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

Refrigeration

- Elimination of CFC in the manufacture of domestic retrigerators for the Mabe UNDP
Group

- Elimination of CFC in the manufacture of domestic refrigerators by the Vitro UNDP

Group of companies

Solvent
- Elimination of 1.1.1 TCA from the precision cleaning processes at Lucas Diesel UNDP
- Elimination of CFC-113 from the textile cleaning processes at Procesadora y UNDP

Revitalizadora
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PROJECT EVALUATION SHEET
COUNTRY OR REGION: Mexico

PROJECT TITLE: Elimination of CFC in the Manufacture of
Domestic Refrigerators for the MABE Group
(two refrigerator manufacturers: ASTRAL and
ENRESA, and one compressor manufacturer:

COMASA)
BUDGET: US $2,585,814 (Incremental Capital Cost)
US $1,588,831 (Incremental Operating Cost)
INCREMENTAIL COSTS: US $4,174,645!
ODS PHASE-OUT: 327 MT of CFC-11
100 MT of CFC-12
COST EFFECTIVENESS: 1S $10.68 per Kg. ODP saved
PROJECT DURATION: 18 months
IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY : Ozone Protection Unit, National Institute of
Ecology (INE)

TECHNICAL REVIEW COMPLETED: YES _X NO_

1. This project will eliminate CFC consumption in the manufacture of domestic
refrigerators by the MABE Group of Companies. The project encompasses three enterprises
within the MABE Group, ASTRAL and ENRESA, two manufacturers of refrigerators, and
COMASA, a compressor manufacturer, in Mexico. Two of the enterprises (ASTRAL and
ENRESA) are 100 per cent nationally owned, while the third enterprise (COMASA), is
65 per cent nationally owned. The total CFC phase-out by this project will be 327 MT of
CFC-11 and 100 MT of CFC-12, representing about 53 per cent of ODS consumption in the
domestic refrigeration sector.

2. The two refrigerator manufacturers currently use CFC-11 as a blowing agent in the
production of rigid PU insulation foam for cabinets and doors, and CFC-12 as refrigerant. This
project will result in conversion from CFC-11 to HCFC-141b, and CFC-12 to HFC-134a,
respectively. HCFC-141b is a transitional substance. The choice of HCFC-141b is dictated by
the strict energy standards applied in the country,

1. For the 34 percent export of ASTRAL to non-Article 5 countriss, the related proportionate cost has been deducted
from this figure. In respect of COMASA, ndjusted to reflect the local ownership of 65 per cent,



UNEP/OzL. Pro/ExCom/15/33
Page 2

3. COMASA will convert to HFC-134a compressor production in a joint venture with
SANYQ, a foreign partner. The joint venture will increase the production capacity threefold.
Capital costs for COMASA have been prorated to reflect the existing capacity. COMASA will
be compensated accordingly. The cost of conversion for COMASA in the project has reflected
this situation. In addition, the foreign ownership of 35 per cent in COMASA has also been
accounted for.

4. Funds requested will be used to change the existing production lines, and for re-design,
testing, pre-production trials, and training. Incremental Operating Costs resulting from the
change to the new technology are requested for the refrigerator manufacturers for a period of
six months. This is a very cost-effective project in the domestic refrigeration sub-sector.

5. Currently, ASTRAL exports 34 per cent of its products to non-Article 5 countries and
this share has been deducted by the implementing agency from the funding level being
requested. Outcome of the deliberation of the Executive Committee on the issue of export may
have an impact on the funding of the project.

6. United States Environmental Protection Agency (USEPA) have been assisting in the
preparation of the project proposal for ASTRAL company,

SECRET T'S RECO AT

7. The Fund Secretariat recommends approval of the project in the amount of
US $4,174,645 to cover both the incremental capital and operating costs.



UNEP/QzL.Pro/ExCom/15/33
Page 3

PROJECT EVALUATION SHEET

COUNTRY OR REGION: Mexico

PROJECT TITLE: Elimination of CFC in the Manufacture of
Domestic Refrigerators by the VITRO Group of
Companies

(two refrigerator manufacturers: Supermatic and
Erna, one compressor manufacturer; Facosa)

BUDGET: US $1,592,960 (Incremental Capital Cost)
US 31,812,270 (Incremental Operating Cost)

INCREMENTAL COSTS: Us $3,405.230

ODS PHASE-QUT: 375 MT of CFC-11
81 MT of CFC-12

COST EFFECTIVENESS: US $8.21 per Kg. ODP saved

PROJECT DURATION: 18 months

IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY : Ozone Protection Unit, National Institute of
Ecology (INE}

TECHNICAL REVIEW COMPLETED: YES _X NO_

SECRETARIAT’S COMMENTS

1. This project will eliminate CFC consumption in the manufacture of domestic
refrigerators by the VITRO Group of Companies. The project encompasses three enterprises
within the VITRO Group, Supermatic and Erna, who manufacture refrigerators, and Facosa,
a compressor manufacturer, in Mexico. All of them are 100 per cent nationally owned. The
total CFC phase-out by this project will be 375 MT of CFC-11 and 81 MT of CFC-12,
representing about 47 per cent of ODS consumption in the domestic refrigeration sector.

2. The two refrigerator manufacturers currently use CFC-11 as a blowing agent in the
production of rigid PU insulation foam for cabinets and doors, and CFC-12 as refrigerant.
Compressors are sourced from Facosa (56 per cent), and from EMBRACOQ, Brazil. This
project will result in conversion from CFC-11 to HCFC-141b, and CFC-12 to HFC-134a,
respectively, Facosa will convert to HFC-134a compressor production. HCFC-141b is a
transitional substance. The choice of HCFC-141b is dictated by the strict energy standards
applied in the country.

1. For the 24 percent export of Superruatic to pon-Article 5 countries, the related proportionate cost has been deducted
from this figure.
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3. Funds requested will be used to change the existing production lines, and for re-design,
testing, pre-production trials, and training. Incremental Operating Costs resulting from the
change to the new technology are requested for the refrigerator manufacturers for a period of
six months. This is 2 very cost-effective project in the domestic refrigeration sub-sector,

4, Currently, Supermatic exports 24 per cent of its products to non-Article 5 countries and
this share has been deducted by the implementing agency from the funding level being
requested. Outcome of the deliberation of the Executive Committee on the issue of export may
have an impact on the funding of the project.

ECRETARIAT’S RECO INDATIONS

5. The Fund Secretariat recommends approval of the project in the amount of
US $3,405,230 to cover both the incremental capital and operating costs.
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PROJECT EVALUATION SHEET
COUNTRY OR REGION: Mexico

PROJECT TITLE: I.  Elimination of CFC-113 from the Textile
Cleaning Process at Procesadora vy
Revitalizadora Company;
2,  Elimination of 1.1.1 TCA from Precision
Cleaning Processes at Lucas Diesel

Company
BUDGET: US $515,130 (Capital Costs)
UsS $ 70,801!
INCREMENTAIL COSTS: US $239,337
0ODS PHASE-OUT: 3.4 MT of CFC-113 (2.72 MT QDP} per year
28 MT of 1.1.1 TCA (2.8 MT QDPF) per year
COST EFFECTIVENESS: US $43.36 per Kg. ODP saved
PROJECT DURATION: Procesadora: 6 months

Lucas Diesel: 6 months
IMPLEMENTING AGENCY: UNDP
NATIONAL COORDINATING AGENCY : National Institute of Ecology

TECHNICAL REVIEW COMPLETED: YES _X  NO_

S T T8
1. The two project proposals are addressed together in these comments.

2. Implementation of these two projects will result in an estimated annual phase-out of
3.4 MT of CFC-113 (2.72 MT ODP) and 28 MT of 1.1.1 TCA (2.8 MT QDP).

3. Phase out of ODS will be accomplished by replacing the current dry cleaning machines
with vapour-tight dry cleaning equipment to use non-chlorinated hydrocarbon solvent at
Procesadora Company and by replacing vapour degreasers with non-ODS agueous cleaning
equipment in Lucas Diesel Company.

4, Hydrocarbon emissions and waste water effluents will be prevented by installing
TeCOvVery systems.

1. Calculated for four years of operstion.
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s. The cost-effectiveness is low but comparable with other projects approved by the
Executive Committee in this sector.

SECRETARIAT’S RECOMMENDATIONS

6. The Fund Secretariat recommends approval of the two projects and approval of the
incremental costs as follows:

Company ODS Capital Costs Operating Total “
Phased Out per Uss Costs Incremental

Year uss Costs per

Company

H Procesadora 3.4 MT CFC-113 70,455 882 71,337
u Lucas Diesel 28 MT 1.1.1 TCA 444 675 60,919 168,000 ||

Total 3.4 MT CF(C-113 515,130 70,801 239,337
28 MT LL1.I1 TCA |

1. Adijusted accordiog to contribution from enterprise amounted to US $346,594.



COUNTRY: Repubiic of Mexico

PROJECT TITLE: Elimination of 1,1,1 TCA from the Precision Cleaning
Processes at Lucas Diesed

SECTOR COVERED: Solvent Cleaning

QDS USE IN SECTOR: 1,500 MT of CFC-113 solvent in 1992

2,800 MT of 1,1,1 rrichloroethane (TCA) it 1882
Total ODP-weighted consurnption of QDS in 1992 = 1,490 MT

PROJECT IMPACT: Elimination of 28 MT of TCA annually
{2.8 QDP-weighted MT)

PROJECT DURATION: 8 months

PROJECT ECONOMIC LIFE: 10 years

TOTAL PROJECT COST: . 0ODS Reduction Investment Cost: USS 444,675
Incremental Operating Costs’: UsS$ 69,819
Total ODS Reduction Project Cost: US$ 514,594
Contribution from Enterprise: USS 346,594

PROPOSED OTF FINANCING: USS$ 168,000 as grant

IMPLEMENTING ENTERPRISE: Lucas Diesal

COOHADINATING AGENCY: National Institute of Ecology {INE)

" IMPLEMENTING AGENCY: UNDP
PROJECT SUMMARY

This project will efiminate the annual consumption of 28 MT of TCA by replacing Lucas
Diasel's current TCA-based cleaning process with one that uses a non-ozone depleting, non-
chlorinated aqueous detergent. Currently, the enmterprise uses TCA in two batch vapor degreasers to
remove heavy machine oils, metal filings, and other contaminants from metal engine components that
otherwise would contaminate such products and degrade their quality. The new cleaning process will
require the purchase and instaliation of equiprment capabie of cleaning with the new aqueous solution.
The new equipment will include filtration and recycling equiprent capable of reclaiming the maximum
amount of water, detergent, and rust inhibitar. A vacuum ¢rying system is also included as a pan of
this project application 10 ensure the complete removal of water from the enderprise’s products.

¥ Net presant value of the first four yoars of aperating costs/savings.

Auqrist 9, 1984 Lucas Diesel



PROJECT OF THE REPUBLIC OF MEXICO

ELIMINATION OF 1,1,1 TCA FROM THE
PRECISION CLEANING PROCESSES AT LUCAS DIESEL

1. PROJECT OBJECTIVE

The objective of this project is to efiminate the annual consurnption of 28 MT of TCA from Lucas
Diesel's precision cleaning processes through the use of ultrasonic aqueous cleaning equipment and
non-ozone-depleting, aqueous-based detergents with comrosion inhibiting additives.

