Study Team believed are critical to determining the types of 
controls implemented in Article 5 countries in each sector, the rate at which such controls are 
implemented, the total real resource costs of the controls, and the potential costs of the controls to 
the Multilateral Fund. 

126. The four key parameters that are used to divide total ODP weighted ODS use by sector into 
33 use segments are defined as follows: 

• End Use: ODP weighted use in each sector was divided according to the following 
end uses within each sector: 

Refrigeration End Uses: Mobile air conditioners . (MACs), commercial 
refrigeration ( defined to include retail food, cold storage, industrial process 
refrigeration, and refrigerated transport), domestic refrigeration, and 
commercial air conditioning. 

Foams End Uses: Flexible foam. packaging foam, domestic and commercial 
refrigeration foams, and other foams (including all other insulating and non­
insulating foams). 
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Halon End Uses: Streaming and total flooding applications. 

Solvent Cleaning End Uses: CFC-113 containing equipment, methyl 
chloroform containing equipment, and carbon tetrachloride containing 
equipmenl 

Aerosol End Uses: The aerosol sector was not divided into any end uses. 
This is because ODS use in this sector does not need to be further divided to 
characterize the controls to be used in it. 

Miscellaneous End Uses: This sector was divided into sterilization and 
tobacco expansion. 

The definition of these end uses within each sector is necessa~ becallllll the types of 
controls available to replace ODS use differ by end use as does their potential rate 
of implementation and cost. 

• Formal or Informal Use: Within each sector, total ODS use 'was divided according 
to the fraction of use consumed by formal enterprises and the fraction of use 
consumed by informal enterprises. Formal enterprises were defined as large, well­
organized, capital intensive entities, and informal enterprises were defined as small, 
unorganized, and labor intensive entities. This distinction is important because it was 
assumed that informal enterprises would implement control options more slowly than 
formal enterprises and at a higher cost, as discussed in Chapters 4 and 5. 

• Can the Use Result in a Financial Demand on the Multilateral Fund: Total ODP 
weighted use was also divided according to whether it could: potentially result in a 
financial demand on the Multilateral Fund. It is expected that; the cost of phasing out 
the vast majority of ODS use in Article 5 countries could (lOl;entially be eligible for 
support from the Multilateral Fund. The major exception ijdentified by the Study 
Team was new refrigeration equipment (MACs, commercial and domestic 
refrigeration equipment) manufactured in an Article 2 country that is imported into 
an Article 5 country. The higher cost of the new refrigeration technology to the 
consumer is unlikely to be reimbursed by the Fund given the !difficulty of crafting an 
investment project to reimburse consumers. In other words, the use of new 
refrigeration equipment in Article 5 countries that is imported from Article 2 
countries was assumed to result in no burden to the Fund because of the difficulty of 
reimbursing such costs.14 , , 

• Is the Implementation of Controls in a Given End Use Unde!l!-Jlken to Meet a Target 
(i.e., Price Driven} or is its Implementation Accelerated fbr Non-Price Reasons: 
Total ODS use in each sector was also divided according to whether the control 
technologies available to replace it would be implemented to achieve a target or in 

It is possible that an enterprise in an Article 5 country importing non-ODS containing refrigerators from an 
Article 2 countiy could develop a proJect seeking reimbursement for the incrementl,I cost of purchasing such 
refrigerators, This p~ibility was not considered in this analysis because no such ptojects have been submitted 
to the Fund to-date. In addition, such a project would likely raise a number of poficy issues !bat would need to 
be resolved by the Fund prior its approval. 
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an accelerated fashion due to non-target driven reasons. Rea~ons that projects could 
be accelerated include (1) multinationals phasing out ODS use in enterprises in 
Article 5 countries because they have adopted a corporate policy to do so as quickly 
as possible and/or to preserve export markets to Article 2 countries, (2) domestic 
enterprises phasing out early so that they can continue to export products to Article 
2 countrie.~, and (3) aggressive national ODS phaseout strategies implemented by 
Article 5 countries. 

The methodology used to map ODP weighted use for the six sector categories into the 33 use 
segments was as follows: 

127. First, because the four key parameters all impact the availability, rate of implementation, and 
cost of control technologies, the Study Team felt it was critical to map groups of Article 5 countries 
with similar characteristics with respect to these four parameters in the same fashion. It was decided 
that GDP would be a good proxy for mapping like groups of countries according to the four key 
parameters. This variable was selected because it was felt that countries with low GDP would tend 
to have their ODS use concentrated in refrigeration end uses, and would be unlikely to implement 
controls in an accelerated fashion. Countries with a high GDP, on the other hand, were assumed to 
have a more industrialized economy that would employ ODS in all the major end use sectors, would 
have a large proportion of formal industries, and would be more likely to implement controls in an 
accelerated fashion. 

128. Second, to group Article 5 countries, a graph was prepared plotting flllch Article 5 country 
for which a Country Programme had been prepared according to its GDP ancl total ODS use. The 
result was that most countries clustered into one of three groups according to the following 
definition of GDP: 

• Group I -- Low GDP (i.e. below $3.5 billion) 
• Group [I •· Medium GDP (i.e., between $3.5 billion and $20 billion) 
• Group III -- High GDP ( over $20 billion) 

It was found that four countries did not fall into any of these three clusters •- Brazil, China, India, 
and Mexico. These countries were then each treated as a separate group (i.e., Groups IV through 
VII) because they represent such a large portion of global use and because good information was 
available. 

129. For each of the seven groups, the Study Team then mapped the use in each sector according 
to the remaining four parameters. This was done based on data collected during the country visits 
and from the fax questionnaires, data available from existing studies, and best professional judgement. 
The result was that for each of the seven groups of countries, a mapping pro!O\'X)l was developed that 
further divided use in each end use according to the remaining four parameters. This resulted in the 
33 distinct use segments. 

3.4.3.3 Definition of Model Projects 

130. For each of the 33 use segments defined above, model projects were developed that 
characterized the control technologies available to eliminate this ODS use in each segment. A total 
of 98 model projects inclusive of retrofit and recycling controls were delleloped as part of this 
analysis. Model projects were characterized according to the following paral:neters: 
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• Capital cost; 
• Operating cost per year including chemical, energy, labor, and all other annual costs; 
• ODS use avoided each year; 
• Identification of baseline and substitute chemicals used; 
• Date of earliest availability; 
• Maximum estimated market penetration, which is defined as the maximum fraction 

of the total ODS use in a given segment that can be replaced by a project. The sum 
of all the market penetrations across all projects in a given use segment must sum to 
l 00 per cent; and 

• Time required to achieve maximum penetration. 

131. The model projects were developed and parameterized based on (1) a review of an array of 
investment projects approved by the Multilateral Fund to-date, (2) the control technologies identified 
as likely to be used in the eight Article 5 countries visited by the Study Team, (3) information on 
control technologies contained in the 13 responses to the fax questionnaires, ( 4) input from the 
Technical and Economic Assessment Panel, and (5) the professional judgement of the Study Team. 

132. The primary source of data for developing estimates of the cost and ODS use reduction was 
a set of 62 investment projects that have been approved by the Fund. For eadh approved investment 
project that matched a given model project in an end use, data were extracted on the capital and 
operating costs of the project and the ODS use avoided. If there were multiple investment projects 
for a given model project, then the average of the values across the investment projects were used 
in parameterizing the model projecL 

133. If there were no approved investment projects that matched a given model project, then the 
Study Team used its best professional judgement in developing estimates of the cost and use avoided 
by the project. This approach was undertaken for all recycling and retrofit model projects, and a 
number of additional projects for which there were no approved investment projects. In all cases, 
these estimates were informed by the Team's extensive experience in analyzing phaseout costs and 
evaluating project proposals. 

134. Assumptions regarding the date of availability of the control, its time required to achieve 
maximum penetration, and maximum market penetration were also developed based on data collected 
during the course of the country visits, data contained in the responses to th€! fax questionnaires, and 
the experience of the Study Team in modeling the penetration of ODS substitute control 
technologies. 

135. It is important to note that the time required to achieve maximum ,penetration and cost of 
a model project was assumed to be significantly different between the formal and informal sectors. 
Specifically, it was assumed that it would take approximately twice as long for a given model project 
to penetrate the informal sector as compared to the formal sector, and that the cost of implementin~ 
the project in the informal sector would be 2.5 times that of implementing it in the formal sector. l. 

B6. Finally, the rate of penetration of model projects that are implemented in an accelerated 
fashion for non-price driven reasons were assumed to be the same as that for enterprises operating 
in Article 2 countries. The rationale behind this assumption was that Article 5 enterprises 

15 
These estimates are based on the Study Teams visits to ~nd experience working in Article 5 countries. 
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accelerating their phaseout usually do so because they are part of a larger multinational corporations 
and/or they are exporting to markets in Article 2 countries. A:; a result, their phaseout schedule is 
likely to be approximately the same as that for enterprises in Article 2 countries. 

3.4.4 Operation of the Model 

137. The algorithm used to estimate the real resource and Fund costs can be summarized as 
follows: 

(I) Estimate total baseline ODS use across all Article 5 countries in the absence of 
controls. 

(2) Calculate the total reduction in ODS use that must be achieved each year to comply 
with the phaseout targets specified in a given scenario. This is simply the difference 
between unconstrained use and the total use allowed under tlile scenario through time. 

(3) Simulate the implementation or the model projects that are assumed to be undertaken 
in an accelerated fashion and estimate the total reductions achieved by these projects. 

( 4) Calculate the remaining reductions in total weighted ODP ilSe required to meet the 
target. To achieve these additional reductions, determine the sequence of target 
driven model projects that must be implemented. The! model determines this 
sequence by implementing model projects in order of decn,asing cost-effectiveness 
use. The cost-effectiveness of each project is measured usiilg the real resource unit 
abatement cost. 

(5) Once the model has determined the sequence of model projects that must be 
implemented over time to achieve the targets, it calculates the Fund and real resource 
costs. 

( 6) For tail scenarios, instead of implementing retrofits or early retirements to achieve a 
given target, the model estimates the total size of the ODS tail required to avoid such 
retrofits and early retirements in the refrigeration and air C(j)nditioning sectors. The 
total size of this tail is reported over time, and no retrofit or early retirement costs 
are included in the Fund or real resource cost estimates. 

(7) Based on the ODS use estimates developed for each scenario, the impacts of emitting 
this ODS consumed on stratospheric chlorine were calculated using the Atmospheric 
Stabilization Framework. 

The remainder of this section describes each of these steps in greater detail. 

3.4.4.1 Estimate Baseline ODS 

138. The methodology used to develop estimates of baseline ODS use across all Article 5 countries 
was described in section 3.4.2.1. It is important to note that the model does not track ODS use at 
the individual Article 5 country level. Instead, the model tracks total OD$ consumption by the 33 
use segments across all Article 5 countries. 
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3.4.4.2 Total ODS Reduction Required to Meet the Target Each Yefr 

139. Given an estimate of baseline ODS use through time. and the phaseout target specified by 
a given scenario, the model calculates the total ODS reduction required to achieve the target each 
year. This is calculated simply as the difference between forecasted use and the total use allowed 
under the scenario in that year. 

3.4.4.3 Simulation of Implementation of Non-Price Projects 

140. As described previously, the analysis assumes that model projects in a number of use segments 
are implemented in an accelerated fashion for non-price reasons. The early implementation of 
projects is assumed to be due to the corporate policies of multinational corporations mandating the 
phaseout as soon as possible at all of its enterprises worldwide, multinational or domestic enterprises 
phasing out to protect their ex:port markets in Article 2 countries, or enterpris~ phasing-out because 
of aggressive national policies. This can be seen from the fact that ( l) the phaseout schedule for 
Article 5 countries does not begin to restrict ODS use until 1999, and yet Article 5 countries are 
seeking support from the Fund now to implement ODS reduction projects that will reduce ODS use 
well before 1999 (such as solvents projects), and (2) to protect their export 1markets often without 
the impetus of a rise in prices. 

I 41. In the modeling framework, accelerated projects are implemented as soon as they are 
available and reach maximum market penetration as soon as feasible. Toes¢ are assumed to occur 
before any target driven ( or price based) projects are implemented. 

3.4.4.4 Sequencing of Target Driven {Price-Based) Model Projects 

142. After implementing the non-price controls, the model calculates the additional ODS use 
reductions required each year to achieve the target. The model then implements additional model 
projects to meet the target each year in order of decreasing cost-effectiveness. The cost-effectiveness 
of controls are measure using the real resource unit abatement cost (UAC). IT'he real resource UAC 
is calculated as the sum of the annualized capital costs plus the first year operating costs divided by 
the first year ODS reductions. In calculating operating costs from the real resource perspective, 
baseline prices for ODS are used (instead of rising prices). This is because, as ex:plained previously 
in Section 3.4.2.1, the rise in ODS prices are not assumed to impact real resource costs because the 
cost of manufacturing the ODS has not increased. Instead, the price rise is due to the scarcity of 
ODS that results in a transfer of resources from the user of the chemical to the producer of the 
chemical. 

143. Using the real resource UAC to sequence the order of the model projects means that projects 
will be implemented in the most cost-effective fashion from the societal perspective. Given that one 
of the purposes of the Multilateral Fund is to implement the phaseout in a cost effective fashion, 
employing a methodology that assumes that projects will be sequenced in such a fashion across all 
Article 5 countries seems appropriate. 

3.4.4.5 Estimation of ODS Prices Over Time 

144. It is necessary to develop estimates of the rise in ODS prices likely to occur under each 
scenario in order to estimate the Fund phaseout costs. The Study Team initially intended to obtain 
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estimates of future ODS prices from chemical manufacturers worldwide. This proved to be infeasible, 
because manufacturers felt they could not give credible estimates. 

145. A number of factors make price forecasting difficult. First, the global (toduction of ODS is 
currently in a state of flux with industrialized producers phasing out their prciduction and certain 
Article 5 producers continuing to produce or even increasing their production. This makes it difficult 
to estimate the likely supply of ODS in the next few years, and ODS supply is a key determinant of 
price. Second. the activities of the Multilateral Fund tend to invalidate the sta~dard microeconomic 
model for pricing in the context of a phaseout Normally, ODS prices should rise to reflect the 
marginal cost of control at a given time. As ODS becomes scarce, users bid up the prices to avoid 
the need for control measures. No user will pay more than the UAC of their alternative. Therefore, 
the standard model assumes that the price is set by the UAC of the most expensive controls required 
to meet a phaseout target each year. However, the Fund breaks this connection by reimbursing the 
costs of projects. This effectively makes user costs zero and removes the force that drives prices in 
the standard model. 

146. Despite the difficulties ,., :scribed above, the Study Team recognized the importance of having 
a price forecast and decided to use real resource UACs as a base for estimating price increases over 
time. In each scenario prices for each chemical were assumed to increase linearlr from the base price 
of that chemical to the UAC of the most expensive control between 1993 andi the phaseout year. 

3.4.4.6 Estimation of Fund Costs 

147. Once the model has determined the sequence and timing of the irnplejnentation of each of 
the model projects required to achieve a given target in a given year, the total ljund costs in each use 
segment are calculated as the product of the total cost of the model project ff()m the perspective of 
the Fund and the total number of model projects that must be implemented iI) that use segment to 
achieve a given target each year. The total number of projects that can potentially be implemented 
in any give use segment is calculated as the total ODS use in that segment each year divided by the 
quantity of ODS use eliminated by a given model project. 

148. In calculating the total cost of a given model project from the perspedtive of the Fund, the 
Indicative List of Incremental Costs approved by the Executive Committee was used to define the 
allowable incremental costs. Key assumptions underlying the calculation of Fund costs are explained 
in Section 3.4.2.2. 

149. It is assumed that the cost of each model project decreases at a rate of 2 per cent per year 
over time. This is designed to capture continuing technological development aiitd innovation that are 
likely to occur in the future. This is appropriate because given the time period over which the study 
addresses, it is reasonable to assume that there will be technological developments related to 
alternative technologies. These developments should reduce the cost of the alternative technologies 
and lead to a wider array of feasible options. 

150. The model assumed that methyl chloroform projects in the solvent sector would not be funded 
if their UAC was above US $100/kg. This is based on the direction of the Sub-committee for the 
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Report as specified in the minutes of the July 24 meeting with the Study Team ( see Auachment 1 
of this report). 16 

15 L Fund costs are discounted at a rate of ten per cent in the base scenario and sensitivity 
analyses are performed assuming a discount rate of zero and five per cent. 

3.4.4.7 Estimation of Real Resource Costs 

152. Real resource costs are estimated using the same methodology as that described above for 
Fund costs except that the cost of each model project is calculated based on its real resource cost. 
The real resource cost of such projects are calculated as the sum of the capital, one-time, and 
operating costs associated with it. The operating cost component of real resour¢e costs are calculated 
(I) over the lifetime of the model project that is implemented to reduce or eliminate the ODS use, 
and (2) assuming that ODS prices remain constant over time at their baseline level. As with Fund 
costs, the real resource cost of each model project is assumed to decrease at a rate of 2 per cent per 
year. Again, this is designed to capture technological innovation that will reduce the cost of 
alternative technologies over time. Section 3.4.2.1 presents additional details on the process used to 
estimate real resource costs. 

3.4.4.8 Tail Scenarios 

153. In analyzing tail scenarios, the modeling framework estimates the quantity of ODS required 
each year to avoid potentially costly retrofit and early retirement controls in tht refrigeration and air 
conditioning sector. In conducting this simulation, it is assumed that model projects to replace ODS 
use in new refrigeration and air conditioning equipment are implemented in the year that they 
become cost-effective. This means that the simulation does not attempt to implement such model 
projects as soon as they are technically feasible so as to minimize the size of the tail. As a result, the 
size of the tail is larger than it would be if ODS use in new equipment were replaced as soon as it 
is technically feasible to do so regardless of the cost. 

3.4.4.9 Simulation of Atmospheric Impacts 

154. The purpose of the atmospheric analysis is to provide a comparative measure of the 
environmental impact of each of the proposed phaseout schedules for Article 5 countries. It is 
beyond the scope of this study to perform a full scale atmospheric, human health, and environmental 
impact assessment for each scenario. However, as a proxy for a more detailed ~tudy, the Study Team 
used an existing simplified model, the Atmospheric Stabilization Framework ( ASF), to estimate the 
impact of each phaseout schedule on stratospheric chlorine loading. 

155. The ASF is a "consensus" model developed by a committee of prominent atmospheric 
scientists in government, academia, and private consulting firms. It was designed to approximate the 
behavior of more sophisticated two- and three- dimensional physical models !,Vithout requiring the 
computing power needed for physical simulations. It has been used extensively to support the U.S. 
government in evaluating the atmospheric implication of both domestic an<! international policy 
measures. Additional information of the ASF can be found in the National Aeronautical and Space 
Administration Conference Publication 3023, An Assessment Model for Atmospheric Composition. 

16 
It is important to note that the Subcommittee to the Report's admonition to the Study Team tbat "this 
assumption is for the purpose of this study alone and should not be interpreted as Executive Committee policy." 
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156. Since chlorine in the stratosphere is the principal cause of ozone depletion, the impact of 
each scenario on chlorine levels is a good indication of the potential harm to the ozone layer. As 
a result, chlorine loading is used to compare the atmospheric impact of each scenario. The analysis 
involved the following steps: 

• Estimate Article 5 emissions from the use estimates developed in Section 3.3.4.1 with 
baseline emissions estimates from the developed world to create a global emissions 
scenario for each proposed phaseout schedule; 

• Calculate adjusted stratospheric chlorine levels for each emissions scenario using the 
ASF, and report chlorine levels integrated over time. 

157. Total adjusted chlorine loading estimates for each proposed scenario were used as a proxy 
for the potential damage to the ozone layer from each scenario. Total cumulative Clx is defined as 
the sum of the area under the Clx curve above 2.0 parts per billion during the period from 1985 until 
Clx returns to 2.0 ppb. 

3.4.5 Model Limitations 

158. The modeling framework tracks ODS use and implements proj¢cts in global sectors. 
However, the ODS use restrictions mandated by the Montreal Protocol apply to each Article 5 
country individually. This is an important limitation for two reasons: First, compliance with global 
targets does not necessarily mean that individual countries meet their targel);. For instance, if one 
country is below its target in one year, another country can violate its target while still maintaining 
global compliance. This error tends to underestimate phaseout costs. 

159. Second, the model implements projects across global sectors in order of decreasing cost 
effectiveness. As a result, all projects of a given kind are typically implemented together. This 
introduces an error since different countries have different sector profiles. For example, if the model 
meets its first target by implementing inexpensive solvent projects, it misses the more expensive 
projects that must occur in countries without solvent sectors. This error tends! to underestimate costs 
by delaying ( therefore discounting more) some expensive projects while expediting ( therefore 
discounting less) a corresponding number of inexpensive projects. 

160. The costs of the model projects were larguy developed based on the financial data contained 
in the 62 approved investment projects reviewed for this study. Relying on this data will tend to bias 
upwards the cost of the model projects relative to those actually implemented in the marketplace 
because the Fund does not see projects that are cost-effective. In other w()rds, because the Fund 
does not provide assistance to projects that are currently cost-effective, the model projec1s developed 
based on the projects approved by the Fund will tend to be overestimates. 

I 61. In culling financial data for use in the model projects from the 62 projects, The Study Team 
relied solely on the documentation provided to the by the Secretariat to the Team about each of the 
investment projects. This documentation varied widely in terms of the level of disaggregation and 
detail provided in support of the operating costs contained in the projects. This often made it 
difficult to divide the operating costs into its components (i.e., chemical costs, labor costs, cost of 
materials) for inclusion in the modeling framework. In addition, the data presented in the projects 
at times appeared contradictory or inconsistent. As a result, the Project Team used its best 
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judgement in interpreting the data contained in the investment projects, for inclusion in the 
model. 17 

162. The modeling framework does not assume that recycled ODS are, banked prior to the 
phaseout date for use after this date. If such a bank were assumed to be creattd, it could potentially 
significantly reduce the cost of the phaseout in Article 5 countries, particularly in those scenarios that 
do not provide for a tail to service existing refrigeration and air conditioning equipment after the 
phaseout date. 

163. Finally, as mentioned above, there are severe limitations in ODS price fprecasting. There are 
good reasons to helieve that, because of these limitations, this methodology overestimates future 
chemical prices, and hence overestimates the chemical savings in the Fund eoij\ calculation for some 
projects. 

3.5 ESTIMATION OF COSTS TO PHASE OUT ODS PRODUCTION 

164. This section describes the methodology employed by the Study Team to estimate the costs 
associated with the phaseout of ODS production in Article 5 countries. Follqwing a brief overview 
of this approach, the primary elements of the approach are presented. 

3.5.l Overview 

165. Enterprises in several Article 5 countries produce significant quantiti~ of ozone depleting 
substances. A~ the global phaseout proceeds, these producers will be required to retire ODS 
production capacity and may, depending on country-specific decisions, choos~ to invest in capacity 
to produce alternative chemicals. The "Indicative List of Categories of Incremental Costs' provides 
that several of the associated costs are eligible for reimbursement by the Multilateral Fund. Because 
of the capital-intensive nature of chemical production and the number and .of size of production 
facilities in Article 5 countries, the demands on the Fund for financial support could be considerable. 

