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JORDAN COUNTRY PROGRAMME
EVALUATION SHEET

The Jordan Country Programme is submitted to the Tenth Meeting of the Executive
Committee as document UNEP/OzL.Pro/ExCom/10/25. The document is consistent with the
format indicated in the Procedures for Presentation of Country Programmes and Project
Proposals to the Executive Committee (UNEP/OzL.Pro/ExCom/5/16).

It consists of:

Letter of Transmittal

Country Programme Cover Sheet (Prepared by the Secretariat)
Executive Summary

Introduction

ODS Use and Alternatives

Forecast Demand for the Controlled Substances by Sector
Institutional Framework

Policy Framework

Response to the Montreal Protocol

Phase-out Planning including Incremental Costs for Jordan
Action Plan :

Activities, Project Proposals and Project Concepts

The total ODS consumption in Jordan in 1991 was 785 ODP tonnes. The consumption
of CFC-11, CFC-12, CFC-114 and Halon 1211 constituted 12.2, 28.1, 20 and 231 ODP tonnes
respectively. Distribution of consumption per sector for the same year was estimated as follows:

- 26.3% in the refrigeration sector
- 15.1% in the foam sector

- 28.9% in the aerosol sector

- 29.7% for fire extinguishers

The predicted ODS consumption following the unconstrained demand is estimated at
980 ODP tonnes by the year 2010.

Incremental cost for the phase-out of controlled substances have been estimated for two

scenarios:

(a)

(b)

Accelerated phase-out through the implementation of this Country Programme
which targets the phase-out over the period 1993-1998. The incremental costs
are estimated based on the planned activities under the Action Plan.

Phase-out in the year 2010 in accordance with the requirements of the Montreal
Protocol for countries operating under paragraph 1 of Article 5.
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The incremental costs for the accelerated phase-out scenario and phase-out in accordance
with the Montreal Protocol are US $8-13 million and US $14-19 million respectively.

To achieve the accelerated ODS phase-out the Government has developed the national
strategy including Government policies and the Action Plan based on Government and industry

actions. The national ozone policies outlines measures which support ODS phase-out activities
in Jordan. They envisage in particular:

- to expedite the implementation of activities of reduction of ODS use and
adoption of substitute chemicals and technologies;

- to enhance public awareness of the ozone issue through media attention;

- if required, to increase prices of ODS to levels where the ODS substitutes
become financially attractive;

- when required, to establish a licensing system for ODS users;
- to establish ODS import monitoring procedures;
- to create Project Implementation Unit.

The Action Plan is based on the optimum phase-out scenario which is between the
accelerated and allowable scenarios. According to this scenario, the phase-out of ODS
consumption will be accomplished at the least economic cost as soon as is technically feasible.
Actions are to be initiated in 1993. The phase-out will be mostly completed by 2000, while
some ODS uses will continue until 2010. Over 13,000 tonnes of ODSs will be eliminated during
the 1992-2010 period. Government actions consist of a broad scope of specific policy and
legisiative measures. They are listed under the Country Programme Cover Sheet. The action
plan outlines the following activities and projects:

Technical assistance

. creation of a Project Implementation Unit;

. training/demonstration workshops in commercial air-conditioning, domestic
refrigeration and industrial refrigeration;

. training in the refrigeration industry. This is to introduce recovery/frecycling in
the servicing sector and the use of new technologies;

Investment Projects

J deodorization of LPG for use as aerosol propellant;

. retrofit of aerosol filling plants;
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. phase-out of halon use;
. phase-out in the flexible foam sectors;
. phase-out in the rigid foam sector;
. phase-out in the refrigeration sector.

The Country Programme does not outline the total budget of the Action Plan. However,
the Seventh Meeting of the Executive Committee has already approved US $1.5 million
allocation to the World Bank for Technical Support and Investment Project for the reduction of
ODS consumption in Jordan. These allocations cover the following components:

- technical and organizational assistance component aimed at provision of technical
and logistic support to the Government of Jordan, to develop its institutional
capabilities to deal with the ozone issue (US $100,000);

- investment project on deodorization of LPG (US $700,000)

- Line-of-grant for development of demonstration and investment projects in
aerosols, foams and refrigeration. (US 700,000)

These allocations have been used by the Word Bank for preparation of six projects in
the aerosol and the foam sectors for a total cost of US $1,854,107. These projects are attached
to the country programme. The World Bank is designated by the Government of Jordan as the
implernenting agency.

The Government of Jordan has requested in its letter of transmittal the approval of
additional allocations of US $354,107 covering the additional cost of projects.

Recommendations

The following recommendations are made for consideration by Executive Committee:

1. The Country Programme be approved with the exclusion of specific projects attached,
since some of these projects have already been approved by the Executive Committee.

2. The World Bank be requested to submit project proposals for funding at the next
meetings of the Executive Committee.

3. Deferral of approval of the balance (US $354,107) requested in the letter of transmittal
pending the submission of new proposals.
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COUNTRY PROGRAMME COVER SHEET
Country Jordan
Date Received May 1993
Period Covered 1993-2010

Lead National Agency Ministry of Municipal and Rural Affairs and the

Environment

1. Phase-out schedule

Substances Current Consumption Planned Total Planned Year of Phase-out
(Tonnes X ODP) Consumption till Phase-out
in 1991 Tonnes X ODP
Article 5 Optimal Article 5 Optimal
schedule Schedule schedule Schedule
CFC-11 153
CFC-12 375
CFC-115 20
Halon-1211 231
TOTAL 779 15,600 6,700 2010 2010
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Government Action Plan
Item Description of Actions Commencement/Duration

Management and Monitoring | « Establish a Project Implementation Unit 1993
System (PTU) to manage and monitor ODS phaseout

Projects

s Collect ODS import data 1993

= Continved operation of the PIU. 1994-2010

= Develop system to record ODS import and 1994-1995

consistent with GATT classification.

+ Continue data collection 1994-2010
Public awareness System « Direct media attention to ODS problems 1993
(Enhance Public Awareness) | and potential recycling programs.

= Continue to develop support for public 1994-2010

awareness campaign.
Policy Draft policy statement and necessary 1994-1995

legislation:

= Formally announce phascout timetable to
enable industry to plan accordingly.

Levies and Bans » If needed, establish levies on ODS. 1994-1995

» Ban on use of CFC in new central air 1994-1995
conditioning units.

= Ban on use of CFC for the manufacture of 1994-1995
flexible polyurethane foams (excluding
refrigerator foams)

» Increase restriction on use of Halons, 1994-1995
» Ban use of Halons in applications where 1994-1995
alternatives are available.

= Ban us of CFC in electronic cleaning. 1996-2010
= Ban on use of CFC in rigid polyurethane 1996-2010

foam comes into effect

* Ban on use of CFC refrigerants in new 1996-2010
domestic refrigerants and new domestic
refrigerators and new mobile air conditioning,.

« Ban cn all imports of virgin ODS comes 1996-2010
into effect.

Projects Implementation of projects 1o phaseout ODSs 1993-2010
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3. Project Summary
Project Description Commencement/| Use | Tonnes ODP | Implementing | Incremental
Duration Sector | Phased Out Agency Cost US$
1. Purification of LPG to manufacture 1993/ aerosols World Bank 860,750
hydrocarbon aeroscl propellant 24 months
2. Conversion of Arab Pharmaceutical 1993/ aerosols 27 World Bank 279,157
& Chemicals aerosol filling plant to 12 months
hydrocarbon propellants
3. Conversion of Houscholds & 1993/ aerosols 30 World Bank 135,300
Toiletries Manufacturing Co. to 12 months
hydrocarbon propellant
4, Conversion of Haddad aerosol 1993/ acrosols 85 World Bank 337.000
filling plant to hydrocarbon propellant 12 months
5. Conversion of flexible foam 1993/ 9 months | foams 18 World Bank 100,000
production operation at International
Foam Inc, Co. from CFC-11 to
methylene chloride
6. Conversion of flexible foam 1993/ 9 months | foams 20 World Bank 141,900
production operation at Kolaghassi
Foams and Matiress Factory from
CFC-11 to methylene chloride
TOTAL 180 1,854,107

4. Cost

Cost of activities and projects in the Country Programme of Jordan is US $1,854,107.
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THE HASHEMITE KINGDOM
OF JORDAN

Ministry of Municipal & Rural
Affairs & The Environment

AMMAN

Date May 1993

Dr. Omar E. El Arini,

We are pleased to inform you that the Cabinet of Ministers of the Hashemite Kingdom
of Jordan has approved Jordan’s Country Programme (for the ozone depleting substances) as sent
to you in the English version.

We are kindly requesting your assistance to submit the Country Programme to the
Executive Committee at its 10th meeting (28-30 June 1993) for its approval.

As you already know Jordan received in June 1992 a final approval from the Executive
Committee for an amount of US $1,500,000. Subsequent to visits of the World Bank’s experts,
the project documents attached to the Country Programme show an actual request of US
$1,854,107. We hope to get the approval of the Executive Committee to cover the additional
cost of US $354,107. We are also in the process of preparing other projects to be presented to
the Executive Committee at their next meetings.

I would like to seize this opportunity to thank you very much for the great effort you put
in managing the Secretariat and to thank the World Bank for their help in preparing the Country
Programme.

Sincerely yours,

(signed)

Dr. Abdel Razak Tabishat

Minister

Ministry of Municipal & Rural
Affairs & The Environment
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EXECUTIVE SUMMARY
3 2

Jordan rutified the Montreal Protocol on Substances that Depleie the Ozone Layer
(Montreal Protocol) on 31 May 1989 and qualifies under paragraph 1 of Article 5 of the Montreal
Protocol for a ten year delay in the phaseout of ODS. Jordan also qualifies for assistance from the
Interim Multilateral Fund for the Implementation of the Montreal Protocol. At the request of the
Government of Jordan, the World Bank assisted with the preparation of a Country Pregram, a

requisite activity for assistance from the Multilateral Fund for the Implementation of the Montreal
Protocol (MLF). : ‘

QDS use in _Jordan

Jordan does not produce Ozone-Depleting Substances (ODS}), but there are numerous
users of ODS in the country. The bulk of the demand is concentrated in the industries that
manufacture and service domestic refrigerators and air conditioning systems, in the foam industry
which produces cushioning, building insulation and packaging, in aerosols, in fire suppression
systems, and very small amounts in solvents. These industries contribute to a higher standard of
living and, in recent years, have experienced growth exceeding that of the population. Total ODS
consumption is estimated to have been 625 tones in 1991 (about 0,15 kg/capita), equivalent to 779

ODP (Ozone Depleting Potential) tones. The consumption in fire suppression applications which
use ODS was estimated 1o be 77 tones in 1991.

~

4 )

The methodology for the preparation of the Country Program for Jordan involved a data
collection and analysis mission during which data on the supply and demand for ODS, which were
collected by the Government of Jordan, were updated; the iustitutional and policy framework was
discussed with industry leaders and Government officials; ODS phaseout problems and plans were
discussed with major consumers of ODS; and the availability of ODS substitutes was investigated.
Activilies which may qualify for MLF grants were identified. A set of ODS phaseout scenarios
which spanned a range of probable activities were identified and costed. The optimum scenario
was selected from the cost analysis and was used as a foundation for a phaseout strategy and action
plan.

l - i0s for ODS ol

Two aliernative scenarios were constructed to aid identification of the "Optimum” phase

out strategy for Jordan through determination of net incremental economic costs, These scenarios
were:

v Scenario 1 - AHowable (under the Montreal Protocol) - in which the transition to
ODS substitutes is not undertaken in Jordan until 2000 but is completed by 2010
as required by the Montreal Protocol;

- Scenario 2 - Accelerated - in which the transition to ODS substitutes is
accomplished at a rate consistent with the availability of technology and is
accomplished over the period 1993-1998.

Within each scenario, the starting date of phuse out was varied to verify the impact and
to establish a probable range within which to expect actual results,

Cost analysis of the scenarios provided the identity and estimates of the magnitude of
the various categories of costs associated with the phase out (capital, operational and administrative
and early replacement of refrigerators) and the identifiable savings associated with a prompt ODS
phase out.

The following table gives indicative values for the different costs associated with the
optimun and the allowable scenanos that were studied.
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Optimuin Accelerated

Phaseout

Allowable Phascout

Scenario {1993-98)

Scenario {(1993-2010)

US$ Million

US$ Million

Net Incremental Capital Costs 5-101 7-121

Net Incrementil Operating and .5 -0 -

Administrative Costs

Net Forced Early 2.4 6.8

TOTAL 8-13 14-19
LCol c C

The net incremental economic cost to Jordan for the phase out of ODS ranged from US$
8-13 Million to US$ 14-19 Million (expressed as the net present value in 1991 US dollars)
depending on the speed of the phaseout and economic growth conditions through to the year 2010.

The primary conclusion drawn from this analysis is that a prompt ODS phaseout will be
beneficial to the Jordanian economy. The determination of reimbursement of costs of financing the
activities proposed in this country program and of net incremental costs is an issue for the Executive
Committee of the MLF to decide in accordance with the termis of the Montreal Protocol.

also reached:

In order of importance to the economic cost to Jordan, the following conclusions were

. in addition to the incremental capital costs, one of the significant net incremental

costs to Jordan are those associated with the potential forced early replacement of
domestic refrigerators when virgin CFC-12 is no longer available for recharge.
This stems from the fact that there will be roughly (0.6 million refrigerators in
service of Jordan in 2010, but replacement costs only apply to those continuing to
use CFC-12. An early transition to refrigerant HFC-134a for domestic
refrigerators will reduce the population of CFC-12 refrigerators in 2010, and
hence reduce early replacemient costs. The average age of the CFC-12 refrigerator
population in 2010 was also a factor. In the accelerated cases, the absence of
recycling of CFC-12 refrigerant substantially lowered the average age of CFC-12
refriperators;

net incremental operational costs ranged from US$ 0.1 Million with delayed
phaseout to US$ 0.5 Million with accelerated phaseout. A significant proportion

of these related to the incremental production costs for HFC-134a domestic
refrigerators;

the incorporation of recycle/recovery (or availability of a drop-in substitutes) into
any phaseout case has the effect of directly reducing ODS consumption. Its
primary benefit is to assure local supplies of CFC-12 for recharging refrigerators.
Additional savings (not considered in the analysis) may be expected from
applying recycle/recovery technology to the conservation of HFC- 1344,

L Fhis has been estimated on the basis of preseat knowledge of non-QDS technologics and the present pipeline of
projects which has been idenmidicd and wiich is anticipaied over the nest 2-3 years,
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The optimum strategy for the Government of Jordan is to adopt 4 set of policies and
implement a series of projects in a comprehensive program that supports a phaseout of ODS
consumption as soon as is technically feasible. This strategy will accomplish the complete phascout
of ODS at the least economic cost to the country and provide the basis for an officially recognized
National Ozone Policy (NOP) to which industry and Government leaders are committed for phasing
out ODS and which should be integrated in the national environmental strgtegy and policy

framework.

Polici

The following set of integrated policies are proposed to form the National Ozone Policy
{NOP) for Jordan:

announce proposed phaseout schedule;

expedite the implementation of activities directed at reduction of ODS use and
adoption of substitute chemicals and technologies (including recycling and
recovery activities) with imported equipment and technologies funded by the MLF
being exempt from customs duties, sales taxes, etc.;

enhance public awareness of the "ozone issue” through media attention. The

emphasis should at first be placed on the conservation aspects of ODS and
subsequently on substitution;

if required, increase prices of ODS to levels at or below which ODS substitutes
become financially attractive by applying a levy on imported ODS. It is expected
that the medium to long term prices of some of the key ODS substiwites (such as
HFC-134a) would be three to five times the present price of CFCs (such as CFC-
12). Such policies will require further analysis before being adopted,

when required, establish a licensing system for ODS users which encourages
environmentally responsible handling practices and restricts distribution o
registered users;

establish ODS import monitoring procedures {(as raw chemicals and in finished or
semi-finished products) which account for all ODS as required under the Montreal
Protocol and from which progress in reducing ODS consumption are tracked 1o
guide appropriate adjustments in programs and policies; and

create a "Project Implementation Unit" within the Ministry of Municipal, Rural
Affairs and Enviromment (with Ministry of Planning support) to act as a focal
point that will provide guidance in the formulation and promulgation of specific
policies consistent with the NOP.

The Country Program is being submitied 1o the MLF which may provide financial
assistance for selected activities. An initial list of projects has been prepared. Additional projects
will be prepared and submitted to the Multilateral Fund as they are identified and evaluated.

Investment Projects

Investment projects have been (and will be) prepared for the key sectors. Projects will
focus on the following activities:

[.PG purification for CFC replacement in the aerosol sector;

Phaseout of Halon use;



. Aerosol plant retrofits;
. Phaseout in flexible foam sector;
. Phaseout in rigid foam sector; and

. CFC recovery and recycling.

Technical Assi .
. Training/demonstration workshops in commercial air-conditioning, domestic

refrigeration and industrial refrigeration;

. Training in the refrigeration industry. This is to include recovery/recycling in the
servicing sector and the use of new technologies;

. Workshop on flexible and rigid foams and Halon.

The projects being presented with the Country Program should be considered as a first
step in Jordan's ODS phaseout program. As the phaseout proceeds, there will be other projecis
which will be identified and which could be presented to the MLF.

Action Plan

Objectives and_Coordination. The objective of the Action Plan is to effectively,
efficiently and as fairly as possible, phase out the consumption of ODS in Jordan in compliance
with the Montreal Protocol, as ratified by the Government of Jordan and in accordance with the
proposed optimum strategy.

The Action Plan comprises the investments, policies and implementation actions needed
1o ensure compliance. The principal agent is the Government which is responsible for the specific
policies, referred to here as "National Ozone Policy"”.

This action plan is consistent with the principles for evaluating and financing
incremental costs for ODS phaseout as detailed in the "Indicative List of Categories of Incremental
Costs" adopted by the Second Meeting of the Parties to the Montreal Protocol.

The action plan proposed for Jordan is based on the optimum phaseout scenario where
action is initiated in 1993. The phaseout will be mostly completed by 2000, while some ODS uses
will continue until 2010.

Summary of proposed actions. The Action Plan Summary table outlines the key steps
included in the action plan. Further discussion of this plan and the factors which have a significant
impact on the phaseout program are included in Section 8 of the detailed report. The principal
organization with responsibility for the action plan is the Ministry of Municipal, Rural Affairs and
Environment, with the support of the Ministry of Planning.
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ITEM 1993 1994-1995 1996-2010 |
Management | - Establish a Project | +Continued operation of | + Continue operation
and Implementation Unit | the PIU. of the PIU.
Monitoring | (PIU) to manage and
System monitor ODS phaseout | « Develop systemtorecord | + Continue data

Projects. QDS import and consistent | collection (DOS).
with GATT classification, . -
*Collect ODS import data { Department of Customs.
(DOS). ‘
» Continue data collection
(DOS).
Public Enhance public| Continue to develop] Continue to develop
Awareness awareness: support for public| support for public
Campaign awareness campaign. awareness campaign,
« Direct media attention
to ODS problems and
potential recycling
_programs.
Policy Draft policy statement and | Enforcement.

necessary legislation:

+ Formally announce
phaseout timetable to
enable industry to plan
accordingly.

Levies and
Bans

« If needed, establish
levies on ODS.

+ Ban on use of CFC in
new central air
conditioning units.

« Ban on use of CFC for
the manufacture of flexible
polyurethane foams
(excluding refrigerator
foams).

+ Increase restriction on
use of Halons.

+ Ban use of Halons in
applications  where
alternatives are available.

+ Ban use of CFC in
electronic cleaning.

« Ban on use of CFC
in rigid polyurethane
foam comes into
effect.

