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This document includes the following project proposals and the Fund Secretariat'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 tile document. 

Refrigeration 

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

- Conversion to reduced CFC technology in the manufacture of Refrigerators at 
Refrigeracao Parana S.A., Unidade Sao Carlos 

IBRD 

IBRD 
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PROJECT EVALUATION SHEET 

COUNTRY OR REGION: 

PROJECT TITLE: 

BUDGET: 

INCREMENTAL COSTS: 

ODS PHASE-OUT: 

COST EFFECTIVENESS: 

PROJECT DURATION: 

IMPLEMENTING AGENCY: 

Brazil 

CFC-11/12 to cyclopentane/HFC-134a foaming 
agent/refrigerant factory conversion at 
METALFRIO S.A. 

US $2,526,780 Incremental Capital Costs 

us $2,526,780 

160 MT of CFC-11, 45 MT of CFC-12, 
0.8 MT CFC-502 and S MT TCE 
(206 MT/yr. total ODP eliminated) 

US $12.27 per Kg. ODP saved 

1.5 years 

World Bank 

NATIONAL COORDINATING AGENCY: Interministerial Ozone Technical Group 

TECHNICAL REVIEW COMPLETED: YES...x__ NO 

SECRET ARIA T'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. 
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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. 

5. 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 REGION: 

PROJECT TITLE: 

BUDGET: 

INCREMENTAL COSTS: 

ODS PHASE-OUT: 

COST EFFECTIVENESS: 

PROJECT DURATION: 

IMPLEMENTING AGENCY: 

Brazil 

Conversion to Reduced CFC Technology in the 
Manufacturing of Refrigerators 

US $306,053 (Capital Costs) 

us $286,007' 

95.5 MT ofCFC-11 

US $2.99 per Kg. ODP saved 

2 years 

World Bank 

NATIONAL COORDINATING AGENCY: Interministerial Ozone Technical Group 

TECHNICAL REVIEW COMPLETED: YES _lL NO 

SECRETARIAT'S COMMENTS 

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-14lb 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 RECOMMENDATIONS 

5. The Fund Secretariat recommends approval of the project, as revised, in the amount 
of US $162,603. 

1. Adjusted to reflect local ownership of 93.45 per cent. 
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PROJECT EVALUATION SHEET 

COUNTRY OR REGION: 

PROJECT TITLE: 

BUDGET: 

INCREMENTAL COSTS: 

ODS PHASE-OUT: 

COST EFFECTIVENESS: 

PROJECT DURATION: 

IMPLEMENTING AGENCY: 

Brazil 

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

US $2,526,780 Incremental Capital Costs 

us $2,526,780 

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) 

US $12.27 per Kg. ODP saved 

1.5 years 

World Bank 

NATIONAL COORDINATING AGENCY: Interministerial Ozone Technical Group 

TECHNICAL REVIEW COMPLETED: YES_L NO 

SECRET ARIA T'S COMMENTS 

l. 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 refittoo and converte,d to permit production with 
cyclopentane as foam blowing agent, HFC-l34a and HP-162 as refrigerants and with 
non-chlorinate,d chemicals as cleaning solvents. Cyclopentane, HFC-134a, HP-62 and chlorinated 
solvents are ultimate conversion solutions. The project will be implemente,d within 18 months. 

3. Refrigeration model redesign and the technical aspects of the conversion, including 
safety measures associatoo 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 hiroo 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. 

5. 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. 



TIIE MONTREAL PROTOCOL 
ON SUBSTANCES TIIAT DEPLETE THE OZONE LAYER 

PROJECT COVER SHEET 

COUNTRY, Brazil 

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

SECTORS COVERED• Commercial horizontal and vertical freezers 

ODS CONSUMPTION IN 
AFFECTED SECTORS: Estimated for 1993 2,500 MT of CFC-11 and CPC-12 

PROJECT IMPACT: Phase out of annual consumption of 160 KT of 
CFC-11, 45 MT of CFC-12, 0.8 KT of CFC-502 and S 
MT of Trichloroethane (206 KT/yr total ODP 
eliminated) . 

PROJECT DURATION: 1.5 years 

PROJECT ECONOMIC LIFE: 10 years 

TOTIU.. PROJECT COST, Total capital cost: US$ 4,170,000 (includes 
estimated US$ l million import taxes which may 
be exempted) . 
Incremental capital cost, US$ 2,526.780 
Incremental operating costs; To be determined 
after each of first four years of operation. 

PROPOSED ODS GRANT: Incremental capital cost; US$ 2,526,780 
Incremental operating costs, As incurred 
(Estimated range, US$ 0-1 million annually) 

UNIT ABATEMENT COST• Annualized capital cost: US$ 2.06/k.g ODP 
Annual incremental cost (non-discounted) 
Up to US$ 4.86/kg ODP. 

IMPLEMENTING AGENCY: The World Bank/Financiadora de Estudos e 
Projetos (FINEP) 

COORDINATING NAT. AGENCIES: Interministerial Ozone Technical Group GTO) 

BENEFICIARY ENTERPRISE: METIU..FRIO S.A. 

PROJECT SUMMARY 

Please Refer to attached Executive Project Summm-y 



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 respectively, to permit 
production with cyclopentane foaming agent and HFC-134a refrigerant. Due to 
the flammability of cyclopentane, the foaming area will require explosion 
proof design standards, and supervisory and worker training must incorporate 
safe operating practices in hazardous environments. 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 total estimated project 
capital cost is US$ 4.17 million of which incremental capital costs are US$ 
2.61 million. Metalfrio S.A.'s 1994 production level will be an estimated 
150,000 units. Unit costs of production are expected to be higher after 
conversion. Nevertheless, due to the uncertainty involved in ante facto 
quantification, reimbursement of incremental operating costs will be on a post 
facto basis. They will be reimbursed to the extent that Metalfrio can 
demonstrate transparently that, i) unit production costs were higher than 
before the conversion; ii) the additional costs were not passed on through 
adjusted selling prices; and iii) as a result of ii), profits for this portion 
of production ware reduced over the base year before conversion. The 
reduction in profits is what will be eligible for compensation. 

2. The project will be implemented over an 18 month period, including model 
redesign and field prototype testing. Annex l contains the project 
implementation program, capital cost estimate and outline equipment 
specifications. Annex 2 is the report of the refrigeration technical 
consultant. Annex 3 is the report of the technical consultant who reviewed 
the project's safety aspects. Annexes 4 and 5 are the reports of the OORG 
reviewers for foams and refrigeration, respectively, both of whom approved the 
project. Annex 6 is the letter of FINEP, formerly requesting consideration of 
the project by the MFEC. These are no MP policy issues related to this 
project as the proposed technologies have already been approved as definitive 
zero OOP solutions; and none of Metalfrio's production is exported to non­
Article 5 nations. 

PROJECT OBJECTIVE 

3. The objective of this project is to eliminate the use of 205 tons 
annually of ozone depleting substances (ODS) including CFC-11, CFC-12, CFC-502 
and trichloroethane 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 consists of 6 large producers who control most of the market and a 
number of smaller ones. The total installed 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-11 and CFC-12 was estimated to be 8000 MT in 
1987 and 9300 MT in 1989. The total consumption of CFCs in the production of 
polyurethane foam was about 3.400 MT in 1989 but not all has been used for 
this sector. In 1993, the estimated total consumption of ODS in the 
refrigeration sector, based up on a sale of approximately 2,750,000 
refrigerators and freezers was about 2500 MT. Based on an estimated average 
useful 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 using vacuum pumps and charging boards, thereby 
increasing ODS consumption during servicing to twice the unit's refrigerant 
circuit capacity. Estimated annual CFC-12 consumption for servicing is 400-800 
MT, although it is possible that it may be even higher. 

ENTERPRISE BACKGROUND 

6. METl\LFRIO S/A - INOUSTRIA E COMERCIO OE REFRIGERA(,AO has been operating 
over the last 27 years in the manufacture and sale of commercial and domestic 
refrigeration products for the Brazilian and south American markets. It is 
owned by the Continental 2001 Group, a 100% Brazilian owned firm. The company 
employs 580 staff and the installed annual capacity is about 200,000 units per 
one and one half shifts daily. Production in 1993 was 131,469 unite. 
Estimated production for 1994 is 150,000 units. 

7. METALFRIO 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 unite to Argentina, Paraguay, Mexico and other South American 
countries. It does not export to any non Article S 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-l34a/cyclopentane freezer designs. Metalfrio has a sound financial 
structure, 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 crisis. It is expecting a profitable 1994. 

PROJECT DESCRIPTION 

8. The projects consists 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 foaming agent and HFC­
l34a refrigerant. Due to the flammability of cyclopentane, the foaming area 
will require explosion proof design standards, and supervisory and worker 
training must incorporate safe operating practices in hazardous environments. 
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 
replacement alternatives are cvclopentane as foam blowing agent, HFC-134a and 
HP-62 (R404a) as refrigerants, and non chloride based cleaning solvents. 



9. The project scope includes: i) procurement of new machinery and 
equipment; ii) rebuilding of presently used equipment, such as vacuum pumps 
and foaming jigs and plugs; iii) assembly line rearrangement and some related 
civil works; iv) redesign of freezers and coolers; and v) installation, 
commissioning, on-the-job training, trial operation and start-up of foam 
injection systems. For uae in non ODS refrigeration circuits, METALFRIO will 
purchase Brazilian produced EMBRACO and SICOM HFC-l34a 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 
storage and mixing tanks, which will be furnished by raw material suppliers, 
are outside the scope of the project. Recovery and recycling unite for CFC-
12, as well as equipment which will be used for servicing HFC-l34a 
refrigeration systems will have to be provided for Metalfrio's refrigeration 
service centers, but these are also not included within the scope 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 prototyping, performance testing, trial manufacturing and adaptation, 
as well as reliability tests. Lab and field testing of 30 prototype units 
produced in Germany under factory conditions will be conducted to define 
design parameters and production coats for full conversion of the factory 
output to HFC-l34a refrigerant, and cyclopentane blown foam. The conversion 
of the production facilities for HFC-l34a 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. Introduction of flammable cyclopentane as a blowing agent requires not 
only new foaming equipment, gas detection and controls designed for use under 
explosion proof conditions, but also modification of the foaming molds that 
encase the cabinets during the foaming operation. Modified product design 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 poorer 
thermal insulating value. For conversion of the foam injection operation from 
CFC-11 to cyclopentane, Metalfrio 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 II and III). 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 systems 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. Annex 3, Safety Review and 
Assessment, details the safety precautions which must be incorporated into 

i 



project design, installation and operation, based upon recommendations of both 
prospective vendors. 