2, SECTOR BACKGROUND

Two ozane-depleting substances, CFC-113 and TCA, are widely used in cleaning applications by
Mexican industry. The ODS consuming industry consists of manufacturers of automotive products,
electronic assemblies, textile cleaning, and adhesive and paint formulators.  ODS solvents are used to
clean both electronic components and metal parts, A large fraction of these companies are partly or
wholly Mexican owned while the remainder are owned by multinational firms. In 1982, the ODS
solvent using industries in Mexico consumed 1,500 MT of CFC-113 and 2,900 MT of TCA. A third
O0S solvent, carbon tetrachloride, is not used in Mexico for cleaning.

3. ENTERPRISE BACKGROUND

Lucas Diesel is an 78 percent Mexican-owned manufacturer of diesel engine parts. The company's

remaining 22 percent ownership is British. Lucas Diesel is a subsidiary of the Lucas Automotive

Group, one of largest industrial organizations in the United Kingdom, and reponted product sales of

approximately US$ 18 miflion in 1992, Lucas Diesel employs approximately 400 people at its faciiity in
Sattillo, and mairtsins the technical personnel necessary 1o successfully execute this project.

4. PROJECT DESCRIPTION
4.1 Process Solls

The cleaning processes used by Lucas Diesel are designed to remove hydrocarbon machine oiis,
metal filings, and other particulates deposited on metal engine components during their manutacture.
Because the components are metallic, the attemnative cleaning agent must be formulated to prevent
comrasion of the parts being ¢cleaned.

4.2 Present Process

Lucas Diesel consumes approximately 28 MT of TCA annually in two separate vapor degreasers 1o
clean metal engine componemts such as fuel injectors and fiters. The cleaning processes remove
heavy machine oils, metal filings, and other contaminants that otherwise wouid contaminate the
products and result in permanent degradation of product quality. ‘

August 8, 1994 DRAFT Lucas Diesel



4.3 Proposed Aliernative Process

For this project, Lucas Diesel will efiminate its consumption of TCA by replacing its existing vapor
degreasing equipment with non-chiorinated, aqueous-based ulirasonic cleaning equipment. The
capacity of the agueous equipment is approximately the same as the existing vapor degreasers. The
conversion to a non-ozone-depleting technology consists of the following elements:

. Purchase and installation of two.ultrasonic aqueous cleaning machlnes
. Furchase of a reverse osmuosis water recycling maching

. Training for use of the equipment

. Transportation and insurance for the equipment

* Contingenciss

. Recurrent costs

Two 3-sump uftrasonic cleaning machines (1 washing bath, 2 rinsing baths, a hot-air dryer, and an
oil/water separator} that use aqueous-based detergents with corrosion inhibitors are necessary to
wagh, rinse, and dry the metal engine componants after the manufacturing process. The washing
baths will contain water and detergent, agitated ultrasonically. The ultrasonic energy helps remove
hydrocarbon oils and other contaminants from the engine componems. The second and third baths
will contain clean, filtered water, and serve as ultrasonic rinsing stages in the cleaning process. The
drying systems wiil use hot, dry air to remove any moisture remaining on the metal components.

A reverse osmosis water recycling machine ig required to maximize the reuse of the agueous
detergent, The new equipment also inciudes a vacuum dryer to ensure rapid evaporation of solvent
from the parts being cleaned.

A minimum of sight hours of training, available in both English and Spanish, will be provided by the

equipment supplier, Training is necessary to educate process personnel on the methods of

equipment operation and regular equipment maintenance. Training is also necessary to facilitate any
process development work. The cost of training will be included as part of the equipment cost.

To cover the cost of transportation and insurance during transport, the enterprise will pay
approximately five percent of the capital cost of the new equipment. Because the cost of the cleaning
equipmeant is approximately US$ 385,000, the cost of transport and insurance will be approximately
US§ 18.250.

Contingencies are 10 percent of the subtotal cost for all goods and services. This amount is included
to ensure that the project receives the necessary funding in case unforeseen costs arise.

To accommodate the new technology it will be necessary for Lucas Diesel to make several changes in
its current operating practices. Annual savings resulting from the discontinued use of TCA

USS 40,600 (2,800 kg of TCA at USS 1.45 per kg in 1954) and electricity US$ 6,480 {144,000 kwh of
electricity at US$ 0.045 per kwh), will amount to USS 47,080. The cost of the agueous detergent,

USS 39,000 (15,000 kg at USS 2.60 per kg in 1994), rust inhibitor, US$ 15,000 {3,000 kg at USS$ 5.00
per kg), and the cost of electricity US$ 15,120 {336,000 kwh at US$ 0.045 per kwh), however, wili add
USS 69,120. The operating costs associated with water use and fiter mainenance will both increase
since these ftems are a component of the new aqueous cleaning process, however these costs are
not easily estimated and will be absorbed by the enterprise. Based on these cost components, the

annual incremental cost is USS$ 22,040, and over a four year period, discounted at 10 percent, is
LSS 69,919,

August 8, 1994 DRAFT Lucas Oiesel



5. TECHNOLOGY SELECTION

There are five major altemnatives to the use of TCA for cleaning metal parts. The alternatives are
aqueous cleaning, semiagueous cleaning, gas plasma cleaning, non-chlorinated organic solvent
cleaning, and chiorinated organic solvent cleaning. The key features of these alternatives are
summarized below:

. Aquecus and semiagueous ultrasonic cleaning are TCA alternatives that could be used 1o
clean automative engine components, Both alternatives are capable of dissobving
hydrocarbon oils and rermoving undesirable particulates deposited on the components
during the production processes. The impiementation of these alternatives would require
the use of corrosion inhibitors to ensure that sensitive metals are not damaged by exposure
to aqueous or semiaquecus soltions. Both options would aiso require the use of filtration
equipment to recycle the water used in the processes.

. Gas plasma cleaning is an environmertally benign method of removing hydrocarbon
contamination from metal components. The gas plasma process produces virtually no
harardous waste products and only smaill quantities of water vapor arxd carbon dioxide as
by-products. Gas plasma cleaning is particularly efficient in the removal of organic
cortamination from parts with small crevices and untapped drill holes. Because of the
ability of the gas to oxidize and remove the contamination without the use of water or a
sotvent, it is not necessary to rinse the part after it has bsen cleaned. Gas plasma cleaning
is not effective, however, at removing metal filings from componants.

+  Non-chiorinated organic solvents (e.g., n-methy! pyrollidone, Exxon Exxate™, and
Petroferm Axarel™™ 2200) can remove hydrocarbon oils and particulates from metal parts as
effectively as aqueous or semiaqueous cleaning. These solvents can also be filtered and
recycled for repeated use. Non-chlorinated organic solvents are combustible, however, and
safety precautions must be taken to minimize the potential fire risk associated with their
use. In addition, these compounds are volatile organic compounds (VOCs), which are
precursors to the formation of smog. As a result, special equipment must be used to
minimize the emissions of these compounds to the atmosphere.

- Chiorinated organic solvents (i.e.. trichioroethylene and methylene chioride) can also be
used as TCA alternatives for automotive pans cleaning. Chiorinated solvents are non-
flammable, but are considered toxic chemicals. As a result, it is recommendead that vapor
exposures to both trichloroethylene (TCE} and methylene chloride be limited to an average
of 50 parts per million {ppm) over an eight hour period and that acute exposures not
exceed 100 ;};5:11.2 To comply with these levels, both soiverds miust be used in well
ventilated areas and only in conjunction with an employee exposure monitoring program.

In addition, the solvent waste must either be recycled and re-used, or treated and disposed
of as a hazardous waste,

Aqueous ultrasonic cleaning was selected as the best alternative cleaning method for Lucas
Diesel. Agueous cleaning is environmentally safe, and will effectively remove machine oils and
metal filings deposited in the small crevices of Lucas Diesel's products. Aqueous cleaning,
however, will require the addition of corrosion inhibitors to the aqueous solution in order to
minimize corrosion of the parts being cleaned.

% These exposure levels are recommended by the International Agency for Research on Cancer {IARC). The IART does not
sonsider TCE to be a carcinogen,

August 8, 1994 DRAFT Lucas Diesel



6. PROJECT COSTS®

6.1 Total Project Costs

As described below, and detailed in the relevant annexes, the total project cost is US§E 487,184,
Because there are no non-008 project investment costs associated with this projedt, the total project
cost is also the incremental cost.

As detailed in Annex 1, the taotal investment cost is USS 444,675, The components of this cost are the
purchiase and installation of two ultrasonic agueous cleaning machinas (US$ 305,000}, one reverse-
osmosis water filtration systermn (US$ 40,000}, one vacuum dryer (USS 40,000}, transportation and
insurance for the machines (US$ 15,250), and a contingency of 10 percent (US$ 40,425).

6.2  Operating Costs

Prior to the preject, the annual operating cost exclusive of tax is USS 47,080, After the implemenmation
of the project, the annual operating cost will be USS 69,120, resulting in an incremental operating cost
of USS 22,040. The first four years of incremental costs, discounted at 10 percent, amount to

USE 69,915, A detailed breakdown of operating costs is provided in Annex 2

6.3  Unit Abatement Cost (UAC)

As calculated in Annex 3, the UAC for this project is US$ 13.57 per ODP-weighted kilogram of TCA
phased out per year. This number is derived from annualized incremental capital costs of

USH 15962, annual incremental operating costs of USS 22,040, and savings of 2.8 MT {weighted) of
TCA per year. Note that offsetting savings have been included in the calculation of incremental
operating costs.

7. FINANCING PLAN

- The enterprise requests reimbursement of a portion of the project costs, amounting to US$ 168,000
Other costs will be paid for by the enterprise and will amount to USS 346,594,

3 . . . . .
_ Linless otherwise noted, all costs in this section are economic, rather than financial costs. As such, taxes, duties, and OTF
financing are not rotlected. ’

August 9, 1984 DRAFT Lucas Dissgel



8. PROJECT IMPLEMENTATION
8.1 Management

UNDP will oversee the completion of this project.

8.2 Schedule

Proposed Schedule for Lucas Diesel

Task Name .

Funding Application Processing

Equipment Design and Test

Preparation of Application

Bid Processing

COrder/Receive Equipment

Install Equipment

Training / Process Development

Begin New Cleaning Process

9. PROJECT IMPACT
This project will eliminate 28 MT of TCA per year at Lucas Diesel,
10, ENVIRONMENTAL ASSESSMENT

Under the current propasal, Lucas Diesel will use a non-gzone-depleting aqueous solution in two new
batch cleaning machines. The cleaning processes will include the filtration and reuse of water,
agqueous detergent, and rust inhibitor, 1o the maximum extent possible. Lucas Diesel will have 1o
obtain the applicable permits required by SEDESOL to ensure that the operation of the now
equipment corforms to federal, state, and city regulations. When cleaning with agueous solutions, the
cleaning solution must be filtered continuously to maintain cleaning eflectiveness. Because of the
selection of agueaous cleaning and the strict environmerital practices of the emterprise, it is unfikely that
the project will have an adverse erwironmental impact.

August 9, 1994 DRAFT Lucas Diese!



