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This document includes the following project proposals and the Fund Secretarniat's
Comments and Recommendations. The project proposals have been grouped by project sector.
The agency responsible for the implementation of the project is also indicated. The project
proposals are presented in the order indicated below. The Fund Secretariat’'s Comments and
Recommendations are presented at the front of the document.

Refrigeration

- Replacement of CFC-11/12 to cyclopentane/HFC-134a foaming IBRD
agent/refrigerant factory conversion (Metalfrio S.A.)

- Conversion to reduced CFC technology in the manufacture of Refrigerators at IBRD

Refrigeracac Parana S.A., Umdade Sao Carlos
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: Brazil

PROJECT TITLE: CFC-11/12 to cyclopentane/HFC-134a foaming

agent/refrigerant  factory conversion  at
METALFRIO S.A.

BUDGET: . US $2,526,780 Incremental Capital Costs
INCREMENTAL COSTS: US $2,526,780
ODS PHASE-OUT: 160 MT of CFC-11, 45 MT of CFC-12,

0.8 MT CFC-502 and 5 MT TCE
(206 MT/yr. total ODP eliminated)

COST EFFECTIVENESS: US $12.27 per Kg. ODP saved
PROJECT DURATION: 1.5 years
IMPLEMENTING AGENCY: World Bank

NATIONAL COORDINATING AGENCY : Interministerial Ozone Technical Group

TECHNICAL REVIEW COMPLETED: YES _X NO_

SECRETARIAT’S COMMENTS

1. The project covers conversion of the freezer manufacturing plant METALFRIO S.A.,
Brazil. Implementation of the project will result in eliminating 160 MT of CFC-11, 45 MT of
CFC-12, 0.8 MT of CFC-502 and 5 MT of TCE. This represents about 8 per cent of ODS
consumption in the refrigeration sector in Brazil.

2. The project includes the redesign of all current freezer models and the conversion of
the plant. The existing fabrication lines will be refitted and converted to permit production with
cyclopentane as foam blowing agent, HFC-134a and HP-162 as refrigerants and with
non-chlorinated chemicals as cleaning solvents. Cyclopentane, HFC-134a, HP-62 and chlorinated
solvents are ultimate conversion solutions. The project will be implemented within 18 months.

3. Refrigeration model redesign and the technical aspects of the conversion, including
safety measures associated with cyclopentane application (protection, gas detector system,
exhausting and ventilation) will be implemented with assistance from the equipment and new
foam formulation suppliers, including training of METALFRIO S.A. personnel. In addition,
specialized engineering personnel will be hired to supervise project implementation management.
The safety statement will be issued upon commissioning and total installation. These
arrangements would ensure a proper technology transfer and safe operations.



UNEP/OzL..Pro/ExCom/15/23
Page 2

4, Incremental operating costs are not requested under this project. These costs will be
assessed and requested for reimbursement on a post-facto basis at a later stage.

S. The contingencies calculated at 15 per cent of costs of the project are at the highest
level of the admissible range.

6. The cost-effectiveness of the project is adequate for this type of conversion.

SECRETARIAT’S RECOMMENDATION

7. The Secretariat recommends approval of the project and approval of capital costs of
US $2,526,780.
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PROJECT EVALUATION SHEET

COUNTRY OR REGIONMN: Brazil

PROJECT TITLE: Conversion to Reduced CFC Technology in the
Manufacturing of Refrigerators

BUDGET: US $306,053 (Capital Costs)

INCREMENTAL COSTS: US $286,007"

ODS PHASE-OUT: 95.5 MT of CFC-11

COST EFFECTIVENESS: US $2.99 per Kg. ODP saved

PROJECT DURATION: 2 years

IMPLEMENTING AGENCY: World Bank

NATIONAL COORDINATING AGENCY : Interministerial Ozone Technical Group

TECHNICAL REVIEW COMPLETED: YES X NO _

T MME]

1. This project covers the transition to 50 per cent ODS reduced insulation foam, Fifty
per cent reduced technology is an interim solution. The company is planning to switch over
to HCFC-141b in the near future. The assurance has been transmitted to the Secretariat,
however, that the company will not request any funds in switching over to HCFC-141b
technology. The letter is attached to this evaluation sheet for reference.

2. HCFC-141b and cyclopentane technology are readily available on the market and are
being implemented by many Article 5 countries. The Secretariat seeks guidance from the

Executive Committee regarding funding of 50 per cent ODS-reduced foam projects in the
future.

3. Capital costs requested under the project proposal are associated with replacement and
conversion of existing equipment and testing. Several cost items are completely or partially not
eligible for funding. These issues have been discussed with the World Bank, A full agreement
has been reached regarding the revision of these cost items,

4. The project is cost-effective,
SECRETARIAT’S REC NDATIONS
5 The Fund Secretariat recommends approval of the project, as revised, in the amount

of US $162,603.

1. Adjusted 1o reflect Tocal ownership of 93.45 per cent.
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: Braxzil

PROJECT TITLE: CFC-11/12 to cyclopentane/HFC-134a foaming
agent/refrigerant factory conversion

BUDGET: US $2,526,780 Incremental Capital Costs

INCREMENTAL COSTS: US $2,526,780

ODS PHASE-OUT: 160 MT of CFC-11, 45 MT of CFC-12,

0.8 MT CFC-502 and 5 MT TCE
(206 MT/yr. total ODP eliminated)

COST EFFECTIVENESS: US $12.27 per Kg. ODP saved
PROJECT DURATION: 1.5 years
IMPLEMENTING AGENCY: World Bank

NATIONAL COORDINATING AGENCY : Interministerial Ozone Technical Group

TECHNICAL REVIEW COMPLETED: YES X NO_

SECRETARIAT’S COMMENTS

1. The project covers conversion of the freezer manufacturing plant METALFRIO S.A.,
Brazil. Implementation of the project will result in eliminating 160 MT of CFC-11, 45 MT of
CFC-12, 0.8 MT of CFC-502 and 5 MT of TCE. This represents about 8 per cent of ODS
consumption in the refrigeration sector in Brazil,

2. The project includes the redesign of all current freezer models and the conversion of
the plant. The existing fabrication lines will be refitted and converted to permit production with
cyclopentane as foam blowing agent, HFC-134a and HP-162 as refrigerants and with
non-chlorinated chemicals as cleaning solvents, Cyclopentane, HFC-134a, HP-62 and chlorinated
solvents are ultimate conversion solutions. The project will be implemented within 18 months.

3. Refrigeration model redesign and the technical aspects of the conversion, including
safety measures associated with cyclopentane application (protection, gas detector system,
exhausting and ventilation) will be implemented with assistance from the equipment and new
foam formulation suppliers, including training of METALFRIO S A. personnel. In addition,
specialized engineering personnel will be hired to supervise project implementation management.
The safety statement will be issued upon commissioning and total installation. These
arrangements would ensure a proper technology transfer and safe operations.



4. Incremental operating costs are not requested under this project. These costs will be
assessed and requested for reimbursement on a post-facto basis at a later stage.

3. The contingencies calculated at 15 per cent of costs of the project are at the highest
level of the admissible range.

6. The cost-effectiveness of the project is adequate for this type of conversion.

TARIAT®

7. The Secretariat recommends approval of the project and approval of capital costs of
US $2,526,780.



THE MONTREAL PROTOCOL
ON SUBSTANCES THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET

COUNTRY ¢

PROJECT NAME:

SECTORS COVERED:

ODS CONSUMPTION IN
AFFECTED SECTORS:

PROJECT IMPRCT:

PROJECT DURATION:
PROJECT BCONOMIC LIFE:

TOTAL PROJECT COST:

PROPOSED ODS GBANT:

UNIT ABATEMENT COST:

IMPLEMENTING AGENCY:

COQORDINATING NAT. AGENCIES:

BENEFICIARY ENTERPRISE:

Brazil

CPC-11/12 to cyclopentane/HFC-134a foaming
agent frefrigerant factory conversion.

Commercial horizontal and vertical freezars

Estimated for 19%3 2,500 MT of CFC~11 and CPC-12

Phape cut ©f annual coneumption of 160 MT of
CFC=11, 45 MT of CFC~12, 0.8 MT of CFC-502 and 5
HMT of Trichlorcethane (206 MT/yr total QDP
eliminated}.

1.5 years
10 years

Total capital cosb: USS 4,170,000 (includes
estimated US§ 1 million import taxes which may
be exempted).

Incremental capital cost: USS 2,.526.780
Ingremental operating coste: To be determined
after each of first four years of operation.

Incremental capital cost: uUss 2,526,780
Incremental coperating costs: As incurred
{Estimated range: USS 0-1 million annually)

Annualized capital cost: US§ 2.06/kg ODP
Annual incremental cost (non—discounted)
Up to US§ 4.86/kg ODP.

The World Bank/Financladora de Estudos o
Projetos {FINEP)

Interministerial Ozone Technical Group GTO)

METALFRIO S.A.

PROJECT SUMMARY

Please Refer to attached Executive Project Summary

rr—



PROJECT SUMMARY

1. The project consists of the refitting of Metalfrio's existing horizontal
and vertical freezers fabrication lines which currently use CFC~11/-12
technology for foaming agent and refrigeration raspectively, to permit
production with cyclopentane foaming agent and HFC-134a refrigerant. Dug to
the flammability of cyclopentane, the foaming area will reguire explosion
procf design standards, and supervisory and worker training must loncorporate
safe operating practices in hazardous environments. Project ilmplementation
will result in the definitive phase-out of 100% of CFC~11, CFC-12, HCFC-502
and chloride cleaning solvents used in the productjion of commercial and
domestic freezers and covlers at METALFRIO $.A. The total estimated project
caplital cost ig USS 4.17 million of which incremental capital costs are USS
2.61 million. Metalfrio 8.A.*'s 1994 production level will be an estimated
150,000 unite. Unit coats of production are expectad to be higher after
convergion. Nevertheless, due to the uncertainty involved in ante facto
quantification, reimbursement of ilancremsental operating costs will be on a post
facte basis, They will be reimbursed to the extent that Metalfrio can
demonstrate transparently that: 1)} unit production costs were higher than
before the conversion; ii}) the additional ceosts were not passed on through
adjusted gelling prices; and iii} as a repult of ii}, profits for this portion
of production were reduced over the base year before conversion. The
reduction in profits is what will be eligible for compenmsation.

2. The project will be implemented over an 18 month period, including model
redesign and field prototype testing. Annex 1 contains the project
implementation program, capital cost estimate and outline equipment
gpecifications. Annex 2 is the report of the refrigeration technical
consultant. Annex 3 ias the report of the technical consultant who reviewed
the project's gafeCy aspects. Annexes 4 and 5 are the reports of the QOORG
reviewera for foams and refrigeration, respectively, both of whom approved the
project. Annex 6 is the letter of FIKEP, formerly requesting consideration of
the project by the MFEC. These are no HP policy issues related to this
project as the proposed technologiea have already been approved as definitive
zero ODP gsolutions; and none of Metalfrio's production is exported to non-
Article 5 nations.

PROJE QBJECTIVE

3. The obijective of this preoject is to eliminate the use of 20% tons
annually of ozone depleting substances (ODS) including CFC-11, CPC~12, CFC-502
and trichloreoethane in the production of commercial and domestic freezers
manufactured by METALFRIO.

SECTOR BACKGROUND

4. The subsector for commercial and domestic refrigerators and freezers in
Brazil consista of 6 large producters who control most of the market and a
number of smaller ones. The total ingstalled production capacity for
refrigerators and freezers is more than 4,000,000 units per year, but
production capacity utilization is currently 66%.