* Ban on use of CFC
refrigerants in new
domestic refrigerants
and new domestic
refrige-rators and new
mobile air condi-
tioning.

« Ban on all imports of
virgin ODS comes into
effect.

Projects Initiate projects that will | Continue projects that will | Continue projects that

decrease the use of ODS. § decrease the use of ODS. will decrease the use
of ODS.

MMRAE: Ministry of Municipal, Rural Affairs and Environment

DOS: Deparument of Statistics

CDr Customs Depariment

CDD: Civil Defense Department

MOP: Ministry of Planning

MOF: Ministry of Finance

CoL Chambers of Industry
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I. INTRODUCTION

Jordan has prepared a Country Program for the Phascout of Ozone-Depleting
Substances. This report encompasses all items necded to qualify as a Country Program which is a
prerequisite for assistance from the Multilateral Fund for the Implementation of the Montreal
Protocol.

i o i D YA i -

The initial discovery of chlorofluorocarbons (CFC) over 60 years ago led to the
development of applications capable of improving the quality of life for most people in the world.
In recent years, concern has increased about the accumulation of these compounds at the interface
of the troposphere and stratosphere layers of the atmosphere known as the ozone layer.

Concerns were first raised in 1970 when a new, highly sensitive, electron capture
detector was invented for the gas chromatograph. Measurable quantities of CFC were detected in
the atmosphere as a result of this new development. In 1974, Molina and Roland proposed that the
ultimate fate of CFC in the atmosphere was ultraviolet photodecomposition in the stratosphere with
release of chlorine atoms. They suggested that these chlorine atoms might cause a reduction in the
total amount of stratospheric ozone through a series of chemical reactions. As technology did not
exist at that time to prove this hypothesis, the scientific community, led by Government funded

agencies, undertook the development of a body of science required to measure trends and predict
future ozone amounts in the stratosphere.

In 1978, the United States took the first step to stop the continued growth of CFC
emissions to the atmosphere by banning so-called "non-essential” uses of CFC such as in aerosol
propellants. The United Nations Environment Program (UNEP) became the focal point for
international attention with the formation of the Coordinating Committee on the Ozone Layer
(CCOL). UNEP published scientific assessments and initiated the formation of a global convention

culminating in the Vienna Convention for the Protection of the Ozone Layer (adopted on 22 March
1985).

Concurrent scientific evidence that changes were occurring in the atmosphere was
inconclusive until significant temporary changes in ozone over Antarctica were discovered by
British scientists in late 1985. World attention then focused strongly on the CFC/ozone issue.

While the ban on the use of CFC in aerosol in many countries initially decreased
worldwide use of CFC, rapid growth resumed in the early 1980s. Computer projections of ozone
depletion resulting from sustained growth in CFC emissions at these levels led industry to advocate
international efforts to limit long-term growth of CFC emissions. Negotiations of an international
agreement began in December 1986 with the support of all of the world's leading CFC producers.

Ensuing negotiations led to the drafting of the Montreal Protocol on Substances that
Deplete the Ozone Layer (Montreal Protocol) in September 1987. This historic agreement
addressed the need to reduce emissions of controlled substances (i.e. CFC and Halons) 10 a “safe”
level in a way that was acceptable to all countries, including those who were seeking the economic
and societal benefits of CFC enjoyed in developed countries,

The Montreal Protocol went into effect in 1989; over 80 countries have ratified the
agreement to date. Jordan ratified the Protocol on 31 May 1989 and qualifies under paragraph 1 of
Article 5 of the Protocol for assistance from the Multilateral Fund. The principal features of the
original Montreal Protocol were:

. a set of control measures with scheduled reductions in consumption of
conirolled substances in each member country based on the country's use of these
substances in 1986. The use is also based on an Ozone Depletion Potential
(ODP) weighted basis (consumption was defined as production plus imports
minus exporis);
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. a 10-year grace period for developing countries to comply with the Moatreat
Protocol control measures, provided their annual consumption of controlled
substances is less than 0.3 kilograms/capita. Developing countries conforming to
this condition are classified as paragraph ! of Articie 5 countries;

. restriction on trade of controlled substunces with non-parties o the Montreal
Protocol; and

« arequirement to reassess control measures at least once every four years.

A key provision in the Montreal Protoco! requiring reassessment of the treaty's control
measures was evoked when mounting scientific evidence showed that CFC were further damaging
the ozone layer. The Second Meeting of the Parties in London in June 1990 produced an agreement
to completely phase out CFC consumption in developed countries by the year 2000. Controlled
substances were expanded to include 1,1,1-trichloroethane (methyl chloroform), carbon
tetrachloride, and most fully halogenated CFC. The parties declared their intent to phase out
hydrochlorofluorocarbons (HCFC) at some time in the future. The London agreement also
established a technology and financial assistance resource for developing countries, the Interim
Multilateral Fund. The recent Copenhagen Amendments further tightens the phaseout schedule.

For the purpose of this report, ozone depleting substances (ODS) are defined as
substances currently regulated by the Montreal Protocol as revised in London in June 1990. The
ODS most widely used in developing countries are CFC-11 and CFC-12. Methyl chloroform,
carbon tetrachloride, CFC-113, CFC-114, CEC-115, Halon 1211, and Halon 1301 are also used
but to a significantly lesser extent.

The Multil | Fund

The Executive Committee of the Multilateral Fund, composed of seven parties operating
under paragraph 1 of Article 5 of the Protocol, Jordan being a member of that committee, and
seven parties not so operating, has been developing policies, guidelines and administrative
arrangements for the Multilateral Fund since its formation in 1991. The critical responsibility of the
Executive Committee is to consider and, where appropriate, approve Country Programs for
compliance with the Montreal Protocol and approve project proposals and net incremental costs for
implementation of such programs.

1. ™~ ¥

Implementation Guidelines and Criteria for Project Selection were approved by the
Executive Committee at its Third Meeting in April 1991. In these guidelines, paragraph 1 of Article
5 Parties were invited to develop Country Programs (CP) and projects leading to a complete
phaseout of ODS.

At the request of the Government of Jordan's Ministry of Municipal Rural Affairs and
Environment, the World Bank fielded missions to Jordan in October 1991, May 1992 and February
1993. This mission had the following mandate:

. to collect/confirm basic information and statistics on QDS use;

. to visit industrial plants with significant ODS use and assess their performance
and needs;

. to develop strategy ‘Oplions which would assist Jordan to decrease its ODS usage;

. to assist Jordan in developing a Country Program; and

. ta develop investment projects; and

. to finalize the Country Program.
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To accomplish the objectives of the Country Program, the elements identified in the

Terms of Reference for Country Programs established by the Parties to the Montreal Protocol were
evaluated.

¥ annine

The methodology used in developing the phaseout planning process for Jordan was
structured 1o identify the least cost phaseout option to the country. The study team undertook to:

. review and study previous reports and studies;

. update the data for ODS demand and supply obtained by the Jordanian
Government;

. develop forecasts of ODS demand unconstrained by the Montreal Protocol

through the year 2010. This provided a base level demand profile 1o be serviced
by ODS and their alternatives throughout the transitional period;

. identify probable substitutes (alternative chemicals and technologies) for ODS in
order to estimate future availability: probable timing patterns for introduction of
substitutes, and probable unit costs or investments to accomplish the substitution;

. identify the current institutional and policy framework as well as the industry
structure and industry's phaseout plans and actions already taken;

. develop scenarios which span a full range of actions open to Jordan for
compliance with the Montreal Protoco!l as a framework for comparison of costs;

. identify necessary projects for accomplishing a phaseout of ODS in coordination
' with each phaseout scenario;

. construct a mathematical model with which to estimate net incremental and other
economic costs to Jordan for select scenarios over a range of economic growth
rates, and with internal options such as recycle-recovery, and alternative rates of
transition to ODS substitutes; and

. identify a preferred strategy to be adopted and an Action Plan 10 implement the
chosen strategy.

The anticipated rate of transition to alternatives was estimated based on interviews with
industry leaders in Jordan, other Article 5 Parties, the United States as well as Europe.

Two principal scenarios were developed (o cover the limits of the range of options that

Jordan has to comply with the Montreal Protocol. An optimum scenario was then identified. The
scenirios were:

. allowable phaseout scenario under the Monireal Protocol - All
transitions to ODS substitutes are delayed until the last possible moment without
violating the phaseout requirements of the Montreal Protocol; and

. accelerated phaseout scenario - The transition to ODS substitutes is
accomplished sector by sector within 1-2 years of the technology and/or
substitutes becoming commerciatly available.

At or between the accelerated and allowable phaseout scenarios there is an optimum
phascout scenario that minimizes the net incremental costs of phascout to the Jordanian
£conomy.



Evaluating the cost to Jordan for phasing out ODS required development of a set of
optional phascout scenarios from which costs could be evaluated. In the current climate of rapid
change within the ODS user industries, such forecasting is at best an inexact science. The knowns
are where we are today, and the limits to be imposed on ODS use are those established in the
Montreal Protocol. The largest forecasting problems are estimating the most probable course for
the market to follow between these two points. In order to make a forecast, assumptions must be
made regarding: (1) the growth of demand for products currently produced with the aid-of ODS;
and (2) the timing and rate at which ODS are replaced with aliernative chemicals and technologies
over the forecast period (1990-2010). '

Constraints on demand estimates were those of the Protocol limits. One point to note is
that the constraint is partly determined by the plan adopted -- an accelerated phaseout actually
reduces the 1995-1997 baseline from which paragraph 1 of Article 5 Parties derive their phaseout
targels.

An approximation of overall country cost was made by using an approach based on the
major identifiuble economic costs. For Jordan, these costs and related assumplions were:

. the net incremental cost to the economy in compliance with the Montreal Protocol
is defined as the difference between the costs that will be incurred in meeting
demand unconstrained by any requirement to phascout CFCs and those incurred
in meeting the same level of demand for products but within the constraints of the
Protocol. This will take into consideration both increases in costs in some seclors
and cost savings in other sectors;

. net incremental costs 1o industry may be capital costs andfor operating costs. A
best estimate of the unit costs in each category for euch industry sector are set out
in Chapter 6,

. the unit costs are multiplied by the projected number of units at any given time to

give a total cost;

. the costs are included on a cash flow basis with the timing of the cash flow to
match the assumed phaseout timing;

. the identified incremental cash flows in each industry sector (in 1991 prices) are
calculated for the yeurs 1991 to 2010 inclusive for each phaseout scenario;

. the cash flows associated with the early replacement of domestic refrigerators
which cannot be recharged once virgin CFCs are no
longer available are calculated. As the early replacements run on after the 2010
cut-off date, these cash flows are included through to the year 2015, This will
still exclude some further early replacements that may occur after 2015 in the
allowable scenario;

. all prices for CFC are included at 1991 USS$ levels. Predictions about possible
increases in the price of CFC as supply becomes scarce have not been made.
Also, the prices of substitutes are included at the expected long run price, as
obtained from the producers in Europe and the USA. This does not take into
account the higher current prices of these;

. for each scenario studied, the annual cash flows are discounted 10 1991 10 give
the net present value. This enables the comparison of costs incurred at different
points in time by reference 1o the equivalent cost today, taking into account the
time value of resources, and

. a discount rate of I} per cent is used in the analysis.
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II. ODS USE AND ALTERNATIVES

This chapter provides a review of current uses of ODS in Jordan and available options

in preparing for and implementing the compiete phaseout of ODS in accordance with the
requirements of the Montreal Protocol

Background

Jordan imports all of its CFC and Halon. The bulk of the demand is concentrated in"the

industries that manufacture and service domestic refrigerators as well as in the foam and aerosol
industries. : :

Details on ODS consumption in Jordan are presented in Table 2.1. ODS consumpxidn
by sector for 1991 is illustrated in Figure 2.1 while consumption in ODP tones is illustrated in
Figure 2.2. The 1991 ODS consumption is estimated at 625 tones or 779 ODP tones.

Industry Structure

This section briefly describes each industry sector that uses or handles ODS in Jordan.
The businesses involved are importers and distributors, manufacturers of products that contain or
are made using ODS, and companies servicing refrigeration and air conditioning equipment as well

as users of fire extinguishing equipment. Most companies involved with ODS in Jordan are in the
private sector.

Tabie 2.1: ODS Consumption in Jordan

1990 1991
Tones ODP Tones Tones ODP Tones

CFC-11 162 162 163 153
CFC-12 400 400 375 375
CFC-114 18 13 20 20
Tota} CFC 580 580 548 548
Halon 1211 85 255 77 23
Total Halons 85 255 77 231

TOTAL 665 835 25 179

Refrigeration

Manufacturers of Domestic Refrigerators - There are three domestic refrigerator
manufacturers in Jordan: National Refrigeration, Houschold Appliances Manufacturing, and Middle
East Electrical. All these companies import the compressors which are assembled in the
refrigerators. They also blow rigid polyurethane foam as insulation into the cavity between the
inner and outer skins of the refrigerator cabinets.

Each of the three manufaciurers is briefly described below:

. National Refrigerajion has been in business for approximately ten years. Until
1989, it was one of two refrigerator manufucturers in Jordan, producing 6,000
to 7,000 units a year, and supplied about half of the market. It produced cycle
defrost refrigerators with components imported from ltaly, and a frost-free
model with components imported from White Consolidated Industries in the

USA. It is somewhat dependent on its suppliers for alternative technologies 10
eliminate the use of CFC,
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. Household Appliances Manufacturing has been in business for about ten years,
using the brand name Hamco. The company initially had a technical licensing
agreement with Zanussi of Iraly. Components are now purchased primarily
from Italy. In 1991, they had a special contract to supply 10,000 upright
freczers (o the USSR as part of an arrangement between the Governmceats of
Jordan and the USSR whereby Jordan was repaying a loan by supplying
products. Hamco has the most integrated manufacturing facilities of the three
Jordanian refrigerator manufacturing companies. They are also somewhat
dependent on the component suppliers for the new CFC-free technologies; and

. Middle East Electrical (MEE), using the ACMA brand name, started operations
in 1989 and has been very successful in penetrating the Jordanian market,
currently supplying approximately 50 per cent of all refrigerators. Under the
same arrangements as Hamco, it had an order for 10,000 refrigeraiors for the
USSR. The company is partly owned by the ACMA company based in
Singapore which provides most of the components. [t produces duplicates of
the Singaporean models. MEE produces outer cabinets and doors, plastic
cabinet liners and door liners. All its refrigerator models are frost-free. Tt
receives all its technical know-how from Singapore and the swiich to new CFC-
free technology will depend on their supplier.

Refrigerator Repair Workshops - There are a large number of small workshops
repairing refrigerators. There 1s no definitive figure as to how many there actually are, but
estimates are in the range of a few hundreds countrywide. These seem to be small, ofien family-
run businesses. In all cases, 13.5 kg disposable cylinders of CFC 12 are purchased, typically
from local distributors,

and used in recharging. Most recharging is required after compressor replacement, during which
all the CFC-12 in the system is vented to the atmosphere and must be replaced.

Commercial Refrigeration - There are three companies involved in the manufaciure
and assembly of commercial refrigeration which includes walk-in coolers, refrigerated display cases
and drinking water coolers. These companies are: Thsan & Tahseen Balbuki, Arab Refrigerators
Industries and Petra Engineering. The companies are primarily importers of finished products and
components which they supply to the service industry. However, they tabricate the housings or
cabinets for a few walk-in coolers and display cases, and install imported refrigerator system
components. Arab Refrigerators Industries is switching its new systems to HCFC-22 under
guidance from the U.S.-based firm Copeland.

Central Air Conditioning - Central air conditioning systems based on centrifugal
chillers and using CIFC-11 are all imporied through local agents from such firms as Carrier or York
in the USA. These are mainly used in hotels, office buildings and banks. They may be serviced by
the engineering team associated with individual buildings or by the manufacturer's ageat.

Mobile Air Conditioning Imports and Servicing - All mobile air conditioning
equipment is imported already installed in the vehicles. Servicing is typically undertaken by the
vehicle manufacturer's servicing centers, especially when the vehicles are relutively new.

!‘ Oinm

Rigid Polyurethane Foam Manufacturers - Apart from the rigid polyurethane
foams produced by the refrigerator manufacturers for insulation of the refrigerators, rigid
polyurcthane foam which uses CFC-11 as the blowing agent is also produced for building
insulation by Fathi Abu Arja Industriai.

The formulation is imported from ICI in ready mixed form, including the CEFC-11
component. Fathi Abu Arja Industrial does not make foam board, but undertakes custom spraying
of the insubation onte the interior and exterior of buildings. They operate approximately six months
of the year during the warmer weather. They are well aware of the ozone issue und constraints on
CEC availability. "They will shift o alternatives when these come available from their supplicrs.
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Flexible Polyurethane Foam Manufacturers - Flexible polyurethane foams are
nutnufactured by about five companies: National Foam, Jordan Plasuc, International Foam, Khola
Gasi Foam and Arab Foam. Each produces three different densities of foam:

. low density (about 16 kg/m3);
. medium density (about 21 kg/n3); and
. high density (about 29 kg/m3).

CFC-11 is only used in the manufacture of the low density foams. Carbon
dioxide/water is used as the blowing agent in the others.

The low density foams are generally sold as low quality mattresses.
Acrosols

There are two principal (and several smaller) producers of cosmelic aerosols in Jordan:
Household and Toiletries Manufacturing, and Methyeb Haddad & Sons:

. Household Toiletries Manufacturing is a major manufacturer of aerosol
products using about 100 tones of CFC-12 per annum. They were operating
under a license from Hans Schwarzkopf of Germuany, which recently tenninated
this agreement because HTM was still using CFC-12 as the propelient. The
company is therefore well aware of the ozone problem and will switch to LPG
as soon as 4 local source becomes availabie;

. Haddad is a major Jordanian company in which aerosols are just one of a wide
range of products they produce. They sell perfumes, hatrsprays, deodorants
and shaving cream in aerosol form, mostly using CFC-12 as the propellent, but
with CFC-114 for some high quality perfumes. They are aware of the
opportunity 10 use LPG as a way of cutling their costs and are actively secking
an unstenched supply, either from the local refinery, or from abroad;

Other companies manufacturing pesticide aerosols have already switched to the use of
LPG propellants instead of CFC as this is cheaper for them and they do not need completely
unstenched LPG.

~ 41
LX

There are four small firms selling Halon fire extinguishers. They all supply a range of
portable extinguishers utilizing various extinguishing media:

. witer, as a general purpose extinguisher;

. foam, for petrol/liquid fires;

. carbon dioxide for electnieal fires;

. powder, the most popular general purpose extinguisher, but which
leaves a residue; and

. halon {called BCF 1211), a good general purpose extinguisher which
leaves no residue, but which is expensive, and therefore sales are
limited,

All the Halon is imported trom Europe, either in cylinders or in bulk for filling and
refilling of cylinders locally.

It is not clear whether the same companies are also importing halon 1301 for fixed tlooding
systemns, or whether these are purchased directly by the owners or occupants of the butldings where
they are installed.



17 -

There is also substantial use of halon by the Civil Defense which has main responsibility
for fire Aghting and public safety.

U r_ QD¢ Sector

Demand projections in each CFC user sector have been made to the year 2010, the cut
off date for CFC consumption by paragraph 1 of Article 5 Parties. These forecasts assume that the
Montreal Protocol does not exist and therefore there are no supply constraints. This-defines
demand with no substituwtion. The analysis does not take into account any possible product
development or other changes in manufacturing practices as a result of normal progress. This
projection is termed unconstrained demand. It is the starting point for determining the demand for
substitutes.