ANNEX 1

BREAKDOWN OF INVESTMENT COSTS

Estimated Costs in US Dollars

Equipment:
1 Precision ultrasonic cleaner, instafied
1 General ultrasonic cleaner, installed
1 Reverse-osmasis water recycling machine, installed
1 Vacuum dryer, instaited
Transportation:

Shipping and Insurance

SUBTOTAL

Contingency, 10 percent

TOTAL INVESTMENT COST:
CONTRIBUTION FROM ENTERPRISE:

RESULTING INVESTMENT COST:

$145,000
$160,000
$40,000
$40,000

$19,250

$404,250

$40,425

$444,675
$346,594

$ 98,081

August 8, 1994 DRAFT
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ANNEX 2
BREAKDOWN OF INCREMENTAL OPERATING COSTS/SAVINGS

Estimated Costg in US Dollars

Pre-Project .. Fost Project

Scivern Costs per Year:

2,800 kg TCA {$1.45/kg) $40,600

15,000 kg aguecus detergent {$2.60/kg) $38,000

3,000 kg rust inhibtor ($5.00) £15,000
Electricity (US$ 0.045/kwh):

144,000 kwh i $6,480

336,000 kwh $15,120
TOTAL PRE-PROJECT COSTS PER YEAR: $47.080
TOTAL POST-PROJECT COSTS PER YEAR: $69,120
TOTAL ANNUAL INCREMENTAL COSTS: $22,040
NET PRESENT VALUE, 4-YEARS: $69,919

August 8, 1994 DRAFT Lucas Diese!



ANNEX 3

CALCULATION OF UNIT ABATEMENT COST

Estimated Costs in US Daollars

A. ODS SAVINGS:

Average Use of TCA per Yearn
Q0P of TCA:
QDP Weighted Savings:

B. INCREMENTAL CAPITAL COST:

Total from Annex 1:
Equipmery Life:
Discount Rate;
Annualized Capital Cost:

C. NET INCREMENTAL OPERATING COSTS PER YEAR:

0. UNIT ABATEMENT COST

Incremental Annualized Capitat Cost:
Incremental Annual Operating Cost {Savings):
Unit Abatement Cost ($/kg).

) Oftsetting benefits are included in this amount; see Annex 2.

28 MT
0.1
28 MT

$88,081
10 vears

10%
$15,962

$22.040 "

Cost per Year

$15,962
$22.040

August 8, 1994 DRAFT
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THE NORRIS GROUP

HNICAL REVIEW

I have reviewed the Mexico Project, "Elimination of 1,1,1 TCA from the Precision Cleaning
Processes at Lucas Diesel”, from the solvent sector, based on discussions with the author ,
as well as review of the documena.

1 Country of Origin Mexico ..

2 Project Title Elimination of 1,1,1 TCA from the Precision Cleaning Processes
at Lucas Diesel

3 Sector Solvents

4 ionshi The project addresses how this enterprise QDS phase out fits

in with the ODS using solvent subsectors in Mexico. The
project relates to the C.P. via the description of the solvents
used and the amounts to be phased out, although It does not
specifically write about the country programme.

5 Technology
Technical

This project substitutes effective QDS alternative technology chaices for the solvent
sngine parts cleaning lines currently in use. 1t includes the process definition,
qualification, and installation of aqueous cleaning technology, and it includes the use

of ultrasonics to meet the needs of cleaning engine components, as described in the
document.

The use of agueous cleaning chemicals in the replacement technology choice will
require the use of oil separation and water recycling to keep operating costs under
good control. These are provided for in the project.

Safety

The use of aquecus cleaning chemicals is generally safer than the use of flammable
and/or toxic substances, but aqueous detergents are stifl harsh chemicals in need of
careful treatment to ensure safety in operation.  Thus, in order to control acute
exposure and the development of chronic exposure situations during routine
operations, it is important that the use of protective equipment and handling
procedures such as unloading, solution makeup, and waste transfer be spelled out;

and people trainad before they are permitted to become operators in the cleaning
area. Pertiodic retfraining is also recommended.

The use of hot air and vacuum drying has the potential for adding heat stress in the
operating area, but can be readily controiled through the normal exhaust ducting
included in the installation of the cleaning and drying equipment.

303 WEST LOCUST LANE, KENNETY SOUARE, PA 19348  Phone {810) 444-9058 Fax {302 833-0440



Environmental Impact

It is uniikely that this project will have an adverse environmental impact. Lucas
Diesel must first obtain Sedesol’s requisite permits 10 ensure that the operation of
the new equipment will conform to local and nationat standards. Also, the
enterprise is capable of processing aqueous waste in an existing system, and plans
to treat the effluent from the proposed cleaning operation in either their existing or a
new system now in design.

Project Costs

The cost components identified in the project cover the equipment required,
including ventilation improvements for exposure control, and operational cost
components needed to run safely and under adequate environmental control, The
cost of safety training and ongoing updates of that training are not included. These
costs are not normally considered to be major elements in a project, and would not
normally change the project cost materially.

lementation Timefram

The proposed implementation timeframe is feasible from an elapsed time standpoint.
The actual date of startup, however, will be dependent upon the approvat date.

mmendation

The project is sound, needed, and has a level of unit abatement cost - about
$13.57/Kg. ODP that is very good for the phase out of TCA. This very good level of
cost effectiveness is due 1o the fact that the enterprise is willing to pay
approximately two thirds of the total cost of the project. Approval as proposed is

recommended.
-

#

CLINTON NORRIS

24 August 1994



COUNTRY:

PROJECT ’I'ETLE

SECTOR COVERED:
0ODS USE IN SECTOR:
PROJECT IMPACT:

PROJECT DURATION:
PROJECT ECONOMIC LIFE:

TOTAL PROJECT COST:

PROPOSED OTF FINANCING:

IMPLEMENTING ENTERPRISE:

COORDINATING MINISTRY:

IMPLEMENTING AGENCY:

Republic of Mexico

Elimination of CEFC-113 from the Textile Cleaning Processes at
Procesadora y Revitalizadora

Solvem Cieaning

1,500 MT of CFC-113 solvent in 1882

2,800 MT of 1,1,1 trichloroethane (TCA)} in 1882

Totat ODP-weighted consumption of ODS in 1992 = 1,480 MT

Efimination of 3.4 MT of CFC-113 annually
(2.7 ODP-weighted MT)

9 months

10 ysars

DS Reduction Investment Cost: Uss$ 70,455
Incremertal Operating Costs’: uss 882
‘Total ODS Reduction Project Cost: Uuss 71,337
US§ 71,337 as grant

Procesadora y Revitalizadora

National Institute of Ecology (INE)

UNDP

PROJECT SUMMARY

This project will eliminate the annual consumption of 3.4 MT of CFC-113 by replacing
Procesadora y Revitalizadora's current CFC-based dry cleaning process with one that uses non-ozone
depleting, non-chlorinated hydrocarbon solverts. Currently, the enterprise uses CFC-113 in a two
bath Union dry cleaning machine to remove dirt and other conaminants from occasional formal wear
such as wedding dresses and tuxedos. OFC-113 is used for this application bacause it is not an
aggressive soivent and therefore will not damage lace, buttons, or sequins found on the delicate
clothing. The best altemative to CFC-113 is the use of a non-chiorinated hydrocarbon solvent such as
Exxon DF 2000. Exxon DF 2000 is a non-chiorinated, high purity aliphatic hydrocarbon solvent with
zero ozone depletion potential (OUP). The product incorporates many of the best features of
petroleum (Stoddard) solvents, such as good cleaning power, low residue and low corrosivity, while
eliminating many of the concemns about Stoddard solvents such as jow flash point, high odor and
variable quality. The new cleaning process will require the purchase and installation of vapor-tight dry
cleaning equipment capable of cleaning with fiammabie chemicals. The new machine will be a
refrigerated two bath modei capable of drying the clothing after the cleaning process and recovering

the used solvent.

T Net present vatue of first four years of operating costs/savings.

August 8, 189«
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PROJECT OF THE REPUBLIC OF MEXICO

Efimination of CEC-113 from the Textile
Cleaning Operations at Procesadora y Revitalizadora

1. PROJECT OBJECTIVE

The objective of this project is to eliminate the annual consumption of 3.4 MT of CFG-113 from
Procesadora y Revitalizadora's textile cleaning operations through the use of vapor-tight dry cleaning
equipment and non-ozone-depleting, non-chiorinated hydrocarbons such as Exxon DF 2000.

2. SECTOR BACKGROUND

Two ozone-depleting substances, CFC-113 and TCA, are widely used in cleaning applications by
Mexican industry. The ODS consuming industry consists of manufacturers of automotive products,
electronic assemblies, textile cleaning, and adhesive and paint formulators. ODS solvents are used to
clean both electronic components and metal parts. A large fraction of these companies are partly or
wholly Mexican owned while the remainder are owned by muttinational firms. In 1952, the ODS
solvent using industries consumed 1,500 MT of CFC-113 and 2,800 MT of TCA. A third QDS soivent,
carbon tetrachloride, is not used in Mexico for cleaning.

3. ENTERPRISE BACKGROUND

Procesadora y Revitalizadora is a 100 percent Mexican-owned dry ¢leaning company located in Nuevo
Leon, The enterprise operates 12 facifities, 11 used for cicthing drop-off and one used {or dry
cleaning. CFC-113 is used at the dry cleaning facility to remove dirt and other contaminants from
occasional formal wear such as wedding dresses and tuxedos. Procesadora y Revitalizadora is a
subsidiary of Presa, employs approximately 60 people, and eamed approximately US$ 800,000 in
1993,

4, PHROJECT DESCRIPTION
4.4 Process Solis

The dry cleaning process used by Procesadora y Revitalizadora is designed to remove dint and other
contarminams from occasional formal wear such as wedding dresses and tuxedos,

4.2 Present Process

Procesadora y Revitalizadora consumes approximately 3.4 MT of CFC-113 annually in a dry cleaning
process designed to quickly and effectively remove dirt and other conmtaminanis from occasional
formal wear such as evening gowns and tuxedos. CFC-113 is ideal for this application because it is
not an aggressive solvent and therefore does not damage formal wear. The dry cleaning equipment
used by Procesadora y Revitalizadora is manufactured by the Union Corparation and exhibits a high
rate of solvent loss. The high loss rate preciudes the use of this machine with most CFC-113
alternatives because the altematives are either 100 10xic Or 100 costly to aliow for such losses.

August 9, 1994 Procesadora y Revitalizadora



4.3 Proposed Alternative Process

For this project, Procesadora y Revitalizadora will eliminate the use of CFC-113 by replacing its
existing Union dry cleaning machine with a vaportight machine designed for use with flammable
chemicals. The capacity of the equipment to be purchased is approximately the same as the existing
CFC-113 dry cleaning machine. The conversion 10 non-czone-depleting technology consists of the
following elements:

* Purchase and installation of one vapor-tight dry cleaning machine designed for use
with non-ozone depleting, non-chlorinated hydrocarbons.

Purchase of a filter systemn for solvent recycling

Transpartation and insurance for the equipment

Contingencies

Recurrent costs

[ ] L] » »

A vaportight, two bath dry cleaning machine capable of using flammable, non-chlorinated
hydrocartyon solvents is needed to wash and dry occasional formal wear. The machine contains
equipment for the recovery and recycling of the original solvent, and a refrigeration coil to maintain a
low evaporation rate in the wash and rinse stages. The new equipment also includes automatic fire
protection features. $

A filter system designed for operation with this equipmert is inciuded as a pan of the project. The
filter systam allows for complete recycling of the cleaning solvent.

in order to cover the cost of transpordation and insurance during transport, the emerprise will pay
approximately five percent of the capital cost of the new equipment. Because the cost of the cleaning
equipment and filter system is approximately LSS 61,000, the cost of transport and insurance will be
approximately US$ 3.050.