12. outline equipment specifications for the refrigeration and foaming 
operations, and ancillary works are given in Annex 1, Part c, outline of 
Equipment Specifications. 

PROJECT IMPLEMENTATION 

13, Project implementation, including product line redesign and testing, 
rearrangement of assembly lines, installation of equipment for foam injection 
and refrigerant circuit installation; and technology transfer; will take place 
over a period of 18 months. The project implementation schedule is included 
in Annex 1, Part A, Project Implementation Program. To supervise project 
implementation, Metalfrio will contract an experienced mechanical installation 
project manager, and three technical foremen. This team, working under the 
guidance of Metalfrio'a plant engineering staff, will be directly responsible 
for installation, including supervision of sub contractors. The successful 
foam injection system vendor will supply factory technicians for installation; 
commissioning, start up and operator and safety training of Metalfrio 
personnel. The refitting of the foam injection systems, and related 
modifications will take place during the first 11 months. The conversion of 
the foaming operation will include a transition period when a reduced CFC-
11/water mix will be used to approximate the thermal characteristics of 
cyclopentane blown foam. Full conversion to cyclopentane blown foam will take 
place after month 16. Prototype testing and redesign of models for HFC-134a 
will take place during the first twelve months, concurrently with the 
mechanical installation of foam injection and HFC-l34a charging and test 
equipment. 

JUSTIFICATION FOR SELECTION OF ALTERNATIVE TECHNOLOGY 

14. HFC-l34a has been accepted worldwide as the principal replacement for 
CFC-12 refrigerant in domestic refrigerators. Its thermodynamic properties are 
similar to CFC-12, it is non-flammable, non-toxic, and has a zero ODP. Two of 
the worlds major suppliers of refrigerator compressors, EMBRACO and SICOM, who 
have been among the first 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-62 gases. 

15. Development of a replacement for CFC-11 as a blowing agent for rigid 
polyurethane refrigerator insulation has been more problematic. Among the 
replacements which have been tried are HCFC-14lb, HCFC-142b and HCFC-
142b/HCFC-22. All have ODPs 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. The K value for CO2 
blown foam is unacceptable from an energy consumption standpoint. In the us, 
HFC-14lb is emerging as a CFC-11 substitute, even though it is transitional. 
It has the added disadvantage of also requiring more costly plastic liners 



when used in domestic refrigerators- Cyclopentane has an ozone depleting 
potential (ODP) of zero and haa been approved by the MFEC as a definitive zero 
ODP solution for foaming rigid polyurethane. Currently all major European 
manufacturers are carrying out teats, or have already started using 
cyclopentane blown foam in commercial production. 

16. Metalfrio S.A. has opted for the HFC-l34a/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 MFEC funding; 
and most importantly, Metalfrio s.A. has the in house technical capacity to 
develop the modified product designs and production technology required for 
conversion to these substances. 

PROJECT TOTl\L CAPITl\L AND INCREMENTAL COSTS 

17. The total estimated project capital cost is US$ 4.17 million of which 
incremental capital costs are US$ 2.61 million. All costs specific to supply 
and installation of the new technology, and which would otherwise not be 
incurred if the existing fabrication line could continue to be used, are 
considered incremental capital costs. The existing fabrication line, while 
old, would not require replacement for some time, but, at the same time, its 
components have little resale value. As demonstrated by their plan to rebuild 
vacuum pumps and moulds, Metalfrio is converting usable existing equipment 
wherever possible in the most cost effective manner. Project costs which are 
not incremental, include layout rearrangement (US$ 200,000), new moulds for 
foaming doors (US$ 200,000), compressor cooler (US$ lS,000), 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$ l 
million). A breakdown of incremental capital costs included in the OTF grant 
request is given in Annex l, Part B, Revised Project Cost Estimate. 

INCREMENTAL OPERATING COSTS 

18. Units produced after conversion will have more expensive compressors 
($5-10). HFC-l34a is likely to be more expensive than CFC-12, but 
cyclopentane less expensive than CFC-11. Net unit production costs are 
therefore likely to be higher, but not accurately quantifiable at this time. 
Reimbursement of incremental operating costs consequently, will be on a post 
facto basis. They will be reimbursed to the extent that Metalfrio can 
demonstrate transparently that: i) unit production costs were higher than 
before the conversion7 ii) the additional costs were not passed on through 
adjusted selling prices; and iii) as a result 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 compensation. 

19. The Unit Abatement Cost Calculation is shown in Annex 1, Part D. The 
annualized capital cost is US$ 2.06/kg ODP. The annual incremental cost (non­
diecounted), based on an estimations made during project preparation may range 
anywhere from ~ero up to an estimated of US$ 4.86/kg OOP. The true figures, 
will however, only be able to be calculated poet facto. 



PROPOSED OTF GRANT 

20~ The proposed OTF grant request of US$ 2,610,000 ia baaed on 100~ 
Brazilian ownership of Metalfrio, and covers the incremental capital 
coste,including a 15\ contingency. FINEP's fee of 2.5\ of actual 
disbursements will be additional. 

TECHNICAL REVIEW 

21. Subsequent to the preliminary OORG Review in February 1994, a Technical 
Review Mission consisting of a Refrigeration System Design and Production 
Technology Consultant, and a Consultant in Safety Design for flammable 
environments was carried out. The purpose of the review was verify the 
conceptual soundness, safety design and reasonableness of coat estimate for 
the project and to address information gape noted in the Preliminary OORG 
Review. The consultants reports are included in Annexes 2 and 3. 

22. Annex 2, is the report of the refrigerant consultant who reviewed the 
project concept and basis of design. His conclusions are that: i) the 
proposed design and prototype development program proposed by Metalfrio is 
acceptable; and ii} Metalfrio's in house technical expertise, and access to 
compressor suppliers is such that there is no need for any additional 
technology partner for implementation of the project. Annex 3, •safety Review 
and Assessment• is the report of the technical consultant who reviewed the 
safety aspects of the cyclopentane injection, design and operation. The 
consultant concludes that based upon the experience of the prospective vendors 
with this technology, and taking into account the design standards, and 
training and operational safety programs anticipated, the project should be 
able to be designed, constructed and operated on an acceptably safe manner. 

OORG REVIEW 

23. Annexes 4 and Sare 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 recommends 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 OORG 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 required. 

l 



METALFRIO S.A. 

Cl!'C-11/12 TO CYCLOPBlll'l'llB/KFC-134& 

FACTORY CONVERSIOH PROJECT 

PART A: PROJECT IMPLBMEl!l'l'ATJ:Ollt PROGRAM 

PART B: REVISED PROJECT COST BBT:rMATB 

PART C: O'U'l'LINB BQUIPKBllT SPECIFICATIONS 

PART D: tlNJ:T ABA'l'BMEN'l' COST CALCULATION 
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PART A: PROJECT XMPLEMENTATION PROGRAM 

MONTHS 
GENERAL 1 2 3 4 5 6 7 8 9 10 11 12 14 16 18 

1. Make detailed specs XX 
for main equipment 

2. Sign the project X 

3. contract project MGR X 

MONTHS 
REFIGERMIT BFC 134a 1 2 3 4 5 6 7 8 9 10 11 12 14 16 18 

4. Redesign of 5 XX 
basic models 

5. Field test prototypes XXXXXXXXXXX 
6. Redesign of other XXXXXXXXXXXXXXXXXXXXXXXX 

models 
7. Selection/purchase XX 

of imported equip. 
8. Local equip./ inst. XXXXXXXX 

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 XXXXXXXXXXXXXXXXXXXX 
134a and cyclopentane 
foam partly with CFC 12 

13. 100% production with XXX 
HFC 134a 
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MONTHS 
CYCLOPENTANE FOAM 1 2 3 4 5 6 7 8 9 10 11 12 14 16 18 

14. Selection/purchase XXX 
of equipment 

15. Safety project XX 
development 

16. Local equip./inst. XXXXXXXXXXXXXXX 
design/sub contract 

17. Try-out and training XX 
18. Installation and XX 

commisioning 
19. Try-out 
20. start production with 

cyclopentane 

NOTES: 

xx 
xxxxxxxxxxxxxx 

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

b. All RFC 134a prototypes will be built according to final 
design: 

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

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

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. 

f. A continues 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. 

h. A qualified Metalfrio safety engineer will be prepared to 
supervise the safety requirements of the operation and conduct 
a continues training safety program of Metalfrio personnel. 

l.O 



PART B: METALFRJ:O - REVJ:SED PROJECT COST ESTJ:MA'l'E (10/19/94) 

Annex A: Equipment Specification and cost Breakdown 

Description Qty. Unit cost Total cost 
US$ US$ 

A. Refr1gerat1on system: 

1 - Charging board for HFC134a 
2 - Charging board for HP 62 
3 - Vacuum pump (renovation) 
4 - vacuum control 
5 - Leak detector 
6 - Helium Leak Detectors 
7 - Helium Recovery Unit 
8 - Test equipment+ prototype 
9 - Tests Kits 

B. Foam system 
10 - High pressure foaming mach 

with two heads 
11 - High pressure foaming machs 
12 - Pipe installation for 3 me. 
13 - Mixing station 
14 - Tank (cyclopentane) 
15 - Pipe installation from tank 
16 - Pumps, pipework for tank 
17 - Cyclopentane tank pit/piping 
18 - Rebuilding of foam jigs 
29 - Rebuilding of foam plug 

- New foaming Jigs/plugs 
- House for foaming jigs 
- Water heater 
- Antistatic floor 
- Steel structure/foaming area 

2 39,000 
1 39,000 

40 420 
40 1,000 

5 12,100 
3 25,000 
1 70,000 
1 60,000 
6 5,000 

SUB-TOTAL A 

2 

1 
3 
2 
1 
1 
1 

19 
16 

21 
8 

160,000 

50,000 
15,000 
80,000 
37,000 
24,000 
60,000 

3,000 
1,000 

1,000 
4,800 

20 
21 
22 
23 
24 
25 
26 
27 
28 

- Pre-heating ovens 6 20,000 
13,000 
20,000 

- Foam test equipament 1 
- Conductivity tester (Rapid K) 1 
- Exhausting and ventilation 

for lab 
29 - Gas detector system 
30 - Gas detector control board 
31 - Exhausting and ventilation 
32 - Fire protection system 