[



5. Brazil's production of CFC-1]1 and CFC~12 wag estimated to be B000 MT in
1987 and 9300 MT in 198%9. The total consumption of CFCs in the production of
polyurethane foam wag about 3.400 HT in 1989 but not all has been used forx
this sector. In 1993, the estimated total consumption of ODS in the
refrigeration sector, based up on a sale of approximately 2,73%G,000
refrigerators and freezerag was about 2500 MT. Based on an estimated average
ugeful life of 15 years, the existing total stock of refrigerators and
freezers in use in Brazil is estimated at 28 million. Approximately 2-5% are
re-charged annually during servicing. Due in part to lack of equipment for
the services sector, service staff very often use CFC-12 for washing/flushing
cooling systems, instead of usiang vacuum pumps and charging boards, thereby
increasing ODS congumption during servicing to twice the unit's refrigerant
cireuit capacity. Estimated annual €FC-12 consumption for servicing is 400-800
MT, although it is possible that it wmay be even higher.

EN R BACKGROUN

6. METALFRIO S/A ~ INDGESTRIA & COMERCIO LE REFRIGERAQKO has been operating
over the last 27 vears in the manufacture and sale of commercial and domestic
refrigeration products for the Brazilian and South American marketsg, It is
owned by the Continental 2001 Group, a 100% Brazilian owned firm. The company
employs 580 staff and the instalied annual capacity is zbout 200,000 unita per
one and one half shifts daily. Production in 1993 was 131,469 unita.
Estimated production for 1994 is 150,000 units.

7. METALFRIOQ is a leader in the Brazilian commercial chest freezer/cooler
market segment. It commands approximately 33% of that market and, in 1993, it
exported 30,000 units to Argentina, Paraguay, Mexico and other South Rmerican
countries, It does not export to any non Article 5 countries. The company
has its own research and development department, and the designs and
technology applications used in its current product line have been developed
in house. Metalfrio also has its own performance test laboratory, part of
which will be refitted within the project scope, to permit the testing of the
HFC-1l34a/cyclopentane freezer demigns. Metalfrio has a sound financiazl
gtructure, and is debt free, although along with the rest of the refrigerator
industry, it operated at slightly below break even in 1991-93 due to the
economic criasis. It is expecting a profitable 1994,

PROJECT DESCRIPTION

8. The projects consiste of the refitting of the existing fabrication
lines, which use CFC-11/-12 technology for foaming agent and refrigeration
respectively, to permit production with cyclopentane focaming agent and HFC-
l34a refrigerant. Due to the flammability of cyclopentane, the foaming area
willi require explosion proof design standarde, and supervisory and worker
training must incorporate safe operating practices in hazardous environmenta.
Project implementation will result in the definitive phase-out of 100% of CFC-
11, CFC~12, HCFC-502 and chloride cleaning solvents used in the production of
commercial and domestic freezers and coolers at METALFRIO S.A. The chosen
replacanent altarnatives are gyclopentane as foam blowing agent, HFC-134a and
HP-62 (R404a}) as refrigerants, and non chloride baged cleaning solvents.

[i99)



9. The project scope includes: i) procurement of new machinery and
agrgquipment; il) rebuilding of presently used egquipment, such as vacuum pumps
and foaming jigs and plugs; iii} assembly line rearrangement and some related
civil works; iv) redesign of freezere and coolers; and v) installation,
commissioning, on-the-job training, trial operation and start-up of foam
injection systems. For uge in non 0ODS refrigeration circuite, METALFRIG will
purchase Brazilian produced EMBRACO and SICOM HFC-134a and HP-~62 compressors,
which have been commercially available for export markets since late 1992.
The cyclopentane storage tank and transfer system is included within the
project. A dependable supply of imported foam grade cyclopentane has been
promised by three potential suppliers, Bayer and ATOCHEM and ICI. The polyol
gtorage and mixing tanks, which will be furnished by raw material suppliers,
are outside the scope of the project. Recovery and recycling units for CFC-
12, as well as eguipment which will be used for servicing HFC-134a
refrigeration systems will have to be provided for Metalfrio's refrigeration

service centers, but these are also not included within the soope of this
project.,

10. The thermodynamic properties of HFC-134a differ sufficiently from those
of CFC~12 to require critical design modifications of the components of the
refrigeration system. Redesign of the existing freezer and cooler models will
require protobyping, performance testing, trial manufacturing and adaptation,
as well as reliability testg. Lab and field testing of 30 prototype units
produced in Germany under factory conditions will be conducted to define
design parameters and production costs for full conversion of the factory
output to EFC-134a refrigerant, and cyclopentane blown foam. The conversion
of the production facilitiea for HFC-134a refrigerant systems, requires more
precise assembly, cleaning and testing operations than for CFC-12, including
modification of vacuum pumps, a new charging system and more sensitive leak
detection systems, including a helium leak detector.

11. Intreduction of flammable cyclopentane as a blowing agent requires not
only new foaming equipment, gas detection and controle designed for use under
explosion proof conditions, but also modification of the foaming molds that
encase the cabinets during the foaming operation. Modified product degign and
testing must also take into account the need to assure material compatibility
with the new foam, and to compensate for the new foam's somewhat poocrer
thermal imsulating value. For conversicn of the foam injection operation from
CFC~11 to ¢yclopentane, Hetalfrio will select equipment and technology from
either Hennecke (Germany} or Cannon {Italy), the suppliers of virtually all
cyclopentane foam injection systems now being used in commercial production in
Europe, {see Annex 3, Appendices IY and IIT}. Both potential suppliers have
indicated that as part of the procurement package, factory personnel will be
provided to supervise erection, and carry out safety training and technology
transfer. Both have also agreed to provide designs and specifications for gas
detection and ventilation systemsB required for safe system operation, but
which are not included as part of the injection system procurement package.
Specific recommendations to be incorporated into project design to allow for
the different properties of HFC-134a and cyclopentane are discussed in Annex
2, Review of Project Concept and Basis of Design. BAnnex 3, Safety Review and
Assessment, detalls the safety precautions which must be incorporated inteo
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project design, installation and operation, based upon recommendations of both
prospaective vendors.

12. Outline equipment specifications for the refrigeration and foaming
operations, and ancillayy works are given in ARnnex 1, Part ¢, Outline of
Fgquipment Specifications.

PROJECT IMPLEMENTATION

13, Project implementation, including product line redesign and testing,
rearrangemant of assembly lines, installation of equipment for foam injection
and refrigerant circuit installation; and technology tranefer; will take place
over a pericd of 18 months. The project implementation schedule ie included
in Annex 1, Part A, Project Implementation Program. To supervise project
implementation, Metalfrio will contract an experlienced mechanical installation
project manager, and three technical foremen. Thie team, working under the
guidance of Metalfrio’'s plant engineering staff, will be directly responsible
for installation, including supervision of sub contractora. The successful
foam injection eystem vendor will supply factory techniclans for installation;
commissioning, start up and operator and safety training of Metalfrio
personnel. The refitting of the foam injection systems, and yelated
modifications will take place during the first 11 months. The convergion of
the foaming operation will include a transition period when a reduced CFC-

11 /water mix will be used to approximate the thearmal chayvacteriastics of
cyclopentane blown foam. Full conversion toc cyclopentane blown foam will take
place after month 16. PFrototype testing and redesign of models for HFC~134a
will take place during the firet twelve months, concurrently with the
mechanical installation of foam injection and HFC-134a charging and test
equipment.,

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY

i4. HFC—-134a has been accepted worldwide as the principal replacement for

CFC-12 refrigerant in domestic refrigerators. Its thermodynamic¢ properties are
similar to CPC-12, it is non~flammable, non-toxic, and has a zero QDP. Two of
the worlds major suppliers of refrigeratoyr compressors, EMBRACC and SICOM, who
have been among the firet to commercialize HFC-134a compressor technology, are

located in Brazil, and are working closely with METALFRIO on refrigerant
circuit design for HFC-134 and
HP~E2 gases.

15. Development of a replacement for CFC~11 ag a blowing agent for rigid
polyurethane refrigerator insulation has been more problematic. Among the
replacements which have been tried are HCFC-141b, HCFC-142b and HCFC-
142b/HCFC-22. All have 0DPg between 0.06 and 0.1, and are therefore
considered transitory substitutes. On the other hand, all are non flammable.
HFC-134a is zero ODP but is currently too expensive for use as a foaming
agent, and has an elevated GWP for this purpose. It is unlikely that it will
become the ultimate blowing agent for polyurethane foam. Thea K value for CO2
blown foam is unacceptable from an energy consumption standpoint. In the US,
HFC-141b is emerging as a CFC~11 substitute, even though it is transitional.
It has the added disadvantage of also requiring more costly plastic liners
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when used in domestic refrigerators. Cyc¢lopentane has an ozone depleting
potential {ODP) of zero and has been approved by the MFEC as a definitive zero
ODP golution for foaming rigid polyurethane. Currently all major BEuropean
manufacturers are carrying outb tests, or have already started using
cyclopentane blown foam in commercial production.

1s, Metalfrio S.A. has opted for the HFC-134a/cyclopentane solution as it is
definitive. The technology is ready to be incorporated immediately for its
product line, which does not require liners; it is eligible for MPEC funding;
and moat importantly, Metalfrio 5.A. has the in bhouse technical capacity to
develop the modified product designs and production technology reguired for
convergion to these substances.

PROJECT TO CAPIT AND INCREMENTAL STS

17. The total estimated project capital cost is US§ 4.17 million of which
incremental capital coste are US$5 2.61 million. All costs specific to supply
and installation of the new technology, and which would otherwise not be
jncurred if the existing fabrication line could continue to be used, are
conaidered incremental capital costs. The existing fabrication line, while
0ld, would not reguire replacement for some time, but, at the same time, its
components have little resale value. 2As demOnstrated by their plan to rebuild
vacuum pumps and moulds, Metalfrio is converting usable existing egquipment
wherever possible in the most cost effective manner. Project costse which are
not incremental, include layout rearrvangement {(USS 200,000), new moulds for
foaming doors (USS 200,000}, compressor cooler (US$ 15,0003, automatic
transport of foam head {(US§ 45,000), additional training at supplier's plants
{US§ 100,000) and import duties and other Brazilian taxes (estimated US§ 1
million). & breakdown of incremental capital costs included in the OTF grant
reguest is given in Annex 1, Part B, Revised Project Cost Estimate.

INCREMENTAL QOPERATING COSTS

i8, Unite produced after conversion will have more expensive compressors
{$5~10). HFC~134a is likely to be more expensive than CPC-12, but
cyclopentane less expenaive than CPFC-11. Net unit production costs are
therefore likely teo be higher, but not ac¢courately cuantifiable at this time.
Reimburgsement of incremental operating costs congequently, will be on a post
facto basis., They will be reimbursed to the extent that Metalfrio ¢an
demonstrate trangparently that: i) unit production coste were higher than
before the conversion; ii) the additional costa were not passed on through
adijusted selling prices; and {ii) as a result of ii), profits for this portion
of production were reduced over the base year before conversion., The
raduction in profits is what will be eligible for compensation.

i%. The Unit Abatement Cost Calculation is shown in Annex 1, Part D, The
annualized capital cost ie US$ 2.06/kg ODP. The annual incremental cost (non-
discounted), based on an estimations made during project preparation may range
anywhere from zero up to an eptimated of US§ 4.8B6/kg ODP. The true figures,
will however, only be able to be calculated post facto.

fon



PROPOSED OTFE GRANT

20. The proposed OUF grant reguest of USS$ 2,610,000 is bassd on 100%
Brazilian ownership of Metalfrio, and covers the incremental capital

copts,including a 15% contingency. FINEP's fee of 2.5% of actual
disbursements will be additional.