Contingencigs are 10 percent of the subtotal cost for alt goods and services. This amount is included
“to ensure that the project receives the necessary funding in case unfareseen costs arise.

In order to accommodate the new technology, Procesadora y Revitalizadora will make several process
.changes in its operating practices. Annual savings, as a result of the discontinued use of CGFC-113,

will amount to US$ 31,722 (3,400 kg of CFC-113 at USS 9.33/kg in 199%4). The cost of the

hydrocarbon solvert, however, will add USS$ 27,000 per year (3,000 kg at USS 9.00/kg in 1884). The

annual cost of filter replacement is approximately US$ 5,000. Based on these cost components, the
 recurrent incremental cost over a four year period is US$ 882
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5. TECHNOLOGY SELECTION

There are four major alternatives to the use of CFC-113 as a textite cleaning agent. The alternatives
are (1) hydrochlorofluorocarbons; (2) 1,1,1 trichioroethane; (3) perchioroathylene; and (4) non-
chiorinated hydrocarbons. The key features of these alternatives are summarized below:

Hydrochlorofluorocarbons (HCFCs): HCFCs, such as HOFC-141b and the isomers
of HCFC.225, can potentially be used to clean occasional formal wear, HCFCs are
ozone depleting solvents, but they have a lower ozone depletion patential (ODP) than
CFC-113. Specifically, HCFC-141b has an QDP of approximately 0.11 and HCFC.225
has an ODP of approximately 0.03. HCFCs also exhibit a high vapor pressure and are
therefore prone to rapid evaporation {more rapid than CFC-113}. As a result, they
must be used in equipment specifically designed to reduce their emissions to the
atmosphere, Finally, HCFCs are an expensive class of chemicals, as their price can
exceed that for CFC-113. This high cost, along with their high vapor pressure and the
fact that they are ozone depleting substances, make HCFCs impractical alternatives to
CFC-113 in dry cleaning operations.

1,1,1 Trichloroethane (TCA): TCA can be used as a replacement for CFC-113 in
most textile cleaning operations. TCA is an ozone depleting solvent with an ODP of
0.10. It is an aggressive solvent, however, that is capable of dissolving lace, buttons,
sequins, and beads used in formal wear. For this reason, TCA cannot be used to
clean occasional formal wear.

Perchloroethylene {PCE): PCE is used extensively by dry cleaners in the U.S. 10
remove dirt and ofl from a varisty of different fabric types. PUE cannot be used to
clean occasional formal wear, however, because it is also an aggressive soivent that
can damage lace, buttons, sequins, and beads, Additionally, PCE is a toxic solvent
that must be handled with care to ensure that workers are not injured.

Non-Chiorinated Hydrocarbons: Non-chiorinated hydrocarbons are used throughount
the U.8. dry cleaning industry to clean occasional formal wear without damaging lace,
buttons, sequins, or beads found on the clothing. These compounds are flammable
and therefore must be used in equipment designed with fire protection features such
as automatic fire suppression equipment. Stoddard solvert, the most widely used
non-chlorinated hydrocarbon in the textile industry, has a flashpoint of 40°C and a
relatively high evaporation rate. 1t also leaves a lingering odor on the clothing it
cleans. New proprigtary non-Chlorinated hydrocarbon mixtures {e.g., Bxxon DF 2000)
have been formulated to have a higher flashpoint (64°C in the case of Exxon DF 2000},
less lingering odor, and a lower evaporation rate than Stoddard solvent.

Non-chiorinated hydrocarbons are the best CFC-113 alternatives for the cleaning of occasional formal
wear by Procesadora. The solvents will remove hydrocarbon oils and other contaminants without
damaging the formal wear. 1n addition, these solvents dry rapidly and are less expensive than CFCs
or HCFCs. Because of the flammability of non-chlorinated hydrocarbon solvents, they should be used
in vapar-tight equipment designed for use with flammabie chemicais. in addition, the equipment
should be capable of capturing and recycling the used solvent to promote cost savings. Procesadora
should evaluate the use of low odor Exxon DF 2000 as a first atemative.

August 8, 1994
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6. PROJECT COSTS®

6.1 Total Project Costs

As described below, and detailed in the relevant annexes, the total project cost is USE 57,045,
Because there are no non-0DS project investment costs associated with this project, the total project
cost is also the incremental cost.

As detailed in Annex 1, the total investment cost is US$ 70,455, The components Of this cost are the
purchase and instaliation of one vapor-tight dry cleaning machine (US$ 55,000), one filter system for

solvent recycling (US$ 8,000), transportation and insurance (US% 3,050), and 10 percent contingency
(US$ 6,405). Training for use of the equipment is not necessary because the new machine operates
in essentially the same manner as the existing machine.

6.2 Operating Costs

Without the project, the annual operating cost exclusive of = is US$ 31,722, After the implementation
of the project, the annual operating cast will be US$ 32,000, resulling in an incremental operating cost
of USS 278 the first year. Given the lifetime of the equipment of 10 vears and a discount rate of 10
percent, the net present value of the first four years of incremental operating cost is USS 882, A more
detailed breakdown of operating costs is provided in Arnex 2,

6.3 Unit Abatement Cost {UAC)

As catculated in Annex 3, the UAC for this project is US$ 4.24 per OUP.-weighted kilogram of CFC-113
phased out per year. This number is derived from annualized incremental capital costs of

USSE 11,466, annual incremental operating costs of USS 278, and savings of 2.7 MT {(ODP-weighted) of
CFC-113 per year. Note that offsetting savings have been included in incremental oparating costs.

7. FINANCING PLAN

The enterprise requests reimbursement of the complete project costs, which are estimated to be

USs 71,337, :

8. PROJECT IMPLEMENTATION

8.1 Management

UNDP will oversee-the completion of this project.

2 Uniess otherwise noted, all costs in this section are economic, rathar than financial costs. As such, taxes,
duties, and OTF financing are not reflected.
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8.2 Schedule

Proposed Schedule for Procesadora y Revitalizadora

Task Name

Funding Application Processing

Bid Processing

Order/Receive Equipment

Install Equipment

Training / Process Development

Begin New Cieaing Process

9. PROJECT IMPACT
The project will eliminate 3.4 MT of CFC-113 per year at Procesadora y Revitalizadora.
10. ENVIRONMENTAL ASSESSMENT

Under the current proposal, Procesadora y Revitalizadora will use a non-chiorinated hydrocarbon
solvent in a new vaportight dry cleaning machine. Because these solvents may have flammability and
‘VOC concemns, Procesadora y Revitalizadora will acquire equipment that is designed tor use wah
flammable, evaporative, solvents and that has been designed to meet National Fire Protection Agency
standards.

When cleaning with hydrocarbon solvents, the cleaning solvent must be replaced regularly to maintain
cleaning effectiveness. The spent solvent that is to be disposed may be hazardous and must be
handled properly.

it is unlikely that the project will have an adverse ernvironmerntal impact. Procesadora y Revitalizadora
will have to obtain the applicabie permits required by SEDESOCL to ensure that the operation of the
rnew equipment cortforms to federal, state, and city regutations.
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ANNEX 1

BREAKDOWN OF INVESTMENT COSTS

Estimated Costs in US Dollars

Equipment:

1 Vapor-tight petroleurn solvent dry cleaning machine, instalied $ 55,000

1 Filter systern for sotvent recycling $ 6,600
Transportation:

Shipping and Insurance % 3,050
SUBTOTAL 1 $ 64,050
Contingency, 10 percent $ 6,405
TOTAL INVESTMENT COST: % 70,455
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ANNEX 2

BREAKDOWN OF INCREMENTAL OPERATING COSTS/SAVINGS

Estimated Gosts in US Dollars

Pre-Project Post Project
Solvent Costs per Year: -
3,400 kg CFC-113 {$ 9.33/kg) $alre
3,000 kg Exxon DF 2000 {$ 9.00/kg) ¥ 27,000
Filter Maintenance $ 5,000
TOTAL PRE-PROJECT COSTS PER YEAR: § 31,722
TOTAL POST-PROJECT COSTS PER YEAR: $ 32,000
TOTAL INCREMENTAL COSTS PER YEAR: 3278
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ANNEX 3

CALCULATION OF UNIT ABATEMENT COST

Estimated Costs in US Dollars

A. ODS SAVINGS:
Avarage Use of CFC-113 per Yearn
ODP of CFC-113:
ODP.-Weighted Savings:

B. INCREMENTAL CAPITAL COST:
Total from Annex 1:
Equiprrrent Life:

Discount Rate:
Annualized Capital Cost:

C. NET INCREMENTAL OPERATING COSTS:"
D. CALCULATION OF UNIT ABATEMENT COST:
incremental Annualized Capital Cost:

Incremental Annual Qperating Cost:

Unit Abatement Cost {$/kg):

* Offsetiing benefits are included in this amount; see Annex 2.

3.4 MT
0.8
27 MT
$ 70,455
10 years
10%
$ 11,466
o278
Unit Cost per
Cost per Year QDP Saved
$ 11,466 $4.24
$278 $ 0.10
$434

August 9, 1994
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THE NORRIS GROUP

TYECHNICAL REVIEW

{ have reviewed the Mexico Project, "Elimination of CFC-113 from the Textile Cleaning
Processes at Procesadora y Revitalizadora”, from the solvent sector, based on discussions
with the author , as well as review of the document.

1 ntry of Origi Mexico --

2 Project Title Elimination of CFC-113 from the Textile Cleaning Processes at
Procesadora y Revitalizadora

3 Sector Solvents

4 Relationshi .P. The project addresses how this factory ODS phase out fits in

with the ODS using solvent subsectors in Mexico. The project
relates to the C.P, via the description of the solvents used and

the amounts to be phased out, aithough It does not specifically
vrite about the country programme.

5 Technology

Technical ndn

This project substitutes effective ODS alternative technology choices for the solvent
textiie cleaning operation 1o be replaced. It includes the process definition,
qualification, and installation of cleaning techneclogy that will meet the unique needs
of cleaning formal wear, as described in the document.

The use of flammable solvent in the replacement technology choice will somewhat
restrict the equipment choices, but they will be effective and can be used safely if
appropriate procedures are followed. The equipment must be vapor tight, and
generally uses either vacuum or inert gas for safe operation. The need for safe

" operating equipment is specifically recognized in the project.

Safety

The use of flammable and potentially toxic solvents must provide for low exposure
ievels, both acutely and chronically, and operating procedures and equipment
settings that prevent air/solvent mixtures which are potentiaily flammable. Thus, in
order to control exposure and the creation of flammable situations during routine
functions, it is important that handling such as loading, unloading, solution makeup,
and solvent transfer procedures (including spent materials) be spelled out and people
trained before they are permitted to become operators in the cleaning area. Periodic
retraining is also recommended.

Provisions for safe maintenance must also be made, e.g. the use of spark proof tools
and the measurement of flammabie mix concentrations before entering the cleaning

303 WEST LOCUST LANE, KENNETT SQUARE, PA 19348  Phone (610) 444-9058 Fax {302} 833-04-4-0'



basket area of the equipment.

Appropriate operating interlocks, which should be installed as part of the equipment
design, should be pericdically checked for functioning and they should never be
allowed to be bypassed if they begin to malfunction.

Environmentat Iimpact

It is unlikely that this project will have an adverse environmental impact.