Figures 2.3 and 2.4 set out the forecast for unconstrained demand for CFCs in Jordan
between 1991 and the years 2000 and 2010, first showing projected use in the different sectors and
secondly distinguishing between CFCs being used in manufacturing and those being used 1o
rechuarge refrigerators and air conditioners in service. Overall, unconstrained CFC consumption is
projected to increase from 548 tones in 1991 to approximately 1000 tones in 2010. This
corresponds to an annual growth rate of about 3%.

These figures have been built up from forecasts for each sector, taking into account the
different demand drivers in consumer and industrial markets. These projections can only be
approximate, especially given their long range, but are indicative of the likely patterns of growth in
Jordan.

Inderlying v Assumpti

The underlying growth assumptions made in preparing the forecast are summarized in
Table 2.2, The assumptions were made with regard to:

. population growth;

. GDP growth;

. domestic refrigerator manufacturing, usage and failure rates;
. central air conditioning;

. mobile air conditioning;

. polyurethane foam manufacturing;

. aerosols;

. solvents; and

. fire extinguisher.
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Table 2.2: Summary of Growih and Other Underlying Assumptions

AREA GROWTH AND QTHER ASSUMPTIONS PERIOD
Population ©3.4% annual growth 1992-2000
GDP ® 3.4% average annual growth 1991 -

©4.5% 1992-1998

°3% ' ’ 1999-2010
Domestic © 5% average annual growth 1992-2000
Refrigerator © 0.5 million refrigerators in use in 1990
Manufacturers © 630,000 refrigerators in use by 2000

° 1 million refrigerators in use by 2010

¢ Average life of refrigerator 20 years

© 0.3 kg of refrigerant per refrigerator
° 1.0 kg of refrigerant for the foam

Households © 525,000 in 1991

2 1 million by 2010
Refrigerator © 3% fail in first year
Failure ° 10% fail in 13-20 years
Central Air © Units use HCFC-22
Conditioning
Units (Chillers)
Mobile Air ° 3% of motor vehicles have : in 1991
Conditioners air conditioning units
© 250,000 vehicles in use
2 500 new MAC purchased in 1991
© 2% annual growth rate 1992-2010
© Average life 10 years
Polyurethane foam © 3% average growth rate 1992-2010
for ngid and flexible foams
Solvents ° Used in small quantities
Fire Extinguishers ° 3% Growth Rate 1991-1993
¢ 5% Annual Decrease 1993-1995

° 3% Growth Rate 1995-2010
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HI. INSTITUTIONAL FRAMEWORK

This chapter of the report evaluates institutional capabilities available for implementing
the ODS phascout tn Jordan.

~

: rengics. There are several links between the different organizations
under the Primne Minister and the Ministries that have an interest in the Ozone Issue in Jordan.
Prime Minister. The Prime Minister is appointed by H. M. the King. Several of the

ministries which report to the Prime Minister have an interest and responsibilities in the ozone
issue.

. . 5 . The Ministry of
Municipal, Rural Affairs and Enwronment is the prmupal mmlslry in the Jordanian Government

with responsibilities in environmental affairs. Other ministries and organizations have staff dealing
with the environment on an as needed basis. The main duties of the Department of the Environment
within this ministry are: legislation, policy development and enforcement of the environmental
protection regulations. The specific duties related to the ozone issues are to supervise and
coordinate international and national activities related to the Montreal Protocol. This ministry would
be responsible for the enforcement of the Action Plan for Jordan.

Ministry of Planning. The policies concerning such matters as the Ozone [ssue are
established in committees with all parties concerned. This Ministry receives data covering issues of
interest to the Government. The Ministry analyzes this data, makes projections and reports 10 the
other Government agencies that together establish policies. Figures for GDP, discount rate for
project evaluation and population growth up to the year 2005 were obtained from this Ministry. On
the Ozone Issue, this Ministry will play a key role in analyzing data and studying the effect of
actions to be taken by the Government in implementing the Country Program.

i i 2. This Ministry has the responsibility for
establishing norms and standards to be followed by the indusiry. It is presently establishing
norms, standards and regulations governing the use of propellants in aerosols. The Ministry will
advise the Government on the course of action to be taken which will minimize negative impact on
industry. It will play a key role in establishing the norms and regulations governing the use of ODS
and the phaseout of these substances according to the Action Plan established by the Government of
Jordan.

Ainis Tealth. The Public Health Law gives the Ministry of Health the
authority to issue licenses, to montor the industries which were issued licenses and 1o issue fines.
This Ministry also has the authority to revoke licenses and close establishmenis that disobey the
terms of the issued licenses. All chemicals going into Jordan must be approved by the Ministry of
Health. This ministry is one of the required signatories of licenses. In the context of the Montreul
Protocol, the Ministry of Health will enforce the license system agreed to in the action plan.

N

The Customs Department is
responsible for establishing the procedurcs for enforcing regulations relating to the entrunce of
goods info Jordan. This Department is also responsible for the classification of these goods and for
the collection of levies as required by law. This department does not presenty have the
classification and monitoring systems for ODSs entering and leaving Jordan as required by the
Moantreal Protocol. Upon implementation of the Action Plan by the Governmeunt of Jordan, the
Customs Department will record the quantities of ODSs entering and leaving the country, as
required by the Montreal protocol. It will also apply the levies established and approved by the
Government of Jordan Action Plan.

p In addition to its civil defense responsibilities, this
Dt,p.lllmul[ issues per ll'lllb for building and the use of all premises. The building permits include
references to fire codes and the use of fire extnguishing cquipment,
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Amman Chamber of Tndustry. ‘The Anunan Chamber of Industry provides
guidance to industrialists on the introduction of new technologies to Jordan. It also coliects the
views and complaiots of industrialists regarding issues of interest to its members. In the transition
period towards totul ODS phaseout, the Chamber will provide assistance and advice (o its members.
It will invite specialists to individually address each sector of the industry that is involved with
ODSs.

Society. The Royal Scientific Souuy can Also provide valuable guidance 10 both Government and
industry on ODS-refuated issues.

IV. POLICY FRAMEWORK

The policy framework within Jordan is presented in this Chapter of the report with the
emphasis on those issues which may be relevant for implementing ODS phaseout.

Background

The general policies and the timing of the actions taken in Jordan will affect ODS
phaseout costs at both the country level and at the individual enterprise level. An understanding of
existing policies and available policy options is therefore needed 1o estimate net incremental costs.
The cost 1o Jordan (or minimum adjusiment cost given the existing economic policy and industrial
strategy of Jordan) depends on the implementation plan, which (o a certain extent, is constrained by
policies which are institutionally feasible for the country. The net incremental financial costs to
individual enterprises also depend on overall economic policy, especially tax provisions, and
eligibility rules of the Multilateral Fund.

This report considers Jordan's overall economic policy and the general economic

situation of the country and reflects industry's strategy, including investment and imported
components and materials.

ISHIY NUT

Legislative power is vested in H. M. the King and the National Assembly, consisting ol
a Senate and a House of Representatives. H. M.the King appoints the Prime Minister, the
President and members of the Senate.

LConomi ifion

Before the Gulf crises, Jordan had a population of approximately 3,453,000, Since
then between 500,000 to 1,000,000 people have returned. This sudden increase in population is
having a toll on the infrastructure of the couniry. The present cost of living index in Jordan is
1554 (1986=100). The GDP Growth Rate which fell from 5.4 in 1986 to -3.5 in 1988 had
reached (O in 1989, This figure is expected to grow in 1992 and 1993, Prior to the Gulf crises,
large expenditures had been made to develop the country's infrastructure and to the development of
industrial parks outside the main cities.

Parliament has enacted laws that authorize ministries to ban the entrance and ban the use
of some chemicals into or within Jordan. By doing so the country has created precedents on the
issue of bans and permits, One such ban is that of owning a diesel powered vehicle by residents of
Jordan. This ban has been enforced since the early 1960s.

There exist in Jordan several laws governing invesiments. "Favored Industry” projects,
authorized under the Investment Law, may be granted exemptions from corporate, soctal security
and tncome Laxes for up 1o ten years; from loan repayment for up 1o seven years; and from customs
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levies on plant and raw materials. Tax holidays have also been granted for "Favored Indusiry”
projects.

busi el b3 -

The Government of Jordan encourages the spirit of free enterprise. However, some
controls and incentives have been applied to discourage or encourage, depending on the case, those
sectors the Government views as requiring such actions.

The Government can thus apply a number of actions to encourage industry to use non
ODS. It can also take measures to discourage the use of ODSs in compliance with its action plan
and with the requirements of the Montreal Protocol. These are discussed below.

Incentives. Incentives are granted by the Government in key sectors. These take the

form of allowance on capital investment, accelerated depreciation, exemption from custoins levies,
and low interest loans.

Customs L.evy Exemption. In order to encourage the import of certain goods, the
Government can exempt these goods from customs levies. In the application of the action plan, the
Government also has the authority to apply bans on ODS.

: bsidies. Interest rates in Jordan in recent years have been
relatively high. For specific projects the Government may grant, as an incentive, permission to
obtain loans at subsidized rates of inierest.

V. RESPONSE TO THE MONTREAL PROTOCOL

This chapter of the report describes the actions taken to date by the government of
Jordan as well as by industry in response to the Montreal Protocol.

Government Responses to the Protocol (o Date

The Goverament of Jordan was one of the first Parties to ratify the Montreal Protocol.

Jordan s in fact one of the Members of the Executive Committee of the MLF since its creation at the
Second Meeting of the Parties.

Jordan has created within the Ministry of Municipal, Rural Affairs and Environment, a
division which deals with matters related to the Montreal Protocol. This division has completed a
survey on the consumption of ODSs.

The legal department of the Ministry of Municipal, Rural Affairs and Environment is
preparing a draft law on the environmeni.  Once agreed upon by the departments and the ministries
concerned, the proposed law is expecied 1o be presented to parliament.

Indusiry Responses to the Profocol to Date

Industry's response to the Montreal Protocol has varied from indusiry 1o industry within
each sector using ODS. For example, the aerosol industry is fully aware of the requirements to
phaseout ODS in the future. Other industrialists have superficial knowledge of these requirements.

In the refrigeration sector, some companies are obtaining information on the
available technologies and are investigating the costs of production of non-ODS refrigerators.
Others will wait until ODS are banned before they spend funds investigating and evaluating the
costs of production of non-ODS refrigerators.

In the aerosol industry - market forces have influenced the changeover from QDS 10
LPG for insecticides and pesticides. However, in the cosmetics sector, the swiich has not been
made due to the unavailability of destenched LPG in Jordan. Such cosmetic quality LPG presently
has 1o be imported.
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The foam industry has not yet switched to CFC substitutes because of costs and, in
the case of rigid foams, the lack of experience in the use of alternate blowing agents.

VL. PHASEOUT PLANNING

Careful planning of ODS phaseout will minimize the economical impacts on the
Jordanian economy. This chapter describes aliernative substances and technologies and lhclr net
incremental costs 1o the economy. The optimum phaseout scenario is also identified.

dacke

The planning of a cost effective ODS phaseout policy requires the determination of net
incremental costs for substitution to alternative chemicals and technologies in processes currently
using ODS. Availability of alternative technologies was considered along with the capabilities of
local industries. Scenarios which provide a framework upon which overall costs can be compared
serve as an analytical tool over a range of timings considered to be within the realm of probability.
The discussion which follows covers the details of the planning process used to provide a cost
basis for recommendations incorporaied in the phaseout strategy.

ilabili ¢ !

With the exception of some rigid insulating foams, certain Halons applications, and
specific medical devices using CFCs, developed technology exists today to accomplish a complete
phascout of ODSs over a period of 2 years.

i Al I - -

Incremental costs of substilution to non-ODS comprise:

. capital costs (such as development costs and the costs of modifying existing
facilities, where necessary);

. additional operating costs; and

. costs associated with the early replacement of some domestic refrigerators once

no further CFCs are available for recharging.

The likely costs, quoted in US dollars at 1991 prices, that will be incurred in each seclor
are discussed below. These are by no means definitive, but indicate our best estimate on the basis
of information currently available.

Basic Assumptions

For the purpose of outlining and costing a phaseout program in Jordan, a single
substitute has been identified for each application. For many applications, this is based on the
substitutes that Jordanian industries are selecting. Current uses and likely substitutes are lisied in
Table 6.1, together with an estimate of the earliest point in time at which they are assumed to be
commercially available and used in Jordan. This list is not to be interpreted as a set of
recommendations for particular substance to be adopted for particular applications. Where the
choice is still not clear cut, it reflects no more than a judgement as to the likely choices of
substitutes. Companies are making their own commercial decisions as o which substitute or
alternative to adopt.

Domestic Refriger;

The phascout of CFC-12 as the refrigerant and of CFC-11 as the blowing agent for the
insulation foam are two separate and independent processes. Each is cousidered in turn below.

Refrigerant - The new refrigerant HFC-134a requires a redesigned compressor for
which therc are associated development costs. However, 1 Jordan, the manufacturers of
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refrigerators will purchase the required compressors trom abroud since they do not have
compressor manufacturing facilities.

Based on the experience of compressor and refrigerator manufacturers i the USA and
Brazil, there will be net incremental production costs for the new cooling systems. These are
expected (o be:

. the additional cost of the new lubricant at about US$ 2.30 per compressor;
. 4 more expensive drier costing an extra US$ (.50 per n:frigcraldr; and
. improved enamel insulation on the motor wiring, costing about  US$ 0.50 extra

per refrigerator.

As compressors are imported, these are expected o cost US$ 1.20 in addition 10 the
extra costs listed above, to reflect development costs,

The estimated long-tenn sale price of HFC-134a is taken to be five times the current
international CFC-12 bulk sale price of about US$ 3,000 per tone (net of any import or other duties
imposed by the Government of Jordan). This estimate is reported by companies currently
developing HFC-134a. However, the new refrigeration systems will use about ten per cent less
refrigerant. The additional cost of the first charge will therefore be about US$3.50 per refrigerator.

Incremental cost of a CFC-free refrigerator - Contacts with indusiry have indicated that
additional production costs of about US$ 8 per refrigerator. A typical mid-range of 350 liters
(approx. 12.5 cu f1) currently sells in Jordan for about US$ 600. Therefore, the projected
additional cost is about 1% of the current selling price.

The latest evidence from developmient is the USA and Europe indicate that non-CFC
refrigerators will be at least as energy efficient as current refrigerators. Although HFC-134a is
thermodynamically less energy efficient than the existing CFC-12, the combination of redesigned
compressors and new, less viscous lubricants is considered by European refrigerator manufaciurers
likely to result in energy savings. No consideration is given 1o incremental energy consumption in
this analysis.

SUBSTITUTE ASSUMED
CURRENT USE ASSUMED EARLIEST USE

IN JORDAN
Domestic refrigerators
*pefrigerant CFC 12 HEC 134a 1995
“polyurcthane insulating foam CFC 11 S0% CFC 1} 1993
HFCs 1993

Commercial relrigeration
“refngerant CFC 12 HCFC 22 1993
ANMIONIi

Mobile air conditioning

2relrigerant CEC 12 HFC 134a 1995
Polyurcthane foam
“rigid CFC 11 50% CFC 1} 1993
HFCs 1998
°llexible CFC 11 Meclhylenc 1993
) chloride
Acrosols CFC 11, 12,114 1.PG 1994

Early Replacements of Domestic Refrigerators - There will be costs associated with ihe
forced replacement of domestic refrigerators when the equipment fails and cannot be rechurged
given that CFCs are no longer available. The nuimber of units likely to be affecied is estimated
based on the number of refrigerators that would have been recharged in any year if CFCs were still
avatlable. The cost 1o the consumer of forced replacement is represented by the timing difference
between the actoal early replacement and nommal replacement. The cost of a new refrigerator ts
thercfore included in the cash flow as the net tming effect, equivalent to including the full cost



The Montreal Protocol prescribes the latest possible timing for the phaseout of CFC.
lHowever, there are also a number of practical considerations for the Government of Jordan in
deciding on the phaseout timing it will adopt. These are as follows:

. some of the major users of CFC in Jordan (principally aerosol fillers)
are already formulating plans to change to substitutes, independently of
Government directives. International market forces will drive at least some
phaseout of CFCs. The Government may wish to follow a strategy that is
consistent with these forces;

. the future availability of CFC from producers in Europe and the USA
will decline over the next three years. Many of the world's largest producers
have announced complete phaseout of ODS production by 1995, with many
having already reduced their production by 50% or more. Although the Protocol
allows for some continued production to meet the needs of paragraph | of
Article 5 Parties, it is not yet clear that this will be a commercially viable option
for the producers. Jordan may be able 1o secure supply from other paragraph 1
of Article 5 Parties, or may choose to phaseout its consumption within the
known supply pattern.

These issues indicate that phaseout well in advance of the deadlines set in the Protocol
may be most likely and most desirable in Jordan.

Key Assumptions

There are many uncertainties inherent in making forecasts of the sort entailed in
developing a country program. Therefore, any cost calculations can only be indicative and the

figures presented here should not be taken as any more than order of magnitude indications of
possible outcomes.

The cost calculations are based on the demand forecasts and phaseout scenarios already
described. [n addition, a number of further fundamental assumptions underlie the incremental costs
calculations. These are set out below:

. the net incremental cost to an economy of compliance with the
Montreal Protocol is defined as the difference between the costs that will be
incurred in meeting demiand unconstrained by any requirement to phase out CFC
and those incurred in meeting the same level of demand for products but within
the constraints of the Protocol. This will take into account both increases in
costs in some sectors and cost savings in other sectors;

. net incremental costs may be capital costs and/or operating costs,

. the costs are included on a cash flow basis with the timing of the
cash flow to match the assumed phaseout timing;

. the identified incremental cash flows in each industry sector (in 1991
prices) are calculated for the years 1991 10 2010 inclusive for each phaseout
scenario;

. the cash flows associated with the early replacement of domestic

refrigerators which cannot be recharged once virgin CFC is no longer available
are calculated. As the early replacements run on after the 2010 cut-off date,
these cash flows are included through to the year 2015. This will still exclude

some further early replacements that may occur after 2045 in the delayed
sCenario;
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. all prices for CECs are included at 1991 USS levels. Predictions
about possible increases in the price of CFC as supply becomes scarce have not
been made. Also, the prices of substitutes are included at the expected long run
price, as reported by industry in Europe and the USA,

. for each scenario, the annual cash flows are discounted to 1991 o
give the net present value. This enables the comparison of costs incurred at
different points in time by reference to the equivalent cost today, taking into
account the time value of resources; and

. a discount rate of 10 per cent real is used.
Results

The estimated economic costs to Jordan of compliance with the Montreal Protocol vary
according to the timing of phaseout. Based on all the assumptions about projecied demand, a set of
phaseout measures and likely costs of substitution, the economic costs of phaseout to Jordan may
be summarized as follows:

Optimum Phaseout

Allowable Phaseoul

Scenario (1993-98)

Scenario (1993-2011(0)

US$ Million US$ Million
Net Incremental Capital Costs 5-10! 7-121
Net Incremental Operating and 0.5 0.1
Administrative Costs
Net Forced Early 2.4 6.8
TOTAL 8-13 14-19

It is worth re-emphasizing here that these are only indicative figures given all the
uncertainties inherent in their calculation. The total costs are dominated by the potential costs
associated with forced early replacement of domestic refrigerators.

An early phaseout will prevent the emission of over 13,000 tones over the 1992-2010
period compared to the uncounstrained demand. The allowable phaseout resuits in about 9,000
tones of ODP emissions avoided over the 1992-2010.

A variety of phaseout timings intermiediate between the two extremes of the accelerated
and delayed scenarios were analyzed. This analysis showed that any timing later than the
accelerated scenario increases the total cost, since the reduction in incremental production costs is
more than offset by the additional early replacement costs. This is not taking into account the
effects of any potential recycling, since this seems unlikely to occur to any great extent in Jordan.

