
UNITED 
NATIONS EP 

United Nations 
Environment 
Programme 

Executive Committee of 
the Multilateral Fund for the 
Implementation of the Montreal Protocol 

Seventeenth Meeting 
Montreal, 26-28 July 1995 

Distr. 
LIMITED 

UNEP/OzLPro/ExCom/17/30 
30 June 1995 

ORIGINAL: ENGLISH 

PROJECT PROPOSALS: BRAZIL 

This document includes the following project proposals which have been grouped by 
sector. The agency responsible for the implementation of the project is also indicated. The 
project proposals are presented in the order indicated below. 

Foam 

• Conversion to CFC-free Technology in the Manufacture of Polyurethane 
Foam at Macform 

• Conversion to CFC-free Technology in the Manufacture of Polyurethane 
Foam at Nacra 

• Conversion to CFC-free Technology in the manufacture of Polyurethane 
Foam atMBR 

• Conversion to CFC-free Technology in the Manufacture of Integral Skin 
Polyurethane Foam for Steering Wheels at Plascar 

• Investment Project for Phasing Out of ODS at Frisokar Equipamentos 
Plasticos Lula. 

Refrigeration 

• Elimination of CFCs in the manufacture of domestic chest freezers at 
Multibras S.A. Eletrodomesticos 

• Conversion of the assembly of refrigeration compressors to phase out CFC-
12 and CFC/HCFC-502 by using HFC-134a and R-404a at Elgin Maquinas 
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BRAZIL 

MACFORM-Conversion to CFC-free Technology 
in the Manufacture of Polyurethane Foam 

Foam Blowing 

900 t (J.993) 

25 t {J.994) 

i.s year 

10 years 

USD 225,000 Incremental Capital Cost 
USD 29,000 Incremental Operating Cost 

USD 254,000 

Grant Effectiveness: USD 10.J.6/kg/y 
Unit Abatement Cost USD 2.14/kg/y 

UNDP 

Brazilian Industry and Trade Ministry 

February/March, J.995 

PROJECT SUMMARY 

In this project, Macform Injecao De Polyuretanos Ind. E Com. 
LTDA ("MACFORM") will phaseout the use of CFCs in the 
manufacture of molded PUR foam cushions and integral skin foam 
parts. Ultimately all production will be converted to full 
water blown foams, but in the production of integral skin 
products, HCFC-14lb may be used for a limited period, to allow 
the development and commercial introduction of final 
formulations by the chemical supplier. The project includes 
replacement of two foam dispensers, trials, training, 
technology transfer as well as incremental operating costs for 
two years. 

Prepared by: 
Reviewed by: 

Bert Veenendaal 
Dr. Hubert Creyf 



PROJECT OF THE GOVERNMENT OF BRAZXL 

MACFORM-COHVERSION "l"O CFC-FREE TECBNOLOGY IN 'l"llE MAlilUFACTURE 
OP POLYOR.E'l'HANE FOAM 

l.. PROJECT OBJECTIVE 

The objective of this project is to phaseout the use of CFCs in the 
manufacture of PUR foams (rigid, integral skin and flexible molded) 
at Mac form Inj ecao De Poliuretanos Ind. E Com. LTDA ( "MACFORM") . 

2 . SECTOR BACKGROUND 

The Brazilian foam industry, excluded the use of foams in domestic 
refrigeration, consumed in 1993 about 900 t CFC-11. This usage is 
concentrated in the manufacture of rigid and semi-rigid foams. 
CFC-use in the manufacture of flexible PUR slabstock/molded and 
thermoplastic foams was already substantially phased out, with the 
residual use mainly concentrated in the production of flexible 
molded foams. The following table shows the breakdown of CFC-use 
per foam category: 

CATEGORY CFC-USE {t) % FOAM TYPE 

Commercial refrigeration 160 18 R·PUR 

Furniture Industry 55 6 F/ISF·PUR 

Automotive Industry 370 41. F/ISF·PUR 

Building Construction 170 19 R·PUR. 

Others 145 16 F/ISF/R·PUR 

'.rOTAL 900 l.00 

CFC-Consumption in the Brazi1ian Foam Industry (l.993) 

Foam in the commercial refrigeration sector is used for cold 
storage rooms, industrial refrigerators/freezers and refrigerated 
trucks. The furniture industry used molded seat cushions, armrests 
and chair bases, mainly in office applications. The automotive 
industry likewise for seat cushions and armrests hut also for 
steering wheels. In the building industry, foam is used for 
thermal as well as acoustical. insulation and ornamental. use 
(imitation wood); Other applications include thermoware (coolers, 
bottles, casseroles) bicycle saddles, imitation wood etc. 



3. ENTERPRISE BACKGROUND 

MACFORM was founded 1986. The enterprise in completely hrazilian 
owned. Facilities are located in Osasco/SP (3,600 m2). About 110 
employees produce low density packaging foam ("pour-in-place"), 
flexible PUR foam cushions for motor cycles and rigid integral skin 
foam for electrical/electronical cabinets. sales are around USD 
2.4 mio/y. Main market is the electronical industry, requiring 
prompt delivery and outstanding quality. The company is currently 
upgrading its quality control system to comply with ISO 9000 under 
a support program financed by UNIDO. The enterprise operates the 
following foaming equipment: 

DISPENSER TYPE APPLICATION PRODUCTION STATUS 

Spray Foam Type Packaging Foam 10 t Already Converted to 
Applicator with CFC·free Technology 
Pour Gun 

Sintenar LP-15 Semi-rigid ISF 50 t Under Reconstruction 

Sintenar LP-20 Flexible Foam 20 t uses CFCs 

Sintenar LP- 8 Rigid ISF 100 t Uses CFCs 
Sintenar LP-30 

4. PROJECT DBSCR:CPTJ:ON 

Under.' this project, MACFORM will phaseout the use of CFCs in its 
manufacturing operations. The technology chosen is water blown 
foams in all operations. Such systems are readily available in the 
Brazilian market for flexible molded, but will need special 
adaption for the low density of the cushions produced. All water 
blown integral skin foam is also commercially available, but 
currently not offered in Brazil. In addition, individual fine 
tuning will have to implemented to guarantee continuation of the 
high quality level required. Therefore the interim use of HCFC-
141b as an partial replacement, a drop-in technology, may be 
needed. All water blown technology of sufficient quality requires 
high pressure equipment. By consolidation of production and 
excluding semi-rigid ISF from the program, as currently no 
production is in place, the amount of foam dispensers to be 
replaced can be reduced to two. The project also includes 
technology transfer, trials and training of equipment operators 
(18). The company will induce slightly higher costs based on the 
higher use of MDI it its new formulations. 
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5. TECHNOLOGY 

ODS phaseout techno1ogies for f1exib1e Ptl'R. molded foams are for a1l 
practical purposes restricted to water based technologies, 
sometimes complemented with (premixed) additives. 

ODS phaseout technologies for integral skin foams are as under: 

Low ODS Technologies ("Interim•) > BCFC-22 
> HCFC-l41b 

ODS free technologies ("Permanent•) > Pentane 
> BFC-l34a 
> Water Based 

The company has selected water based technologies as replacement in 
both applications, but may need some interim use of HCFC-141b 
during the adjustment process of its integral skin formulations. 

The higher viscosities induced and resulting mixing deficiencies 
can be coped with through the use of high pressure dispensing 
equipment. 

6. PROJECT COSTS 

6.1. CAPITAL COSTS 

The following are the incremental capital cost expected, 

2 High Pressure 30 1/min Foam Dispensers 
. complete, installed ................................. USD 

Trials for flexible foam ..... USD 5,000 
for ISP foam .......... US.D 10,000 ............... USD 

Technology Transfer, Training ......................... USD 
Contingency . .......................................... USD 

170,000 

15,000 
20,000 
20,000 

Total ..................................................... USD 225• 000 

6-2. OPBRATXNG COSTS 

The use of all waterblown foams requires higher MDI levels to react 
with the water and to generate the required carbondioxide that acts 
as the actual blowing agent: 

BBFORB: 25,000 kg CFC-11 @ 360 ..................... USD 
AFTER.: 37,500 kg MDI@ 2.85 ....................... USD 

mrREMBN');'AL OPERATD!fG COSTS/Y ........... '• ............ USD 

NPV (10% discount, 2 years) .......................... USD 

4 

90,000 
106,875 

16,875 

29,000 



6.3. COST EFFECTIVENESS 

a) Incremental Capital Costs ....................... USD 225,000 
b) Capital Recovery Factor (lOy/10%) .................... 0.16275 
c) Annual Incremental Operating Costs .............. USD 16,875 
d) ODP R.eduction/Y ................................. kg 2 5, 0 00 

tlNIT ABATBMEN"l' COSTS [{a(b}+ c}/d] ................. USD/kg/y 2,14 

GRANT EFFECTJ:VENESS (a+ c/d} ...................... USD/kg/y 10.16 

The latter is well within the threshold of USD 16.86/kg/y that has 
been established for projects in this category, presented to the 
17th Executive Committee. 

7. FINANCIAL PLAN 

The enterprise requests a grant covering the entire incremental 
costs as calculated under 6.1 and 6.2: 

USD 254,000 
===-======== 

8. PROJECT IMPLEMENTATION 

UNDP will oversee the implementation of this project and provide 
technical support. Implementation is expected as follows: 

TIME FOR COMPLETION 
TASlt 

Ql Q2 Q3 Q4 QS Q6 

1. Preparation 
Document preparation xx 
Procurement preparation xx X 

2. Installation 
Arrival X 

Machine Installation X 

3. Start-up, 
Machine Start-up X 
Trials, Training, Phase-in X XXX 
Certification X 

5 



9. REQUIRED REGULATORY ACTION 

The project requires no regulatory action. 

10. PROJECT IMPACT 

This project will eliminate the use of at least 25 t CFC-11 in the 
first year after implementation. The project employs COIIIDlercially 
developed and environmentally acceptable technology. 

11 . .l\NHEXES 

Annex-A: technical Review 
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TECHNXGAT, REVIEW. 

).Country· 

Brazil 

2.project Utle; 
MACFOOM-Conversion to CFC-free rechnology In the Manufacture of 

Polyurethane Foam. 
3. CSublSector: 

Foamed Plast ks. 

4.CP-B•l•tJonshjp: 
CFC use was substantlally phase<l out 1n the production of flexible 
s labstock foams. 

Some CFCs are still used In the molding sector. 

The nationa I coordinating Minhtery is the Brazil Industry and Trade 

Minlstery. 
The Implementing body is the UNDP. 

S.TechnoJogv; 
It ls proposed to change to only-water blown formulation in both 

technologies ( flex1ble molding and integral skin foam production ). 

This technology can be accepted. 
It is understood and accepted that, in an interi01 period, for !SF 

uroouctiun, some HCf~ !41~ will De used until water blown formulati­

ons are fully mature. 

6,Enviroomental Iomact; 
fully water blown technologies are entirely acceptable from an 
environmental viewpoint. 
The Interim solution for !Sf production, to use HCFC 141b, is also 
fully acc~ptable. 

7,Proie,t casts: 
The project document does not give """Y det•ils obout th• CFCIJ use 

in the molding area. All what is known is that 20 I of molded foam is 

made, and 100 T of !SF. The CFC use of each technology ls not mentio­

ned, so that it cannot be verified lfflether lhe operating costs •re 



f 

(fl) 
correctly presented. It ls also questioned whether two years 
( 1nstead of one ) of incremented co,t must be offered. 

2 

The incrementa 1 capita 1 costs as presented, do not revea 1 111any 

deta 1 h. 
Based upon the data given, the cost for elimination of l kg of OOS is 

USD 225,000 / 25,000 or 9.0 USO. 

B,Imolementat;on; 
Acceptable as presented. 

9,Becmanendatjon: 
The project can be accepted when more details about the justfication 
of capital and operating costs are given. 

Prepared by Hubert Creif, ONDP Foam Sector Reviewer. 
Date: 060495 1/ ;J , j 

/ 1 l"-'11 

After d1scuss1on w1th Mr B. Veenendaal, foa111 Sector Expert, the raised 
technical questions were solved, and project costs were agreed upon. 
It 15 hence rec-,.nded to accept the project. 

Kubert Cre1f, fo~m Sector Technical Reviewer. 
' Date, 061195. }( .,J ,/ 

. / ' r:~'J() 



PROJECT COVER SBEET 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE IN SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

PROJECT ECONOMIC LIFE: 

TOTAL PROJECT COST: 

PROPOSBl> MLF G:IUWT: 

COST EFFECTIVENESS: 

IMPLEMEN'TING AGEl!1CT: 

COORDINATING MINISTRY: 

APPRAISAL DATE: 

Brazil 

HACRA·Conversion to CFC· free Technology 
in the Manufacture of Polyurethane Foam 

Foam Blowing 

900 t (1993) 

20 t (1994) 

1.5 year 

10 years 

USD 263,000 Incremental Capital Cost 
USD 23,500 Incremental Operating Cost 

USD 286,500 

Grant Effectiveness USD 14.33/kg/y 
Unit Abatement Cost: USD 2.82/kg/y 

UN'DP 

Brazilian Industry and Trade Ministry 

February/March, 1995 

PRO.:JECT SUMMARY 

In this project, Nacra Injecao De Polyuretanos Ind. E Com. LTDA 
("NACRA•) will phaseout the use of CFCs in the manufacture of 
molded PUR foam cushions and integral skin foam parts. 
Ultimately all production will be converted to full water blown 
foams, but in the production of integral skin products, RCFC· 
141b will be used for a limited period, to allow the 
development and commercial introduction of final formulations 
by the chemical supplier. The project includes replacement of 
two foam dispensers, trials, training, technology transfer as 
well as incremental operating costs for two years. 

Prepared by: 
Reviewed by: 

Bert Veenendaal 
Dr. Rubert Creyf 



PROJECT OF TBE GOVERNMElllT OF BRAZI:L 

MACFORM-CONVERSI:OR TO CFC-FR.BB TECmtOLOGY l:N THE MANOl"ACTIJRE 
OF POLYDRBTHANE FOJIM 

1. PROJECT OBJBCTI:VE 

The objective of this project is to phaseout the use of CFCs in the 
manufacture of PUR foams (integral skin and flexible molded) at 
Nacra Injecao De Poliuretanos Ind. E Com. LTDA ("NACRA"). 

2. SECTOR BACKGROUND 

The Brazilian foam industry, excluded the use of foams in domestic 
refrigeration, consumed in 1993 about 900 t CFC-11. This usage is 
concentrated in the manufacture of rigid and semi-rigid foams. 
CFC-use in the manufacture of flexible PUR slabstock/molded and 
thermoplastic foams was already substantially phased out, with the 
residual use mainly concentrated in the production of flexible 
molded foams. The following table shows the breakdown of CFC-use 
per foam category: 

CATEGORY CFC-USE (t) FOAM TYPE 

Commercial refrigeration 160 18 R-PUR 

Furniture Industry 55 6 F/ISF-PUR 

Automotive I:ndustry 370 41 F/ISF·PUR 

Building Construction 170 19 R-PUR 

Others 145 16 F/ISF/R·PUR 

TOTAL 900 100 

CFC-Consumption in the Brazilian Foam :tndustry (1993) 

Foam in the commercial refrigeration sector is used for cold 
storage rooms, industrial refrigerators/freezers and refrigerated 
trucks. The furniture industry used molded seat cushions, armrests 
and chair bases,, mainly in office applications. The automotive 
industry likewise for seat cushions and armrests but also for 
steering wheels. In the building industry, foam is used for 
thermal as well as for acoustical insulation and for ornamental use 
(imitation wood); Other applications include thermoware (coolers, 
bottles, casseroles) bicycle saddles,. imitation wood etc. 



3. EN'.rERPRISE BACKGROUlilD 

NACRA is a 100% Brazilian owned, employing about 40 employees in 
the production of flexible PUR. foam cushions and semi-rigid 
integral skin foam, mainly for furniture applications. Sales are 
around USD 1.2 mio/y. The enterprise operates a facility in 
Diadema/Sao Paulo (1,450 m2). CFCs (20 t; 1994) is used in all foams 
produced. The following foam producing equipment··all low pressure· 
-is on site, 

DISPENSER TYPE APPLICATION STATUS 

MAKE L/MIN YEAR TIMERS 

Wotan 8 l.987 no IS·PUR l All in use, with 
Salpol 15 1993 30 IS·PUR ) different 
Salpol 7 1993 30 IS·PUR J formulations 
Sintenal 8 1986 4 IS·PUR Under revision 
Cannon 50 1983 8 IS·PUR Under revision 

Sintenal 30 1986 8 F-PUR In use 

The relatively large amount of foam dispensers is related to the 
fact that different formulations are used. The current equipment 
is not capable to formulation changes "on the fly". 

4. PROJECT DESCRIPTION 

Under this project, NACRA will phaseout the use of CFCs in its 
manufacturing operations. The. technology chosen is water blown 
foams in all oyerations. Such systems are readily available in the 
Brazilian market for flexible molded, but will need special 
adaption for the low density of the cushions produced. All water 
blown integral skin foam is also commercially available, but 
currently not offered in Brazil. In addition, individual fine 
tuning will have to implemented for the different formulations. 
Therefore the interim use of HCFC-141b as a partial replacement, a 
drop-in technology, will be needed. All water blown technology of 
sufficient quality requires high pressure equipment. By 
consolidation of the IS·PUR production on a dispenser capable to 
run different formulations simultaneously and excluding the 
capacity that is currently under retrofit· ·and obviously 
constitutes production expansion--the amount of foam dispensers to 
be replaced can be reduced to two. 

The project also includes technology transfer, trials and training 
of equipment operators. 

The company will induce higher costs based on the use of MDI. 
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5. TECHNOLOGY 

ODS phaseout technologies for flexible PUR mol.ded foams are for al.l. 
practical purposes restricted to water based technol.ogies, 
sometimes complemented with (premixed) additives. 

ODS phaseout technol.ogies for integral. skin foams are as under: 

Low ODS Technologies ("Interim") > HCFC-22 
> HCFC·14lb 

ODS free technologies ("Permanent"} > Pentane 
> HFC·l.34a 
> Water Based 

The company has sel.ected water based technologies as replacement in 
both applications, but will need interim use of HCFC·14lb during 
the adjustment process of its integral skin formulations. The 
higher viscosities induced and resulting mixing deficiencies can be 
coped with through the use of high pressure dispensing equipment. 