Procesadora y Revitalizadora must obtain the necessary permits from Sedescl. Also,
the project commits that "Procesadora y Revitalizadora will acquire equipment that is
designed for use with flammable, evaporative, solvents and that has been designed
to meet National Fire Protection Agency standards.™

Project Costs

The cost components identified in the project cover the equipment required,
including ventilation improvements for exposure control, and operational cost
components needed to run safely and under adequate environmentat control. The
cost of safety training and ongoing updates of that training are not included. These
costs are not normally considered to be major elements in a project, and would not
normailly change the proiect cost materially.

I i im

The proposed implementation timeframe is feasible from an elapsed time standpoint,
The actual date of startup, however, will be dependent upon the apgroval date.

mmendation
The project is sound, needed, and has a level of unit abatement cost - about

$4.34/Kg. ODP that is very good. Approval as proposed is recommended, with the
proviso that the safety and environmental issues will be addressed.

pa

CLINTON NORRIS

23 August 1984



PROJECT COVER SHEET

L My M)
COUNTRY: MEXICO
PROJECT TITLRE: Elimination of CPC in the Manmufacture of
Domestic Refrigeratoxrs for the MABE Group
SECTOR COVERED: DOMESTIC REFRIGERATOR MANUFACTURING
ODS USE IN SECTOR: 882 tomns of CF(Cs per year (see note 2)
Threa Participating Companies: TOTAL COMASA ASTRAL ENRESA ]
{see note 1} Compr Man Rafr Man Refr.Man
QDP-Tons diminated (ses note 2} 391 o 344 47 i
incremental Capitsl Cost {USS) i 2,585,814 1,188,724 816,090 581,000
incremental Gperationat Cost (L15%) (see nota 3} 1,588,831 o 1,302,798 286,033
TOTAL PROJECT COST (US$) 4,174,64% 1,188,724 2,118,888 867,033
UNIT ABATEMENT COST (US$/kg) 8.1 u [, 17:9 4.2 8.1

HNote 1: Compr.Man = Comprassor Manufacturer ; Refr.Man = Refrigerator Manufscturer

flate 2: CFC consumption dats are hased on figures for the 12.month period July 83 - Juns 34

Rota 3: Operational Caste were calculated for a six-manth duration, 1o be paid upfront.

Hote 4: ASTRAL and ENRESA are 100% Mexican owned, Since July 94, COMASA s 5% Mexican. In addition, ASTRAL is exporting 34% of its
production 1o noti-article-5 countries. The above amounts were already reduced to take these two facts into account.

PROJECT DURATION: 1 year.

ECONOMIC LIFE: 10 years.

NATIONAL COORDINATIRG SEDESOL - Ozone Protection Unit
BODY Kational Inmstitute of Ecology {(INE)
IMPLEMENTIRG AGENCY: UNRDP

APPRAISAL DATE: July 1994

PROJECT SUMMARY:

This project will eliminate the use of CFC's in the existing two domestic
refrigerator manufacturers ©f the MABE holding. Three companies will participate,
one of which i3 a compressor manufacturer, while the others produce domestic
refrigerators. CPC 11 uged as a blowing agent for producing thermal ingulating
foams in the two refrigerator manufacturing plants will be replaced by HCOFC 141b.
The companies are aware that HOPC 141b is an interim technology. Equipment
acquisitions will be made in view of the fact that they may be used with HF(Cg or
cyclopentane with minor retrofit costs only. CFC 12 used as refrigerant will be
replaced by HFC 134a by cbanging the existing production lines £for CFC 12
compreggors and refrigerators into lines producing HFC 134a equipment. The
project will eliminate 3%1 ODP tons/yxr. Funds reguestad will be used to change
the exigting production lines, the cost of testing, pre-production trialsg, and
training, ag well as incremental operational costs resulting from the conversion
to the new technology (6§ monthsa) .

TECHNICAL ASSESSMENT:

The proiject was prepared by Mr. Stuart Kelly and Mr., Arigtides (abella in
collaboration with SEDESOL / INE as the Govermment Counterpart. The project has
been reviewed and is supported by Dr. Lambert J.M. Kuijpers and M¥r. Martiem
Jangsen from RE/GENT-Eindhoven and by Mr. Bert Veenendaal. Their comments are
attached.




PROJECT OF THE GOVERNMENT OF MEXICO

OF CPC IX THE MANUFACTORE OF DOMESTIC REFRIGERATORS
FOR _THE MABE HOLDING

1. P OBJECTIVE.

The objective of this project is to eliminate CFC used at the
exiating manufacturers of domestic refrigerators of the MABE Group
of companies. The CFC’'s which will be eliminated include CFRC 11
nged asg a blowing agent for producing thermal ingulating foams as
well asg CPC 12 usged as a refrigerant in the production of domestic
rafrigerators.

2..5 R BACEGROUND .

Mexico’s Country Programme (CP) for the reduction of Ozone
Depleting Substances (ODS) was approved in February 1392,

It is estimated that for the period July 33 - June %4, total CFC 11
congunption for the manufacture of thermal insulation foams was
approximately 1500 tons. Of this, about 700 tons were used in the
manufacture of domestic refrigerators.

During that same 12-month period, total CFC 12 copsumption for
refrigeration and airconditioning applications was estimated to be

4,410 tong, out of which approximately 180 tons were used for the
manufacture of domestic refrigerators.

Uninhibited growth in the manufacturing of domestic refrigerators
would lead to a total estimated CFC consumption of 1200 tons in the
year 2000. SEDESOL is seeking a reduction in the use of CPUs in the
manufacture of domesgtic refrigerators beginning in 1995, Approval
of this project would bring the actual implementation of this
strategy well In line with the target.

It is egtimated that about 1,400,000 domesgtic refrigerators were
manufactured during the pericd July 93 - June 94, A growth of & (o
7 % 4is anticipated in this sector, The Mexican market for
manufacture of domestic refrigerators is shared between two company
holdings, the MABE Group and the VITRO group. Each holding includes
two refrigeration manufacturing companies, one compressor plant and
a number of other service and related companies. Another project is
presently being developed to address the CFC phasecout in the VITRO
group and approval and implementation of both projects will
eliminate the use of CFCs in the domestic refrigeration
-manufacturing gector in Mexico in 1996,



3. ENRTERPRISE BACKGROUND

Combined production at ASTRAL and ENRESA for the period June 893 -
July 94, amounted to about 844,822 domestic refrigerator units,
representing approximately 60% of domestic refrigerator production
in Mexico. It iz noted that there 1is a commercial trading
agreement between ASTRAL/ENRESA and General Electric USA, but the
present legal corporate ownershilp is that thege two companies are
100% Mexican owned and thus eligible for 100% funding of
incremental costs. However, in July 1994 a joint venture compressocr
technology agreement has been signed Dbetween COMASA and SANYO
Corp, Japan. This agreement gives SANYO Corp a 35% capital share in
COMASA. This project ia thus prepared on the basis that ASTRAL and
ENRESA are eligible for 100% funding of incremental costs while
COMASA ig only eligible for 65%.

COMASA supplied about €3% of the compressors used by ASTRAL and
ENRESA in 1333, The balance of their compressor requirements are

imported from SICOM (Tecumseh, Brazil), EMBRACO (Brazil) and SANYO
(Thailand) .

During the review of the project, questions were raised on the
axtend to which the existing technology agreement with GE would
enable MABE to carry out this project. Detailed information was
obtained from MABE, and is attached to this document as apnex D.
The following paragraph summarizes thig information.

MABE pays a considerable amount per year to use the GE brand name
and for technology transfer. While this payment does not cover
matters rated as "gtrictly confidential® it does cover matters
rated as ‘“confidential". Request for "“strictly confidential®
materials involve additional payment. MABE usesg this techmelogy
transfer material constantly and people of the "MABE Technology
Centre" regularly spend time at GE on matters relating to all areas
of technology and development. In addition, GE sgends relevant
experts to MABE for each project that MABE generates so that GE can
oversee these sandeavors. All materials used in manufacturing
refrigerators must comply with GE speclifications, MABE uses GE
recommended egquipment and GE standards for product testing, and
they comply with the same US or Intermational Norms as GE. There
are also 3 monthly cross checks between MABE and GE laboratories on
tests and results. As can be seen, GE takes very good care to
protect their own trade mark and good name, as many of the MARE
Group bears the GE name and logo.

Pages 4 and 5 provide additional information on the three MABE
companies participating in this project.



COMASA

Full Company Name: Consorcioc Manufacturo S5.A. de C.V.
Plant Located in: San Luls Potosil
Ownership: 65% Mexican
Ho. of Compressors Models: g
Current Production Capagity: 720,000 units p.a.
1953 Production Volume: 592,000 units
incl: Sales to Astral/Enresa: 440,483 units
Dom. Refr. Servicing: 121,817 units
Commercial Refrig.: 28,600 units
Contact Personsg: Mr. C.P.J. Matlas Vazquez Orta
Mr. Salvadoxr Ponce de Leon
Tel /Fax: Tel. 24.52.75 or 24.52.79

Fax. 24.63.24

Gther Information:

COMASA wasg founded in 1968 with a plant in Mexico City. The
pregsent plant in San Luis Potosl was bullt in 1877 and the product
facilities were merged in the San Luis Potosi factoxy in 1986. At
this time the company was a 50:50 Joint Venture between the MABE
Group #nd the VITRO Group. The company was resgtructured in 1391
with the MABE Group retaining the factory and part of the
manufacturing equipment. The MABE Group also owned HERMETICIDAD,
a compressoy company licensing techncelogy from Tecumseh USA and in
1992, the MABE Group rationalized their compressor interests in the
one f£facility at San Luis Potosi.

COMASA presently manufacture compressors using dated Tecumseh and
Mitsubishi technology. The Mitsubishi models account for 76% of
production. COMASA currently complies with both Tecumseh and
Mitsubishi Standards throughout all stages of their manufacturing
operation. New compressor techunology for HFC 134a is being obtained
under a 4oint venture technology agreement with Sanyo which will
give SANYO Corp a 35% capital share in COMSASA.

Subject to funding from the MLF, COMASA plans to commence the
manufacture of HFC 134a compressors during the second half of
1985, However, they may accelerate HFC 134a compressor
availability according to the requirements of ASTRAL and ENRESA by
importing parts from SANYO and assembling them at COMASA,

COMASA also manufacture hermetic compresscrs for companieg in the
commercial refrigeration sector. 1%93 production in this sector was
approximately 29,600 CFC 12 compressors. The balance of COMASA'x
1993 compregsor production, some 121,917 compressors, were used as
replacements in repairs and servicing of the existing refrigerator
population. While projects in commercial refrigeration may be
prepared in the near future, there will be NO regquest from COMASA
for additional incremental costs.

*» 4



ASTRAL

Plapnt located in: Queretaro

Ownership: 100% Mexican

Nr of models made: 10 refrigerator models

Nr of Production Linesg 3

Refrig Units for 7/93-6/94: 732,413

Contact Person: Ruben Tinoco Ojanguren

Tel / fax: tel: 52-42-18.48.76 fax: 18.48.73

INDUSTRIAS ASTRAL has three production lines, one of which was
started in 1977, the next one in 19%1, and the last one in 1994,
About 46% of thelr production is for export to the USA, Caribbean,
Central and Scuth America. They use compressors from COMASA, Tecu-
mgeh and Sanyo. ASTRAL employs about 1,400 emplovees, 3 lot of em-
phagis is put on the energy efficiency of the refrigerators pro-
duced. Brand names produced at ASTRAL include BASY, KELVINATOR, GE,
ASTRAL, KENMORE, MABE, etc.