166. Any attempt to estimate such financial demands must, however, ;recognize substantial 
uncertainties. First, definitive policy guidelines on the calculation of eligible iqcremental costs in the 
production sector have not yet been finalized. Consequently, several issues are unresolved including, 
but not limited to, choice of substitute chemicals for each producing country, incorporation of country 
specific preferences for domestic production versus imported supplies, level of new production 
capacity to be supported for each country, avoiding double-counting when alll)Cating grants to both 
users and producers in the same country, treatment of market uncertainties such as the demand for 
and profitability of substitute chemicals, and calculating certain cost elements such as lost profits on 
ODS production. Second, accurate and comprehensive data on the universe of production facilities 
in Article 5 countries is not readily available. While much information is ~ailable, collection of 
plant-by-plant data is very resource-intensive and beyond the scope of this study. Third, because 
production costs are critically dependent on the specific chemical being produced and the quantity 
produced, prediction of the mix and volume of alternative chemical production capacity is a 

l7 
The Study Team considered approaching the Implementing Agencies or individuals v.iho prepared the 
investment projects to clarify any questions. It was determined, however, that undertaking such a task would 
have been too time-consuming given the time frame for the analysis and the resources available. 
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prerequisite to estimating likely demands on the Multilateral Fund. Efforts to make such predictions 
in a sophisticated, microeconomic framework can quickly become very complex. 

167. Believing strongly that analytic methods should reflect the quality of the underlying data, the 
inherent uncertainties in predicting complex future events, and the degred of precision in the 
available policy frameworks, the Study Team devised a relatively simple approach to estimating the 
likely demands on the Multilateral Fund associated with addressing ODS production. The Team 
compiled a profile of ODS production plants in Article 5 countries, developed a method for 
calculating conversion costs based on chemical prices, and applied the method to the profile to 
compute global costs. Two different assumptions about the global quantity or production capacity 
to be addressed and four approaches for computing grants from the MultilateraliFund were combined 
to yield eight different estimates. The resulting estimates should be regarded as no more than a very 
rough indicator of the range of potential demands on the Fund. 18 In addition, the Study Team 
could not develop a simple approach to determine when these costs would be incurred; thus, the 
estimate of production phaseout costs is independent of the calculation of phaseout costs for ODS 
use and does not vary across the eleven phaseout scenarios described in Chapter 2. 

3.5.2 Profile of ODS Production in Article 5 Countries 

168. The Study Team developed a profile of ODS prodm·',on plants in Article 5 countries based 
on a variety of sources. Written materials that were reviewed included Country Programmes, the 
reports of Team staff who visited producing countries, and documents prepared by the implementing 
agencies. In addition, interviews were conducted with representatives of multiple chemical 
manufacturers from both developed and developing countries. Data were often incomplete and 
occasionally contradictory; best professional judgment was used to finalize the profile. 

169. The Study Team believes that ODS are produced in at least eight Article 5 countries, 
including Argentina, Brazil, China, India, Mexico, Romania, the Republic of Kbrea, and Venezuela. 
The number of production plants is thought be around 90, with 70 in China, nine in India, and the 
remainder in the other six countries. While ODS production plants in some Article 5 countries are 
already being closed or converted, it appears that, in at least one country, ODS production capacity 
is currently being increased. Ten plants are believed to be owned, in part or in whole, by foreign, 
non-Article 5 enterprises. Because grant~ from the Multilateral Fund are typically reduced by the 
fraction of foreign ownership, the production and capacity estimates in the profile were appropriately 
adjusted downward. As shown in Exhibit 3-5, actual production, at present, appears to be far below 
production capacity. 

18 
This approach is consistent wtth the Sub~Commiuee's instructions to the Study Team :regarding the production 
sector to uuse a reasoned approach and readily available technical information to estintlate the cost of conversion 
on a global scale and not on a country or plant basis." See Executive Committee Dodument, 13/".l9/Add.l, 25 
July 1994, • 



Preliminary Draft Page 37 

3.5.3 Estimation of Cost to the Multilateral Fund to Address ODS Production 

170. In order to estimate the Fund cost associated with phaseout of ODS production, the Study 
Team used a five step approach. 

• First, the Team developed a method for inferring the capital and operating cost 
associated with each ODS and the leading alternative chemicals; based on their prices. 

• Second, "equilibrium" prices, free of the effects of market distortions caused by the 
phaseout and reflective of the true costs of chemical production were estimated. 

Exhibit 3.5 
Estimated ODS Production and Capacity in Article 5 Countries 

(Adjusted to reflect foreign ownership) 

Quantity Produced (MT/yr) 
Chemical In Latest Year Data Production Capacity (MT/yr) 

Available 

CFC 11/12 58,000 152,000 

CFC 113 <1,000 1,600 

Halon 1211 6,500 10,000 

Halon 1301 Negligible 600 

Methyl Chloroform <1,000 4,300 

Carbon 4,200 6,400 
Tetrachloride: 
Non-Feedstock 

• Third, "pathways" were defined to describe the specific substilutes into which ODS 
production will be converted (e.g., from CFC-12 to HFC-134a) and the global 
quantities of each ODS on each pathway were estimated. 

• Fourth, for each combination of an ozone depleting chemicatand a substitute (i.e., 
for each pathway), the incremental capital and operating costs per kilogram were 
estimated. 
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Finally, the incremental costs per kilogram derived in Step 4 were multiplied by the 
global quantities predicted in Step 3 and combined with assumptions about 
Multilateral Fund grant calculations to yield a range of estimatqd Fund costs, 

More detail on these steps is presented below. 

l7L Step 1 entailed allocation of a chemical's price among three types of costs: recovery of the 
initial capital investment, returns to the investors in the form of profit, and the ongoing operating 
costs associated with chemical production. The approach is based upon mlcroeconomic theory 
suggesting that, in a competitive and unconstrained market, market prices will settle at the marginal 
cost of production. It is possible to roughly allocate this marginal cost among the three cost types 
based on the capital intensity of an industry and the returns demanded by investors in that industry. 
To do so, the Study Team used values for two financial parameters that are typical of large firms in 
the organic chemical industi that operate globally. A typical sales to assets ratio of 1,6 and a profit 
to asset ratio of about 0.15, were used to compute a typical profit to sales ratio of 0.091, meaning 
that about 9.1 per cent of a chemical's price represents a return to investors, Moreover, based on 
the sales to assets ratio and an expected plant lifetime of 15 years, about 4.2 per cent of price 
represents recovery of capital investment The remainder, or about 86. 7 per cent of the price, is thus 
used to cover operating costs. 

172. Step 2 entailed estimation of "equilibrium" prices for key chemicals, which are defined as the 
prices that will prevail in competitive markets unaffected by market disturbances such as supply 
constraints resulting from policies like the Montreal Protocol. Such prices are sufficient to cover 
capital and operating costs while not being so high as to convey to investors a return beyond that 
typical for the industry. Equilibrium prices are needed for the analysis to ensure correct allocation 
among the three cost types (i.e., capital recovery, operating costs, and profits). For ODS chemicals, 
the Study Team used pre-Protocol prices from the 1985 to 1987 era. These prices were then adjusted 
upward to reflect inflation, but not the scarcity caused by the Protocol. For ODS substitutes already 
in widespread production, current prices were used. Finally, for "new" chemic~ls only just beginning 
to be produced in significant quantities, conversations were held with chemical producers to predict 
the price at which a producer could cover all capital and operating cost and offer investors an 
industry-accepted profit margin. 
173. Step 3 entailed first defining the "pathways" that ODS use will follow as it is switched into 
alternatives. Examples of pathways would include CFC-11 being replaced by methylene chloride, 
CFC-12 being replaced hy HFC-134a, and so on. The quantity of ODS following each pathway across 
all end uses was then estimated based on the modeling framework described earlier in this chapter 
and which was used to predict the total cost of the various phaseout scenarios. 20 

174. Step 4 entailed calculating the incremental cost per kilogram for each !pathway based on the 
results of Steps 1 and 2. The calculation for the switch from CFC-11 to H<!:FC-141b provides an 
illustrative example. The equilibrium prices per kilogram for these two chemicals are US $1. 70 and 
US $3.08 respectively. Thus, the total incremental cost for this pathway is US $ L38 per kilogram. 

19 

20 

See • Annual Statement Studies: 1990," Robert Moms Associates, page 83. 

Because of the negligible impact on global cost estimates and to simplify the analysis! ozone depleting 
substances for which total Article 5 country production capacity is less than 5,000 MT per year were excluded 
from the analysis. Chemtcats consequenlty nm analyzed include CFC-I 13, Haton-1301, and methyl chloroform. 
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Of this amount, US $0.06 can be allocated to capital recovery, US $1.20 to operating costs, and the 
remainder (US $0.12) to profits for investors. 

175. Step 5 entailed computation of Multilateral Fund grants under several scenarios which are 
defined by three different parameters. 

• First, because of the large discrepancy between actual production and reported 
capacity in Article 5 countries, Fund costs were estimated for ljoth quantities to yield 
an upper and lower bound. 

• Second, the Team evaluated two assumptions about the reimbursement of operating 
costs. For the first, it was assumed that only capital costs wquld be funded; in the 
second, it was assumed that four years of operating costs would be funded in addition 
to the capital cost. 

• Finally, situations where savings are expected from a shift to a chemical with a lower 
price than the one it replaces were addressed in three altern!lte ways. First, it was 
assumed that the savings would not be used to offset the increased cost of other 
chemical switches. Second, the alternative assumption was also Fvaluated; that is, cost 
savings were netted against cost increases, thereby lowering the overall demand on the 
resources of the Fund. In both cases, no Fund monies were ljssumed to be used to 
offset lower profits associated with the replacement chemical; Accordingly, a third 
assumption was evaluated that entailed payment of four years of lost profits. 

The combination of these three parametera thus produces a total of twelve scenarios for which Fund 
costs were estimated. 

176. When considering this approach to estimating the cost of the ODS iproduction phaseout, 
several factors should be kept in mind. First, in order to avoid the problem of Mouble-counting," the 
real resource cost for the phaseout of ODS production has not been estimate4 as a quantity distinct 
from the cost for the phaseout of ODS use. If chemical producers incur higher costs in the 
production of ODS substitutes, then their customers (i.e., ODS users) will ultimately face higher 
prices as a result. As such, these higher prices are reflected in the real resource cost estimates 
produced by modeling framework described in Section 3.3 above. It is, of course, a policy matter for 
the Executive Committee to determine bow to compensate chemical producers,whose customers may 
also be receiving Fund support lo cover the cost of purchasing ODS substitutes. 

177. Second, by virtue of the methodology used, the capital costs associated with current 
production of ODS have been subtracted from the capital cost of the ODS alternatives. This has the 
effect of reducing the potential grant from the Multilateral Fund under all scenarios evaluated. 

I 78. Third, a key implication of the Study Team's approach is that the financial and technical 
parameters associated with production of ODS and chemical substitutes in Article 5 countries are 
similar to those for the developed countries. A more refined analysis of tbil; assumption was not 
possible within the time and resources available for this Study. 

179. Finally, this analysis is a global, rather than country or plant, level analysis. As such, it does 
not involve development of a production phaseout strategy for each country. Issues such as the 
optimal number and size of plants for each country and the distribution of Fund grants among and 
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within Article 5 countries are not addressed. Instead, the approach implicitly astumes that production 
of ODS alternatives will be set at a level dictated both by the predicted demand for various ODS 
alternatives and by existing production capacity for ODS. National preferences for more in-country 
production or for smaller capacity plants may lead to higher costs for the Multilateral Fund than 
estimated by the Study Team. 

3.6 ESTIMATION OF NON-INVESTMENT COSTS 

180. In addition to the costs associated with investments in projects to phaseout both use and 
production of ODS, the Multilateral Fund is also used to finance other activities including the support 
activities of the Implementing Agencies, the operations of the Secretariat and the Executive 
Committee. institutional strengthening grants for Article 5 governments, land the information 
clearinghouse functions. In order to estimate the total cost to the Multilateral Fund of the various 
phaseout scenarios, therefore, it is important to include these non-investment costs. Because these 
costs are relatively small compared to the other demands made upon the Fund,I the Study Team took 
a simple approach to their estimation. 

181. The clearinghouse function, institutional strengthening, operation of the Secretariat and 
Executive Committee are assumed to cost US $11.5 million per year. These estimates are based on 
an analysis conducted during the replenishment of the Multilateral Fund in 1993.21 This cost was 
assumed not to vary over time or across the various phaseout scenarios analyzed. 

182. The cost of support activities performed by the Implementing Agencies were not estimated 
as a constant amount per year. Rather, because the scope of the investment projects to be done in 
any year may vary widely as a function of the phaseout scenario being analyzed, a different approach 
was used. The approach entailed applying a 13 per cent support fee to all investment projects. This 
reflects the practice of two of the implementing agencies and was, for the sake of analytic e,cpedience, 
assumed to applicable to the work of other implementing agencies. In sum, tlien, in any given year, 
non-investment costs are assumed to be US $11.5 million plus 13 per cent oflthe combined cost of 
all investment projects conducted that year. 

21 See "Proposed Three-Year Plan and Budget of the Multilateral Fund (1994-1996)," 
UNEPiOzL.Pro/E.xCom/10/40. Annex IJ. 
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CHAPTER4 

OVERVIEW OF DATA COLLECTED BY STUDY TEAM 

4.1 INTRODUCTION 

183. This chapter presents the data collected by the Study Team that responi:1 to the specific items 
requested by the Terms of Reference (TOR) for this study. The TOR asked tqe Study Team to take 
into account the factors addressed in this chapter in examining alternative phaseout schedules for 
Article 5 countries. As such, the chapter provides a descriptive overview of data collected and is 
organized around the TOR. Analysis and interpretation of these data have, fqr the most part, been 
reserved for Chapters 5 and 6. In addition, Section 4.11 discusses the feedback1 received from Article 
5 countries on the feasibility of the various phaseout schedules being evalui).ted under this study. 
Attachment I of the report presents the TOR as well as the minutes of the May 23-24 and July 25-27 
meetings. 

4,2 ACTUAL AND APPROVED TRANSFER OF RESOURCES (TOR item 1-a-ii-1) 

184. Data to assess the transfer of Fund resources to Article 5 countries "'Fre obtained from the 
Fund Secretariat and are extracted from the database of projects approved by the Executive 
Committee. 22 Exhibit 4-1 presents two tables of information regarding the number, size and status 
of Multilateral Fund projects as of the conclusion of the 13th meeting of the Executive Committee. 
The first is based on the number of projects while the second reflects the oost of these projects. 
Projects for which funds have been approved are grouped into the following categories: investment, 
institutional strengthening, project preparation, training, and other projects. This latter category 
includes country programme (CP) preparation, demonstration projects, and technical assistance 
activities. 

185. As Table 1 of Exhibit 4-1 shows, of the 685 projects approved by the Executive Committee 
as of the 13th meeting, 197 projects have been completed. The highest project completion rate is 
associated with training projects (56 per cent), which, by their nature, tend to be of a shorter duration 
and less resource intensive than other projects. In contrast, about four per cent of aU investment 
projects submitted to date have been completed. Finally, no institutional strengthening has been 
completed because institutional strengthening projects typically represent a three-year commitment 
of funi:ls to Article 5 countries and none were approved more than three years ago. 

186. The Study Team also looked at the cost of projects to see what insights the data offer. Table 
2 of Exhibit 4-1 presents the cost of projects approved, completed, and to be completed. A total of 
29 per cent of all approved projects have been completed while five per cent' of total funds allocated 
for projects have been transferred. 

22 This database contains information on all projects approved by the Executive Committee, including: a title and 
description of each project; the project's category (e.g., investment, training); the lead Implementing Agency; the 
amount of funds allocated for the project; and the status of the project. 
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Exhibit 4-l 
Actual and Approved Transfer of Resources 

Table 1 • By number of projects 

Number Number Number Not Percentage of 
Type of Projecl Approved by Completed Yel Completed Projects 

ExCom Completed 

Investment 197 7 190 4% 

Institutional Strengthening 43 0 43 0% 

Project Preparation 139 47 92 34% 

Training 81 45 36 56% 

Other 225 98 127 44% 

Total 685 197 488 29% 

Table 2 • By cost of projects 

Cost of Projects Final Cost of Cost of Project); Not Percentage 
Type of Project Approved by Completed Yet Completed• of Funds 

ExCom Projects Disbursed 
! 

Investment us $141,741,842 us $2,280,016 us $139,413,461 2% 

Institutional 
Strengthening 8,772,467 0 8,772,467 0% 

! 
Project Preparation 

17,357,990 3,894,449 11,477,377 22% 

Training 7,019,932 2,069,783 2,943,440 29% 

Other 23,626,652 2,619,159 17,410,958 11% 

Total us $198,518,883 US Sl0,863,407 us $180,137,703 5% 

• The numbers across columns do not sum to totals due to differences between the amount of funds allocated and funds actuatly disbursed, 

Source: Data from the Inventory of Approved Projects, provided pY the Fund Secretariat in August 1994. 
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187. To distinguish hetween projects recently approved and those that wen'! approved some time 
ago. the Study Team divided uncompleted projects according to the Executive Committee at which 
they were approved. The two tables in Exhibit 4-2 show the breakdown by Executive Committee 
meeting of projects (by number and size) that have been approved but not yet completed. The tables 
include the number of months that have passed between the specific Executive Committee meeting 
at which the projects were approved and the thirteenth Executive Comnjittee meeting. This 
information indicates that a significant number of projects that were approvted prior to the tenth 
Executive Committee meeting remain to be completed: 160 projects approved prior to the tenth 
meeting remain to be completed. Of these, investment projects acrount for the largest portion, with 
50 projects remaining to be completed. Investment projects account for the vasl majority of the funds 
remaining for projects not yet completed that were approved prior to the tenth meeting. 

188. Two important points should be kept in mind when interpreting theseidata. First, for some 
projects (particularly CP preparation, project preparation, and a few investment projects), funds have 
been allocated at more than one meeting for the same project. For example,'if a project approved 
at one meeting received an additional allocation at a subsequent meeting, \he project would be 
counted twice in the data provided--once for each meeting at which funds were allocated. As a 
result, the actual number of approved projects is less than the numbers presenlf!d in Exhibits 4-1 and 
4-2. The total cost of projects, however, is not affected. Second, the funds ~located for approved 
projects do not include the 13 per cent of a project's cost that UNDP, UNIDO, and UNEP receive 
on top of the funds allocated for a project to cover overhead costs. In contrast, the World Bank 
receives an allocation to cover its overhead costs separately from projects it submits for approval. 
These allocations are accounted for under project preparation. 

4.3 RELATIONSHIP BETWEEN AVAILABILITY OF ODS AND RATE OF 
IMPLEMENTATION ACTMTIES (TOR item l-a-ii-2) 

189. Data from the eight country visits and the 13 fax questionnaires were ,examined to evaluate 
the relationship between the availability of ODS and the rate of implementation of phaseout 
activities. The Study Team did not look at CPs for this TOR item because they would not indicate 
the status of actual phaseout activities to date. The Study Team reviewed the country visit reports 
and the responses to question 6 of the fax questionnaire concerning changes lin prices of ODS and 
their effect on phaseout rate.23 These data sources provide the most current information on this 
factor. 

190. The eight Article 5 countries visited report no actual supply constraint.$ for CFC-11 or CFC-
12, but some of the eight countries have experienced reduced supply of d,ther chemicals. For 
example, one country that was visited reports a constraint in the supply of lhe refrigerant R-502, 
which contains CFC-115. The constraint has caused a rapid decline in consufllption of R-502 and a 
halt in the purchase and installation of refrigeration equipment designed for use with R-502. The 
constraint seems to be caused by the rapid phaseout in production of CFC-115 taking place in 
industrialized countries, which supply CFC-115 to the country. 

23 Question 6 reads as follows: "Have the prices of ODS gone up or down significantly in the last 12 months'! To 
what extent have rising ODS prices led to phaseout projects irrespective of government policy or Multilateral 
Fund support'!" 
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Exhibit 4-2 
Breakdown of Actual and Approved Transfer of Resources by Executive Committee Meeting 

Table 1 - By number of projects 

For projects not yet completed, number approved by ExCom meeting 
Type of Project Number of (and number of months from 13th ExCom meeting) 

Projects Not Yet 
13th 12th 11th 10th Before 10th Completed 

(0 months) (3 months) (7 months) (12 months) (16-36 months)24 

Investment 190 55 33 23 29 50 

Institutional 
Strengthening 43 6 6 4 9 18 

Project Preparation 92 9 38 12 9 24 

Training 36 3 4 6 8 15 

Other 127 21 39 20 9 38 

Total 488 94 120 65 64 145 

Source: Data from the Inventory of Approved Projects, provided by the Fund Secretariat in August 1994. 

24 Based on the first meeting at which projects were approved (i.e., the fourth meeting of the Executive Committee). 
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Exhibit 4-2 ( continued) 
Breakdown of Actual and Approved Transfer of Resources by Executive Committee Meeting 

Table 2 • By cost of projects 

Cost of Projects For projects not yet completed, funds approved by ExCom meeting 
Type of Not Yet ( and number of months from 13th ExCom meeting) 

Project Completed 
12th 13th 11th 10th Before 10th 

(0 months) (3 months) (7 months) (12 months) (16-36 
months)25 

Investment us $139,473,461 us $42,376,524 us $15,653,187 us $15,864,550 us $20,933,700 us $44,645,500 

Institutional 
Strengthening 8,772,467 839,975 824,910 716,500 1,956,810 4,434,272 

Project 
Preparation 11,477,377 1,235,000 4,366,510 956,000 1,374,000 3,545,867 

Training 2,943,440 125,000 766,800 306,000 451,200 1,294,440 

Other 17,470,958 1,788,000 3,761,100 3,705,476 1,957,110 6,259,272 

Total l!S $JRO.B7,701 us $46,164,49') us $25}72,507 us $21,548,526 us $26.672,820 us $60,179,151 

Source" Data from the Iiiventofy of Appfoveil Picijec1s, provided by the Fund Secreiiliiai in August 1994; -

25 Based on the first meeting at which projects were approved (i.e., the fourth meeting of the Executive Committee). 
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191. In another country visited, although there is no actual supply constraint for ODS, many large 
ODS consumers and producers of ODS-consuming equipment perceive that the supply of CFCs is 
limited. The current perception of supply limitations, regardless of the actual current supply, is 
panially responsible for motivating these enterprises to accelerate the . transition to non-ODS 
technologies. In addition, the system instituted by the country to control ODS imports seems to have 
successfully deterred "dumping" of ODS at extremely low prices into the cou1:1try from other countries 
while en.,uring that ODS continues to be available. 

192. Four countries reported supply constraints for halons, panicularly halon 1301. The drastic 
reduction in available halon in one country has caused prices to increase more than 30 times over the 
prior year's prices. As a result, all new fire fighting systems use substances other than halons and 
some existing systems are being switched in phases. 

193. Of the countries that responded to the fax questionnaire, any constraints or surpluses in 
supply of ODS were deduced from data provided on changes in ODS prices over the past 12 months. 
Of the 13 countries that responded, four reported significant price increases in ODS, which may 
indicate reduced availability of ODS in-country. In one of these countries, however, the pnce 
increase for ODS was due to the country's high rate of inflation rather than any limitations in the 
supply of ODS. For another country, the price increase was due both to a currency devaluation and 
an increase in the cost of carbon tetrachloride for production of ODS. 

194. Another five countries responding to the fax questionnaire indicate<!. some increase in prices 
but did not characterize it as significant, which indicates that the countries are not facing significant 
supply shortages. One country reported that ODS prices have remained steady over the past year. 
Another country indicated that, while CIF prices26 for ODS had increased iby 30 per cent to 50 per 
cent (depending on the substance in question), market prices in U.S. dollars have not changed 
significantly. 