6. PII.O.JECT COSTS 

6.1. CAPITAL COSTS 

The following are the incremental capital cost expected, 

1 High Pressure 30 1/min Foam Dispenser for IS·PUF 
multiple programs, complete, installed ............. USD 

l·High Pressure 30 1/min Foam Dispenser for F·PUF 
8 timers, complete, installed ...................... USD 

Trials for flexible foam ..... USD 5,000 
for l'.SF foam .......... USD 10,000 ................ USD 

Technology Transfer, Training .......................... USD 
Contingency . ................................. ,. ................... USD 

120,000 

85,000 

15,000 
20,000 
23,000 

Tota1. • ............................... .., .......................... USD 263, 000 

6.2. OPERATING COSTS 

The use of all waterblown foams requires higher MDl'. levels to react 
with the water and to generate the required carbondioxide that acts 
as the actual blowing agent, 

BEFORE: 20,000 kg CFC-11@ 3.60 .................... USD 
AFTRR: 30,000 kg MDl'.@ 2,85 ....................... USD 

DICREMEN'T'AL OPERATD!lG COSTS/Y ........................ USD 
NPV (10% discount, 2 years) .......................... USD 

4 

72,000 
85,500 

13,500 
23,500 



6. 3 • COST El!'FEC-.1·IVEl!IESS 

a) Incremental Capital Costs ....................... USD 263,000 
b} Capital Recovery Factor (lOy/10%) .................... 0.16275 
cl Annual Incremental Operating Costs .............. USD 13,500 
d) ODP Reduction/Y ................................. kg 20,000 

mtIT ABATEMEN"l" COS'l'S l{a(b)+ c}/d] ................. USD/kg/y 2,82 

GRAl!l'l" El!'FECTIVEl!IESS (a+ c/d) ...................... TISD/kg/y 14.33 

The latter is within the threshold of USD 16.86/kg/y that has been 
established for projects in this category, presented to the 17th 
Executive Committee Meeting. 

7. FnmNCLAL PLAN 

The enterprise requests a grant covering the entire incremental 
costs as calculated under 6.1 and 6.2: 

USD 286,500 
============ 

8. PROJECT DIPLBMEIIITATION 

UNDP will oversee the implementation of this project and provide 
technical support. Implementation is expected as follows: 

TIME FOR COMPLETION 
TASK 

Ql Q2 Q3 Q4 QS Q6 

1. Preparation 
Document preparation xx 
Procurement preparation xx X 

2. Installation 
Arrival X 

Machine Installation X 

3. Start·up, 
Machine Start-up X 
Trials, Training, Phase-in X XXX 
Certific;,ation X 

5 



9. REQUIRED REGULATORY ACTION 

The project requires no regulatory action. 

10. PROJECT IMPACT 

This project will eliminate the use of at least 25 t CFC-11 in the 
first year after implementation. The project employs commercially 
developed and environmentally acceptable technology. 

11. ANNIS.ll.JSS 

Annex-A: Technical Review 
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@ 
::&ECIIN:CSAL BEVXEW,,,. 

I.Country; 
Brazil 

2.Pr2i•ct UtJe: 
NACRA•Converslon to CFC-free Technology 1n the Manufacture of Polyu-

rethane Foam. 

3. t SublSector; 
Foamed Plastics. 

4.CP-Relationship: 
CFC use was substantially pMsed out in the production of flexible 

slabstock foams. 
Some CFCs are still used in the molding sector. 
The national coordinating Ministry is the Brazil Industry and Trade 
Ministery. 
The impl...,,,nting body is the UNDP. 

5.TechnoJogy: 
It ls propose(! to change to only-water blown formulations in both 
technologies ( flexible 1110lding and integral skin foam production ). 

This technology can be accepted. 
It is understood and accepted that, in an interim period, for !Sf 

productlon, some HCFC 141b will be used until water blown formulati· 
ans are fully mature. 

6.EnvJronmentaJ Impact; 
Fully water blown technologie$ are entirely acce9table fr<)!R an 
environmental viewpoint. 
lhe inter111 solution for !Sf production, tu use HCFC 141b, h aha 
fully acceptable, 
The 00P of HCFC 14lb ls 0.11; the OOP of CFC!! being 1.0. The GWP of 
HCfC 141b ls 1~ of the GWP Of C~Cll. 



I 

2 

Z. Pro iect costs: 
The project Is unclear about the actual machines used, in both 
technologies. It must be assumed that one HP-foam dispenser is needed 
in the IS area and one for molding. If this is correct, the presented 
capital costs can be accepted, 
There ls also no justification for the elements of the operating 
costs, so that also this element cannot he verified. 
Based upon the elP.ments given, but not necessesarely accepted, the 
cost to eliminate one kg of ODS is: 
USO { 263,000 + 23,500 / 20,000 l or USO 14.33. 
Note that lhe value of 20,000 kg of CFC 11 1s only mentioned in the 
cost effectiveness of the chapter of the project. 

a.Implementation: 
Acceptable as presented. 

~.Reconpendation: 
The project can be accepted, provided that the data in chapter 1 of 
the project { PROJECT COSTS) are justified more extenslvily. 

Prepared by Hubert Creyf, UNDP Foam Sector Reviewer. 

Datlt:060495 if t.'// 

Atter a1scuss1on Wit.II Mr o. n:c11i.;uu411;v,., ,v ... - ..,.., ____ -•·r·· ., 

technical quest1ons were solved, and project costs were agreed upon. 
it is hence recOlllll!end~d to accept the project. 

Huhert Creyf, Foam Sector Technical Reviewer. 

Date, 061195. ///:.~~ 



PROJECT COVER SHEET 

COUNTRY, 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USB IN SECTOR; 

PROJECT DIPACT: 

PROJECT DURATJ:Olif: 

PROJECT ECOlifOlllC Lil!'E: 

TOTAL PROJECT COST: 

PROPOSED MLF GRANT: 

COST EFl!'ECTIVENESS: 

IMPLEMENTING AGENCY: 

COORDDfATING MINJ:STRY: 

APPRAJ:SAL DATE: 

Brazil 

KBR-Conversion to CFC-free Technology in 
the Manufacture of Polyurethane Foam 

Foam Blowing 

900 t (1993) 

40 t (l.994} 

1..5 year 

1.0 years 

USD 320,000 Incremental Capital Cost 
USD 47,000 Incremental Operating Cost 

USD 367,000 

Grant Effectiveness 
Unit Abatement Cost 

UNDP 

USD 9.1.8/kg/y 
USD 1.98/kg/y 

Brazilian Industry and Trade Ministry 

February/March, l.995 

PROJECT SUMMl\RY 

In this project, MBR - Ind. Com. LTDA ("MBR") will phaseout the 
use of CFCs in the manufacture of molded and integral skin PUR 
foam for the production of bicycle saddles. Ultimately all 
production will be converted to full water blown foams, but in 
the production of integral skin products, HCFC•l4lb may be used 
for a limited period, to allow the development and cOllll!U!rcial 
introduction of final formulations by the chemical supplier. 
The project includes replacement of three foam dispensers, 
trials, training, technology transfer as well as incremental 
operating costs for two years. 

Prepared by: 
Reviewed by: 

Bert Veenendaal 
Dr. Hubert Creyf 



PROJECT OF THE GOVERNMBNT OF BRAZJ:L 

KBR-CONVERSION TO CFC-FREE TECBNOLOGY IN THE M.!WUFACTURE 
OF POLYURETHANE FOAM 

1. PROJECT OBJECTrvE 

The objective of this project is to phaseout the use of CFCs in the 
manufacture of PUR foams (integral skin and flexible molded) at MBR 
- Ind. Com. LTDA {"MBR"). 

2. SECTOR BACKGROUND 

The Brazilian foam industry, excluded the use of foams in domestic 
refrigeration, consumed in 1993 about 900 t CFC-11. This usage is 
concentrated in the manufacture of rigid and semi-rigid foams. 
CFC-use in the manufacture of flexible PUR slabstock/molded and 
thermoplastic foams was already substantially phased out, with the 
residual use mainly concentrated in the production of flexible 
molded foams. The following table shows the breakdown of CFC-use 
per foam category, 

CATEGORY CFC-USE (t) FOAM: TYPE 

Commercial refrigeration 160 18 R-PUR 
Furniture Industry 55 6 F/ISF-PUR 
Automotive Industry 370 41 F/ISF-PUR 
Building Construction 170 19 R.-PUR 
Others 145 16 F/ISF/R.-PUR 

.TOTAL 900 100 

CFC-Consumption in the Brazilian Foam J:ndustry {1993) 

Foam in the commercial refrigeration sec.tor is used for cold 
storage rooms, industrial refrigerators/freezers and refrigerated 
trucks. The furniture industry used molded seat cushions, armrests 
and chair bases, mainly in office applications. The automotive 
industry likewise for seat cushions and armrests but also for 
steering wheels. In the building industry, foam is used for 
thermal as well as for acoustical insulation and for ornamental use 
(imitation wood). Other appl.ications include thermoware (coolers, 
bottles, casseroles) bicycle saddles, imitation wood etc. 



3. ENTER.PRISE BACKGROUND 

MBR is a 100% Brazilian, family owned enterprise, employing about 
160 employees in the production of bicycle parts, such as saddles, 
pedals, star wheels, breaks etc. Bicycle saddles, the company's 
main product, are made from IS-PUR foam or a polypropylene skin 
backfoamed with F-PUR foam. MBR is in this field the leading 
manufacturer in Brazil. Annual sales are around USD 6,000,000. 
The enterprise operates a facility in Diadema/Sao Paulo (3,500 m2

). 

CFCs (40 ti 1994) is used in all foams produced. The following 
foam producing equipment--all low pressure--is on site: 

DISPENSER TYPE APPLICATION ·PRODUCTION 

MAKE L/MDi YEAR TIM.13:RS FOJIM (t/y) CFCs 

Thermomechanic 20 1990 no F-PUF 100 10 

Sintenal 8 1986 2 IS-l?UR ) 
) 300 30 

Transtecnica 20 1994 20 IS-l?UR l 

4. PROJECT DESCRIPTJ:ON 

Under this project, MBR will phaseout the use of CFCs in its 
manufacturing operations. The technology chosen is water blown 
foams in all operations. Such systems are readily available in the 
Brazilian market for flexible molded, but will need special 
adaption for the low density of the cushions produced. All water 
blown integral skin foam is also commercially available, but 
currently not offered in Brazil. In addition, some fine tuning 
will have to implemented to assure a perfect product surface. 
Therefore the interim use of HCFC-141b as a partial replacement, a 
drop-in technology, may be needed. A11 water blown technology of 
sufficient quality requires the replacement of the current low 
pressure equipment by high pressure ones. 

The project also includes technology transfer, trials and training 
of equipment operators. The company will induce higher costs based 
on the use of MDI. 

5. "1'BG'flNO'C,OGY 

ODS phaseout technologies for flexible PUR molded foams are for all 
practical purposes restricted to water based technologies, 
sometimes complemented with (premixed) additives. 



ODS phaseout technologies for integral skin foams are as under: 

Low ODS Technologies ("Interim") > HCFC-22 
> BCFC-l4lb 

ODS free technologies ("Permanent•) > Pentane 
> HFC-l34a 
> Water Based 

The company has selected water based technologies as replacement in 
both applications, but may need interim use of HCFC-l4lb during the 
adjustment process of its integral skin formulations. The higher 
viscosities induced and resulting mixing deficiencies can be coped 
with through the use of high pressure dispensing equipment. 

6. PROJBCT COSTS 

6.1 CAPITAL COSTS 

The following are the incremental capital cost expected: 

2 High Pressure 8/20 1/min Foam Dispenser for IS-PUF 
multiple programs, complete, installed ............. USD 

l High Pressure 20 1/min Foam Dispenser for F-PUF 
complete, installed ................................ USD 

Trials for flexible foam ..... USD 5,000 
for ISF foam .......... USD l.0,000 ............... USD 

Technology Transfer, Training ......................... USD 
Contingency . ................................................ USD 

l.70,000 

85,000 

15,000 
20,000 
30,000 

Tota1 ............................................................................. USD 320,000 

6.2 OPERATING COSTS 

The use of all waterblown foams requires higher MDI levels to react 
with the water and to generate the required carbondioxide that acts 
as the actual blowing agent: 

BEFORE: 40,000 kg CFC-11@ 3.60 .................... USD 
AFTER: 60,000 kg MDI@ 2.85 ....................... USD 

INCREMEN"l"AL OPERATING COSTS/Y ...................... -.USD 

NPV.(10% discount, 2 years) .......................... USD 

4 

144,000 
171,000 

27,000 

47,000 



6.3 COST EFFECTJ:VENBSS 

a) Incremental Capital Costs ....................... USD 320,000 
bl Capital Recovery Factor (lOy/10%) .................... 0.16275 
cl Incremental Operating Costs: An.nually ........... USD 27,000 
d) NPV •..•••.•••.••••• USD 47,000 
el ODP Reduction/Y ................................. kg 40,000 

m,rr.r ABATENBIIIT COSTS ({a(b}+ c}/e] ................. USD/kg/y 

GRAll1'l' EFFEC'l:1vBNESS (a+ d/e) ....................•. USD/kg/y 

1,98 

9.18 

The latter is well within the threshold of USD 16.86/kg/y that 
been established for projects in this category, presented to 
17th Executive COllllllittee. 

has 
the 

7. FINANCIAL PLAN 

The enterprise requests a grant covering the entire incremental 
costs as calculated under 6.l and 6.2: 

USD 367,500 
=======::===== 

8. PRO.JECT IMPLEMENTATION 

UNDP will oversee the implementation of this project and provide 
technical support. Implementation is expected as follows: 

TIME FOR COMPLE'l'10N 
TASK 

Ql Q2 Q3 Q4 Q5 Q6 
.. 

l. Preparation 
Document preparation xx 
Procurement preparation xx X 

2. Installation 
Arrival X 

Machine Installation X 

3. Start-up, 
Machine Start-up X 
Trials,.Training, Phase-in X XXX 
Certification X 

5 



9 • RBOUIRBD RBGULAT0:11.Y ACTION 

The project requires no regulatory action. 

10. PROJECT IMPACT 

This project will eliminate the use of at least 25 t CPC-11 in the 
first year after implementation. The project employs commercially 
developed and environmentally acceptable technology. 

ANJl1EX: Technical Review 
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I .Country: 
Brazil 

2.project Jjt]e; 
MBR-Conversion to CfC-free lecbnology in the Manufacture of Polyure-

thane Foam. 

3.ISyb)Sector: 
foamed Plastics. 

4,CP-Re]ationshio: 
CfC use was substant1ally phased out In the production of flexible 

slabstock foams. 
Some CFCs are still used in the molding sector. 
The national coordinating Minfstery is the Brazil Ministery of 
Industry and Trade. 
The implementing body is the UNDP. 

5.TechnoJogv: 
It 1s proposed to change to only-water blown fonnul..tions in both 
technologies ( fleiible molding and integral skin foam production ). 
This technology can be accepted. 
It 1$ understood and accepted that, in an interim period, for !SF 
production, some Heft 141b will be used until water blown formulati­
ons are fully mature. 

6. Env iranmenta J JSPact; 
Fully water blown technulogies are entirely acceptable from an 
environmental viewpoint. 
The interim solution for ISF production, to use HCFC l4lb, is also 
fully acceptable. 
The ODP of HCFC 141b is 0.11; the OOP of CFCll being J.o. The GWP of 
HCFC 141b ts 101;; of the GIii> of CFCll. 



• 
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7.Project Costs: 
The project is unclear about the actua I machines used, in both 
technologies. It lllUSt be assumed that two HP-foam dispeMon "~" 

needed In the IS area and one for molding. If this is correct, the 
presented capital costs can be accepted. 
There 1s also no jUSt if1cat Ion for the elements of the operating 
costs, so that also this element cannot be verified. 
Based upon the elements given, but not necessesarely accepted, the 
cost to eliminate one kg of ODS is: 
USD ( 320,000 + 47,000 / 40,000) or USO 9.18. 

s,ImpJementatjon: 
Acceptable as presented. 

2,Recommendatjon; 
The project can be accepted, provided that the data in chapter 7 of 
the project ( PROJECT COSTS) are justified more extensivily. 

Prepared by Hubert Creyf, UNDP Foam Sector Reviewer. ,, .. ,, ... ,, )01 

After discussion with Mr B. Veenendaal, Foa.111 Sector Expert, the raised 

technical questions were solved, and project costs were agreed upon. 
IL i~ hence rec0t1111ended to accept the project, 

Hubert Creyf, foam Sector Technical Reviewer. 
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PROJECT.SUMMARY 

In this project, Plascar S/A Ind. E Com (•PLASCAR"l will 
phaseout the use of CFCs in the manufacture of integral skin 

. PUR foam for the production of automotive steering wheels. 
HCFC-141.b will be used as an interim solution. Ultimately, the 
use of all water blown formulations is expected. Such 
formulations are already in use in furniture and truck 
applications. The project includes retrofit of gaskets,seals 
and hoses of the three high pressure foam dispensers, trials, 
training, technology transfer as well as incremental operating 
costs for two years. 

Prepared by: 
Reviewed by: 

Bert Veenendaal 
Dr. Hubert Creyf 



PROJECT OF THE GOVERNMEN'r OF BRAZIL 

PLASCAl!.-CONVERSION TO CFC-FREE TECBNOLOGY J:N THE MAfflJF'AC'l'IJRE 
OF INTEGRAL SKIN POLYURETHANE FOAM FOR STEERING WHEELS 

l. PROJECT OBJECTIVE 

The objective of this project is to phaseout the use of CFCs in the 
manufacture of automotive steering wheels at Plascar S/A Ind. E 
Com. ("PLASCAR"). 

2. SECTOR BACKGROUND 

The Brazilian foam industry, excluded the use of foams in domestic 
refrigeration, consumed in 1993 about 900 t CFC-11. This usage is 
concentrated in the manufacture of rigid and semi-rigid foams. 
CFC-use in the manufacture of flexible PUR slabstock/molded and 
thermoplastic foams was already substantially phased out, with the 
residual use mainly concentrated in the production of flexible 
molded foams. The following table shows the breakdown of CFC-use 
per foam category: 

CATEGORY CFC-USE (t) FOAM TYPE 

Commercial refrigeration 160 18 R-PUR 
Furniture Industry 55 6 F/ISF·PUR 
Automotive Industry 370 41 F/ISF-PUR 
Building Construction 170 19 R·PUR 
Others 145 16 F/ISF/R-PUR 

TOTAL 900 100 

CFC-Consumption in the Brazilian Foam I:ndustry (1993) 

Foam in the commercial refrigeration sector :is used for cold 
storage rooms, industrial refrigerators/freezers and refrigerated 
trucks. The furniture industry used molded seat cushions, arm.rests 
and chair bases, mainly in office applications. The automotive 
industry likewise for seat cushions and armrests but also for 
steering wheels. In the building industry, foam is used for 
thermal as well as for acoustical insulation and for ornamental use 
(imitation wood_) . Other applications inalude thermoware (cool.ers, 
bottl.es, casseroles} bicycle saddles, imitation wood etc. 