TECHNICAL REVIEW

21. Subseguent to the preliminary OCRG Review in February 19%4, a Technical
Review Miggion consisting of a Refrigeration System Design and Production
Technology Consultant, and a Congultant in Safety Design for flammable
environments wasa carried cut. The purpose ¢f the review was verify the
conceptual soundness, safety design and reasonableness of ¢ost estimate for
the project and to address information gaps noted in the Preliminary OORG
Review. The consultante reports are included in Annexesg 2 and 3.

22, Annex 2, is the report of the refrigerant consultant who reviewed the
project concept and basie of design., His concluslions are that: L3 the
proposed design and prototype development program proposed by Metalfrio ls
acceptable; and 1i) Metalfrio's in house technical expertiee, and access to
compresasor suppliers is such that there is no need for any additional
technology partner for inmplementation of the project. Annex 3, “Safety Review
and Assesament” is the report of the technical consultant who reviewsed the
safety aspects of the cyclopentane injection, design and operation. The
consultant ¢oncludes that basad upon the experience of the prospective vendors
with this technology, and taking inte account the design standards, and
training and operational safety programs anticipated, the project should be
able to be deslgned, constructed and cperated on an acceptably safe manner.

QORG REVIEW

23. Aunexes 4 and 5 are the reports of the OORG reviewers for foams nd
refrigeration respectively, giving their approval of the project. The foam
project reviewer concurs with the safety consultants findings concerning safe
design and vendor participation, and grecommends that regular audits of
adherence to procedure be added to the safety review. Both potential vendors,
and Metalfrio S.A. itself, will have as a matter of standard practice
incorporated such audits into their standard operating procedure. The
refrigeration project OORC reviewer concurs with the refrigeration
consultants' conclusion that as a result of Metalfrio's in house technical
capacity, and its close collaboration with SICOM and EMBRACO, no additional
technology partner licensing agreements will be reguired.



METALFRIO B.3.

CFC~11/12 TO CYCLOPENTANE/HFC-134a

FACTORY CONVERSION PROJECT

ANNEX 1

PART A: PROJECT IMPLEMENTATION PROGRAM

PART B: REVISED PROJECT COST ESTIMATE

PART C: OUTLINE EQUIPMENT SBPECIFICATIONS

PART D: UNIT ABATEMENT COST CALCULATION



PART A: PROJECT IMPLEMENTATICN PROGRAM

MONTHS
GENERAL 1234856789 1011 12 14 16 18
1. Make detailed specs XX
for main equipment
2. Sign the project X
3. Contract project MGR X
MONTHS
REFIGERANT HFC 1342 123456789 10 11 12 14 16 18
4. Redesign of 5 XX
basic models
5. Field test prototypes XXXXXXKAAKK
6. Redesign of other $$.4.909.999.90999909064.4¢06¢94
nodels
7. Selection/purchase XX
of imported equip.
8. Local equip./inst. XEXAXEAAX
design/sub contracts
9. Try-out and training XX
10. Installation and XX
start up
11. Start production with XXXXX
HFC 134a and 50% red
CFC 11 foam partly
with CFC 12
12. Production with HFC HAAXKXZXAXAXKAXEEARKXK
134a and cyclopentane
foam partly with CFC 12
13, 100% production with XXX

HFC 134a



MONTHS
CYCLOFPENTANE FOAM 1234567 8% 10 11 12 14 1¢ 18

14. Selection/purchase XXX
of eqguipment

15. Safety project XX
development

16, Local eqguip./inst, XXAXXAXXXAXKXXXX
design/sub contract

17. Try-out and training XX

1B. Installation and X
commisioning

19. Try-out XX

20. Start production with KAXAXEXX XXX,
cyclopentane

NOTES:

a. Aquisition of equipments necessary for performance tests for
HFC 134a will be provided before project approval.

k. All HFC 134a prototypes will be built according to final
design:

- Evaporator colil wrapped around the inner liner
- 70 mm thick foam insulation at botton of cabinets
- 50% reduced CFC 11 polyurethane foan

c. Cabinets will be foamed with cyclopentane at Bayer-Germany for
training and test confirmation of HFC 134a refr. systen.

d. As soon as the foam equipment supplier recives the order a
safety engineer will be sent to Metalfrio for the safety
project development.

e, Metalfrio's staff will be trained extensivelly by Bayer and
the equipment manufacturers specialists.

£.

A continuos training safety program will be implemented at
Metalfrio and conducted by Metalfrio personnel.

g. A CFC recovery program will be implemented in the Metalfrio's

400 authorised service shops.

A qualified Metalfrio safety engineer will be prepared to
supervise the safety requirements of the operation and conduct
a continuos training safety program of Metalfrio personnel,
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PART B: MHETALFRIO — REVISED PROJECT COST ESTIMATE

Annex A: Equipment Specification and Cost Breakdown

——— ———

Description Qty. Unit cost Total cost
Us$ Uss
. Refrige i :
1 - Charging board for HFCl34a 2 39,000 78,000,
2 = Charging board for HP 62 1 39,000 39,000,~
3 -~ Vacuum pump (renovation} 40 420 16,800.~
4 = Vacuum control 40 1,000 40,000,~
5 - Leak detector 5 12,100 60,500,
6 - Helium Leak Detectors 3 25,000 75,000.-
7 — Helium Recovery Unit 1 70,000 70,000,~
8 - Test egquipment + prototype 1 60,000 60,000.~
9 - Tests Kits 6 5,000 30,000.~
SUB-TOTAL A 469,200,
B. Foam System
10 - High pressure foaming mach 2 160,000 320,000.=
with two heads
11 - High pressure foaming machs 1 50,000 50,000.-
12 - Pipe installation for 3 mc. 3 15,000 45,000, -
13 - Mixing station 2 80,000 160,000, ~
14 - Tank {cyclopentane) 1 37,000 17,000.-
15 -~ Pipe installation from tank 1 24,000 24,000.~
16 - Pumps, pipework for tank 1 60,000 60,000.~
17 - Cyclopentane tank pit/piping 20,000.~
18 - Rebuilding of foam jigs 19 3,000 57,000.~
29 -~ Rebuilding of foam plug 16 1,000 16,000, -
20 ~ New foaming Jigs/plugs 118,000.-
21 -~ House for foaming Jjigs 21 1,000 21,000,
22 - Water heater 8 4,800 38,400.~
23 - Antistatic floor 3,000.~
24 - Steel structure/feoaming area 60,000.~-
25 - Pre~heating ovens 6 20,000 120,000.~
26 - Foam test eqguipament 1 13,000 13,000,
27 - Conductivity tester (Rapid K} 1 20,000 20,000,
28 - Exhausting and ventilation 20,000.~
for lab
28 - Gas detector System 1 61,500 61,500~
30 -~ Gas detector control board 1 44,000 44,000, -
31 - Exhausting and ventilation 1 80,000 90,000.~
32 - Fire protection system 1 45,000 45,000.-
SUB-TOTAL B 1,442,900, -

11
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C. Equipment Rearrangement 140,000,

All moulds (jigs) of the current six foaming
stations will be moved to one central foaming
area and this will require following main
investments: service lift to transfer cabinets
from the basement to the foaming area,
rearrangement of the equipaments and eletrical,
air and water installations in the main

floor and basement.

D. Proiject Management 120,000.~

For the implemention of the project METALFRIO
will use the technical people from the equipament's
suppliers for installaticon, commissioning of
total installation to issue the safety statement,
try-out and training of METALFRIO personnel. In
addition METALFRIO will require engineering
people specialized in project implementation
management:
1 Proiect manager/one year contract 60,000.—
3 Technical personnel/one year 60,000, ~
(contract 20,000/tech)

E. Training (Travel and logding expenses) 25,000, -
‘ TOTAL 2,197,200.-

Miscelaneos (15% contingency f£ind) 329,580, -
Total Capjital Cost 2,526 780 -

* The following eguipment and installation work investments
are not included in the budget:

a. Layout rearrangement {(not eligible). Us$ 200,000.-
b. Tank and installation for pipe lines for HFCl34a to the

charging boards.
¢. Tanks for the polyurethane foam main materials

d. Import duties and other taxes not included in the price

of the machinery or possibly to be exempted by the

Brasilian government. Us$ 1,000,000,~
e. New moulds for foaming doors uss 200,000,
f. Compressor cooler (chiller) Us$ 15,000.~
g. Automatic Transport of foam head Us$ 45,000.~

h. Training to be financed by Metalfrio  US$ 100,000.~

12



PART C: OUTLINE EQUIPMENT SPECIFICATIONS

Specifications for Machinery

A - Refrigeration System:

1 - Charging board for HFC 134a for production.
Fully automatic charging board with leak check
8 storable charging amounts
Voltage: 115-127V/60HZ
Refrigerant: HFC134a
Charges: Min 50g - Max 700g +/-~ 1% or 19
Single piston
One sided evacuation at 8 M/H
Process valve: 2Ltr per minute

2 -~ Charging board for HP62 for production
Fully automatic charging beard with leak check
4 storable charging amounts
Voltage 115-127V/60HZ
Refrigerant: HP 62
Charges: Min 50g Max 1200g +/- 1% or 2g
Single piston
One sided evacuation at 12 M/H
Process valve: Hansen quick connector 2HK for émm tube
Ligquifier: 2 ltr per minute

3 =~ Vacuum pump for renovation
Min capacity 8 MY/H
Time for evacuation to vacuum level for the appliances
Max 20 minutes

Maximum limit of non-condensable gases 1% (vol) after
evacuatiocn

4 — Vacuum control for vacuum pump for production
Thermal conductivity vacuum gauge with one threshold
Switching point
Measuring range: 10° to 1000m bar
Sensing volume: iocm’

Adjustable control set-point with LED display
Inaccuracy: +/- 1 scale division

5 - Leak detector for production for HFC 134a
Voltage: 115-127V/60HZ
Sensitivity range: 0.5 to 150g/year.
Microprocessor controlled.
Calibration gas: HFC 134a

Calibration: Automatic by the incorporated leak standard
Troubleshooting: Automatic

13



6 — Helium Leak Detector
Voltage: 220V/60HZ
Sensitivity range: 0.lg/year.
Microprocessor controlled.
Calibration gas: Helium
Calibration: Automatic
Troubleshooting: Automatic

7 = Helium Recovery Unit
Voltage: 220V/60HZ
Capacity: 3 NMY/H
Reclaim efficiency: 98 %

8 - Test equipment for Performance Test for HFC 134a
a. Charging board for laboratory
b. Leak detector as specified
c. Pressure transducers for HFC 134a for suction and
discharge pressure range +/- 0.005 bar
d. Materials for prototypes

9 -~ Test Kits
Portable microprocessor compatible with ASCII System for

saving the following data in HFC 134a prototype field tests:
Vaoltage, Current, Power and Temperatures.