4

i) r

In the light of these practicalities, the most likely timing scenario in Jordan is one in
which phaseout occurs as early as possible consistent with technology availability. This takes into
account the state of development of any new technology in North America, Europe and elsewhere,
reflects a realistic timetable for the trunsfer of such technology to Jordan and broadly accords with
the plans of Jordanian industry. It is likely 1o require Government actions to ensure that everyone
is working 1o a similar schedule and therefore recognizes the lead times required by the Government

L This has been estimated on the basis of present knowledge of non-0DS (cchnologies and the present pipeline off
projects which has beea identificd and which is anticipated over the next 2-3 years.
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incurred at the time of early replacement and an equal and offsetting credit at the projected time of
normal replacement.

This additiona!l demand for replacement of refrigerators will increase the required supply
of refrigerators and will therefore impact on refrigerator manufacturers. For simplicity of
presentation, the costs are included at the full cost (US$ 600) of a replacement refrigerator.

The scale of these early replacement costs can be reduced by the use of recovery and
recycling and/or stockpiling, which can extend the period of time for which CFCs are available for
recharging.

Insulation

As stated above, changes to CFC-11/water with addition of polyol requires no
significant changes in production facilities. This adds approximately 2 10 3% to the overall cost of
the raw material formulation compared to the existing formulation. This information was provided
by companies selling (he new formulations.

Chillers/C | Air Conditioning P!

There are no capital costs associated with the conversion of manufacturing facilities
since chillers/central air conditioning plants are imported into Jordan. The only incremental cost
will be the additional cost of the substitute refrigerant, HCFC-22. This is US$ 100/tones, based on
current prices before import and other duties imposed by the Government.

bi ; P

Since Jordan does not manufacture mobile air conditioning units, the only incremental
cost as far as Jordan is concerned is the additional cost of the new refrigerant, HFC-134a.

Foams

Flexible foams will switch from CFC-11 to methylene chloride as a blowing agent and
will have minor costs to modify the blowing nozzles and flow lines. They will eliminate the low
density foams available. This will be replaced by a slightly higher density foam which adds about
5% to the cost of foam due to increased usage of the raw material. There is, nevertheless, a saving
in the incremental operating costs equivalent to $ 705 per tone of CFC-11 replaced, given the lower
cost of the replacement blowing agents.

Solvents

The use of aqueous cleaning systems as based on experience in Europe, will require
capital cost expenditures estimated at US$ 20,000 (based on a batch operation equivaleni 10 an
existing unit with an annual consumption of 10 tones of CFC-113). It is estimated that operating
costs will decrease by US$ 1,500 per tone of CFC-113 replaced, although this will be oftset by the
additional cost of the surfactant equivalent to US$ 5,820 per tone of CFC-113 replaced.

Halonsg

The Government of Jordan is presently evaluating the possible alternatives to using
halons restricting the use of such substances to where aliernatives cannot be used. Active project
development is underway.

Acrosols

As the changeover from CFCs to LPG as propeliants in aerosols is expected to be
substantially complete in Jordan for non-cosmetic applications by 1994, the associated cost savings
have not been included in the calculations made in this document. A local or imported supply of
destenched LPG is required. However, there will be some capital costs associated with increased
{ire proofing and equipment retrolits. These are likely to amount o $100,000/filling facilities.
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The foliowing ctements are addressed in this section:

. identification of the most likely CFC phaseoul scenario in Jordan
based on current industry plans and market forces. This describes likely
phascout timings in each industry scctor and builds these into the aggregate
profile for the country;

. constructs 4 hypothetical scenario that leaves CFC phaseout as late as
possible whilst keeping Jordan within the Protocol consumption linits.

These scenarios provide the basis for an assessment of the incremental cost of phaseout
to Jordan (discussed in the next section), in order that the optimum (least economic cost) option can
be identified.

ODS according 1o the Montreal Protocol - The Montreal Protocol phaseout profile for
paragraph | of Article 5 Parties for the CFC contained in Annex A is set out in Figure 6.1. The
buse which defines the 100% ceiling is the average of consumption in 1995, 1996 and 1997, or 0.3
kg per capita if this is lower, Each country must ensure phaseout in all sectors of its economy in
order to stay within these limits.

U ined I | in_Jord i the P | Limi

The starting point for developing phaseout scenarios is the forecast of unconstrained
demand as described carlier. This is illustrated in Figure 6.2, which shows unconstrained demand
in ODP tones and compares the demand forecast 1o the Protocol phaseout limits. The 100 per cent
ceiling is based on the average consumption in the years 1995, 1996, and 1997. This is well below
the 0.3 kg per capita allowance for countries operating under paragraph 1 of Article 5.

. . Ty« A 1

Figure 6.3 illustrates the accelerated phaseout profile in Jordan. The 100% Protocol
ceiling is based in the average 1995, 1996, 1997 consumption and is therefore lower than the
ceiling based on unconstrained demand, as CFC demand has already begun to decline before 1995,
The small residual demand for CEC post 1998 relates to recharging needs: it is assumed that there is
a continuing supply to salisfy this within the Protoco! limits.

Construction of this most likely scenario allows analysis to ascertain whether this is
optimal, in the sense of incurring the least economic cost o Jordan. The graph in Figure 6.3

represeats the most likely aggregate phaseout profile for Jordan as a whole, but is actually built up
sector by sector.

1 le PI

Theoretically, phaseout could be delayed as long as possible so as to just meet the
Protocol limits for paragraph 1 of Article 5 Parties, referred to here as "allowed” phaseout. This
scenario, which assumes (unrealistically) that there will not be any phaseout independent of
Government measures, is itlustrated in Figure 6.4, It also assumes that there will continue 1o be a
supply of CIFC available for Jordan to import, even though many of its current suppliers may have
terminated production this century.

Although this option is hypothetical, it is described here in order to assess the cost
implications for Jordun of delaying phaseout. The aggregate phaseout profile for Jordan as a whole
is 1lustrated in Figure 6.4, and the individual sector responses that it assumes are described in
Annex F.
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to introduce the necessary control measures. The most likely phaseout scenario is the one that
represents the optimum in terms of least economic cost to Jordan.

v gt Rr g ']

There is an opportunity to avoid some of the carly replacement costs if CFC are recycled
and are therefore available for recharge after virgin CFFC are no longer available. However, this
would seem to be unlikely in Jordan, given the very small quantities of CFC involved.

Based on the phaseout scenarios examined, recharge with virgin CFC is constrained
from 2007 (assuming that there is continuing CFC supply afler complete phaseout in developed
countries) and none is possible from 2010 (the date at which paragraph 1 of Article 5 Parties'
consumption must be zero).

A recycling program might be introduced in, say, 1996. The extent to which the early
replacement costs are reduced depends on the effectiveness of the recycling program. This
reduction is partly offset by the costs of recycling, which are discussed in the seciion on the costs
of substitution.

For illustration, two recycling cases are considered:

. limited recycling, where it is assumed that about 50 per cent of the CFC is
recovered from refrigerators being repaired. In this example there will only be
sufficient volumes of recycled CFC to recharge a proportion of the refrigerators
that would otherwise have to be replaced early; and

. substantial recycling, where it is assumed that about 75% of the CFC is
recovered from refrigerators being repaired, and about 25% of the CFC from
refrigerators reaching the end of their useful lives.

The effect of these programs on the net present value of the early replacement costs,
taking into account the costs of the proposed recycling schemes, are estimated as follows:

Early Replacement Costs
{US $ milion)

Optimum Phaseout Allowable Phaseout
No recycling 2.4 6.8
Limited recycling 1.7 4.7
Substantial recycling 0.6 3.0

There is a strong argument for the introduction of recovery and recycling schemes in
advance of these suggested timings to supply CFC for recharge if virgin supply becomes restricted
sooner, as phaseout proceeds in developed countries.

Recycling schemes could technically be introduced inmmediately. This would reduce
demand for virgin CFC and thus reduce overall emissions to the atmosphere. However, this is an
expensive process, especially in Jordan where there is likely to be a very low utilization of recovery
machines since the number of refrigerator repairs per workshop is quite low. This is exacerbated
by the relatively low cost of virgin CFC-12 in Jordan. The cost savings associated with the
reduced purchases of virgin CFC if recycled CFC is available are unlikely to be sufficient even to
cover the operating costs of the recovery/reclaim process. If the capital costs are also taken into
consideration, the process is even less economically viable.

The incremental costs to Jordan of phaseout of CFC vary with the timing of the
intreduction of substitutes and alternatives. Phaseout as soon as technically possible represents
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both the least cost option for Jordan and is most in wne with prevailing international market torces
and the plans of Jordanian industries. It therefore is in everyone's best interest and is the preferred
option.

A significant incremental costs 1o Jordan are those associated with the potential forced
early replacement of domestic refrigerators when virgin CEFC are no longer available for recharge.
Perhaps stockpiling could provide CFC for recharging after virgin CFC is no longer available and
thus could significantly reduce the number of forced early replacements.

VII. PROPOSED STRATEGY STATEMENT BY THE GOVERNMENT

As a requirement of the Montreal Protocol, the Government of Jordan has to define a
strategy in which it will explain how the country will phaseout ODS. This chapter proposes such a
strategy statement.

It is proposed that the Government of Jordan adopts a phaseout strategy which is in tune
with current Jordanian industry plans and prevailing international market forces. This corresponds
to an ODS phaseout as soon as is technically feasible and is the option that incurs the least economic
costs to the economy. The Government should introduce phaseout measures in order to ensure that
industries in Jordan are working to the same schedule. The strategies and policies which will be
adopted by the Government of Jordan should be outlined in a National Gzone Policy.

The recommended policies are compatible with the existing institutional and policy
framework of Jordan. These policies utilize the introduction of regulations, market forces und
negotiated agreements with industry to accomplish phaseout goals in a cost effective and equitable
manner.

Public acceptance of the costs and inconveniences accompanying the ODSs phaseout is
an essential ingredient in achieving a prompt and effective ODS phaseout. Tt is recommended that
the Government of Jordan actively support programs directed at elevating public awareness and

provide early announcement of its intentions to both the public and to industry in order to encourage
appropriate action.

It is recommended that the following set of policies be part of the National Ozone Policy
(NOP):

. strengthen the Ministry of Municipal, Rural Affairs and Environment by
increasing technical and financial resources to a level consistent with growing
environmental needs within Jordan;

J create a "Project lmplementation Unit” within the Ministry of Municipal, Rural
Affairs and Environment as a focal point that will provide a guiding role in the
formulation and promulgation of specific policies consistent with the NOP. The
"Project Implementation Unit" would also function to develop voluntary
agreements within industry 10 establish specific end-use bans consistent with the
overall objectives of the ODS phaseout program;

. establish a licensing system for ODS users which encourages environmentally
responsible handling practices and restricts distribution to users who qualify
through approved programs;

. establish ODS import monitoring procedures which account for all ODS as
required under the Montreal Protocol, and from which progress in reducing
QDS consumption can be tracked 1o make appropriate adjustments in programs
and policies;

. expedite implementation of activities directed at reduction of ODS use and
adoption of substitute chemicals and technologies. All imported equipment and
technologies relating to ODSs substitutes should be exempted from customs
tevies, duties, sales taxes, ete.;



- 30 -

. public awareness of the “ozone issue” should be enhanced through media
attention for QDS reduction technologies;

. it require and when appropriate, introduce a levy on ODS 1o level which will
provide a stimulus for:

- the substitution of CFC-11 by HCFC-22 in new central air conditioning
plants; -

- the use of only 50 per cent of the current amount of CFC-11 in blowing
rigid polyurcthane foams (for those that haven't implemented the change);
and

- the use of methylene chloride or other agents in the manufacture of flexible
and nigid polyurethane foams.

. If required and when appropriate, introduce a levy on CFC-12 to increase its cif
price to the prevailing cif price of HFC-134a to promote the use of alternative

refrigerants in new equipment and to provide an incentive for recycling CFC-12
for recharge; amd

. a further increase in the tax on CFC-11 to provide a stimulus to introduce a
completely new blowing agent for rigid polyurethune foams.

Separate bans could then be introduced for use of ODS in each application:

. new central air conditioning units;

. polyurethane foams, excluding refrigerator insulation;

J CFC refrigerants in new refrigerators and air conditioners;
. electronics cleaning;

. refrigerator insulation foams; and

. fire extinguishers.

The proposed strategy would allow for the continuing import of CFC for recharging
purposes until 2010.

YIII. ACTION PLAN FOR THE IMPLEMENTATION OF PHASEOUT

The Action Plan defines the specific actions, policies and institutional responsibilities
towards supporting project activities by the Governmenit of Jordan to achieve complete and
opiimum phaseout of ODS use within the time constraints imposed by the Montreal Protocol.

2« 1 MNeR

The objective of the Action Plan is to effectively, efticiently and as fairly as possible
phaseout the consumption of ozone depleting substances in Jordan earlier than its obligations
towards the Montreal Protocol.

The Action Plan comprises the investments, policies and implementation actions needed
10 ensure compliance. The principal agents are the Government of Jordan which is responsible for
the specific policies, referred to here as "National Ozone Policy”.

This action plan is consistent with the identified optimum phaseout timing and the
principles for evaluating and financing net incremental costs for the ODS phaseout as detatled in the
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"Indicative List of Categories of Incremental Costs” adopted by the Second Meeting of the Parties
to the Monireal Protocol. In summary these are:

. cost-cffective and efficient strategy;
. analysis which credits saving and avoids double accounting; and
. features early adoption of ozone protecting technologies.

The following section provides a summary of the Action Plan proposed for Jordan
based on the optimum phaseout strategy. In this scenario, action is initiated in 1992 and the
phaseout is completed by 2010.

Recommended Government Actions

The following is a summary of actions recommended for the various ministries and
agencies with active roles in the implementation of an ODSs phaseout in accordance with the
Montreal Protocol. These actions and their proposed timing are summarized in Table §.1.

The Management action plan should include the establishment of 4 management unit for
projects receiving assistance from the Multilateral Fund. It should also include the establishment of
a monitoring unit for the phaseout program in order to implement the Action Plan.

p | Activiti

The following activities are proposed as part of the Action Plan:

+ training/demonstration workshops in commercial air-conditioning, domestic
refrigeration and industrial refrigeration;

+ training in the refrigeration industry. This is to introduce recovery/frecycling in the
servicing sector and the use of new technologies.

-+ 1 n a0t
+ deodorization of LPG for use as aerosol propellant;
« retrofit of aeroso! filling plants;
+ phaseout of halon use;
+ phaseout in the flexible foam sectors;
« phaseout in the rigid foam sector;
» phaseout in the refrigeration sector
Additional details on the proposed investment projects (prepared and concept) and other

activities are provided in Annex A as they are prepared. Additional projects will be proposed and
presented to the Multilateral Fund.
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A CTION PLAN SUMMARY

ITEM

1993 1994-1995 1996-201
Management | « Establish a Project | «Continued operation of | « Continue operation
and Implementation Unit | the PIU. of the PIU.
Monitoring | (PIU) to manage and
System monitor ODS phaseout | » Develop systemtorecord | +  Continue data
Projects. ODS import and consistent | collection {DOS).
with GATT classification, : -
+Collect ODS import data | Department of Customs.
(DOS).
+ Continue data collection
(DOS).
Public Enhance public | Continue to develop | Continue to develop
Awareness awareness: support for public | support for public
Campaign awareness campaign. awareness campaign.
« Direct media attention
to ODS problems and
potential recycling
programs.
Policy Draft policy statement and | Enforcement.

necessary legislation:

« Formally announce

phaseout timetable to

enable industry to plan

accordingly.
Levies and + If needed, establish |+« Ban use of CFC in
Bans levies on ODS. electronic cleaning.

+ Ban on use of CFC in
new central air
conditioning units,

« Ban on use of CFC for
the manufacture of flexible
polyurethane foams
(excluding refrigerator
foams).

« Increase restriction on
use of Halons.

+ Ban use of Halons in
applications where
alternatives are available.

+ Ban on use of CFC
in rigid polyurethane
foam comes into
effect.

« Ban on use of CFC
refrigerants in new
domestic refrigerants
and new domestic
refrige-rators and new
mobile air condi-
tioning.

* Ban on all imports of
virgin ODS comes into
effect.

Projects Initiate projects that will | Continue projects that will | Continue projects that

decrease the use of ODS. | decrease the use of ODS, will decrease the use
' of ODS.

MMRAE:  Ministry of Municipal, Rural Affairs and Environment

DOS: Departrnent of Statistics

CD: Customs Department

CDD; Civil Defense Department

MOP: Minisiry of Planning

MOF: Ministry ol Finance

COr; Chambgers of Industey




Figure 2.1: ODS USE BY SECTOR IN JORDAN IN 1991
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Figure 2.2: ODS USE BY SECTOR IN JORDAN IN 1991
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Figure 6.1
CFC PHASE-OUT PROFILE FOR ARTICLE 5 COUNTRIES
(as amended in June 1990)
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ANNEX A

ACTIVITIES, PROJECT PROPOSALS AND PROJECT CONCEPTS
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SUHl TROIFCT APPRATSAL REPORT
COEITS Hlashemits Kingdem of Jardan

PROIECT TETLE Purification of LFG to manufacture
hydrocarboen aeromol propellant (HaPs)

SECTOR COVERED: herosols

Obh% LSE IH SECTOR: 225 tonz CFC 12 (225 tons ODP - 28.8% of
total QDP)

PROJIECT THRACT: Facilitate the phace out of 225 tons per
vear of CFC 12 or mixtures of CFC
11712 (225 tons CODP).

PROTECT DURATIOH: It weuths

CROIECT ECONOMIC

LIFE: 10 years

TOTAL PROJIECT COST: vos. [9.560,150 )
PROPOSED OTF =

FIMANC TG u.s. [+ OE0,330 )

THOLEMEH T ING
EMIERPRIGE : Jordan Petroleum Refinary (JPR) Co. Ltd.

COORDIMATING
HATFOHAL BODY: Qzone Prajoct Preparvation &
Implamantation Unit (OPPIU)

THCLENERTING AGENCY S The Loy 14 Rank
PROJECT SUMHNARY :

This projact wjill make avallabla serosol grade hydrecarbon
(HC )Y propellants, so that the manuyfacturers of aerosols in Jordan
can =limirate Crcs as parosellante, PrNdQ'CONFOTT

JR fs the only refipery in Jordan, gq’vépn/rye’?\t Adptd,  and
fortunately they have a hich degree of technelogical knowhow.
They are willine to eurify the (PG to deliver pure propallant to
Tordan’z2  gecasel industry, even though the very low volume “in-
wolued guarantees that they will lose money to do so.

JPR obtains their LFG from catalytic eracking, which means
that this material is very high in olefing. The most common way

af prvifying LPG for use sz serozsbl propellants is with molecular
=leoves, but unfortunately this system does not remove olefins,
Seme olefine have move natural odor than saturated hydvocar- ;
himpe, and al=o thay are very reactive, often destroying the ;
i
|
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frerfanas uszaed in anvosals, Ioternational standards for aaresol
frrapellants Limit olefins to 100 pom,

tHyelr cgenat ion iz 2 ehemical process that converts unsaturat -

oel B (olafine) into gaturated HCs, and is the process that will
e euplaved at IPR to prodoce HAPa

PROMNECT ORIECTIVES:

Phase out the uvee of 225 teng of CFC 12 or CFC 11712 annual-
1y by cupplying Hars ta tha Jovrdanian aerosol industry.