1 61,500 
1 44,000 
1 90,000 
1 45,000 

SUB-TOTAL B 

11 

78,000.-
39,000.-
16,800.-
40,000.-
60,500.-
75,000.-
70,000.-
60,000.-
30,000.-

469,300.-

320,000.-

50,000.-
45,000.-

160,000.-
37,000.-
24,000.-
60,000.-
20,000.-
57,000.-
16,000.-

l.18,000.-
21,000.-
38,400.-
3,000.-

60,000.-
120,000.-
13,000.-
20,000.-
20,000.-

61,500.-
44,000.-
90,000.-
45,000.-

1,442,900.-



C. Equipment Rearrangement 

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. Project Management 

For the implemention of the project METALFRIO 

140,000.-

120,000.-

will use the technical people from the equipament•s 
suppliers for installation, 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 Project manager/one year contract 
3 Technical personnel/one year 

(contract 20,000/tech) 

60,000.-
60,000.-

E. Training (Travel and logding expenses) 

TOTAL 
Miscelaneos (15% contingency find) 

Total Capital Cost 

25,000.-

2,197,200.-
329,580.-

2, 526 ,7~0--
====--==--===-===-===---==--====================-=====-=== 

* The following equipment 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 HFC134a to the 
charging boards. 
c. 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 US$ 200,000.-
f. Compressor cooler (chiller) US$ 15,000.-
g. Automatic Transport of foam head US$ 45 1 000.-
h. Training to be financed by Metalfrio US$ 100,000.-
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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 lg 
Single piston 
One sided evacuation at 8 M3/H 
Process valve: 2Ltr per minute 

2 - Charging board for HP62 for production 
Fully automatic charging board 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 M3/H 
Process valve: Hansen quick connector 2HK for 6mm tube 
Liquifier: 2 ltr per minute 

3 - Vacuum pump for renovation 
Min capacity 8 M3 /H 
Time for evacuation to vacuum level for the appliances 
Max 20 minutes 
Maximum limit of non-condensable gases 1% (vol) after 
evacuation 

4 - Vacuum control for vacuum pump for production 
Thermal conductivity vacuum gauge with one threshold 
Switching point 
Measuring range: 10·3 to 1000m bar 
Sensing volume: 10cm3 

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

5 - Leak detector for production for HFC 134a 
Voltage: 115-127V/60HZ 
Sensitivity range: o.5 to 150g/year. 
Microprocessor controlled. 
Calibration gas: HFC 134a 
Calibration: Automatic by the incorporated leak standard 
Troubleshooting: Automatic 
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6 - Helium Leak Detector 
Voltage: 220V/60HZ 
Sensitivity range: O.lg/year. 
Microprocessor controlled. 
Calibration gas: Helium 
Calibration: Automatic 
Troubleshooting: Automatic 

7 - Helium Recovery Unit 
Voltage: 220V/60HZ 
Capacity: 3 NM3/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: 
Voltage, current, Power and Temperatures. 

B - Foam System 

10 - High pressure foaming machine for cyclopentane for 
cabinets 
Voltage: 3 X 220V/60HZ 
output capacity: 16 to 100 litres/minute 
Raw material tanks: Polyol 250 Ltr and Isocyanate 250 ltr 

Insulated tanks 
Stirrer: ISO: Electrical, Poly: Magnetic Ex-proof 
Level control: Automatic 
Air drier 
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 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 
and doors 
Voltage: 3 x 220V/60HZ 
output: 6 to 40 Litres/min 
Raw material tanks: Polyol: 250 Ltrs, Isocyanate: 250 Ltr 
Insulated 
Stirrer: ISO: 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 polyol tank min 250 ltr for 
leaking of polyol tank 

12 - Pipe installation from mixers to foaming machines 
double wall tubes or hoses without any assembly, with 
leak control for polyol. 
Built in of SD valves for separation into sectors on the 
polyol line. 

13 - Mixing station for Polyol and cyclopentane 
Voltage: 3 x 220V/60HZ 
Ex-proof: Class Ia (NBR 9518-Grupo II} 
Capacity: 16 ltr/min 
Tank: 250 litres 
Stirrer: magnetic 
Build in chamber with inspection glass 
Exhausting/ventilation to be connected 

14 - Tank for cyclopentane 
2 O m3 steel carbon 
Pressure: 7 bar 
Insulation of tank 
Valves and fittings for connection 
Connection for nitrogen pre-pressure 

15 - Pipe installation from tank for cyclopentane 

16 -

Double wall tubes from tank to mixing stations w/leak crrtztil. 
Built in of SD valves for separation into sectors 

Pumps and Pipe work for 
Voltage: 3 x 220V/60HZ 
Double pumps ex-proof: 

Control board ex-proof 

cyclopentane tank 

2 pcs of which one is only used 
during repair of the other 

Level control for tank with shut down valve 
Pump for tank for loading at tank 
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17 - Building work for installation of the underground pentane 
storage tank and place for the truck and delivery system. 

18 - 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 Ia components. 
Earth connection of jigs. 

19 - Rebuilt of Foaming Plugs 
Plugs have to be adjusted to new foam. 
Built in tubes for heating or hot air ex-proof system 
Hoses with quick connectors have to be connected. 
Earth connection of plugs. 

20 - Two new jigs and plugs to replace the existent made of wood 
and not adaptable for pentane foam. 

21 - House for foaming jigs 
Steel house with connection for ventilation and 
exhausting 
built around the foaming jigs 

22 - Water heaters for Foaming jigs 
Voltage: 115/127V - 60HZ 
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 
Pump capacity: about 4000 ltrs/h 
Circulation medium: water 

23 - Antistatic floor 
Painting of floor in foaming area with antistatic paint 

24 - Steel construction for floor for new foaming equipaments. 

25 - Preheat ovens by hot water coils adapter to the new foaming 
layout. 

26 - Foam Test Equipment 
Scale 0-lOOOgr +/- O.Olg 
Measuring glass 0-1000 cm3 +/- 1 deviation 
Shearing box for foam 
Foam knife 
stirrer 
Laboratory cup for foam 

27 - Prodution K Tester for close control of the new cyclopentane 
foam "Thermatest Rapid - K Instrument" or similar. 
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28 - Ventilation to attend safety standards in lab for cyclopentane 
foam testing. 

29 - Gas detector system 
Voltage: 115-127V/60HZ 
Number of sensors: 7 pcs 
Flammable limits: In air 1.4-8% 

30 - 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 

31 - 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 m(3)/H 
Point exhausting: Min 30 pts 
Ex-proof or placed outside o-zone 

32 - Fire protection systems 
Foam spray system for polyurethane chemicals 
or sprinkler watering system, according to 

17 
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PART D: CALCULATION OF UNIT ABATEMENT COST 

A ODS Phase out Total 
Project 

Al Average use of CFC 11 per year MT 160 

A2 ODP of CFC 11 1 

A3 ODP-weighted CFC 11 phase (Al*A2) MT 160 

A4 Average use of CFC 12 per year MT 45 

A5 ODP of CFC 12 l 

A6 ODP weighted CFC 12 phase out MT 45 
(A4*A5) 

A7 CDP-weighted HCFC 502 + triclore MT 0.844 
tane (0.43 and 0.1) 

AS Total CDP-weighted phase out MT 205 844 

B Annualized capital cost 

Bl Total investment cost (model US$ 2610 000 
redefinition+ production 
conversion) 

Equipment life Year 10 

B3 Discount rate % 10 

B4 Annualized capital cost US$ 424 647 
{Bl*0.1627 

C Annual incremental recurrent cost US$ 999 984 

D Unit Abatement cost 

Dl Annualized capital cost per kg $/kg 2.06 
ODS phased out (B4/A8*1000) Over 10 yt. project life) 

D2 Annual incremental recurrent cost $/kg UplO 4.86 
per kg ODP phased out (C/A8*1000} (ht. four yan) 

03 Unit abatement cost (Ol+D2) $/kg Upt.> 6.92 
/Total 1st four.,,. ..... \ 
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J. BENJAMIN HORVAY, P.E. 
Consul~ing £nqineer 

11 Linkside Court 
Isle of Palms 
s.c. 29451 
Tel:(803)886-2978 
Fa~:(903)886-2982 

June 20, 1 '994 

Subject: METALFRIO S.A. CFC PHASE OUT PROJECT 

The project objective is the complete phase out of the use 
of CFC-11, CFC-12 and CFC-502 in the freezers and coolers 
prodc,ced by METALFRIO. As the blowing agent in polyurethane 
foam, CFC-11 will be replaced by cyclopentane, and 
refrigerants CFC-12 and CFC-502 will be replaced by 
HCFC-134a and HP-62 CR404a) respectively in the cooling 
systems~ 

METALFRIO is a leading prodc,cer of commercial and household 
freezers, with a projected 150,000 units to be produced in 
1994. The estimated ODP of the sc,bstances to be phased CL.tt 
is 206 MT annually.• 

Montreal Protocol Technical Revi e:.-.i Hi ssi or. 

TM~ purposa of th~ mission, composed cf Donald J. Rhatigan, 
Ta,sk Manager; Fr~.nk A. Muno::, Safety Engineering Consultant; 
c?.nd .J .. Benj:amir. Horvay, Refrigeration Technology Consultant, 
~,as 11 to review in close collaboration with the METALFRIO 
project team, the refrigeration technology, fabricaticn 
line, and safety engineering design, and prototype t~sting 
progr-am in sufficient depth to d·evelop 2.n informed, 
definitive recommendation concerning the technical 

ability of the proposed project. The focus of the 
re·,,·ieY1 is not to conduct a detailed design c:h:c:k oi..d:, bi.1.t 
r~ther to verify conceptual soundness and ensure competent 
,o.nC s~.-fe d~sign, implementation e,nd operci.tio11 .. ":'-? 