ENRESA

Plant located in: Tlalnepantla

Ownership: 100% Mexican ) :

Nr of models made: 2 rafrigerators, 3 drinking fountains
(no foam in fountains)

Nr of Productlon Lines: 1 for refrigeratorg, 1 for fountains

Refrig Units for 7/93-6/94: 76,909 refrig. + 35,500 fountains

Contact Person: Ruben Tinoco Ojanguren

Tel / fax: tel: 52-42-18.48.76 fax: 18.48.73

Engambladora de Refrigeradores {(ENRESA} was egtablished in 1988.
10% of its production is for export (mostly Latin Americal. From
the compressors used, 10% is from EMBRACO, 90% is from COMASA {(also
from MABE-Holding). ENRESA uses in-house technoleogy with some
inputs from Ceneral Electric (USA). It sells its refrigerators
under several brand names such as KELVINATOR, GE, REGINA, TROPIGAS
and IEM. ENRESA has approximately 306 emplovees.

4. PROJECT DESCRIPTION

The two domestic refrigerator manufacturing companies of the MABRE
holding presently use CFC 11 for the production of rigid insulation
foam needed for the refrigerator cablinetg and doors, and use CPFC 12
as refrigerant. The total consumption during the period July 1993
- June 1994, and the ODP tons that will be eliminated by this
project, are shown in the following table:
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i CRC 11 ODP tous i CFC 12 ! Total ODP |
i in tons eliminated ! in tons l tonsa

i {sese note *}| { aliminated |
---------- e et R R e R R R e )
ASTRAL i 287 256 i B8 ! 344 ;
ENRESA i 40 a5 ; 12 l 47 i
”””””””””” b Sl i S A A e R i el s 2 el

| 327 291 ! 100 | 391 |

Nota *: Second column of filgures for CFC 1l takaes the ODP of HCFC 141b
into account {(ODP = ¢.11},

4.1. Replacement of CFC 11 with HCFC 141b.

The two companies will transfer to HCFC 141b as an interim gtep to
an ObS-free gystem. The machines for injecting the xrigid insulation
foam should ke high pressure machines that will be able to process
the higher wviscositlies and mixing regulrements of the low ODS
aystemg and also any of the developing QDS-free systems. This will
require equipment replacement and training at ASTRAL and ENRESA, A
more detalled description of the existing foam injection egquipment
ig given in para 5.1.3.

The two companies will require test-runs before being able to start
industrial production with the new technology. These activities

will include training of staff in worker-safety related to HCFC
141b. :

Operational Cost £for six months are requested to cover the
transitional period.

4.2. Replacement of CFC 12 with HFC 134a.

Both companies will change to HFC 134a. This conversion requires
the uge of HFC l1l34a compressors and the assgociated new synthetic
lubricants, re-design of the refrigeration systems to cater for the
difference in thermodynamic performance of HFC 134a versus CFC 12,
prototyping, testing and optimization of each refrigerator model,
and pilot scale manufacture and testing before full scale conver-
gion of production toe HFC 134a for each model. The conversion will
result in changes in manufacturing procedures for which production
line supervisor and operator training will be regquired.

The different properties of H¥C 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. A more detailed description of the

existing equipment on which the technology change will impact is
provided in para 5.2.3.

EKey to the success of CFC 12 elimination is the local availability
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of HFC 1l34a compressors. MABE's compresscor manufacturer COMASA has
committed toe the coconversion of their compressor manufacturing
operations to be able to provide the necessary volume of HFC 134a
compresgors. While incremental capital costs are requested for
COMASA, incremental operating costs are passed on to the refrigera-
tor manufacturers.

Operational costs for six months are requested to cover the
trangitional period.

5. TECHNOLOGY
£.1. Replacement of CF¥C 11 with BRCFC 141b.
5.1.1. CPFC 11 Replacement - OVERVIEW

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

o CFC 11 > partial water/HCFC 141b > ¢
o CPC 11 > partial water/HCPC 22, 142b > HFC 134a, 152a
o CFC 11 » partial water/ (Cyclo)pentane

In addition, compounds such as perfluorocalkanes, HCFC 123,.
flucrinated ethers and 2-chloropropane have been suggested, but
the technology is not mature. Furthermore, the products are only
available in limited qguantities, and toxicological testing is not
complete and, therefore, safety in use cannot be evaluated.

The first option, the liquid sclution is the one which will be
applied in this project, and employs technology that is closely
related to the existing one. The final step in this process is not
yet decided. One potential solution is HFC 356, but full water
blown foam with improved cell structure remaing an option,
gpecifically in ®"lesser demanding® systems such as water heaters,
where dimensional changes, although costly, are possible.

The second one, the "gas" zolutlon, utilizes a gaseocus nmixture of
physical blowing agents, always requires new equipment, and
extensive adjustments. The final step in this process is szeen as
the introduction of gaseous BFC’s.

The third option, cyclopentane techmnology, has recently been
introduced commercially in Germany. Cyclopentane is flammable and
this means a careful review of manufacturing operations with
respect to the safe handling of a flammable foam blowing agent. Its
use may not be a practical option in the existing work-environments
of some enterprises. Several companies currently offer cyclopentane
packages, including equipment.




5.1.2 CFC 11 Replacement - SELECTION

Based on economic and environmental congiderations, cyclopentane
appears to be the best cholce for domestic refrigerator applica-
tions. It combines an attractive price with zero ODP properties.
However, the related consumption of electricity virtually prohibits
its use in Mexico, where gtrict energy standards apply. In
addition, Mexico has considerable appliance exports to the USA
where similar standards exist. At this time, only foams produced
with CPC 11 or HCFC 141bh are capable to meet these regquirements.
None of the low boiling blowing agents (LBBAs) can currently
perform with the required energy efficiency and are therefore not
acceptable in the Mexican and USA markets.

HCFC 22/142b was congidered but is also marginal in energy
performance, ‘

The use of HCFC 141b is identified by the companies ag an alterna-
tive that is:

o Proven technology in processing/product performance,
0 Envirommentally acceptable,
o Readily available in the Mexican market,

In addition, flammability is not a major rigk to production
facilitiesgs and personnel.

Present documentation on the forecast on potential drop-in
suceessors of CFC 11 and HCPC 141b (liquid HPCz), leads one to the
conclusion that not too far in the future, a non-flammable two
stage drop-in route for refrigeration foams is likely to come out
with minimal incremental capital cost:

ligquid CFCs » liguid HCFCs > liquid HPCs

As it is not yet known when liquid BHFCs will be commercially
available at this time, the project will provide for high pressure
equipment guch ag to allow gubsgsequent use of LBEAz. The choice of
high pressure foam dispensing equipment will thus facilitate the
subsequent step to a truly ODP-free system without major additional
capital costs.

5.1.3 CFC 11 Replacement - IMPACT ON PRODUCTION PROCESS

The use of reduced ABA/141b technology, with higher related
viscogity of the pelyocl blend will be facilitated through the
employment of high pressure foam production egquipment.

HCFC 141b is moderately flammable. For the intended purpose, the
blends should not cause any risk, but a mnmonitoring c¢heck at
commigsioning will be performed to ensure safe exposure levels.



Densities may have to be adjusted to obtain proper insulation
values.

The liner material should be modified to be resistant to HCFC 141b.
The companies intend to use high impact polystyrene (HIPS) in
combination with an ethylene vinyl alcohol (EV0OH) protective layer.

It is recommended to dedicate one small foam dispensging machine for
pilot scale production which will avoid costly interruption of the
regular production.

The ralevant existing equipment on which the technology change to
HCFC 141b will impact 1is as follows:

ASTRAL:

~ In line 1 there are two dispensing Machines, one (HENNECKE)
that supplies material to 15 low pressure mizxing heads for the
cabinets, and the other (CANNON) that supplies one high-
pressure machinae for the doors.

- In line 2 there are two high-pressure dispensging machines
(both HENNECKE}. The one for the door insulation employs two
mixing heads. .

- In line 3 there are three dispensing machines. One is for the
cabinets and supplies 5 high-pressure mixing heads. The two
others area for the doors and each gupplies one high-presgsure
mixing head.

- There is one mixing gtation for lines 1 and 2, and ancther cne
for line 3.

ENRESA :

- ENRESA has a high-pressure HENNECEKE. For the £illing of the
doors, they have a low-pressure HENNECKE HRK135 with one mixing
head. There is also a back-up CANNON low-pressure machine for
which replacement will not be requested.

- ENRESA uses one pre-mixing station.

5.2. Replacement of CFC 12 with HFC 134a.

5.2,1. CFC 12 Replacement - OVERVIEW

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

Whilst hydrocarbon refrigerants are being used on a limited basis
in at least one Developed Country, the technology is not considered
as sufficiently developed to consider transfer to Mexico at the
present time., Safety issues associated with the use of flammable
hydrocarbon reirigerants, and the absence of suitable compressors
on a commercial scale further mitigate against the adoption of this
technology.

HPC 1523 might be considered azs another candidate £or CFC 12
replacement in domesgtic refrigerators. However, HFC 152a ig also
flammable, the technology has not been developed commercially, and
there are some questions around it’s stability in refrigerator
gystems. Furthermore, compressors for use with HFC 152a are not
commercially available.

5.2.2. CFC 12 Replacement - SELECTION

The selected techmnology is HFC 134a. The CFC 12 based refrigerator
technology used by ASTRAL and ENRESA originated from General
Electrie Corporation, USA. The new HFC 134a based technology is
based on know-how from General Electriec Corporation with assistance
from equipment and refrigerant suppliers. The MABE Group has a
modern, well equipped, Technology Development Center located in
Queretaro and are well versed in all of the issues relating to the
uge of HFC 134a. They commenced their HFC 134a technology
development activities in early 1893 and have already produced CPC
free verslions of several models for test purposes.

For the manufacture of CFC 12 compressorsg, COMASA currently uses
technology supplied from both Tecumseh and Mitsubishi. The
technology for the new HFC 134a compressors will be supplied by
Sanyo. COMASA thus has acgcess to the necegsary technology and is

capable of successfully implementing this project to manufacture
HFC 134a compressors.

5.2.3. CrC 12 RBeplacement - IMPACT ON PRODUCTION PROCESS

HFC 134a, like CFC 12, is non flammable. HFC 134a has also been
the subiect of extensgive toxicological testing and is congidered
safe in use in industrial applicationg provided the suppliers
recommended occupational exposure levels are not exceeded. At the
present time this meang 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 (QEL) / Thres-
hold Limit Value {TLV) for CPC 12 and thus no changes from current
practices are required.

There will be an approximately 10% reduction in the mass charge of
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HFC l1l34a compared with CFC 12 for a refrigerator system of the game
capaclty. This is taken into account in the calculation of the
incremental operational cost (see annex B).

It i8 well understood that the chemical stability of HFC 134a/syn-
thetic lubricant systems in domestic refrigerators, and hence the
long term performance of the appllance, is sensitive to moisture
content and certain chlorinated impuritiesa. This requires that CFC
12 and HFC l34a handling equipment be carefully segregated, and it
also calls forxr better evacuation of the system prior to refrlgerant
charging. In order to ensure both thorough evacuation and complete
dehydration prior to refrigerant charging, many refrigerator
manufacturers have opted to source their compressors "dry", charged
with nitrogen, and without lubricant. Thig is a major change from
current practice and requires that the refrigeration manufacturer
installs the npecessary Ilubricant storage, handling, drying,

tagting, and charging equipment. Thig is the case for both ASTRAL
and ENRESA.