SECTOR ANCKGROUMD:

JarAan imports all CFCs . Aerosols represented 36.0% of all
ane gaed in Jerdan in 1221 (Jordan Country Program). There are 5
aeroral fillers that have bean identified in Jordan, as follows:

COMPANY, ' CANS FILLED (YEARLY )
H. Haddad & Sons 1,000,000
ajani International 500,000
Hotsehold= & Toilatries 300,000

Avalby Ceanter for Pharmaceuticals 300,000
Tordan Antizseptics &% Detergents 4£0,000

Total 2,160,000

Toertal FFC consunption (mairly CFC 12) in the asrosol sector
In 1221 was 225 tons,

F1t SRS BN A KRR -
SRR 1SE BATKGROUN P(\\IGTL

Jovcdlan Petvoleum Refinary js a well established ghdelypibait
siadd’ and defetAred company dedicated to rafining baslc petroleum
product = Both the refinary plant and plant offices are housed

In their aun byildings {n 7Zavrka, Jordan.

JPR engingers avre knowledgeable concerning the ozone deple-
tinn theory, and ave aware that Jordan's aerosol incdustry must
stop using CFC in the neayv future. They know that the HC bropel -
lant  that comes out of their cracking unit at the moment Is not
acceptable for use in rosmeties or medicinal asrosols.

They can  adjust the distillation erosess to produce the
rroper pressura of HEC for uss {n aercseol, but it must be undery -
stond  that thie require= that a patroleun vefinery stop activi-
Lies (lhis ks normally a continuous process) until quallty con-
Lrol  jndigates that the mrocess controls have been go adljusted

that the LPG heing produced i3 .of acceptable quality.

Doino this 2.2, or 4 times a year is inherently a loosinag
rroimaition, For this reason, thay areo extremely reluctant to
earticipate,  and will do so anly If the costs involved ave cou-
""I‘“.g l‘," "!“??i.?".".‘-r".."" fl'C'u'Tl [RAYS nrE .
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populatien) at  Jeordanian Dinarvs (ID) 140 per ton (U.%, £Z750). |
The HAPeE that IFrR will make will he sold at D 600 per ton (U.S. )
w350 . The differenca, .S, ®2700 par ton, multiplioed by a proba- :

bhle uze of 150 tons, indicatnes total divect savings of U.S. |
%105 ,000 00 per yairv.

Aecause of limited storage, this project is hazed on HAPS
being produced 4 times a year, nyite possibly a realistic cost
pornunting  of the indirect cost of stopping the production of a
peatrotleym reflpery 4 times a year would indicate reoccurring
cosls of several times the size of reoccurring savings.

Ihous it wvas with considerable relief that the offer of JPR ‘
to conzider savings and costs as eguals was accepted.

UNTT ABATEMEMT COSTS:

The calculated wunit abatement costs for this project

is ;
¢ (+0. 685 ] par kilogram (s=e Annex H2). !
|

THMMLEMERNTATTION:

Implameantation should be posszible in 18 months, although & i
formal rerlod of 24 months §s requested so as to have a ressrve b
te rreper by debua the hydregenatieon unit if any problems occur. |

I
Task e e al ez . .83 ;
|
flarrim enginesy ing - XX A K
X¥AX
Obtsin =uppliar gquotatinns
Purchase all equipment and tankes.p 3‘-\'.P(;{-‘IJ d(q‘z.:fwm}' XALAALEAXXK XK
Tashk U 04 05 Q6 Q/7&8
Tnstall Fagiprent and YTanks HXFAH KX |
Start un/Tezting _ % |
|
Tnitial conduction p debug o oo, X, '.
u

FROCURENMFRT ¢

e

The tanks, pumps and othor general equipment are widely used

in eotvolaum r=fininag, and I undoubtatrle has numarous suppli- !
pra- o then

lTank bkacesz and piping must e done locally.

)
The hydyogaenation unit i somewubat specialized, as are the
fmos] e b ay Siae towor = oy after processing. Thezs supplier
) ) b
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rpaatarinonz ahould ba evtancsively reavicued.
DISAIRSENMCNTS :

fne pneantialad uith the zuppliers,
RECITRED REGULATONY ATTIMIS:

o veguelatoeory action can be taken st this tima ss HAPs  are
not avajilable, Oncae JP haz made HAPs available, once all aevo-
a¢mnl  mannfacturers have had an opportunity to convert, and once
tha technical export contracted to do the kraining has certifled
that. plant pergonnal arn fully trained, Lhe use of CFC in sasero-
celt in Jordan ehould ba prohibited,

RESWN. TS

: Thie praject, in combkination with =sub projects for aerosol
“filleve, will reault in the immediate reduction of 225,000
age. Jf total amerosol packaging in Jordan

kiloarams of CFC  ugg
the actual reduction will be graater.

grous as evpoockerd,
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NAHUEY,  #1 Jorean foetveleum Rafinary Pyrification of LPG to qmanu-

facture bydrocarhon aercsel propellant (HAPs) project costs:

the project cogts are as follows:
)
1), 1 ea. 5 gal. per minute hydro-treating plant ¢ [250,999.00}

2). 1 ea. Heavies separator for shove [ 109,000.00)
3)‘.*)(6 ea. 20,000 gal storaze tanks 200';1;‘090.00
4) 1 ea. Single towar molecular sieve [H.;?.i’zé_‘f.?.;i‘ﬁ]
S}, 3 pumpz W/ "by-pass” 12 ,000.00
&) Piping (lot) 1,000.00
- 7)., Rulkheard transfer as=zembly (lot) . b 4,000 .00
)., Labavatory equipment (lot) 20,000 ,00
7). TFire protectlion system §,500.00
10). Gns detection system (Jot) {0,000.00
11). Tranzport trailer 60,000 .00
t?). Engincesring roste EQ,000.00
13). Start-up costs 50,000 .00
Sub Total SG—RE,S@-OQ

14. 17 % Cont{ingency (__JM@QO
Total [$3—_-§ Q,’]—S‘D _._Qﬁ&-) A

¥ Ta Ig!(_, f,‘_“_nn(-lr.u.',nf ,_41,14?,‘- md'u}_,FuJ laf&f’ q(—fu"

(eesivin atatyan.
J\”(J ﬂko <t ya

2 3 Tles foye r‘mf:rf,_r,k.i-f,__qf L(7(-_: (cj"( “j Lﬂé-)

271Cs  Caor fceakd PG
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ANHEY 1 2« UMIT ARATEMENT COSTS:

The wunit abatement cestes of the Heouseholds & Toiletries
asras~l canvarsion projact ava calculated as follows:

Uzing the fovmola o= C{F) + (QC-0S)
W

where © = (8 947,000 ) oc = ($1875%2 3
(CF = [#18Y,128 ) 0s = [+ 59,590 )

W= 225,000

. -
Peino the caleulation, wnit sbatament cost = (% O-ég_é_____]
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ANNEX # 3 ENVIROMMEHTAL IMPACT ASSESSMENT (E1a)

The substitute propellant, a mixture of butans and pro-
pane, doez not damage the ozone laver. It does not contributa
te acid r1sin, nor is it carcirnogenic., mutagenic, or toxic.
The butane/propane mix does not pollute the soil or ground water.
This mixture is 8 veolatile organic compound (voc) that contrib-
utes gsomewhat to ground Isvel contamination., This mixture does
frave a global warming potential, albeit very low.

Hiydrocarbons are arxtvemely flammable, and explosive. The
torage of the hydrocarbon propsllants must be asccomplished by
trict adherence to the Mational Fire Protection pamphlet # 58
standard for the Storage apd Handling of Liquefied Gases.

The controlling concept for the proper handling of LPG is to
minimize the visk of lonltleon to the vapor. Serious safety plans

must be in place in the aercze)l filling plant before beginning
operations with this propellant.
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SUB PROJECT APPRAISAL REPORT

COUNTRY =
PROJECT TITLE:
SECTOR COVERED:

ODS USE IN SECTOR:

PROJECT IMPACT:

PROJECT DURATION:

PROJECT ECONOMIC
LIFE:

TOTALL PROJECT COST:

PROPOSED OTF
FINANCING:

IMPLEMENT ING
ENTERPRISE:

COORDINATING
NATIONAL. BODY:
IMPLEMENTING AGENCY:
PROJECT SUMMARY:

This
production

project will support the conversion of
operation at International Foam Ind. Co. from CFC 11

Hashemite Kingdom of Jordan
International Foam Ind. Foam Conversion
Flexible Foam

118 tons CFC 11 (118 tons ODP - 15% of
total o0DP)

Phase out 18 tons per vear of CFC 11
{18 tons ODP).

9 months

10 years

U.s. $100,000.

U.s. $100,00C0.

International Foam Ind. Co.
Ozone Project Preparation &

Implementation Unit {OPPIU)

The World Bank

flexible foam

to methylene chloride (MeCl).

This

company has one Laader Berg Ltd.
blowing machine, and uses 18 tons per year of CFC 11.
all densities of polyurethane foam, but say that due to low

(Norway )foan
They make
cost

A.s.

80% of their production is low density foam which reaquires CFC as
a supplemental blowing agent.

machine

They have studied what is required to change their
to operate with MeCl, and have received the equipment supplier
quotation. This project will provide necessary equipment retro-
fits,

MeCl.

PROJEET OBJECTIVES:

and technical assistance for proper conversion to 100

Phase out the use of 18 tons of CFC 11 annually by modifying
International Foam's Laader Berg machine for use with MecCl.

JORDAN TECHMICAL EXPERT APPRAISAL MISSION
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SECTCOR BACKGROUND:

Jordan imports all CFCs. Within Jordan there are & large
and some small companies using CFCs to manufacture polyurethane
foam, as well as 3 manufacturers using CFC 11 to make rigid foam
for the manufacture of refrigerators and one company using CFCs
to produce rigid foam as Insulation. Total use of CFC 11 in the
foam sector in Jordan was 118 tons in 1991, which represents
18.9% of total ODS usage: or 15.1% of ODP usage.

The largest selling CFC blown foam products made in Jordan
are low density (and low cost) mattresses. Experience has shoun
in many developed and developing countries around the world that
this product can be made satisfactorily using MeCl as a blowing
agent .

ENTERPRISE BACKGROUND:

International Foam is a well established company founded in
1969 to produce polyurethane foam, which uses about 18,000
kilograms of CFC 11 vearly in its operations, and is one of the
five principal producers of flexible foam in Jordan. They are
100% Jovrdanian owned.

Thejir installed capacity is 15 tons of foam per hour. It is
estimated that they currently have about a 13-18% share of the
market in Jordan. Their machine is 19856 model, the most modern
in Jordan.

PROJECT DESCRIPTION:

This project will purchase a new fallplate and trough, as
well as other change parts to retrofit their Laader Berg machine
for use with methylene chloride.

International has supplied an equipment list (ses annex) and
the cost of these materials has been established. Once equip-
ment is purchased and arvives, it can be installed by
International’s persconnel in about 15 days. bDelivery time on the
parts may be considered to be 90 days, so that the entire
project can be completed in 105 days.

The required equipment list includes a substantial increase
in plant wventilation, which is adequate to address safety
requirements. No training components ave required. Limited
technical assisténce is budgeted te help this technologically
sound company master production with MeCl.

JUSTIFICATION FOR ALTERNATE TECHNOLOGY SELECTION:

No known drop-in substitute exists for CFC 11 in flexible
foam applications. The 1991 UNEP Technical Options Committee
Report op Flexible and Rigid Foams (page ES 5) clearly indicates
that methylene chloride is an immediate acceptable alternative
material for flexible foams.

JORDAN TECHNICAL EXPERT APPRAISAL MISSION page Z8




Further (page I1I-41), "In the U.S., approximately 70 per-
cent of the auxiliary blowing agent currently being used is
methylena chloride” and " Methylene Chloride can technically
oliminate between 80 and 100 per cent of CFC 11 usage in flexible
foam slabstock production®.

PROJECT COST:

The total project incremental cost of $91,000 plus 10%
contingency was calculated as the economic capital cost. It |is
estimated that the incremental recurring costs and operational
savings for this project are about eaual.

Capital Costs:

$91,000 for equipment to retrofit operationzs for use with
MeCl and technical assistance, plus 10% contingency.

The project will result in operational savings as the CFC-11
substitute material s about U.S5. $0.30 cheaper per kilogram.
However , this savings will be offset by increased scrap and
maintenance as the production volume is low and the plant only
runs occasgionally (instead of continuocus operation).

UNIT ABATEMENT COSTS:

The calculated unit abatement costs for this project i=s
0 .90 per kilogram (gee Annex #2).

IMPLEMENTATION:

This 1is a very simple project to implement, as it can be com-
pleted in 3 phases:

Jask Q1 Q2 Q3
Purchase change parts KXXX
Install change parts XXX X
Technical assistance vicit and start up XXX X
PROCUREMENT =

Spare parts must necessarily be purchased from the laader
Berg company or from a factory distributor. The technical as-
sistance person selected must be fully knowledgeable about MeCl
foam blowing, and capable of assisting International in produc-

ing high quality 15 kg/cubic meter density foam with MeCl.
N [
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DISBURSEMENTS:

As negotiated with the spare parts supplier. Normal terms
are cash or irrevocable letter of credit in advance.

REQUIRED REGULATORY ACTIONS:

Once all foam manufacturers have had an opportunity to con-
vert, and once the technical expert has demonstrated that MeCl
blown foam Is of an equivalent quality to CFC 11 blown foam, the
use of CFC in foam blowing in Jordan should be prohibited.

RESULTS:

This project will result in the immediate reduction of
18,000 kilograms of CFC 11 usage in the first vear. If this
company’s volume grows as expected, the actual reduction will
be greater.

JORDAN TECHNICAL EXPERT APPRAISAL MISSION page 30
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ANNEX #1 INTERNATIONAL FOAM IND. FOAM CONVERSION PROJECT COSTS:

The project costs are as follows:

1). 1 ea. Fallplate and trough U.S. $ 65,000.
2). Other spare parts (lot) 6,000,
3). Local modification of plant ventilation 10,000.
sub total equipment " 81,000

4). Technical assistance 10,000.
Sub Total ' " 91,000.

8). 10 % Contingency 9,000.
Total $100,000.

- 4 5
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ANNEX # 2 - UNIT ABATEMENT COSTS:

The unit abatement costs of the International Foam
Foam Conversion project are calculated as follows:

Using the formula A= C(F) + (0C-05)

W
where C = $100,000. OC = % §5,400.
(C = ¢ 16,275 05 = % 5,400.
W = 18,000

Doing the calculation, unit sbatement cost = $ 0.90
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ANNEX # 3 ENVIRONMENTAL IMPACT ASSESSMENT (EIA)

To quote the 1991 UNEP Technicgl Options Committee Report on
Flexible and Rigid Foams once again (page 111-42), “The ozone

depletion potential for methylene chloride is negligible because
it has a very short atmospheric lifetime. The contribution of
mathylene chloride to acid rain is insignificant and it has
negligible smog and global warming potentials.”

The report further states "Short term health effects from
repeated inhalation of excessive amounts of methylene chloride
vapour include anaesthesia, possible organ injury or death.
Permissible 8 hour exposure levels vary from country to country;
the current range is 50-500 ppm, and, in general, regulation of
methylene chloride exposure is becoming more stringent.”

Also, “Therefore, worker exposures must be well controlled.
This may require substantial capital investment in wventilation
systems and materials handling equipment. In many countries,

automatic block handling in the foam curing and initial storage
areas means employee access does not occur.”

Thus it is clear that while there is little or no environ-

mental impact per se, great care must be taken to assure that
safety requirements are properly considered.
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SUB PROJECT APPRAISAL REPORT (/ }

Hashemite Kingdom of Jordan

PROJECT TITLE: Kolaghassi Flexlble Foam Conversion
SECTOR COVERED: Flexible Foam
0obs USE IN SECTOR: 118 tons CFC 11 {118 tons 0DP - 15% of
total ODP)
PROJECT IMPACT: Phase out 20 tons per year of CFC 11
(20 tons ODP).
PROJECT DURATION: 9 months
PROJECT ECONOMIC
LIFE: 10 years
TOTAL PROJECT COST: U.s. $141,900.
PROPOSED OTF
FINANCING: U.S. $141,900.
IMPLEMENT ING
ENTERPRISE Keolaghassi Foam & Mattress Factory Co.
COORDINATING
NATIONAL BODY: Ozone Project Preparation &
4 Implementation Unit (OPPIU)
ITMPLEMENTING AGENCY: The World Bank

PROJECT SUMMARY:

This project will support the conversion of flexible foam
production operation at Kolaghassi Foam and Mattress Factory from

CFC 11 to methylene chloride (MeCl).

This company has one Viking 2 meter wide machine, and usas
20 tons per year of CFC 11. They make all densities from 15 to
60 kilograms per square centimeter, but say that due to low cost
the most popular densities ave 15 and 18, which require CFC as a
supplemental blowing agent.

They havé tested foam production with methylene chloride,
but since they have not modified their machine they have extreme
maintenance problems. Thus this project will provide necessary
equipment retrofits, and technical assistance for proper conver-—
sion to 100 % MeCl. :

PROJECT OBJECTIVES:
Phase out the use of 20 tons of CFC 11 annually by modifying

Kolaghassi’s Viking foam blowing machine for use with MeCl.
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SECTOR BACKGROUND:

Jordan imports all CFCs. Within Jordan there are 5§ large
and some small companies using CFCs to manufacture polyurethane
foam, as well as 3 manufacturers using CFC 11 to make rigid foam
for the manufacture of refrigerators and one company using CFCs
to produce rigid foam as insulation. Total use of CFC 11 in the
foam sector in Jordan was 118 tons {n 1991, which represents
18.9% of total ODS usage; or 15.1% of ODP usage.

The largest selling CFC blown foam products made in Jordan
are )ow density (and low cost) mattresses. Experience has shown
in many developed and developing countries around the world that
this product can be made satisfactorily using MeCl as a blowing
agent.

ENTERPRISE BACKGROUND:

Kolaghassi is a well established company that has been in
the foam business for many years, uses about 20,000 kilograms
of CFC 11 yearly in its operations, and is one of the five prin-
cipal producers of flexible foam in Jordan. They are 100% Jorda-
nian owned.

Their installed capacity is 15 tons of foam per hour. It |is
estimated that they currently have about a 15~20% share of the
mar ket in Jordan.

PROJECTY DESCRIPTION: -

This project will finance a new storage tank and the neces-
sary change parts to retrofit their Viking machine for use with
methylene chloride.

Viking has supplied an equipment list {see annex) and the
cost of these materials has been established. Once equipment is
purchased and arrvives, it can be installed by Kolaghassi's per-
sonnel in about 15 days. Delivery time on the parts may be
considered to be 90 days, so that the entire project can be
completed in 105 days.

Ventilation is adequate to address safety requirements, and
no training components are rvrequired. Limited technical assist-

ance is budgeted to help this technologically sound company.

master production with MeCl.
JUSTIFICATION FOR ALTERNATE TECHNOLOGY SELECTION=

No  known drop-in substitute exists for CFC 11 in flexible
foam applications. The 1991 UNEP Technical Options Committee

Report on Flexible and Rigid Foams (page ES 5) clearly indicates
that fethylene chloride is an immediate acceptable alternative
material for flexible foams.
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Further (page 11I-41), "In the U.5., approximately 70 per-
cent of the auxiliary blowing agent currently being used |is
methylene chloride” and " Methylene Chloride can technically
eliminate between 80 and 100 per cent of CFC 11 usage in flexible
foam slabstock production®.

PROJECT COST:

The total project incremental cost of $130,000 plus 10%
contingency was calculated as the economic capital cost. It |is
estimated that the incremental recurring costs and operational
savings for this project are about equal.

Capital Costs:

$130,000 for equipment to retrofit operations for use with
MeC)l and technical assistance, plus 10% contingency.