195. In sum, the availability of ODS appears to differ across the countries visited or that responded 
to the fax questionnaire, as well as by chemical. For those countries that have experienced significant 
ODS supply limitations, some phaseout activity has been observed. 

4.4 RATE OJ? TRANSFER AND IMPLEMENTATION OF LOW- AND NON-ODS 
TECHNOLOGIES TO OR FROM ARTICLES COUNTRIES (TOR item t-a-ii-3) 

196. Data to assess the rate of transfer and implementation of low- and non-ODS technologies to 
or from Article 5 countries were drawn from th,· eight . country visit reports. The Study Team 
reviewed the data for evidence of shop floor-level phaseout experience in the eight countries, 
including Fund-financed projects and projects implemented independent of the Fund. The data 
indicate that the implementation of low-and non-ODS technologies in Article 5 countries varies 
considerably across ODS-use sectors and across countries. This section summarizes the extent of 
implementation of low- and non-ODS technologies by sector. 

CIF :-.wnds for cost, insurance, and freight, i.e.) the landed cost of an import on the dock or other entry point in 
the receiving country. CIF price excludes any charges after the import touches the dock and all domestic tariffs 
and other taxes or fees. 
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l 97. The phaseout implementation has progressed the farthest in the aerosols sector. Three of 
the eight countries visited have already phased out all ODS use in this sdctor. In three other 
countries, at least 50 per cent phaseout has occurred, and in two countries, initial phaseout activities 
have commenced. Complete phaseout is expected in all countries by 1996. Three of the countries 
visited instituted early legislation banning ODS use in this sector, but the phaseout process in all eight 
countries has been largely driven by the economic advantages of using hydrocarbon as a propellant. 
In some of the large countries, however, the non-availability of high-quality hytirocarbon has limited 
the phaseout in certain applications, such as perfume sprays and room freshebers. Some phaseout 
in applications such as insecticide sprays has occurred in these countries with the use of destenched 
liquified petroleum gas (LPG). 

198. In the flexible foams sector, replacement of ODS blowing agents by methylene chloride, water 
and HCFC blends is rapidly occurring in most countries visited. The early acceptance of substitute 
technology, its low cost, and the availability of Fund financing have driven this phaseout process. The 
switchover in this suhsector is complete in four of the eight countries visited al!ld is well underway in 
another country. Enterprises in a sixth country have phased out as well, v.,ithi the exception of two 
enterprises that use continuous process equipment designed for CFC-11. In the two remaining 
countries, most enterprises are also actively involved in the phaseout process and are at various stages 
of project preparation and implementation. 

199. The transfer of technologies for ODS replacement in the blowing of rigid foams has been 
comparatively limited in all the countries visited. The lag is due to the relativ~ly recent maturing of 
substitute technologies for this end-use. Projects for phaseout are only now beirg developed in many 
of these countries. Most of these projects are based on eyclopentane or HCFC-141b technologies. 
Rapid phaseout in at least four of the countries is expected on the basis of these projects. 

200. In four of the eight countries visited, no halon phaseout implementation has occurred to date. 
Two of these countries are producers of Halon 1211. and a third is in the process of developing a 
strategy for phasing out halons. In the other four, Halon 121 I is being substituted by dry powder, 
water, carbon dioxide and foams in many applications, excluding sensitive : applications such as 
computer systems, telecommunications, and refineries. In at least two of the c;ountries, all new fire 
control equipment uses substitutes. The phaseout of Halon 1301 presently has inot progressed much, 
although a few installations in some of the eight countries visited have adopted FM200 systems. 
Halon recycling centers have been installed in three of the countries visited, and two other countries 
are in the process of preparing a recycling plant project. A halon banking plan lis being implemented 
in a sixth country. 

I 
201. In the domestic refrigerator sector, no substitute refrigerant projects have yet been completed 
in any of the countries visited. However, HFC-134a projects are at various stages of project 
preparation and implementation in all the countries. In three of the countries, enterprises are also 
evaluating hydrocarbons and/or HCFC/HFC blends as alternative refrigerants. Most enterprises 
expect to complete phaseout implementation by 1998. though servicing and/or retrofitting of residual 
stock is expected to continue as long as allowed. Refrigerator manufacturers have shifted to low­
ODS foam blowing in only one country. Projects for shifting to either HCFC-141b or cyclopentane 
are underway in five other countries, and evaluation of alternatives is in progness in two countries. 

202. Low-ODS technologies have been implemented in the commercial refrigeration and air 
conditioning sectors in all the countries that were visited. The eight countries have traditionally used 
HCFCs in these sectors to varying degrees. In addition, the Montreal Prot&col has provided an 
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impetus to CFC-using enterprises to shift to HCFCs as new equipment is installed and old equipment 
replaced. A~ a result, new commercial air conditioning equipment in the eight countries is almost 
completely based on HCFC, or HCFC/HFC blends, with the exception of chillers. Installation of new 
equipment using HCFCs and HCFC/HFC blends for large commercial refrigeration units also is 
rapidly increasing in all eight countries. 

203. The implementation of non-ODS technologies has been relatively fast in the MACs sector 
for the manufacture of new MACs. ODS phaseout projects are at various stag~ of implementation 
in all the countries that manufacture MACs. The fact that most manufacturers of MACs are either 
multinational or joint venture companies has played a key role in the adoption of HFC-134a 
technology. In contrast, no conversion of existing MACs to alternative technologies is taking place 
in the eight countries visited. This situation is a result of the high price of MJ<\Cs retrofits. 

204. Phaseout implementation in the solvents sector varies considerably across the eight countries 
visited. In two countries, substantial progress has already been made, largely because of the export 
orientation of the enterprises that used ODS as solvents. Another two countries expect to phase out 
a large fraction of ODS use in this sector, although little if any progress has ,occurred to date. In 
another country, most multinational companies (MNCs) have already phaseid out, but very little 
phaseout has occurred in local enterprises. In this country, the phaseout of ODS for export-oriented 
electronics cleaning is almost complete. By comparison, phaseout has been relatively limited in metal 
cleaning for domestic use. In other countries, the diversity of ODS uses in the solvents sector and 
the relatively low amounts of ODS used by individual enterprises have constrained phaseout 
implementation. 

4.5 TRANSFER OF NON-ODS TECHNOLOGIES BETWEEN ARTICLES COUNTRIES (TOR 
item 1 •a•ii-4) 

205. The Study Team reviewed the eight country visit reports for any evidence of technology 
transfer occurring between Article 5 countries. Technology transfer can refer to actual non-ODS 
technology currently in place on the shop floor of enterprises in Article 5 countries or to the transfer 
of skills and know-how. 

206. At present, no actual transfer of non-ODS technologies between Article 5 countries has been 
observed in any of the eight countries visited. However, some transfer of skills and knowledge related 
to non-ODS technologies between Article 5 countries has been observed in clirtain sectors. Experts 
and consultants from some Article 5 countries are assisting governments, implementing agencies and 
enterprises in other Article 5 countries in technology selection for the foams' and aerosol sectors. 

207. It appears likely that, in the future, the transfer of non-ODS technologies between some 
Article 5 countries could occur. For example, one of the countries visited has developed non-ODS 
compressors for domestic refrigerators and can export the compressors to other Article 5 countries 
as they phase out ODS refrigerants in domestic refrigerators. In addition, a number of enterprises 
in Article 5 countries export ODS-using products (e.g., refrigerators and foam systems) to other 
Article 5 countries, and would be expected to export non-ODS using products after they adopt 
substitute technologies. Furthermore, the experience with technological adaptation in at least four 
of the countries visited has resulted in the development of locally adapted technology. This 
technology could be exported to other Article 5 countries with similar ne¢ds, particularly in the 
solvents and aerosol sectors. 
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4.6 CURRENT PLANS OF ARTICLE 5 COUNTRIES AS ARTICULATED IN COUNTRY 
PROGRAMMES (TOR item l-b) 

208. Section 4.6 addresses the current plans of Article 5 countries as articulated in the CPs 
submitted to date. To respond to this TOR item, the Study Team reviewed the 40 CPs approved by 
the Executive Committee to identify the phaseout schedules currently planned :by Article 5 countries. 
In addition, planned investments in Article 5 countries were measured by cclllecting the estimated 
social costs and funds requested from the 40 CPS. Data on both phaseout stbedules and planned 
investments were then aggregated and analyzed to better understand the curtent plans of Article 5 
countries. 

209. Each CP details the country's phaseout schedule for the four groups of ozone-depleting 
chemicals: CFCs, batons, carbon tetrachloride, and methyl chloroform. As currently written, the 
Montreal Protocol binds all Article 5 signatories to a 2010 phaseout schedµle for the first three 
chemical groups and a 2015 date for methyl chloroform. Many countries with CPs in place, however, 
have adopted accelerated phaseout schedules for all four groups. Exhibit 4-3 pri::sents the distribution 
of phaseout dates by chemical group for those countries with a CP.27 The graphs indicate that, if 
countries adhere to the phaseout schedules articulated in their CPs, they will, rqughly speaking, phase 
out during either of two timeframes: the first group will phase out between {994 and 2001 and the 
second group between 2005 and 2010. 

210. If the phaseout date for each country is weighted according to the ozone-depletion potential 
(ODP) of its consumption of a particular chemical group, a weighted average phaseout date for each 
chemical group can be calculated. Those weighted average dates for couritries with CPs are as 
follows: 2007 for CFCs, 2008 for halons, 2009 for CCl4, and 2001 for MCF. Although the weighted 
phaseout schedule for MCF represents a 14-year acceleration compared to ,he Protocol date, the 
accelerated dates for the other chemicals represent only small advances in the Protocol dates. Exhibit 
4-4 shows the effect of considering CP-planned phaseout schedules in light of both ODS consumption 
in each country and variations in ODP across chemical groups. These data copfirm that, despite the 
plans of many countries to accelerate the phaseout, most GDP-weighted co115umption will not be 
phased out until late in the next decade under current CP plans. ! 

211. Toe analysis presented above reflects only the 40 Article 5 countrieis with approved CPs. 
There are another 51 countries for which CPs have yet to be approved. Of the total GDP-weighted 
consumption of 235,623 MT per year, countries with CPs are thought to consume about 158,709 MT 
or 67 per cent of the total. If countries without CPs are assumed not to accelerate the phaseout and 
instead adhere to the Protocol schedule, the graph shown in Exhibit 4-4 can be adjusted to reflect 
all Article 5 countries. Exhibit 4-5, which depicts the schedules for all Article 5 countries, illustrates 
again that the majority of the phaseout is planned to occur between 2008 an<! 2010.28 

i 

27 

28 

Toe number of countries varies among the four graphs in I:.xhibit 4~3 because not all countries have set a 
phaseout date for each chemical group. 

It is important to note that CPs may not offer the definitive statement on the likelihood of acceleration of the 
phaseout schedule. Section 4.11 describes the responses of Article 5 countries to spetific questions regarding 
the potential for accelernuon. 
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212. Another perspective on the plans of Article 5 countries can be obtained by a review of the 
planned investments and spending associated with the phaseout. Such investment can be measured 
in terms of bnth the total incremental real resource cost to the country (i.e., the social cost) and the 
fraction of these social costs for which Multilateral Fund support will be souglllt. Most CPs include 
data on these social cost~ to the economy and the specific funding requests necessary to implement 
the country's action plan. 

213. Based on these data, of the 32 CPs that provide social costs, the avet!age social cost for all 
countries with CPs is estimated at US $208.6 million. In addition, of the 39 CPs that provide total 
amounts requested from the Fund, the average amount requested is US $97.8$ million. Total social 
costs for all countries with CPs amounts to US $6.884 billion and total Funds r¢quested to US $3.816 
billion. To measure the cost-effectiveness of a CP, the social cost of the phastout can be divided by 
the ODP-weighted consumption in a country. The resulting cost ratios vary widely from less than US 
$25 to greater than US $500 per kg of weighted consumption. The overall l!Verage ratio of social 
cost to ODP-weighted consumption is US$43.40 per kg of ODP-weighted consumption. 

214. Given the extreme variations in these data, it is difficult to know how heavily to rely upon 
them when drawing inferences about global phaseout. First, there seems to l:le substantial variation 
across CPs in the method of calculation--both computationally and conceptuaUy. Second, many CPs 
do not include an estimate of the full set of activities and investments for which Fund support will 
be sought. Third, differences across countries in the types of ODS use (e.g., aerosols versus halons) 
and in the overall quantity of ODS used have an effect on the estimated costs. 

4,7 OPERATION OF THE FUND AND UPDATE OF UNEP DOCUl\fENT 10/40 ANNEX I 
(TOR item 1-c) 

215. The TOR require the Study Team to take into account UNEP do¢ument 10/40, Annex I 
(Report on the Operation of the Financial Mechanism Since 1 January 1991) ~nd to update pertinent 
information in the document. This document describes the Fund's modd of operation and the 
challenges it faced at the time it was prepared on 1 July 1993. The dotument consists of the 
following sections: the structure of the Multilateral Fund; the process for a¢cessing funds; progress 
in Fund operations; and issues encountered, resolved, and outstanding. In addition, the document 
includes three appendices: the Report from the Treasurer on 1992 accounts; a description of the 
IAs; and a list of contributions and Fund disbursements ( as of 24 June 199'.'I). 

216. At the May 23-24 meeting of tbe Sub-committee for the Repori, the Study Team was 
instructed !!Q! to evaluate the operation of the Fund in its study. For this reason, the Study Team 
has not updated the sections of the UNEP document concerning the stn!icture of the Fund nor 
Appendices I and III (Report from the Treasurer and Contributions and Fund Disbursements). 
Updated information on the funding process is incorporated in Chapter 5 of,this report and progress 
to date is addressed in Section 4.1. Issues encountered, resolved and outstjanding are addressed in 
both Chapters 4 and 5 of the report. Finally, Attachment 2 of this report includes updated 
descriptions of the project cycle for the four lAs (UNEP, UNIDO, UNDP, and the World Bank) to 
rellect changes in their operating procedures that have been instituted since UNEP document 10/40 
Annex I was prepared. 
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4.8 PROGRESS MADE AND PROBLEMS ENCOUNTERED BY ARTICLES COUNTRIES IN 
IMPLEMENTING COUNTRY PROGRAMMES (TOR item 1--d) 

217. Issues concerning progress made and problems encountered by' Article 5 countries in 
implementing their CPs are central to the study because of their irnpat.t on various phaseout 
schedules being considered. As such, this issue is directly addressed in a qualitative sense in Chapter 
5 and in a quantitative manner in Chapter 6. For this reason, Section 4.8 is limited to a descriptive 
presentation of some specific pertinent data collected by the Study Team. 

218. To respond to this TOR item, the Study Team took a two-pronged approach. First, the Study 
Team looked at qualitative data obtained from the eight country visits and the responses to the fax 
questionnaires to identify the factors impeding and those facilitating the phaseouL Second, to provide 
a quantitative measure of progress made by Article 5 countries in implementing their CPs, the Study 
Team examined data from those countries that were visited or responded to the fax questionnaires. 
From this group, the Team then selected those which have had a CP in place for over a year to 

·mpare their estimated unconstrained ODS consumption with the latest OIDS consumption figures 
reported to UNEP. (The Team assumed that problems and progress associated with a CP less than 
one year old would not be indicative of results over the long run.) Differences between reported and 
estimated consumption would provide one measure of any progress made ih implementing CPs. 

219. Several general themes emerged from the qualitative review of data ~btained from 20 Article 
5 countries. The factors cited by a number of countries as impediments to!phaseout include: 

a. Lack of awareness about the phaseout by enterprises in the country 
b. Lack of information about alternative technologies 
c. Lack of an OPU or recent establishment of OPU 
d. Lack of funding/lack of capital for conversion to alternative. technologies 
e. Non-availability of alternative technologies 
f. Complicated procedures for receiving Multilateral Fund: assistance, particularly 

regarding funds disbursement 

220. Factors facilitating the phaseout that were cited by more than one fi:ountry include:29 

a. Availability of cheaper substitutes (aerosols, flexible foams) i 
b. Foreign ownership of local ODS users or presence of MNd; 
c. Multilateral Fund support 
d. Awareness programs (both general and targeted) 
e. High or rising ODS prices 
f. Approval of investment projects 

221. Of the twelve countries with a CP in place for at least one year, only Seven reported complete 
ODS consumption data to UNEP in 1991 or 1992. These data were compared to CP estimates of 

29 
h should be noted that, in some ca.,;cs) it was unclear wbether the countnes responding to the fax questionnaire 
were citing the factors they believe would facilitate the phaseout or those factors that are actually facilitating the 
phaseout in their countries. Nonetheless, the factors listed were specifically suggested by the Article 5 countries. 
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unconstrained demand for the same year.30 Actual ODS consumption :o.vas lower than the 
unconstrained figures by an average of three per cent in four cases, but was 0111 average 14 per cent 
higher in the other three countries. For all seven countries, total actual demand exceeded 
unconstrained demand by eight per cenL Although such data are clearly linllitcd and may reflect 
differences in methods used to calculate consumption, they do suggest that thei phaseout may not be 
progressing as rapidly as had been expected. 

222. On an additional issue referenced by this TOR item, the Study Team employed data 
developed as model inputs to assess current per capita consumption and its lik~ly future growth. As 
explained in Section 3.3 of the report, the Study Team developed an estim~te of total weighted 
unconstrained ODS consumption in all Article 5 countries in 1993 from •everal data sources. 
Dividing this figure, 233,215 MT, into the Article 5 population of 4.066 billion yields a per capita 
consumption figure of approximately 0.06 kg per capita for all Article 5 countlries. 

223. In order to estimate the likely future growth of ODS consumption, the lteam employed other 
data gathered from the CPs as model inputs. The likely growth rates given for different ODS sectors 
in different Article 5 countries in their CPs were weighted and averaged actoss all countries and 
sectors to yield an annual average weighted growth rate for ODS consumption pf approximately nine 
per cent. Therefore, in the absence of the phaseout program, the unconstrain!::d ODS consumption 
in Article 5 countries might have grown to 993,643 MT in 2010. 

4.9 LEGISLATION ENACTED IN ARTICLE 5 COUNTRIES (TOR item 1-e) 

224. To evaluate the extent and impact of legislation enacted in Article :l countries, the Study 
Team examined a number of data sources, including: the eight country visitireports; responses to 
question 9 of the fax questionnaires31; and relevant sections of 35 country pro~rammes. These data 
sources account for 42 of the Article 5 countries. Information was collected tegarding the types of 
legislation employed (e.g., import controls, use controls) in these countries. tn addition, the Study 
Team deemed it useful to compare CPs to actual progress to determine if countries had enacted any 
legislative measures considered in their CPs. As such, for eleven countries v.tiich have had CPs in 
place for more than one year and for which a country visit report or fax qtiestionnaire response 
existed, proposed legislative/regulatory policies described in the CP were compared against measures 
actually implemented by the country. 

225. In considering the data, it should be remembered that interpretations of the terms "legislation• 
and "regulation" vary. In many countries, legislative action describes the lawmaking process conducted 
by elected representative bodies; regulatory action describes the implementation of legislative 
decisions, typically by administrative agencies through a rulemaking process. Since this is not the case 
in all Article 5 countries, the available data may not capture fully the level of "governmental activity" 
in facilitating the phaseout, if such activity did not require formal legislative or regulatory authority. 

30 Unconstrained demand is the consumption of ODS that would occur in the absence ¢,f the restrictions imposed 
by the Montreal Protocol and the London Amendments. 

31 
Question 9 reads as follows: "What domestic legislation/regulations have been enacted in res£Xlnse to the ODS 
phaseout? What effect have they had across ODS-consuming sectors? Hov.· well are regulations enforced?" 
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226. This situation is illustrated in cases where a country indicates in il, CP its intention to rely 
"on existing legal structures" or "upon voluntary measures" while simultaneously noting that it will 
adopt import quotas. No legislative or regulatory action is required per se, but the government is 
acting in a formal capacity to facilitate the phaseout. Thus, data which suggest a country has not 
taken legislative or regulatory action or that it does not intend to do so, may not reflect the degree 
to which government authority and power have been exercised in support of the phaseout. 

227. Several Article 5 countries acted early. beginning in 1989, to control aerosols, either through 
use bans, import controls, or manufacturing controls. Six of the 42 countrie$ have aerosol controls 
in place. The data provide an insufficient basis on which to explain definitiv¢ly why countries acted 
early to address aerosols, but several explanations are possible (in addition to the existence of the 
Montreal Protocol): the availability of cheaper substitutes; the presence of mµltinational ownership, 
creating early awareness and capacity to act; the export orientation of the:country or the sector, 
requiring conversion in order to maintain markets; and greater acceptability of aerosol controls 
because industrialized countries proved that viable, cost-effective alternatives exist for aerosols. 

228. Although a majority of Article 5 governments either have taken formal action to facilitate the 
phaseout or contemplate doing so in their CPs, actual legislative activity remajns so far the exception 
rather than the rule. In countries where measures are actually in place, most of these measures 
address imports. Five countries are implementing or have implemented import controls. Imports are 
typically restricted through the use of quotas and administered under a permit system. Permit 
schemes are also facilitating data collection as required under the Protocol and supported by UNEP. 
A few countries have taken direct action, such as production and use controlt and executive decrees 
that require implementation. Two countries have instituted production controls and another two 
countries have Executive Decrees in place. 

229. Despite the scarcity of measures enacted so far, the overwhelming mljjority of countries have 
CPs which contemplate some legislative action. Only two countries explicitly iiave rejected or refused 
to contemplate legislative or regulatory responses, expressing intent to rely dn a voluntary approach 
as a matter of policy. The paucity of legislative measures enacted to date may reflect the infancy of 
the issue, rather than express intent by Article 5 countries to reject a legislative/regulatory approach. 
In fact, many of the eleven countries that have had a CP in place for at least one year and that have 
stated their intent to enact legislative measures have now done so. 

230. Given that many of the countries which have taken measures have had CPs in place for more 
than one year, the lack of legislative activity in other countries may be due to other factors, such as: 
, ncomplete information on which to evaluate and select options; insufficient institutional capacity for 
formulating legislative or regulatory responses; insufficient time in which Ip implement legislative 
measures; and interest in avoiding a formal legal regime until , the effectiveness of 
information/awareness campaigns and voluntaty agreements can be assessed. 