This revie~-ler W'3.s especie.1 ly interested 
technical competsnce cf the applicant~s 
~mooth 1 t~ouble-free implementation of 
.;._s:eu.red ~ 

• UNIDO repo~t ~td 3an~tary 22, 1994 

ir. assessing 
staff, so that 

the prajec:t can 

2 Letter by Division Chief (LAlEI>, Warld Ban~ 

1 

the 
the 

be 



Discussion 

1. Replacement of CFC-11 with cvclooentane 

The use of a highly flammable a.nd explosive blowing agent in 
the foam formulation requires not only new foaming 
equipment, but also the modification of the foaming molds 
that encase the cabinets dctring the foaming operation. The 
products themselves also need t□ be modified to assure 
material compatibility with the new foam, and to compensate 
for the somevshat poorer thermal insulating valLte o-f the new 
foam. 

Fellow reviewer, Hr. Nunoz, had primary interest in the 
safety aspects of the foaming operation, while this reviewer 
concentrated on determining the production capability of the 
equipment, and assessing the predicted cost and quality of 
the end products, and their physical and thermal 
performance. Of special interest were the dimension·a1 
stability and compression strength of the fo2.m, its thermal 
conductivity, the time dependent aspects of these 
properties, the stresses produced in the foamed structure, 
and chemical ,reaction, if any, between the foam and 
polymers. As a result, a number cf recommendations were 
mc>.de: 

a. Acquire the in-plant 
dimensional stability, the 
thermal conductivity of the 

capability of evaluating 
compr~ssian strength and 

foam produced. 

the 
the 

b. In addition to the 11 flip-flop'1 lids, that are already 
foam insula,ted, .foam all the chest freezer lids 'to 
compensate for the higher thermal conductivity of the new 
foam .. 

c. Do not foam in place the inner lids oi the larger models 
so as to avoid stress cracking o~ the inner lids, and to 
minimize the bowing effect of the lid assembly~ 

d. Investigate the availability in Br2.::i 1 
pol ystyreene, and ABS coumpounds that seem 
C'/C:lopenta.ne friendly. 

of spec:i al 
to be more 

All these recommendati o.-,s ~,ere ~c:cepted by METALFRIO. 

The thermodynamic properties of HFC-134a differ sufficiently 
from those of CFC-12 to require significant ch~nges in each 
of the ccmponents of the refrigeration system. The chemistry 
and molecular structLLre of the new refrigerant has a major 
importct on the selecticn of the lubri-::atir.g oi 1 1 on the 



evacuation and charging procedure of the system, and on the 
rnan.t.1-fac:turing procedure .. METAL.FRIO engineers are -fully aware 
of the changes required in the evaporator, the condenser, 
the capillary tube, and the filter. Furthermore they fully 
understand the need far cleanliness of parts and procedures. 
The following suggestions ..-,ere o..ffered to enhance the 
pradL,ct development procedure and the performance of the end 
products: 

a. A redesign o~ some o~ the forced draft condensers might 
be required ta minimize tha d.a.nger of liquid traps. 

b. The heat transfer capability of some of the natural draft 
condense~s could be enhanced by change in geometry. 

c. Investigate newly-emerging alternate techni qLtes 
making tube joints. 

for 

d. Make Lise of the compressor suppliers computer modeling 
programs to assist in system modifications~ 

e. Use only calibrated compressors through the development 
and evaluation phase of the project. 

f. Use helium leak detectors to assure the quality o-f 
components and of the fir.al assembly. 

the 

g. Expect to increase the evacuation time on the -final 
as,sembly line. 

The Development and Eval1...~ation Prograni 

The development and evaluation programs and schedules -for 
the introdL.tction of the new foam formt.tlation and o.f the 
replacement·· refrig~r-ant were r-eviewed in detail and were 
found completely adequate. The following recommendations 
were made to enhance the development e-ffort: 

a~ Take advantage of 
sample cabinets foamed 
their facility. 

the foam supplier·s offer 
with cyclopentane blowing 

to have 
agent at 

b. Use cabinets foamed with r-edt.u::ed CFC-11 formLslation. to 
si mul e,te the thermal c:cnd;,..ict i vi ty cf cycl opentane cabinets t 
and use these for developing therm2.l bal ance'wi th HCFC-134a 
charged systems until cyclopentane cabinets a-:-e available .. 

c:. Pla.ce in the field pre~tested prototypes, 2..r.d equip a 
number of these with test kits that record essential 
performance data. Bring back to the lab field test samples 
in accordance with a staggered sch2dule for retesting and 
the analysis cf the compressor, possibly enlisting the help 
of the compressor supplier. 



d. It is better to field test a lot of samples of 
models than a iew samples o7 a lot o~ models8 

a few 

These recommendations 8re being incorporated into a revised 
development and evaluation program. 

While the project proposed at Metalfrio is o~ major 
magnitude, the technologies involved are operational in 
vario1.,.ts parts o"t the World. The critic:a.l elements to success 
are:: 

a. the foaming system 
b. the compressor 
c. the technical competen'=e o-f the implementors 

a. The potential suppliers of the foaming system are 
Hennecke! and Cannon, World class providers of foaming 
equipment, pioneers in the development of cyc~opentane blown 
foam application. Both companies o.ffer- e:{tensive technical 
support for the planning .e.nd installation of their equipment 
and for the training of the operating personnel. 

b .. The potential c:cmpressor suppliers are Sicom 
and Embraco, Wprld class suppliers of compressors, 
in the development af HCFC-134a compressors, 
~lorld-wide e,.,perience in the application o.f 
re.frigerant. 

<Tec:umseh) 
pioneers 

and with 
the new 

c.. This reviewer was very ITH.tch impressed by the technical 
competence oi the Metalfrio personnel he dealt with~ It is 
at par with that of simila~-sized organizations in the 
United States or abr~ad~ 

Asse<mlng that the changes suggested by the Tec:hnical Review 
Mission are considered in the revised project proposal that 
i~ being prepared fer submittal, my recommendation is to 
approve the project. Based en the technical competence of 
Metalfric·s staff, and en the very extensive training 
programs ple-.nned with the ~.ssistanc:~ □-f outstanding 
suppliers, I see no need fer any ~dditicnal technology 
partner for the implementation of this project. 
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L SUMMARY AND CONCLUSIONS 

A safety review and assessment was carried out on the Metalfrio S.A., Sao 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 installations 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 concerns and recommendations made to Metalfrio is presented in Section II. 
Metalfrio has agreed to act on these recommendations. 

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

II. 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 Metalfrio 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 meeting was held at Bayer, Sao Paulo potential 
supplier of Polyol and cyclopentane and owner of Hennecke, potential supplier of the 
cyclopentane pentane processing technology and machinery. The list of participants is 
presented in Appendix I. 

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 numerous plant installations worldwide operating with their technology 
and equipment. HENNECKE has 50 installations and CANNON 35; their lists are presented 
in Appendix Il and Ill. Both Cannon and HENNECKE have a significant 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 BE1'.1"'ECKE 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 i.n a Foaming Process,• which extensively addresses the safety aspects of the 
plant. This document is presented as Appendi.'C IV. 

Brazil's ABNT-Associa<;ao Brazilei.ra de Normas Tecnicas (Br..z.ilian 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 FLrm to perform the construction management of the project, 
which will include the project accounting and contracts administration documentation 
necessa,,7 for reimbursement and avait. 

With regards to Environmental Considerations, the author agrees with 1-fr. D. 
Rhatigan's assessment that it is not sufficient to assume that the design for VOC emissions to 
German standards will be acceptable to CETESB. In their letter to Metalfrio of April 18, 
1994, CETESB concludes that "they have no objection to the use of new equipment to 
replace existing equipment and the use of new raw materials" and then they state "However, 
the finn must obtai.rr 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 app= to be presented anywhere. It is 
suggested, as Mr. D. Rhatigan did in his letter to Metalfrio dated February 25, 1994 that 
Metalfrio get a reading from CETESB. 

The following is a list of concerns and recommendatior.s made to Metalfrio during the 
discussions. Metalfrio has agreed to act on these recommendat:ons, ar,d if so, the author is 
satisfied with the safety aspeets 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 Metalfr::o to perform a 
complete safety check-out in situ and male recommendations. 

Areas of concern are: 

a) Does tJie new foaming area need to be isolated and ver:::lated from the rest of 
the plant which is very large and chuckfull of m"chine,y? The proposed 



4 

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 is moved from mould to hold. What guarantee do we have 
that the mix-head will not leak cyclopentane into the area due to valve wear 
and tear after thousands of openings and closings? 

c) :Maintenance of the moulds is to be done in situ and sparks may be produced. 
HENNECKE indicated that they take out the moulds for repair, but Metalfrlo 
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. 

2. 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. 

3. All components of local 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. 

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

5. 1-fetalfrio to discuss with the selected supplier the need for nitrogen evacuation of the 
air in the appliance cavities just before foam injection. 

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

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

8. Storage and handling of Cyclopentane to meet Brazilian codes and standards. 

9. Fire protection system to meet local national standards and regulations . 
.. 

10. 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. 

11. It is not sufficient to state "spark proof' or "explosion proof." The following 
paragraph needs 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. 
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12. 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, construction), no matter how small may be performed without his knowledge 
and authorization. This is to be a daily s3fety ritual. 

13. Metalfrio to train and retrain all personnel on a scheduled basis on safety. All new 
personnel, of course, needs to be safety trained before given work responsi'bilities. 
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Canncm wi 11 Slt~•pl.y, together \olit.h the equipment, t;hc J 1111t.n1t.:tion 
111amwlr. including detailed in&tnictione fo:· tho util.\?.(IL.ir.,11 of 
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4. Precautions 
4,1 General 
4,2 !•lant maintenance 
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4, S, l 
4.3.2 
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4.3.5 
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4,4 
4.5 

&. 
5.1 
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7, 1 
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8 , 1 
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8 , 6 
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8.7 
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Stream distributors 
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OORG TECHNICAL REVIEW - MBT~LFRIQ !9P.A;:Ll 

This review relates to the foam elements of th~s ,=eject. 

TECHNO!.OQY 

The technology chosen for the replacement o! ::C ll in the 
polyurethane rigid insulation foam is that based ::::-: cyclopentane. 
This has been supported. by the OORG as a zero OOP non­
transitional option. The technology choice ana:.:(sis is sound. 
I support the conclusions. 

The cost effectiver.ess of cyclopentane-based tec:-:::-::::.ogy involves 
two factors. There is a comparatively high capi-:a:. ;::ost t.o cover 
necessary safety elements because of the flammab:.e ::-:atu~e of the 
blowing agent. However, this is offset by -:he material 
(operating cost) element because cyclopentane :s comparatively 
cheap, no expensive plastic liner modifications are required as 
is generally the case for HCFC l4lb and other zerc ODP options 
such as HFC lJ4a and other HFCs currently bei;:g researched are 
less cost effective. 