Recuryipng Cos Savings:

The project will result in operational savings as the CFC-11
substitute material is about U.5. $0.30 cheaper per kilogram.
However, this savings will be offset by increased scrap and
maintenance as the production volume is low and the plant only
runs occasionally (instead of continuous operation).

UNIT ABATEMENT COSTS:

The calculated unit abatement costs for this project is
$1.16 per kilogram (see Annex #2).

IMPLEMENTATION:

This is a very simple project teo implement, as it can be com-
pleted in 3 phases:

Task al Q2 Q3
Purchase change parts XXXX

Install change parts XXX X
Technical assistance visit and start up XXX
PROCUREMENT :

Spare parts must necessarily be purchased from the manufac-—
turer of the Viking machine or from a factory distributor. The
technical assistance person selected must be fully knowledgeable
about MeCl foam blowing, and capable of assisting Kolaghassi in
producing high quality 15 kg/cubiec meter density foam with MeCl.
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DISBURSEMENTS:

As negotiated with the spare parts supplier. Normal terms
are cash or irrevocable -letter of credit in advance.

REQUIRED REGULATORY ACTIONS:

Once all foam manufacturers have had an opportunity to con-
vert, and once the technical expert has demonstrated that MeCl
blown foam is of an equivalent quality to CFC 11 blouwn foam, the
use of CFC in foam blowing in Jordan should be prohibited.

RESULTS:
This project will result in the immediate reduction of
20,000 kilograms of CFC 11 usage in the first vear. If this

company’s volume grows as expected, the actual reduction will
be greater.
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ANNEX #1 KOLAGHASSI FLEXIBLE FOAM CONVERSION PROJECT COSTS:
The project costs are as follouws:

1). 1 ea. HCl resistant tank (2 cubic meters) complete with

valves, cooling system, and gauges. U.s. $ 40,000.
2) Teflon piping and connections (lot) 3,000.
3). 1 ea. Metering pump w/HCl resistant teflon seals 15,000.
4). 1 set Mixing head complete w/seals and valves 19,000.
5). Teflon type flowmeters . 12,000.
6). Ventilation improvements (lot) 30,000.
Sub total equipment 119,000.
7). Technical assistance in MeCl foam blowing 10,000.
"129,000.
8}. 10 % Contingency 12,900.
’ Total 141,960
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ANNEX # 2 - UNIT ABATEMENT COSTS:

The unit abatement costs of the Kolaghassi Flexible
Conversion project are calculated as follows:

Using the formula A= Cc(F) + (0C-03%)

4
where C = $143,000. gc = $ 6,000.
(C = % 23,273 05 = % 6,000.
W = 20,000

Doing the calculation, unit abatement cost = $ 1.16
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ANNEX # 3 ENVIRONMENTAL IMPACT ASSESSMENT (EIA)

To quote the 1991 UNEP Jechnical Options Committee Report on
Flexible and Rigid Foams once again (page 111-42), "The ozone
depletion potential for methylene chloride is negligible because
it has a very short atmospheric lifetime. The contribution of
methylene chloride to acid rain is insignificant and it has
negligible smog and global warming potentials.”

The report further states "Short term health effects from
repeated 1inhsalation of excessive amounts of methylene chloride
vapour include anaesthesia, possible organ injury or death.
Permissible 8 hour exposure levels vary from country to country;
the current range is 50-500 ppm, and, in general, regulation of
methylens chloride exposure is becoming more stringent.”

Also, "Therefore, worker exposures must be well contrelled.
This may require substantlal capital investment in wventlilation
systems and materials handling eguipment. In many countries,
automatic block handling in the foam curing and initial storage
areas means employee access does not ocecur.*

Thus it is c¢lear that while there is little or no environ-

mental impact per se, great care must be taken to assure that
safety requirements are properly considered.
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ARAR.CENTER FOR PHARMACEUTICALS
RAND. CHEMICALS
SUB PROJECT APPRAISAL REPORT ay
COUNTRY * . Hashemite Kingdom of Jordan 1
PROJECY TITLE: Arab Pharmaceuticals Aerosol Conversion
SECTOR COVERED: Aarosols
ODS USE IN SECTOR: 225 tons CFC 12 (225 tons ODP - 2@.82 of
total 0OOP)
PROJECT IMPACT: Phase out 27 tons per vyear of CFC 12 or
mixtures of CFC 11/12 (85 tons CDP).
PROJECT DURATION: 12?2 months
PROJECT ECONOMIC
LIFE: 1D vears
TOTAL PROJECT COSYT: u.s. [s_279157 1
PROPOSED OTF
FINANCING: U.s. [s_ 279157
IMPLEMENT ING
ENTERPRISE : ARAB CENTER FOR PHARMACEUTICALS AND CHEMICALS
COORDINATING .-
NATIONAL BODY: Ozone ProJsct Preparation &

Implementation Unit (OPPIU)
ITMPLEMENTING AGENCY : The World Bank
PROJELT SUMMARY:

This project will convert the aArab Pharmaceutical & Chemi-
cals aerosol filling plant to hydrocarbon (HC) propellants.
They are the only manufacturers of medicinal aerosols in Jordan,
and all of their products are topical sprays, which can be
converted to hydrocarbon aerosol propellants {HaPs ).

The aArab Pharmaceutical’s plant is vertical, and they fill
on the 2Znd story, which is not adequate for filling hydrocarbon
aerosol propellants (HAPs). They are fortunately bullding a new
plant, and the area where they will construct the new plant has
adequate space for filling aerosols, although not for large
storage tanks for HAPs.

They have an old Pharmacol machine which is adegquate to
fill CFCs, but not adequate for hydrocarbons. This eproject
includes a small aseroscl fililling line and an enclosed explosion
proof filling vyoom to allow arab Pharmaceuticals to fill HaPs
safely.
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Also, safety training done by a foreign expert is definitely
necessary .

PROJECT OBIECTIVES:

Phase out the use of 27 tons of CFC 12 or CFC 11/12 annually
by completing the conversion process from CFCs to HaPs.

SECTOR BACKGRUOUND:
Jordan imports all CFCs. Aerosols repreosented 36.0% of all

0DS used in Jordan in 1991 (Jordan Country Program). There are 5
aevrosol fillers that have been identified In Jordan, as follows:

COMPANY . CANS FILLED {(YEARLY)
M. Haddad & Sons 1,000,000
Dajani IYnternational 500,000

— Households & Toiletries 300,000

Arab Center for Pharmaceuticals 300,000
Jordan Antiseptics & Detergents 60,000

Total 2,160,000

Total CFC consumption {mainly CFC 12) in the aerosol sector
in 1991 was 225 tons.

ENTERPRISE BACKGROUND:

Arab Pharmaceuticals & Chemicals Company is a large, wall
eztablished company actiwve in many areas. Both the plant and
general offices are housed in their own bulldings in the Sahab
Industrial City, amman, Jordan. Carcital is 100% Jordanian.

They are very aware that they must stop using CFC 1in the
near future, but they have other alternatives (such as not in
kind substitution) and will not commit the capital that convert-

— ing would require at this time. also, they know that the HC
currently produced by Jordan Petroleum Refinery (JPR) is not
acceptable for use in medicinal or cosmetic aerosols.

They would like to eliminate CFCs, and will participate in
the conversion process If they can receive asslstance from the
OTF .

PROJECT DESCRIPTION:
Four major areas will be addre=sed by this project. First,
they need a new filling line, pneumatic and explosion proof,

with the gassing head separated from the product filling and
gassing stations.

Second, they need a well ventilated explesion proof room
for filling HAPs, with simple gas detecting equipment. Third,
they need storage racks for 50 kilogrem HAPs cylinders.
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_Last. they need intensive safety training by an experienced
foreign axpart .

JUSTIFICATION FOR ALTERNATE TECHNOLOGY SELECTION:

Hydrocarbon aerosol propellants have besn the principal
alternatives to CFC 12 employed worldwide. They ara approved by
the 1991 UNEP Technical Options Report on pderosols,
mmmuww

Jordan Petroleum Refinery currently produces a cut of.liquew
fied hydrocarbon (80% butane, 20% propane) that 1s adequate for

aerosols, if hydrogenation is employed to remove wundesirable
clefins. Another investment sub project 1s addressing this nsed
with JPR. -

PROJECT COST:

The total project incremental cost off[s_162870 3 pius 10%
contingency was calculated as the economic capital cost., It 1is
astimated that the incremental recurring costs and operational
savings for this project are about squal.

Capita)l Costs:

{$_162870 } for the above specified equipment and train-
ing, plus 10% contingsncy.

Recurring Costs/Savings:

The project will result in operational savings as the HC
substitute material is about U.S. 20.20 cheaper per kilogram than
the CFC 12 it replaces. However, this =zavings (which amounts to
$3,000.00 per year on 300,000 units) will be offset by increasaed
maintenance cost {spare parts plus down time) which good manufac-
turing safety requires with HC propellants.

UNIT ABATEMENT COSTs:

The calculated unit abatement costs for this project is

. I[= . & 1 per kilogram (see Annex #2).
IMPLEMENTATION:
This is a very simple project to implement, as it can be com-

pleted Iin 3 phases during 4 quartevrs:

Task Q1 Q2 a3 Qa4
Purchase all sequipment and tanks. XXX X

Install equipment/tanks XXX
Training wvisit XXXX
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PROCUREMENT =
Aeroscl equipment may be purchased from many sources. See
Annex  #1l “suppliers of Asrosol Equipment” for the four pre-

approved and recommended sources.

The person contracted for tralning must be fully prepared
concerning aerosol filling plant safety, and tank and piping
installation. Experience with HC aervosol formulations or with
the purification of HCs would be useful.

CISBURSEMENTS:
As negotiated with the suppliers.,
REQUIRED REGULATORY ACTIONS:

e Once all aerosol manufacturers have had an opportunity to
convert, and once the technical expert contracted to do the
training has certified that plant personnel are fully trained,
the use of CFC in aerosols in Jordan should be prohibited.
RESULTS:

This project will result in the immediate reduction of
27,000 kilograms of CFC wusage in the first vear., It this

company’s wvolume grows as expected, the actual reduction will
e greater.
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ANNEX #1 ARAB PHARMACEUTICALS CONVERSION PROJECT COSTS:

The project costs are as follows:

1). 1 ea. Pneumatic automatic aevosol filling line with 1 grimp-

ar ., 1 vacuum crimper, and 1 300 cc. gasser mounted on a sepa-
rate table. ) u.s. ¢ (_gs_ 140 ]
2. 1 ea. Return 1 by 3 mtr . conveyor "L shaped { 6,460

3). 1 set Racks for 20 50kg. propellant bottles ((4,675 ]

4). 1 ea. Explosion proof gassing room complete with ventilating

system, blow out walls, explosion proof electric,

gas detection system

Sub total squipment
5). Plant safety training

sub Total
6). 10 % Contingency

Total

Construction Cost
Total area
30 m?
120 m?

Grand Total

and simple

£ 74,575 ]

(150,870 ]

12,000 .
(162,870 3
[_16287 _ ]

$ 100,000
150 m?
500 ID/m
200 JD/m

279157 USD.
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ANNEX # 2 — UNIT ABATEMENT CQOSTS:

The unit abatement costs of the Arab Pharmaceutical's aero-
sol conversion project are calculated as follows:

Using the formula A= C{(F) + (QC~-0S)

L
where ¢ = [ 279157 ) oc = [s__3000 )
(CF = (s 45432.87 os = [s__3000 )
W= 27,000
- Doing the calculation, wunit abatement cost = [s |. 68 ]
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AMNEX # 3 ENVIRONMENTAL IMPACT ASSESSHMENT (EIA)

The substitute propellant, a mixture of butane and pro-
panea, does not damage ths ozone layer . It does not contribute
to acid rain, nor is 1t carcinogenic. mutagenic, or toxic.
The butane/propane mix does not pollute the soil or ground water.
This mixture is a volatile organic compound {(vo¢) that contrib-
utes scmewhat to ground level contamination. This mixture does

have a global warming peotential, albeit very low. -

Hydrocarbons are extremely flammable, and explosive. The
storage of the hydrocarbon propellants must be accomplished by
strict adherence to the National Fire Protection pamphlet # 58

Standard for the Storage and Handling of Liauefied Gases.

The contyolling concept for the proper handling of LPG is to

minimize the risk of ignition to the vapor. Serious safety plans
must be in place in the aerosol filling plant before beginning
— operations with this propellant.
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SUB PROJECT APPRAISAL REPORY

COUNTRY : Hashemite Kingdom of Jordan
PROJECT TITLE: Households & Tolletries aAerosol
Conversion

SECTOR COVERED: Aerosols

oDS WUSE IN SECTOR: 225 tons CFC 12 (225 tons ODP — 28B.8% of
total ODP)

PROJECT IMPACT: Phase out 30 tons per year of CFC 12
{30 tons ODP).

PROJECT DURATION: 12 months

PROJECT ECONOMIC

LIFE: 10 vears

TOTAL PROJECT COST: U.s. %$135,300.

PROPOSED OTF

FINANCING: U.s. $135,300.

IMPLEMENT ING

ENTERPRISE: Households & Toiletries Manufacturing
Company

COORDINATING .

NATIONAL BODY: Ozone Project Preparation &

Implementation Unit (0OPPIU)
IMPLEMENTING AGENCY: The World Bank
PROJECT SUMMARY:

This project will complete the conversion to hydrocarbon
(HC) propellants at this company. They have a new (1992 model)
Terco auteomatic filling machine, completely explosion proof, that
is lnstalled in the industrial zone of Irbid. The g¢gassing |is
done in a special room that is ventilated and which contains gas
detection equipment.

They began working with HC propellants last year, but they
have had many praeblems due to the poor quality of the propellant
that they are receiving from Jordan Petroleum Refinery (JPR).
JPR cannot better the quality of the gas until they have in-
stalled the hydrogenation system recommended by Dr. Harry B. Mc
Cain in the preappraisal mission.

- Because of the large investment that this company has al-
ready made (over U.S. $500,000.), they have no capital to com-
plete necessary investments to use hydrocarbon aerosol propel-
lants (HAPs ). This project will install permanent storage tanks
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and improve fire protection to improve overall plant safety.
Some quality control equipment is necessary, as well as training
done by a foreign expert.

PROJECT OBJECTIVES:

Phase out the use of 30 tons of CFC 12 annually by complet-
ing the conversion process from CFC 12 to HAPs.

SECTOR BACKGROUND:
Jordan imports all CFCs. Aerosols represented 36.0% of all

0DS used in Jordan in 1991 {(Jordan Country Program). There are 5
aerosol fillers that have been identified in Jordan, as follows:

COMPANY CANS FILLED (YEARLY)
M. Haddad & Sons 1,000,000
Dajani International - 500,000
Households & Tolletries 300,000

Arab Center for Pharmaceuticals 300,000
Jordan Antiseptics & Detergents 60,000

Total 2,160,000

Total CFC consumption {mainly CFC 12) in the aerosol sector
in 1991 was 225 tons.

ENTERPRISE BACKGROUND:

Households and Toiletries is pavrt of a major industrial and
commercial consortium, the sukhtian Group. Capital is 100%
Jordanian.

This company has the license to fill the "Bac" deodorant and
*"Taft" hair spray from Schwartzkopf of Germany. They also hope
toe bring out new products of their own, as well as contract
packaging for other Jordanian Companies.

Their plant in Irbid is new, as has an installed capacity
of over 5,000,000 units per annum. Total plant costs including
building modifications were above U.S. %700,000, which indicates
the determination that this group has to participate 1in the
aeroscl business.

PROJECT DESCRIPTION:

Three major areas will be addressed by this project. First,
they are currently receiving HCs in 50 kileo portable tanks,
which is inherently unsafe. _JPR has indicated a willingness to
ship the propellant in bulk if the company has storage for 20
tons ;- which is the capacity of the truck. The company has
sufficient space to install permanent storage tanks for this
quantity.
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Second, they require some laboratory equipment for quality
control of the HaPs. The CFCs are manufactured chemicals that
are delivered with consistent characteristics lot after lot. The
HAPs are purified refinery materials that have wide variations in
their physical and chemical properties. They cannot use HAPs
without a laboratory to control them.

Third, although the plant was built for HaPs, not all of
the safety provisions were Implemented, and this project will
complete the safety requirements.

JUSTIFICATION FOR ALTERNATE TECHNOLOGY SELECTION:

Hydrocarbon aerosol propellants have been the principal
alternatives to CFC 12 emploved worldwide. They are approved by
the 1991 UNEP Jechnical Options Report on ferosols., Sterijilants.
and Miscellaneous Uses and Carbon Jetrachloride.

Jordan Petroleum Refinery currently produces a cut of lique-
fied hydrocarbon (80% butane, 20% propane) that is adequate for
aerosols if hydrogenation is emplovyed to remove undesirable
olefins. Another investment sub project is addressing this need
with JPR.

PROJECT COST:
The total project incremental cost of $123,000. plus 10%
contingency was calculated as the economic capital cost. It |is

estimated that the incremental recurving costs and operational
savings for this project are about equal.

Capital Costs:

$123,000. for the above specified equipment and training,
plus 10% contingency.

Recurring Costs/Savings:

The project will result in operational savings as the HC
substitute material is about U.S. $0.20 cheaper per kilogram than
the CFC 12 it replaces. However, this savings (which amounts to
$6,000.00 per year on 300,000 units) will be offset by increased
maintenance cost {(spare parts plus down time) which good manufac-
turing safety requires with HC propellants.

UNIT ABATEMENT CGHOSTS:

The calculated unit abatement costs for this project is
$0.73 per kilogram (=see Annex #2).

IMPLEMENTATION:

This is a very simple project to implement, as it can be com-
pleted in 3 phases during 4 quarters:
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Jask Q1 Q2 _Q3 Q4

Purchase tanks/lab equipment HHMXK

Install tanks XXXX
Training visit XXXX
PROCUREMENT -

Tanks may be purchased anywhere in the world, but it must
be noted that Jordan has regulations concerning tank characteris-
tics. The person contracted for training must be fully prepared
concerning aerosol filling plant safety, and tank and piping
installation. Experience with HC aerosol formulations or with
the purification of HCs would be useful.

DISBURSEMENTS:

As negotiated with the suppliers.
REQUIRED REGULATORY ACTIONS:

Once all aerosol manufacturers have had an opportunity to
convert, and once the technical expert contracted to do the

training has certified that plant personnel are fully trained,
the use of CFC in aevosols in Jordan should be prohibited.

RESULTS:
This project will result in the immediate reduction of
30,000 kilograms of CFC 12 usage in the first vyear. If this

company’s wvolume grows as expected, the actual reduction will
be greatervr.
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ANNEX #1 HOUSEHOLDS & TOILETRIES CONVERSION PROJECT COSTS:

The project costs are as follows:

1). 2 ea. 6,500 gal isotainer tanks .S, % 76,000.
2). t.aboratory equipment (lot) 15,000.
3). Additional safety equipment (lot) 5,000.
4). Tank farm preparation (tank bases,

fencing, etc.) 15,000.

sub total equipment 111,000.

5). Plant safety training 12,000.
123,000

6). 10 % Contingency 12,300.
Total $135,300 .
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ANNEX # 2 - UNIT ABATEMENT COSTS:

The unit abatement costs of the Households &
aerosol conversion project are calculated as follows:

Using the formula A = C(FY + (0C-0%)

W
where C = $135,300. 0C = $ 6,000.
(C = 8 22,020 0SS = % 6,000.

= 30,000

W

Doing the calculation, unit abatement cost = ¢ Q.73

Toiletries
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ANNEX # 3 ENVIRONMENTAL IMPACT ASSESSMENT (EIA)

The substitute propellant, & mixture of butane and pro-
pane, does not damage the ozone layver. It does not contribute
to acid rain, nor is it carcinogenic, mutagenic, or toxic.