23 l. The data suggest that, in general, laws and regulations follow rather than lead ODS phaseout 
in Article 5 countries. Presumably, if legal and regulatoty actions were driving the phaseout, rather 
than merely facilitating it, many more legislative and regulatoty responses would be in place. In the 
case of ODS phaseout in Article 5 countries, only a few types of controls have been enacted and 
those by only a handful of countries, despite the fact that 51 Article 5 countries have signed the 
Montreal Protocol and 40 have CPs showing how they intend to phase (mt ODS. This finding 
suggests that, at this time, economic and political factors in general are affecting the ODS phaseout 
in Article 5 countries more than laws or regulations. 
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4.10 MARKET DYNAMICS IMPACTING THE PHASEOUT (TOR Item l-0 

232. The Study Team reviewed the country visit reports and responses to fax questionnaires for 
data to identify the market dynamics impacting the phaseout in Article 5 coµntries. Seven major 
characteristics of the market dynamics in Article 5 countries have a signifiqant influence on the 
phaseout. These are: 

a. Prices: Market data on CFC-11 and CFC-12 prices reveal diverse trends in the 
countries that were visited and in those that responded to the fax questionnaires. The 
data indicate that prices were steady (in real terms) over the past year in countries 
with local CFC production. Changes in the import prices of inpµts had corresponding 
impacts on prices: in one producer country, prices increased bq::ause of higher prices 
for imported carbon tetrachloride and devaluation of local cµrrency. In the non­
producer countries, regional trends in CFC prices are obse~: prices increased in 
Africa and Latin America (with the increase being more significant in local currency 
than in dollars), and remained steady in Asia. Prices of halons, TCA, and some CFCs 
(particularly CFC-115 and to a lesser extent CFC-113) exhibi~ rapidly rising trends 
worldwide. Generally, there has been greater pressure to ppase out ODS where 
prices are undergoing rapid increases. 

b. Export Orientation: In countries or sectors with a prepondera~ce of export-oriented 
enterprises, the phaseout has been accelerated. In three coµntries where export­
oriented enterprises account for a significant fraction of the PDS usage in certain 
sectors, significant phaseout has already occurred because of the requirements in the 
importing countries. The necessity for rapid phaseout in theseicases has discouraged 
many enterprises from accessing the Fund for phaseout costs. i One of the countries 
visited has only recently prepared its CP, but significant phaseout has already occurred 
because of the export orientation of its aerosols and foams sectors. 

c. Ownership of ODS-Using Enterprises: MNCs have been phasing out worldwide, 
including all the Article 5 countries visited. In one country, mqst MNCs have phased 
out ODS use in the solvents sector, but phaseout by local ent~rprises has been very 
limited. On the other hand, phaseout in some joint ventures with foreign partners has 
been impeded because the foreign principals and the local enterprise are reluctant to 
invest the component of phaseout costs deducted by the Fund on account of foreign 
ownership. In one country with state ownership of industry, all enterprises move 
together in response to centralized decisions regarding phase()ut; phaseout progress 
is therefore uniform across a user sector. . 

d. Size and Formality of Enterprises, and Concentration Within J;ectors: In five of the 
eight countries visited, the presence of a significant inform!\! sector has impeded 
phaseout. In one country, the majority of ODS use has beJen phased out in the 
aerosol sector, but little progress has been made in implementip.g the phaseout of the 
remaining ( comparatively small) use in the informal sector. Ail the other end of the 
size spectrum, large enterprises in the foams sector in all the countries have tended 
to phase out ODS use more rapidly than medium or small enterprises. They exhibit 
greater capability to select substitute technologies and negptiate with non-ODS 
technology vendors. 
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c, Size of Existing Capital Stock Requiring Ongoing ODS Use: ;A substantial fraction 
of total CFC usage goes towards recharge in the countries visited. All these countries 
are experiencing fairly rapid growth of products that use ODS!(particularly domestic 
refrigerators), so the recharge requirement is large in all eight countries. To date, 
only one of the eight countries visited has a recycling facility. ODS requirements are 
expected to continue over the useful life of installed equipment. These requirements 
imply that ODS consumption will continue for an extended period of time. A:; an 
alternative, existing capital stock would have to be retrofitted in order to use non­
ODS alternatives. 

In sectors such as solvents and tobacco fluffing, the high investment in ODS-based 
capital plant and equipment also appears to constrain phaseout due to the high unit 
cost of abatement for some projects in these two sectors. For projects to eliminate 
methyl chloroform use, the low ODP of methyl chlorofotm increases the unit 
abatement cost and reduces the cost-effectiveness of the phruieout. 

f. Local Production of ODS: Five of the six Article 5 countries that produce ODS were 
either visited or their response to a questionnaire was sought. One of these countries 
has entered into voluntary agreements with the producer enterprises to completely 
phase out ODS production for domestic consumption by 2000, Enterprises in all the 
other countries plan to produce ODS for domestic consumption and for export 
according to Protocol limitations. This has kept ODS prices generally steady in these 
countries. 

The local availability of ODS and the accompanying low prices have tended to reduce 
the perceived signals for accelerated phaseout. In addition, IODS producers in the 
Article 5 countries are now exporting to other (non-producer() Article 5 countries as 
well. Thi.s has, to some extent, compensated for the decrease in supply ( and the 
increase in prices) of ODS from non-Article 5 countries. 

f) Flow of Information about Non-ODS Technologies: The lAs are a primary source 
of information about non-ODS technologies in many of the countries visited. 
Seminars and workshops by the IAs have been the first fora at which many ODS­
using enterprises have learned about alternative technologies. However, many 
enterprises feel that the information provided at these selminars is non-specific, 
encouraging but not leading directly to phaseout. In at lea$t one of the countries 
visited, the OPU has developed sectoral strategies and workplans in conjunction with 
enterprises and international consultants, with IA support.. This approach has 
accelerated phaseout activities within sectors. 

Most large and medium sized enterprises have obtained specific information from 
vendors of alternative chemicals and technologies. Most of these enterprises have 
existing links (through ownership, equity or license agreements) with non-Article 5 
country technology vendors, and often prefer to <1dopt the technology 
adopted/developed by their foreign contacts. Large enterpiµes in all the countries 
visited have also carried out their own evaluation of Substitute technologies. 
However, the lack of information on evaluation of alternative technologies, 
particularly to small and informal enterprises, has impeded phaseout in at least four 
of the countries visited. 
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In all the countries visited, infonnation often did not penetrate to small ODS 
consumers who have only indirect linkages to the large chemical and technology 
suppliers at the national or international level. These small consumers have generally 
not received prior infonnation about alternative technologies. • 

In one country with state ownership of industry, sectoral ministries coordinate 
infonnation dissemination to enterprises. Technical personriel based in research 
institutes are the main conduits for infonnation about alternative technologies to 
enterprises within the country. The research institutes und<:1rtake evaluation and 
demonstration programmes before proceeding with infonnation dissemination to 
enterprises. As yet, no demonstration programmes have been completed, but it is 
expected that phaseout implementation in each enterprise would be rapid once a 
model has been developed for each end-use. 

4.11 FEEDBACK FROM ARTICLE 5 COUNTRIES ON PHASEOUT SCHEDULES 
' 

233. Feedback from Article 5 countries on the feasibility of various phaseo♦t dates was compiled 
from the 8 country visit reports and responses to the fax questionnaires received from 13 countries. 
Specifically, in both country visits and fax questionnaires, countries were asked Whether they expected 
to have difficulty meeting the following phaseout schedules for Article S coudtries: 

• phaseout by 2010 
• phaseout by 2006, with a servicing tai132 

• phaseout by 2006 
• phaseout by 1996 

234. Exhibit 4-6 summarizes the responses received from the 21 countries rdgarding the feasibility 
of the various phaseout schedules. All responding countries indicated that accelerating the phaseout 
date to 1996 for Article 5 countries would be infeasible. Some countries llave a 1996 phaseout 
schedule for particular chemicals (e.g., CFC-113 or batons 1211 and 1301), buj no country indicated 
it would be able to accelerate the phaseout in its country to 1996 across all 90s use sectors. One 
country has committed to accelerated phaseout schedules ranging from 1996: to 2010 for different 
sectors and end-uses. This country thought a 1996 phaseout across all sectors would be too abrupt 
because it would not allow time to reach small users and because of the large amount of domestic 
refrigerators that could not easily be replaced. • 

32 Servicing tail refers to an allowance for continued ODS production after the phaseout: date to meet the service 
needs of existing equipment. Toe purpose of a service tail is to eliminate the need fot expensive retrofitting and 
early retirement. For example, a 2000 phaseout wtth service tail would prohibit ODS use m equipment 
manufactured on or after the year 2000, but would allow continued ODS production lifter 2000 so long as it is 
used to service equipment. 
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Exhibit 4-6 
Summary of Feedback From Article 5 Countries on Phaseout S~hedules 

Phaseout Schedule Feasible Not Feasible Unkmiwn33 

2010 21 0 o: 

2006 with servicing 16 2 3 
tail 

2006 9 11 1. 

1996 0201 

235. Approximately half of responding countries thought that phaseout by '.;\006 would be feasible 
and 89 per cent indicated that they considered phaseout by 2006 with a servicipg tail feasible. Since 
many countries thought phaseout by 2006 would not be feasible, it seems rejiionable to infer that 
many countries would also find phaseout by 2000 infeasible, and some countriqs did in fact state that 
they could not meet such an accelerated phaseout schedule. It should be noted that there are 91 
Article 5 countries34 and that the countries included in Exhibit 4-6 represent about 62 per cent of 
total ODS consumption. 

236. Most countries seemed to be in favor of the servicing tail concept. A fj:w countries did point 
out some practical difficulties they foresaw in implementing the concept. Sp[':ifically, one country 
noted that logistical difficulties may arise for the informal sector, which consists,of small and dispersed 
users. Two countries felt that there could be difficulties enforcing the prohibition on use of ODS 
in equipment manufactured after 2006 if ODS continues to be available 'for servicing existing 
equipment. Administration and monitoring of ODS usage to ensure that it js not diverted to new 
equipment will be required, particularly in the informal sector. Another counth' stated that ensuring 
the availability of adequate quantities of ODS at reasonable prices would be !key for the success of 
the service tail concept. 

237. In many Article 5 countries, concerns over accelerated phaseout sche~ules centered around 
the issue of the impact of such an accelerated phaseout on the refrigeration and air conditioning 
sectors. Many countries have a large stock of installed equipment, both conjmercial and domestic, 
and a significant amount of CFC consumption goes towards servicing of thi~ existing capital stock. 
For this reason, the servicing tail concept drew favorable comments from m~ny of the 21 Article 5 
countries that were questioned. One country observed that equipment and appliances in Article 5 
countries tend to be used over long periods of time, so the cut-off dates for the service tail would 
need lo be carefully defined to cover such long lifetimes. 

33 Unknown: no answer was given and/or it is unclear from the answer provided whetijer the phaseout schedule is 
feasible. 

34 
Of these countries, 31 are temporarily categorized as operating under Article 5 paraj;raph I of the Montreal 
Prolocot 
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238. It should be noted that the two countries that did not think phaseout by 2006 with a servicing 
tail was feasible did not commit to any accelerated schedule. In addition, so1r1e countries expressed 
interest in a phaseout by 2010 with a servicing tail. The countries that favored such a schedule have 
committed to the 2010 phaseout for Article 5 countries as described in the London Amendments. 
Finally, several countries stated that even their current phaseout schedules (whether accelerated or 
not) were contingent upon timely receipt of funds and technology. 

4.12 CONCLUSION 

239. This section presents the principal conclusions of this chapter. To date, few investment 
projects approved by the Executive Committee have been completed. In addition, the greatest 
number of projects not yet completed that were approved prior to the tenth meeting of the Executive 
Committee are investment projects. These findings indicate that investment proJects have significantly 
lagged other types of projects in terms of completion rate. Other types of projects (such as training 
projects) have a higher rate of completion. 

240. Based on the countries studied, some shortages of ODS were observed but there were 
differences across countries, as well as by chemical. For those countries studied that have 
experienced significant ODS supply limitations, some phaseout activity appears to have occurred as 
a direct result. 

24 L Implementation of low- and non-ODS technologies in Article 5 countries varies considerably 
across ODS-use sectors and across countries. In general, phaseout implementation has progressed 
farthest in the aerosols and flexible foams sectors, but is just getting underway in domestic 
refrigeration and, to a lesser extent, rigid foams. In the halons and solvents sectors, phaseout 
implementation is highly dependent on the situation faced by individual countries, such as whether 
halon is produced in-country and the export orientation of the solvents sector. :Finally, for the MAO. 
sector, although implementation has been rapid in the manufacture of non-ODS-consuming MAO., 
no retrofits of existing MAO. have been observed. 

242. Although no actual transfer of non-ODS technologies between Articlt; 5 countries has been 
observed in the countries visited, transfer of skills and knowledge related to non-ODS technologies 
has occurred in some sectors. As Article 5 countries progress further in their' phaseout efforts, it is 
likely that actual transfer of non-ODS technologies could begin to occur. 

243. Despite the plans of many Article 5 countries ( as articulated in their CPs) to accelerate the 
phaseout, the data from approved CPs indicate that most ODS-weighted consumption will not be 
phased out until late in the next decade under current CP plans. 

244. For several countries for which complete data on ODS consumption were available for the 
years 1991 and 1992, total actual consumption exceeded unconstrained demand projections provided 
in their CPs. Some countries did, however, show some reductions. 

245. Factors cited by a number of countries as impediments to phaseout generally concerned lack 
of resource flows ( e.g., information, alternative technologies, funding, OPU) as well as the 
complicated procedures for receiving Multilateral Fund assistance. Factors facilitating phaseout 
included various parameters of market dynamics (e.g., foreign ownership, ODS prices, availability of 
cheaper substitutes) as well as the impact of Multilateral Fund-supported activities. 
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246. Although a majority of Article 5 governments either have taken formial action to facilitate the 
phaseout or contemplate doing so in their CPs, actual legislative activity so far remains the exception 
rather than the rule. This situation may reflect the infancy of the issue, because the longer a country 
had a CP in place the more likely it was to have enacted legislative measures. 

247. The following characteristics of the market dynamics in Article 5 countries seem to have a 
significant influence on the phaseout: ODS prices; ex.port orientation of OI!)S-using sectors; foreign 
ownership of ODS-using enterprises; size and formality of enterprises and their concentration within 
sectors; size of existing capital stock requiring recharge; whether there is locial ODS production; and 
the flow of information about non-ODS technologies. 

248. Feedback received from a number of Article 5 countries indicates !that a phaseout date of 
1996 would be infeasible. Similar feedback was received regarding a 2000 phaseout. Some countries 
thought phaseout by 2006 would be feasible, and most thought phaseout by :j!006 with a servicing tail 
would be feasible. 
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CHAPTERS 

POLK'Y AND INSTITUTIONAL FACTORS 
THAT AFFECT ALTERNATIVE ODS PHASEOUT SCHEDULES 

5.1 INTRODUCTION 

5.J. l Overview 

249. The challenge of ODS phaseout is not the same in all Article 5 countries. A wide variety of 
policy and institutional factors determine when and in which industrial sector$ each country will be 
able to end its use of ODS. In any given country, these factors may include market dynamics, the 
presence and operation of the Montreal Protocol Multilateral Fund, domestic government policy 
actions, the current state of economic, technological, and institutional development, and a range of 
additional issues. 

250. Examining the particular determinants and thus the feasibility of ODS phaseout in each 
Article 5 country is not within the scope of this study. This chapter, therefore, presents a full range 
of policy and institutional factors that encourage or inhibit the rate of technology transfer among the 
countries visited and surveyed by the Study Team. Following presentation: of these factors, the 
chapter briefly revisits the implications for the ODS phaseout of the diveilsity among Article 5 
countries. The chapter then draws summary conclusions about the overall feasibility of the phaseout 
scenarios deseribed in Chapter 2 based on these policy and institutional issue$. 

251. The results presented in this chapter reflect application of the analytic framework described 
in Section 3.2 to the data collected during this study, as are summarized in C~apter 4. The analytic 
framework provides a means for identifying critical factors that affect the rate tif technology transfer 
by considering the various stages of technology transfer and the key actors wbo have the potential 
to affect success at each of those stages. Exhibit 5-t summarizes these stagi:s and the key actors 
considered in this analysis. 

252. To the degree possible, these conclusions are incorporated in the quantitative simulation of 
costs, technology transfer, and atmospheric impact presented in Chapter 6. Many of the qualitative 
issues discussed in this chapter are, however, impossible to reflect in that· quantitative analysis. 
Accordingly, these issues must be considered along with the quantitative results when evaluating the 
various ODS phaseout scenarios. 

5.1.? Introduction to Primary and Secondary Impacts on the ODS Phaseoot 

253. Some of the policy and institutional factors identified, such as mart;et dynamics and the 
industrial structure within individual Article 5 countries, directly and unambiguously affect the 
feasibility of various phaseout scenarios in the countries where they are operative. Each of these 
primary factors has a potential impact of several years on the final phaseout date. Section 5.2 
summarizes these primary factors. 
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Exhibit S-3 
Summary of Stages of Technology Transfer and Key Actors Involved 

Summary Stages of Technology Transfer 

• 
• 
• 
• 

ODS consuming enterprises decide to switch to new technologies 
Low or non-ODS technologies are evaluated and specific options are selected 
A project is designed and financing is obtained 
The new technology is acquired, installed, and used 

Key Actors Involved 

• 
• 
• 
• 
• 
• 
• 
• 
• 

The ODS-consuming enterprises in Article 5 countries 
Vendors of non-ODS and low-ODS technologies 
Donor country governments 
Article 5 country governments, including Ozone Protection Units (OiPUs) 
The Executive Committee of the Multilateral Fund 
The Secretariat of the Montreal Protocol Multilateral Fund 
The implementing agencies, including bilateral aid agencies 
Local financial intermediaries and financial agents in Article 5 countries 
Non-government organizations 

254. Other policy and institutional factors in any given country, such as the Multilateral Fund 
project review process and the capacity of enterprises to manage technological c~ange, may affect the 
rate of any particular technology transfer project by several months or one \o two years. While 
having this impact on individual projects, these secondary factors do not necessarily or directly affect 
the overall ODS phaseout schedule. However, under certain circumstances they may indirectly do 
so in at least two ways. First, several of these secondary factors may combine, to slow work in one 
country or industry and therefore confuse and discourage local actors, thereby;disrupting the entire 
phaseout process. Second, individual or groups of enterprises who believe that lhese factors increase 
the uncertainty or risk surrounding phaseout projects may delay their projectis until a future time 
when the uncertainty or risk subsides, thereby also delaying the phaseout. Alternatively, some of 
these factors may speed the phaseout in comparison to what would have occurred without their 
influence. The Study Team witnessed all these circumstances during the data collection effort. In 
these ways, these secondary factors, which Section 5.3 summarizes, may have a jsignificant impact on 
the feasibility of alternative phaseout schedules similar to the primary factors. i 

255. The analysis throughout this chapter highlights the fact that technology transfer and ODS 
phaseout projects may occur with or without the assistance of the Multilateral Fund. This chapter 
presents a wide range of significant policy and institutional factors that either encourage or impede 
technology transfer, some of which are determined by the Multilateral Fund an~ others of which are 
entirely independent Section 5.4 summarizes how all these factors play ou~ differently in some 
Article 5 countries and similarly in others. Section 5.5 then offers final policy and institutional 
conclusions for the global phaseout. 
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5.2 PRIMARY FACTORS DIRECTLY AFFECTING THE PHASEOUT SCHEDULES 

256. The Study Team identified four primary factors that directly affect the feasibility of alternative 
phaseout schedules. These factors are market dynamics, the Montreal Protocdl and the Multilateral 
Fund, actions by Article 5 country governments, and the time necessary for sotietal transition. This 
section elaborates each of these four primary factors. 

5.2.l Market Dynamics 

257. The first primary factor affecting the phaseout relates to the markets for ODS technologies 
and the associated alternatives. Various market forces drive enterprises to stqp using ODS. These 
include, for example, international and domestic trade pressures and the iprices of alternative 
technologies. The nature and direction of these forces play an important role in the feasibility of 
alterative phaseout schedules. Foremost, factors which impede the market for non and low-ODS 
technologies inhibit the ODS phaseout, and factors which facilitate that market help accelerate the 
phaseout. This section reflects the data on these market dynamics that is pretented in Section 4.9. 

5.2. 1.1 Industry Structure in the Article 5 Countries 

258. The foremost determinant of the rate of ODS phaseout in any country,1beyond the Montreal 
Protocol itself, is the nature and structure of local industry in each ODS consuming sector. ODS 
phaseout actions are fundamentally affected by the export orientation, ownership structure, and size 
and formality of ODS consuming enterprises, and by the size of the existing qapital stock requiring 
constant ODS use. These four factors and considerations about how governments or the Multilateral 
Fund may influence them, if possible, are discussed below. 

Export Orientation of ODS Consuming Industries and Enterprises 

259. Enterprises and industries that sell products on the international market are generally much 
more active in phasing out ODS than industries which concentrate on domestic markets in Article 
5 countries. This is especially true in sectors that export to developed countries !Which have additional 
or more accelerated phaseout requirements. The trade provisions of the Montreal Protocol also 
encourage ODS phaseout qy export-oriented enterprises in many circumstanees. In addition to these 
direct pressures fostered 'by the export markets, industries claiming significant exports also 
demonstrate access to more information about new technologies than sectors iwith no international 
linkages. 

Ownership Structure of ODS Consuming Enterprises 

260. Full or partial ownership of an enterprise by a government or multinati¢mal corporation plays 
a strong role in driving and facilitating that enterprise's ODS phaseout plans. Multinational 
enterprises often accelerate their phaseout plans, for example, in order to maintain world-wide 
technological consistency in their products. They may also do so to promote (heir public images as 
vendors of environmentally conscious and protective products. The export orientation of many of 
these enterprises contributes to the pressure to eliminate ODS use as well. Multinational access to 
information, technologies, and skilled support often helps smoothen these techI)ology transfer efforts. 
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261. With relation to multinational companies and international partperships, however, the 
phaseout is sometimes delayed partially as a result of Multilateral Fund rub. These rules reduce 
funding for enterprises that are foreign owned. Some Article 5 country enterprises have reportedly 
postponed the ODS phaseout because they cannot obtain full incremental cost funding from either 
the Multilateral Fund or their foreign partners. Regardless of whether this is:consistent with broader 
Multilateral Fund objectives, it does affect the feasibility of some phaseout efforts.35 

262. Government control of enterprises may also affect the ODS phaseou\. In at least three cases, 
for example, government control of certain enterprises has helped accelerate the transition to non­
ODS technologies. In one example, the government enterprise is so domipant within a particular 
sector that its ODS phaseout actions are expected to prompt private sector enterprises in the sector 
to act as well. The government actions will demonstrate new equipment and facilitate the flow of 
information about alternatives. In another country, the government agenLJ responsible for ozone 
issues maintains enough authority to direct some enterprises or industries to s~op using ODS. Finally, 
in countries with a state-run economy, government policy makers rather th,m enterprise managers 
may make the key phaseout decisions. 

Size and Formality of Enterprises 

263. Based on data collected for this study, the phaseout is proceeding much more slowly in the 
smaller and more informal portions of various industrial sector... Many small and informal enterprises 
are diffuse, lacking in technical sophistication , and not linked to formal fin~ncial institutions, large 
technology suppliers, or the government. As a result, these enterprises t~nd to be less informed 
about the phaseout to begin with, less likely to initiate phaseout activities on their own, more difficult 
•·or technology suppliers, OPUs, and implementing agencies to identify, more difficult to provide 
.nformation to, and more difficult to organize for Multilateral Fund projects. Furthermore, the 
available alternative technologies in some sectors, such as aerosols, are sometimes too large in scale 
for very small enterprises in some countries to use cost-eliectively.36 Various parts of this chapter 
reference these important difficulties regarding small and informal enterpri~es. 