2 



~. ENTERPRISE BACKGROUND 

PLASCAR, founded in 1963 is a major supp1ier of automotive trim 
parts in Brazil. The enterprise is a private1y owned company with 
stocks open to public negotiations in the Stock Market, employing 
about 1,400 individuals. It operates six factories, strategically 
located around the brazilian automotive manufacturers (Fiat, 
Volkswagen, GM, Ford, Mercedes). Total constructed area is almost 
60,000 sq meters. Consolidated sales in 1994 were 166 mio USD. 
Polyurethane foam is produced for head rests, dashboards and 
steering wheels. Only the steering wheel operation uses auxiliary 
blowing agents (ABAs) . All foam dispensing equipment is high 
pressure. 

_1, PROJECT DESCRIPTION 

Under this project, PLASCAR will complete the phaseout of the use 
of CFCs in its steering wheel manufacturing operations (2). The 
technology chosen is HCFC·l4lb in both operations, after 
evaluations by the enterprise of about any other possible 
technology. The company is aware that HCFC-141b has an ODP and as 
·such may constitute an interim solution. However, the current non· 
ODP alternatives are not (yet) acceptable for its customers and an 
acceptable interim system is therefore required. The existing high 
pressure foam equipment will need some retrofitting to adapt to the 
strong solvent characteristics of HCFC-141b. The project also 
includes technology transfer, trials and training of equipment 
operators. The company will induce higher costs based on the price 
of HCFC·l4lb. 

S. TECHNOLOGY 

ODS phaseout technologies for integral skin foams are as under, 

Low ODS Technologies (•Interim•) > HCFC-22 
> HCFC-°14lb 

ODS free technologies ("Permanent") > Pentane 
> HFC-134a 
> Water Based 

The company has evaluated HCFC·22, water and methylene chloride (I) 
with unsatisfactory results. The use of pentane is rejected by 
some of its customers based on flammability concerns. It also 
would increase the project cost threefold. The use of HFC·l34a 
would likewise lead to unacceptable high (operating) costs. The 
interim use of.HCFC-141b, a "drop-in solution--remains the only 
viable option:until such time that one of the permanent solutions 
develops to an acceptable quality level.· From those, water based 
systems seem most promising. 
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6. PROJECT COSTS 

6.1. CAPITAL COSTS 

The following are the incremental capital cost expected: 

Equipment Modifications: 3 dispensers @USD 15,000 .... USD 
Trials: 3 dispensers@ USD 5,000 ..................... USD 
Technology Transfer, Training ........................ USD 
Contingency .......................................... USO 

INCREMENTAL CAPITAL COSTS ..........................•. USD 

6 . 2 . OPERATI_NG COSTS 

BEFORE: 15,000 kg CFC·ll@ 3.60 .................... USD 
AFTER: 2 7 , 5 0 0 kg MDI @ 5. 3 0 ....................... USD 

INCREMENTAL OPERATING COSTS/Y ........................ USD 

NPV {10% disco=t, 2 years) .......................... USD 

6.3. COST EFFECTIVENESS 

45,000 
15,000 
20,000 

5,000 

85,000 

54,000 
78,375 

24,375 

42,400 

a) Incremental Capital Costs ....................... USD 85,000 
b·) Capital Recovery Factor (l0y/10%) .................... 0 .16275 
cl Incremental Operating Costs: Annually ........... USD 24,375 
d) NPV .......•........ USD 42,400 
e) ODP Reduction/Y ........................ , ........ kg 15,000 

mtIT ABATEMENT COSTS [{a{b)+ c}/e] ................. USD/kg/y 2.55 

GRANT EFFECTIVENESS (a+ d/e) .•............••...... USD/kg/y 8.49 

The latter is well within the threshold of USD 16.86/kg/y that has 
been established for projects in this category, as established by 
the Executive Committee at its 16th Meeting held in March 1995. 

7. FINANCIAL PLAN 

The-enterprise requests a grant covering the entire incremental 
costs as calculated under 6.1 and 6.2: 

USD 127,400 
=========== 
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8. PROJECT IMPLEMENTATION 

UNDP will oversee the implementation of this project and provide 
technical support. Implementation is expected as follows: 

TIME FOR COMPLETION 
TASK 

Ql Q2 Q3 Q4 QS Q6 

l. Preparation 
Document preparation xx 
Procurement preparation xx 

2 . Installation 
! 

Arrival X 
Machine Retrofit X 

3. Start·up, 
Machine Start-up X 
Trials,. Training 1 Phase-in X XXX XXX 
Certification X 

9. REQUIRED REGULATORY ACTION 

The project requires nci regulatory action. 

10. PROJECT IMPACT 

This project will eliminate the use of at least 15 t CFC-11 in the 
first year after implementation. The project employs commercially 
developed and environmentally acceptable technology. 

ANNEX, Technical Review 

5 
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TECHNXCbI, REVXEw. 

I ,Country: 
Brazil 

z,Project Title; 
PLASCAR Conversion to CFC-free Technology in the Manufacture of 
Integral Skin Polyurethane Foam for Steering Wheels. 

3.(SublSector: 
Foamed Plastics. 

4,CP-ReJationshjp: 
CFC use was subst<1nt ia 1 ly phased out in the product ion of flexible 
slabstock foams. 
Some CFCs are still used in the 1110ldin9 sector. 
The national coordinating Minlstery is the Brazil Industry and Trade 
Mintstery. The implementing body is the UHDP. 

S,JechnoJogv; 
The presented interim solutton to u~~ HCFC 141b until an acceptable 
OOP zero solution 1s avatlable for the production of integral skin 
auto1110tlve parts, can be fully accepted. 
The rejecting of other possible solutions is well funded in the 
project and acceptable. 

6.EnvironmentaJ Impact: 

The interim solution for ISF production, to use HCFC 141b, is also 
fully acceptable. 
The ODP of HCFC 141b ls 0.11; the ODP of CFCll being 1.0. The GWP of 
HCFC 141b is 10% of the GWP of CFCll. 

7, Pro,ject Costs: 
Although the capita 1 cost items in the project are not very we 11 
detailed, they can be accepted. 
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Concerning the operating costs, the MDI price seems unacceptably 
high. The accepted kg price for MDI is USO 2.85 and not USO 5.30. 
This change would lead to a situation where a benefit ls made of USO 
( 54,000 • 36,338 ) or USO 17,662, and would reduce the cost to USO 
85,000. 
Under those circumstances the unit abatement price would become: 
USO ( 85,000 / 15,000) or USO 5,67. 

~.Implementation; 
Acceptable as presented. 

9,RecPDIIJendatJon: 
it Is recO!llll8nded to check the MOJ price, and make the necessary 
corrections in the cost items. 
The project can than be accepted. 

Prepared by Hubert Creyf, UNOP Foam Sector Reviewer. 
Date:060495 ( ft...,...//. 

After discussion with Mr B. Veenendaal, Fou Sector Expert, the ra1sed 
techn1cal questions were solved, and project costs were agreed upon. 
It is hence recommended to accept the project. 

Hubert Creyf, 
Date, 06ll95. 

foam Sector Technical Reviewer. 
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COUNTRY: 

PROJECT TITLE: 

SECTOR COVERED: 

ODS USE BY SECTOR: 

PROJECT IMPACT: 

PROJECT DURATION: 

ECONOMIC LIFE OF PROJECT: 

TOTAL PROJECT COSTS: 

PROJECT DOCUMENT 

BRAZIL 

Investment Project for Phasing Out of ODS at 
FRISOKAR Equipamentos Plasticos Ltda. 

Integral Skin Semi-flexible Foam (lSSF) 

878 MT of CFC-11, 20 MT of HCFC 22 and 2 
MT of HCFC 134a in 1993, in all rigid and 
semirigid foam applications 

Phase-out of annual consumption of 42 tons of 
CFC- I I (total ODS = 42 tons/year) 

18 months 

10 years 

us $596,949 

OVERHEADS OF IMPLEMENTING COSTS: US$ 77,603 (13%) 

PROPOSED FINANCING BY 
MULTILATERAL FUND: 

COST EFFECTIVENESS: 

COUNTERPART ENTERPRISE: 

IMPLEMENTING AGENCY: 

COORDINATING MINISTRY: 

us $674,552 

16.06 US $/kg 

FRISOKAR Equipamentos Plasticos Ltda. 

UNlDO 

Brazilian Ministry of Industry, Trade and Tourism 

PROJECT IMPACT: The project has been designed to phase out 100% of CFC-1 I used when 
producing Integral Skin Semi-Flexible Foam (ISSF) at FRISOKAR Equipamentos Plasticos Ltda., 
Sao Paulo, Brazil. The chosen alternative is N-pentane as foam blowing agent. The project will 
be implemented through modification of existing production facilities and installation of 
supplementary safety equipment and in~truments. 
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I. BACKGROUND 

t. l Sector Background 

Ricid and semi-rigid PU foam sector (excluding domestic refrigeration}. 

There are about 200 companies in the country, 12 % of which consume the equivalent of 
68 % of the output of CFCs used by the sector. They are considered medium sized companies. The 
remaining ones are small and spread all over the country. 

Foam Sector Number of companies CFC 
Tons/year 

Automotive 7 324 
(several) 50 

Civil 8 104 
(several) 64 

Industrial Refrigeration 4 llO 
(several} 54 

Furniture 2 52 
Others 3 18 

Subtotal medium size companies 24 608 
Subtotal small companies 176 292 

GRAND TOTAL 200 900 

ODS Consumption 

According to the country programme of 1993 the total consumption by sectors was 
estimated as follows: 

- Domestic refrigeration 
- Industrial/commercial refrigeration 
- Foams (rigid & semi-rigid excl. refrigeration) 
- Others 
- Fire extinguisher 
- Solvent~ 
- Aerosols 

TOTAL 

The split consumption of CFC's in 1993 in all sectors was: 

CFC 11 
CFC 12 
Other CFC's 
Others 
TOTAL 

2,726 tons 
5,333 tons 

139 tons 
720 tons 

8,918 tons 

461 tons 
5,287 tons 

900 tons 
1,050 tons 

68 tons 
897 tons 
255 tons 

8,918 tons 
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Production of CFC in Brazil 

The production of CFC in Br.u:il is shared by two multinational companies (Hoechst 36% 
and Du Pont 64%) which are able to supply the full domestic demand. About 10% have been 
imported directly by users or ,11pplied by local dhtributors. 

Conversion strategy 

The production facilities of the PU foams manufacturers for ISSF will be converted in order 
to phase out the use of ODS. Preparatory assistance has been given to some companies to e,"tablish 
their needs during the complete conversion of the factories and the total elimination of CFC 
product, from their operation. 

A study of the available options for alternative blowing agents has been prepared and the 
effect on the operation and production process has been determined for the use of normal pentane 
which is preferred. 

l.!.sll.d technolo1,:ies 

The company FRISOKAR is using CFC 11 in foam production. Most of the equipment 
is "home made• and some is from a well known international supplier (HENNECKE). FRISOKAR 
is producing goods of standard quality meeting the demands of the Brazilian market, which takes 
up 90% of production. 

1.2 Background Information on FRISOKAR Equipamentos Plasticos Ltda. 

FRISOKAR is an all Brazilian owned company. There are five directors. The site consist~ 
of two old warehouses side by side. 1,800 nr, and the total land available is 5,000 m'. There are 
140 employees. Most of the equipment is home made. 

FR ISO KAR produce Integral Skin Semi Flexible Foam (ISSF) for the automobile industry, 
mainly door protection strips, and also arm rests for office furniture. The ISSF foam is 65-70% 
of production. High resilience moulded foam (HR) for office chair seat~ and backs makes up the 
majority of the remainder of production; There is a very small and infrequent production ( < 3 % ) 
of integral skin rigid foam spoilers on the rear of the car. 

FRISOKAR con.,11me about 40 tons of CFC- ll per year all for ISSF. The HR production 
is now "all water blown". and neither this nor the production of rigid integral skin foam is the 
su!J.ject of this project. 

The total number of mouldings of al! types produced per day is ca.6,500. Approximately 
650 tons of po!yol are used per annum. The isocyanate for ISSF is crude MDI. (TDIIMDI used 
in the case if the low density HR moulding). 
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The ISSF moulding process consist, of: 

Raw materials 

Base polyol is purchased in bulk (20m' stornge tank). All other materials are purchased in 
200 litre drums. The complete polyol blend (base polyol/polymer polyol/cross 
linkers/catalyst/CFC-I I) is blended in a 0.5t tank. The blended polyol is then transferred to 200 
litre dtums and from these to the machine day tanks. (One machine is fed directly from the blending 
tank). 

The isocyanate is added directly to the machine day tanks from 200 litre drums. 

Foam process 

FRISOKAR have a total of five low pressure machines, only three of which work with 
lSSF. There are two carousels for ISSF and a third is under con,truction. Some ISSF production 
is also carried out with the moulds 011 trolleys which are wheeled to and from the heating/mould 
conditioning oven. All machines are two stream, (polyol blend/isocyanate), and have high shear 
mixing. The dispense position of the machine he-ad is controlled by hand. 

Moulds are conditioned to about 45 ° C by passing through electrically heated ovens on the 
carousel. Foam liquid di,-pense times vary from I to 16 seconds (piece weights 20g to 3,000g}. 
The mouldings are removed from the mould after 4 to 5 minutes. 

Ventilation 

There is one extraction hood over the waxing station of the larger of the two carousels. 
This is adequate for this carousel as it operates at pre.;;ent, but ventilation is generally inadequate 
and the whole building ventilation/extraction needs to be in,1alled. 

Finishing and storage 

After demould the articles are placed manually on a series of tahles down the centre of the 
production hall. Here they are trimmed prior to transfer to an another warehouse -across the 
street-, where they are ,1ored prior to sale. 
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2. PROJECT OBJECTIVE 

The objective of thls project is to eliminate the use of CFC-I I in the production of ISSF 
at FRISOKAR, through the purchase of new equipment and conversion of production facilities thus 
allowing n-pentane to he used as the blowing agent. 

3. PROJECT DESCRIPTION 

Frisokar is prepared to phase out ODS as soon as the new technology has been acquired, 
the equipment installed, and staff tn1ining completed. 

3.1 Project modifications 

The main modifications to he introduced in the existing production facilities at Frisokar will 
lead to improvements and changes in the following areas: 

Storage and handling of n-pentane: 
A new external storage tank at a i,-pecified distance from the factory is needed. New 
loading equipment, safety devices and ~-prinkler system will be required. 

- Production area: 
New equipment for the blending of polyol and pentane i~ required. These facilities to 
be fitted with all necessary safety features and ventilation. 

New high pressure dispense machines will replace the low pressure models now in 
use. These will be specifically designed to work with pentane (or similar products), 
having reduced volume mixing head, impingement not mechanical mixing, and no 
solvent flush. 

Mould conditioning will be by water circulation not electric oven as now. 

The ventilation over and around the di~'J)ense machines and carousels will he designed 
to include both the dispense position and the waxing station, as well as general 
improvements to eliminate areas of low air tlow. 

The ventilation in the factory will be improved and safety measures updated. Detection 
systems for n-pentane will be installed. 

All machinery and equipment in the foaming area will be grounded. 

Final goods ~torage: 
The ventilation in the ware-house will be improved. Detection sy~tems for n-pentane 
will be installed. 

A complete project evaluation is given in Annex A. 
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3.2 Evaluation of alternative blowing agents 

The possible alternative blowing agents to CFC- I I for the production of ISSF are detailed 
in Table I below. These can he generally classified as; 

(a) HCFC 
(h) HFC 
(c) Hydrocarbons 
( d) Inert gase~ 
(e) Chlorinated solvents-methylene chloride 

Table 1. 

Alternatives to CFC- I I as blowing agents for Integral Skin Semi Flexible Foams 

Type Cost ODS Technical Suitability Flammability 

L HCFC 14th High 0.11 OK Slight 
2. HCFC 22 High 0.06 OK Nil 
3. HCFC 134a V.High Nil OK Nil 
4. n-Pentane Low Nil OK High 
5. Carbon Dioxide Low Nil Not proven as yet. Nil 
6. Methylene chloride Low Nil Unsuitable Nil 

There are three HCFC/HFCs which could be used satisfactorily in ISSF production. These 
are HCFC 14 lb. HCFC 22.and HCFC 134a. The alternatives 2 and 3 being gases al NTP require 
special handling. and are expensive compared to CFC- I I. However, this could be offset against 
a lower use level, < < 50% that of CFC-I I. The relative ODP's are 0.06 and zero. HCFC 14 lh 
is a virtual ·drop in replacement' for CFC-I I. Slightly le.;;.~ is needed (85%) but price is 
significantly higher. ODP is 0.11. As there are moves to ban HCFC's in several countries and 
indeed Brazil has opted for a 'final solution', non of these options has been pursued. 

The hydrocarhon n-pentane is used in ISSF production. With a zero ODP, a use rate 50% 
that of CFC-I I and being considerably cheaper, it is considered to be the mo~"t viable alternative. 
This is despite a high fire/explosion risk. Technology is available and in use to overcome the 
problems safely. 

N-Pentane is cheaper than Cyclo~Pentane and the quality (hardness) of foam produced for 
this particular application is hetter than if C-Pentane is used. 

Carhon dioxide is the only inert gas considered as an alternative blowing agent for 
polyurethane foams at present It is now well e.stahlished in low density fbam production 
(slabstock), and its use will soon be extended to low density moulding. There are different ways 
of using CO, for ISSF foam blowing. Carbon dioxide can he injected a.~ liquid CO, in the mixing 
head, hut this process has not heen yet proven for ISSF. A possible date for its introduction in this 
area is ! 996/7. 
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The most common way of using CO, is •water blowing•, whereby the added water reacts 
with the Isocyanate producing CO,, which expands the reacting PU forming mixture. A 
densification of the microcellular foam is obtained when it expands and is compressed against the 
mould internal surface kept at around 40'C but this does not constitute a thick and dense skin as is 
obtained when blowing with CFC-11, HCFC's or n-pentane. 

It is possible to use methylene chloride (MeCI,) in the production of ISSF foams, but only 
in blends with CFC-11. Typically a wt/wt ratio of CFC-11 to MeCI, of 3: 1 would he used to 
improve skin quality. Increases in the amount of MeCI, tend to he detrimental to the skin and at 
100% MeCl, the skin is very thin and weak. MeCI, is also retained in the polymer to a greater 
degree than CFC-11. Foam properties particularly on ageing are thus reduced. 

The low MAC value of MeCI, (500 ppm or less, depending on local regulations) leads to 
more problems regarding workplace exposure. This should be coupled to arguments over toxicity 
which are still unresolved. The ODP of MeCl, is zero. 