B - Foam Systenm

10 ~ High pressure foaming machine for cyclopentane for
cabinets
Voltage: 3 x 220V/60HZ
Qutput capacity: 16 to 100 litres/minute
Raw material tanks: Polyol 250 Ltr and Isocyanate 250 1ltr
Insulated tanks
Stirrer: IS0O: Electrical, Poly: Magnetic Ex-proof
Level control: Automatic
Alr drier
PLC control
PC - flow guality control
Tempering: automatic
Ex~proof: Polycl part of machine Class Ia {NBR 9518-CGrupoc II}
Polyol hoses: Double hoses without assembly connectors
Foaming head; 2 pcs with recirculation with heat exchanger
Reservoir by leak: For polyol tank min 250 ltr for
leaking of polyol tank

14



11 - High pressure Foaming Machine for cyclopentane for lids

12

13

14

i5
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and doors

Voltage: 3 x 220V/60HZ

output: 6 to 40 Litres/min

Raw material tanks: Polyol: 250 Ltrs, Isocyanate: 250 Ltr
Insulated

Stirrer: IS0: Electrical, POLY: Magnetic Ex-proof

Level control: Automatic

Air driver

PLC Control

PC-flow quality control

Tempering: automatic

Ex-proof: Polyol part of machine Class Ia {NBR 9518~Grupo II)
Polyol hoses: Double hoses without assembly line
connectors

Foaming head: Single with recirculation with heat
exchanger

Reservoir by leak: For polyocl tank min 250 1ltr for
leaking of polyol tank

Pipe installation from mixers to foaming machines
double wall tubes or hoses without any assenmbly, with
leak control for polyol.

Built in of 5D valves for separation into sectors on the
polyocl line.

Mixing station for Polyol and Cyclopentane
Voltage: 3 x 220V/60HZ

Ex-proof: Class Ia (NBR 9518~-Grupc II)
Capacity: 16 ltr/min

Tank: 250 litres

Stirrer: magnetic

Build in chamber with inspection glass
Exhausting/ventilation to be connected

Tank for cyclopentane

20 ' steel carbon

Pressure: 7 bar

Insulation of tank

Valves and fittings for connection
Connection for nitrogen pre-pressure

Pipe installation from tank for cyclopentane
Double wall tubes from tank to mixing stations w/leak arbrol
Built in of SD valves for separation into sectors

Pumps and Pipe work for cyclopentane tank
Voltage: 3 x 220V/60HZ

Double pumps ex-proof: 2 pcs of which one is only used

during repair of the other
Control board ex-proof

Level control for tank with shut down valve
Pump for tank for leading at tank

15
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18

19

20

21

22

23

24
25

26

27

Building work for installation of the underground pentane
storage tank and place for the truck and delivery system.

Rebuilt of Foaming Jigs
Electrical heating elements have to be replaced by

inserting tubes for water circulation, connected to hoses
with quick connectors.

Micro switches and other electrical components have to be
changed to ex-proof Class Ja components.
Earth connection of jigs.

Rebuilt of Foaming Plugs
Plugs have to be adjusted to new foan.
Built in tubes for heating or hot air ex-proof systenm

Hoses with quick connectors have to be connected.
Earth connection of plugs.

Twe new jigs and plugs to replace the existent made of wood
and not adaptable for pentane foan.

House for foaming -igs

8teel house with connection for ventilation and
exhausting

built around the foaming jigs

Water heaters for Foaming jigs

Voltage: 1157127V ~ 6QHZ

Temperature range: 10-95 degr. C

Heating capacity: 6 kw

Cooling capacity w/difference up to 60 degr.C:
14500kcal/h

Tank volume: about 15-20 ltrs

Punp capacity: about 4000 ltrs/h

Circulation medium: water

Antistatic floor
Painting of floor in foaming area with antistatic paint

Steel construction for floor for new foaming eguipaments.

Preheat ovens by hot water colls adapter to the new foaming
layout.

Foam Test Equipment

Scale 0~1000gr +/- 0.01g

Measuring glass 0~1000 cm’ +/- 1 deviation
Shearing box for foam

Foam knife

Stirrer

Laboratory cup for foam

Prodution K Tester for close control of the new cyclopentane
foam "Thermatest Rapid - K Instrument® or similar.

18



28

29

30

11

32

vVentilation to attend safety standards in lab for cyclopentane
foam testing.

Gas detector systen

Voltage: 115-127V/60HZ

Number of sensors: 7 pcs
Flammable limits: In air 1.4-8%

Gas Detector Control board
Voltage: 115-127V/60/HZ

PLC control of fan motors
Flammable limits: In air 1.4 ~ 8%
Ex~-Proof

Control board cabinet

Exhausting and ventilation

Voltage: 115-127V/60HZ and 3 x 220V/60HZ

Capacity: 2 steps a min 4000 m(3}/H and min 8000 m(3)/H
Air change: 53 times per hour

Total capacity: Min 16000 n(3)/H

Point exhausting: Min 30 pts

Ex~proof or placed ocutside 0-Zone

Fire protection systems

Foam spray system for polyurethane chemicals and cyclopentane
or sprinkler watering system, according to local regulation

17



PART

CALCULATION OF UNIT ABATEMENT COST

A ODE Phase out Total
Project
Al Average use of CFC 11 per year MT 160 a
A2 oDy of CFC 11 1
A3 ODP-weighted CFC 11 phase {A1%A2) MT 160
A4 Average use of CFC 12 per year MT 45
AS ODP of CFC 12 1
A6 ODP welighted CFC 12 phase out MT 45
{ (n4*25)
A7 ODP-weighted HCFC 502 + triclore MT 0.844
tane (0.43 and 0.1)
A8 Total ODP~weighted phase out MT 205 844
B Annualized capital cost ﬂ
Bl Total investment cost (model Uss 2610 000 u
redefinition + production
conversion)
Equipment life Year 10
B3 Discount rate % 10
B4 Annualized capital cost Uss 424 647
(B1%0.1627
I‘ C Annual incremental recurrent cost Us$ 999 584
If
D Unit Abatement cost
#
D1 Annualized capital cost per kg $7kg 2.06
ODS phased out (B4/AB#*1000) §ese 10 yr. projoct life)
D2 Annual incremental recurrent cost $/kg Vo 4.86
per kg ODP phased out (C/A8*%1000) (10t four yoars)
D3 Unit abatement cost (D1+D2) $/kg vpte ©:92
(Totl 15t four ysars)
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CFC-11/12 TO CYCLOPENTANE/HFC-134a

FACTORY CONVERSION PROJECT

ANNEX 2
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June 20, 1994



J. BENJAMIM HORVAY, F.E.
Consulting Eangineser

11 Linksidse Court
Isle of Falas
s.0. 29451

Tal: (B0 888-2978
Faw: (803)BE8&—2982

Juna 20, 1994

Subject: METALFRIO S.A. CFC PHASE OUT FROJECT

Barkorowund

The project cobiective is the complete phases out of the
of CFC—-11, CFC-12 and CFC-5G2 in the freezers and
produced by METARLFRIO. As the blowing agent in

Use
cool ers
polyurethans

feam, COFC-11 will be raeplaced by evclepantane, and
refrigerants CFC-1Z a&and CFC-302 will be replaced by
HOFC~124a and HP-8Z (R404a? respectively in  thse cooling

systems.

METALFRIO is a leading proaducer of commercial and housshold
freezars, with a projected 150,000 units to be produced in
1994, The estimated ODP of the substances to be phased out
is 20868 MT annualliy.®

Montreal FProtocol Technical Review Mi=sion

Tha puwrpase of the mission, composed of Denald J. FRhatigan,
Task Manager; Frank A. Munoz, Safety Engineering Consultantg
and Jd. Benjamin Horvay, Refrigeration Technology Caonsultant,
was "to review in clos=2 collaborsation with the METALFRIO
praject team, the refrigeration t=chnology, Ffabrication
linz, and =satfety englinesring design, and prototype testing
program  in sufficient despih to develop an imformed,
cefinitiva recommendation concerning the technical
coeptabhility of the proposed project. The Ffocus of  the
review is not to conduct a detailed design chzck oub, but
rather to verify concepiczl soundnesss  and esnsure conpetent
and sats design, implementation and operation.”™

-

This reviewsr was especially interested in aszzssssing  the
technical compeiance of the applicant’s staff, sc that the
mmootih, trouvble—frae implemesntation of the project can be
azzurad.

I, World bank



Discussign

i. Feplacement of CFEC-11 with cveloogsntane

The use of a highly flammable and sxplosive blowing agent in
the Foam Foroulation requires not  only FlEw foaming
equipment, but also the modification of the foaming molds
that encase the cabinets during the foaming cperation. The
products themselves also need to be wmodified to assure
material compatibility with the new foam, and to compensate

for the somewhat poorar thermal insulating valus of the new
foam.

Fellow reviewer, Mr. Munoz, had primary interest in the

safety aspects of the Ffoaming operation, while this reviewer
concentrated on determining the production capability of the
gquipment, and assessing the predicted cost and guality of
the end products, and their physical and thaermal
performance. OFf special interest were the dimensional
stability and compression strength of the fpam, its

tharmal
conductivity, ths time dependent aspects of thess
properties, the stresses produced in the foamed steucture,
and chemsical greaction, if any, betwsen the Foam and
oolymers., As & resuli, a number of recosnendations were
made:
a. fAcguire the in—-plant capability of evaluating - the

dimensional stability, the compression strength and the
thermal conductivity of the foam produced.
b. In addition to the "flip-flep" lids, that are already
foam insulated, foam &ll ths chest freezer lids o

compensate for the higher thermal conductivity of the new
Ffoam. ’

c. Do not foam in place the lnner lids of the larger models
so0 as to avold stress cracking of the innse lids, and to
minimize the bowing effect of the lid assemblv.

d. Imvaestigate the availability in Brarzil of
polystyrena and ARS coumpounds that sees, to be
cycicopentana friendliy.

special
mores

A1l these recommendations were accepted by METALFRIO.

Realarement of CFC-17 with HEC~-13da

The thermadynamic praperties of MFC-13da differ sufficriently
from those of CFC-12 fto require significant changes in  each
af the components of the refrigeration system. The chemistery
and molecular structure of bthe new refrigerant has a

major
impact on  the selecticn of the lubricating oil,

o the
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evacuation and charging procedurs of the system, and on the
manufacturing procedure. METALFRIO engineers are fully aware
af the changes required in the evaporator, the condenser,
the capillary tube, and the +Filter. Furthermore they Ffully
understand the need for cleanliness of parts and procedures.
The Jfollowing suggestions were offered 1o enhance the

product develogment procedure and the performance of the end
products:

&a. f redesign of soms of the forced draft condensacrs might
be required to minimize the danger of liguid traps.
B. The hesat transfer capability of some of the natural draft
candensers could be enhanced by change in geomebtry,

c. Investigate newly—2merging alternate technigues far
making taube joints.

d. Make use of the compressor suppliers computer modeling
programs to assist in system modifications.
2. Use only calibrated compressors fthrough the

developmnant
and evaluation phase of ths prajszct.

f. Use helium leak detectors to assure the guzality of the
components and of the final assembly.

g. Expect to increase the evacuation time on the Final
assembly line.

The Davelooment and Evaluation Program

The development and evaluation programs and schedules for
the introduction of the new Ffoas Formulation and of the
replacemant-refrigerant were reviewed in detail and were

found compietely sdeguate. The Jollowing recommendations
werg made to enhance the development efforib:

&. Takes advantage of the foam sugplier’s offer %o have

sample cabinets foamed with cyclopentans blowing agent at
their facility.