Size of Existing Capital Stock Requiring Constant ODS Use 

264. A substantial fraction of equipment in many sectors requires constant ODS use. One obvious 
example is refrigeration equipment that carries an ODS charge for several years. Use of many of 
these types of equipment, such as domestic refrigerators, is growing in many Article 5 countries, 
including those visited bv the Study Team.37 Furthermore, as the existing phaseout schedule in 
many countries requires that much of this equipment be either replaced or ~erviced with ODS that 
are provided through local reclamation and recycling facilities or through a!) ODS servicing tail, an 
accelerated schedule would further compel these actions. Since widespread and comprehensive 

35 Section 5.3.2 discusses Multilateral Fund rules in more detail. 

36 
TI1e non-ODS technologies may require too many or complicated resources or facilhies to operate, and in 
some circumstance."> they can function only on a large scale with high output that is '.too much for small or 
informal enterprises to handle. , 

37 
There are press reports in at least one Article 5 country suggesting that the local government is developing 
policies to increase the flow of ODS.consuming equipment into their country m order to sustain the market for 
local ODS producers and to achieve a higher baseline relative 10 later anticipated c0tback.'.. 
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equipment retrofits are generally thought not to be feasible by some representatives of the 
Multilateral Fund and by managers of several enterprises in Article 5 countries, extensive recovery 
and recycling projects or a servicing tail to provide ODS supplies for existing equipment seem to be 
important for any accelerated phaseout schedule.38 , 

5.2.1.2 Production, Supply, and Cost of ODS Technologies and Alternatives 

265. The direct costs of ODS versus non-ODS technologies play a significartt role in helping drive 
the phaseout in some countries.39 According to generally accepted economic principles. enterprises 
will eventually phase out if ODS eosts are higher than alternatives, and they will phase out sooner 
if the difference in eosts becomes larger. Furthermore, ODS cost is partially a function of supply, 
such that a supply reduction would drive up prices, thus supporting the phaseoat. Additionally, these 
same cost or price incentives will help encourage research, development, al)d production of new 
alternatives. High ODS prices, potentially but not necessarily linked to ODS sUlpply, should therefore 
be considered as one factor that can contribute to the phaseout. An important consequence of high 
ODS prices, of course, is that they shift a larger portion of the phaseout burden to the local 
consumers. 

266. All but one of the ODS producing Article 5 countries visited by th~ Study Team plan to 
continue producing ODS at current or accelerated rates under the provisions of the Montreal 
Protocol. This continued production will most likely dampen upward pressu(e on ODS prices and 
potentially undermine the power of market forces to promote the compl!lte phaseout in these 
eountries and in their ODS export markets. On the other hand, international demand for ODS by 
other non-producing Article 5 countries may drive up prices and stimulate soine phaseout actions. 

267. These price and supply issues warrant special attention during the consideration of the final 
years of the phaseout and during consideration of ODS production for a servi~ing tail. These issues 
relate to the typical economies of scale seen at ODS production facilities. Fitst, current large CFC 
producers may be reluctant to produce at low levels unless production subsidies were offered. 
Second, if these producers generate large enough supplies to make their operations cost-effective 
without subsidies, they will probably need to produce surplus ODS that could not be absorbed by the 
servicing tail, resulting perhaps in widespread low ODS prices which might become an incentive for 
other enterprises to continue or start using CFCs again. 

5.2.1.3 Information Flow: Prices, Alternative Technologies, and Available Financinjl 

268. The operation of the market is affected by the level and quality of inlformation available to 
technology producers, suppliers, and consumers. Many market forces will not contribute to a timely 
ODS phaseout if these critical actors do not receive certain information, inclµding: 

38 

39 

Managers of several large Article 5 country enterprises that use refrigeration equipment said that logistically 
they would not be able to coordinate the replacement of equipmenr in all their facilities for many years, even if 
the financing were available. 

"Technolnsies" are assumed to include equipment as well as the chemical itself. 
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• 

• 

• 

• 

Preliminary Draft 

Clear near-term and long-term price signals for ODS technologies and alternatives; 

Authoritative data on the availability and technical and financial details of alternatives; 

Data for technology producers and suppliers on potential projects in Article 5 
countries, to encourage them to market their products and services; and 

Information about the availability of financing for phaseout projects . 

269. The data collected by the Study Team demonstrate that this information is not flowing openly 
in many Article 5 countries. ODS prices in some sectors and countries do ndt appear high enough 
to play a role in rapidly stimulating the alternatives markets, and the Multilateral Fund and other 
institutions are generally not pnwiding a wide distribution of this information at the enterprise 
level.40 Similarly, the majority of enterprises interviewed lacked complete information about the 
impending ODS phaseout and their options for dealing with it. Furthermore, enterprises often doubt, 
sometimes justifiably, the credibility of information they do have about the viability of alternative 
technologies or the reality of the phaseout. These problems are generally ex;icerbated in the small 
and informal sectors, where there are fewer international ties or connectifims to large chemical 
suppliers and trade associations. The Study Team even encountered two: specific cases where 
enterprises resisted clearly profitable investments in alternative technologies, because they did not 
realize or understand the business opportunities. This delay in technology tra$fer is a factor of poor 
information flow.41 

270. Information flow would become even more important with any accelerated phaseout schedule. 
Unless ODS prices seen by consumers rise drastically, significant market interventions would be 
required in most countries to facilitate the flow of phaseout, price, alternatives, and financing 
information. Without reliable data of this type and with no other incentives, few enterprises can be 
expected to make potentially costly and disruptive changes in their processes; 

5.2.2 The Montreal Protocol and the Multilateral Fund 

271. The second primary factor affecting the phaseout is the existence of ,he Montreal Protocol 
and the Multilateral Fund. These institutions provide powerful incentives for countries to stop using 
ODS. The Montreal Protocol itself, as a high profile global agreement endors¢d by governments and 
including distinct obligations for signatory countries, provides the international focal point and 
legitimacy that drives the entire phaseout effort. Furthermore, the trade restrictions and other 
provisions contained in the Montreal Protocol affect markets for ODS technologies and their 
alternatives in a way that clearly helps guide phaseout planning by enterprist:lS and governments. 

272. The existence of the Multilateral Fund as part of the Montreal Protocol is also extremely 
important at this point in time. The Multilateral Fund is the institutional mechanism for covering the 

40 
As noted in the previous section, this may be partial~' related to local ODS producti()rt 

41 These two opportunities were for enterprises venting significant amounts of ODS in the solvents cleaning and 
mobile air conditioning sectors. 
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incremental costs of the phaseout in Article 5 countries. The Multilateral Fund facilitates information 
flow around the world and provides powerful incentives for enterprises to implement ODS phaseout 
projects. At a field level, if enterprises believe the global phaseout will occur, they see the 
Multilateral Fund as a mechanism for eliminating or lowering their portion 1of cost of technology 
transition. In many circumstances this has proven to be a powerful incentive to Fncourage enterprises 
to initiate phaseout projects. Additionally, the Multilateral Fund is able to use ithese information and 
financial mechanisms to encourage projects in certain sectors and countries where action would not 
otherwise be occurring for many years. Furthermore, some countries stated explicitly in their O:iuntry 
Programmes and through interviews that they will not he able to achieve a phaseout by the target 
dates without assistance from the Multilateral Fund, signaling the symbolic ani;l practical importance 
of this institution. 

273. Current uncertainty among individuals that the Study Team interviewed about future 
replenishment of the Multilateral Fund seems to have several counteracting effects. Some Article 
5 governments are accelerating their efforts to implement projects under the Fµnd in order to secure 
a large portion of the available resources before those resources are potentially exhausted. On the 
other hand, uncertainty about available funding ( and about the overall ~unding process) has 
discouraged some enterprises from initiating projects with the implementing •gencies. In a related 
manner, the fact that some donor countries have at times fallen behind in their contributions has 
contributed to these signals of funding uncertainty to some Article 5 countries and may have 
threatened, though not necessarily affected, the timely implementation of ceip.in projects. 

5.2.3 Article 5 Country Governments: Policy Actions and Establishment of the OPU 

274. The third primary factor affecting the phaseout is actions taken by ~he Article 5 country 
governments. This includes establishment of a functioning OPU and implementation of policies that 
directly affect ODS production, consumption, and commerce. Without a fun~tioning OPU of even 
a minimal size, the Secretariat and the implementing agencies cannot effectively provide resources 
and services to the country. This is especially relevant in countries that have no domestic resources 
to promote the ODS phaseout, including many small countries and/or countries with other dominant 
social priorities. Furthermore, the basic existence of the OPU is even more critical under accelerated 
phaseout scenarios, where the Multilateral Fund becomes more important than now in achieving the 
global ODS elimination. While Section 5.3.4 discusses additional aspects of O)>U structure that may 
speed up or slow down technology transfer efforts, such as the number and s~lls of OPU staff, the 
fundamental point here is OPUs are critically necessary -- regardless of their deeper structure -- in 
order for the Multilateral Fund to operate effectively. 

275. In addition to establishing responsive OPUs, direct policy actions by d.omestic governments 
could also significantly affect the feasibility of phaseout scenarios in some Article 5 countries. This 
may include, for example, import quotas, voluntary or mandatory ODS use or production controls, 
ODS or technology truces or subsidies, or any other type of domestic policy mechanism. Evidence of 
the clear impact of such policies is limited since few Article 5 countries have pursued much of this 
type of action to date. In at least one Article 5 country, however, quotas arid use and production 
restrictions have clearly set the stage for an early national phaseout, and in others some of these 
actions have facilitated if not enhanced the movement to eliminate ODS use. 

276. In these limited cases, these actions facilitate the phaseout in two distinct ways. First, they 
prompt the flow of authoritative information regarding ODS and alternatives between enterprises and 
industries, as those businesses react to try to understand the full implications <l!f the global phaseout 
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and to look for alternatives. Second, the voluntary and mandatory use restrictions where they are 
in place are fairly effective at eliminating waste and increasing ODS use efficielj!cy. The import quota 
systems may also be effective in controlling ODS flows into a country, although !they mostly been used 
for data gathering rather than for a control role as of yet. There also exists al least one case where 
an Article 5 country is planning to subsidize import of ODS technologies in the short term, with 
obvious implications for the feasibility of a quick phaseout. 

5.2.4 Time Required for Societal Transition 

277. The fourth and final primary factor affecting the phaseout relates lb the time inherently 
required for this scale of global industrial transition. Agencies and individuals responsible for 
complying with the Montreal Protocol face a complex challenge. With limited resources. the majority 
must foster difficult technological transformations in diverse economic sectors .. To do so successfully, 
they must overcome an intricate array of technical, institutional, economic, arid political constraints 
at the national and international levels. Furthermore, they must do so amidst many additional 
constraints and complications. This may include, for example, priority given to other critical social 
policies, varying levels of regulatory support, limited institutional capacity,: sparse technical and 
economic data, or lack of local experts familiar with the latest developments in I non-ODS technology. 

278. Several individuals interviewed by the Study Team drew comparisons ofahe Article S phaseout 
to the time taken by developed countries to phase out ODS. It was noted that many such countries 
began the phaseout with CFC controls in aerosols in the late 1970s, and will oomplete the phaseout 
at the end of 1995, about eighteen years later. While the comparison is not ia perfect one -- ODS 
alternatives in most applications have been developed in just the last few years -- it is important to 
keep in mind the complexity and enormity of the pnaseout task in Article! 5 countries, and the 
remaining need for technological development to meet the distinct circumstahces in many of thw" 
countries. There was broad consensus among those interviewed that, for these reasons alone, a L 
phaseout date of 1996 or 2000 for all Article 5 countries would be extremely difficult or impossible 
to achieve. 

5.3 SECONDARY FACTORS POTENTIALLY AFFECTING PHASEOUT SCHEDULES 

279. As explained in Section 5.1, the following factors may slow or accelerate the rate of 
technology transfer and thus affect the feasibility of alternative phaseout schedules in several ways. 
They may combine or interact in some countries or industrial sectors to cause ODS phaseout gridlock. 
They may also contribute to the uncertainty or risk surrounding phaseout projects perceived by ODS 
consuming enterprises, causing those enterprises to delay their phaseout efforts. Alternatively, some 
of them may act as catalysts to make technology transfer projects happen sdoner than they would 
have otherwi.~e. 

5.3.I The Process of Identifying, Evaluating, and Selecting Non-ODS Technologies at the Project 
Level 

280. The overall rate of technology transfer is affected by the fundamental choices that prompt 
enterprises to stop using ODS and by factors that influence how enterprises identify. evaluate, and 
select replacement technologies. These factors may include, in addition to the major incentives and 
impediments described above, the institutional capacity of the individual enterprise and the 
involvement of other actors such as equipment vendors and implementing agencies in the firm's 
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decision making. Success in this process will result in an efficient enterprise,level ODS phaseout, 
while failure can lead to delay in phaseout decision making and to project abandonment during or 
after installation of the new technologies. This may occur, for example, if those technologies do nol 
meet the actual local needs or are not sustainable with local resources. This section presents 
additional information on these factors. 

5.3. LI Limits on Currently Available Technologies 

281. Alternative technologies are not always available in a form or scale ~ppropriate to certain 
Article 5 country enterprises. For example, some non-ODS alternatives fronl developed countries 
do not function in humid climates, various technologies require constant water or electricity supply 
or quality that are not available to enterprises in particular areas, and others require maintenance and 
upkeep by skilled technicians who often do not exist in a particular country qr who are not readily 
available. Furthermore, the country reports for this study discussed two ent4rprises who have not 
been able to identify any suitable non or low-ODS alternative as of yet. As noted earlier, non-ODS 
technologies may also be designed to function on too large of a scale to match the needs and abilities 
of certain small or informal enterprises. 

5.3.1.2 Uncertainty About Alternative Technologies 

282. Uncertainty and lack of credible information about the performance and efficiency of non­
ODS technologies and about potential future regulation of equipment that uses HCFCs (because of 
their ODP), HFCs (because of global warming potential), and other greenh6use gases sometimes 
confuse enterprises. On a global scale these enterprises prefer to continue usi~ known technologies 
that carry low risks, and therefore they are reluctant to replace their current ODS-consuming 
processes until they know that the alternative they are investing in will perforni at acceptable quality 
levels and will not need to be replaced again in the near future. This causes many enterprises to 
continue using their ODS-consuming processes even when assistance is available for conversion to 
new technologies. 

5.3.1.3 Capacity of the Enterprise to Manage the Technological Chaqge 

283. The process of identifying, evaluating, selecting, installing, and maintaining new technologies 
often requires significant resources and skills. Many enterprises and certain entire industrial sectors 
in various countries do not have the capacity to manage this process. They oft1:>n do not have access 
to comprehensive or detailed information, skilled technical and financiali staff, laboratory or 
engineering facilities, or other necessary resources. In this situation, enterprises become confused 
and cannot manage the information they do have about alternative technologi~ and about the ODS 
phaseout. This problem is enhanced by the scarcity of local engineering consultancy capabilities in 
some countries. These problems are often exacerbated further in some small and informal sectors 
where average technical education tends to be low. 

5.3.1.4 The Willingness and Ability of Outside Actors to Assist the E11terprise 

284. The assistance of actors outside the enterprise has often helped resolve these problems, 
especially when that assistance is provided on an ongoing basis: 
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Equipment vendors' marketing efforts, when they exist, often include provision of 
information about alternatives and sometimes include offers to modify equipment to 
meet local circumstances~ 

Chemical Vendors, especially large ones, frequently provide intormation about various 
non-ODS technologies or about vendors of non-ODS technolbgies to their customers 
and others;42 . 

Implementing agencies under the Multilateral Fund provide partial or complete 
assistance with technology identification, evaluation, and selection; and 

Non-government organizations can influence the technical an4l political range of non­
ODS options at the international level and at the national or local level within certain 
countries. 

285. One problem associated with assistance from these actors is that enterprises still do not always 
receive complete, accurate, or unbiased information. Data from this study suggests that the 
technology and chemical vendors and the implementing agencies sometimes prefer certain technology 
options for given ODS applications. Enterprises that rerognize these biases remain confused and are 
sometimes unwilling to act. Enterprises that do act on uncertain information run the risk of obtaining 
inappropriate or inadequate technologies which they may later discard, possibly inducing a return to 
ODS consumption.43 Regardless of these points, however, many enterprises say that outside 
assistance, specifically ongoing assistance provided by the implementing ageincies and by technology 
and chemical suppliers, has been critically important in their ability to make technology decisions and 
move ahead with phaseout plans. 

5.3.1.5 Market Exploitation by Owners of Proprietary Technologies 

286. Another factor that delays the rate of technology transfer is the unwillingness of some private 
sector technology owners to supply Article 5 countries, Limited cases suggest that this problem exists 
because the supplier wants to avoid creating competition for their own pro,:lucts in the international 
or Article 5 country market. The World Bank's Ozone Operations Resource Group (OORG) Report 
Number 4 discusses this situation relative to chemical producers when Artible 5 country enterprises 
would receive the technology at price subsidized by the Multilateral Fund,44 The Study Team was 
also told about technology suppliers who fear that their intellectual property rights will not be 
protected and their technologies will therefore be replicated without permission in some countries. 
Additionally, in at least one of the countries visited for this study, a developed country supplier 
insisted on forming a joint venture with the Article 5 country enterprise blefore granting the rights 
to use the non-ODS technology. This raised the perceived costs to the lodal enterprise, in terms of 

42 Efforts by equipment and technology vendors are usually enterprise-specific, thus helping the particular 
enterprise they are in contact with but not providing broad-based dissemination of information. 

43 Return to ODS consumption is a concern particularly in recovery and recycle projects where technicians can 
easily revert lo venting the ODSs and in other projects with low levels of chemical dependent capital investment. 

44 Technical Constderations for Chlorofluorocarbon AUerm1tives Production in Developing Countries, The World 
Bank. Ozone Operations Resource Group Report Number 4, October I 993. 



Preliminary Draft Page 73 

absolute price and control over their business. and they backed away from the technology transfer 
deal. 

5.3.2 The Terms of Projeet Financing for Article 5 Country Enterprises 

5.3.2.1 Multilateral Fund Incremental Cost Rule and Principles <tf Reimbursement to 
Enterprises 

287. The Study Team received various comments regarding the Multilateral Fund rule that only 
the incremental costs of conversion to low or non-ODS technologies will! he financed. These 
comments included statements concerning the actual utility of this operating principle for promoting 
the phaseout, as well as expressions of peoples' confusion over how the rule operates. Foremost, this 
incremental cost rule has limitations in terms of the incentives it provides for eliterprises to stop using 
ODS.45 Depending on levels of uncertainty and risk, with incremental costs fully subsidized an 
enterprise may still be indifferent between its current and the alternative tecp.nologies. Additional 
incentives of some kind are often necessaiy to induce the enterprise to switebi such as international 
market pressures or the distribution of authoritative information about the loqg term viability of the 
alternatives. Grants provided under the Montreal Protocol which do nQt fully cover all the 
incremental costs from the enterprise's perspective, therefore, provide even ,less incentives for an 
enterprise to phase out. This may be the case with projects where cost, calculations truncate 
operating costs, projects that use current ODS nominal prices rather than pr¢-Protocol prices, and 
with enterprises that are partially foreign owned where the foreign equity parltner or the enterprise 
will not pay a related fraction of the costs. : , 

288. On a related topic, the Multilateral Fund's unwillingness to pay for technology conversions 
which will apparently result in increased profits for the enterprise sometimes results in the continued 
use of ODS-consuming technologies. This is true when the flow of technical and financial 
information to enterprises is incomplete and the enterprises do not realize or believe the benefits of 
switching to the non-ODS process. 46 They therefore will not do so witijout outside financial 
assistance, or without receiving significant information about their non-ODS alternatives that 
authoritatively demonstrates the benefits of conversion. Implementing agencies cited limited 
examples where visits by their technical experts and consultants did facilitate: this information flow 
and induce enterprises to change to non-ODS processes without further assistance from the 
Multilateral Fund. 

289. The perceived lack of consistency, clarity, and precision in administering some of the 
Multilateral Fund rules, especially regarding project content and cost requir$1ents, has reportedly 
also slowed the process of project formulation and approval by the Executi~ Committee and the 
implementing agencies. Loose rule definition and discretion in applying rules does permit flexibility 
and provide a mechanisms for achieving consensus at times. Confusion regarding the rules, however, 
also leads to perhaps unnecessaiy iterative efforts by the Secretariat, implementing agencies, OPUs, 
local financial intermediaries, and enterprises as they debate how to procted in preparing and 
presenting projects for approval. 

45 This section analyzes only the incentives and impediments to ODS phaseout generat~ by the reimbursement 
principles of the Multilateral Fund. This section does not consider other Multilateral !Fund objective..,;. that these 
principles may serve, such as conserving scarce Fund resources. 

46 Section 5.2 cires examples of this situation. 
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5.3.2.2 Financing for ODS Phaseout Projects from Non-Multilateral fund Sources 

290. Data collected for this study indicate that enterprises in many Article 5 countries have a 
difficult time obtaining financing for ODS phaseout projects from sources other than Multilateral 
Fund. While private sector or non-Fund financing has sometimes been obtaiined in circumstances 
where other strong incentives are present, such as export pressures, ODS phaseout projects in general 
are not profitable and thus firms in some countries without large cash or capital reserves have had 
difficulty obtain financing in commercial markets. 

5.3.3 The Governance Structure and Operation of the Multilateral Fund 

291. Several distinct aspects of the Multilateral Fund's structure and operations affect the rate of 
technology transfer. Foremost, as highlighted at the beginning of this chapter, the basic existence and 
operation of the Multilateral Fund is an enormous incentive that promotes the ODS phaseout in 
many ways at the enterprise, national, and global levels. The comments in 'this section regarding 
relative rates of technology transfer must be considered within that broader C<l)ntext. It is important 
to note that this section again focuses narrowly on the rate of technology transfer and does not 
consider how these factors relate to other Multilateral Fund objectives. 

5.3.3.1 Perceived Mission and Overlapping Roles Amongst MultiUle Agencies and the 
Executive Committee 

292. Differing and confusing priorities and objectives sometimes emerge between the Executive 
Committee and the implementing agencies -- including cost effectiveness, technical criteria, safety 
criteria, and development criteria -- slowing technology transfer efforts by requiring frequent 
repetition of tasks or redesign of projects. The involvement of multiple agencies for administering 
the Multilateral Fund also sometimes fosters confusion and delay in project implementation. 
Specifically, confusion or disagreement over some specific roles bernteen the Secretariat, 
implementing agencies, OPUs, and local financial intermediaries leads to, perhaps unnecessary 
repetition or duplication of tasks at the project design, review, approval, and fljnding stages. Projects 
can get reviewed for technical and financial features, for example, two or three; times within a country 
(by the enterprise, OPU, and local financial intermediary), twice or more by the implementing agency, 
and once by the Secretariat prior to submittal to the Executive Committee., While this definitely 
serves some purposes, it also fosters numerous opportunities for disagreement and confusing 
contradictory statements. 

293. Conversely, multiple agencies operating simultaneously tend to produce variety and creativity 
in project design. Multiple agencies may also be able to p11t forward a larger total number of projects 
than fewer agencies could, even if their specific roles, or the tasks within their roles, are not always 
well defined. 

5.3.3.2 Operating Procedures of the Implementing Agencies 

294. This study specifically does not evaluate the relative merits of the operating procedures of the 
various implementing agencies. Some common components of those operating procedures are worth 
mentioning, however, because they were highlighted multiple times during the data collection effort 
as affecting the rate of technology transfer: 
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• Procurement and fund disbursement procedures: The rate of ~echnology transfer is 
sometimes affected by complex preparation, technical review, negotiation, and 
contracting procedures for international procurements. This: reflects, for example, 
dealing with equipment suppliers in multiple countries and fX)Ordinating between 
technical reviewers, especially when these reviewers have overlapping roles. 

• The degree of active coordination between the multiple actors involved in project 
implementation: During project implementation, equipment anll resources must move 
among many actors, including technology suppliers, recipient enterprises, OPUs, 
implementing agency contracting staff, implementing agency administrative staff, 
customs offices, shipping companies, and others. Projects whe~ a central coordinator 
manages these interactions generally experience fewer delays 1than projects without 
such a coordinator. 