The preferred alternative technology is thus the use of n-pentane. Storage, handling and 
use of this hydrocarbon in polyurethane foam production is now well established. Satisfactory 
safety measures have heen developed. 

The use of n-pentane in ISSF manufacture is therefore the recommended technology to be installed 
at FRISOKAR. 

3.3 Conversion costs 

To convert the production facilities to n-pentane FRISOKAR is eligible for financing from 
the Multilateral Fund as follows: 

I. Incremental inve~1ment costs- used for replacement of c-.tpital goods, training. facility 
(re)construction,installation,, start up etc. 

II. Incremental operating cost.~ for four years, to be used for electricity, maintenance, 
insurance. 

Ill. Contingency fund 
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4. OUTPUTS 

4. I Capital goods replacement 

Foam system 

The use of n-pentane a., an auxiliary blowing agent in the polyurethane foam industry is 
well known, and used in several countries. The equipment to he installed at FRISOKAR falls into 
two categories. 

l. Installation of bulk storage facilities for n-pentane and the purcha.~e of new foam dispense 
machines and blending facilities to convert to pentanc. 

2. Safety in handling and the use of raw materials. 

The items to be installed are: 

Pentane tank storage system. 

Sprinkler system, fire extinguisher, gas detectors, fire alarm system, high pressure 
metering system 

Two high pressure dispense machines complete with metering, mixing and control 
facilities. 

- Two polyol/pentane blending units,nitrogen t>lanketed (one per machine). 

- Modifications to ventilation system at>ove and around each machine at the foam dispense 
point and mould waxing station; installation of fans, ductwork etc. 

Fans, ductwork for improved ventilation in the total production factory. A 11 areas need 
to he involved, not just that for ISSF production. 

- Comprehensive gas detection sy,1em in the factory and foam stordge facilities, 
particularly where pentane is blended with polyol, at and around the foam dispense 
point, and all areas of potential low air tlow. 

4.2 Tr.tining 

Within this project, personnel of f'RISOKAR will he trained in the following; 

Risk prevention when using pentane 
Maintenance of new <..'<juipment: 
Technology and working St'quenceslfunctions of the machines; 
Electrical installation and fault diagnosis, 
Safety rules and safety equipment 
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4.3 Project implementation 

The project will be coordinated by PROZON. The implementation will be carried out by, 
UNIDO in close cooperation with FRTSOKAR. 

For the implementation of major components of the project (ga.~ tank, pumping system'. 
fire safety, new machinery etc.) subcontracts will be concluded on the basis of competitive bidding. 
The sub contracts will include the supply of equipment, installation, commissioning and on-the-job 
training of FRISOKAR personnel. The terms of reference for the sub contracts will be detailed 
after approval of the project. 

The final equipment specification and workplan can only be drawn up after approval of the 
basic approach for the project implementation by PROZON of and FRlSOKAR EQUIPAMENTOS 
PLASTlCOS LTDA. 

UNIDO a~ Implementing Agency has the necessary experience and capabilities for a 
successful implementation of project~ on the enterprise level. Upon approval by the Multilatenli 
Fund for the implementation of the Montreal Protocol (MFMP), the project budget will be 
transferred to UNIDO. The respective project allotment document will then be issued by UNIDO's 
finance section. Any substantive or financial deviation is subject to approval hy the Executive 
Committee of the Multilatenli Fund for the implementation of the Montreal protocol. 

The milestones for the project implementation are below. 



4 .4. Milestones 

I. Sign project 
Rec.funding 

2. Appoint contractor 
site inspection 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Prepn. of Workplan 

Specification of 
equipment 

Bids 

Purchase of equipment 

Supply/installation of 
equipment 

Training 

Start-up tests 

On ~ite training 

Operational 

11 

Months 

Duration I 2 3 4 S 6 7 8 9 10 11 12 13 14 15 16 17 18 

I 

1 

3 

6 

2 

X 

X 

X 

X 

X 

XXX 

xxxxxxxxxx 

xx 

X 

X 

X 
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5. PROJECT COSTS 

5. l Incremental investment costs 

Incremental co~ts will-he the purchase of new machinery, modification of manufacturing 
facilities, safety equipment (see Annex A: Equipment Specification and Cost Breakdown), tr'<lining, 
installation and consultancy services for modifications'. (see Annex B: Project Budget for 
FRISOKAR). 

5.2 Jncremental QPerating costs 

The incremental operating costs are based on the price difference between the ODS to he 
phased out and its replacement, as well as several other factors incurred in the production cost~ 
which are higher because of the requirements of the new process. 

PRISOKAR S.A. Table 2. 
INCREMENTAL OPERATING COSTS 

YEAR 
One Two Three Four 

Tonnes of PU foam 700 700 700 700 
%of CFC-11 6 6 6 6 
Tonnes of CFC-11 42 42 42 42 
% of Pentane 3 3 3 3 
Tonnes of pentane 21 21 21 21 
Price of CFC- I I (US$/kg) 3.69 3.69 3.69 3.69 
C~i per year US$ 154,980 154,980 154,980 154,980 
Price of Pentane (US$/kg) 1.31 1.31 1.31 1.31 
Cost per year US$ 27,510 27,510 27,510 27,510 

Savings with Pentane (A) -127,470 127,470 -127,470 -127,470 

Insurance 20,000 20,000 20,000 20,000 
Electricity 20,000 20,000 20,000 20,000 
Maintenance 35,251 35,251 35.251 35,251 
Tf'a.ining 30,000 0 0 0 
Trial production 45,000 

Extrn production cost (8) 150,251 75,251 75,251 75,251 
!NCR.COST/YEAR (A)+ (B) 22,781 -52,219 -52,219 -52,219 
TOTAL INCREMENTAL COSTS -133,876 
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ANALYSIS OF TABLE 2. 

a) Incremental savings 

Present situation: 

Future situation: 

Market prices are: 

At present 6 % of CFC- I I is employed in foam production 

3 % of pentane will be needed when substitution takes place. (lower 
molecular weight of pentane) 

3.69 US$/kg for CPC-11 
I. 31 U S$/kg for pentane 

Based on the above the incremental savings per year of operation are US$ 127,470 

b) Incremental costs 

INSURANCE: 

ELECTRICITY: 

MAINTENANCE: 

TRAlNING COSTS: 

The additional cost of insurance to cover the risk of working with 
pentane is US$ 20,000 per year. 

New equipment (ventilation, pumps etc.) is required to operate the plant. 
The electricity, needed for this is estimated to co~t US$ 20,000 per year. 
(54KwH x 400 H/month x 12 month/year x 0.078 $/KwH = US$20,000) 

A preventative maintenance ~-ystem will have to replace the exi~'ting 
maintenance system as soon as the switch to pentane is made. There will 
be an increased level of instrumentation, and maintenance staff will have 
to upgrade their knowledge. The purchase of new equipment will result 
in an increase in incremental costs of about 5 % of the investment. Only 
the maintenance of this equipment has been considered for incremental 
cost purposes ( see Annex A). 

Total cost of new equipment for maintenance purposes (USS 705,000). 
Maintenance for new equipment (5%) US$ 35,250. 

It is considered that US$ 30,000 will be needed to train FRISOKAR staff 
in the security and safety procedures related to the operation with pentane 
(four operators and foremen for two weeks in Europe or USA). 

TRIAL PRODUCTION: At least five days will be needed to start up the two new machines. 

Contingency fund 

During this period some production will be lost. This has been estimated 
at US$ 45,000. 

A contingency fund of 15% of the total project budget has been included. 
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Total costs 

The investment cost of US$ 1,202,325 will include capital investment cost for new 
equipment and machinery ,the modification of manufacturing facilities, ventilation and safety 
devices, trainmg and consultancy services of which US $471,500 must be borne by FRISOKAR. 

The incremental operating costs in this prqject are: 

a) Negative because of the price difference between CFC- I! and n-pentane , and the 
lower use mte of pcntane. 

h) Positive because of the extra cost of insurance, electricity, maintenance and process 
disruption. 

The total incremental cost over a four years period is US$ (-133,876). 

Other cost: A 15 % contingency fund has been included to ensure an adequate funding of the 
project. 

The total project cost is US$ 596,949 
The overhead cost of the implementing agency is 13% (US$ 77,603) 

Requested funding hy the Multilateral Fund of the Montreal Protocol is US$ 674,552 (See 
Annex B). 

6. PREREQUISITES 

In accordance with the rules and regulations of the Executive Committee of the Multilateral 
Fund for implementation of the Montreal Protocol, the project funds will cover only incremental 
capital cost~ related to the plant conversion. All the other expenses dealing in particular with civil 
and construction works, provision of additional equipment, machinery, utilitie.~, instrumentation, 
raw materials, etc., have to be covered by the counterpart, 

Therefore, prior to start the project implementation, a Memorandum of Understanding has 
to be prepared and approved by the Project/Government authorities concerned and UNIDO. The 
Memorandum will specify all responsibilitie.~ of the counterpart and will be considered as an integral 
part of the project document. 
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ANNEX A: EQUIPMENT SPECIFlCA TION AND COST BREAKDOWN FOR 
FRISOKAR EQUIPAMENTOS PLASTlCOS LTDA. 

---------~---
Item Description Qty Unit cost Total cost 

US$ USS 
---------

L Complete pentane storage tank system 50,000 50,000(*) 
(20m' capacity),instruments and sprinkler 
~)'stem.Valves, fillings etc. to impply at 
5 bar above vapour pressure. 

2.1 Pipework from pentane tank to premix 
~1.ations. 2 10,000 20,000(*) 

2.2 Polyol/pentane blending stations 2 60,000 120,000(*) 

3. High pressure foam machines 2 150,000 300,000(*) 

4.1 Ventilation at machine 2 45,000 90,000 

4.2 Factory survey by Ventilation consultant 1 20,000 20,000 

4.3 Fan.~/ductwork for improved factory 
ventilation 1 80,000 80,000 

4.4 Fans/ductwork for improved finished 
goods ~1ore 1 80,000 80,000 

5.1 Gas detector system,production hall 
and store 2 70,000 140,000(*) 

5.2 Gas feelers 50 1,500 75,000(*) 

6. Fire protection ~)'stem 2 9,000 18,000 

TOTAL us$ 993,000 

NOTE. Jtemf marked(") were used to calculate 'maintenance' 
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ANNEX B: PROJECT BUDGET FOR FRISOKAR EQUIPAMENTOS PLASTICOS 

BL ll-51 Expert in ODS phase out 
in foam ~ctor 

BL ll-52 Consultant in safety and security 
operating with C-5 

BL ll-53 Consultant in production layout 

BL 21-00 Subcontract for: 

l. Provision of pentane storage tank 20m', 
valves, fittings for connection of nitrogen 
pre-pressure. 

EXCOM 
m/m US$ 

LO 15,000 

1.0 15,000 

0.5 7,500 

50,000 

2. Polyol/pentane premix stations allowing 140,000 
continuous automatic transfer to the machine 
day tanks. Pipework from pentane storage 
tank to premix stations. 

3. High pressure dispense machines. 300,000 
4. Ventilation survey. Improvement~ at machines, 

in the production hall and finished goods store. 
5. Gas detector system for pentane storage, 75,000 

foam production and store. 
6. Fire protection and sy~1em for PU chemicals and 18,000 

pentane according to local regulations. 

BL 32-01 Training of technicians 15,000 

Subtotal 635,500 

BL 51-00 Miscellaneous 15% 95,325 

INVESTMENT COST 730,825 

Incremental operating costs (negative) (-133,876) 

TOTAL PROJECT COSTS 596,949 

13% overhead cost 77,603 

TOTAL BUDGET FOR THE PROJECT US $ 674,552 

Cost Effectiveness $/kg 16.06 

FRISOKAR 
US$ 

270,000 
140,000 

15,000 

TOTAL 
US$ 

15,000 

15,000 

7,500 

50,000 

140,000 

300,000 

270,000 
215,000 

18,000 

410,000 1,045,500 

61,500 156,825 

471,500 1,202,325 
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Referenoo my previou, comment dated 2:1/!l/!,)5, 

The latc$t (ffnal) appraisal dooummt is being fNled to )'Oil &Iona wllh tllla memo. Wh.11.o l 
am not cl- how ~>ml! ur our lllltlier auggGSliom1 WOJ'C aotuall)' hllndled (5peclti01llly the 
use of Anncxet c and D 1111d the dooumen!Atlon issue) f assume that the 001nmcnt by M. 
Youaacff that ihc., "mtofthoQOmmenta were OK" would indicftle that thoy woro 
comfortable with the Document up to thai point. 

I fec1 !hat the Project Is ~II 0011,::clvod Md should dcamto all oonslderatlon possible for 
appmva.1. 

DM Madlnabeltll. 

t ~@/~ 
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-;,It of ,he USA 

Mich•cl F. X. Gigliotti, Dtree,o,. USA Ian P. Strachan, Director• RSA 
42 Rogers Sr., Gloucester, MA 01931,/ 133, USA 

Phone, USA• 5013-281-3310 F...,, US,,,_• 508-281,3315 
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nY" r,oJect: WY50518-UNID0-FR-01 

1. Countr.y ot 
Orlatn: 

2. rroJect Tltle; 

TECIINICAJ., REVIEW 

Brasil 

In\'estment for J'haslna Out ot ODS at l<'lUSOKAR 
F,qulp11m1.1nios 11lastlcos Lt.da., i.:!11.0 Paulo, Brm.:il 

~. Sector Covered: lnte11,l'1d Skin Seml•floxlble Foam (l!ISF) 

4 . Rolatlonshlp t<• 
Country Ptoaramt 

5. 'fechnolog7: 

Not known 

11) Jn~tlOtatlon t« SclcctiOll ot Alternative TechnO!oay: 

1'he eho1111.11 11ltcrnatlve of n-pimtano to replace c;.c.11 for 
pniduulng !SSP II logical and ICCO!>lab.~ provlc!in11 that proper 
iaf'ety 11,na ventl!ailon are In place. 'l't!f, choice iH a Iona !elm 
IIO!ull.on 11.m» lt mceta most criteria, os9'Clally those rtlattd to 
environmental. acceptability , technical fcaaibihty and economic 
practicality. 

h) A@rttmutu 
Not known 

q) 1r1slJlt191; Ref: pRra. 3.2 

Storage and h1111~ng1 production equlpmtnt, vontilallon, lo.le 
dffl,otfun and flnlSlleQ product •~ 1n tho gcnoral detcription are 
approprlato for thla type of produotion. 

we are Informed that the foaming plaill includes metering unit e.nd 
alarm, and Ill c:qulprni:nt will bo properly grounded. 

Ad<lltlonal (lncromcnt&t) v1111iilalion In the foliahcd *t<nae are11 Is 
recommended elnco some low tcvel dlff1111io!1 of foaming agent may 
occur wllh ft11lllhed produota. 

The t;chnology !16le¢ted will Cll.llb!e flwt.ury oonvcrslo11 without 
reduotion of P1WUct quality and at the 1111me time remalll.lng ooat­
effeotive, 

l 
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6. Jfo vh•o1m,1111t11,I 
Impatt 11) Aliernaifve t'ogmlmi Arumt 

?. l'roJect Cods: 

N-pentane has a zero ODP .... a, negllgtblc:o Olublll Wlll'mlng 
Potential (OWP') ..... and a has a use rate of 50-601 of CFC•! 1. 

Ii ls a viable 11.lternatlve, 

ll)New 1•1,at i~acmt1ea 
The facilities proposed In this Project will lllitiU~ sal'tty and 
protecl!on f'or the plant su1TOUndings. 

Cost or Equipment 
a) Prices have been di~ with pot.ontial tuppllMs and all 
equipmont and 00sts a.ro ln line with tlioso for plai,u world-wide for 
plants utlltzlng hydrocarbons t'ot the im,du1:tion of pol~tetlW\e 
foams, Quotation, In tupport: of the ~_tgli-co&L !tt1ua should ho 
available for examination by the MPBC. 

b) some of the Costltems 111 Aouvx U iin, lltrficult to cerr~te 
with Cost Elements listed in Auu11 A, Noto: These COl't't¢t ns 
have> heen mada. 

RefeiTlng to Ant\l:Jl A the uow slal111g ccr1ah1 Items marked • woro 
ulte(I to oelcu1atc "maln1en~• is nol olear, Porll!IJ>S thia COl\c«tt 
will be cllm!nll.tlld whe11 I.he AnnoK D dote.Ila are available. In 111y 
ClllO !ta telMncy should be explllln=d ur il $1101.1ld be deleted, 

c:) FlUSOKAR Is au11mt111 the full W$l of 11onlilat1on 
improvements at the machlnes••a va\uabble plui for !lie project. 

d) 811~ellnv w~t and scrap v11lue of exi1ting equipment have 
not been determined. Huw much or the cxlstln11 ~uipmont wilt 
mma!n In placo'1 'Row muoh wll1 be 1q1laced.? What will be Ilic 
fate ot the lerapped equ\pmem~ This Is being~ 1111d 
should be OK. 

e) Net cost of the chemical formuhtUun (e,1; foamlni 
1t11ent) ••to produ~ foam { i,o. Highoi: usage of polyol or urethMe 
may !'\lliull in ti higher not coal des))lte 11vlngs In foamins qent. 
This wuld be a legltlmat4 lncremenllll cost if it can ho doi,.'Umenled. 
Since it i~ not 11ieDl.loned In die text , on• mutt uwme that no 
irtctcmimt&I oost difference e:dm. 

r; Stllrt•Up Cui;IM ••The level of costs MIIIOCl&ted with tralntn, of 
teebnlclans ls reasonable and In line with ~h«lw' cosl.s world• 
wl<le. We are lnlbrmed that no duplicatlun cn111.$ ln lhc uac of the 
Saf1.Jly and Security consultant. 

2 

' -------------------------------, o,, ·-"'~ 
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II Qnerat,ih,ft C.o•ts 

lillok-up inforll1alion on the Opt.rating C.ost item• should be 
detailed in Annex D under a subscction entitled Ofx,rflt\ng Coiit 
ntl!All (Rofct lo 'rllbl(I 2, p, 11 ot'ProjMt,): 

Co8t ~ )'t:!lt ! 
lnllUl'MOOI 
J31ec,(ri(:ity 
Maintnnoe 
TTalning 
'!'rial l>rod11¢tloo 

$1~4,QS0 
20,000 
Z0,000 
35,2$1 
30,000 
45,000 

Th* ftgllffs aetm rta&Onable, !Hit supplylns the data base used 
for eaoh Item will reduce 1111oertalncy ofthe Project Approval. 

h) Other Cotti 

Consultanl:y co,t11 and Implementing agonoy overhead oosts are 
reasonable. 