COMASA will not, therefore, require new lubricant handling and
charging egquipment but they will need dry nitrogen charging
equipment.

The conversion from CFC 12 to HFC 134a will take place on a model
by model /production line by production line basis, so that both
manufacturers will be producing both CPC 12 and HFC 134a refrigera-.
tors during the implementation phase of this project. This is
feasible as both ASTRAL and ENRESA have several production lines.

The above comsiderations mean that within this project there 1s a
requirement for new system evacuation equipment, new lubricant
storage, handling, drying, testing, and charging equipment, as well
as new refrigerant charging equipment at both ASTRAL and ENRESA.

As a consecuence of the subatantial changes to ¢urrent practice,
and the defined need for gsystem cleanliness and low moisture
content, there will be the need for a careful re-aggeasment of
production procedures and personnel re-tralning as appropriate.
Provision for this iz also made in the project.

Leak detection of the refrigeration system is an integral part of
the manufacturing process. The use of HFC l34a regquires that new
leak detection equipment, suitabhle for use with HFC 134a, be
employed.

The relevant existing equipment on which the technology change to
HFC 134a will impact is ag follows:

COMASA
Current washing and degreasing, welding and dehydration equipment
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used in the manufacture cf CFC 12 compressors include the following
items. It should be noted that all equipment dates from 1377 and
rebuild/retrofit is not considered feasible due to Dboth the
extenslive process changes required for the HFC 134a technology and
the age of the equipment.

- Washing Equipment.
- "DURR" machine for degreasing, ringing, phosphate
treatment and zrinsing, i1nocluding pumps and heating
gystem,

- YDURR" machine for compressor shell pre-wash treatment
inclusive of conveyor, pumps and heating systenm.

- "DURR" machine for washing cast iron components.
- Welding Egquipment,

- "FAARSOELY P.200-300 spot welding machine, 300KVA for
terminal glass.

- "FAARSOEL" 3-head spoct welding machine, 75 KVA each head
for spring support welding.

- "MAHESAY arc welding machine and integral power source..

Dehvdration Equipment.

- ®DURR" fan assisted compressor dehydration oven and
accessories.

ASTRAL

- 3 x PCU (Production Control Units) automatic refrigerant
charging units with dual injection heads and vacuum pumps.

- 90 Sargent Welch vacuum pumps, 21 m’ per hour capacity

- & Leybold Inficon HLD 3000 electronic R12 refrigerant leak
detectors

ENRESA

- 2 x PCU automatic refrigerant charging units with dual
injection heads and vacuum pumps.

- 40 Sargent Welsh vacuum pumps, 21 m' per hour capacity

-~ 4 Leybold Inficon HELD 3000 electronic R12 refrigerant leak
detectors
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6. PROJECT COSTS

6.1. INCREMEWTAL CAPITAL COSTS

6.1.1. Capital Cost for the Manufacture of HFC 134a Compressors
{(CoMasSA) (Uss).

The following table takes intco account COMASA's anticipated
production increase. The figures on the left reflect the investment
which will be carried out by COMASA for a projected production
increase to 1.8 million units per annum in 1998, The figures on the
right are the ones applied for, and are obtained by re-assessing
what funds would be needed if the production would remain at

exigting production levels, The figures were further reduced during
further discusszsions.

Dapeription Total Uss
Coat Requestad
Spot Welding Machineg {3 units) 156,700 KA
Tube Banding and Forming Machine {1 unit) 207,100 H/a
5-8tage Dagreasing, Cleaning/Chemical Treatment 2,490,684 821,926
Dehydration Ovens (2 units} 2,075,519 684,921
Une Leak Test System and Nitrogen Charging system 205,612 67,892
Training 10,000 10,000
Trials 10,000 10,000
Contingencies (10% of Capital Cost) 515,561 166,255
TOTAL INCREMENTAL CAPITAL COST: 5,671,176 1.828,806
TOTAL REQUESTED (65% Mexican ownad) 3,686,264 1,188,724

Justification for the above request was obtained for the relatively
high capital cost for COMASA, further to questions raised by the
independent technical reviewex. This justification is attached to

this document as annex E, and sumarized in the following para-
graphs.

The current process at COMASA is depicted in diagrams attached to
annex E. The equipment all dates from 1977 and rebuild/retrofit is
not congildered feasible due both to the extensive process changes
involved in the new technology, and to the age of the equipment.
All costs are the real costs associated with the particular aspect
of technology change from R12 to Rl34a compressor manufacture. The
equipment gpecified 1i& therefore necessary to meet the
manufacturing standards and norms imposed on COMASA by thelr
technology partner. In addition, order confirmation to purchase the
aquipment specified in the project were already issued by COMASA.
This in itself demonstrates that the equipment in the project

proposal isg the actual egquipment needed to successfully make the
technology change.

It should ke noted that COMASA is going through a two-phase
restructuring of their compressor manufacturing operations. The
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first phase iz concerned with upgrading their basic compressor
technology to be able to comply with new energy efficiency
gtandards which will come into effect in Mexico later this year.
The second phase 1s the conversion to the manufacture of Rli4da
compressors. The total capital cost is considerable, and a part of
phase 1 has been fipanced by SANYQO Corp of Japan, taking a 35%
capital share in COMASA in exchange for compressor technology and
equipment supply. This project proposal does not include any of the
costa assoclated with the basic technolagy upgrade to meet the new
enargy efflciency standards.

MABE recently placed equipment orders covering aspects of both
phases totalling USS$ 8,260,000 and copies of the order forms were
given, illustrating COMASA's commitment to the change to Rl34a
compressor productlion, as well as meeting the newly established
performance standards as described above.

Degreaging, Cleaning, Chemical Treatment Equipment (COMASA).

One of the most important requirements £for a successful use of
Rl34a is component cleanlineass. With COMASA‘s existing equipment it
is not possible to guarantee the cleanliness of the compressor and
its cocmponents and investment in new "washing®™ equipment is
required. COMASA analyzed various options taking thelr procduction
volume and quality of cleanliness into account and they selected
the equipment described as follows:

usg
. 504,583

1l x 5-stage spray-pretreatment complete with gas heated
drying oven, conveyer gystem and digs . . . . . .
1 x 5-gtage spray-pretreatment with gag heated drying
oven, conveyor system and basket-holding jigs . . . 452,345
1 x 3-stage ultrasonic dip-pretreatment complete with crane,
drying oven feeding and discharge conveyer and free
programmable process controller . . . e s e o« o« 353,430
1 x 8-stage dip-pretreatment complete with 2 cranes, blow-off
zone, drying oven, feeding and discharging conveyors
and free programmable process controller . . . . . . 569,046
1 x 8-stage dip-pretreatment complete with 2 cranes, blow-off
zone, drying oven, feeding and discharging conveyors
and free programmable process controller . . . . . . 611,278
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2,490,684

The requested amount was reduced to take the anticipated production
increage into account (please see the beginning of this section).

Welding Equipment (COMASA).

The present method of welding the compressor suction and discharge
tubes iz based on silver solder/gas flux process. This is a *dirty"
process considered unsuitable in the manufacture of Rl34a compres-
sors. New spot welding machines are therefore required for this

¢ 14 »



operation. There is a conseguent change in the reguired form of the
suction and discharge tubes at the point ¢of join and that is why a
new tube bending machine is required. More details of what isg
involved are in annex E, but are summarized as follows:

uss

1 x Projection Welding Machine (Tube Diacharge

£hell to Shell A) « v s e . B 3 1 H Y
1 x Projection Welding Machine (Tube Suction

Shell to Shell A} . . . . . e+ + + s+ « . 54,100
1 x Projection Welding Machine {@ﬁﬁe Charge

Shell to Shell A} . . . . . . s .+ s+ + +« s+ . <« » 54,100
1 x Tube Bending Machine (Bend Suction

and Digoharge Tunes) e e e e e m e w e e s s e e e 207,100

363,800

Dehydration Eguipment {COMASA).

In the existing process the compressor is first dried and after-
wards hermetically sealed. This method does not guarantee achieving
the low level of residual humidity required for a Rlid4a compressor.
To be able to comply with the low humidity levels it is necessary
to first seal the compressor, and then dry it. Longer drying times
and higher temperatures are neceasary, and taking the production
volumes into account, the existing eguipment is not capable of

meating the requirements, The new dehydration equipment iz as
follows: :

uss
1 x Dehydration Oven for C-BZN compressors complete with
conveyer and hot air blow-out umit . . . . . . . . . 781,866
1 x Dehydration Oven for C-QN compressors complete with
conveyer and hot air blow-out unit . . . . . . . . 1,283,653
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2,075,519

The requested amount was reduced to take the anticipated production
increase into account (please see the beginning of this sectionj.

Leak Test System and Nitrogen Charging Upits {(COMASA).

COMASA’s compressor manufacturing operation will be changed for
Rl3da compressors so that the compressors are "dehydrated™ afterx
assembly. After manufacture and dehydration of the R134a
compresgscrs, COMASA must guarantee sgsupply to the end-user in a
"dry* condition. They will be supplying both "lube free"
compressors (to ASTRAL/ENRESA) and compressors "with lube" to other
end-users in the commercial refrigeration sector and for repairs
and servicing. To preserve the low regidual humidity condition
during a reasonable "ghelf life® for the compressors, they must be
over-pregsurized with dry nitrogen and be capable cof maintaining
thig over-pressure for geveral monthg. Very effective pressure ig
therefore required followed by charging with dry nitrogen. This is
a requirement for the R134a compressors not previocusly needed for
the R12 compressorg and the cost is then fully incremental.
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6.1.2. Capital Cost for the Refrigerator Manufacturers - CFC 11

ASTRAL uss
High Pressure Foaming Machine and
15 Mixing Heads (Seempote 1) . . . . . . . . . 500,000
Training (250 US§ per person, 80 peoplel . . . . . . . . 20,000
Test Trials (100 US$ per trial,
3 trials per model, 10 refr. models) . . . . . . . . 3,060
Machine for Pilot Series (See note 2} e e v e+ « s+ « . « 80,000

Contingencies (10% of capital cost) . . . . . . . . . . . 61,000
Subtotal Incr. Capital Cost for CFC 11; kSTRkL . e o« » . B74,000
Minus 34% due to export to USA . . . . .« -+ + .+ + + . . . 444,840

Note 1l: A possibility to use one mixing head moving from one
fixture to the other uping a computer-controlled system was
investigated. Compelling arguments were given by MABE’s Technology
Center explaining why such this cheaper solution cannct be utilized
in the cage of ASTRAL. These explanations are attached in annex H.

Note 2: The company cannot afford to shut down production lines
over an extended period, or this would lead to wvery high cost of
convergion. The more cost-effective golution is to manufacture a
pilot series on a small pilot machine. In this way, all
formulations can be adjusted without any business interruption. It
should be noted that this option should be considered as a decision
on a case by case basis. MABE has four production lines with
substantial different products. In this case, separated pilots are
more cost-effective. However in case of less production lines, more
gimilar products, other technologies or planned capacity expansion,
the cost-effectiveness of a pilot machine may be different. MABE
agread with the fact that this pilot machine would remain property
of the UNDP, so that it may be used in similar projects funded by
the Multilateral PFund, once the trial testing at ASTRAL are
finalized.