• The degree to which mechanisms are put in place to ensure tll,e sustained use of the 
non-ODS technologies: Some tension exists between the n~ for rapid project 
implementation and the need to ensure the capacity and incentives for enterprises to 
use the non-ODS technologies in the long term. This may iinclude, for example, 
ensuring long term parts supply and maintenance support. Th~ is especially relevant 
in cases where discouraged enterprises could easily revert to their previous ODS­
emitting procedures, such as with refrigerant recovery and reqycling projects. 

295. The rate of technology transfer under the Multilateral Fund can be el!hanced or diminished 
depending on how the implementing agencies handle each of these operational factors. These issues 
also clearly relate to the sometimes overlapping roles of the multiple agenci~ involved under the 
Multilateral Fund, as discussed above. Also, OPUs report that it takes monthi; and sometimes years 
to learn the different operating procedures of the different implementing ag~mcies. It also takes a 
long time to forge effective working relationships with agency staff, whose occasional replacement 
prior to project completion sometimes further delays projects. 

5.3.4 The Structure and Operation of OPUs in Article 5 Countries 

296. Section 5.2.3 discusses the primary and fundamental roles of Article 5 country governments, 
including OPUs, in affecting the feasibility of alternative phaseout schedules. i This section presents 
additional observations, drawn from the Study Team's data collection effort an ~nalysis, on how OPUs 
affect the rate of technology transfer in secondary ways that may affect the dverall phaseout. 

297. The structure and operation of OPUs varies tremendously among tije Article 5 countries. 
This in turn affects the rate of technology transfer. Some OPUs are autonomous organizations while 
others are part of larger government agencies, such as the national ministries responsible for 
environment, development, industry, finance, or health. Some OPUs have ll)ultiple staff dedicated 
solely to ozone protection issues, others have only one staff person whose primary responsibilities in 
the agency have little to do with ozone, and other countries do not even have anyone actually 
working on this issue. Similarly, some OPUs are intimately involved ini all stages of project 
development and implementation while others play a passive role. 

298. Differing social priorities, political priorities, levels of available r~ources, institutional 
capacities, as well as the skills, talents, and personalities of individuals in the OJ'Us, account for these 
variations. The critical factors that affect rates of technology transfer include: 
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Whether the OPU has the authority and capacity to coordinate with the implementing 
agencies. As discussed in Section 5.2.3, a fundamental OPU function is to provide a 
local coordinating point for implementing agencies. Without someone to fulfill this 
role in a country, even if it is a single individual in some agency, who accepts no other 
ozone phaseout responsibilities, the Fund cannot operate. 

Whether the OPU's institutional capacities are sufficient to support the roles and 
responsibilities they adopt. Some OPUs do not have the techniclal skills, time, or other 
resources to conduct certain tasks. When such OPUs accept responsibility for those 
tasks, like technology research or coordinating or facilitating all meetings between 
implementing agencies and enterprises, the phaseout process may become bogged 
down in that country. 

• Whether the OPU adopts a role that is duplicative of the Secretariat, the implementing 
agencies, local financial intermediaries, or enterprises. Some, OPUs have adopted 
responsibility for tasks that are duplicative of implementing agencies' or other entities' 
responsibilities. In some situations, this may include technical review of projects, 
central coordination of projects, and many other tasks. Duplication, while perhaps 
serving other objectives, may cause conflict and usually slows the technology transfer 
process. This suggests again that all agencies and individuals responsible for projects 
should carefuUy coordinate with each other and perhaps explicitly agree on their 
mutual roles. 

• Who directs the OPU. OPU effectiveness in carrying out. different roles varies 
depending on the personalities, training, and experience of the OPU's staff. Traits 
that affect the success of technology transfer efforts include staff organization, 
aggressiveness, political savvy, and willingness and ability to deal with other national 
and international actors in the public and private sectors. 

299. OPU actions around the world that seem to have been particularly successful in promoting 
technology transfer, as long as individual OPU institutional resources are sufficient to support these 
activities, include: 

• 

• 

• 

• 

• 

Direct policy actions, when they have occurred, to affect ODS supply and 
consumption, such as voluntary agreements with industry, import quotas, consumption 
restrictions, and other similar actions; 

Information dissemination to industry specifically regarding the ODS phaseout and 
available financing, and information dissemination to implementing agencies about 
potential projects; 

Strategic planning in coordination with industrial groups for antire industrial sectors; 

Coordination of the responsibilities and actions of multiple implementing agencies 
that are operating within the country; 

Providing information to implementing agencies about local technical, economic, 
political, and cultural circumstances that will affect projects; and 
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• Advocating specific projects during Executive Committee deliberation. 

300. OPU actions that have at times slowed the rate of technology transfer runder the Multilateral 
' Fund generally relate to OPU desire to control projects or to be involved a~ all stages, even when 

this duplicates the responsibilities of other agencies or is beyond the OPU. institutional capacity. 
While each independent party to the Montreal Protocol can clearly organize,their phaseout efforts 
in the manner they believe is most appropriate, agencies operating under the Multilateral Fund do 
maintain certain distinct responsibilities, and OPU involvement in these sam¢ tasks without careful 
coordination or agreement can slow down the process. Limited examples df these types of OPU 
actions include: 

technical involvement during engineering reviews; 

• involvement during equipment procurement; and 

• involvement in all meetings between implementing agencies and enterprises. 

301. The impact of all issues of task duplication and limited institutional capacity, or of the match 
or mismatch between institutional capacity and adopted roles, is expected to be more pronounced if 
the rate of technology transfer and project implementation increases in the future. There is perhaps 
a linkage between the degree of OPU involvement in these activities now, eve11 if they are duplicative 
of other agencies' actions, and tbe institutional strengthening effect in the longer term. Given that 
the ODS phaseout is a one-time effort, however, it is uncertain how much long-term institutional 
capacity and capability needs to be created in Article 5 countries to support this objective. 

5.4 CONSEQUENCES OF DIVERSITY AMONG COUNTRIES FOR TIIE PHASEOUT 

302. As the Study Team assessed alternative phaseout scenarios, it quickly1became clear that the 
prospects for ODS phaseout are affected by different combinations of factors! in different countries. 
Rates of ODS consumption and technology transfer in each country, for exarn1Ple, reflect the unique 
local interplay of all the factors presented in Sections 5.2 and 5.3. The net result of the varying 
relative influence of these factors is that the ODS phaseout in some countries is occurring almost as 
quickly as in the developed world, while at the other extreme, the phaseout to date in other countries 
bas been extremely limited. 

303. Variations in the significance of these factors is rooted in these countties' diverse economic, 
technological, political, and cultural circumstances. The gross domestic pr<bduct (GDP) in some 
Article 5 countries is less than US$2 billion, for example, while in others it I is more than US$300 
billion. Economic systems and structures, technological development, and the level of international 
economic activity vary tremendously among countries. Political systems and levels of institutional 
capacity for dealing with this issue are also highly diverse. These circumstances and others result in 
ODS consumption in Article 5 countries ranging from less than 20 tonnes per year in some to more 
than 15,000 tonnes per year in others. 

304. In the context of the existing Protocol with a single target phase<)lut date for Article 5 
countries, the logical consequence of these differences is that the feasibility of a global phaseout 
scenario is determined by the countries that eliminate ODS last, rather than b~ those that will phase 
out sooner. Delayed phaseout may occur through deliberate planning or an UJ1fortunate confluence 
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of circumstances in particular countries. Either way, the implication for determining a global 
phaseout schedule is that particular attention must be paid to the interplay of the specific primary 
and secondary factors as they apply to each country, or at least to groupings of similar countries. The 
feasibility of distinct phaseout scenarios in different countries, for example, may be evaluated by 
considering the role of international market dynamics, information flow,. current technological 
development, the operation of the Multilateral Fund, and other factors within1each individual country 
or within groups of relatively similar countries. 

305. The Study Team's analysis of available country data suggests three general groupings of 
Article 5 countries in terms of ODS consumption and phaseout feasibility, as well separate 
consideration of a small set of particularly distinct individual countries. The first grouping includes 
countries with relatively low GDPs, usually less than US $3.5 billion, !bat are fairly isolated 
economically and in which most ODS is used for servicing rather than manufacturing purposes. The 
second grouping includes countries with GDPs in the size of US $3.5 to US $20 billion that may have 
a small amount of international economic activity and that demonstrate higher levels of institutional 
capacity than the first group. The third grouping includes countries with larger GDPs that have 
significant manufacturing activity and more international linkages. The individual countries with 
particularly distinct ODS consumption circumstances includes those with v,i,ry high relative GDPs, 
high rates of ODS consumption, domestic ODS production capacity, large manufacturing sectors that 
service both domestic and international markets, and perhaps large informal sectors. These groupings 
have been carried over for use in the modeling framework in Chapter 6 as well, because of the 
relatively consistent ODS consumption and technology transfer traits that they exhibiL 

5,5 CONCLUSIONS 

306. To recap, the Study Team used a structured policy analysis framework to sift through the data 
collected for this project. The Study Team assessed policy and institutional factors with the potential 
to impact alternative phaseout schedules by evaluating each stage of the technology transfer process 
and the roles of key actors at each of those stages. It was determined tl1at factors affecting the 
phaseout within any given country can be classified either as primary, with a potential impact of 
several years, or secondary, with an impact on the order of several months to one or two years. 

307. Four primary factors that do affect the feasibility of phaseout scenarios in specific countries, 
and thus the global phaseout, were identified: 

• 

• 

• 

• 

Market dynamics; 

The Montreal Protocol and the Multilateral Fund; 

The actions of Article 5 Country governments: and 

The time required for societal transition . 

308. Four secondary factors that may affect a particular country's phase(l)ut were also identified: 

• The process of identifying, evaluating, and selecting non-GDS technologies at the 
project level; 
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• 

• 

The terms of project financing for Article 5 country enterprises; 

The structure and operation of the Multilateral Fund; and 

The structure and operation of OPUs in Article 5 countries . 
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309. Based solely on its assessment of these policy and institutional factors, the Study Team 
determined that successful implementation of the phaseout in all Article 5 countries by 1996 would 
be impossible and that phaseout by 2000 would be extremely difficult. This conclusion is rooted in 
the fact that tens to hundreds of phaseout projects, often taking more than a year each to complete, 
have to be implemented in each of approximately ninety countries. This time frame alone makes the 
1996 date unattainable. In addition, the physical, technological, and institutional capacities of the 
implementing agencies, the Article 5 country governments and enterprises, and the world's technology 
suppliers would be severely tested by a 2000 phaseout date. Furthermore. many Article 5 country 
governments have spent several years constructing policy frameworks based on target dates well after 
2000, even to the point of encouraging ODS consumption now, while others have taken little policy 
action as of yet. A 2000 phaseout would therefore first require prompt and d*finitive policy action 
by a large number of the Article 5 country governments, and then determined efforts to lead their 
industries through a very accelerated phaseout. 

310. The feasibility of phaseout dates beyond 2000 cannot be ruled out $trictly by policy and 
institutional factors. However, the possibility of meeting these targets may depend in part on the 
implementing agencies' abilities to provide support and interventions based on the unique interplay 
of factors that affect ODS consumption and phaseout within each country or group of similar 
countries. The feasibility of global phaseout for these scenarios also remains dependent, of course, 
on the actions of specific Article 5 country governments. 

3 t 1. For all scenarios with phaseout dates beyond they year 2000, these results and conclusions 
must be considered along with the quantitative results from Chapter 6 and the !data from Chapter 4. 
Each of these chapters carries distinct implications for the feasibility of alternatiile phaseout scenarios. 
Chapter 7 summarizes and integrates the eonclusions from each of these chapters into a final 
assessment of the phaseout scenarios. 
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CHAPTER 6 

RESULTS OF SIMUIATION OF COSTS AND ATMOSPHERICIMPACTS 

6.1 MODEL RESULTS FOR TOTAL PHASEOUT COSTS AND ATMOSPHERIC IMPACTS 

312. This chapter presents estimates of the total costs and atmospheric ithpacts of each of the 
phaseout scenarios. Total phaseout costs include the costs of (l) investment projects to reduce ODS 
use, (2) conversion of ODS production capacity, and (3) non-investment project activities. In the 
results that follow, the cost of investment projects to reduce ODS use and n01!1-investment costs are 
presented by scenario, and are compared to the atmospheric impacts of each scenario. The costs of 
phasing out ODS production at production plants are presented in a separate exhibit at the end of 
this chapter. These results are presented separately because of the wide ratige of potential costs 
associated with the phaseout of production plants and because these results do not vary by phaseout 
scenario. 

6.2 COSTS OF INVESTMENT PROJECTS TO REDUCE ODS USE AND OF NON­
INVESTMENT ACTMTIES 

313. Exhibits 6-1 and 6-2 present Fund costs and real resource costs for investment projects to 
reduce ODS use and for non-investment activities. The costs of projects to l',liminate ODS use in 
new equipment are divided into capital, non-chemical operating, and chemicai operating costs. The 
costs of projects to eliminate ODS use in existing equipment are divided into recycling costs and 
retrofit costs. Non-investment costs are presented separately. A number of conclusions can be drawn 
from these exhibits: 

314. First, results are not presented for a 1996 ODS phaseout. A 1996 phaseout was found to 
technically infeasible in Article 5 countries because technologies to replace ODS use in new 
equipment could not penetrate the market fast enough to achieve the phas~ut A 2000 phaseout 
was found to be technically feasible, but resulted in costs of $6.7 billion to the> Fund and $7.9 billion 
real resource costs. These costs were primarily retrofit costs. All other phllseout scenarios were 
determined to be technically feasible and involved relatively minor or no retrofit costs. 

315. Second, the total Fund costs are less than the total real resource costs for each. of the 
scenarios. As explained in Chapter 3, there are four reasons for this: (1) the Fund reimburses up 
to four years of operating costs, while real resource costs include operating cqsts through the entire 
life of the project, (2) the Fund cost calculation assumes rising ODS prices, while real resource costs 
are based on pre-Protocol ODS prices, (3) the Fund reduces the total cost of a project by its 
percentage of foreign ownership. while real resource costs ignore foreign ownership, and ( 4) the Fund 
does not consider cost saving projects, while cost saving projects do reduce overall real resource costs. 

316. Third, the scenarios generally show significant chemical cost savings over time. This is largely 
due to inexpensive alternatives implemented in the aerosols, foams, and! solvent sectors (i.e., 
hydrocarbons, cyclopentane, methylene chloride, chlorinated solvents, etc.). These cost savings exceed 
the cost increases associated with the use of more expensive alternatives such as HCFCs and HFCs. 



Phaseout 
Scenario 

1:2000 
2:2010 
3: 2010 w/Tail 
4:1996 
5:2006 
6: 2006 w/Tail 
7: Fast 
8: 2010 w/Accel.Tail 
9: 2006 w/Accel.Tail 
1 O: 2000 w/4 year 
11: 201 O w/4 vear 

Phaseout 
Scenario 

' 

1: 2000 
2:2010 
3: 2010 w/Tail 
4:1996 
52006 
6: 2006 w/Tail 
7: Fast 
8: 2010 w/Accel.Tail 
9: 2006 w/Accel.Tail 
1 O: 2000 w/4 year 
11: 2010 w/4 vear 

Exhibit 6-1 

Fund Phaseout r:nsts by Type 
($US Millions, L.i1St;ou11ted at 10%) 

Investment Proiects for Non-ODS Usino Technoloaies 
New Eauioment Existing Equipment 

Non-Chemical 
Caoltal Ooeratino Chemical Recyclin.i Retrofit 

382 219 (199) 70 5,416 
370 213 (92) 170 62 
262 93 (153) 219 0 

- - .. .. .. 
346 209 (95) 145 117 
256 114 (166) 184 0 
451 227 (237) 66 0 
367 201 (144) 181 0 
340 195 (161) 158 0 
279 381 (268) 40 5,416 
300 374 (110) 104 62 

Exhibit 6-2 

Non-
Investment 

821 
186 
163 
.. 

176 
157 
160 
181 
171 
816 
187 

Real Resource Phaseout Costs by Type 
($US Millions, Discounted at 10%) 

Investment Proiects for Non-ODS Usina Technoloaies 
New Eauioment Existina Eauioment Non-

Non-Chemical Investment 
Canltal Oneratinn Chemical Recvclino Retrofit 

783 1,301 (614) 198 5,416 821 
612 1,128 (319) 232 62 186 
501 670 (479) 312 0 163 
.. - - .. .. -

674 1,172 (360) 225 117 176 
581 812 (459) 301 0 157 
884 1,358 (637) 194 0 160 
624 1,119 (443) 261 0 181 
675 1,142 (437) 261 0 171 
783 1,301 (614) 186 5,416 816 
612 1,128 (319) 220 62 187 

.. 

Total 

6,709 
909 
584 

--
897 
545 
667 
787 
704 

6,665 
917 

Total 

7,905 
1,901 
1,167 

.. 
2,004 
1,392 
1,960 
1,742 
1,812 
7,888 
1,890 
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317. Fourth, Scenario 7 (fastest economically feasible phaseout) results in a phaseout of ODS use 
in new equipment by 2002 and a phaseout of virgin ODS use in existing equipment by 2011. Under 
this scenario, recycled ODS is used to continue to service existing equipmentyntil 2018. 

318. Fifth, accelerated tail scenarios exhibit higher total costs than regular tail scenarios. This is 
as expected given that the accelerated tail requires that ODS use in new equipment he phased out 
in 1999 while the regular tail scenario allows ODS use in new equipment up until the phaseout date. 

319. In a few scenarios the Fund costs appear to be counter-intuitive. For example, the Fund 
capital costs for the 2000 and 2010 phaseout scenarios change when the period that operating costs 
are reimbursed increases from two to four years. In addition, the Fund costs for the 2006 phaseout 
scenarios are less than the Fund costs for the 2010 phaseout scenarios, which seems implausible since 
the 2006 schedule is more stringent. These results are explained by the fact that Fund costs exclude 
consideration of cost-effective projects. In the first case, reimbursement of four years of operating 
costs makes cost-effective some projects that had incremental costs when only two years of operating 
costs were considered. These projects are not eligible for reimbursement, and their capital costs are 
no longer included in total Fund costs. In the second case, ODS prices rise more quickly in 2006 
phaseout scenarios than they do in 2010 phaseout scenarios. This has the 1twofold effect of (1) 
reducing chemical operating costs across all projects in the 2006 phaseout sc¢nario and (2) making 
some projects cost-effective under the 2006 phaseout scenario that were not C()st-effective under the 
2010 phaseout scenario. Again, the cost-effective projects are ineligible for funding and their costs 
drop out of the Fund cost estimates for 2006 phaseout scenarios. 

6.3 COSTS BY SECTOR 

320. Exhibits 6-3 and 6-4 present the Fund and real resource costs of undertaking investment 
projects to reduce ODS use and non-investment activities by use sector. In reviewing the costs by 
sector, it is apparent the majority of costs occur in the refrigeration and air conditioning sector across 
all phaseout scenarios. 

321. Exhibit 6-3 also indicates that the aerosol sector will require no support from the Fund to 
achieve the phaseout. This result is driven by the significant operating cost savings that are simulated 
to occur in the aerosol sector due to the use of inexpensive chemicals like hydrocarbons and 
compressed gas. The Study Team is aware that aerosol projects have received assistance from the 
Fund to-date, and that this conclusion appears inconsistent with the aerosol projects submitted to the 
Fund. It is our belief that this result arises because (I) of the ODS chemical forecasts used by the 
Study Team over time; and (2) because at least some of the investment pro)ects approved by the 
Fund to-date in the aerosol sector have not considered the operating cost savings associated with 
converting to these alternatives. 

322. Seventh, in some sectors Fund costs are zero or positive and real resource costs are negative. 
This result arises because some projects have cost savings and are ineligible for Fund support. These 
projects result in savings from a real resource perspective, but not from the p9rspective of the Fund. 
This is particularly apparent in the solvents sector where cost-effective chloril)ated solvents projects 
produce significant real resource savings. 



Exhibit 6-3 

Fund Phaseout Costs by Sector 
Discounted at 10% 
($US Millions) 

Phaseout 
Scenario Aerosol Foam Halon Refria Solvent 

1: 2000 0 8 57 6,556 43 
2:2010 0 41 96 701 60 
3: 2010 wfTail 0 45 106 345 69 
4: 1996 -- - - - -
5:2006 0 32 89 715 44 
6: 2006 wfTail 0 36 101 331 51 
7: Fast 0 20 61 445 57 
8: 2010 w/Accel.Tail 0 42 81 580 65 
9: 2006 w/Accel.Tail 0 34 83 515 48 
1 O: 2000 w/4 year 0 0 67 6,550 16 
11: 2010 w/4 vear 0 16 104 778 12 

Exhibit 6-4 

other 
45 
11 
19 

-
17 
26 
86 
18 
25 
31 

7 

Real Resource Phaseout Costs by Sector 
Discounted at 10% 
($US Millions) 

Phaseout 
Scenario Aerosol Foam Halon Refria Solvent . Other 

1: 2000 (122) 121 (40) 7,9n (138) i 108 
2:2010 (86) 78 21 1,971 (113) 31 
3: 2010 wfTail (96) 90 31 1,213 (116) 47 
4: 1996 - - - -- - -
5:2006 (97) 78 12 2,021 (60) 50 
6: 2006 wfTail (99) 92 24 1,369 (59) 66 
7: Fast (128} 133 (45} 1,865 (16) 150 
B: 2010 w/Accel.Tail (96} 87 (21) 1,848 (121) 45 
9: 2006 w/Accel.Tail (99) 90 (20) 1,839 (62) 64 
1 O: 2000 w/4 year (122) 120 (39) 7,965 (141} 106 
11: 201 D w/4 vear (86) 73 22 1,974 (123) ' 31 

Total 
6,709 

909 
584 

-
897 
545 
667 
787 
704 

6,665 
917 

Total 
7,905 
1,901 
1,167 

-
2,004 
1,392 
1,960 
1,742 
1,812 
7,888 
1,890 
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6.4 IMPACT ON ODS USE AND CHLORINE LOADING 

323. Exhibit 6-5 presents yearly weighted ODS use under each scenario frdm 1993 to 2025. This 
exhibit indicates the quantity of ODS required each year for new and existing equipment prior to the 
phaseout date and the quantity required to service existing equipment after th¢ production phaseout 
date. Of note is the fact that the 2000 and 2010 phaseouts show ODS use until 2004 and 2014 
respectively. This is because of the London Amendment's 2005 phaseout date for methyl chloroform. 
Exhibit 6-5 also presents totals for ODS use before and after the phaseout date. ODS use after the 
phaseout date is a measure of the size of the tail required to service existing equipment in each tail 
scenario. 

324. Exhibit 6-6 presents the impact on adjusted cumulative chlorine assoc!ated with each of the 
of the phaseout scenarios. The exhibit also presents the change in adjusted cµmulative chlorine for 
each of the scenarios relative to the levels calculated for the 2010 London Amendments phaseout 
schedule for Article 5 countries (i.e., scenario 2). As discussed in Chapter '.\, adjusted cumulative 
chlorine is a measure of the total area under the Clx curve above 2.0 parts per billion during the 
period from 1985 until Clx returns to 2.0 ppb. 

6.5 SUMMARY OF RESULTS 

325. Exhibit 6-7 compares the Fund and real resource costs at a discount tate of ten percent to 
the ( 1) total adjusted chlorine loading, and (2) the percent change in total chlorine loading relative 
to the levels estimated under the 2010 London Amendments phaseout s¢hedule for Article 5 
countries (i.e., scenario 2). 