It 111'1}' ffniahtd produot ls ox~ Ibis mutt bo IUlted and the 
aPPl"OPl'late Rxport Deduction must apply, A etatement 
describing exj)Cft actlvlty or 11\0k therof needs to be lidded to 
Section 1.2 of Baok3rouftd Information. 

ThoatatomMtth~PRISOKAR!al00* BtilSU1an owned Is 
o.p~. lt' It were othttwlte, doduotions would apply in e. 
aurulir manntt, 

I) Cost lllh\14:llvene5~ 

Thia la ~ from in¢l'ffllelltal operational and lnVC$lmCllt 
~poi1•s ior ono ru11 y-.r period divldod b1 11t, Ka, or OD$ 
removed from the environment. The $16.06 / Kg.1s M ~le 
ooat. 

J) lmplementaUon 'J'ime 

Tho overall t!nio ft-an1e la ~le. A botter f!K 011 this could be 
11:qulred by Mi'BC. W!tl1 ll>Cclflo dell ve.t'y lltuC4 aubstanl.lated by 
tiupplll!r 1:slltflll~ n,!'emwft, to Am1t1x D, lh1:111 lhl» w11ld bll 1111ui1• 
iuuo. 
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PROJECT OF THE GOVERlilMEIIIT OF BRAZIL 

ELIMINATION OF CFC's IN THE MMWFACTURE OF CHEST FREEZERS AT 
MULTIBRAS S.A. ELETRODOMESTICOS. 

1 PROJECT OBJECTIVE. 

The object of this project is to eliminate CFC's used by Multibras 
in the manufacture of domestic chest freezers. The CFC' s which will 
be eliminated include CFC 11 used as a blowing agent for producing 
thermal insulation foam and CFC 12 used as a refrigerant in the 
production of domestic freezers. 

2. SECTOR. BACltGlWOJi1D. 

Brazil's country programme for the phaseout of ozone depleting 
substances was presented at the 13th Executive Committee Meeting in 
July 1994. Brazil is a producer of CFC's and production of CFC 11 
and 12 was estimated to be 11,493 MT in 1993. The estimated 
consumption of all ODS for 1993 was 8,918 ODP tonnes which 
comprised 8,064 tonnes of CFC 11 and CFC 12 combined. For the 
refrigeration sector, the situation is as reflected in the 
following table: 

ODP tonnes 
======================================================= 
Foams used in the Refrigeration Sector 
Domestic Refrigeration excluding Foams 
Industrial/Commercial Refrigeration and A/C 
Mobile Air conditioning {A/Cl 
Service 

Total Refrigeration & A/C Sector 

1,210 
461 
498 
254 

4,535 

6,958 

For the domestic refrigeration sector, Brazil has two main 
compressor manufacturing industries and six major companies 
involved in the manufacture or assembly of domestic refrigerators 
and freezers. The 3 major domestic refrigeration manufacturers 
companies share some 70% of the total ODS consumption of CFC 11 and 
CFC 12 in Brazil. The current refrigerator manufacturing capacity 
is about 4 million units. The refrigerator and A/C sector is 
expecting a rapid growth of 10% per year as the economy recovers. 

Multibras consumed 1,192 tons of CFCs in 1994 for the manufacturing 
of all their refrigeration products, of which 166 tonnes was used 
for the production of chest freezers. In 1994, Multibras in their 



PROJECT COVER SHEET. 

PROJECT TITLE: 

SECTOR COVERED: 
ODS USE IN SECTOR: 
ODP-TONS ELIMINATED: 
SUBSECTOR COVERED: 

TOTAL PROJECT COST: 

CAPITAL COST REQUESTED: 
OPERATING COST REQUESTED: 

TOTAL COST REQUESTED: 

UNIT ABATEMENT COST: 

PROJECT DURATION: 
ECONOMIC LIFE: 

NATIONAL COORDINATING 
BODY: 

IMPLEMENTING AGENCY: 

APPRAISAL DATE: 

Elimination of 
manufacture of 
freezers at 
Eletrodomesticos. 

CFC' s in 
domestic 

Multibras 

Refrigeration and A/C Sector 
6,958 tonnes/year ODP 

166 tonnes/year ODP 
Domestic Chest Freezers 

US$ 1,389,173 

US$ 
US$ 

257,213 
609,631 

the 
chest 

S.A. 

US$ 866,844 --> figure takes 37.6% 
non-article-5 ownership into account 

3.93 US$/kg/year ODP 

1. 5 years 
10 years 

Grupo Tecnico de Ozonio (GTOJ 

United Nations Development Programme 
(UNDP) 

January 1995 

PROJECT DESCRIPTION: 
This project is part of an overall programme to eliminate the use 
of CFC' s at Multibras S.A. Eletrodomesticos. This project will 
eliminate the use of CFC's in the production of chest freezers. CFC 
11 used as a blowing agent for producing thermal insulating foams 
will be replaced by BCFC 141b. The company is aware that BCFC 141b 
is an interim technology. Equipment acquisitions will be made in 
view of the fact that they may be used with HFCs or cyclopentane 
with minor retrofit costs only. CFC 12 used as refrigerant will be 
replaced by HFC 134a by changing the existing production line for 
CFC 12 chest freezers into a line producing HFC 134a equipment. The 
project will eliminate 165.9 ODP tons/yr. Funds requested will be 
used to change the existing production lines, the cost of testing, 
pre-production trials, and training, as well as incremental 
operational costs resulting from the conversion to the new 
technology (6 months). 

PREPARED BY: Mr. Roger Hodson/ Mr. Jacques Van Engel 
REVIEWED BY: Dr. L.J.M. Kuijpers/Dr. J.M.P. Janssen 
(Refrigeration) and Dr. H. Creyf {Foam). Comments are attached. 
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plant in Joinville produced about 2,080,000 freezer, refrigeration 
and air conditioning units and their plants in San Bernardo and 
Manuas produced about 573,000 units. 

While there are no regulations specifying a maxi:mwn energy 
consumption for refrigerators and freezers at this time in Brazil, 
it is anticipated that an agreement between the industry and the 
Government will be reached in 1995 in this regard, based on the DOE 
(USA) standard. 

For chest freezers, the estimated market share for one year as of 
October 1994 looked as follows: 

Company 

Multibras 
Refripar 
Metalfrio 
Reubli 
Esmaltec 
Geltec 

Total 

No of Units 

112,483 
108,998 

82,981 
22,696 
11,642 

7,527 

346,327 

% 

32.5 
31.5 
24.0 

6.6 
3.4 
2.2 

100 

It should be noted that from 1 January 94 through 31 December 1994, 
the production figure of chest freezers at Multibras was 149,567 
units. The reason for the difference with the figure for Multibras 
in the above table (112,483) is due to the fact that Multibras only 
started to produce chest freezers since 1 January 1994, so that 
112,483 in fact corresponds to a production during a 10-month 
period (1 January· 31 October 1994). 

3. ENTERPRISE DiFORMATIOlil. 

3.1. General Background. 

Multibras S.A. Eletrodomesticos was established on May 1st 1994 
as a result of the merger of Brastemp, Consul and Semer all of them 
reporting to the Brasmotor group. the new company is the major home 
appliance manufacturer in the Brazilian market having an annual 
invoice value of US$ 800 million and approximately 11,000 
employees, including 8,000 in the refrigeration sector. 

Brastemp started to operate in 1951 when Brasmotor Co started to 
assemble imported refrigerators. Consul was started in 1950 at 
Joinville (SC) starting to manufacture absorption refrigerators and 
later electrical refrigerators (1956) air conditioners (1972) and 
upright/chest freezers (1983). It was integrated to Brasmotor group 
in 1977. Semer was founded in 1946 and incorporated by Brasmotor 
group in 1985. 
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Multibras refrigeration and airconditioning production has the 
following market share:-

- refrigerators 67% 
- air conditioners 50% 
• upright freezers 49% 
- chest freezers 33% 

Total daily production in 1994 is 9,300 refrigerators and freezers 
out of this total 700 are chest and upright freezers which is the 
topic of this project. 

Multibras is also a market leader in the production 
ovens, automatic dryers, washing machines, 
airconditioning, stoves, etc. 

of microwave 
dishwashers, 

Multibras has produced around 430,000 products per month and the 
refrigeration plant located in Joinville is responsible for 
200,000. Its export markets include USA, Canada, Spain, Australia, 
France, South Africa and countries of Latin America. However, their 
export share to non-article-5 country is about 8%, so that no 
deductions have to be made according to a decision taken by the 
Executive Committee Meeting of December 1994 on this issue. 

3.2. Cnng;,auy Data. 

CONSUMPTION (1/1 • 31/12/94) 
(all models incl. Chest freezers) 

FULL NAME 
PLANT LOCATION 

NAME OF CONTACT 

TEL/FAX 

NON·ARTICLE-5 OWNERSHIP 

NUMBER OF MODELS 
No OF PRODUCTION LINES. 
PRODUCTION FOR 1994 (1/1-31/12) 

COMPRESSOR SUPPLIER 

798 tons Rll for manufacturing 
394 tons Rl2 for manufacturing 

Multibras s A Eletrodomesticos 
Rua Dona Francisca 6920 
Caixa Postal 267/269 
89219-900, Joinville, Brazil. 

Mr. Paulo Vodianitskaia 
Mr. Paulo Ricardo Feil 
Mr. Rogerio Augusto Martins 

Tel 55·474-41-4514 / Fax 41-4700 

37.6 % 

4 models 
l line 
149,567 

(see note) 
(see note) 
(see note) 

EMBRACO, Joinville Brazil 

Note: While this project will only phaseout CFCs in one 
producing chest freezers, Multibras has in fact a total of 
product lines related to refrigeration, as described in 
following table. 

line 
nine 

the 



Joinville: 
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l product line for Compact Refrigerators 
1 product line for Chest freezers (*) 
2 product lines for Standard Refrigerators 
l product line for Upright Freezers 
1 product line for Airconditioners 

Sao Bernardo do Camp~: l product line for Upright Freezers 
1 product line for 2-door Refrigerators 

1 product line for airconditioners 

(*) : Subject of this project 

3.3. Information on Ownership. 

Its stock composition based on a detailed printout dated 31 
December 1994 is as follow: 

Brasmotor 
Whirlpool Brazil 
Whirlpool USA 
Other Foreign Companies 
Other Local Companies 

50.10 % 
28.88 % 
1.75 % 
2 .. 55 % 

16.72 % 

100.00 % 

However, it should be noted that parts of Brasmotor (8.86 %) and 
Whirlpool-Brazil (100 %) are also owned by non-article-5 countries 
so that the non-article-5 ownership is calculated as 4,44 + 28.88 
+ 1.75 + 2.55 = 37.62 % This percentage is deducted from the 
project capital and operational cost calculations (see para 6). 

3.4. Campany Strategy. 

Multibras has chosen for a phaseout strategy in several steps. The 
first one is the modification of the chest freezer production line 
in 1995 (present project). Thereafter, other production lines will 
be converted on line-by-line basis, based on the experience gained 
from this project. 

The above strategy has the approval of the Government Departments 
visited by UNDP in Brasilia in December 1994. It explains why this 
project only addresses one of the production lines at Multibras. 
The project also respects the interagency agreement signed between 
UNDP, 'ONIDO and the World Bank. 



3.5. Research capabilities and Technology Agreements. 

Multibras has a general technology agreement with Whirlpool, but 
not a specific agreement for CFC substitution technology. 
Therefore, for implementation of this technology, Multibras counts 
with a team of 150 engineers and technicians in its Refrigeration 
Technology Center in Joinville. This Center counts exchanges 
information with Whirlpool Technology Centers in the USA and Europe 
and has been supported by suppliers such as Embraco, Leybold, 
A'Gramkow, Bayer, Dow, Du Pont, Hoechst, etc. 

3.6. Description of the chest freezer models. 

The following tables provide a su:mmary of the chest freezer 
production by Multibras during the 12 month period from 1 January 
to 31 December 1994. 

Model Nol Description! Capacity! Productionl R12 chargej R12 use 
I I Cu ft I Vol I kgs l kgs 

--------+------------+---------+-----------+-----------+---------
HA 22 SD Frz 7.8 59,749 0.100 5,975 
HA 31 SD Frz 10.9 46,093 0.100 4,609 
HB 41 DD Frz 14.7 26,331 0.300 7,899 
HB 53 DD Frz 18.7 17,394 0.300 5,218 

--------+------------+---------+-----------+-----------+---------
Total or Weighted Avg, 11.24 I 149,567 I 0.158 I 23,702 
--------+------------+---------+-----------+-----------+---------
~ SD=Single Door, DD=Double Door, Frz=Freezer 
Note: From the above table, one concludes that CFC-12 consumption 

equals 23.7 Tons per Year. 

Model No Weight of 
PU Foam per 
unit in kgs 

Type/Weight 
of Plastic 
Liner in kgs 

Compressor 
Capacity in HP 
R-12 R-l34a 

Compressor 
Price in US$ 
R-12 R-134a 

--------+------------+-------------+---------------+------------
HA 22 6.598 HIPS 0.726 1/6 1/6 35.9 41.7 
HA 31 8.014 HIPS 0.937 1/4 l/4 40.5 48.7 
HB 41 9.656 HIPS 1.452 1/4 1/4 42.4 50.2 
HB 53 11.530 HIPS 1.452 l/3 1/3 44.6 55.7 

--------+------------+-------------+---------------+------------
Weighted, 8.146 I 1.003 I I 39.5 47.0 

Avg: 1 I I I 
--------+------------+-------------+---------------+------------



Model Noj Condenser 
1 Price US$ 
I R-12 R·134a 
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Capill.Tube 
Price US$ 
R-12 R·134a 

Filter/Dryer 
Price US$ 
R-12 R-134a 

PU Foam 
Formulation 
per kg Foam 

--------+-------------+-------------+-------------+--------------
HA 22 N/A 0.494 0.682 0.03 0.05 1Polyol 0.3649 
HA 31 (no change) 0.494 0.682 0.05 0.07 I MDI 0.5040 
HB 41 0.494 0.682 0.05 0.07 [Blow.Ag.0.1311 
HB 53 0.494 0.682 0.05 0.07 j -·-~--

--------+-------------+-------------+-------------+ 1.0000 
Weighted! [0.494 0.682 

1

1 0.042 0.062\ 
Avg: 1 I I 

--------+-------------+-------------+-------------+·-----------+ 
Note: The Filter/Dryer cost are for the active ingredient only 
and do not contain the assembly. 
Note: From the above tables one concludes that CFC-11 consumption 
equals 0.1311 x 8.146 x 149,567 = 159.8 Tonnes per Year. 

4. PROJECT DESClUPTIOH 

Multibras uses CFC 11 to produce PU foam and CFC 12 as the 
refrigerant for the chest freezers produced in their factory in 
Joinville Brazil. Successful COlllpletion of the project will see 
Multibras using HCFC 141b as the blowing agent and HFC 134a as 
the refrigerant. The following table shows the original 
consumption of CFC's and the ODP tons which are eliminated by 
the project. 

CFC 11 
in tons 

ODP tons 
eliminated 
(see note*) 

CFC 12 
in tons 

Total ODP 
tons 

eliminated 
-----------+-------------------------+-------------+------------+ 
MOLTIBRAS I I I I 

CHEST FRZRSI 159.8 142.2 23.7 I 165.9 I 
-----------+-------------------------+-------------+------------+ 
Note*: Second column of figures for CFC 11 takes the ODP of HCFC 
141b into account (ODP = 0.11). 

4.1 Replacement of CFC 11 with HCFC 141b. 

The company will transfer to HCFC 141b as an interim step to an 
ODS free system. The injection machine for the rigid insulation 
foam is a high pressure machine that is able to process the 
higher viscosities and mixing requirements of the low ODS systems 
and also any of the of the developing ODS free systems. 

The transition to HCFC 141b will require some equipment 
replacement, training and test runs before industrial production 
can be started with the new technology. These activities will 
include training of staff in worker -safety related matters 
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related to the use of HCFC 141b. 

Operational costs for six months are requested, which are 
determined during the formulation of the project. 

4.2. Replacement of CFC 12 with HFC 134a. 

The conversion to HFC 134a requires the use of 134a compressors 
and the associated new synthetic lubricants, re-design of the 
refrigeration system to cater for the difference in the 
thermodynamic performance of HFC 134a versus CFC 12, 
prototyping, testing and optimization of each freezer model, and 
pilot scale manufacture and testing before full scale conversion 
of production to HFC 134a. The conversion will result in changes 
in manufacturing procedures for which production line supervisor 
and operator training will be required. 

The different properties of HFC 134a, the need to avoid cross 
contamination with CFC 12 and the phased nature of the conversion 
of refrigerator production from CFC 12 to HFC 134a, means that 
new system evacuation, refrigerant charging and leak detection 
equipment will be required. The technology change on which this 
project will impact is given later. 

Operational costs for six months are requested, and are 
determined during the time that the project is prepared. 

5. TEcmtOLOGY. 

5.1 Replacement of CFC 11 with HCFC 141b. 

5.1.1. Overview. 

There are currently three main directions in the development of 
CFC free systems for thermoset insulation foams. 

CFC 11 > partial water/HCFC 14lb 
CFC 11 > partial water/HCFC 22/l42b 
CFC 11 > n-, iso· and cyclopentane 

> 356?, 365?, 245ca? 
> HFC l34a,HFC 152a. 

etc. 

In addition compounds such as perfluoroalkanes, fluorinated 
ethers and 2-chloropropane have been suggested but the 
technology is not mature. Furthermore the products are only 
available in limited quantities or toxicological testing is not 
complete and therefore safety in use ca=ot be evaluated. 

The first option the liquid solution is the one which will be 
applied in this project and it employs technology which is 
closely related to the existing one The final step to non ODS 
technology in this process is not decided. One potential solution 
is HFC 356, but full water blown systems with improved cell 



structure re.mains an option in systems where dimensional changes 
although costly are possible. 

The second one the GAS SOLUTION utilizes a gaseous mixture of 
physical blowing agents and always requires new equipment and 
extensive adjustments. The final step in this process is seen as 
the introduction of gaseous HFC's. 

The third option pentane technology has recently been introduced 
into Europe. Pentanes are flammable and this means a careful 
review of manufacturing operations with respect to the safe 
handling of a flammable blowing agent. Their use may not be a 
practical option in the existing work environment of some 
enterprises. Several companies currently offer pentane technology 
packages including equipment. UNDP requires however independent 
process safety review prior to and after installation. 

5.1.2. Selection. 

Based on environmental considerations, cyclopentane appears to be 
the best choice for domestic refrigerator and freezer 
applications. It combines an attractive price with zero ODP 
properties. However, the adoption of cyclopentane technology was 
not selected by Multibras considering their tight technological 
relationship with Whirlpool USA, and in view of product liability 
and energy efficiency reasons. It should be noted that Multibras 
exports some of their production to the USA. Furthermore, and as 
already mentioned above, it is anticipated that an agreement 
between the industry and the Government of Brazil will be reached 
in 1995 based on the DOE (USA) standard for energy efficiency. 
This as well as safety considerations further precludes the easy 
introduction of cyclopentane. 