To take up the point on plastic liners (Anr.ex ~. ?age 2) there 
may need to be a modification needed if HIPS :~::ers are to be 
used. but not if the choice is ABS. The proj ec-: ·.-:-::::a-up does not 
state which plastic is currently used. '!!:e .::api.;al cost 
implications of a change should be very lo,, - :::a;Jcrt o;: OORG 
Foams Working Group May 1994·. 

E?{VIRONMENTAL IMPACT 

Cyclopentane has a zero OOP and an almost zero diract GWP. The 
tot.al warning impact or TEWI should be red~=ed ~!:rough the use 
of cyclopentane al though the indirect. co:-::r::..::·~;:~o:1s may be 
higher. This is partly addressed in Annex 2 :h=c~gh foaming of 
lids. It should be noted that pentane (incl-!:n; cyclopentane) 
technology is still evolving and improve:::er.-;:s in thermal 
ccnduct.ivity are to be expected from ongoing development. The 
i!.'.proved tech:-,ologies should be "drco-in" in :he ;:iodi fied 
tac:ory. • 

There is awareness of the voe issue and i;: is ceing properly 
addressed. Overall cyclopentane e:niss ior.s :: :::::::-. :he ::-.odi: ied 
plant should be low. 

The fac:ory safety issue is paramount in this ~==~ac;:. There has 
'.'..:eer: a th.::r:-ot..:.g:l :::e.vie·N of safe:.y ~r'.ilosc:=~::" ~:-:d p::-ac-:ical 
ele~en~s (Annex J) and both He~~ecke and Can~~~ ara companies of 
the highea~ repute and have given satisf~ct~~~- 1s~~~~~ccs. 
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l, tl~sign l.ayl:>ut is: not: providad b1.1c danir!.'!.b1 e :'<:?~'J.res ~u.;:', <1s 
a 20 m· nitrogen tiliO!.nketed -::yclopentane tani< ara .:.::;:1'.1.decL Tt.ei::e 
appear to be separate two mixing stations (_!_-_-.ax 1, iten 14.) 
connected to the tar.k by double walled sectorec ~:pes - this is 
ZlC<:aptable. 

The training issues are well covered. 

rt is recol:l.~ended that regular audits of adhere~=e to procedures 
be added to the safety review (Annex J, i:::.=s 12 and 13) . 
Otherwise the recommendations in Annex , ar,;, <,·:.!::., s'..:.pported. 

l:B.QJECT COSTS 

The listed costs (~nnex 1) are compatible wi~t. -=-~e cor.version to 
cyclopentane. It is presumed that the items :isted under Annex 
1, section E (Training) are costs such as travel and lodging 
incurred by Met.al frio and not payments to ·:,~:::i==s. 

It is noted that items such as polyurethane ra~ =aterial tanks 
are not included ln the project. 

The foar.i elements should not incur any <:!pprecial:le operating 
costs although an increased foam density could a!!ect this. ~he 
~AC cf the foam elements alone is of the or:ia= of 2,2 to 2.4 
5/kq/year ~en:pital '!.ter..s) a.:::d is ~e~sor10.b1~. 

The timef::-a:ne for irnplementation of the foa,• e'.:.e:-:ients shculd be 
cichievable. 

B.E.Q!<IMENOATIONS 

The project (foam elements) is appr::ved a;: ;:::-::;::osed with the 
additLonal recot:rme:1dation that the post L-:ip:_.:,e;r:~=.::ion auditing 
of corr.pliance to safet.y procedures is wrlt~.,- .. .:.:--.":::, the projec:. 

Since there will be several cycloper.tane ccn·:o;:-sion projeccs it 
is recorr.r.1ended tr.at the Montreal Prococol Gr::::.:;: t..:ilds up a data :~1f ~,::•tum ood ooo,S as • o/''"'""' ,, caak oaeogm 

1.;Mf .J/kd/ 2 8/7 / 9 4 
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Brazil 
Conversion of Conunercial Refrigerator lvlanuiacturing 

from CFC-12 to HFC-134a at METALFRIO S.A. 

Project Propo•al by Th• World Bank, July 1~ 
(,tmi ~dditiona.l comments by J.B. Horvay and f. :\hmu:t) 

Scope of the project 

Tbc pmjc,t dcs.:ribes a co1wersio11 of the pmJu~tion proce% of Metal.frw to I, r :. : 34,, (,u,d HFC cont.w.tlng blP-nJs 
for ,.:011vrrsi,m of R-50~) in the refrigeration rirrnit; um! to cydopent.uw in thP "'am hlo"1n~ operalion. The latter 
one.:" is nnt <·on~\J~red in this proj1:"ct revi~w. 

1. T .. dmology 

The technology selected for the conversion of the refrigeration cirC",llt 1s environmentally sound 
and safe. If, in a later stage, emissions of refrigerant in servicing are .,.voided as much as 
possible, impact on the environment is fully a.:ceptable. 
The HFC-134a technology is not transitional, and the choice for this te{'hnology is an a.:ceptable 
one, also from the point of view of cost-effectiveness. In principle (r-e<ommendations OORG 
group) a partner for technology transfer should be presented in the proposal. However. the 
inv.:istig,\tiol\ of the quality of the firm and its staff (report br Hon a\\, which mentions excellent 
techni,:al quality, and the fact that compressors will be bought from Embraco and Sicom, both 
experi.em:ed in the operatlon of HFC-134a, both guarantee adequ2.te implementation of the 
proje<:t. 

2. E11t!ironmental impact 

The HFC-134a substitute has no ODP, however, c1 certain GWP. wd,;1 5hould be addressed in 
such a way that venting during servicing and repairs is minimized 
Othe1· m0,1sures related to safety and health need not to be cons1de:-ed under the con,E'r,ion of 
th~· r,::friger<1tion cir,uit. 

3. Proj..,d costs 

All cost components identified are essential for the conversion. The necessary equipment that 
wa, present in th<: facility, will be cleaned and operati:-d wiU1 HT-C-13-la, 
.-\part froJJ1 minor remarks. which are related to the fact whether a specific number of \·acuum 
pumps or leak detectors is needed, or whether this number c<1n be reduced, it should be stated 
lhat the' ,'X!'eri.:>:1ce of the fim1 Sl'ems to be such that it can he re~:;oru::,lv be dssumed to b,, in 
tH·der. 

I11stead of a technology lrnnsfer, followed by irnplementation, \ !0t1iiric) will expand its staff 
with four engineers for prniect implementation (CSD l'.:.0,000) !£ these experts have specific 
e,1,,erti,c in projecl U\dllngement of conversions, then this ilem c.;n t,e considered ,1s if it were 
the costs for tcdmolc)gy tnnsfor. It it is only the exp<1nsion for proiect management purposes, it 
does not contribute to the HFC-134<1 conversion per ,e. Met,)lfrio shm1ld give the g1t<1rentcc- 1h<1t 
thL• hiring("( tht~St\ t .. ,pt.~rt"i contnhute'; to the rPli,1hle corl\'Cr$10n ~') H?C-13•1a. 



The tr,1i1\ing component to oper.ite HFC-1'.34a ch,uging m,ichines s~ms to b.- OK 

The order of nugtutude for the costs for the conversion to HFC-1~.:... ,...,ms to be in the 0rdt.>t 
magnitude dS estimated by the OORG \Vorkutg Group in Hannover. ~,lay 1994 (produdion 
volume Melalfrio 130-150,000 units). 

Operational costs are mentioned in the project proposal, but not a;:-pi:ed for at this stage 
(therefore these are not further commented to). 

4. Implementation timefranw 

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 Metalirio has capacities to make a 
real contribution to the HFC-134a. project in\plementation. 

K,ijp,~, LJ,M, ~ 
Eindhoven, 8/8/1994 
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THE MONTREAL PROTOCOL 
ON SUBSTANCES THAT DEPLETE THE OZONE LAYER 

PROJECT COVER SHEET 

COtJNTRY: Brazil 

PROJECT NAME, conversion to reduced CFC technology in the 
manufacture of Refrigerators. 

SECTORS COVBl!.BD: Domestic Refrigeration 

ODS CONSUMPTION IN l,420 ton/yr CFC's (1,420 ton/yr ODP) in 1993 
AFFECTED SECTORS: (Data frOlll suppliers) 

PROJECT IMPACT, Total 95.5 ton/yr of CFC, correspondiang to a 
partial reduction of CFC-11. 

PROJECT DURATION: 2 years 

PROJECT ECONOMIC LIFE: lD years 

TOTAL PROJECT COST: US$ 306,053 total capital cost, being US$ 
118,263 for adjustments in the cabinet foaming 
unit, US$ 75,000 for utilities and 
installations, US$ 20,000 for conductivimeter, 
US$ 12,500 for epare parts, US$ 10,370 for 
reimbursement of tests and prototypes, US$ 
30,000 for transportation and US$ 39,920 for 
contingency. 

PROPOSED ODS GRANT: US$ 286,007 

UNIT ABATEMENT COST: Annualized capital coat: OS$ .49/kg ODP 

IMPLEMENTING AGENCY: The World Bank/Financiadora de Estudos e 
Projetos (FINEP) 

COOROINATING NAT. AGENCIES: GTO - Interministerial Ozone Technical Group 

BENEFICIARY ENTERPRISE: Refrigeracao Parana S.A. - Unidade Sao Carlos 

PROJECT SUMMARY 

Please Refer to attached Executive Project Suroro!\ry 

October 28, 1994 



• Refrigeracao Parana - Unidade S~o Carlos 

PROJECT SUMMARY 

Refrigera9'0 P!l1'11na S.A. - Unidade SIio Canes Is fOC!JS:iing in becoming able to reduce consumption of 

CFC 11 as a blowing agent In the PUF processing and to reduce the losses In the present cabinet 

foaming unit which Is not able to deal properly with Iha proposed attemativ9 oases to CFC 11 and also Is 

not able to keep the conditions for :;tabillty and rapoatlblllty. Under this project. 10 red>Jce the, can:sumptlon 

_ and the losses of CFC 11 In two years, the company after several tests and essays with technical auclltlnQ 

from FINE? concluded based on field results to use' a new Pre Heating Oven and to Install controlled 

eletrical reslstanc.es in the cars and moulds to assure stablllty and repeatibility. To give support to the 

project, Rl!frigera,;Ao Parana S.A. • Unidade Sic canos, will train lhe woncers directly linked with tlla 

operation and the supeivlsing of tl'le cabinet foaming unit at Its own expe, Refrigera,;Ao Parana S.A. 