B. Use cabinets foamed with reduced CFC—-11 Formulation to
simulate the thermal conductivity of cyclopentane cabinets,
and use these for developing thermal balance with HCFC-1Z4a
charged systems unitil cwvclopentane cabinets are available.

c. Plece in the field prea—tested prototypes, and equip . a
number of thess with test kits that record essential
pertormance data. Brinmg back to the lab Field test samples
in accordance with a staggered schadule for retesting and
the analysis of the comprassor, pessibly enlisting the help
of the compresssr sucplier.



d. It is better to Field test a lot of samples of a few
madels than a few sampless of & lot of snodels.

These recomnendations are being incorporated into a revised
development and evaluation pragram.

Conclusions and Recammendations

Wnile the project progposed at Metalfrio ie of ma jor
magnituds, the technologies involved are ooperational in

various parts of the World., The critical elesents to success
are i

2. the foaming system
b. the compressor

c. the technical competence of ths inplemsntors

a, The potential suppliers of the foaming system are
Hannecka and Cannon, World class providers of foaming
equipment, pioneers in the development of cyclopentane blown
foam application. Both companies gffer extensive technical
support for the planning and installation of thelr equipment
and for the training of the ovperating persannel.

b. The potential compreszpr suppliers are Sicom (Tecusmssh)
and Esbraco, World class suppliers of coapressors, ploneers
in the developaent of HOFO-134a compressors, and with

World-wide euperience in +the application a¥ the naw
refrigerant.,

. This reviewsr was wvery much impressed by the technical
competence of bthe Metalfrico personnel he dealt with., It is
at par with that of similar-sized organizetions in  the
United States or abroad.

"

H

fAszuming that the changes suggested by the Technical Raview
Mission are considered in the revised project proposal  that
iz being prepared Ffor submittal, my recommendation is to
apgprove the project. Based on the technical competence of
Metalfric’'s staft, and on the wvery esxtensive traicinog
programsz  planned with the assistance o oubstanding
suppliers, I see no need for any additicnal technology
partmer for the implemsntation of this project.

T%wm T\MQIAM

. %mﬁ;&ﬁ;ﬂ Horvay

Fa)



METALFRIO S.A.

SAQ PAULO, S.P. BRAZIL

ANNEX 3

REPLACEMENT OF CFC-11 IN RIGID POLYURETHANE FOAM
BY CYCLOPENTANE FOR THE PRODUCTION

OF COMMERCIAL REFRIGERATORS AND FREEZERS

SAFETY REVIEW AND ASSESSMENT

PREPARED BY: F.A. MUNOZ
June 16, 1994



I SUMMARY AND CONCILUSIONS

A safety review and assessment was carried out on the Metalfrio S.A., Sac Paulo,

Brazil MP Project for the replacement of CFC-11 in rigid polyurethane foam to
cyclopentane,

The focus of the review was not to conduct a detailed design check out as design
documents are not available but to verify the conceptual soundness of the project and ensure
competent and safe design and operation.

Two companies are presently been considered as suppliers of the cyclopentane foam
technology and equipment: Hennecke of Germany and Cannon of Italy. Both of these
companies are world class and have numerous plant installadons worldwide. Hennecke has
50 installations and Cannon 35. Both Hennecke's and Cannon’s design information manuals
were reviewed and the safety measures and guidelines found satisfactory. Both companies

will provide an “Operational Safety Statement” in order to guarantee a proper transfer of the
new cyclopentane technology.

A list of concems and recommendations made to Metalfrio is presented in Section IL.
Metalfrio has agreed to act on these recommendations,

Based on the review of the design information available, the discussions with
Metalfrio and the agreefnent by Metalfrio to act on the recommendations the author is
satisfied with the safety of the plant.

11. Safety Review and Assessment

This report covers a safety review and assessment of the Metalfrio S.A., Sao Paulo,
Brazil MP project for the conversion of CFC-11 in rigid polyurethane foam to cyclopentane
for the production of commercial refrigerators and freezers. The review took place at the
Metalfrio manufacturing plant in Sao Paulo between June 6-10. The review included
discussions with Metzalfrio technical personnel, review of documents available and a detailed
descriptive tour of the present manufacturing operation and proposed changes required due to
the conversion to cyclopentane. A one-day mesting was held at Bayer, Sao Paulo potential
supplier of Polyol and cyclopentane and owner of Hennecke, potential supplier of the
cyclopentane peatane processing technology and machinery. The Hist of participants is
presented in Appendix 1.

The focus of the review was not to conduct a detailed design check out (design
drawings and documentation are not as yet available as a supplier has not been selected), but
to verify conceptual soundness and ensure competent and safe design and operation. Two
companies are presently been considered as suppliers of cyclopentane technology and
equipment: HENNECKE of Germany and Cannon of Italy. Both of these companies are
world class and have numerons plant installations worldwide operating with their technology
and equipment. HENNECKE has 50 installations and CANNON 35; their lists are presented
in Appendix II and I11. Both Cannon and HENNECKE have a sigﬂi.ﬁcsat presence in Brazil,
Both HENNECKE and Cannon have published manuals with cyclopentane technology and
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safety information and guidelines: HENNECKE's "Work Shop Pentane-Appliance Industry,
First English Edition, November 1993 and Cannon’s "Refrigerator Industry and
Cyclopentane-Information Report.” The safety measures and guidelines were reviewed and
found complete and satisfactory. Both Cannon and HENNECKE have indicated that they
will provide an “Operational Safety Statement,” in order to guarantee a proper transfer of the
new cyclopentane technology.

Both companies will train the Metalfrio personnel and provide start-up assistance.
Cannon has provided a table of contents for their “General Instructions for the use of

Cyclopentane in a Foaming Process,” which extensively addresses the safety aspects of the
plant. This document is presented as Appendix IV.

Brazil's ABNT-Associag3o Brazileira de Normas Técnicas (Brazilian Association of
Technical Standards) publishes the Brazilian National Systems Standards and Quality Codes.
The electrical area classification definitions are similar to those of NFPA (National Fire
Protection Association, U.S.A.). The Brazilian standards for electrical equipment to be used

in flammable and explosive atmospheres are very extensive and, I suspect, based on the
U.S.A. electrical code.

Project implementation was extensively discussed. This is a plant revamp
{conversion), which is the most complex and demanding of construction projects. Metalfrio
was recommended to consider very seriously contracting an experienced Brazilian
Engineering of Construction Firm to perform the construction management of the project,
which will include the project accounting and contracts adrninistration documentation
necessary for reimbursement and avait.

With regards to Environmental Considerations, the author agress with Mr. D.
Rhatigan’s assessment that it 1s not sufficient to assume that the design for YOC emissions to
German standards will be acceptable to CETESE. In their letter to Metalfrio of April 18,
1994, CETESB concludes that "they have no objecticn to the use of new equipment to
replace existing equipment and the use of new raw materials” and then they state "However,
the firm maust obtain the required Construction-Operating Licenses before installation and
Operation of the new Equipment.” I reviewed the documentation Metalfrio presented to
CETESB and the expected plant emissions do not appear to be presented anywhere, it is

suggested, as Mr. D. Rhatigan did in his letter to Metalfrio dated February 25, 1994 that
Metalfro get a reading from CETESB.

The following is a list of concerns and recommendations made to Metalfnio during the
discussions. Metalfrio has agreed to act on these recommendatioas, and if so, the author is
satisfied with the safety aspects of the plant,

1 Once the plant layout has been prepared and the electrical area classification defined,
the selected supplier is to send a "Safety Specialist” to Metalfrio to perform a
complere safety check-out in situ and make recommendations.

Areas of concern are:

a) Does the new [oaming area need to be isolated and ventlated from the rest of
the plant which is very large and chuckfull of machinery? The proposed
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location of the new foaming area is adjacent to a large area where welding is
done.

b) The foaming system is completely enclosed and ventilated. However, the
foam mix-head 1s moved from mould to hold. What guarantee do we have

that the mix-head will not leak cyclopentzne into the area due to valve wear
and tear after thousands of openings and closings?

<) Maintenance of the moulds is to be done in situ and sparks may be produged.
HENNECKE indicated that they take out the moulds for repair, but Metalfrio
does not plan to do so. Consider the use of spark proof tools is possible.

d) Fire protection system.
e) Possible rupture of movable flexible hose system feeding the mix head.

An electrical Area classification drawing is to be prepared showing all parts of the

plant, so that no safety aspect is overlooked. All existing electrical installation to be
modified as required.

All components of lecal construction are to be reviewed and approved by the selected

supplier is to agree to be responsible for the safety aspects of the entire new foaming
system, including whatever Metalfrio or a third party does.

The design must meet as a minimum the requirements of the Brazilian electrical and
other codes. :

Metalfrio to discuss with the selected supplier the need for nittogen evacuation of the
air in the appliance cavities just before foam injection.

Consider use of excess flow valves at Cyclopentane storage tank. Brazilian code to
be checked for this requirement.

The design of the ventilation of the moulds to be provided by the selected supplier.
Actual construcdon of the system can be done by a local firm.

Storage and handling of Cyclopentane to mest Brazilian codes and standards.

Fire protection system to meet local national standards and regulations.

Metalfrio to prepare formal written equipment specifications for inquiry. All of the
bids received have been based on verbal discussions with no record of such
discussions. A minimum of three bidders is recommended,

It is not sufficient to state “spark proof™ or "explosion proof," The following
paragraph neads to be added to all equipment specified for inquiry or purchase. "All

equipment to be suitable for Class I, Division I, Group D or Class I, Division 2,
Group D as applicable.



12.

13.

5

Metalfrio to designate a person trained and experienced in safety matters, who will
have the responsibility of authorizing by his signature on a "work order™ form the
various types of work to be performed each and every day. No work (maintenance,
repair, consttuction), no matter how small may be performed without his knowledge
and authorization. This is to be a daily safety ritual,

Metalfrio to train and retrain all personnel on a scheduled basis on safety. Al new
personnel, of course, needs to be safety trained before given work responsibilities.
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Paulo S.Coutinho
Walter A. Gross Braun
Paulo Fetal

Roberto A. Prixoto
Donald Rhatigan

Ben Horvay

Frank A. Mufioz

LF Meetine. Sao Paul

*Paulo S. Coutinho
Walter A. Gross Braun
*Roberto A. Prixoto
Pedro José Rocha
Antonio A. Cury
David Nery Rocha
Diego Parra

Tulio Vosyima

Luis Carlos T. Yamada
Donald Rhatigan
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FAX NO. ,h”(wlffimimm"”f*f : DATE: 17-Mar-g94
FROM : Cannon Crlos APPELI DI 1V
TO i HETALFRIO b

ATTENTION ¢ My, Padro Roche

Cannon will supply, tegether with the equipment, the jnstruction
manuals including detailed instructione for the wutilizalion of

the
parte

c/pentane a5 well as the certification documents for  the
which reguire such & procedure. During the oqguipment

ingtullation and start-up, our speclelistes will hold & wiagu of
the training of the end-user personnel.  The objeclive of the
stage will be; :

General Instructions for the Use of.Cyclegcntanc in Foeming ¥rocess
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Extromoly important ragalatlons

ticneral

Characleriatice of the substance danger depends on
Machiue safety measures taken

Classificelion of the dangerous place

Characteristics of eanvironments where c/pentenc is tyooaioed
Stoucking of ¢/pentane {outalde)

Knvironment where the premix vnit, the machine Lauk nuad the
foaming unit ere installed (inside)

Foaming erca {ingide)

ventiletion system exhans{ outlcts

Technoleglcsl description of the metering uwnit: oporation
and ddentification of the centres of danger

beseription of  the part of the plant called "Molti Fusy
Frotht

PDescription of the metering unit

Return ¢lrouit *

1dentificetion end degree of the centres of dengoy
Pefinition of the ventilation condlitions