22/l42b was considered but rejected for energy performance 
considerations. 

The use of l4lb is recognized as a CFC ll replacement that is 

- proven technology in both processing and product performance. 
- environmentally acceptable 
- readily available 

Multibras already has high-pressure foam machines for the 
production of chest freezers which will facilitate the subsequent 
step to a final zero ODP insulating foam system without 
additional major capital costs for dispensing equipment. 

5.1.3. Tmpact on Production Processes 

The use of 141b technology with higher related viscosity of the 
polyol blend will be facilitated through the employment of high 
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pressure foam production equipment which Multibras already has. 

HCFC 141b is moderately flammable in the gaseous state, but the 
liquid is not flammable. In the intended application the use of 
HCFC 141b/ polyol blends should not pose any risk, but a 
monitoring check at commissioning will be performed to ensure 
safe worker exposure levels. Ventilation is to be installed where 
needed to ensure exposure levels are maintained below the 
recommended occupational exposure limit. Foam density may have to 
be adjusted to obtain proper insulation values. The liner 
material needs to be resistant to 141b possibly by using (HIPS} 
high impact polystyrene in combination with a protective layer. 

The relevant existing equipment at Multibras on which the 
technology change to 141b will impact is as follows, 

1. One Cannon High Pressure Machine for doors. Output 30 kgs/min, 
Year 1994, Model No AS0. 

2. One Cannon High Pressure Machine for cabinets. Output 80 
kgs/min, Year 1992, Model No A200. 

3. One high-pressure mixing station for doors (see note 1 in para 
6 .1) . 

4. One bulk storage tank, plus associated pumps and piping 
5. A day tank 
6. Jigs and 4 moulds. 

NOTE: Items 3 through 6 cannot be used for HCFC 141b, since they 
also serve other production lines at Multibras which will remain 
on CFC 11 for at least a couple of years. Therefore, some funding 
is requested to provide for these items to be included in this 
project. The storage tank for CFC 11 belongs to the gas supplier. 

5.2. REPLACEMENT OF CFC 12 WITH BFC 134a. 

5.2.1. Overview. 

RFC 134a is universally accepted as a replacement for CFC 12 in 
the manufacture of domestic refrigerators. HFC 134a is widely 
available and the technology is mature, having already been 
introduced commercially in many developed countries. 

While hydrocarbon refrigerants are being used on a limited basis 
in at least one developed country, the technology is not 
considered as sufficiently developed to permit transfer to 
article 5 countries at the present time. Safety issues associated 
with the use of flammable hydrocarbon refrigerants and the 
absence of suitable compressors on a commercial scale further 
mitigate against the adoption of this technology at the present 
time. 

HFC 152a might be considered as another candidate for CFC 12 



- 11 -

replacement in domestic refrigerators. However HFC 152a is also 
flammable, the technology has not been developed commercially and 
there are some questions about its stability in refrigerator 
systems. Furthermore compressors for use with HFC 152a are not 
co:nunercially available. 

5.2.2. Selection. 

The selected technology is HFC 134a and has been developed with 
the help of their overseas partner and the help of compressor and 
refrigerant suppliers, this should ensure satisfactory completion 
of the project. 

5.2.3. Impact on production processes. 

HFC 134a like CFC 12 is non flammable. HFC 134a has also been the 
subject of extensive toxicological testing and is considered safe 
in industrial applications provided the suppliers recommended 
exposure levels are not exceeded. At the present time this means 
ensuring that exposure levels do not exceed 1000 parts per 
million on an 8 hour time weighted average basis. This is the 
same as the Occupational exposure Limit (OEL)/ Threshold limit 
value for CFC 12 and thus no changes from current practices are 
required. 

There will be an approximately 10% reduction in the mass charge 
of HFC 134a compared with CFC 12 for a refrigerator system of the 
same capacity. This is taken into account in the calculation of 
the incremental operational cost ( see Annex) 

It is well understood that the chemical stability of HFC 134a/ 
synthetic lubricant systems in domestic refrigerators and hence 
the long term performance of the appliance is sensitive to 
moisture content and certain chlorinated impurities. This 
requires that CFC 12 and HFC 134a handling equipment be carefully 
segregated and it also calls for better evacuation of the system 
prior to refrigerant charging. 

Because system cleanliness and moisture content is paramount to 
the successful manufacture of HFC 134a refrigerators the 
enterprise will carefully need to re-assess production 
procedures and re-train production personnel as appropriate. 
Provision is made for this within the proposal. 

The relevant existing equipment at Multibras on which the 
technology change to 134a will impact is as follows: 

1. One Charging Machine A'Gramkow UNIMAX Type 01285 designed for 
use with CFC 12 only. 

2. Seventeen Vacuum Pumps from Edwards Model EM 18, Capacity of 
21 CFM 

3. One Helium Leak Detector, ECOTEC 500 
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6. PROJECT COSTS. 

6.1. capital Costs. 

6.1.1. Capital Cost for the CFC-11 Conversion. 

US$ 

HCFC 141b Bulk Storage and Distribution System (Note 1) 
Four new Moulds for door-lids (Note 2) .... 
Polyol Storage and Distribution System (Note 3) 
Premix Station/Door Foaming Line 

Conversion/Connection (Note 4) 
Additional Ventilation for 6 foam stations and 

two mixing units .... 
Training (250 US$ per person, 10 people) 
Test Trials (100 US$ per trial, 

3 trials per model, 4 models) 
Contingencies (10% of capital cost) 

74,000 
51,000 
45,000 

30,000 

24,000 
2,500 

1,200 
23,000 

Subtotal Iner. Capital Cost for CFC 11; . . . . 250,700 
Taking 37.6% non-article-5 ownership into account .... 156,437 

Note 1: The company will progressively change production lines 
from CFC 11 to HCFC 141b. The investment is for 33% of the cost 
of a new HCFC 141b storage tank, distribution lines and process 
pumps. This is the true incremental cost for one out of three 
production line. The CFC 11 storage tank cannot be used for HCFC 
141b because it will be required to service the other production 
lines which will remain on CFC 11. The present storage facility 
for CFC 11 belongs to the supplier and is loaned as a free 
service. This arrangement will be discontinued by suppliers who 
will not supply a loan-tank for HCFC 141b. 

Note 2: The doors and lids for chest freezers are currently made 
on two moulding machines. The machines are from different 
manufacturers, and the moulds are not interchangeable between the 
machines. Therefore, new moulds are needed so that one moulding 
machine can operate on CFC 11 and another one on HCFC 141b -­
CANNON drum dosing unit. 

Note 3: This is a consequence of the need to use different 
polyols for CFC 11 and HCFC 141b formulations. Previously one 
system served several production lines; changing to HCFC 141b 
means additional equipment for the new polyol. 

Note 4: For the same reason as explained in note 1, a new 
premixing station is required. 
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6-1-2. Capita1 Cost for the CFC-12 ConversiQI;L.. 

US$ 

One Refrigerant Charging Machine (Note l) 
Four new Vacuum Pumps (Note 2) ... 
Retrofitting of 13 Vacuum Pumps (Note 2) 
One Leak Detection Systems (Note 3) 
Training . . . . . . . . . . . . . 
Reliability Test Trials, etc. 
Contingencies (10% of capital cost) 

62,000 
12,000 

. 6,500 
36,000 
15,000 
15,000 
15,000 

Subtotal Capital Cost for CFC 121 ...... . 
Taking 37.6 % non-article-5 ownership into account 

161,500 
... 100,776 

Note l: During plant visit, it was verified that the current 
A'Gramkow charging unit cannot be retrofitted to HFC 134a. A unit 
of equivalent technology level will cost 62,000 US$ (quote 
received and verified). 

Note 2: Standard prices for vacuum pumps which are used in 
similar projects in other countries are being applied. The 
current practice of retrofitting of vacuum pumps proposed in 
similar projects are applied in this project. The company is of 
course free to apply these two amounts to buying better equipment 
and/or chose not to retrofit its vacuum pumps. 

Note 3: The existing ECOTEC detection unit will not sense R-l34a 
and a new unit is required at a cost of US$ 36,000. Quotes for 
this, as well as the technological soundness of this request, 
were verified by UNDP's consultant during plant visit (quote 
received and verified). 

Conclusion: The total capital cost requested for this project 
(CFC 11 and CFC 12 combined) amounts to US$ 257,213. 

6.2. Operationa1 Costs. 

The calculation is based on a six month period using production 
data based on Jan 94 - Dec 94 figures. This was done further to a 
decision at the 13th Executive Committee Meeting held in Montreal 
in July 1994. 

Annex A provides detailed explanations on how the incremental 
operational costs were obtained. The figures below already takes 
the foreign ownership of Multibras (37.6 %} into account. 

Operational Cost for Replacement of CFC-ll : 
Operational Cost for Replacement of CFC-12 : 

Total Operational Cost: 

US$ 361,368 
US$ 248,263 

US$ 609,631 
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6.3. Unit Abatement Cost. 

a. Capital Investment Costs 
b. Capital Recovery Factor (10% p.a.) 
d. Incremental Operating Costs 
e. ODS Reduction (ODP Kgs) 

f. Unit Abatement Cost (US$/Kg) 
[ (a*b + di l / e 

7. FnmNCING PLAN 

US$/kg 

257,213 
0.16275 
609,631 
165,900 

3.93 

MULTIBRAS is requesting reimbursement to the amount of the 
project costs of US$ 866,844. 

8, PROJECT DIPLEMBNTATIOH 

8 .1 MARJ\GEHElilT 

UNDP will oversee the successful implementation of this project, 
and will provide technical assistance during project execution. 

8.2 SCBEDDLE 

TDIE TO COIIPLBTJ:ON 
TASK 

Ql Q2 Q3 Q4 QS Q6 

l. Preparation 
.Approval. X 

Procureaent preparation xx X 
Vendor selection xx 

2. :Installation 
Arrival, Cust0111S, X 
Machine installation xx 

3. Start-Up 
Machine start-up "' X 

Trials, training lClClC X 
Certification xx 
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9. PROJECT IMPACT 

This project will eliminate the use of 165.9 ODP tons per year. 
This data is based on figures for the period Jan 94 - Dec 94. 

10. ANNEXES. 

Annex A: Calculation of Operational Costs 
Annex B: Technical Reviews 
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ANNEX A, :INCREMENTAL OPERATION:A:!, COST CALCULAT:tONS 

Incremental cost calculations resulting from replacing CFC 11 with HCFC 141b 

Multibras 

Use/kg of foam produced 
a kg Polyol 
b MDI 
c kg Blowing agent 

Prices in us $/kg 
d polyol 
e MDI 
f Blowing agent 
g Liner type !llPS 

Cost /kg of foam produced 
h = ax d Polyol 
i = b X e MDI 
j = c x f Blowing agent 

k = h + i + j Total cost/kg of foam 

Materials used per refrigerator 
1 kg of foam per refrigerator average 
m kg of liner material 

COST PER REFRIGERATOR 
n = l x k for foam 
o = m x g for liner 

I CFC 11 

I o.3649 
I 0.5040 
I 0.1311 

2.21 
2.51 
2.58 
1.30 

0.8064 
1.2650 
0.3382 

I 2.4091 

8.146 
1.003 

I 19.6295 
1.3030 

I HCFC l.4lb J Diff. 

I o.3690 

I 
0.5280 
0.1030 

3.18 
2.51 
4.12 
1.50 

I 1.1734 
1.3253 

I 0.4244 

I 2.9231 

I 9 . 29 6 
I 1.003 

I 21.1120 
I 1.so4s 

I' 0.041 
0.024 I 10. 02a1> 

0.97 
o.oo 
1.54 
0.20 

I o.3670 
I 0.0602 
I 0.0861 

I o.5134 

I
I 1.1500 

0.0000 

I 7.5433 
I 0.2006 

p • n + o total per refrigerator I 20.9334 I 28.6773 I 1.1439 

q • No of refrigerators See note l below~ 

INCREMENTAL OPERATIONAL COST PER YEAR (US$) 
INCREMENTAL OPERATIONAL COST FOR SIX MONTHS (US$) 
TAKING 37.6, NON-ARTICLE-FIVE OWNERSHIP INTO ACCOUNT 

149,567 

1,158,231 
579,115 
361,368 
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(Annex A continued) 

Incremental Costs resulting from replacing the CFC 12 with HFC 134a (US$) 

Multibras 

l. Refrigerant 
a Price/kg of refrigerant (see note 2) 
b Kg of refrigerant/ refrigerator avg 
c No of refrigerators produced~(See note 1) 

1. Cost per refrigerator= ax bx c 

2. Compressors 
a Cost per compressor 
b No of compressors (see note 1) 

2. Cost for compressors= ax b. 

3. Condensers 
a Cost per condenser 
b No of condensers 

3. Cost for condensers= ax b. 

4 . Filter Dryer 
a Cost per filter dryer average 
b No of filter dryers (see note l) 

4. Cost for filter dryers: ax b 

5. Capillary tubes. 
a Cost per Capillary tube ( average) 
b No of Capillary tubes (see note l) 

5. Cost for Capillary tubes : ax b 

CFC 12 i HFC 134a i Diff 

3.329 
0.158 

149,567 

9.410 
0.142 

149,567 

1a,610 I 200,136 I 121,466 

39.5 
149,567 

43.8 (See note 4) 
149,551 I 

I 5,901,a911 6,551,0351 643,13a 

No 
Change 

0.042 
149,567 

6,282 

I 0.494 
I 149. 567 

73,886 

No 
Change 

I 0.062 (See note 5) 
I 149. s61 I 

9,273 I 2,991 

0. 682 I 

149,567 I 

102,oos I 20,119 

INCREMENTAL OPERATIONAL COST FOR 1 YR (US$) (1+2+3+4+5) I 
INCREMENTAL OPERATIONAL COST FOR SIX MONTHS (US$) I 
TAKING 37.6% NON·ARTICLE·FIVE OWNERSHIP INTO ACCOUNT I 

795,714 
397,857 
248,263 

Note l: Figures in the above table are based on the actual production volume 
for the 12 month period l Jan 94 to 31 Dec 94 obtained from Multibras at the 
time of the project preparation. As incremental costs are claimed for 6 months 
only, 50 ~ of this 12 months production volume has been used in the 
calculation. 

Note 2: Refrigerant chemical prices are actual prices paid by Multibras since 
UNDP has not prepared other refrigeration projects in Brazil. 

Note 3: The calculated incremental costs for the HFC freezer are based on a 10 
% reduction in the mass charge compared with CFC 12. 

Note 4: Differential prices computed on a weighted average were estimated in a 
table in paragraph 3.5 at US$ 7.5 per compressor. However, in order ta be 
compatible with other projects, this differential cost was reduced to US$ 4.3. 
This is higher than the case for domestic refrigeration since the chest 
freezer compressors are larger# and are produced in smaller quantities~ 

Note 5: For the dryar1 costs are for the active ingredient only. and ignore 
the cost of the dryer housing. 



Country of origin: 
Project title: 

BRAZIL 
Elimination of CFCs in the manufacture of domestic chest freezers al 
Multibras S.A. Eletrodomesticos 
Domestic refrigeration Sector/sub-sector 

Note This review addresses only the refrigerant conversion part of the project, it 
does not address the part related to the foam blowing agent conversion. 

Technology 
• In domestic refrigeration, HFC·134a technology is a proven and acceptable (nontransitionat) 

technology to reduce CFC-12 consumption. 
• The Multibras Company does not have a formal technology transfer agreement However, it is 

stated that the technology has been developed with the help of "their overseas partner". 
Additional information of the company revealed that the co-operating partner is Whirlpool USA 
(and Europe). Developments take place in the company's own Refrigeration Technology Center 
in Joinville which is supported by compressor and refrigerant suppliers. Taking these facts into 
consideration, a successful project implementation can be expected. 

• other technologies than HFC-134a were considered (hydrocarbons, HFC-152a) but were not 
selected because of the state of development, safety issues and the lack of commercially 
available compressors, From the zero ODP technologies HFC-134a is one of the most cost 
effective solutions. 

• Multibras has chosen to gradually phase in the HFC-134a alternative; it may be that a 
conversion of a larger part of the production facility will be cheaper and will avoid "cross. 
contamination" problems. However, since this gradual conversion has already been studied and 
approved by the government, it is not further commented to. 

Environmental impact 
HFC-134a has an ODP of zero and a GWP of 1300 compared to carbon dioxide {100 year time 
horizon), For domestic refrigeration a GWP of this magnitude is fully acceptable. 

Project costs 
• The equipment requested is essential for the conversion process. Costs of equipment {including 

new and retrofitted vacuum pumps), training and testing are reasonable. 
• It is stated that a "helium leak detector'' has been used in the past and that this detection system 

has to be replaced, It is doubted whether a new helium leak detection system will be installed, 
however, if so, the instalment of a helium system is not approved, Nevertheless, the costs for 
the leak detection system as given are reasonable and comparable lo the H FC· 134a ones 
mentioned in other projects; this item is therefore approved. 

• Incremental operational costs are reasonable {after adjustment of the compressor price 
difference) and correctly applied {for six months). 

• If the UAC value is calculated for the refrigerant conversion part (not taking into account foreign 
ownership) a value of 11 USD/kglyear is obtained, which is similar to other projects. 

• The foreign ownership percentage of the Mul!ibras company is correctly applied. 

Implementation timeframe 
Relevance and adequacy of information provided 

Reasonable given development stage. 
Sufficient. 

~=~"~"""' IZ;~ 
Janssen M.J.P, Ku1jpers LJ M , 
Eindhoven, The Netherlands, 16 February 1995 Techn,ca\ University Eindhoven, NL 
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1.countrv: 

Braz11. 

z .Pro.iect TjtJe; 

El imlnat ion of CFCs in the Manufacture of Domesl i> Chest Freezers at 
H\JLTIORAS S.A. ELECTROOOMESTICOS. 

3.{Sub)Sector: 
Domestic Refrigeration, 
This review cover~ only the foam part. 

4.CP-ReJatlonship: 
Brazil's country program for elimination of ODS was presented in July 
1994. The project is approved by the Gouvernment Departments, wh1ch 
were visited by UNDP in December '94, 

5.TecbnoJogv: 
The change from CfCll technology to HCfCl4lb as an auxlllary blowing 
agent, can be accepted as an intermediate $tep in the development of 
an OOS free system.UNOP I together with the Bralil Grupo Tecnlco de 
Ozonio, should, if necessary, encourage further steps. 
As an intermediate step, the proposed technology is correct,certainly 
since already two high pressure CANNON machines were bought in 1994. 
It can however be <leplored that the changeover to tlCFC14lb ts only 
done partly. Indeed, th1s partial substitution entai1s extra costs to 
the project, eg extra bulk storage capacity for CFCII and HCfC141b 
(see remark l), 

§,[nvironmeotaJ Impact; 
The OOP of HCfC 141b 1s 0.11, the ODP of CfCll belng 1.0. The GWP of 

HCFC 141b is 10% of the uWP of CfCll. 