• Unidade Slo Carlos 15 going to saan::ti knowledge and know-how for tllls step In our chemicals and 

equipments suppliers working altogether. 

Project of the Refligera,;Ao Parana S.A. - Unldada S1o Canos conversion :o CFC-Freet Technology In thet 

Manufacture of Refrigerators. 

1- ProJect Obiec\ive 

The objective of this project iS to reduce Iha consumptlon and losses of CFC 11 In the production of 

Retrtgenrtors at R!lfligenis:§o PSlana S.A. • Unidade Slo Carlos. 

2- Sector Backcrpund ( Oata From ABRA VA I ABINEE) 

..- In Brazil the annual sales in 1992 was 1.382.000 Refngerator.i.. 

"" The estimated growth rate of the refngenrtllrs market Is 15% I year . 

.,. The domestic refrigeration used In 19113, 1420 ten of CFC's. 

"" The ennual produdlon of Refrigerators In 19113 was 1 .643,000 products. 

1 O::td:Jer28, 1994 



• RefriaGra5:~o Parana - Unidade Sao Carlos 

3- E:otern:1se E!!dsc:round 
- The Refrigerll910 Parana S.A. • Unid&de Sllo Carlos • annual cos =ption In 1883 was 

127. 3 ton of CFC 11; 106.2 ton of CFC 12 and 2.4ton ofHCFC 22. 

- Refrigera<;Ao Parana S.A. • Un!dade Sic Canes manufactura Refrig~ Washing Machine 

an(# parts for Air Condltlonner... 

• The Refrigera<;Ao Parana SA • Unldade SAo Canas production ( 1 llS4) capacity ls 780.000 

products/ year for au manufactured products. 

• 

- The Refr!gera<;Ao Parana SA • Unidade SAo Carlos - actual produc:ion (1994) Is around 220.000 

PU products /year( considering 112.S prod/ h; 10.8 h / day; 20 days/ moath and 11 month/ year) 

• In tts development and research, Refrlgera<;Ao Parana SA • Unidade Slo Carlos• usas a close 

cooperation with is chemlcal and equipment suppllers ( Ou Pont. Hoedlst. Oow, Bayer, Cannon 

Crllls, etc. ) 

• Nowadays Refrigera<;Ao Parana SA • Unldade Sio cartos - supplie$ the ~llan market and 

expoits to the Soulh American Marilet. -...... . . " 

-Reftigera!,Ao Parana S.A .• Unldade sao Cerios has ln Its total capilal 15,S5% of font!gn capital 

partlclpaUon ( from Sanyo I Japan ). 

+ Pr:ofoet Qescrtcuon 
Rafligera<;Ao Parana SA• UnidadLSAo Cellos used 127.3 ton of CFC 11; 108.2 ton of CFC 12 

and 2.4 ton of HCFC 2Z In 19113. 

The-company is committed to phase out CFC In Its products. 

The company will reduce the consumptlon of CFC 11 by processing ?U fcam with so•,,. less in the 

.,. 

new formuistlon and will reduce the losses of CFC 11 due present cabinet foaming unit which Is not 

able lo keep the process stability and repeatlbUity ( steadiness of resulting foam properties). The 

cabinet foamino unit with the proposed modtficatlons related In this project. I.e. cars and moulds with • 

controlled eleclrical heating and using • naw Pre Heating oven unit will allow the use of the 

attemelive gas.es to phase out CFC11 (see the •conclusions" at the foamlnll essay report on annex3). 

The company will also eilmlnate the losses of CFC 12 related to the leakage test in the cooling 

sys!Qm by using recovery equipments bought at Its own expenses. Adjustments will have to be done 

In the utlllUes because the new level of electrical power to be required. 

Training will !.le provided for the won:s dln:d.ly Hnked with the operation and the supervising of the 

cabinet foaming area. 

2 ();;:um- 28, 1994 



Refrig~r~c;~o Parar.a - Unidade Sao Carlos 
§: Tt!Jehootoov 

S.1 • Overview 

There are currently three directions in the development ot CFC • free sys::em:s for thermoset 

Insulation roams: 

,,. CFC 11 > partial waler/ HCFC 141b >? 

• - CFC 11 > partlal water/ HCFC 22, 142b > HFC 134a, 152.b 

- CFC 11 > Pentane, Cycl0pontan1t 

In addition, compounds such as perfluoralkenes, HCFC 1ZI, lluorinated elhe,s and 

2-Cl\loropropane have been suqgested, but are Immature In technology, nmtted available or 

toxlcotogicalfy contested. 

• 

The fimt solution • also called the "liquid" solution. employs technology :hat is closely related to the 

existing one. The final step ln tills process ls not yet decided. 

One potential solullon ls HCFC-35!S, but full water blown foam wtth im;;,rovod cell structure remalns 

. an option. 

The second solution • also called the •gas• solution • utlll%es a gaseous mixture of physical blowing 

agents, which requires high pressure equipment and sometimes extensive adjustments. The final 

step In !his process Is seen as the Introduction of (gaseous) HCFC-s. Cyclopentane technology 

was lately commerclally Introduced In Germany. Its nammabie charac:.ar requires safety and limits 

Its use. 
The diredlon In the development of CFC-free systems for cooling sys:em Is the HFC-134a and It Is 

settled but Its use Still needs a constant care abalJt contamination. 

5,2- Selection 
Consist.ency Is lhe most important parameter In the Refngeray!lo Paraml S.A. - Unld&de Sllo 

Car1os • policy aiming to phaseout CFC's and, so, this project ts ba.sed In the following points: 

-As a fir..! step It wm be lntrnduced a 50% CFC 11 reduc:tlon In P.lU:t foaming process considering 

that at lhls moment there Is no flxect Industrial strategy In therms of 3rull; 

- In Refrigera!;Ao Parana plant In Curitiba, which belongs to the same group as Refrtgere<;!o Paren6 

S.A .• Unidade SAo Carlos. and where the P.U.R foaming process condHlons allows the use of a 

more up-to-date technology, It will be used HCFC 141b as blowino agent and R134a as refrigerant 

fluid. Toe experience gained there will be certainly decisive in Rem:,erey§o Parana S.A. -Unldade 

SAo Carlos - decision for tne phase out el!erworldng 2 years will\ 50% CFC 11 reduction. 

3 

.. 



Refrigeracf!o Parana - Unidade Sao Carlos 
5 '1 lmnnet no Oend11dl:0c Dmeesn 

For the implementation of the new Pre Heating Oven and the cotttrc!!.--d ~cal heaUng In the 

cars and moulds in the Refngera~o Parana SA. • Unldade S.lio Canes • plant, It wm be 

: necessary the observation 01 tile following points: 

• Modification ln the presont lay-out to Install tho naw Pre Heating Oven. 

• The Installation of electrical resistances In the cars and moulds. 

• - The lnstallatlon of electrical power for tile Pre Heating ~en and the c::ar.s and moulds. 

• • Training of wor!cers linked wilh the operation, malntalnance and sirpetvisino of the cabinet 

teeming unit. 

• II Is lmportent to point out hant that with the proposed modUlcatlons in this project, It is perfectly 

possible an.er 2 years of usage to c.iange from the procasslng with SC% t::f CFC 11 reduction to 

the HCFC 1-41 b processing with some minor modlftcatlons In the lrsallations. 

e.. Pmtec;; Costs 
6.1- Capital Costs 

The following Incremental capital costs are expected, l"l!leted to this ;:,reject 

• 

• Pre Heating Oven ( see Item •g• annex 4) ·····-·· .. ·····-····-···-·······--·--·········USO 31,250.00 

• Tr.ansportation ( see meeting report from 06.13.94 ) ..•..•. '. ......•.•.... ·-·-··-········· USO 30,000.00 

• Cars and moulds heating ( see ann$l< 5 ) .................... _ ................ ---· ........ USO 87,013.S1 . 

• Utilities and Installations ( see Items •h• and •1• annex 4 >··-··-·····---···· .. ·· USO 75,000.00 

• Conductl\llmeter ( see meeting report from 08.13.~ ) ... _ ............. ·--··-··-·· .. •• USO 20,000.00 

• Spare parts ( see item •n• annex 4. fraction 

corresponding to the Pre Heating Oven ) .................... _. ................ ·-······ ............ USO 12,soo.oo 

• Tests reimbursement ( annex fl ) ......................................................................... USO 10,370.2S 

• Conticency ( 15% ) .............................................................................................. USO 39 920.00 

-Total Incremental Capital Cots •••• ·-··---··-·-··--·-.. - ----·-• USO 308,063.ll:Z 

fl.2• Non Eligible Costs 

• Oue 8,55% of foreign capital participation In 

RPSA-SC total capital. ............................................................................ _ ............. USO 20,048.53 

- Total Non EHclble costs ......................................................................................... uso 20,048.S3 

6.3- Grant From MI.F 

• Total lnc.-emental Capital Costs ( = Total Project Costs ) ...................................... USO 306,053.82 

• • Total Non Eligible Costs ........................................................................................ USO 20,~.S3 

Total Gram From MLF ........................................................... ; ............ - ................ USO 286,007.29 

4 O::ldler 28, 1994 



Refrig_era~ao Parana - Unidade Sao Carlos 

6.4 Unit Abatement Costs 

a) Total Grant From MLF ......................................... USS 'Z86,007 
b) Project life time......... . . . . .. . . . .. . . . . . .. . ..... ... .. ... .. . . . . . . . . 10 years 
c) Discount Rate...................................................... 10'.lo 
d) Annualized Capital Cost ... . ....... ............................. US$ 46,.533 
e) CFC Project impact............................................... 95,500 kg 
t) Unit Abatement Cost (UAC) .................................... 0.48 Sfkg/yr 

7. Annexes 

1) Cash Flow 
2) Calculations of CFC-11 reduction 
3) Foaming Tests - Conclusions 
4) Cannon Crios Proposal No. 7752 
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 

5 
October 28, 1994 



Refrigeraci\o Parana - Unidade S:io Carlos 

Ann<tX 1- CUh Flow 

CASHl'I.OWiUSDl 
TASK II co Oli i MONnLT) .. , ..... - - - ........ - ,...,_ 

,_,..,..,.........,.0- . 
' ... . . 