The butane/propane mix does not pollute the soil or ground water.
This mixture is a volatile organic compound (voc) that contrib-
utes somewhat to ground level contamination. This mixture does
have a global warming potential, albeit very low.

Hydrocarbons are extremely flammable, and explosive. The
storage of the hydrocarbon propellants must be accomplished by
strict adherence to the National Fire Protection pamphlet # 858

standard for the Storage and Handling of Ligqueflied Gases,.

The controlling concept for the proper handling of LPG is to
minimize the risk of ignition to the vapor. Serious safety plans
must be in place in the aerosol filling plant before beginning
operations with this propellant.
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SUB8 PROJECT APPRAISAL REPORY
COUNTRY : Hashemite Kingdom of Jordan
PROJECT TITLE: Haddad aAeromsol)l Conversion
SECTOR COVERED: Aerosols
0DS USE IN SECTOR: . 225 tona CFC 12 (225 tons ODP - 28.8% of
o total 0DF)
PROJECT IMPACT: Phase out 85 tons per year of CFC 12 or
mixtures of CFC 11/12 (8% tons ODP).
PROJECT DURATION: 12 months
PROJECT ECONOMIC
LIFE: 10 years
TOTAL PROJECT COST: U.s. [s_337000 ]
PROPOSED OTF
F INANCING: u.s. [¢__337000 3
IMPLEMENT ING
ENTERPRISE: M. Haddad & Sons Company
COORDINATING
NATIONAL BODY: Ozone Project Preparation &

Implementation Unit (OPPIVU)
IMPLEMENTING AGENCY: The UWorld Bank
PROJECT SUMMARY:

This project will convert the Haddad company aerosol filling
plant to hydrocarbon (HC) propellants. They are the largest
manufacturers of serosols In Jordan, filling about 1,000,000
units per vear of thelr own brand {Contessa) and contract filling
(Y.8.Williams). They account for almost 40% of the CFCs used in
the aerosol sector in Jordan.

The Haddad plant is vertical, about 6 stories high; and
absolutely is not adegquate for filling hydrocarbon aerosol pro-
pellants (Hars )., They are fortunately building a new plant, and
where the new plant is there is adequate space for filling aero-
sole, although possible not for large storage tanks for HAPs.,

They have very old Coster and Pamasol equipment which |is
adequate to fill CFCs, but not adegquate for hydrocarbons. This
project includes a small aerosol filling line and an enclosed
explosion proof filling room to allow Haddad to fill HAPs smsafely.
Also, saafety tralining dowe by a forelgn expert Ls definitely
necessary.
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PROJECT OBJYECTIVES:

Phaae out the use of 85 rtons of CFC 12 or CFC 11/12 annually
by completing the conversion process from CFC to HaPs,

SECTOR BACKGROUND :

Jordan imports all CFCs. Aerosols represented 36.0% of all

ODS used in Jordan fu 19%1 (Jordan Countryv Proaram). There are S
aerosol fillers that have been ildentified in Jordan, as follows:
COMPANY CANS FILLED (YEARLY)
M. Haddad & Sons 1,000,000
Dajani International s00,000
Households & Toiletries 300,000

Arab Center for Pharmaceuticals 200,000
Jordan Antlseptics & Detergents 60,000

Total 2,160,000

Total CFC consumption (mainly CFC 12) in the asrosol sector
in 1991 was 22% tons.

ENTERPRISE BACKGROUND:

M. Haddad & Sons Company ls a large, wall established
company active in many areas. Bath the plant and general offices
are housed in thelr own buildings in Zarka, Jordan. <Capital is
100% Jordanian.

They are very aware that they must stop using CFC in the
near future, but do not wish to commit the capital that convert-—
ing would require. Also, they no that the HC currently produced
by Jordan fetroleum Refinery {(IPR) is not acceptable for use In
cosmotic aerosols.

They were invited on a UNDP study mission to Egypt to learn
more about how to fill HaP=s, but this mission has not vet taken
place. 5111, they have enough knowledge about the conversion
process to be willling to participate iIf they can receive assist-
ance from the OTF.

PROJELT DEACRIFPTION:

Four major areas will be addressed by this prolject. First,
they need a new filling line, pnhneaumatic and explosion proof,
with the gassing head separated from the product filling and
gassing stations. \

Second, they need a well ventileted explosion eroof room

for filling HAPs, with simple gas detecting equipmant. Third,
they nesed storage racks for 5¢ kilogram HaPs coylinpdevs,
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l.ast, they need intensive safety training by an experienced
foreign expert.

JUSTIFICATION FOR ALTERNATE TECHNOLOGY SELECTION:

Hydrocarbon aerosol propellants have been the principal
alternatives to CFC 12 emploved worldwide. They are approved by
the 1991 UNEP Jechnical Options Report opn Aerosols. Skerilants,.
and Miscellaneous Uses and Carbon Jetrachloride.

Jaordan Petroleum Refinery currently produces a cut of lique-
fied hydrocarbon (80% butane, 20% propane) that is adeguate for
aerosols, if hydrogenation is employad to remove undesirable
olefins. Another investment sub project is addressing this need
with JPR.

PROJECT COST:

The total project incremental cost of [¢_338000 1 plus 10%
contingency was calculated as the economic capital cost. It s
estimated that the incremental recurring costs snd opearatlional
savinga for this project are about equal.

capital Costs:

(s_337000) for the above specified equipment and train-
ing, plus 10% caontingency.

Regurring Costs/Savings:

The project will result in operational savings as the HC
substitute materlal is about U.$. $0.20 cheaper per kilegram than
the CFC 12 it replaces. Howevar, this savings (which amounts to
$17,000.00 per vyear on 1,000,000 units) will be offset by in-
creased maintenance cost (spare parts plus down time) which good
manufacturing safety requires with HC propellants.

UNIT ABATEMENT COSTS:

The calculated unit abatement costs for this project is
(6_0.65 ] per kilogram (=see Annax #2).

IMPLEMENTATION:

This is a very simple project to implement, as it can be com~
pleted in 3 phases during 4 quarters:

Task Q1. Q2 Q3 24
Purchase all equipment and tanks XEXH

Install eauipment/tanks OMXXX
Training visit XAXX
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PROCUREMENT -

Aaromol equipment may be purchased from many sourcaes. See
Annex  #1 “suppliers of Aerosol Equipment” for the four pre-
approved and recommended sources.

The person contracted for training muskt be fully prepared
concerning aervosol filling plant safety, and tank and piping
installation. Exparience with HC aerosol formulations or with
the purification of HCs would be useful.

DISBURSEMENTS:

As negotiated with the suppliers.
REQUIRED REGULATORY ACTIONS:

Once all aserosol manufacturers have had an »roortunity to
convert, and once the tachnical expert contracted to do the

training has certified that plant personnel are fully trained,
the use of CFC in aerosols in Jordan should be prohibited.

RESULTS:

This project will ryesult in the immediate reduction of
85,000 kilograms of CFC usage in the first vear. If this
company’s volume grows as expected, the actusl reduction will
be greater.
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ANNEX #1 M. HADDAD & SONS CONVERSION PROJECT COSTS:
The project costs are as follows:

1). 1t ea. Pneumatic automatic aerosagl filling line with 1 crimp-

|:1;_.I

ar, 1 vacuum crimper, and 1 300 ¢c. gasser nmounted on a sepa-
rate table, Uu.s. ¢ [__65160 ]
2). 1 ea. Return 1 by 3 mtr. convevor "L* shaped {__6460 3
3). 1t set Racks for 20 50kg. propellant bottles [__11805 3
4)., 1 ea. Explosion proof gassing room complete with ventilating
system, blow out walls, exploaion proof electrlic, and simple
gas detection aoyetem [ 74575 ]
Sub total equipment { 158000 bi
$3. #Plant safety training 12,000.
sun Total [_170000 1
6). 10 % Contingancy [__17000 ]
Total [$_187000 3
R E AR
7) Building + Laboxatory equipment 150000
Total 337000
ARSI TLREmTR
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ANNEX # 2 — UNIT ABATEMENY CO&TS:

The  unit abatement costs of the Households & Tolletries
serosol conversion project are calculated as follows:

.Usingfthe‘formula A= C(F) + (0C-08)

W
where ¢ = [$_ 337000 } ocC = [%__34000 J
(c)F = (8 5484675 _ 0S = [#__34000 j

W = 85,000

Doing the calculation, unit abatement cost = [# 0,65
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ANNEX # 3 ENVIRONMENTAL IMPACT ASSESSMENT (E1aA)

The substitute propellant, . a mixture of butana and pro-
pane, does not damage the ozone layer. It doss not contribute
to acid ‘rain, nor is it carcinogenic, mutagenic, or toxic.
The butane/propane mix does not pollute.the soil or ground water.
This mixture is a volatile organic compound (voc) that contrib-
utes somewhat to ground level contamination. This mixture does
have a gl@bal warming potential, albseit very low.

Hydr@carbons are extremely flammable, and explosive. The
storage of the hydroecarbon propellants must be accomplished by
astrict adherence to the National Fire Protection pamphlet & 58

Standard for the Storage and Handling of Liguefied Gases.

The controlling concept for the proper handling of LPG Is to
minimize the risk of ignition to the vapor. Serious safety plans
must be 'In place in the aerosol filling plant before beginning
operations with this propellant.

]
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B.1 Chlorofluorocarbon refrigerants were devaloped in ths early 1920s.

They provided a safe alternative to ammonia, sulfur dioxida and.isobutane, which
at the tims were the cooling fluids commonly used in home refrigerators and air
conditionars for public buildings. While other applications have resulted from
CFC development, cooling applications grew most rapidly. Today, the fluorccarbon
family of compounds account for nearly all cooling fluids usad by the
refrigeration and air conditioning industry in the vapor compressicon systems
which have become the industry standard.

B.2 For satisfactory performance in the vapor compression common to most
units, a refrigerant must not only have favorable tharmcphysical properties but
alsc ba non-flammable, basically non-toxic, and inert to materials of
construction. Fluorocarbons have achieved their prominence because they posses
the unique combination of properties which best satisfies these sometime
conflicting requirements.

B.3 Refrigeration systems using fluorocarbons as the cooling fluid are
common in all sectors of modern society. The most common units are the domestic
refrigerators and freezers found in nearly all developed countries’ homes and in
a growing number of households in developing countries. At retail stores, food
display cases ars refrigerated to extend shalf life and prevent spoilage. At the
wholesale level, large warshouses and transport vahicles (trucks, trains, and
ships) are refrigerated to expand the market areas for their products.
Industrial plants use refrigeration to sustain desired operating conditions and
to prevent loss of volatile substances. Finally, air conditioning utilizes
fluorocarbon refrigerants to cool air in a variety of environments, including
most mechanical forms of human transportation, in many homes and most modern
office buildings and hotels. Air conditioning is particularly important in the
hotter regions of the world.

Market Segmentation

B.4 Due to the wide range of applications for flucrocarbon refrigerants,
the industry ordinarily segments users as follows:

By the type of device utilizing fluorocarbons
By the end=use served by the device
By the servicing of the device.
B.5 Within each segment there are usually only cone or two fluorcarbons

with physical properties best suited to the application. These fluorocarbons
naturally serve most of the users within the segment.
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ternatives to =) (] [ ]

B.6 There are several optiona for replacing CFCa in the vapor compression
systems commonly used in refrigeration and air conditioning egquipment. The
Technical Options Raport prepared in May 1989 under the auspices of the United
Nations Environmental Programme identified the following options described below
for replacement of CFC cooling fluids:

Use HFC~134a.

B.7 This appears to be one o¢f the best Jlong term alternative
refrigerants. Most equipment manufacturss have based their long term plans on
using HFC-134a to replace CFC-12 in new refrigeration systems. Compression
equipment musat be redesigned to optimize energy efficiency. More importantly, the
standard lubricant ussd in CFC-12 systems must be replaced with one which is
compatible with HFC-134a. Such lubricants are commerclally available but are
significantly more costly the CFC-12 lubricants. Alternative lubricants are
polyester and polyalkaneglycol (PAG) ocils. The pclyester oils are the most
stable as well as the most expensive. They are the lubricant of cheice for
long-service equipment such as domestic refrigerators. PAGs are the lubricant

of choice for automotive air conditioners which have an average service life of

only 5~7 years in the developed world.

Raplace Crc-11 with ECFC-123.

~
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B.8 Low Prassurae water chiller systems used for air conditioning in most
large office buildings, hotels, and similar structures commonly employ CFC-11 as
the refrigerant. These systema form an integral part of sach building structure
and reprssent a major investmant component. Replacing such systems i{s not
feasible. Ratrofitting existing water chiller units to uss an alternative
refrigerant such as HCFC-123 is the most developed option for eliminating crc-11
use at this time. PFiald testing of such retrofits has bean underway by major
manufacturers for sevaral years. The technology for accomplishing the rstrofit
is readily available. Egquipment modifications include minor changes in
elastomeric and motor components; howsver, system capacity is reduced by up to
10 percent. Toxicity testing of HCFC-123 must be completed before this
technology can be widely applied. Preliminary tests have indicated that exposure
of workers to HCFC~123 vapors must be limited. An interim ALV of 10 ppm has been
set as a precautionary mesasure pending completion of the tests.

Use "drop-in® ternary blands.

B.9 A series of ternary fluorccarbon mixtures (HCFC-22; HFC~152a; HCFC-
124), referred to as "blends", have been designed as "drop-in" replacements for
CFC-12. The primary feature of these "blends” is that they simulate quite
closely the thermodynamic properties of CFC-12. They are also compatible with
the same lubricant as is used with CFC-12. The "blends”"™ have the potential to
satisfy the long-term service requirements for equipment, such as domestic
refrigerators and auto air conditioners currently using CFC-12. "Blands” are alsoc
considered to have potential as an interim substitute for HFC-134a in cases vhere
equipment designs are retrofit for "blends™ rather than redesigned for HFC-134a.

B.10 From the perspective of a developing country with limited
technological resources, the primary disadvantages of "blends™ include the
following items.

Most "blends"” are proprietary mixtures patented by DuPont and are
therefore not available from multiple sources.

"Blends™ tend to lose one cocmponent more rapidly than the others.
Hence, there is a composition and performance drift with time.
Restoring the system to an original compositicon can require chemical
analysis and special metering of components.

The "blends” require two components which although available are in
short supply on the world market (HCFC-124 and HFC-152a).

Life testing of eguipment retrofitted with “blands™ is at a
relatively early stage. Such testing must be satisfactorily
completed prior to global acceptance of this technology.

B.11 , On balance, the economic advantages of "blends" outweigh the
disadvantages primarily bacause of the large installed base of squipment (e.g.
refrigerators) which can complete their useful life without requiring CFC-12 for

* servicing. "Blends” would offset thie potantial economic cost.
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B.12 The future for "blands* in developing countrieas is ona of gradual
growth commencing about 1995 as supplies of Crc-12 become ascarce. sowth,
howevar, will be constrained by supply of tachnology and materials from the
United States. :

Conserve available CFrC racources.

B.13 Significant quantities of CPFC-12 are wasted during wservicing of
dafective refrigeration equipment. Socme of the wastage is the result of
diagnostic procedures which use CFC-12 as a test gas. Additional wastage occurs
when impropar racharging equipmant ig used by inexperienced service psrsonnel.
Proper service procedures for devices such as domestic refrigerators have the
potential to raduce CFC-12 imports in some countries by over 50 perceant. While
conservation practices which reduce wastags of CFCs are cost affectiva,
traditional CFC pricea will need to increase significantly to support the
required changes within the equipment service community.

Retrofit Bxisting Equipmant for HCPC-22

. B.14 ' Spacialty eguipment, guch as water coolers, use =mall CFC-12
refrigerant units which can be replacad with similar HCFC-22 unita. Equipcent
redasign efforts are small, whila the HCFC-22 technology is well proven in
devices such as window sir conditioners. The obviocus advantags for such redesign
is that HCFC-22 has an ODP of only 0.05. Tha addsd coet of the HCPFC-22
compression system, and the added cost of the redesign are disadvantages which
will be overcome as supplies of CFC~12 become short, and prices for CPC-12
edcalate.

Uss Ammonic.

B.15 This option is only a viable consideration for new installations, aa
ammonia will not function in existing egquipment. Ammonia has geod thermodynamic
properties and good heat and mass transfer properties &and is the lowest-priced
refrigerant available today. Under specific operating conditions it has a high
coafficient of performance. Armonia is toxic and flammabla, characteristics
which are important pafety concarns when public exposure to lezkage is possible.

Application of ammonia as 2 significant replacement for CFC~11 or

B.16
CFC-12 refrigerant le unlikely.

Recovery - Recygle — Reclemstion of CFCs

B.17 Opportunities to consarvs existing supplies of CFC by recapturing and
reusing CFCs from existing facilities exist primarily in the refrigerant sector.
Refrigerants are ususlly contained in a sesled systems and are amenable to
recapture during routine repair or maintenance. Flexible foame release thair
contained CFCe during the first few days following manufacture. Clogsed~cell
rigid foams slowly release their CFCs over a pericd of several years. Asrosol
products release their CFCs immediately upon use.

B.1l8 Refrigeration and air conditioning equipment (e.g. home
refrigerators, auto air conditioners, etc.) reguire periodic repair or

N
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maintenance during which it is usually necessary to remove the CFC refrigerant
before the appropriate servics procedure can bes performed. A common repair is
to locate and seal a lsak thru which CFC escaped. Another common repair is to
replace of the hermetically sealad compressor-motor unit because tha motor is
burned-out. Both repairs require discharging any residual refrigerant in the
system before commencing the mechanical phase of the repair procedurs. Large
commercial and industrial system users employ periodic preventative maintenance
to protect their investmants. A common component of maintenance -procedures is
replacement of used CFC refrigerant with virgin material to remove contaminants
(water, air, degraded oils, metal particles) from the system. The used CFCs are
often discharged to the atmosphere.

B.19 - Different typas of equipment use differsnt refrigerants; they must
pot be mixed. A refrigeration device must not be recharged with a refrigerant
other than that for which it was originally designed without consultation with
the manufacturer of the original equipment.

B.20 Conservation of refrigerants used in existing facilities requires:
l) isclation of the refrigerant within the system; 2} coupling the system to an
external container; 3) conveying the refrigerant from the system to the external
container; 4) purification of the

recoverad refrigerant, and 5) recharging egquipment with pure refrigerant. Thare
are three terms which best define the various phases of thass activities in the
refrigeration and air conditioning sector - recovery, recycle, reclaim,

Reacovery: To remove refrigerant in any condition from a system and store
it in an external container without testing or processing.

Recycls: To purify refrigarant for reuse by oil separation, filtratioen,
drying, and/or chemical treatment. This procedure is usually (but not
necassarily) performed on a job site or in a service shop and the purified
CFC is returned to the equipment from which it was originally recovered.

Reclaim: To reprocess recoversd refrigerant by distillation and other
means so that it meets naw product specifications. Reclamation is usually
performed in a large scale centrally located facility with extensive
analytical capabjilities.

B.21 Recovery is the essential first step that must be taken before the
refrigeration system is opsnad to the atmosphere. By definition the quantity of
refrigerant recovered will not exceed its initial charge (e.g. 150~300 grams for
a home refrigerator). Recovery of small quantities of refrigerant im possible
but is generally not cost effective at current CFC prices. One system uses
evacuated bags inte which the refrigerant is vented. The bags are then sent to
a central facility where their contents are pumpad into a storage tank for
reclamation.

B.22 To recycle refrigerants, speclally designed machines are directly
coupled to the refrigerant system charging line; refrigerant is processed through
a variety of purification devices in the machine; the system is evacuated of all
residual gases; virgin refrigerant is added to replace system lcoases, and the
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recycled refrigerant is returned to the system. The recycle procedure can be
interrupted prior to the svacuation step in order to inspact or repair system
defacts.