7.Project Costs: 
It is believed that all capital costs for the CFCll conversion can be 
accepted. It must however be checked whether the polyol/CFCll mixture 
i~ not read1ly available from the supplier.In this case the costs 
have to be revlsed{see re111ark 2). 
The operaLiunal costs are correct, but a small calculation error 
appears,resultiT19 in a difference uf only USD 28.lt is hence proposed 
to leave it as lt 1s. 
The costs for elimtnation of l kg of CFC is then:USO(l56,437+ 
361,368)/142,ZOO, or USO 3.64. 
As stated earlier, some extra costs are Incurred because the chan9eo· 
ver happens not in one time. 
The change 1n polyol pr1ce from a CFC formulatlon to an HCfC fonnula· 
tlon 1s high (USO 2.21-USD 3.18) and must be checked (see remark 3), 
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8.Implementatjon: 
Can be agreed as proposed. 

9~Recommendation; 
It 1s proposed to accept the project, taking into account the remarks 
made:!. watch further steps to ODS free systems. 

2. check whether polyol/ HCFC 141b mixture is readily available. 
3. check polyol pr1ce in HCFC foM1111lation. 
4. the addltlonal costs resulting from a "phased phue•out" per 

production line is a policy issue to be resolved by the 
Executive C011111ittee . 

..... ,., ... , "''''' ,~,,f-~(,~ .. , ,,,,,,,,. 
Date: 210395. 

Remark 1 
The reviewer has launched the question of the "phased phase-out" of 
CFCi, It is now understood that at this moment a total phase-out 
cannot be cons ldered for compa9ny strategy reasons, The reviewer 
considers it for the sake of the ozone layer in pr1nciple better to 
realise an illlllediate part1al phase-out, than to wait for several 
years for a total phase-out. I~ i~ therefore suggested to agree with 
the 'phased phase-out". 

Remark 2. 
From add it Iona 1 quest ion ing, the reviewer understands that no poly­
o 1/HCFC 141b mixture Is readily available today. It is hoped ihat raw 
material suppliers can be encouraged (via UNDP?) to bring this 
mixture on the market, s1nce 1t may decrease raw material and .,.,.,ra­
tion costs. 

Remark 3. 
Information was obtained indicating that the mentioned polyol prices 
were correct. 

Hubert Creyf. ~ t>JI 



DRAFT 
Project Proposal for the Multilateral Fund for the Implementation of 

the Montreal Protocol Financing 

Counllv Brazil 

Project Title Conversion of the assembly of refrigeration compressors to phase out CFC-
12 and CFC/HCFC-502 by using HFC-134• and R-404A 

Sectors Covered Commercial Refrie:eration 

ODS Use in Sector 3,330 MT ofCFC-12 and 30 MT ofCFC/HCFC-502 annuallv 

Project Impact Indirect phlu;e out of an annual consumption of 88.6 MT of CFC-12 and 
1.4 MT ofCFCIHCFC-502 (Total ODS= 89 MTl 

Proiect Duration 4 vears ( startin~ Julv 1995) 

Proiecl &anomic Lue 10 vears 

Proposed MF Financing Investment US$ 614,580 
Incremental operating cost USS 474,000 
IO % contingency USS !08,858 
13 % agency's overhead US$ 155,667 

Total Am<>Unt reouem,d USS l.3.'13.100 

Total Proiect Cost Portion of caoital cost and 6 months incremental cost 

Cost Effectiveness 13.45 USSlk• (l,197,438189,000 = 13,45) 

Connteroart Enternrise ELGIN MAOUINAS SA in Moci des Cruzes, Brazil 

Imnlementing Agenev UNIDO 

Coordinating Ministry IBAMA (Brazilian Institute for the Environment) 

Project Summary 
The project objective is to convert the assembly of compressors for the operation with the refrigerants 

CFC-12 and CFC/HCFC-502 to the alternative refrigerants HFC-134a and R-404A which do not effect the 
ozone layer, The total (indirect) impact of the planned phase out is 89 MT of ODS per year. 

Due to the delayed phase out of the Brazilian Commercial Refrigeration Sector, the Company predicts a 
gradual phase out up to the year 1999, It must be stated that the planned phase out is in compliance with the 
Brazilian Country Programme for the Commercial and Domestic sectors, 

The project includes the redesign of the compressors. the introduction of special laboralory equipment 
for testing new lubricants compatible with HFC-134a, R-404A, and the new compressors, the development 
of a new assembly line for non-ODS compressors as well as the training of service man to repair and 
maintain the new compressors. 
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1. Background 

I.I Refrigeration sub-aector 

The sub-sector for the production of refrigeration compressor includes several Brasilian companies, like 
Emb111CCO, SICOM (TECUMSEH}, and ELGIN Maquinas SA 

ELGIN holds the number "three" in the Brasilian market. 

1.2 Company background 

2 

El.GIN Maquinas SA is a private 100 % Brazilian owned company. The company has been created already 
45 yean ago, and has been in the refrigeration market since 1964. As already meotiooed ELGIN is the third largest 
hermetic compressor manufacturer in the country. The company acoounts for an extensive range of products, inclnding 
condensing units for commercial refrigeration application, window air oonditiol!er.,, fans, heat exchangers, printers, and 
sewing machines among others. 

11te production of hermetic compressors has grown during the last 15 years as follows, - Exhibit I. 

Exhibit l: Produetion growth of hermetic compreawn in unitll per year 

year 

1980 1981 1982 1983 1984 1985 1986 1987 

70,000 72,000 80,000 85,000 70,000 75,000 80,000 85,000 

year 

1988 1989 1990 1991 1992 1993 1994 1995 

100,000 120,000 130,000 135,000 140,000 155,000 180,000 200,000 

The production of hermetic compressor in 1994 was 180,000 nnits with the following distribution: 

A. 2,800 units for the operation with CFCIHCFC-502 (ODP = 0.3) 
B. 177,200 units for the operation with CFC-12 (ODP = 1.0). 

It bas to be mentioned lhat the compressors are designed to be applied in differeot temperature regions, e.g. 
low temperature application (commercial) and bigh temperature application (air conditioning). This results in differwt 
mctor sizes, and consequently different pressrue regions. As concerns the year 1995 the follow:ing numhen of com• 
pressors will be nwnlfactnred: 54,000 units for low pressure (low temperature), and 146,000 units arnongs 20,000 
units for the utilization with HCFC-22 for bigh pressure (high temperature) application. 

These figures will be applied for the colcnltition of the total indirect impact of the planned phase out of CFC' s. 
See the following chapter. 

The company is planning to gradually raise the production of compressors to a level of 250,000 by the year 
1999 but this will not profit from the conversion. The share of ELGIN in the comrnercul refrigeration market is as 
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follows: 

l. Hermetic compressors: 60 % ( 10 % overall, including commercial and domestic refrigeration) 
2. Condensing units: 70 % 

The company is third in the "indow air conditioners market. Besides supplying the internal market (95%), the 
company exports refrigeration products (5%) to the USA, and Arab as well as South American countries. ELGIN 
imports I% of its CU1Tent compressor output from BRISTOL, USA, to enlarge the scale of compressors available 
especially as concerns the largest units. 

The company works with "in house" technology, which until 1972 was shared with Westinghouse (USA). 

ELGIN is commited to phase out its current production of compressors for ODS operation responding to the 
market demand. Due to factors such as relatively low price of CFC' s and unawareness of the refrigerant problem, 
commercial refrigeration market has been slow in implementing phase out procedures in the OOW!lry. As a result the 
demand for CFC' s compressors is still high, and the phase out must proceed in a lower p- as predicted by the Coun1ry 
Programme. Strategic plans by the company predict a complete phase out by 1999. ELGIN is coruridering HFC-134• as 
substitute for CFC-12 and the zeotropic blend 404A as substitute for CFC/HCFC-502. Anne:s: 3 shows a compressor in 
a cutaway view, whereas Anne:s: 4 shows a condensing unit equipped with a hermetic compressor manufactured by 
ELGIN. Maquinas S.A. 

1.3 ODS'• Conaumptlon 

According to the Conntty Programme, the total ODS COIISl1Wplion in the sector is 3,330 MT of CFC-12 and 30 
MT of CFCIHCFC-502. If we assume that each compressure installed at a refrigeration plant needs 0.5 kg of refrigerant 
to run the refrigeration cycle, the total amount of refrigerant phased out will be as follows 

2,800 units x 0.5 kglun.it x 0.3 (ODP) 
177,200 units X 0.5 kg/lmil X 1.0 (ODP) 

Total 

1.4 Convenlon strategy 

The strategy applied considers to 

0.42 MT ODS/year 
88.60 MT ODS/year 

89.02 MT ODS/year 

• redesign the compressors from the use of the CFC-12 and CFCIHCFC-502 to the application of 
HFC-134& and R404A respectively. 

• test new compressors with respect to the new refrigerants and their compatibility with synthetic 
polyolester-based oils 

• developroent of a new assembly line for the manufacture of the new compressors which will be 
produced in parallel over a cerwn period. 

• training of the production staff, and training of the service man in order to be able to repaire and 
maintain the new generation of wmpressors and refrigeratioo wstallalioos. 

The substitution of the production of CFC-based compressors to the new generation will be implemented in 
the following manner. See Exhibit l. 
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Exhibit l. Slrategy for the phase out of CFC-12 and CFC/HCFC-502 by HFC-l34a and R404A resp. 

Substitution of CFC-12 by HCFC· 134a Substitution ofCFC/HCFC-502 byR404A 

year percent year percent 

19% 25 1996 50 

1997 50 1997 75 

1998 75 1998 100 

1999 100 . . 

1.5 Used teebnologiet 

As already mentioned the following alternatives available to replace CFC· 12 and CFC/HCFC-502 have beeu 
chosen: 

I. CFC-12 by HFC-l 34a 
2. CFCIHFCF-502 by R404A. 

Both alternative refrigerants have to be imported. Exhibit 5 explains some specific data regarding the 
substilutes. The zeotropic mixture R404A (FORANE fX 70) has beeu developed to replace CFCIHCFC-502 in new 
refrigeration installations. Both refrigerants replacing CFC's need 1he application of synthetic polyol-ester based oils. 
Exhibit 4 explains some thermophysical data in comparing CFC/HCFC-502 and R404A. 

ExhU,it 4. Tbermophyaical data of both CFCIHCFC-502 and R404A (based on experimental results) 

No Description CFCIHCFC-502 R404A 

I suction pressure [bar] 1.4 1.3 

2 suction temperature [ CJ 0.2 -1.2 

3 discharge pressure [bar] 15 16 

4 discharge temperature [CJ 91.2 81.5 

5 condensing temperature [CJ 32.5 34.1 

6 evaporator temperature [CJ .39 -40 

7 evaporator inlet temperature ·21 -26 
[CJ 

8 evaporator outlet temperature -19.7 -23 
[CJ 

9 temperature before expansion 25 23.7 
valve [CJ 
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Exhibit 4 demonstrates that thermophysical data are oompatible between both refrigerants, Some compressor 
manufacturers Like SJCOM in Brazil have already converted their production and explain that results achieved with 
R404A are sufficient. 

Exbiblt S. Comparison of alternative n,frigerants 

Refrigerant Assessment Consequences 

R404A • ODP = near zero R404A is a mixture of HFC125/HFC 143a/ 
GWP = 0.937 relative to CFC-11 HFC 134a and is considered to be a new or 

• The COP ·may be a little bit higher for retrofit refrigerant to replace CFCIHCFC-502. 
new designed equipment compared 
with CFC-12 depending on the 
conditions 

HFC-134a • ODP=0. Product design can largely stay the same. In• 
GWP = 0.325 relative to CFC-11 creased service requirements. Specially high 

• Lower Coefficient of Performance cleannness necessary. Components affected 
compared to CFC-12 expressed by a by the refrigerant must be free of mineral oil. 
lower refrigeration capacity and higher Special filter-<lryer is needed. Thermostatic 
consumption of energy. expansion valve suitable for HFC-134a should 

be used. Refrigerant is not flammable. 

HCFC-22 • ODP =0.055 HCFC-22 is a transitional solution 
GWP = 0.425 relative to CFC-11 
The COP is In the same magnilute as 
CFC-12, but the system pressure is 
much higher. HCFC-22 is considered 
to be a transitional solution. 

1.6 Ownership and licences 

As already mentioned ELGIN Maquinas S.A. is a private I 00% Brazilian owned company. 

l.7 Futun, development. 

As already mentioned and outlined in Exmbit I the company works to enlarge the manufacmriog capacities of 
refrigeration compressors to an output of 250,000 mlits by 1999 due the great demands. This growth in capacity will not 
be inflllenced by the change of the refrigerant and the appropriate investments. 

2. Project oojedlv .. 

Three main objectives for the project are outlined: 

(I) Complete elimination of the use of CFC-12 and CFCIHCFC-502 as refugerant. 
88.6 Mr of CFC· 12 and 1.4 Mr of CFCIHCFC-502 consumed in 1994 will be phased out annually. 

(Il) The same operational costs and the same high qualify level must be guaranteed following the 
imp!ementAtioo of the project. 
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(III) A new service and maintenance technology will be introduoed by the project. 

3. Project de,cription 

The following paragraph describes the solution of !he project. In paragraph 1.5 alternative substances of 
refrigerants were already discussed. 

Through the project assistance will be provided to enable to 

♦ transfer know-how. 
♦ redesigning and tC$1ing the refrigeration compressors in the laboratory and in the field. 
♦ purchase of some special measuring equipment for laboratory tests 
♦ designing and coostruction of a new assembly line fur the production of the new compressors in 

parallel to the present assembly line in order to make possible a transient phase out of the CFC 
technology 

♦ purchase new equipment, oil, gaskets, laminated steel and copper wire, and capacitors, 
♦ On-the-job-training of the staff and of the service crews. 

4. lnp,m 

4.1 Comp- redesign 

Advantages of the use ofHFC• 134a are: 

• The technology bas already been tested, The steps and measures lo be taken are known. 

Disadvantages of the HFC- l 34a technology are 

6 

• A much tboro11l!h technology for the production of refrigeration compressors has lo be applied in 
order to ensure dryness, cleanliness of the refrigeration cycle. 

• Mineral oil charged into the compressor has to be replaced by synthetic polyol-ester based oil, 

4.2 Equlpmeut changes or modification, 

The list of requi,:ed activities and additional equipment is given in Annex l. 

■ retrofitting and/or adaptation of present vacuum pumps 
■ installation of a new oil dehydrating and oil cleaning equipment 
■ instAllAtion of a new oil charging equipment 
■ installation of a special measuring and testing equipment to ensure the hlbrioation of all moving parts of the 

compressor 
■ installation of additional test equipment for compressors 
• installation of a new assembly line including special filters (clean room) 
■ training of the staff working on the assembly line and of the service man working in the field, 
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4.J Conversion of the compreuon 

The conversion process of the cWTent compressors covers all activities to make stue that the converted 
compressors are on the same level of functionality, quality and relillbility as the original. Several stages in this process 
have lo be considered taking into consideration that two different compressor models, i.e. one for high press,n-e and one 
for low pressnre application have to be manufactured: 

• caJculation 
• protolype production 
• functiooalliy and performance testing with respect to the new refrigerant 
• capacity measurements on different compressor models (high and low pressnre models resp.) 
• field tests for functionality, safety and reliability 
• training on•the--job of the staff 
• external problem solving consultancy 

The individual steps and the expected time frame are oullined in the work plan given in Annex 2. 

5. Project implementation 

The project will be implemented by UNIDO and conlrolled by the Brasilian Ministiy ofEnvirooment. 
UNIDO as the implementing agency has the appropriate experiem,e and capabilities for the SIICCeSSfu1 implementation 
of projects on the enterprise level. Upon the approval by the Execlllive Committee of tho Multilateral Fund for the 
Implemenlatioo of the Montreal Protocol, the project's fund will be transf<m:d to UNIDO. A respective project 
allo-1 document will then be issued by lJNIDO financial section. Any subs1antive alterations of the project will be 
subject to approval by the Brasilian Government and the ExCom of the Moltilateral Fund. 

ADl1t!1 2 shows a draft work plan, as already mentioned. 

Despite the fact that the following company is COIISideced to be a competitor it will provide specific 
infomiation to the ELGIN Company with respect to the conversion process because. 

SICOM (TECUMSEH) 
R. Cel. J.A. de Oliveira Salles, 478 
Sao Carlos 
Brazil. 

Due lo the fact that ELGIN cooperates with 

BRISTOL compressors 
649 lndnstrialPark Road 
Bristol. VA24201 
USA 

this company will certainly 1ransli:r know-how with respect to the oonver.ion proeess. 

6. Project cost 

The grant requested presents the incremental costs as additional cost that the factories incur in taking the action 
to phase out ODS, and such defined as the difference between the aclllal cost of the phase out activity and the baseline 
cost. The baseline cost is the cost thal companies incur when staying at the same level of operation, without phasing out 
ODS. 
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Costs of conversion of the production facilities eligible for grant financing comprise the following elements: 

a) Incremental investment cost ( capital cost) 
b) Incremental operating cost (recurrent cost) 
c) Contingency. 

Cost for transport and insurance of capital equipment is included in the budgeted allocations. In the prices the 
estimated labonr cost for increased handling and quality control are included, !Jlxes and duties are excluded. A disconnt 
rate of l O per cent is used throughout the project 

6.1 Bueline coot 

These cost are assumed to be zero. This request is based on the capacities analyzed during Januaiy 1993 and 
December 1994. No decornmissioniDg of ex:isting testing capacities is foreseen. 

6.2 lm:remental lnvemnent coots 

Incremental investment cost will covor capital investment cost for the modification of the refrigeration 
compressors, for the modification of the testing facilities, for the rnodifi<:ation of the prodnction line, and servicing 
facilities, materials, training, and consultancy (see Annex I). 

6,3 Incnmental operating com 

Recnrrent incremental costs are partly dependent on the price difference between the material lo be phased ont, 
other new and/or additional components and inputs of the conversion. In this project document it is proposed lo provide 
the recurrent costs to ELGIN Maquinas for a period of 6 months. 

Emlhlt 6 sbows the incremental operating cost per nnit rcsnlting from the modifications: 
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Exhibit 6. I Incremental operating cost for the high pressure compressor resulting from the substitution of 

CFC-12 and CFCIHCFC-502 by HFC-134a and R404A 

Incremental 
Modification Type of incremental operating cost cost/unit. 