Definition and deliminavion of the AR (Aol Jrgrant
environmenrtl) &areas

nefinition of the electric eafely dnstellatians in Lhe bowx
Cyclepentene detectors
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Tachnological description of the tank group @ optration and
identification of the centres of danger

UDefinition of the clasg of the plsce

Definlcion of the tenk group

Completion of the polyol-cyclepentane mixkture tank onit
Identlflcation of the centres of danger

PDefinitlon of the ventilation conditlons

Emisslons outlets of the safety valves fitted Lo the polyael
cyclepentane mlixture tanks

Definjition of the AD erea sround the polyol- cyclepentance
mixture tank

Extenslon of the AD area

Description of the slectric equipment installed in the AD
araan

Technological description of the mixhead
pescription of the dsvice

pescription of the centres of danger
ventilstion conditions

Monitoring of the foaming area

Foaming head electirlc egquipment

Technological description of the pliping

One hezd plping

Identification of the centres of danger

Multi head piping ‘

Identification of Lthe ¢entrss of danger

Definition ©f the ventilation conditions ‘
pelimitation of the AD eress due to CP2 cenlres of danger
only

Rigid piping ventilatlen regulations

Flexible piping ventilation regulations

hssessment of the dangers due to slow leaking elong the

piping

Grounding specifications

Thermal sizing

Ground collectors and test polints

Protection systems agalinst the eccumelation of ealeatro-
statliec cherges

Technical Features

Meln features
Theoretical oubtputs
Injection head feeatures
Spoclflc features

Important Hotos

1y
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frecautions

General

blant malntenance

Inatructions for operations to be cerried oul by the
personnel in charge as for emergency, maintenance and thao
resoration of the working conditions

speelal work

List of the main precautionary measures to be taken when
speclal work has to be carrled out

Bgquipment isolation ’

Environment analysis (to be carrled cut. before and durlng
the melntenance operation and before starting &ha cquipment
again)

Means of operation

Cleaning of the equlipnment

Welding/grinding

Machinze provided with rigid piping

Stocking of the components

Contrel Boarad
Control push button panel
Head push button panel -

Calibration

Faulte and trouble shooting
Warning lampa

pefects and relevent a‘lmination
Injection head

Malntenanse

General

Service operations performed
Preventive maintonance
lLubrication

Injectlon heads

Fllters

felf{ c¢leaning filters
Pheumatic clircuit “
Pumps

1socyanate circuit lubz&ccticﬁ

stream distributors

Best Regevds
C, DeRossi
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METALFRIO S.A.

CFC-11/12 TO CYCLOPENTANE/HFC-134=

FACTORY CONVERSION PROJECT

ANNEX 4

OZONE OPERATIONS RESOURCE GROUP (OORG) REVIEW
FOAM EXPERT
BY

DR. MIKE JEFFS



OORG@ TECHNICAL REYIEW - METALFRIO (BBAZ-L]

This review relates to the foam elements of this preoject.

CHN

The technology chosen for the replacement of CFC 11 in the
polyurethane rigid insulation foam is that based =n cyclopentane.
This has been asupported by the CQORG as a :zero ODP non-
transitional optien. The technology cholce analysis is sound.
I support the concluaions.

The cost effectiveness of cyclopentane-based technslogy involves
twe factors, There is a comparatively high capizal zost to cover
necessary safety elements because of the flammaplz nature of the
blowing agent. However, this is offser bty <the material
(operating cost) element because cyclopentane is comparatively
cheap, nc expensive plastic liner modifications ares reguired as
is generally the case for HCFC l4lb and other zerc CODP options
such as HFC 134a and other HFCs currently bkeing rssearched are
less cosgst effective.

To take up the point on plastic liners {Annex 2, page 2} there
may need to pe a meodification needed if HIPS _iners are Lo be
used but not 1f the choice is ABS, The project writs-up does not
state which plastic 1is currently used. The capital ceost
implications of a changa sheould be very icw - rzport on CORG
Foams Working Group May 19494,

ENVIRONMENTAL IMPACT

Cyclopentane has a zere ODP and an almost zero dlract GWE., The

. o

total warning impact or TEWI should be reducad through The use

.

cf cyclopentane although the indirect ccririzutlons may be

Ly o om ot b

higher. This is partly addressed in Annex 2 through foaming of

lids. It sheould be noted that pentane (incl_iing zyclopentane)
technoleogy 1s still evolving and improvement=s 1in therma:i
conductivity are te be expected from cngoing development. The
impraved technologies should be '"drep-in' in che nodified
tactory.

There 1s awareness of the VOO igsue and iz

—

addressed. Overall cyclopentane emissions 2
clant should ke low.

The factory safety lssue is paramount in this oo
zeern a thoreugh raview of safety philescony
elements (Annex 3} and both Hennecke ang Canncon ar

[

ok

the nhighest repute and have given satisfacvzor,



A design layeut is nov provided but desirapls ramuras such as
a 20 m nitrogen blanketed cyclopentane tanx ars included. There
appear to be separate two mixing stations (Azmnax 1, itenm 14}

cannecced to the tank by double walled sectored tipes - this is
accaptable.

#,
l

The training issues are well coverad.

It is recommended that regular audits of adherence to procedures
be added to the safety review (Annex 3, items 12 and 13},
Otherwise the recommendations in Annex 3 ares S:llv supported.

EROJECT COSTE

The listed costs (innex 1) are compatible wish the conversion to
cyclopantane. It is presumed that the items Listed under Annex
1, sectien E (Training) are costs such as travel and leodging
incurred by Metalfric and not payments to wenisrosz.

It is noted that items such as polyurethare raw =zterial tanks
are not included in the proisct.

The fozan elements should not Incur any agpt
costs although an increased foam density coul
JAC of the foam elements alone is of *he cr
S/kg/year ‘capital items) and is rezscnabilio.

iakle operating
t this. The
2,2 to 2.4

™ ﬁ

IMNPLEMENTATION TIMEFRAME

The timeframe for implementation of the foar elenments should be
achievable.

BECCMMENDATTIONS

The praiect {(foam elements) is approved a2 pra;ssad ith the
additional recommendaticon that the post lagl.censa lcn aud;tzng
of compllance to safelty procedures is writtes InT

Since there will be several cyclopentane cenvarsion projects 1t
is recommended that the Montreal Protococl Grour zuilds up a data
bank of key features and costs as a guidance =2 Cank managars.

.

-
Py
-

@, M. Tefrg
CMTX s wd /28,7754




METALFRIQ S.A.

CFC-11/12 TO CYCLOPENTANE/HFC-134:

FACTORY CONVERSION PROJECT

ANNEX 5

QZONE OPERATIONS RESOURCE GROUP (OORG) REVIEW
REFRIGERATION EXPERT
BY

DR. LAMBERT KUIJPERS



Brazil

Conversion of Commercial Refrigerator Manuracturing
from CFC-12 to HFC-134a at METALFRIO 5.A.

Project Proposal by The Wodd Bank, July 194
{and additional comments by J.B. Hoervay and F. Munoz)

Scope of the project

The project describes a conversion of the production process of Metalfrio to 57241 Ma {and HFC containing blends
for conversion of R-502) in the refrigeration circuit; und to cyclopestane in the *ram blowing operation. The lalter
ane is not consudered in this project review,

1. Techuolooy

The technology selected for the conversion of the refrigeration circuiris environmentally sound
and safe. If, in a later stage, emissions of refrigerant in servicing are avoided as much as
possible, impact on the environment is fully acceptable.

The HFC-134a technology is not transitional, and the choice for this technology is an acceptable
one, also from the point of view of cost-effectiveness. In principle irecommendations QORG
group) a partner for technology transfer should be presented in the proposal. However, the
investigation of the quality of the firm and its staff (report by Horvayv), which mentions excellent
technical quality, and the fact that compressors will be bought from Embraco and Sicom, both

experienced in the operation of HFC-134a, both guarantee adequate implementation of the
mroject.

2. Environmental impact

The HFC-1344a substitute has no ODP, however, a certain WP, whicii should be addressed in
such a way that venting during servicing and repairs is punimized.

Oither measures related to safety and health need not to be considered under the conversion of
the refrigeration clrcuit,

3. Project costs

All cost components identified are essential for the conversion. The necessary equipment that
was present in the facility, will be cleaned and operated with HFC-134a,

Apart from miner remarks, which are related to the fact whether a specific number of vacuum
pumps or leak detectors is needed, or whether this number can be reduced, it should be stated

that the experience of the firm seems to be such that it can be reasonably be assumed to be in
wrder.

Instead of a technology transfer, followed by tmplementation, Metaifrio will expand its staff
with four engineers for project implementation {TSD 120,000). If these experts have specific
expertise in project management ef conversions, then this ilem can be considered as if it were
the costs for technology transter. It it is only the expansion for project management purposes, it
does not contribute to the HFC-134a conversion per se. Metalfrie should give the guarantee that
thu buring of these exprerts contributes to the reliable conversion 1o HFC134a.



The training component to operate HFC-134a charging machines szems to be OK.
The order of magnitude for the costs for the conversion to HFC-1272a seems to be in the order

magnitude as estimated by the CORG Working Group in Hannover. May 1994 (production
valume Metalfrio 130-150,000 units).

Operational costs are mentioned in the project proposal, but not appued for at this stage
{therefore these are not further commented to).

4. Implementation timeframe

The implementation timeframe seems reasonable. Testing of a number of prototypes (30
products) in a first phase, as described, seems reasonable.

5. Recommendation

Approval as proposed, provided that the extra staff hired by Metaiirio has capacities to make a
real contribution to the HFC-134a project implementation.

:/ :

Eindhoven, 8/ 8/ 1994

Kuijpers,



METALFRIO S.A.

CFC-11/12 TO CYCLOPENTANE/HFC-134a

FACTORY CONVERSION PROJECT

ANNEX 6

1

LETTER OF FINEP REQUESTING CONSIDERATION

OF THE PROJECT BY THE MFEC
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THE MONTREAL PROTOCOL
ON SUBSTANCES THAT DEPLETE THE OZONE LAYER

PROJECT COVER SHEET

COUNTRY :

PROJECT NAME:

SECTORS COVERED:

Ops CONSUMPTION IN
AFFECTED SECTCRS:

PROJECT IMPACT:

PROJECT DURATION:
PROJECT ECCONOMIC LIFE:

TOTAL PROJECT COST:

PROPOSED ODS GRANT:
URIT ABATEHENT COST:

IMPLEMENTING AGER{Y:

BErazil

Conversion to reduced CFC technology in the
wanufacture of Refrigerators.

Domastic Refrigeration

1,420 ton/yr CFC'a (1,420 ton/yr ODP) in 1993
{Data from suppliers)

Total 95.5 ton/yr of CPC, corrsaspondiang to a
partial reduction of CFC-11.

2 years
10 years

USS 306,053 total capital cost, being US§
118,263 for adjustments in the cabinet foaming
unit, US$ 75,000 for utilities and
inetallations, US§ 20,000 for conductivimeter,
US§ 12,500 for spare parts, US$ 10,370 for
reimbursement of tests and prototypes, USS
30,000 for trangportation and US§ 39,920 for
contingency.

USS 286,007
Annualized capital cost: US§S .49/kg ODP

The World Bank/Financiadora de Estudos e
Projetos {FINEPR}

COORDINATING NAT. AGENCIES: GT0 - Interministerial COzone Technical Group

BENEFICIARY ERTERPRISE: Refrigeracac Parana S.A. - Unidade Sao Carlos

PROJECT SUMMARY

Please Refer to attached Executive Project Summary

October 28, 1994



Refriceracio Parana -Unidade 830 Carlos : .