B.23 The recycle procedure is particularly usaful for large systems which
ars pre-equippad with the necessary valvas and recovery tanks (e.g. large
centrifugal chillers). Special recycle machines are available for minimizing
refrigerant loss during pericdic maintenance. Owners of large systems are often
reluctant to use recycle procedurss because they balieve the risk of inadequate
purification is excessive. In such instances, it is feasible to recover the used
refrigerant for reclamation and reuse in other facilities.

B.24 Reclamation of ussd refrigerant is a complex task reguiring preciss
identification of all materials being handled to aveid cross contamination with
other refrigerants and/or acceptance of dangerous substances in combination with
the refrigerants. Purification generally requires large distillation facilities
similar to those used during CFC manufacture.

FOAMS

B.2S CFCs are used in the foam sector for processes which expand plastic
materials to create insulation, cushicning, packaging products, floatation
devices, and shoe soles. Foams compete with fiberglass, paper, polyester
fiberfill, and natural fibers for application in end-products. CFCs are used as
blowing agents because they have suitable volatility and low toxicity, are
non-reactive and non-flammable, and are cost effective. When retained in the
foam cell structure, thelr low tharmal conductivity imparts excellent insulation
characteristics to the foam. CFCs in combination with other agents are alsc used
to decrease foam density and increase softnees of flaxible foams. CFCs cool the
exothermic reaction in the production process and protect the product against
overheating and burning.

Market Seqmentatio d sypative
B.26 The primary plastic types and their respective CFC blowing agents
aret
Polyuiethnne'. Crc-11
Polystyrane CFrC-12
Polyolefing CFC-11/12/114
Phenolic - Crc-11/113
Polyurethane
B.27 Polyurethans foam is produced by in-situ catalytic polymerization of

a polycl and & reactive isocyanate {[toluene diisocyanate (TDI) or
diisocyanate-diphenylmethane {(MDI)] in the presence of a blowing agent (CFC-11,
methylene chloride, or C02). The spacific ingredients used depend on the foam
characteristics desired, Flame retardants are added to meet end user
spacifications. Since the process is catalytic, exothermic, and initiates at
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ambient conditions, ingredients are mixed in their proper proporticns at the
point of their introduction into the procass.

B.28 Polyol/blowing agent/catalyst systams ars frequently premixed by
suppliers so that reaction can be initiated simply by adding the isocyanate.
Premixing reduces the nesd for storage and mixing facilities at the user’s plant
and usually improves quality control. Large manufacturars, however, prefer to
mix their ingredients on site. -

B.29 Foam products are classified as:

Flaxible--Open cell structure--flexible and elastic foams for cushioning
in home and office furniture, bedding, carpet underlay, and car seats.

Semai-Rigid--Open cell structure--moderate elasticity for safety padding in
vehicle interiors (instrument panels, arm rests, door panels, etc).

Rigid--Cloesed cell structure for acoustic and thermal insulation--panals
in housing and for insulation of home refrigerators.

Integral Skin--Compact outer skin with a gradual change over to a fine
cellular core; high rigidity and surface hardness, low weight--desks,
windows, electronic parts, and shoe soles.

B.30 CFC~1l requirements vary with the type of foam being produced. As
an ingredient, CFC-11 accounts for 10-30 percent of the finished foam weight.
Methylene chloride can be used to replace CFC-11 in most flexible foam
applications on an equimolar basis; howaver, methylena chloride toxicity (suspect
carcinogen) is a concern which must be delt with in the process environment by
use of protective equipment to avoid worker exposure to fumes released during
foam formation.

B.31 Polyurethane foams can alsc be expanded by carbon dioxide (C02) which
is genarated in-situ by a reaction between water and isocyanate. These so-called
"water blown" foams are not as soft as "CPFC blown®" foams and must be specially
formulated to achieve acceptable product quality. Partial water substitution for
CFC-11 has been demonstrated to reduce CFC requirements without significant lose
of performance in rigid foams.

B.32 Home refrigerators contain significant quantities of rigid foam which
is formed in place at the point of manufacture to insulate the interior
compartment and to add stability to the external shell. Refrigerator

manufactures usually mix their ingredients on site. CFC-11 requirements have
been reduced at several locations by up to 50 percent by smploying a combinaticn
of "water blown" and CFC-11 expansjion methods with special polyols.

B.33 HCFC-22 has shown promise as a direct replacemant for CFC-1l without
major formulation adjustmeant. Although HCFC-22 is a gas (boiling point -40.8C)
at ambient conditions, its extremely good solubility in polyols and polyurethane
systems allows 1t to be wused with only minor equipment modifications. On a
weight basis, approximately 60-65% of the amount of CFC-1l is needed to reach
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Crc-11 squilidbrium free rise deansities thereby reducing nat cost of manufacturs.
HCFC-22 blown foam cell structures tend to be somswhat finer and may require
formulation adjustment tc stabilize the foam. Howsver, the finer structure
improves insulation value and partially offssts the higher thermal conductivity
of HCFC-22 as comparad to CFC-ll. Thers could be some tightening of HCFC-22
production given that it does not have an ODP of zero but of 0.5.

B.34 HCrc-123 (oDP=0,.02) and HCFC-141b {ODP=0,15) ars slso potential
blowing agents for polyurethane foams. HECFC-141lb must be handled as a flammable
liquid. HCFC-123 has been assigned a 100 ppm AEL (Acceptable Exposure Level) and
will require special handling. Both materials are being sxtensively tested for
toxicity as part of the Program for Alternative Flucrocarbon Toxicity Tasting
(PAFT), sponsored by major global fluorocarbon manufacturars. Scheduled dates
for reporting rasults of the PAFT two-year chronic inhalation exposure tests are:

' »Twoéfi(r‘rdjtl'

3 ‘mid-1992

.. /HCFC-141b

B.3S Application of HCFC-123 and HCFC-141b as commarcial blowing agents,
even on a small scale, prior to completion of the PAFT tests is unlikely. Early
tests have indicated a need to establish an ALV of 10 ppm as a precaution. Also,
world capacity for production of these materials will be limited until it is
clear that toxicity is acceptably low and that there will be sufficient demand
and justification for the required capital investment.

B.36 ) In summary, it is technically possible to reduce CFC consumption in
the polyurethane foam industry by at least BO percent using a combination of
process modifications and currently available blowing agent/polycl systems.
Complete elimination of CFCs will require development of new blowing agent
systems, probably HCFC-based, or changes in design of the end-products as new
technologies (&.g. vacuum panels} emerge.

Polystyrens

B.37 There are two types of polystyrene foam: rigid boardstock for
insulation, and rigid sheet for disposable food saervice and packaging products.
Both types of foam are produced by an extrusion process in which C¥c-12 is
dispersed in molten polystyrene under high pressure. As the mixture leaves the
extruder, the CFC-12 vaporizes and causes the plastic to expand uniformly. The
high moisture resistance of polystyrene makes it practical and cost effective for
applications where water is present. Since polystyrene is thermoplastic, sheets
can be molded into epecial shapes for packaging foods, meats and eggs. These
applications are of environmental concern because they contribute to solld waste
and are not biodegradable.

B.38 HCFC-22, in combination with hydrocarbons, can be substituted for
CPFC-12 in tha manufacture of most extruded polystyrene sheet products. HCFC-22
has FDA approval in the U.S. for food packaging, provided HCFC-22 concentration
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is <5ppm at the time of food contact. Other HCFCs and HPFCs are baing considered
as CFC-12 replacemants. All must await completion of toxicity tests and all will
nead special approval for use in contact with foods. In the mean time, natural
products and plastic sheets can and will displace most applications for
polystyrens sheet.

B.39 HPFC-152a is gaining acceptance as a blowing agent for polystyrens in
facilities squipped for handling flammable gases, such as propans.

Other Foams

B.40 Polyolefin foams account for only five percant of all foams and
include products made from polyethylense and polypropylene resins which
occasionally include other resins as modifiers. The process technology for
polyolefins is sssentially the same as that used for polystyrsne axcept that the
blowing agent is usually a mixture of CFC-114, CFC-12, and/or CFC-1l. S5pecific
properties of polyolefin foams meet the requirements for packaging of high value
goods such as furniture and electronic devices where the package must be designed
to provide a high degree of product protection. Substitute packaging materials
and systems do not usually meet the high performance requirements of thase
products.

B.41 Hydrocarbons, and HCFC-22/HCFC-142b mixtures are used today to
replace CFC-12 in polyolefin foam manufacture. Some process modification is
necassary bescause of and CFC-12 are commonly used. Replacement with LPG and
inert gases such as CO,;, N0 and N; has besen effective in most cases with the
exception of medical applications. The special characteristics of CFCs have
made them essentiazl and irreplaceable in this application.

B.42 . Closed cell phenclic foams are produced by the acid-catalyzed
polymerization of a phenclic resin using CFC-11 and CFC~113] as the blowing agent.
These foams serve a speciality market in high performance insulation and as such
account for less than one parcent of all foams. They offer better insulating
value than other materials due to the low thermal conductivity of the CFCs which
are fully retained within the foam for extsnded periods of time. They also have
improved firs resistance, low smoke generation, and high temperature resistance.
End-uses are for roofing insulation and other high-snd applications in the
construction industry. HCFC-123 and HCFC-141b appear to be suitable alternatives
toc the CFCs currently used; however, their higher thermal conductivities may
require process refinements, and use is unlikely until toxicity issues are
resclved..

AEROSOLS

B.43 Aercsol propellants are defined as volatile fluids capable of
expelling active ingredients from a sealed container at or below 105 degreas
Fahrenheit. Propellants such as CO; hava been used for over 100 years to
dispense sodas and other food products, but as CFC supplies became abundant in
the 19508 and 1960s, thelr unique properties led to the rapid growth of a large
aerosol industry. By 1974, aerosol propellant applications accounted for about
three-fourths of the world CFC consumption. The market was saturated with a wide
variaty of aerosol products 50-60 percent of which used CFCs as a propellant,
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The major applications were chaving cresame, hair epraves, antiperepiranc eprzys,
perfunes, insecticides ernsd repeilante, polishes; peints, oven leoaners, alr
freshanerc, and leundry atde.

Alterpative Propellsnts by Harket Seoment
B.44 For the purposss of this study, the market Ifor CFC aercsol
propallants was segmented into Commetics, Rousehcld Producte, &nd Other Aerocsol
zpplications.

Cosmatics
B.45 Hejor applicaticns of CFCs in compatics include hair sprays,

antiperepirants, psrfumes and colognes, skin cera products; shaving creams, and
cther psrscnal products. These applications scccunt for 30-50 parcent cf all
aerosol producticn in most countries. hotive ingradients can vary widsly.
Propellants must maoet speclial requiremants of compatibility with all compenents
in the svetem.

B.46 Prcpellants must bs non~-toxic, inert, odorlers, and prefercsbly
nen~flamnable., CFC-~12 and CFC-114 are commonly used in combinztion with various
glcohole and water. Alternative non-CFC delivery systems such as purps and stickse
have zatiefied half of the cosmetic market neads, but most consumerse still prefer
aeroscle. Propellants auch as deodorized ligquid petroleum gas mixturss (LPG) are
ond CFC substitute but are often flammzble during use. Dimethyl ether (DME) ie
algo flarmmable but ie uesd bacause of Lts coxpetibility with watar based
formulations. There is no universsl glternative for cosmetic appliications, as
ezch has ite own epecific reguirementsz and preferences.

Eousehold Products

3.47 Household producte sccount for approximstely 30-40 peccent of the
denand for sercscl propellantsz. These preoducsts include liundry aids, furniture
polishes and cleerners, oven cleaners, alr Zresheners, insecticides, and insect
repellants. They usually coapats with simlilar non-sarosol products but are
preferrad basod con the paerformance of their delivery syztem. The moat commeniy
usaed CFCs are OFC-11 and CFC~1B. Rerlacement wiith LPG hae bean satisfactory. One
company, Jehnson Hax, converted all of thair CFC aaroeols zo LPG propeilant in
1575 and has had satisfactory perforzance opposite conpetitive producte evaer
since.

Othar Rarcsale

B.48 Higcellaneous seroco) propellant applications account for the balance
of demard and include paints, coatings snd finishce, lubrication products,
ectomotive products, spaciality ineulaticn syetems, food preoducts, and medicines.
CFC-11 and CFC-1Z are commonly used. Replacemant with LPG and Llnert jaser such
g8 CGp, N2 and N; hava been effective in most curee with the axzeption of
medical epplications, where the special characteristica of CFCe have made them
assential and irreplaceable,



-

B-11
SOLVENTS
Background

B.49 The unique solvent characteristics of chlerinated hydrocarbons and
flucrocarbons has led to a wide range of solvent applications where cleaning
afficiency and product quality are enhanced significantly as a direct result of
using the solvent.

B.50 Three industries rely on solvents for sustaining product integrity.

Elactronics - where residues must be removed from components (electronic
chips, circuit boards, etc.) without damaging the substrate or the primary parts.

MNetal Parts Manufacture - where heavy residues of olils, greasas , and
cuttings must be effectively removed before assembly, painting, or packaging.

Dry Clsaning (clething) ~ often included in the scope of the solvent
business because of the large volume used, but not included in this study because
ODSs are not ordinarily used as solvents.

B.51 Major ODS solvents classified as controlled substances under the
Montreal Protocol are trichlorotrifluoroethane {(CFC-113), Carbon Tetrachloride
(CTC), and 1,1,1 trichlorcsthane (methyl chloroform).

Cr¢-

B.S52 This chlorofluorocarbon sclvent has been the solvent of choice for
high—-end electronics applications and has participated strongly in the growth of
the computar business during the 1980s. It i{s also preferred for the cleaning of
precision parts, machine tools, &nd other metal components. In these
applications, the solvents often contain about 2% CFC-11.

Carbon Tstrachlorjde

B.53 While CTC has been widely used in the past as a solvent for general
cleaning, its toxic properties have mitigated against it use. Today, it is only
used as a solvent where low-cost is the only consjideration and there ie no human
exposure. Other applications for CIC are as the primary raw material for
CFC-11/12 manufacture, and ae an ingredient for certain pesticides and
pharmaceuticals.

Met Chlo orm

B.54 First used as a solvent to replace carbon tetrachloride in cold
cleaning, methyl chloroform is now used for both cold cleaning and vapor
degreasing and is highly effective whether used hot or cold and the method is
dip, spray, wipe, flush or ultrasonic. Additives are frequently used to enhance
corrosion protection and solvent stability.



Alternative Solventsy

B.55 With few exceptions, the “"czone issue” and tha Montreal Protocol
rastrictions have prompted solvent users to sesk and apply alternative non-ops
solvants to thelr opsrations. These afforts have bsen largely successful without
sacrificing cleaning effectiveness. The attention directed at solvent
containment and reclamation has pald cost dividends. One measurable result of the
transformation to non-0ODS solvents has been an 80% reduction in CFC-113 use in
the United Statss since 1986. Methyl chloroform has displaced some of the
CFC=113; in time, thase applications will move to 1,1,1 trichlorethylene. Every
application wusually has one or more options that can be adopted. These include
use of terpenes, organic and alcohol-based solveants, and longer range HCFC
solvent blends if toxicity testing is completed with satisfactory results. In
other instances, process changes which eliminate the need for solvent cleaning
(e#.g. no clean fluxes) are proving satiefactory.

HALONS

B.56 Halons are used extensively as effective fire extinguishants in
hand-held units (Halon 1211) and in central systems (Halon 1301). Commercial
aircraft and modern military egquipment (tanks, aircraft, and ships) have all
adopted Halon systems for fire protection.

B.57 Except for Halon consumad in equipment testing or during a fire
avent, all Halon is still contained in its original container. Because of its
effectiveness in extinguishing fires without damaging electronic or other
equipment or without toxic or othar impacts on humans, Halons are strongly
preferred over other extinguishants. There are other obviocus fire extinguishants
that users can adopt in place of Halons (water, dry chemjcal, CO;} at the expenss
of effectiveness. A chemical substitute with all of the unique properties of
Halons has not baen identified; however, by using alternatives in applications
where use of Halons is non-essantial, the reduction in the consumption will be
appreciable.
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DETAILED PHASEOUT SCENARIOS BY USER SECTOR
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Thie Annex sets out the assumed phase-ocut pattern in each user sactor for the two

scenarios:

B accelerated phase-out;

a allowed phase-out.

1. Accalerated Phase-0ut by Bector

This section presents diagrams illustrating the most likely responses of
each industry sector to market forces and reflects their current plans
whers these exist. It assumes supporting government phase-out measures
to ensure that all sectors respond in this timeframa. The spead of
changeover in each sector is constructed in line with industry estimates
whare available.

Domestic Refrigerators
Figure F.1 {illustrates unconstrained demand projections, Figure F.2

illustrates the most likely phase—-out profile for domestic refrigerator
manufacturers. There are separate lines on each graph for:

E the CFC-11 used in the insulating foam;

| the CFC-12 used in new refrigerators;

| the CFC-12 required for recharge; and

| the resultant total CFC demand in the sector.

There are four significant steps in the phase-cut graph:

| § the introduction of water blowing (50 per cent less CFC-1l) of the
foam in 1993. This is already technically possible and in
widespread use in Europe and the USA, although there are some cost
penalties that are delayling ite adoption in Jordan;

[ the complete phase-out of CFC-1l1 in the foam over a period of 2
years (starting in 1997) as it is replaced by HCFC-22. The exact
technicalities of this are not yet fully resolved;

| a phase-in of HFC-134a refrigerant to replace CFC-12 in new
refrigerators over four years beginning in 1995. This is broadly
in line with Jordanian manufacturers plans. It allows time for its
full commercial introducticn in Europe, expected in 1993;
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[ | a curtallment of recharge with virgin Crcs from 2007, as constrained
by the Protocol 15 par cent limit. [Caroline to check])

Commearcial Rafrigeration

The graphs in Figure F.4 and F.5 illustrate unconstrained and sccelerated
phaseout profiles. Therae is a gradual reduction in the demand for Crc-12
for recharge as the population of units using Crc-12 declines over time
with the introduction of new units using alternative refrigerants.

Mobile Air Conditioning

In this sector, therse is also a distinction betwesn CFC-12 consumption for
new unjits and for recharge demand, as shown in Figures F.7 and F.8. Use
of CFC-12 in new units decreasas over four years (starting in 1995) as
HFC~-134a is introduced. The first HFC-134a air conditioners have already
been introduced by Mercedes intc their top range cars. It is likely to
take some time for this to spread to most mobile air conditioners.

The demand for CFC-12 for recharge is not met from 2007, as virgin CFC
supply is constrained by the 15 per cent limit in the Proteocol.

Polyursthane Foams

The graphe in PFigures F.10 and F.11 {llustrate unconstrained and
accelerated ODS phassout for both rigid and flexible foams (excluding
refrigerator insulation).

For flaxible foams, there is a single phase-out step in 1993 when
production of the low density foam ceases.

The use of CFC-1l in rigid foams decreases with the introduction of water
blowing (50 per cant less CFC-1ll) in 1993. As was mentioned in the case
of refrigerator insulating foam, water blowing is already common. CFC-11
in the foam is phased out completely over a pericd of 2 years starting in
1997.

Aesrosols

The phase~out of CFCs from aerosols is likely to proceed rapidly once an
unstenched supply of LPG is secured. This assumed to happen in 1993, as
illustrated in Figure F.15.

Allowed Phasa~Out by Bector

The responses that might be expected from each industry sector if they
take no action in advance of government phase-cut measures are essaentially
the same as those described for the most likely scenario, but occuring
later. These are illustrated in the following series of graphs.
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