U'hll22¢i2- . . . . . 
1.s,c:..n,.,......,......,. . . - . . 
1.•~--.......... . . ,,.,. . . 
, .. c. t. - . ,....., . . , .......... . . ,_.,. . . 
1.f..T-"-'-.xw:s:t . . ,...,., . . ,.. __ . ,._ . . . . . 
,.,.........., . . ...,., . . . ,._ . . ,...,.. . . . . 

Annex t - Calc:ulatfons of CFC 11 Reduction 

PROJECT: Rafrlge,111'5o Paren, S.A. • Unldade Slo C.l'loa conv.,.lon to 
CFC•fteo TIIChnalo;y In !he ManufKture al ftafrlgweton 

Cal=tadon• al CFC 1 1 Redman 

Model , Annual Cl'C 11 / Prod. c:Fet 100.-. t 
Ptaducdon Kg 4 ltG )Ce..,..,_.._ 

RW 3.3 61,648 0,612 31,608 

RW3.9 10,989 0.749 8,231 

RW4.1 157,143 0.827 12.9,957 

Totlol 219.780 169,796 

NOTE: 

--.... . .,._ 
•' ...... . - . . . ,._ . - . 

,,,__ . .,..,.,.,. . . . 

c,c l M16, I 

t IIO )C1 I J'lli,111■• 

15,804 

4,115 

64,979 

84,1196 

Considering !!2.5 i:,radueu / h; 10.S h / day; 20 d~Y• I month and 11 month$/ y,oar and 
the produc:llon mix. 

. . . . . . . . . . . . . 

11 

• 

AL -......, .,..,.. --U.,,00 ,....,. 
,.._ 

-_..,. 

....... 
1,91e 

51<4 

8,122 

10.612 

6 O::looe:r28,19)4 



Refrigeracao Parana - Unidade Sao Carlos 

Annex 3 • Foaming Testa • Conc:lualons 

Foaming Tests with 50% CFC RedyctJon and with HCFC 141 b 

CONCLUSIONS 

1. The modifications reallz:ed in the existent foaming unit, speafic:all; in one wnnel of the Pre Heating 

Oven and In one cabinet foaming car and mould, aimed to comply with t/-.e temperature unlfonnlty !n 

cabinet and Internal liner requirement; gave good results.; 

12 

• 

.2. The tests results indicate the steadiness and stability or tile process keeping Ille physical and chemical 

properties of the foam In constant levels (both In cabinet and In foamed samples plates); 

3. The productivity of the pre heating oven decreases trom 116 products pel" hour to 1 a pioducts per hour; 

4. The total expenses for these tests sum up to USO 10,370.2.5; 

S. The neaissary lnvestlment ( grant )to keep the existent prc<luctlon level (96 produdlhour), with the 

proposed modifications, changes from the theoretical value erstlmated during Ille meetings of June 1_3 

and 14194 of USO 4t!1,3ell.OO, to USO 211e,007.29; which was otltalned using the resulls or the foaming 

tests. 

7 



• Refrigeracao Par<lna - Unidade Sao Carlos 

An,:t<1X 4. cannon Crlos Propoul No. 1752 

:~eHHtCAL rc~-:ru~,. 
• Vt.ap-,uv:l•90 couYuror 

r~..-,-.ln•J! Cl.•~v.s-•• wi,1.b •ut.. ... 1.at.lu up•oin11/ctl.un lmJ t,y _,.,u1tof uf 
tn,01,,11oat Lo cy1i.ndor! 

• Y,,,m\.mJ !l1'turoa vS.t.h 1AJupt tH.htoc.ly tu.;.t.luv l..,f 1"<C•on• uC 
u ldt.:tr lc:Al heetora 

• c.,Li..nvt. tnto th• ,1xt.w:.r•• "1th d"'J""u • .,,, •. mlug 
• tc.,n,1A l. ~pa-r4e,J.oa. ot. tho \oaJl1lg, uulo<iJi,h/ au•l 1 nj u,;t. hm 1.tu u. 

npucA~tl"tt' • 
• '1\»h.-.t m1ft'lboi.- o.C ~ho ti,ct.vr•• 1 :o 
• t'~o•ho't-tlriv gvon ""1.U\ \,..tu,ee p1r,1.llel. c.:uuvoycn't ~ow, C,n· oticJt 

..... 1~1., 
• t'('u ·h'14t1nv ovon v1th hoot.lmJ r.lltcs\a hvt. 111r t:ucc:urJ. by tntt vh.h 

ol~~trlc.:,l h••t•c• 
• M.u,,u,l, op•ra1.ion br cneen• ot tho oporD-:4r C~H· r.h•> 

l·r:v.\ln•z/11nlul11111:1 h·;,:,/tnt; tl\ ;nn 

1'"~1:' \.!U>Cl•'1,/?U'J:1Vft' A.KU t'tU.11,;J:~ 

:,, .. (il!O) rott11'\lnq ,1xtu.ra11 ......................... t..1e. ,00.000.000.-
h .. (t:q PllltJt1 ~,.)del 4,1, ......... ) ........... t.i.t, 2-10,00iJ,UIJU~"'\ 
.~. (tiJ P\U'J• #Ui>.l•l. l .. :i ...................... t.L:c.~ • .i.v.oon .. 000.-
~1. t:.i) P\1o1110 tacd1111 :i.11 ................... ~., •• l.,ale. IQ,•}01>.<)00.·• 
u.. t\l Convoro~ "'it..h hr\JC"•ulJ.4 "'-u.•u~ ...... LJ.;, li20.00a.o0o.'-
t. (l} Uyd.ta.ut.lv unit. anJ '-QftfittQ J.Qna ........ Llt:.c '45.000,000,-

,t;"J• (\)· t'r0a•b••\.in9 ov•"••~•••••• ·••••••••••£.1~.. !io.ou:0.000.--¥· 
,t,b. ( •) tle~t.rical wing anJ f..'t.fmu, tlan, ... , .. ,t.Lt. 40.000.00 1,. • ·,., 

fl. (1l Pt1tnt. c:att\.::ol p&nal.,, ••••• • ........... t.le, ec.ooo.ou\/.•' 
1. (t) f\40:,,unbtS.ng and ,i:.11::1.-up 4- ci:i\l••··•·Llt. 20.oov.oao.­

":01:AI. .AkOUU%. • .. •.,.,. ~ •, • • •,. • •, • ., •. • .. &.,1'&. 1 · l l5.000.QOO.-

r,v:it.J.nq an:4 Tob ttfl.11.on t'li1.t. ........... 1..it, 
Uo?. oL t'-lfJ'l••t•d •p•r• pa t.,c .... u ~ .. J .. ,t.1't.. 
.-,.,..,.:__,.__ ...... ,r..., .. '-\•"" r'1•+t\,, -..w\.•1.1.a\.J.wu 
t1nd -st.ac-t.•up a.t tha l!mJ-u v:r ( ~,ravel.. 
l\01-l lo<JQ.1.nq axp-onttH •JC.c;l. d1:1d). ~., •• &Lit.. 

!o.oou.uu11. -• 
1,.000.000, ·• • 
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Refrigeracao Parana - Unidade Sao Carlos 
AnnDX 5 • Necessary Investment ta Adequate the Exlswnt Cabinet Foamirlg Unit 

Foaming Tests 

Nec:eyary !nyestment 19 Adeguata ttJe Existent Cabinet Foaming Un)t in 91Ytr to !Hteome able to 
. work With 50% CFC 11 ntdYctfon or HCfC 141b 

• 
1· Based on the obtained results In the roaming tests. keeping Iha produdivil:y level of lilt! pn:iduds per 

hour; and c:onsldenng the budgets of equipments, components and lnstal!allons contained in the 

proposals used In the meeting of 13 and 1~.06.94, and yet the fax sent to FlNEP 1111 28.06.94, there are 

two pc$$1ble sltuallons: 

1.1- Situati9o '"A"' 
1.1.1 • Adequate the Pre H&atlng Oven In the same way that has been done fer the tests; 

1 .1.2• Buy more 5 heating chambers each one equal to the existent one wltll three tunnels and 

infrared lamps; 

1.1.3- Heat by mean of electrical resistances 19 cars and moulds In the same way that has been done 

for the tests; 

1 .. 1.~ Include electrical rail source to supply energy to the cars end moulds in the cabinet foaming 

cam:ousel; 

1.2· Sltustlon :a: 
1.2.1· Buy the Pre Heating Oven proposed by Cannon to work properly with the existent foaming unit 

end carrousel; 

1.2.2. Heal by mean of electric.al resistances 19 cars and moulds In the same way that has been done 

for !he tests; 

1.2.:1.- Include electrical rail source to supply energy to the cars and moultls in the cabinet foaming 

carrousel; 

2. 1- Sltua!lon •A• 

2.1.1- Adapt&d i:>re HeeJlng Oyen 

- ( 15+2) tunnels x 3.422,76 USO t tunnel ...................................................• USO SS,188.92 

- (El• 1 ) chambers eaeh one with 3 tunnel.'I 

and infrared lamps: 05 chambers x 35.000 USO/ chamber .....................•.. USO 175,000,00 

Total Situation "A" USO 223,111.92 

O::looer28, 1994 

... 



Refrigeracao Parana - Unidade Slo Carlos • 

2, 1.2• Electrtfled cars and Moulds 

• ( 20-1) cars x 3,388.29 use, car ..... - ...... : .......................... --.. ··· .. uso 64,3n.s1 . , . 
• el&Ctrlcal rail .................................. - ........................... ; ......... --........ uso 19,136.00 

• rail strudure and ln.stellatlon ....... -: ......... :.. ............................ ___ ; ••.••• USD 3.500 00 
Subtotal USO 57,013..51 

. 2.1.3- utllllles ang JnstaHations 
• for the 05 Pre Heating Chambers 

and 19 n- eledrlfled cars. .. • ........................... - .......... .,.. .... ---····· .. USO 75,000,00 

2.1 ~4-- Condud.ivemeter.~ ....... h ••• _ .. __ .~~ .... -: ........ -~ •• u,. .... _ •• ~-- ....... - ........ _. __ ....... uso 20.000.00 

2.1.s- prptgtypes and TJ!sts c Relrobt/Gierneotl-.......................... ----········ uso 10.3zg 2s 
SUbtotal USD 425,570.68 

NOTA: The need for OS more chambers implies In an addlllonal area of al:lout 1!2.25 m2. 