326. Exhibit 6-8 presents a sensitivity analysis showing the Fund and real resq,urce costs at discount 
rates of zero percent and five percent, respectively. Of particular interest ane the Fund costs at a 
zero percent discount rate. These are estimates of the Fund requirements in nominal dollars for each 
of the scenarios. 

6.6 PRODUCTION PHASEOUT COSTS 

327. As explained in Chapter 3, the costs of phasing out ODS production were roughly estimated 
under a variety of different assumptions about the quantity of production capacity to be addressed 
and the rules under which the Fund would make grants for production projects. Twelve scenarios 
were considered based on the following parameters: 

• First, because of the large discrepancy between actual production and reported capacity in 
Article 5 countries, Fund costs were estimated for both quantities to yield an upper and lower 
bound. 

• Second, the Team evaluated two assumptions about the reimbursement of operating costs. 
For the first, it was assumed that only capital costs would be funded;' in the second, it was 
assumed that four years of operating costs would be funded in addition to the capital cost. 



Scenario 

1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2(111 
2012 
2013 
2014 
2015 
2016 
2017 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 

Pre-PO 
Post-PO 

Exhibit 6-5 

Weighted Virgin ODS Consumption by Scenario 
(Millions of Kilograms) 

1 2 3 4 5 6 7 8 9 10 
2000 2010 2010 1996 2006 2006 FAST 2010 2006 2000 

Tail Tail Tail Accel. Accel. 
Tail Tail 

221.0 221.0 224.0 NIA 221.0 224.0 206.9 224.0 224.0 221.0 
204.7 215.2 224.1 NIA 215.2 224.1 168.6 224.1 224.1 204.7 
107.8 208.5 225.2 NIA 208.5 225.2 135.8 225.2 225.2 107.8 

78.9 202.5 229.5 NIA 202.5 229.5 94.0 229.5 229.5 78.9 
36.0 196.5 233.3 NIA 196.5 233.3 69.2 233.3 233.3 36.0 
18.2 189.3 236.6 N/A 189.3 236.6 47.7 236.6 236.6 18.2 
14.5 159.9 206.5 N/A 159.9 206.5 40.7 147.1 147.1 14.5 

1.5 155.3 208.2 NIA 155.3 208.2 35.0 142.6 142.6 1.5 
1.4 152.5 209.9 NIA 152.5 209.9 31.2 138.2 138.2 1.4 
1.4 126.4 188.3 NIA 126.4 188.3 27.6 117.0 117.0 1.4 
1.4 122.9 177.6 NIA 122.9 177.6 24.3 102.0 102.0 1.4 
1.4 119.4 178.3 NIA 44.8 65.5 20.8 98.2 43.1 1.4 
0.0 97.9 107.3 N/A 37.0 57.3 17.2 39.0 34.9 0.0 
0.0 94.0 104.0 NIA 0.0 49.4 13.5 34.5 27.0 0.0 
0.0 37.4 72.9 NIA 0.0 44.6 9.6 26.7 22.2 0.0 
0.0 33.8 68.0 NIA 0.0 39.8 6.0 21.8 17.3 0.0 
0.0 30.8 63.2 NIA 0.0 34.9 3.2 18.1 13.6 0.0 
0.0 1.6 38.6 NIA 0.0 30.0 1.1 11.5 9.9 0.0 
0.0 1.6 34.6 NIA 0.0 26.0 0.8 8.6 7.0 0.0 
0.0 1.6 29.9 NIA 0,0 21.3 0.0 5.0 3.4 0.0 
0.0 1.6 25.2 NIA 0,0 16.6 0.0 3.8 2.2 0.0 
0.0 1.6 20.9 NIA 0.0 13.5 0.0 2.7 1.1 0.0 
0.0 0.0 15.8 NIA 0.0 10.0 0.0 0.7 0.7 0.0 
0.0 0.0 12.3 NIA 0.0 6.4 0.0 0.2 0.2 0.0 
0.0 0.0 8.7 NIA 0.0 2.9 0.0 0.0 · 0.0 0.0 
0.0 0.0 5.1 N/A 0.0 1.9 0.0 0.0 0.0 0.0 
0.0 0.0 1.5 NIA 0.0 0.9 0.0 0.0 0.0 0.0 
0.0 0.0 2.5 NIA 0.0 0.3 0.0 0.0 0.0 0.0 
0.0 0.0 1.1 NIA 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.6 NIA 0.0 0.0 0,0 0.0 0.0 0.0 
0.0 0.0 0.0 NIA 0.0 0.0 0.0 0.0 0.0 0,0 
0.0 0.0 0.0 NIA 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 N/A 0.0 0.0 0.0 0.0 0.0 0,0 

Total Virgin ODS Consumption Before and After the Phaseout Date 
688.1 2,371.4 2,906.3 NIA 2,031.7 2,466.6 953.4 2,267.9 2,099.7 688.1 

0.0 0.0 247.3 N/A 0.0 317.9 0.0 22.2 102.4 0.0 

11 
2010 

221.0 
215.2 
208.5 
202.5 
196.5 
189.3 
159.9 
155.3 
152.5 
126.4 
122.9 
119.4 
97.9 
94.0 
37.4 
33.8 
30.8 

1.6 
1.6 
1.6 
1.6 
1.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2,371.4 
0.0 



Exhibit 6-6 

Impact on Cumulative Adjusted Chlorine Loading 

Change in Change in 
Cumulative Cumulative Cumulative 

Adjusted Adjusted Adjusted 
Chlorine [1] Chlorine [1,2] Chlorine [1,2] 

Name 
1: 2000 
2: 2010 98.64 0;0% 
3: 2010 w/Tail 103.03 4.3% 
4: 1996 
5: 2006 96.40 -2.24 -2.3% 
6: 2006 w/Tail 100.62 1.98 2.0% 
7: Fast 89.32 -9.32 -10;4% 
8: 2010 w/AcceLTail 97.67 -0.96 -1.0% 
9: 2006 w/Accel.Tail 97.08 -1.56 -1.6% 
1 0: 2000 w/4 year 87.98 -10.66 -12.1% 
11: 2010 w/4 ear 98.64 0.00 Oi0% 

1. Cumulative Adjusted Chlorine Loading is the integral of chlorine 
and chlorine-equivalent bromine concemrations above 2.0 ppb. 

2. Change in cumulative adjusted chlorine is expressed off a 
London Amendments baseline (scenario 2}. 



Exhibit6-7 
Sensitivity of Investment Costs to Discount Rate 

($US Millions) 

Scenario Fund Real Resource 
10% 5% 0% 10% 5% 

1: 2000 6,709 9,023 12,384 7,905 10,598 
2: 2010 909 1,177 1,680 1,901 2,449 
3: 2010 w/Tail 584 828 1,311 1,243 1,993 
4: 1996 - -- - -· --
5: 2006 897 1,183 1,701 2,004 2,609 
6: 2006 w/Tail 545 758 1,145 1,392 2,129 
7: Fast 667 772 928 1,960 2,428 
8: 2010 w/Accel.Tail 787 1,024 1,400 1,742 2,433 
9: 2006 w/Accel.Tail 704 921 1,263 1,812 2,527 
1 O: 2000 w/4 year 6,665 8,968 12,314 7,888 10,577 
11: 2010 w/4 vear 917 1 199 1,723 1 890 2.437 

0% 
14,579 
3,391 
3,802 

--
3,582 
3,607 
3,145 
3,673 
3,718 

14,554 
3 378 



Exhibit 6-8 

Summary of Results 

hangein 
Real Cumulative Cumulative 

Fund Resource Adjusted Adjusted 
Costs Costs Chlorine [1 J CHiorine [1,2 

Scenario S$ Mil US$Mil 
1: 2000 6,709 7,905 
2: 2010 909 1,901 98.6 
3: 2010 wfTail 584 1,167 103.0 
4: 1996 
5: 2006 897 2,004 96.4 
6: 2006 w/Tail 545 1,392 100.6 
7: Fast 667 1,960 89.3 
8: 2010 w/Accel.Tail 787 1,742 97.7 
9: 2006 w/Accel.Tail 704 1,812 97.1 
1 0: 2000 w/4 year 6,665 7,888 88.0 
11: 2010 w/4 ear 917 1,890 98.6 

1. Cumulative Adjusted Chlorine Loading is the integral of chlorine and 
chlorine-equivalent bromine concentrations above 2. 0 ppb. 

2. Change in cumulative adjusted chlorine is expressed off a London 
Amendments baseline (scenario 2). 

ercent 
·10.8% 

0.0% 
4,5% 

-2.3% 
2.0% 

-9.4% 
-1.0% 
·1.6% 

-10.8% 
0.0% 
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• Finally, situations where savings are expected from a shift to a chemical with a lower price 
than the one it replaces were addressed in three alternate ways. First, it was assumed that 
the savings would not be used to offset the increased cost of other chemical switches Second, 
the alternative assumption was also evaluated; that is, cost savings were netted against cost 
increases, thereby lowering the overall demand on the resources of the Fund. In both cases, 
no Fund monies were assumed to be used to offset lower profits associated with the 
replacement chemical. Accordingly, a third assumption was evaluated that entailed payment 
of four years of lost profit~. 

328. Exhibit 6-9 presents the results of the production cost analysis. These results should be added 
to the Fund costs presented above. As discussed in Chapter 3, real resource costs were not estimated 
for the production phaseout to avoid double counting. 

Exhibit 6-9 
Production Phaseout Costs 

Undiscounted Cost (US$ Million) 
to Phaseout Production Based on: 

Fund Reimbursement Rule Current Production • Existing Capacity 

Savings Netted from Grant: Capital Cost Only 4.2 64.5 

Savings Netted from Grant: Capital Cost + 4 27.8 422.7 
Years Operating Cost 

Savings Set Equal to Zero: Capital Cost Only 78.2 201.2 

Savings Set Equal to Zero: Capital Cost + 4 511.8 1,317.9 
Years Operating Cost 

Lost Profits Paid in Lieu of Savings: Capital 1213 281.1 
Cost Only 

Lost Profit~ Paid in Lieu of Savings: Capital 555.0 1,397.8 
Cost + 4 Y cars Operating Cost 
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CHAPTER 7 

CONCLUSIONS 

Page 91 

329. The fundamental purpose of this study was to assess the feasibility of alternative phaseout 
schedules for Article 5 countries. The Study Team examined seven such scenarios, as presented in 
Chapter 2, from a variety of technological, institutional, and policy perspectives. In addition, the 
Study Team considered variations of several of those scenarios. Th.is chapter reports the major 
conclusions of this assessment. (Note that all costs in this chapter are presented on a discounted 
basis using a 10 per cent discount rate.) 

330. At the outset, ii is important to consider that, in the context of the current Protocol with its 
siogle phaseout schedule for all Article 5 countries, the feasibility of any scenafio is determined oot 
by the prospects for phaseout in couotries that will act first, but rather by the situation in those 
countries that will phase out last. 

331. Phaseout by t 996. The Study Teams concluded that global phaseout by 1996 is not feasible. 
None of the CPs target such a phaseout and every country that provided fe¢dback for this study 
stated that it could not meet a 1996 phaseout target. For this phaseout da~ to be met, tens to 
hundreds of field level projects would have to be implemented in approximaitely ninety countries 
within the next sixteen months. Article 5 governments, ODS-consuming enterJ1rises, and technology 
suppliers do not have the capacity to complete a global transition within this titne frame. Only four 
per cent of the Multilateral Fund-supported investment projects initiated to date have beeo 
completed and market forces and Article 5 government actions cannot be expected to change enough 
to drive an immediate ODS phaseout. The quantitative modeling results supNrt this assessment by 
showing that targets for 1996 phaseout could not be met. 

332. Phaseout by 2000. Global phaseout by 2000 would be extremely difficult, if not impossible. 
Although more than twenty Article 5 countries anticipate in their CPs that tijey can phase out by 
2000, the remainder either specify later dates in their CPs or have yet to even finalize a CP with firm 
targets. Additionally, the time required for alternative technologies to complellely penetrate certain 
informal sectors is six to seven years, effectively ruling out the 2000 target daf:F. Furthermore, the 
capacities of implementing agencies, Article 5 governments and enterprises, andJ technology suppliers 
would be severely tested by this phaseout date. Many Article 5 governments, for example, have spent 
several years constructing policy frameworks based on targets well after 2000. Changing these targets 
would require immediate and definitive action by a large number of Article 5 countries, along with 
determined efforts to lead their industries through a very accelerated phaseout If a 2000 phaseout 
is politically and institutionally possible, the quantitative modeling results show total Fund costs of 
US $6.7 billion and real resource costs of US $7.9 billion. 

333. Phaseout by 2006. The Study Team concluded that a 2006 phaseout is feasible depending on 
how a significant number of policy and institutional constraints are dealt with. Approximately thirty 
CPs, or 75 per cent of those submitted to date, indicate the country's intention tjo eliminate ODS use 
near 2006. It is important to point out, however, that some of the higher ODSlconsuming countries 
have some of the latest phaseout dates. The number of years until 2006 alsolis sufficient to allow 
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for complete penetration of alternative technologies in all sectors. The primary constraint, therefore, 
is whether the government, the Multilateral Fund, and the private sector in each Article 5 country 
can implement phaseout plans by 2006 that are based on the specific factors that drive local ODS 
consumption. As Chapter 5 highlight~, these factors vary considerably between countries due to 
economic, technological, political, and cultural diversity. While it may be possible to group most 
Article 5 countries into three or four sub-categories. based on their gross domestic product and 
generalized ODS consumption and technology patterns, achieving a 2006 phaseout would probably 
still require distinct and deliberate actions to address the specific factors that affect each of these sub­
groups. The feasibility of the 2006 and earlier phaseout scenarios also depends, of course, on the 
time it takes the parties to the Montreal Protocol to agree to the revised date. The quantitative 
modeling estimates total Fund costs of US $897 million and real resource costs of US $2 billion for 
this scenario. 

334. Phaseout by 2006 with a Servicing Tail. The only difference between this and the previous 
scenario, 2006 without a servicing tail, is that the servicing tail avoids the need for a significant 
pnrtion of equipment retrofits, effectively lowering costs but delaying the actual ODS phaseout by 
apprrncimately 10 years, to 2016. A number of countries that provided feedback on the issue stated 
that they could meet this phaseout date. For this scenarin, Fund costs are estimated at US $545 
million and real resource costs at US $1.4 billion. 

335. Phaseout by 2010. This scenario is feasible. All forty countries with Cl's expect to phase out 
by this date, and the technology, policy and institutional constraints described above are less binding, 
though still important. The interplay of specific factors affecting phaseout in ¢ach individual country 
would still need to be addressed. For this scenario, the model estimates total Fund costs of US $909 
million and real resource costs of.US $1.9 billion. 

336. Phaseout by 2010 with a Servicing Tail. A servicing tail under the 2010 phaseout scenario 
would eliminate all need for equipment retrofits, thereby lowering the costs of the phaseout and 
delaying ultimate phaseout to 2016. As such, costs of this phaseout are estimated at US $584 million 
for Fund costs and US $1.2 billion for real resource costs. 

337. Phaseout as Fast as Cost-Effectively Possible. The Study Team estimated the fastest possible 
phaseout, subject to a cost effectiveness constraint that equipment retrofits would never be required. 
Under this scenario, new ODS using equipment need not be installed anywhere as of 2002. Based 
on the modeling results, virgin production of ODS can then be halted in 2011, with demand for ODS 
in existing equipment met through the year 2019 by recycling. This phaseout scenario produces total 
Fund costs of US $667 million and real resource costs of about US $2 billiolil. 

338. Variations on these scenarios. In the quantitative modeling exercise the Study Team 
conducted sensitivity analyses regarding accelerated servicing tails and the duration of operating costs 
to be covered by the Multilateral Fund. An accelerated servicing tail indicates that ODS produced 
for the servicing tail could only be used for equipment manufactured prior to 1999. The results of 
these analyses are that an accelerated tail increases the speed of phaseout only in certain parts of the 
refrigeration sector and also increases the costs of the phaseout slightly. For the 2006 target date 
the accelerated phaseout costs projected in the quantitative model are US $704 million for Fund costs 
and US $1.8 billion for real resource costs. A 2010 phaseout with accelerated tail yields estimated 
Fund costs of US $787 million and real resource costs of US $1.7 billion. The impact of a variation 
in the duration of operating costs to be covered by the Multilateral Fund depends on the scenario 
being evaluated. For a 2000 phaseout, the Fund cost associated with reimbursing 4 years of operating 



Prelimi1111ry Draft Page 93 

cost instead of two years is about US $44 million less, while for the 2010 tllirgct, the difference is 
about US $8 million more. 

339. In summary, the earliest feasible phaseout date among those considered is 2006. Servicing 
tails lower costs by avoiding the need for equipment retrofits but do not affect the ultimate feasibility 
of any target date. 
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\ 
Enclosure 1 

TERMS OF REFER.ENCE FOR THE REPORT UNDER ~GRAPH 8 OF 
ARTICLES OF THE MONTREAL PROTOCOL 

1. Toe review refi1cd to in paragtaph 8 of Article 5, lllkin~ into account Section 11, 
paragraph 4 of Decision IV/18, shall cover the following te:rms of nlifercnce: 

a. Consider the schedule of control measim::s applicable ~ Article 5 Parties and the 
possible need for ffllision of the existing schedule of control imeasures after examining 
alternative scenarios. The following factors shall be taken into account in ex.a.mining 
alternative schedules of control measures for Article 5 countries: 

i. The financial implications of various . phase-out strategies including 
comparisons in achieving the iargets set in the London and Copenhagen 
amendments; 

ii. The actual transfer of resources and technologyj to Article S countries and 
their absozption f:bereof taking into account the operatibn of the Fund to-date and 

determine, - iilii: 

(1) 

(2) 

(3) 

(4) 

the actual and approved transfer o~ resources to Article 5 . ' countnes, 
the relationship between the availabilltj, of controlled substances 
and the rate of implementation of activities for their phase-out in 
Article 5 countries, 
the rate at which low• and non-ozone-depleting-substance (ODS) 
technologies ase being transferred to ; or developed by Parties 
operating under Article S, including tht actual implementation of 
these technologies, and 
the transfer of non-ODS technologies between Article S countries; 
and, 

iii. The technological feasibility of a change in the icontrol measures based on 
the reports of and discussions with the chairmen ofl the Scientific Assessment 
Panel and the Technology and Economic Assessment! Panel; and, 

iv. The feasibility of achieving the greatest possible reduction as soon, as 
possible. 

The review should also take into account: 

b. The current plans of Article 5 Parties as articulated in their country programmes; 

4 



c. Document UNEP/OzL.Pro/ExCom/10/40, Annex I (Rtepon on the Operation of 
the Fund adopted at the Tenth Meeting of the Executive Committee) updating the 
pertinent information; and, 

d. The progress made and problems encountered . by Article S Parties in 
implementing their country programmes and determine, based on the country 
programmes approved by the Executive Committee, the current status of ODS 
technologies used in Article 5 countries and the cummt per capita consumption 
and the likely growth in consumption of ODS in Article 5 countries. 

The review should also: .. 

e. • Provide information on legislatirm being enacted in Article 5 countries in 
consonance with the strategies and action plans included in the country 
programmes; and, 

f. Describe market dynamics impacting the phase-out of contt0lled substances in 
Article 5 countries including the determination of the bat:kground of the industrial 
structure of Article 5 countries and the impact of ODS phase-out on the small 
scale and informal industrial sector. 

Modalities 

2. The report should be prepared by a well-qualified consulting firm with experience in 
working in Article S countries. The Secretariat is requested to invirc consulting firms to tender 
bids based on this terms of reference as soon as possible so that bids will be received before 
1 May 1994. 

3. A sub-committee membership of six with equal representation of Parties operating under 
Article 5 and Parties not so operating should be established with oversight responsibilities for 
the study. The Sub-committee shall examine, with the assistance of the Fund Secretariat, the 
bids offered, select the consulting finn, approve its work programme, provide guidance, review 
the draft repon, and any subsequent modifications to the report. 

4. According··to Decision V/11, the Committee's report must be submitted to the Open­
ended Working Group through the Owne Secretariat by 31 December 1994. To accommodate 
this directive from the Parties, a preliminary draft report will be submitted to Sub-committee 
members and the Fund Secretariat two weeks in advance of a September meeting of the 
Executive Committee. The Sub-committee will meet the day before a September meeting. 

5. Also, to accommodate Decision V/11, the consulting firm's draft report should be 
submitte.d to the Fund Secretariat no later than 1 November 1994 to allow time to circulate it 
to Executive Committee members before an anticipated December meeting of the Executive 
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·ttee- This meeting will enable the Com~ to approve ttie report in time for the end 
comm:_,. submission to the Open-ended Working Group. • 
~-;- . 

Rcpn::sentativcs of the consulting firm shall establish contacts with the Chainnen of the • 
6• . tific A,sseSSfflCllt Panel and the Tc:chnology and Economic Assessment Panel to address the 
:Oiogical fcasibilif?' ~ mised above~ ~h I_ and visit a 1q,_iCSC11tative s:unple of 
Article 5 countries taking mto account a regional distnl>ution and per capita consumption to be 
• dentificd by the Sub-committee. The consulting firm will also haye ongoing discussions with 
~ilareral donors, members of the Executive Committee, the <>tone Secretariat, the Fund 
secretariat and the implementing agencies. • 

7. Following the Committee's approval of the report in Il>ecember 1994, the Fund 
secretariat will invite Parties to comment on the report, compile the comments received, and 
submit the comments to the Open-ended Worlcing Group and/or the Meeting of the Parties, if 
so requested. • 

s. Per Decision V/11, the selected consulting firm will continue work in 1995. Following 
the completion of the Committee's Report and its submission to the Open--cnded Working 
Group, the consulting firm will prepue an addendum to the Report no later than three months 
before the Seventh Meeting of the Parties to be held in 1995 whic:lt will address all comments 
received in addition to updating the December 1994 report of the Committee. 

6 
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ORIOINAL: ENGLISH 

REPORT OF THE SUB-COMMITTEE FOR THE REPORT ON THE REVIEW 
UNDER PARAGRAPH 8 OF ARTICLE 5 OF THE MONTREAL PROTOCOL 

(May 23-24, 1994) 

1. Pursuant to a decision of the Executive Committee at its Twelfth Meeting, the 
Sub-Committee for the Report on the Review under Paragraph 8 of Article 5 of the Montreal 
Protocol was convened in the offices of the Fund Secretariat in Montreal from 23 to 24 May 
1994. The meeting was chaired by Mr. John Whitelaw, Australia, and was attended by 
representatives from Brazil, Denmark. India, United States of America, and Venezuela. 

2. Following a brief closed session of the Sub-Committee, representatives from the four 
firms, ICF, TERI, CETEC, and CGC, representing the study team (the Consultant) were invited 
into the meeting. The Chairman of the Sub-Committee gave a presentation on the overall 
objectives of the study which was followed by an overview and task by task discussion of the 
study elements. A copy of the meeting agenda is included as Annex I. 