PROJECT SUMMARY

Refrigeragfio Parand S.A. - Unidade S8o Carles Is focussing in'béecoming zbie 1o reduce consumgption c;f=
. CFC 11 as a blowing agent In the PUF processing and ta reduce the iosses In the present cabinet
foarning unit which Is not sbie fo deal properly with ths prapesed altamative gesas to CFC 11 and also Is
not abla to keep the conditions for stability and repaatibility, Under this project, to reduce the. consumption
. and the losses of CFC 11 in two years, the company after maml tests and essays with technical auditing
from FINEP concluded based on field results o use & new Pra Heating Oven and 1o install controlied
eletrical resistances in the cars and moulds to assure stablitty and wpean‘hﬂiy To give support to thae
project, RefrigeragSo Parané 8.A. - Unidade 5380 Caros, will train the workers directly linked with the
cperation and the supervising of the cabinel foaming unit at its own expenses. Refrigsracdo Parand S.A.
- Uﬁidade Sfo Carles Is goinq to search knowledge and know-how for this step in our chamicals and
equipmants suppliers working allogefher. :

Project of the F‘Eafnggmgea Parznd S A, - Unidaéa $do Carlas canversion ‘o CFC-Free Technelogy in the -
Manufacture of Rafrigerators.
1- Prolect Oblective
The objective of this project is 10 reduce the consumption and [osses of CFC 11 In ths production of
Refrigarators at Refrigeracio Parand S.A. - Unidade Sllo Carlos,
2- Seclor Background ( Date From ABRAVA 7 ABINEE)
o {n Brazil the annual sales in 1992 was 1,382.000 Rafrigerators.
= The estimated growth mte of the refrigerators market Is 15% / year,

@ The domestic refrigeration used In 1983, 1420 ton of CFLO's.
= The annual produciion of Refrigerators in 1993 was 1.843,000 products.

1 October 28, 1994
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- Entemsise Bockeround

. = Tha Refrigeragio Parand S.A. - Unidade Sio Carlos - annual O0S cansuription In 1983 was
127.3 ton of CFC 11, 108.2ton of CFC 12 and 2.4 ton of HCFC 22
.- Refrigeracie Parand $.A, - Unidade S0 Caros manufaciure Refrigeraiors, Washiﬂg Machine
and pars for Air Conditionners.
= The Refrigeracio Parang S.A. - Unidade Sho Carlos pmduc:iorz { 1664 ) capacily is ?86 oo0
products / year for all manufacturad products.
~ The Refrigeracio Parand S5.A, - Unidade 580 Cardos -«  actual produesion (1884} Is around 220.000
PU products / year { considering 82.5 prod / h; 10.8 h 7 day; 20 days / month and 11 month / year )
=~ In is development and researeh, Re!ﬁgeﬁagﬁo Parand 5.A. - Unidade Slo Carlos - uses a  closs
coaperntion with is chemicat and equipment suppliers { Du Pont, Hoechst, Dow, Bayer, Cannon
Crips, efc. )
- Nowadays Refrigeracéic Parand S.A, - Unidade S8o Carlos - supplies the Srazilian mafk_at and
exports to the Sguth American Market.
~Refrigeragio Parand S A. - Unidada Sio Carlos has In Its total capital 8,55% of foreign capital
participation ( from Sanyo / Japan ),

4 Project Description

" Refrigeragio Parand S.A, - Unigade S50 Caros usad 1273 ton of CRC 11,1082 tonof CFC 12
and 2 4 ton of HCFG 22 In 1903,
The ¢ company is committed to phase out CFC in iis products.
The company will reduce the consumption of CFC 11 by pmceésing PU foam with 50% less in the
new fomuletion and will reduce the losses of CFC 11 dus present cabinet foaming unit which s not
abie to keep the process stabliity and repeatibility { steadiness of resulting foam properties ). The
cabinet foarning unit with the propoased modificstions relaled In this projea, 1.s, cars and moulds with '
cantroiled electrcal heating and using 8 new Prs Meating Ovan unit will allow the use of the
aftemetive gases to phase out CFC11{see the concxusions al the fosming essay report on snneﬁ)
The company will also eliminats the losses of CRC 12 mlateﬁ to tha lsakage test in the caoling
systarn by using recovery equipments bought at s own expanses. Adjustments will have to Ge done
n the wiiities because tha new level of slectrical powerto ba mquireé
Tralning will be provided for the works direcily inked with ’me apemnon and the suparvising of tha
cabinet foaming ama. :
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£ Tachnoleqy

5,1« Overview
There ara cumrently three directions in tha deval epmant of CFC - fraa sysoems for thermoset

: iusu!atian fogms:

@ CFC 11 > partiai walar/ HCFC 141> 7

" e CEC 11 > partlal waler / HCRC 22, 1420 > HFC 134a, 1525

o GFC 11 > Pertane, Cyc!npcntaﬁa

_‘En addiion, compounds such as parﬁuorsikanas Hc:rtc: 123, Mucrinated sthers ard
: 2-Chicropropane have been suggested, but are immutum in technology, Umited available or
"L toxicologically contested. -

The first solution - also called the ™iquid* soiution - employs technology <hat is closely relsted to the
existing one. The finai step in this procass is not yei decidad. . _
Cne potential solution Is HCFC-358, but full water blown foam with improved ceil structurs remalns

~an optlon,

The second soiution - also callad the "gas” solution - utllizes a gaseous mixture of physical blowing
agents, which requires high pressure aquipment and sometimas extensive adjustments. The final
step in this process Is seen as the Introduction of (gasaous } HCECS. Cycicpentans {achnolegy
was lately commerclally infroduced in Germany. its flammuebie characer requires safety and fimit=
s use,

The direction In the development of CFC-frae systams for coaling system Is the HFC-134a and ft Is
Settled but its usa still needs a constant care about comtamination.

ale

Consistency Is the most impontant parameler in the Refrigeraclio Parang S.A. - Unidade S3o
Carlog - poiicy alming to phasecut CFC's and, so, ihis projact Is based in the following points:

- As a first step it will Da Introduced a 50% GFEC 11 redustion in P.U.R fosming process considering
that & this moment there is no fixed Industrial strategy In therms of Sraxil;

- in Refrigeragic Parané plant i Curitiba, which belongs to the same group as Refrigeraco Parand
S.A. - Unidade 580 Cardos - and whers the P.UR foaming process conditions alicws the use of &
more up-to-dsta tachnology, H will be used HOFC 141b as blowing agent and R134a as refrigerant
fluld, The experience gained there wiil be cartainly decisive in Rafrigergclo Parand S.A. -Unidade
$80o Carlos - decision for the phase out efter working 2 years with 50% CFC 11 reduction.

Cctober 28, 1994
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BA. Imonet anlonduaeiiss Sepcace

For the implamentation of the new Pre MHealing Oven and the comreiled electrical heating In the
cars and mouids in the Refrigeragho Parand S.A. - Unidade S80 Carics - plant, f wiil be

" necessary the observation of the follawing polats

- Modiﬂcaféc;n In the present igy-out to install tha new Pre Hea:tnu m

- The Instaflation of alectrical resistances in the cars and moukds.

- The Instaliation of elactrical power for the Pre Heating Oven and tha cass snd moulds.
"= Training of warkers finked with the oparation, maintainance and supervising of the cabinst

feamlng unit.

- Itis impartant to point ot hm that with the propased mnd{ficsﬁans in ths prajact, it is perfectly
- possible after 2 years of usage tg changs from the procsssing with 50% ¢f CFC 11 reduciion to
the HCFC 141D processing with some minor modifications In the installations.

& Prolect Costs
&.1- Capital Costs

The following Incramental capital caszs are sxpacied, ‘elated to this ;aose&

~ Pre Healing Oven ( sos ltem “g* annax 4} iriensenans

LUSD  31,250.00

.USD 30,000.00

- Transportation { sse meeting report from 06.13.64 }...
- Cars and moulds heating ( sas annax 5 )

Usn ar.013.51

- Utitides and Installations ( see tems "h* and *I* annex  }........

..... USO 75,000.00

- Conductivimeter  ses mesting report from 08.13.84 Joeve e oo,

UsD 20,000.00

- Spare parts ( see ftam "n® annex 4 - fraction

comespanding to the Pra Heating Oven Y. i smnrs et cceons

- Tests raimbursement ( 8nNex 8 ). vweee e e isimmeneionans

................. USD 12,500.00

- WSD 10,370.25

- Contigancy (15% )....... .
~Total incramental Capital Cots

USD 308,051.82

8.2« Non Eligibie Costs
- Due § 558% of foreign capifal participation in

RPSA-SC total capital...o.oinicoiecrvcrrinennes
=Total Noa Elgbie Costs ... sernsvsrens
8.3- Grant Fram MLF
- Total Incremental Capital Costs (= Total Project COStS J...o.ccicncnmrrcnes
C = TOlRI NOn EHGIDIE GOS8 i seirssersnesssssrarmerrmssssanevasans sosteesrnsssrnsns
 TOEI GO FTOM ML ooovoveeceooesmeomensorsesssscessostsssssossmeneeens oesreesr e

rermereerrneeees S0 20,046.53

e MSD 2004853

rornennseene W S0 308,053.82

.................. USD 20.048.53
cernenranearne WS 268,007.29

October 28, 1994
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6.4 Unit Abatement Costz

2) Total Grant From MLF .......oooiriiiiriiiiiniirnnnsceninns USS 286,007
b) Project life time.........ocovvivirinimricircicisisicssceannn. 10 years

¢) Discount Rate...........cceeee teemncresercnsserensrerestnerrnrreren 10%

d) Annualized Capital Cost ....iiiiiiimiiiiniir v, USS 46,533
€) CFC POJOCt IMPACL.c.vvevesverersrserraresessesssasesesssssnes 95,500 kg

) Unit Abatement Cost (UAC) .....oririiirirncrarccanne 0.48 $/kglyr

1) Cash Flow

2) Calculations of CFC-11 reduction

3) Foaming Tests - Conclusions

4} Cannon Crios Proposal No, 7732

5) Foaming Tests - Neccessary investment to adequate the existent cabinet foaming unit
6) Foaming Tests ~ Costs for the realization of the foaming tests

7) Implementation Timeframe

8} Ozone Operations Resource Group (OORG) Review

9) FINEP Notice of Approval

October 28, 1994
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Annax 1~ Cash Flow

7 L) W
TASK B (=33 GH [ MONTHL.Y §
JaiA Solie ) LA ] DGt | Favid | Cer/e parvan Tav i ] TOTAL
5, T v Haiieng, Coan . . T - . - - S
1.3 ; . - R . . xoc - e
4.5 Comptr vl Moc s +haimiong . = 2a0F - - L96T - - #2004
4 o Lol i Sramim i - - ST - - e - - B ¥
1.5 Clarvinambirntu . - 10Oy - - LT - = 22000
L4 S P . - 1473 - - | ET - - L2500
115 Tons Ruimtsmrrws . - 0T . . = - - hok b
i Crsiguvnry - 14387 " « L - Ld L o
YOoTRE ” - ;zj&" " - T &l . g% 10"
LA T N - ¥ 11 - - - - : xaoar
in- A, . " 44209 - Ltxoa. ] - - oot
i YOTAL D " r e 3 TR » G TR
AFBA-BC = Ruirigarsglo Farand KA. « Uniduds S0 Cados
Annax 2 - Calculatioas of CFC 11 Reduction
PROQJECT: Ratrigacnclo Parand S.A. - Hakinde Sho Carcs conversion to
CFC-fran Tachnology in the Manufacturs of Refrigssators
- Calcutatons of CFC 11 Reducton
Hodal - Annusi CFC 11 / Prod. SEC { 100% ) BFG L BO% § Lossas
- Production Ko 1 kO JConsumpiinn 1 WO Moanmutmmien
RW 3.3 §1,648 0.612 21,808 15,804 1,976
AW 3.8 10,8988 0.743 8,231 4,115 514
W 4.1 157,143 0.827 129,957 64,978 B,122
Totwl 218,780 169,796 84,698 70,612
NOTE:

Considaring 892.58 products / i;

the producton mix,

10.8 b  day: 20 days ! month and 11 months / year and

Qctober 28, 1954
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Annex I - Foaming Tests - Conclusions

Foaming Tests with 50% CEC Redyction and with HCFC 141 b

CONCLUSIONS

. 1. The modifications realized in the existent foaming unit, specifically in eove tunnal of the Pre Heating
Ovan and In one cabinst foaming car and mould, aimed o comply with the temperature uniformity In
cabinet and Intemal iner requirement: gava good results.;

2. The tests results indicats the steadiness and stabiitty of the process keeping the physical and chemical
prupertias of the foam in constant levels (both In cabinet and in foamed samples plates);

3. The productivity of the pre heating oven decreases from 98 ;mdhds per hour to 18 products per hour;

4. The total expensas for thesa tests sum up to USD 10,370.25;

s, The necessary Investiment { grant }to keep the axistent production level (28 producifourn), with the
proposed  modifications, changes from the theoretical valus estimated during the meelings of june 13 .

and 14 / 94 of USD 441,388.00, to USD 286,007.29; which was oltained wsing the rescils of the foaming
tests, :

7 Ociober 28, 1994
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Annex 5 - Necesgary investment to Adequate the Exisient Cabinet Fosming Unit

Foaming Tests

1~ Based an the obtzined results In the foaming tests, keeping the #mducﬁv&y levat of 88 p@dum per
" hour; and sensidering the budgets of equipmanis, components and Installstions contained in the '
prapasals used in the meeting of 13 and 14.00.54, and yat the fax serd to FINEP iN 28.06.54, thers are
 two passible situations: " ' :
| 1a-Siustion*A®
© 1.1.1- Adequate the Pre Heating Oven in the same way that has besn dons far the tests;
1.1.2- Buy more § hesting chambers each one equal to the existent one with three tunnais and
infrared lamps; x ' 7 |
4.1.3- Heat by mean of electrical resistances 18 cars and moulds it the same way that has bean done
for the tasts;
1.1.4- Include electrical rall souree to supply anergy 16 the cars and moukis in the cabinet foaming
carrousei; ) '

1.2- Shugfion "B-
1.2.1- Buy the Pre Heaﬁnﬁ Cven propesed by Cannon to work properly with the existent foaming unlt
and carrousel; ‘ ]
1.2.2- Heat by mean of electrical resistances 18 cars and moulds In the same way that has baen done
for the tests; )
1.2.3 Include elacirical rail source to supply energy to the cars and moulds in the cabinet foaming
camousel; ’ : )

2-Costs
2.1~ Shtuation "A"
2.1.1- Adaoted Pre Heating Oven
« (1542 ) tnNSIS X 3,422,768 USD £ HUANGT .overvsreecseserssrsenesssssrmasssssessasssenss USD 58,188.92
- {&- 1) chambers each one with 3 tunnals : '

and infrared lamps: 05 chambers x 35,000 USD/ mammmﬁm
Total Situation "A™ USD 223,188‘8;

10 October 28, 1954
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£.1.2- Electriflad Cars and Moulds
: - {201 cars x 3,388.28 USD / car..... USD 64,377.51
’ = BIOCIHCAE Biluveers v veerssemsseessssenressoessses s et stmssemtass s s e e usD 15,136.00
- rait struciure and Instaliation.. MeR . 2.500.00
: Subtotal USD  87,043.51
21 &Mﬁaﬂn&m '
" «forthe 0S5 Pre Healing cnmbem
" and 19 new slsctrifiad cars. . USD 75.000.00
_ . 2.1.4- Copductivemster i USD 20,000.00
¢ © 2.1.5- Prototypes and Tests ( Bsimbursament). usD 1037028

Subtotal USD 426,570.88

NOTA: The need for 05 more chambers implies in an additional area of about £2.25 m2.

‘ 2.2- Situstion "B*

2.2.1- Bra Hesling Qven Cannon....

1 22.2- Rlectrified Cars and Moylds .
: -(26-1)&&:3355298302!:&:

] MSD 31,250.00

rhuaAN

- 8D  64,000.00

- ealactrical raill

S0 19,138,00

- rail structure snd instaflation

-LSD 350000

2.2.3- Wjlitles and Instaljetions
« for the Pre Meating Oven Cannon
and 19 new elactrified cars......

Subtotsl USD 87,013.51

e W80 75,000.00

s

..... USD 20.000.00

2.2.4- Condugtiverneter....... ..

" 225 Spare PafS............ . — USD 12,500.00
2.2.8- Prototvpe g ieretaeesrenenenebaress st asns eeereensnaseaenane usD 10,370.25
2.2.7- TEANSPOM. oo ' USD. 30.000,00

11

Total of Situation "B" USD 266,133.76

October 28, 1954



16

Refrigerago Parané Unidade Sﬁo Carlos | .

:me the exposed in llem (2) it can ba concluded that the s%tuat!an | is e mes which Indicates me

' ,tomst cost main!y because in thisscluﬂon a Prs Maating Qven spa&ﬂcaﬂy dmned by carmon forthe

e:dstant plant repmmnts a reduwaa Inthe in the investments . Momw he solution tc adequate the

. e:ﬁstm: cars and :mulds n sao Canes ::zstaad of buying it fmm others, equaly !eads tc a reduction in
“ tha lnvesmimi. R

- 'mus, the cast praﬂle forthis pm}a: becornes: R ; '

< Total Stustion *8°. S I usD 268,123.78
= CONNGENEY ( 15% Yeriereererssinmrs s e eniesesss ‘ USD 2902008
T N Subtotal USD 306,063.82

- Sanyo Participation (8,55% )....... I vaseoreasaes {«) W

Total USD 256,007.23

12 October 28, 1994
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Annax 6- Foaming Vests - Costs For Tha Realtzation Of The Foaming Tests

- Foaming Tests -
' Costs for th realization of the foaming tests with §0% CFC reduction and HCFC 141b -

‘.7"1* ; ST '-

1.1- Pre Healing OVEN (1 fUARAE) - ‘evoedicesmecsimesrnisoarenes & USD 342278
1£«in§acﬁunMouldanéc:lr(1csrgadmould) v L MSD 338820 -
' 4.3- Subtotal instatiations . USD. 6,811.08
" 1.4 Cabinets Usad In the Tests ( 40 cablnets ) NSD .. 258820
1.5 Total Cost . . srasanas USD 1037028

Nots: i the total cosi for the tests It was not inciuded naitna: &zatan‘al and labour hour wsts for

modifications in the plate samplo syﬁem narthe Rﬁ?RiPAR usc mpie hours spant 1o perform a!l the
- !es!s,

13 October 28, 1994
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1%

* Infection Mould and Car Modifications

L amcri prtines. [=7%7 ¥ [#2 ] Srppleer
TERCToN N aaArons ) s S R I
Serow T T TR Resmmnoes W 8" B X ReFow 55
B0 T ADoNg Boree on 2 T8 (HeTnoe S
TRy Wm T (o S vk / NE 431 P
(TEaCOn DO a0 s Ot o<k pLIe]
TS COrErOr 00N R TR TIRooR 7 e g Lot
TR T Bt TS on TETIS [Treon 7 St 2 LoD
[ETacinG PRI TOF | Speraiire C.onto LT AT Tty k. o 1787
ETOCiT T Pl LoV GRS o BV Tt 7 o,
[Colnmer 31644 (Y IO ety oo, 7 e 10757
EWCATIGAL L0 BINGAT St < o) 1,;6 JADG Eogk. | e 10707
£y | v {entiram Aliun 7.4 |00 il § o t
[FOGHR | BDerRire IntumbAg TADS ol oA B (b oA 7 o U787
YR | eTROCopee Clatel wam B [DRE UL, | G, i | bb
Swiich) Samsor WAR ) POwiR o e et Y A < Y S
T SOOI TNGIEAOT o TXIEISAE v, f ore. SoLs 7 %
LT re—rr— LEun TLEY [ERcos Sae
Totai = 1.508.28
4- Cabinets Used In the Tests
S acri pricn Cuan, Use Suppiter 1
Cablnet 4.1 SF O un 3,550, X) | Fatrigee ST
Toted ={  3.668.20

15

October 28, 1994



*

r Parana - Unidade Sao Carlos

Implementation Timeframe

Annex 7

Task

Ml

M2

M3

M4

M5

M6

1. Preparation

-MLF Approved

~Procurement Preparation

-Vendo Selection

2. Installation and Start-Up

-Purchase and Customs Clearance

~Machkime Installation
Start-Up, Try-out and
Training

E ~Certification

16
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TECENQLOGY

CFC 11isa viable and well proven first step towards CFC phaseout for refrigerator and freezer
manufacturers. However, in 1994, it should be oply considered when low or zero ODP
technologies cannot readily be implemented The enterprise (secton 5.2) will follow
developments at a sister factory who are converting (directly 7} to ECFC 141b with a view to
implementation within about two years,

Cverall, the reduced CFC 11 technology can be considersd if the costs involved are low and the
equipment purchased is compatible with a later technology - this latter point is confirmed in
section 5.3,

A minor point, the technology overview (saction 5.1) is outdated, discussing products long extinet
and should itself be consigned to & museum.

The reduced CFC 11 phase is clearly recognised by the enterprise as an intermediate step.

There are no ssfety issues related to this phase,

EROJECT COSTS

The UAC of the project appears to be wrongly calculated. Taking 1993 CFC 11 consumption
at 127 te, 2 50% reduction gives 64 te leading to 2 UAC of about 0.78 kagfyr (not 0.30 S/kg/yr).
This is still relatively cost effective and in line with OORG Working Group estimates,

No operating cost changes are considered. The project demand dated 19/8/94 does not address
the proposal raised by Mr. Horvay (consultant) relating to a low cost mould modification.

Where is it ?

Approved subject to g satisfactory answer to the consultant's preposal and inspection of the
implementation timeframe.
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Annex 9 -

FINEP - Financiadora de Estudos e Projetos

To : Laaia Tlaiye

Task Manager Ozone Operations for Brasil
The "Vorld Bank - LA 1 EU Division

Fax num] er : 001-202-8760377

From : P't ulo Roberto da Silveira Fetal

x, ’2
F INEP - Financiadora de Estudos ¢ Projetos = o)
Fax numt er : 055-021-2760581 ] })
. g .1 i,
. N
Date : Oc 28th, 1994 e e
Pages nuxber: 01 v T
-:a.? R
-3
Message : _
' ‘ Oz 3/94
Dear Ms. T aiye, .

I an now informing you thas FINEP agrees with the terms of Refripar Sdo Carios

projact exc wutive summary sent on 29th Septernber and with the implementation schedule
sent yesterc 1y to you and asks its transmittal to the Executive £9mmitse for approvel.

Tee." Prajatns 2
peasa
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