:;2- Situation •a• 
2..2.1- Pre Healing Oyen cannon .... - ........................ ...: ................ ----······· .. •uso 31,2sa.00 

• : ~- Eltctrtfied <;:ars end Mou Ida 
- ( 20-1 ) CSIS x 3,388.29 USO/ car ..... ..:. ............................ --•··· ....... uso 64,000.00 

• el&drical ran ..................... - ...... .:. ..................... ~ .... :... ....... - ............ - .... USO 19, 1311.00 

• rail structure and lnstallatlon ...•...... .:. ... :. ............................... ...:.... .................. USQ 3 SOQ.00 
Subtotal USO 87,013.51 

2.2.3-1./liHtles and Jnstaue11ons 
• forthe Pre Healing Oven Cannon 

and 19 new electrified cars····-····-· .... • .. • .. ········--········,·· .. ·-··-· .. ••• ......... uso 75,000.00 

2.2.4- Conductlvemeter .......................... :~ ........ : ..•..•... - ............... --····· .. ··••···••·· .. usc 20,000.00 
• • : 2.2.s- scare pert:; ................................ _ .. : .... : .... : ....... : ....... : ................... _ .......... uso 12.soo.oo 

2.2.!l- protgtype and Tests< Refmbursement L. ............. .:. ... : .............................. uso 1O,310.zs 

2.2.1- Transoort .......................................................................... --.................. uso 30.000 po 
Total of Situation "a- USO %&El, 133.7'8 

11 O::fcix::r28, 191)4 



• Refrigera((Ao Parana - Unidade Slo Carlos • 

. . 3- Peded PrPftd Cost PNffle 
• From ti:i• e,q,osed I!' Item ( 2) II can be concluded that Ille situation -a· ls :ie one which Indicates Iha 

.1~ ccst ~ly becaUH In this solution a Pre H&atlng Oven spedflcally clasignod by C8Mon for the 

_existent plant ~nts a reductloti In th1t In the Investments ; Moreovl!f, tba sclullon to adeq~ the 
. . •: : . .. . . .. . . . . . . . • • . . • . . . . ' 

.• existent cars and moulds In SIio Car1os, Instead of buying It from others, ~ !~ to a reduction In 
. th~ liiveslment. • . . . . . . . . •. . • . . . . . 

. 1bus, the cast pn,flle forlhls proje(;t beco~es: . • 

• ,; Total Slluatlon T -~···-···-·'....:..._. ___ ... _.:...:. .. _ .. _________________ . ___ ._.uso 288,133.715 

. • Contingency < 15% >:··.:····-:-·:·······'·-·-_:_....:. ..... ~..:-. ..:~::_._ --..VSP 3i &aQ.0§ 

. . SWl&otal USD 308,0~ 
• Sanyo Pattlc:tpatlon ( 6,55% ).:_;..·-·-··-··-··: ..... _. .. _ .. _: •.• ;. ________ ( ·) U§Q 20,P::!§ 53 . 

Total USD 2",007 .29 

12 Cktl:m-28,19)4 
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Refrigerac;jo Parana - Unidade SAo Carlos • 
Annax I- Foaming Tasts - Costs For The Realization Of The Foaming Tests 

Foaming Tests · . . 

Costs for the reatlzation of the foaming teals with SO% CFC r9duc:tioc and HCFC.141b . ' . . . . . : 

1-Total Cost rorvm Tests: 
1.1- Pre Heating _oven ( 1 tunnel) ........ _ .. •-···•:··· ............ _ .. _ .......• ---·..: ... USO 3,422.75 

•. 1.2- Injection Mould and Car ( 1 car and mould ) ... '." ...... .:.. ....... ._ ......... ______ ;.:... .. Usp 3.38§.29 
1.3-Submtal 1nsm11at1ons ---,.--•--,-----··-------USD. s,a11.os . 

1.4- Cabinets Used In the Tests ( 40 cabinets }-···-···-·-····-···-···-···---··· ... •·YSQ ~.559 %0 
1.5-Total Cost--·--------·· ---·-"!"··-·-----·-USQ 10,JZR,2§ • 

Nota: In the total cost for tile tuts It was not Included neitller material and labour hour costs for . . . . ' 
modifications In the plate sample system, nortlle ReFRlPAR. use people bouis spent to perform 1111 the 
tests.. 

13 O::tooer28, 1994 
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Refrigerac;io Parana - Unidade sao Carlos 
"'" 2- Pre Hesting Oyen mogir.oatfons 

0-- ....... us, --Mo!ortal an<I l.>bo<lr Hcutl> For Ouct C>notrud>ol\ .. :i.=.co M4F/ 

Air Conc:IIUC!fflf'ffl Ft"al"IW 01"" 28.<> RefnpetS.:: 

Cond«'JNr Chamblc' 01 un 1,71 Rel""°' S.::: 

Fanll!.~Matof's.u~ ,n.., , . ..s R-SC 

FIii'!~ 01 un '4,,C Ft-S:: 

E---... 011111 31,IS) 11.i.-sc 

E~R•li -- O!I"" 2S0.72 o.,w--.-FulQ1-

Pt-1CXl$L- 01 un 74,ID S&El,..._/cw,;.2Q:23/~ 

i 4"'\Dl'Wtut. Coniro1 Pt-1(X) with 2 PQnta Ul "" 3711.SC $.&i: tn.c • J OtC. :»'23- I 9o4 

~ ?•,,,._ ~ u, "" ◄l,71 Jimu e..-,,;. f IVP'_ \0127 

"' "" C."'A\;,. f Ct'Q~ IU 

C<lunter 3TF<O 01 "" 121,ee .Jobu i;ng/ 

Tt,ormalR...., ,n 1111 28,15 .llbul!.r,;.I 

On/Off-Mw-GIM&t-= Olun 5,07 Jli:M e.-0.1 

Fkadblll Ww• 10'.lm :ZO.aJ JabcJ C..'iO,. i _... 10727 

Pholo& 32un xi.ea auallty ,:_, 

I 
T- • !'l . .4U,79 I 
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Rsfrigerac:io Parana - Unidade Sao Carlos • 
:i:. 1n1ectJon MouJc end car Modlfica1100s 

o.,._,;Jt'Cli,on -· uu ...,_ ~- .,. "" O~'"'-" 

• "2 SIX .... -- "" = 

·- un ~·" • 
m ·--· <> • I 

·- . _., ~ ... 
·- "" '· , 

-un ·~·- ,_,, 

n -.rot I un, un '41,(1 o• '3· 
,,.0,1,,;~ Uft . ., . .., I _... 

.., 01.tc="IQIII.I~ 

_. un ' J-, "' I 

'""" •=un , . OU~"'OLJ 

H ,.,,,_,. .. ,,., un Juitl C-"liQL I 

' ' -~· m lt'WCl'.J~ 

.., ..-., 

·- or un ....... ,~-:!!2 
II - un """"' 

,ocat• i.ia..u 

4- cabjnets usee1 in !M Tests 

0..-tp:don -- I 
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Annex 7 

Implementation Timeframe 

Time for Completion (Oae ii, One Month) 

Task Ml M2 M3 M♦ MS M6 M7 MS 

1. Preparation 

-MLP Approved .. 
-Procurement Preparation .. • 
-Venda Selection .. 

2. Installation and St.art-Up 

·Pui:chase and Customs Clearance • • .. • 
-Macliiine TnslBIJation .. .. 
Start-Up, Try-out and 
Training 

-certification • 

16 
O::u±,er28, 19J4 
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AnnexS 
BRAZIL· REFRIGERCAO PARA.~O • UNIDADE s ;\O CARLOS 

TECHNOLOGY 

CFC l 1 is a viable a.nd well proven first step towards CFC phaseout fer refrigerator and freezer 
manufaeturers. However, in 1994, it sb.ould be only considered when low or zero ODP 
tecb.nologies cannot readily be implemented. The enterprise (section 5.2) will follow 
developments at a smcr fac:tory who are converting (directly?) to HCFC 14 lb with a view to 
implernentatl,:,n within about two years. 

Overall, tb.e reduced CFC 11 technology can be considered !fthe cosu involved are low and the 
equipment purc:ha.sed is compatible with. a later technology - tbis l.aner point is confirmed in 
section 5.3. 

A minor point, the technology overview ( section S .1) is outdated, di!cussing products long extinct 
and- should itself be consigned to a museum. 

ENVIRONMENTAL ISSUES 

The reduced CFC 11 phase is clearly recognised by the enterprise a.s an imemiediate step. 

There are no safety issues related to this phase. 

PROJECT COSTS 

The UAC of the project appears to be wrongly ealculated. Taking 1993 CFC 11 consumption 
at 127 te, a 50"/4 reduction gives 64 te leading ~o a UAC of about 0. 78 S/kglyr (not 0.30 S/kg/yr). 
This is still relatively cost effective and in line with OORG Working C-roup 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. 

IMPLEMENTATION JIMEFRAME 

Where is it? 

BE COMMENDATION 

Approved subject to a satisfactory answer to the consultant's proposal and inspe-:tion of the 
implementation timeframe. 
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Annex !J 

FINEP - Financiadora de Estudos e Projetos 

To : La111 • Tlaiye 
Task Manager Ozone Operations for Brasil 
The. Vorld Bank· LA 1 EU Division 

Fuaum.1 er: 001-202-6760377 

From : Pi wo Roberto cl.a Silveira Fetal 
F [NEP - Financiadora de Estudos c Projetos 

Fax numl er: OSS-021-2760581 

Date : Oe 28th, 1994 
Pases nm aber: 01 

Dear Ms. 'I aiye,. 

-
Oz.3/94 

I an now informbtg you thal FlNEP agrees with the terms of Refripar Silo Carlos 
project exc utive IUffll1W'Y sent on 29th Septemb« and with the implementation schedule 
Sent ycaterc iy to you and asks its tranamiual to the Executive IIltDitee for approval. 

PAUL.~.,,_..1!1t:l!l!fit,c'fi 
T•o: IV 
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