3. The Sub-Committee agreed with the Consultant on the following issues: 

(a) Phase-out schedules to be considered in the study: 
(i) London amendments for Article 2 countries 
(ii) London amendments for Article 2 countries plus 10-year grace period 
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(iii) London amendments for Article 2 countries plus IO-year grace period 
plus a tail for existing equipment ( • 

(iv) Copenhagen amendments for Article 2 countries 
(v) Copenhagen amendments for Article 2 countrie$ plus 10-year grace 

period • 
(vi) Copenhagen amendments for Article 2 countries plus 10-year grace 

period plus a tail for existing equipment 
(vii) Maximum possible cost-effective reductions as sopn as possible with a 

servicing tail 
(viii) Scenario that develops as a result of the Consultant's study (if one arises) 

(will discuss in July) 

(b) The amount of ODS used each year for each phase-out schedule should be 
specified. 

(c) A decision. on the precise manner of incorporation of HCFCs and methyl 
bromide will not be made until the July meeting of the Sub-Committee. The 
Consultant will meet with the co-chairs of the Technology and Economic 
Assessment Panel before the July Sub-Committee meetin• to discuss this issue. 
It was understood that the modelling will include HCFC

1 
substitutes for CFCs 

but not substitutes for HCFCs or methyl bromide. • 

(d) The review of the Fmancial Mechanism to be undertakep. in accordance with 
decision V/12 and this study on Article 5 country phase-odt schedules should be 
kept distinct. The Consultant should make the data collected for this study 
available for the review of the Financial Mechanism. 

(e) Analysis of technology transfer should focus on the µme it has taken to 
implement projects on the shop floor. It should also take into consideration 
changes in the rate of technology transfer and resource transfer to the shop 
floor. 

(f) Tail scenarios shall be defined as follows: 

(i) Sensitivity analysis will be conducted of tail scenarios which includes an 
ending date of 1999 for the production of new QDS-using equipment. 
This sensitivity will apply to phase-out schedules in paragraph 3(a)(iii) 
and (vi) above. : 

(ii) Production and consumption of ODS continues o1Iy to service existing 
equipment. The practical implication is that no retrofits are required. 

(g) The Consultant will not make recommendations con~ing the phase-out 
schedules but will indicate if a particular schedule is not ifeasible and why. 

(h) The Consultant will not evaluate the operation of the Fund. 
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(i) The Consultant will not prepare an original forecast of ODS prices, but the 
Consultant will assemble a consensus forecast of prices based on materials 
provided by chemical manufacturers,· users, and distributors. The Consultant 
will inform the Sub-Committee about obtaining forecasts and discuss any issues 
that arise in that regard. • The Consultant will consider in addition to 
multinational chemical producers, indigenous chemical producers. 

(j) The Consultant will not provide analyses, summary information, or 
recommendations on a country-specific basis. 

(k) Selected environmental organizations will be contacted during the· data collection 
phase of the study. 

(1) Data on project proposals that were considered by the Executive Committee and 
other information available in the Secretariat will be made available to the 
ConsultanL The Consultant was requested to be as pn;cise as possible when 
requested infonnation (e.g., by including document numbers when available). 
Information will be provided on country programmes, project proposals, Fund 
disbursements, work programmes, and information prov.Sed under Article 7 of 
the Protocol (in cooperation with the Ozone Secretariat), 

(m) The Consultant was asked to ensure that, during all country visits, priority 
would be given to visits to users and industry groups. OPU s, financial 
intennediaries and senior environment officials should also be interviewed. 

(n) • The Consultant will: 

Meet next with the Sub-Committee: 24 July 1994 
Submit preliminary draft report to Fund Secretariat: 6 September 1994 
Submit draft report to Fund Secretariat: 1 November 1994 
Submit final report to Fund Secretariat: 23 December 1994 

(o) The Consultant will provide an outline of the report ,to the Sub-Committee 
during its July meeting. 

(p) The Report is envisioned to include a 10-15 page Executive Summary and an 
additional 50-60 pages of text in the main body of Report. Additional materials 
will not be incorporated as appendices and instead will be submitted under 
separate cover. Country visit reports will not be part of the Report. 

(q) The Addendum would include a response to the substantive comments received 
on the Report submitted in December. If new data are provided by the Fund 
Secretariat, the Consultant will evaluate these data and incorporate them in the 
Addendum as appropriate. The Executive Summary will be updated to reflect 
the Addendum. 
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(r) In seeking policy guidance from the Sub-Committee. the Consmtant will submit 
in writing policy issues to the Fund Secretariat which will in tum submit the 
request to all members of the Sub-Committee. Sub-Committee members will 
communicate their views to the Chairman of the Sub-Committee who will 
communicate the decision to the Consultant. A short time frame, e.g., three 
working days, for a response from Sub.Committee members was acceptable and 
a non-response within the specified time frame would COI\Stitute no comment on 
the issue. It was understood that a decision would be rendered in five working 
days from the date of the query of the Consultant. 

(s) The following countries should be visited by the Consultant: Bra'zil, Cameroon, 
Chile, China, Egypt, India, Malaysia, and Mexico. The Consultant developed 
the following list of countries for which data would be sought by means of 
phone and fax contacts: 

Africa: Algeria, Kenya, N"igeria, Senegal, and Zimbabwe 
Asia: Indonesia, Jordan, Pakistan, Philippines, and Thailand _ 
Latin American/caribbean: Ecuador, Panama. Trinidad/Tobago, Uruguay, and 
Venezuela 

(t) The Consultant will provide the Sub-Committee through the Secretariat, with 
copies of the proposed data collection forms by mid-June for review. 

(u) The Sub.Committee will provide the Consultant with lettleI& of introduction to: 

Article 5 countries, 
UNEP Nairobi, 
Montreal Protocol Assessment Panels, and 
Implementing agencies and financial intermediaries. 

(v) The study will move forward on the following assunllptions for all of the 
scenarios: 

Projected demand for ODS until production controls begin, 
The Fund provides project support at current levels, and 
Nominal prices rise over time. 

(w) Costs will be defined as both Fund-supported costs (as defined by the Executive 
Committee's and Parties' guidelines and procedures) and real resource costs. 

4 The Chair closed the meeting at 12 noon on 24 May 1994. 
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MEETING OF THE SUB-COMMITTEE FOR THE REPORT <j>N THE REVIEW 
UNDER PARAGRAPH 8 OF ARTICLE S OF THE MON1'REf\L PROTOCOL 

Monday, 23 May 1994 

9:00 - 10:30 

10:30 - 10:45 

10:45 - 11: 15 

11:15 - 11:45 

11 :45 - 12:30 

12:30 - 14:00 

14:00 - 16:00 

16:00 - 16:20 

(23-24 May 1994) 

Agenda 

Sub-Committee meets (without Consullant) 

Opening remarks 

Study overview (by Consultant) 

General observations 

Presentation and discussion of Study Framework 
(a Wk-by-task presentation and discussion of the 
Consultant's proposal) 

Definition of Phase-out Schedule Scenarios 
(Task 2) 

Data requirements (Task 3) 

Data collection (Task ,4) 

Lunch 

Presentation and discussion of Study Framework 
( continued) 

Financial and atmospheric analysis (Task 5) 

Institutional/Policy Analysis (Task 6) 

Conclusions and recommendations (Task 7) 

Incorporation of Parties' comments and 
updating the 31 December report (Tasks 14-15) 
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16:20 - 16:30 

16:30 - 17:00 

Tuesday, 24 May 1994 

9:00 - 12:00 

Study schedule 

Agreements on issues 

Country visits 
Adoption of framework 
Phase-out schedule scenarios 
Others 

Discussion or remaining issues and adoption of 
the Report 
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ORIGINAL: ffiGLISH 

SUB-COMMl'ITEE FOR THE REPORT ON THE REVIEW 
UNDER PARAGRAPH 8 OF ARTICLE 5 OF THE MONTREAL PROTOCOL 

(24 July 1994) 

. 1. The second meeting of the Sub-Committee for the Report on the Review under 
Paragraph 8 of Article S of the Montreal. Protocol was convened in the offices of the Fund 
Secreta.-iat in Montreal on 24 July 1994. Following a brief review of organizational matters, 
the Consultant (representatives of ICF lncOiporatcd and Tata En~ Research Institute) 
presented a progress report on the Review. 

2. The Consultant stated that the data collection phase was neanni completion. All eight 
country visits have been conducted and 170 interviews of industry, government, trade groups, 
and others have been completed. In addition, interviews were conducted with UNDP and the , 
World Bank. Other interviews were scheduled with UNEP (Paris and Nairobi), UNIDO, 
UNEP's science and technology assessment panels, and iepresentatives of countries attending 
the Thirteenth Meeting of the Executive Committee. Resporu;es to fax questionnaires have been 
received from eight countries. The Sub-Committee expressed satisfaction with the Consultant's 
plans to obtain responses from the seven outstanding fax questionnaires. 
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3. The Consultant indicated that it planned refinements to tile phase-out schedule 
assessment model in the following areas: non-price factors, forecasting ODS prices, differences 
among Article 5 countries, the assessment of the production sector, an~ operationalising Fund 
guidelines. Concerning non-price factors, the Consultant will assess p)lase-out resulting from 
other market and institutional forces. After which, it will be assumed that projects with the most 
cost-effective technologies will be implemented. Concerning ODS forecasts, the study team will 
use unit abatement costs to develop price forecasts within the model and contact ODS 
manufacturers to check the price forecasts from the model. Instead! of grouping Article 5 
countries, the Consultant plans to use ODS consumption in each end use including the following 
market segments: export-driven consumption, domestic market consu111jption, and consumption 
in informal sectors. 

4. The Sub-Committee decided that the Consultant should reflect the following assumptions 
in the report and that these assumptions are for the purposes of this study alone and should not 
be interpreted as Executive Committee policy. 

5. Concerning the operationalisation of Fund guidelines, the Sub•Committee decided: 

Period of operational costs 
(a) The period for operational costs should be determined as a weighted average, 
by industrial sub-sector, of the operational cost periods included in projects submitted 
to the Thirteenth Meeting of the Executive Committe.e. Additionally, the Consultant 
will use a four year period for operational costs as an upper boundary for two of the 
scenarios to be determined by the Consultant. 

Residual capital value 
(b) The residual capital value of equipment should be assumed as zero except in the 
production sector where an estimate should be developed. The precision and rigor of 
the estimate is dependant upon available data and resources. 

Halon and TCA recycling 
(c) Halon recycling is eligible and should be included. TCA projects with a cost 
effectiveness below US $100 per ODP kilogram phased-out should be included. 

6. Concerning the production sector, the Sub-Committee decided that the Consultant should 
use a reasoned approach and readily available technical information to estimate the costs of 
conversion on a global scale and not on a country or plant basis. 

7. Concerning the incorporation of the costs and impact on the ozone layer of HCFCs and 
methyl bromide, the Sub-Committee decided that: 

(a) The Consultant should contact the Technical and Economic Assessment Panel 
(TEAP) to determine what TEAP plans to propose as a phase-out schedule for these 
substances and determine to what extent this information could be incorporated into the 
assessment model either as a separate "off-line• calculation or as part of the model. 
The Consultant will inform the Sub-Committee of the results of discussions with TEAP 
by S August 1994. 
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(b) At a minimum, the Consultant should include an overview wiith a reasonable degree 
of detail on the present status of non-ODS substitutes for FlCFCs and for methyl 
bromide as well as the status on the degree to which such subst{iutes are being used or 
planned to be used. This overview should be in the order of 2-4 pages included in the 
report and reflected in the executive summary on a half to a full page. 

8. The Consultant and the members of the Sub-committee agreed to the possibility of a 
Sub-Olmmittee Meeting the day before the next Executive Committee Meeting. 

9. The Chairman closed the Meeting at 12:00 noon. 



ATTACHMENT 2 

THE PROJECT C'YCLES OF THE IMPLEMENTING AGENCIES 

340. This attachment presents the updated descriptions of the projecti cycles of the four 
lmplementing Agencies (lAs): World Bank, UNEP, UNDP, and UNlDO. Jn addition, updated 
summary descriptions of the IAs are provided where applicable. 

WORLD BANK 

341. Background, The World Bank became an implementing agency of the Multilateral Fund in 
1991, when it entered into an agreement with the Executive Committee of the Multilateral Fund to 
channel resources to support investment operations for the phaseout of ozone-idepleting substances 
(ODS). Initially, Montreal Protocol operations were coordinated on a regional !basis, usually through 
the regional Technical Departments and with minimal support from the central Environment 
Department, leading to differences in quality and little standardization. In November 1992, a Bank­
wide reorganization provided an opportunity to restructure the Bank's Montreal Protocol operations 
to create the needed critical mass and synergy for rapid quality improvements. Coordination 
functions were relocated in the Environment Department's Global Environment Coordination 
Division. This has led to important productivity gains. Standardization and Slli(:llmlining of project 
preparation procedures and increased inter-regional exchange have contributed to improved focus 
on global program management, identification and evaluation of key policy issues. The Project and 
Sub-project cycles presented in the following paragraphs are a result of the streamlining effort 
undertaken by the Bank to accommodate a new business. 

342. Project Cycle. The Project Cycle is usually initiated when a World Bank Country Department 
for the country concerned assigns a task manager to each project from its inception. To initiate 
discussions, the task manager will usually lead a mission to consult with the. government on the 
project and the necessary measures which must be taken to ensure its prepafation, approval and 
eventual implementation. In the context of most Bank projects, this often inchildes the selection of 
a financial intermediary who will handle in-country sub-project appraisal and disbursal of funds for 
project execution. Working with the country early in the process to select the financial intermediary 
and determine the terms of procurement, disbursement and sub-project eligibilily criteria are critical 
to ensuring timely implementation of MP Bank projects. In an increasing number of countries, 
responsibility for project identification and preparation is being assumed locally. i This has been made 
possible through the establishment of Montreal Protocol Project Preparation Advances which provide 
resources to a local executing agency to undertake project preparation work. 

343. Following the initial mission or when sufficient understanding is reached on the project 
implementation approach, the Bank drafts what it calls an Executive Project Summary/Project 
Information Document (EPS/PID). This document is the vehicle that the Bank uses to obtain 
internal approval of a project. Annexes to the EPS/PID include sub-project summaries. Sub-project 
documentation, not the EPS/PID per se, are submitted to the Executive Committee for review. The 
sub-project documents are prepared in accordance with the agreed format. 

344. To ensure that the best possible advice is provided in the technical review of ozone projects, 
the Bank has established the Ozone Operations Resources Group (OORG). ,This body, which is 
made up of internationally recognized experts, serves as a resource to the Bank, and through it, the 
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Multilateral Fund. Following OORG review of the sub-projects listed in the annexes to the EPS/PID 
and other available technical documentation, the Bank holds an internal review meeting with the 
Country Department. This meeting is also attended by peer reviewers and staff from the Bank's 
Global Environment Coordination Division, which is the focal point for MP operations coordination. 
With the introduction of "umbrella" grant agreements, the reviews meeting can be held somewhat 
independently of the status of sub-project preparedness given that the focus will be on the review of 
the implementation mechanism. 

345. Usually, initial internal approval to submit the sub-projects for Executive Committee 
consideration is received at this meeting although the mechanism within an umbrella agreement does 
not require an internal review meeting to approve sub-projects, as this is done at the division level. 
Following this approval and the endorsement of the country, the Bank submits the sub-project 
documentation to the Fund Secretariat. As discussed above, the Bank indicates the kind of action 
it L~ requesting the Executive Committee to take (e.g., approval as a Work Programme amendment, 
final project approval. or permission to proceed). 

346. For umbrella agreements that are in the process of being established, the Executive 
Committee approval of the sub-projects initiates the final project approval steps. Following Executive 
Committee approval, the Bank must change the EPS/PID into a Memorandum of Recommendation 
and prepare, or continue the process of developing, a legal grant agreement which are key documents 
on which Bank management can approve release of funds from the Ozone Projects Trust Fund for 
an Executive Committee-approved project. The need for Bank management approval is in keeping 
with the obligations of the Bank as defined in the agreement with the Executive Committee, including 
its fiduciary and project appraisal and supervision responsibilities. 

347. The grant agreement process is in some cases the most time-consuming portion of the project 
approval process. There are several reasons for this. First, there are often' a number of Agencies 
in the recipient country that are involved. Thus, final approval requires a high degree of 
coordination, both between the Bank and the Agencies and between the Agencies themselves. 

348. The Bank has addressed these issues by initiating discussions of grant-related issues during 
the project's development, rather than waiting until the project has been approved. In that regard, 
the Executive Committee has encouraged relevant Implementing Agencies to implement sub-project~ 
under one unique legal framework (umbrella agreement) with the relevant intermediary in the 
recipient country. To expedite Article 5 country approval of grant agreements, the Executive 
Committee also recommended that Article 5 countries consider the selection of a focal point and use 
interministerial bodies, as appropriate. As a result of these activities, it is expected that the 
development of subsequent grant agreements in Article 5 countries will be much easier, as many of 
the issues will have been worked out in the initial agreement. The use of umbrella grant agreements 
has significantly lessened the administrative burden. 

349. Before the grant agreement can he finalized, the Bank must conduct a final apprai.~al of the 
projects. This is usually done after the first batch of sub-projects have been approved by the 
Executive Committee and is not required for the subsequent batches of ~uh-projects which are 
processed through an umbrella agreement. This involves a final review of local implementation 
arrangements and requirements. Over the last year, in order to expedite project implementation post 
Executive Committee approval, the Bank has moved in the direction of undertaking the functional 
equivalent of a pre-appraisal of the sub-project~ prior to Executive Committee submission. 
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350. Once the project is authorized, the legal documents are signed by the Bank and the country, 
and the funds can be disbursed in accordance with its terms. In most case$, the money will be 
disbursed to a financial intermediary who will be responsible for local sub-project appraisals and 
implementation overview. This is because the Bank does not execute investment projects. Instead, 
their role is to monitor project implementation through regular supervision m~sions. 

351. A~ indicated above, one unique attribute of the Bank's operation is tha,t. whenever possible, 
it combines what would normally be considered as several discrete projects (ref9rred to above as sub­
projects) into a single •umbrella project•. This reduces the administrative burden on its clients and 
staff, and, by including all the sub-projects in one grant, saves substantial time during project 
processing, as well as administrative costs. In any event, the Executive Commit\ee reviews each sub­
project which has an incremental cost of over US$ 500,000. Exhibit IBRD-1 shows the World Bank's 
project cycle. 

UNEP 

352 UNEP, as per its agreement with the Executive Committee of the Interim Multilateral Fund, 
has been tasked with the following work: 

a) political promotjpn of the objectives of the Protocol 
b) research and data-gathering, according to the provisions of the ,Protocol; and 
c) clearing-house function comprising the following activities: 

i) assist Parties operating under paragraph 1 of Articlt1 5 of the Protocol, 
through country-specific studies and other technical co()peration, to identify 
their needs for cooperation; 

ii) facilitate technical cooperation to meet these identified needs; 

iii) collect and disseminate information and relevant materials, hold workshops 
and training sessions and other related activities for the l:lenefit of Parties that 
are developing countries; and 

iv) facilitate and monitor other multilateral regional and !iiilateral cooperation 
available to Parties that are developing countries. 

353. Based upon this agreement and a constant review of the needs of Article 5 countries, UNEP 
IE/P AC's OzonAction programme at present consists of the following elements: 

a) Information Exchange, where information is being collected and disseminated 
through: 

i) OzonAction Information Clearinghouse, an integrated service providing 
technical and policy information via diskette, on-line system, phone, fax, and 
mail; 

ii) OzonAction Newsletter and special supplements. The newsletter is available 
quarterly in Arabic, Chinese, English, French, and Spanish; 
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iii) 

iv) 

v) 

Sector-specific brochures and technology catalogues, providing information on 
identifying and selecting alternative technologies to protect the ozone layer; 

Infonnation campaign materials, to assist national ozqne units with public 
awareness campaigns; and 

International Recycled Halon Bank Management Information Clearinghouse, 
providing Parties with information about halon banking, recycled halon 
availability, non-halon alternatives, and halon banking. 

b) Networking and Institutional Strengthening. Strengthening of institutions dealing 
with the phasing out of ODS in developing countries is an essential element in the 
protection of the ozone layer, and UNEP IE/PAC is assisting small Article 5 countries 
on a bilateral and regional basis. 

Networks have been created for the exchange of experiences on strategies to phase 
out ODS among national ozone units in Southeast Asia, Latin America, and Africa. 

c) Training. Training activities are organized at the regional level using the "train the 
trainer" approach, and support is provided to national activities. At workshops and 
training courses, participants are provided with the latest technical information and 
skills required for ODS phaseout. 

d) Country Programmes. The UNEP IE/PAC OzonAction Programme assists low ODS­
consuming countries to assess their current production and consumption and to 
develop their own phaseout action plans. 

Exhibit UNEP-1 presents a summary description of UNEP. 

UNDP 

[AWAITING REVISION FROM UNDPJ 

UNIDO 

[AWAITING REVISION FROM UNIDO) 
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Exhibit UNEP-1 
Summary Description of United Nations Environment Programme 

United Nations Environment Programme (UNEP) 

Role • Fund treasurer: receiveil all financial contributions, transfers funds according to EC 
instructions and keeps accounts at not cbarge to the Fund and according to UN financial 
rules. . Political promotion of the objectives of the Protocol. 

• Research and data-gathering according to the provisions of the Protocol. 
• Clearinghouse functions as defined in Article 10 of the Protocol: .as.sisting Article 5 

countries identify their needs for cooperation; facilitating technical cooperation to meet 
these needs; collecting and disseminating of data; holding workshops and training sessions, 
and facilitating multilateral regional and bilateral co-operation available to Article 5 
countries, 

Organiwimr • The treasure function is located in Nairobi. 
• The clearinghouse and promotional activities are part of the Paris-based Industry and 

Environment Programme Activity Centre. 
• The OzonAction Programme's professional staff consists of a programme coordinator and 

3 programme officers. 
• UNEP Regional offices participate in managing regional and bilateral activities in 

accordance with UNEP's decentralization policy. 
• UNEP IE/PAC has created a number of regional nelWOrks for O))S officers, and Regional 

Network Coordinators are located in Bangkok, Mexico, and Nairdbi. 
• UNEP IE/PAC also uses a number of specialized consultants in the process of preparing 

the Country Programmes and in other activities. 

Operating . UNEP IE/PAC involves the country to the maximum extent possible, thereby creating 
Philasophy ownership and building local institutional capacity. 

• 'Ibis leads to a "bottom-up" philosophy when identifying needs and during programme 
development and project identification. 

• The needs of Article 5 countries are regularly reviewed, and project guidelines are adjusted 
accordingly. 

Coordination . Coordination between implementing agencies has been institutionalized and sponsored by 
the Fund and takes place during annual preparation of the work programmes as well as on 
an ad-hoc basis. . UNEP IE!P AC cooperates with several other government agencies including Swedish 
International Development Agency, Finnish International Development Agency, and 
US6P A. UNEP IE/PAC also cooperates closely with UNEP TEAC/fOCs, NGOs, and 
industry associations. 

• Coordination of regional and bilateral activities is facilitated through the Regional Network 
Coordinators. 

Process . The interactive and consultative approach is exemplified by a broad-based Advisory Group 
from the EC, Secretariat. industry, NGOs, and developed and developing countries. 

• The network approach has proven very useful in assisting Article S countries on a regional 
basis. 

Constraints • C'.onsidering the large number of small, low-consuming Article 5 countries UNEP IE/PAC 
is assisting, efforts are being made to regionalize the activities. in order to maximize the 
support within the financial constraints given by the very small projects. 

• As the support cost ratio varies with the size of the project, using a fixed support cost 
percentage ( l3 per cent) is clearly inadequate when dealing with small projects. Therefore 
a non-linear scale or a fixed-amount system should be considered. 