US$ 
Polyol-es1er Synthetic ou ha$ to be used Instead of mineral oil 1) 3.65 
oil 
Gaskets Special gasket material has to be used 2) 0.10 
Soldering Soldering additives 3) 0.12 
additives 
Copper wire Additional copper wire is needed to compensate for the lower 0.43 

refrigeration capacity 4) 
Laminated Additional laminated steel is needed to compensate for the lower 0.14 
steel refrigeration capacity 5) 
Total 4.44 

1) The average charge of the oil is 690 g 

Price/unit Price/unit Cost/unit, 
CFC-12 HFC-134a US$ 

Oil 1.36 5.01 3.85 

2) New gasket material 

Price/unit Price/unit Cost/unit, 
CFC-12 HFC-134a US$ 

Gasket 0.12 0.22 0.1 
Total 

3) Soldering additives 

Price/unit Price/unit Cost/unit, 
CFC-12 HFC-134a US$ 

Soldering 0.01 0.132 0.122 
additive, 
Total 

9 
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4) Additional copper wire 

Price/unit Price/unit Cost/Unit, 
CFC-12 HFC-134a US$ 

Additional 3.92 4.34 0.43 
copper, Total 

5) Additional laminated steel 

Price/unit Price/unit Cost/unit, 
CFC-12 HFC-134a US$ 

Additional 7.33 7.47 0.14 
lamin. steel, 
Total 

Exhibit 6. 2. Incremental operating eott for the low pret•11re compreo1or ret111ting from the •uh,titutlon of 
CFC-12 and CFCIHCFC-502 by HFC-134a and R404A 

Modification Type of incremental operating cost Incremental 
cost/unit, 

US$ 

Polyol-ester Symhetic oil has to be used instead of mineral oil 1) 3.65 
oil 

Gaskell; Special gasket material has to be used 2) 0.10 

Soldering Soldering addittlles 3) 0.12 
additives 

Copper wire Additional copper wire is needed to compensate for the lower 1.92 
refrigeration capacity 6) 

Laminated Additional laminated steel is needed to compensate for the lower 1.00 
steel refrigeration capacity 7) 

Capacitor A larger capacitor has to be installed 8) 0.43 

Suction valve Additional new suc:llon valve is needed 9) -0.02 

Total 7.20 

)Q 
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6) Additional copper 

Price/unit Price/unit Cost/unit, 
CFC-12 HFC-134a US$ 

Additional 3.26 5.18 1.92 
copper, Total 

7) Additional laminated steel 

Price/unit Price/unit Cost/unit, 
CFC-12 HFC-134a US$ 

Additional 6.09 7.09 1.00 
lam. steel, 
Total 

8) Larger capacitor 

Price/unit Price/unit Cost/unit, 
CFC-12 HFC-134a US$ 

Larger 0.61 1.04 0,43 
capacitor, 
Total 

9) New suction valve 

Price/unit Price/unit Cost/unit, 
CFC-12 HFC-134a US$ 

New suction 0.64 0.62 -0.02 
valve, Total 

The total per wlit in<:remental operating costs are given in Emiblt 7 above. 
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Exhibit 7. Incremental °""rating cost 

Dimension 

Number of -
compressors 

Incremental operating US$/unrt 
cost per unrt 

Total incremental US$ 
operating cost 

Total US$ 

Amount to be US$ 
provided by MPF 

6.4 Contingency 

)2 

High pressure compressors Low pressure 
compressors 

126,000 54.000 

4.44 7.20 

559,440 388,800 

948,240 

474,000 

Ten per cent contingency fund is included in lhe total project bndgeL This fund is proposed to cover unforeseen 
expenses which might be incurred during project implementation, purchase of small testing illstruments, miscellaneons 
expenses, etc. 

o.5 Totalrostofproject 

Total cost of the project is given in Exhibit 8 below. 

Exhibit 8. Total <Ott of the projeet 

1 Incremental Investment cost US$ 614,580 

2 Incremental operating cost US$ 474,000 

3 Subtotal US$ 1,088,580 

4 Contingency (10 per cent) US$ 108,858 

5 Agency overhead (13 per cent) US$ 155,687 

Total cost of the project US$ 1,353,10S 

6.6 Cost effectiveness 

Rerering to the table in Exhibit 8 the cost effectiveness is calculated as the ratio of trhe sum of the positions of No 
3 and 4 divided by the amount of refrigerant phased out: 

1,088.580 + 108,858 1,197,438 
Cost Effectiveness = ------------------------ = --- 13.45 USS/kg CFC 

89.000 89,000 
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Item 

1.11 

1.12 

1.13 

1.14 

1.15 

1.16 

1.17 

1.1 

1.21 

1.22 

1.23 

1.24 

1.25 

1.26 

1.27 

1.26 

1.2 

1.31 

1.32 

1.33 

1.3 

1.41 

u 
1.51 

1.52 

Annex 1 

lnves1ment cost 

Description of activity 

International consultancy 

Redesign of all models 

Redeolgn of the production line 

Teclmlcal 1upervl80f 

Laboratory 1ests at the refrigeration laboratory 

Technical oupervl80f for refrigeration laboratory 

Laboratory lests at the chemical laboratory 

Sub-total 

cart Floher Teot {mealllflng the water contant) 

Brookfield Vlsc-er 3) 

Kinematic Vlscollmeler 3) 

Atomic absorpllon spectrometer !second hand device) 41 

New calonmeler for HR:.1341 1) 

Redesign of a calortmeler 2J 

New vacuum pump for laboratory 

L-delector 

Sub-total 

Oll~clllcatlonand~unlt 

Cornpre&SOf teallng unll 

Electric tooting unit 

Sub-total 

New auembly line Including,,_ (clean room_,, 

Sub-total 

Ptlnled teaching matertal 

Leak detector 

l3 

Quantity Unit cost, Total, 
US$ US$ 

1 21.000 25,000 

- 39,100 39,100 

. 6,670 6,670 

1 11,790 11,790 

. 22,.460 22,460 

. 33,780 33,780 

. 10,890 10,890 

149,680 

1 7,220 7,220 

1 4,670 4,670 

1 4,890 4,890 

1 22,200 22,200 

1 222,220 222,220 

1 24,440 24,440 

1 8,780 8,780 

1 6,230 6,230 

300,660 

1 106,670 108,670 

1 •m 6,670 

1 8,670 6,670 

120,010 

1 »,:!30 33,330 

33,330 

1 ll60 ll60 

1 170 170 
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J,1 

Item Descrtption of aclMly Quantity Unltcosl, Tola!, 
US$ US$ 

1.53 Manifold 1 170 170 

1.54 Refrigeration machine for demonalratlon 1 1,170 1,670 

1.515 OIi charging equipment 1 7,780 7,780 

1.56 Acidity testing kit• 5 1160 1160 

u Sub-total 10,910 

GRAND TOTAL 614,680 

1). 2) 
It has lo be ""l'ialned that due lo the converllion _. in the near future diff°""" compressor,, for the refrigerant 

CFC-12, CFCIHCF=, HCFC-22 (old), low and high pressure 
HFC-134a, R404a (,-), low and high pressure 

will be manufaclured in parallel for a oertain lime. This requests additional calorime!ers. One calorimeter will be redesigned. Another 
calorimeter has the!fc<e to be bOught. 

3) 
The two visocs- are needed to make testu with the new synthetic ~ based oils,_ lo work wilh HFC-l34a. 

4) 
The atomic aboorption spectn,meter • bought from second hand• wlB be needed to carry out _, test in C01meeti0o1 Mlh the new IIJllricating 
oil and new materials applied in COlall!dicc, wilh the MW refriglf8n!. Absorpllon speet,011M!hir allows to shorten the teoting time needed to 
... 1ua1e wear inoido moving parts of the hennelic compressor unit. 
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Annex 2 

Work plan for the conversion of the refrigeration compressors from refrigerant CFC-12 to HFC-134a 

and from CFC/HFC-502 to R404A 

1995 1996 1997 1998 1999 
# ActMty 

Preparation of detailed work plan 

2 Redesign of the first model 

3 Labo<atory lesls, test evaluation 

4 Pilot production of first model, field -

5 Redesign of remaining models 

6 Selection of production equipment 

7 Plot production of remaining models 

8 Field test of remaining models 

9 Mass production 

10 Training of the staff, serl/ice man 

)5 



BRAZU, El GIN MAQJJJNAS AS 16 
Annex 3 

Cutaway view of a hermetic comporessor manufactured by ELGIN 

Annex4 

View of a condensing unit equipped wth hennetic compressors manufactured by ELGIN 
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·.p.KflV FOASCHONGSZENTRUM 
. FOR 

KALTETECHNIK UND WlRMEPUMPEN 
GmbH 

Technlcal Review 
Project Proposal for Commercial Refrigeration 

ELGIN Maqulnu S.A. 

In Mogl des Cruze,, Brull 

1. Countq or 0r1a1n: 

Brull 

2. l'rqleet Title: 

convemon of the Assembly of Refiigemtion Compressors to Phase Out CFC-12 and 
lU02 by UainJ HFC-134& and R404A 

3. Sector: 

Commercial Refrigeration 

4. Reladcm11i!dp to Country Program: 

a) The Couey Program has not beea .seen 

b) Ii ii atated in tho propoal that due to the public unawmeneu of the mono deplctkm 
pmbJem 111d the relatively Jaw price of CFC-12 and .R502, the COllVCl'lion of the 
conunerclal teMaoration marled in Brazil towardl non ODS will we more time than 
predicted by the Countty P.rogram, ELGIN Maquinas plans a oomple11I phase out of 
tlm pmdnc:tion of compmuor11 for the operation with ODS by the year 1999, 

a) HFC-134& ls the leadina substitute to replace CFC-ll all over the world in moat 
applkaliona. The steps and measures to conven from CFC-12 to HPC-13411 aro 
known and the technology has become mature in all industrialind cowitries. The 
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componcttb ~ In HFC-134a refrlgefalion cycles have been. (1eve1oped and are 
available on lhe markee, 

The choice of BFC·134a. as substituo for CPC-12 is reasonable for production at 
Pl.GIN Maqtdnal. It has bferl accepll:IC1 u a good replacement for CPC•12 in all 
aect.ota of mf'rip:ratlon tedlno1ogy and probably wilt become the leadl"I IUbtdMc in 
Brazil, loo. Adequate, dryness and clcaDliness 1n the production of the ref'rlgeratfcn 
COll1pzeaot'I bu to be ensun:d. 

R404A I.& one of tile leading, zero ozone depletlon potmtial lllb&tl.tutes for RSO'l. 
Due 10 Its amal1 tempemture glide, this zeottopic mixture can be handled u a pure 
fluid. The con.version l:rom R502 to R404A has started in industrla1ized COUllt:dcs and 
refrigetation com,POQeatl for the refrigerant R404A are available. It is stated that 
IOfflO competitou on the Dtazilian matbit lib SICOM al10 converted from RS02 to 
M04A and thet reRltl In 111fficient, 

Both .iem,pranu sub&tl.tutiDg CFCs need the application of synthetic polyol-mer 
buedlub11canb. 

b) Tbe zmigm:antl IRIIPlfed u substitutes are not transitional beca111e both BFC-134& 
and M04A have zero or.one depletion potential.. 

c) QuaHfled tra.lnlng of the production and service staff ii essential in order to ensure a 
pmpcr i:q,aring and maintaining of the new COmptCIIIOl'S and ltlfrlgeralion 

lftlCaJJltlOl'I. 

d) Tbc tec!molot= IClected M ~lacement for CPC-12 and R502 arc oost eft'ectlve, 
PallebJe aftd DOll:-trllnlldOlU!l solllliotls. 

6. Prqleet Deacrlptlon: 

I) no mggest.ed changes and modifications in equlpmi,nt ~ to be neceHaiy for the 
development or MIW comp,:eaaora and the convenion of the production t'adHtiea, 

b) The lndlvldual ateps in the <XllMl'lion process of the cum:at comprenon Ml reatisdc 
and necessary. 'Ibe time fi'ame as outlined m IIDIIC'.IX 2 seems to be very narrow 
reprding Ille pilot production and Ille mass production of the first compressor model. 

'1, Prqjec:t Implementation: 

Tho SICOM Company (Tecumseh) is cited III competitor on the BmzlJian 00111.pn:aor 
market u well as possible know-how partner to ELGIN Maquinas. This contnldlclion 
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lhould be cleared and aome • formal description of this relationship in terms of I 
11:C1uio1oSJ transfer should be included. 

8. Prqlect Costs: 

a) The colt elements detailed in the budget appcm- to be necessary for the development 
in teatl.ng of new compressom in the conversion of the production lines. 

1a, ... ,.,■1 Com 

b) Cons1derable new laboratory equipment is required for redesigning anrt testing of an. 
compnuor models for UJe with BFC-134a and R404A. An edsting calor:imeta: wm • 
be convened to HFC-134a. Further ju.ttifieation lhould be given for the .. eccs,ity of 
lleW vitCOlimetetS (Brookfield viscosimefet, kinematic viseotimeter) and the atomic 

ab1orpt1on speettometer. Also the need for a. second calodmeter (1/3 of tobtl 
itiwthlletlt costs!) lhould be eitplained further, 

A production inci:eue of 25 ,. by 11>99 is planned in paralld. to the convcnion of the 
pi:oductlon line., and installing the new assembly line, It is made clear that the funds 
mquested by this project are in no way assocl&led with these expansloo plana. 

c) Tho lnc.remental operatl.ng costs as II.steel in eidllbit 6 for the c:onversion from CFC•l2 
IO HFC-134& teem appropriate. It is proposed to mfund the illcremcntal 00ltl of 6 

moatlll. 

d) Tho convmlon of compressor, from R502 to Il404A baa not bcc:n adrcsscd, the costs 
ml&ht be different from converting from CPC-12 to HFC-134a. 

OdlerCGICI 

e) A coodnpncy fund or 10 ~ bas been included to cover unforeseen expenses. 

f) Comultancy costs and implementing agency overhead costs iw reasonable. 

CM Effeetl'nlllW 

'Ibe computed coats e.fI'ectiVffleSS for the overall project is 13,45 USS/ka ODS (Including 
conting,mcy fund of 10 '16 ). This indicates a good levd or cost effectiveness . 
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9. Recommendattons 

The project objc:ctive it the conversion of ICii:igmation compresson to phase out CPC-12 • 

and R502 by using HFC-134a and R404A. This, includes the redesign of the oompmssors, 
the introduction of laboratory equipment, the installation of a new assembly line as well as 

the ttaiairiJ of the ac:rvi0c ataff. 

Tho PJ:qject Proposal contains a detailed work plan for this phase out. Tho time frame is 

fcasl"ble and the coats appear to be neceuary for the conversion. Thu project should be 
appcoved after modifications u follows : 

More clelail llhould be pven 

• how the redesian and tho field tests will be carried out 

• about the tub of the know-how partner and the international oonrultancy as well as. 
lb& bmal. delC I qlWIII of this tdatiot!ships. 

• about the programme for training of the Slaff and the service man. 

• about the necessity of some laboratory equipment as alteady mmtlonead in sector Sb) 

10. 0dler Comments: 

a) 

b) 

To 1.2 "Company baclcground": The distribution between the low and high pressure 1 , ; . 

compreasors should be mentioned here, 1ince this might be enential for caicu1ating 'L , • L( 

the lnaemenlal operatln, costs. 

To l.S •uae11 Technologies": In exhibit 4 no th~ data ofRS02 and R404A 
it given, The given data represents ~mental results of a test rig and ate thetefo.re 
wortbJcss as a QOmpuilon bctwccn tefrigcnnts. For a com.puilon of these two 
tdiigetanta IOfflO thennodynamioal data may bo appropriate. 

c) To mhibit S: 'The GWP of HCFC-22 is 1,700 relative to CO2 or 0.425 relative to 
CFC-11. Thc:GWPofHFC•l34ais0,325 (relativetoCFc-11), theGWPofR404A O l( 
is 0.937 (relative to CFC-11). Thetefore, the OWP or the two alternative tefdgei:ants 
should not be Slated as •near zero•. 

d) To S. "Project Implementation•: Tho role or the Romanian Oovetnment in thil project 

ii not clear (type error?) . 



MINISTERIO 00 Melo AMBIENT!:, DOS Rl!CURSOS 

e DA AMAZONIA LEOAL 
&tcratul• de Ooordtnl\;lt> CIOI AHunu,1 do M•lo A 

Departamenlo de Coop•111j•11 lnt.rn1~lonal 
,,x n• (091) 121-'~0 . 

l!.tplanad• do1 Mlnlsttrlos, Ill. •9n • e• end•r 
llt'llllllll)F • Tel.: (061) 317.1281 

KLAUS BILLAND 
Dir- de UNICO no llrffll 
Brnllla, OF 

PATk 3 /. I () s; I '1 S-

N' 01!. PA.GINAII: Elli + ----- .N• DO DOc:UMliNTO; 0 t./. 

MENSAGEM 

F•90 ,ofor6noia ao Oflolo n• 1108, de 10/05/05, ondc,re9Ado oo 
Sei;rolbrio de Coord•na9lo do:; Anuntoi:i do Malo Ambionlv • SMAIMMA. e a reunlao 
d• 30/05/&S, roalizoda no MICT. para 11prov49~0 d011 projeto& o :serem :;ubmotldo:, cio 
Fundo Multllat&ral do Pro!oeolo de Montreal. 

2. NesM :;entldo, lnformo quo Of, projetos abalxo ii:,bldos ro,-om 
aprovados • 11 UNIOO podenfi apr-nla-loe p11r11 a XVll Rounlao do Comlt6 Excc:,utlvo 
do Fundo Multilateral, 1 ser reallzada em Montreal, de 26 a 28/07/95: 

• lnvo11tmont Projoot for Phasing-out of 00& 111 FRl&OK:f'IR 
Equipamentos Plhtieo& Lide; 

• Collverokm of U11t n1H11111bl19f ••ffill•r•tkm 1;0mp11t~s to pln1P­
out CP'C-12 and CFC/HCFC-502 by u•ln; HPC-134A and R-40,iA 

3. Qu11nto ao ProJelo •111vwtmenl ,.roject for Ph111,lng-out of 003 111 
SIOICLETAS CALOIS.A.•, conformo oc:ordado, fol aprovado, em prinolpio, e podem ser 
reapresenlndo ap6s scfrer as alt61'1966I prtvlsta1. 

Atonclosamente. 

Gm ~••o d♦ mi tronemlttl°' favor Haar para 
In•--• of b•d ,,_n,u•nl••lon, pt.o.• v-11 (ot1) $17~t~•• 

r,<>r: -------