High Pressure ?oaming Machine and Mixing Heads

(1 unit + 1 nixing head} . . . . e e e s+« o = . 150,000
Training (500 US$ per person, 20 people} “ e e s . - . 10,000
Test Trials (1000 US$ per trial, 3 trials per model

2 refrig. models) s s s 2 s s+ s e = a2 « = = s+ « « . « 6,000
Contingencies (10% of capital cost) . . . . . . . « + « « 17,000
Suhtotal Incr. Capital Cost for CFC 11; ENRESA . . . . . 183,000
There are no exports from ENRESA to non-article-5 countries.
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6.1.3. Capital Cost for the Refrigerator Manufacturers - CPFC 12.
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Refrigerant/Lube Charging Equipment

2 ynits to be replaced: . . . . . . . . . « . .+ . . 180,000
1 unit to be retrofitted: . . . . . » e o« e« « « 19,000
Vacuum Pumps {10 items -- new, USS 2, 500 each see note 3) 25,000
Vacuum Pumps (80 items -- retrofittad, Us$ 400 each) . 32,000

R-134a Leak Detection Equipment (6 items) . . s« o o « 30,000
Lube Drier, dehydration system, tank and charging valves

1 unit to be replaced: . . . . . « + « « + « + + « - 118,000
1 unit to be retrofitted: . . . . . . . . . . < . . 70,000
Training . . . . e 2 e e s e+ 4 4 s e e s o« . 15,000
Reliability Test Trials, etc. . e 4 e s+ s+ s« e+ % & « 22,500
Contingencies {(10% of capital cost} s+ s s s « +« + a » B1,000
Subtotal Capital Cost for CFC 12; ASRAL ., . . . -+ + « o 562,500

Minus 34% due to export o USA . . & ¢ « « + + « = « « « 371,250

ENRESA
Refrigerant/Lube Charging Equipment (2 units): . . . . . 180,000
Vacuum Pumps (5 itemg - new, USS 2,500 each): . . . . . . 12,500
Vacuum Pumps (35 items - retrofitted, USS 400 each}: . . 14,000
R-134a Leak Detection Equipment (4 items): . . . . . . . 20,000
Lube Drier, incl dehydration system, tank and charging

valves (1 dtem): . . . & . & « & ¢ 4 « + +« &+ & « « . 118,000
Training . . + 4 s e« 4 e 4 e s 2 + s + e+ « s« « s « . 10,000
Reliability Test Trialg, efC. .« + « v o v o s « = 4 e o s 7,500
Contingencies (10% of capital cost) « 2 = s « a2 - s « . 36,000
Subtotal Capital Cost for CFC 12; ENRESA 398,000

There are no exports from ENRESA to non-article-5 countries.

Note 3: It should be sgtressed that a detailed count was made of
exisgting vacuum punps during project formulation missions, and that
this count corresponds to the numbers of pumps requested. It should
also be noted that retrofit/modification of existing pumps was
conaidered. While reservations were expressed by the companies
about retrofitting, 1t was pointed out that this has been
successfully carried out in other plants which are using the same
pumps a8 are being used in ASTRAL and ENRESA. However, if ASTRAL
and ENRESA do not wigh to use this amount to retrofit their vacuum
pumps, they can of course apply the amounts proposed to the
purchase of new pumps.
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6.1.4, Total Capital Cost (USS) .

The totals of the above three tables are summarized as follows:

| TOTAL . COMASA ASTRAL ENRESA
-------------- ,i.mum--m——-o—-m-—m+-—w——-~-m--m--mn-u--w-u----n-—-«--uu-n-—---.
Capital Cost | 3,646,306 | 1,828,806 1,236,500 581,000
% Ownership i e 65 100 100
% Export USA | - i o 34 0
uuuuuuuuuuuuuu +-u--a-m-«m-w-—-mé—mnvm-wn—n——m-u-w—w——-—--——u--'.-—.-..._..,
Requested | 2,585,814 | 1,188,724 816,090 581,000

6.2 INCREMENTAL OPERATIONAL COSTS

The calculation is based on a six month period using production
data based on July 93 - June 94 figures. This was done further to
a decision at the 13th Executive Committee Meeting held in Montreal
in July 19%4. These funds would be paid upfront.

The following provides some c¢larification as to the COMASA
Compressor manufacturer. The tables of annex C shows that both the
refrigeration manufacturers intend to buy both COMASA and imported
compressors., The prices of the present COMASA CFC 12 compressors
are gomewhat higher than imported cnes. The reason of the higher
cost for COMASA compressors is because COMASA ls geared to the size
of the Mexican market and that their production levels are 10 to 20

times lowey than similar companiez such asgs in the USA and in
Brazil.

Annexes B and € provide detailed explanations on how the incremen-
tal operational costs were obtained, and are summarized in the
following tables. In line with recent guidance from the Executive
Committee, incremental operational costs are only claimed by the
two refrigerator manufacturers.

Detalled calculations are given in amnex B.1.1 and B.2.1. The
fiqures already take into account that only 685% of COMASA is owned
by article-5 countries and that ASTRAL is exporting 34% of its
production to the USA.

! TOTAL [ ASTRAL ENRESA
mmmmmmmmmmmmmmmmmmmmmmmm +mo.--m—u«o.ﬁ.-mu-—m-—n,*,—mu-—mnmm—n«-m»—mﬁ-m-m.--
Operational Cost CFC 11 537,433 | 448,547 88,886
Operational Cost CPFC 12 | 1,051,398 | 854,251 197,147
———————————————————————— +—-——-~&——u————n-+*—~-——~v—-.——~——~—-—«-—~--—.--
Total Operational Cost | 1,588,831 | 1,302,798 286,033

+ 18 4



6.3 UNIT ABATEMENT COST

6§.3.1 Individual Unit Abatement Cositg for the Two Refrigerator
Manufacturers (USS/Xq)

ASTRAL ERRESA
a. Capital Investment Costs 816,030 581 agg
b. Capital Reccvery Factor (10% p.a.) 0.16275 0.16275
d. Incremental Operating Costs 1,302,798 286,033
e, ODS Reductlon (05? Kgs ) 344,000 47,000
£, Unit Abatement Cost {3S$/Kg}
[ (a*b + d) 1 f e 4.2 8.1

6.3.2 Tnit Abatement Cost for the Total Project encompagsing all
Three Companies (USS/Kq)

TOTAL FOR COMASA/ASTRAL/ENRESA

a. ODS Reduction Capital Costs 2,585,814
b. Capital Recovery Factor {(10% p.a.) 0.16275
d. Incremental Operating Costs (1996) 1,588,831
e. ODS Reduction (ODP Kgs 1993) 391,000
f. UNIT ABATEMENT COST (US$/KQ)

[ (a*b + &) 1 / e 5.1

7. PINANCING PLAN

The companies are requesting reimbursement to the amount of the
project costs of US$ 4,174,645. See above tables and Annex A for
distribution of funds according toe company.

8. PROJECT TMPLEMENTATION

8.1 MANAGEMENT

UNDP will coversee the puccesgsful implementation of this project,
and will prowvide technical assistance during project execution.

+ 19 +



i

TASK

e = mm

1. Preparation
Approval
Procurement preparation
Vendor selection

2. Ingtallation
Arrival, Customs,
Machine installation

3. Start-Up
Machine start-up
Trials, training

Certification

9, PROJECT ITMPACT

Thig project will eliminate the use of 427 tons of CFC’s

TIME TO COMPLETION

e

Q1

Q2 | Q3 Q4 | Q5 | Q6 ’

{391 ODP—

tons) per year, This data is based on figures for the pexiocd July
93 - June %4, Taking a 6 % growth till the year 2000, the ODP tons
eliminated during the period 1993-2000 amounts to 3584.

10. ANNEXES

: SUMMARY BUDGET TABLE

: INDIVIDUAL COMPANY INCREMENTAL OPERATIONAL COSTS
: CLARIFICATION ON CALCULATION OF AVERAGES FOR COMPRESSORS

ANNEX D: CLARIFICATION ON TECHNOLOGY AGREEMENT WITH GE
ANNEX E: JUSTIFICATION FOR THE CAPITAL COST FOR COMASA
ANNEX F: GOVERNMENT SUBMITTAL LETTER

ANNEX G: TECENICAL REVIEWS

LETTER REGARDING OWNERSHIYP

ANNEX H: ADDITIONAL INFORMATION ON FOAMING MACHINE

+ 20 ¢



ANNEX A

: SUMMARY BUDGET TABLE

Mote: Figures below already take &5% Article-5 ownership of COMASA ard 34% export to

USA for ASTRAL into account.

Total ) COMASA ASTRAL ENRESA

_________ ompr  Manuf, [Refr.Manuf. [Refr Manuf,

0 256 35

a. OF Yons Eliminated o as 12
g 344 47

0 44, , 840 183,000

b. Incremental 1,957,974 B 1,188,724 371,250 398,000
Capital Cost R IR - SR B I
Both Z,585 814 1,188,724 816,090 581,000

cFe-11 537,435 K ] 448,547 £3,886

¢. Incremental CFC- 1,051,398 & a 854,251 197,147
Operational Cost S SRR - IEAREE AR RS R R LTS B R B
gath 1,588,831 §8 o | 1,302,798 286,033

CrC-1183 1,185,273 593,387 271,88

4. Total Incremental  JCFC-1 3,009,372 1,225,501 595,147
Lost L I e SRS I R
{d=b+c} Both 1,188,724 | 2,118,888 867,033

e. Capital Conv. Factor {10 yrsigl 0.36275 ] 0.16275 0.16275
cre- 1138 474 2.0 3.4

. . Unit Abatement CFC-12R H/A 1.4 21.8
Cost b A SR B .
f=(b*e+c}/{a*1000)  |Both N/A 5.2 8.1
a. Cost-Eéfectiveness JCFEC-1 13.% 49.4
g=d/a Both 6.2 18.4




Arnex 8.1.1 -- Calculation of the Incremental Operating Cost for ASTRAL

1. The Elimination of CFC-11 as Blowing Agent far Thermal Insulatin Foams.

ASTRAL === ASTRAL

zem ASTRAL ASTRAL =

CFC-11

I&c&c«wm !Diffarme

Use per kg of Foam produced.

a. kg Polvol
b. kg MDOT
#, kg Blowing Agent

0.5000
0.1296

0.0644
(0.0240)
(0.0404)

Prices in USS

d. Polyol (USH/ky)

e. MBI (USS/kg)

{. Blowing Agent (USS$7/kg)

g. Polystyrene for Liner {USS/m2)

1.9310
1.9482
0.0009

G.0000
1.6645
$.5891

per ky of foam produced

a x d. Polyol
b x e, M3
¢ x ¥. Blowing Agent

R+i+j, Total per kg foam

0.6978
0.9755
0.2525

0.8
09287
0.3044

Material used per Refrigerator

i. kg of foams per unit (aversge}
m. m2 of polystyrens per unit {average)

per Refrigeration Unit
t % %x. for foams
m X g. for pelystyrens

. Nr of Refrigerator
r. Total Incremental Cost per year {US$)

8. Savings Related to Cleaning of Mixing Heads

s. Operational Cost for a six-month period {(r + g) 7 2

5,840

t. Operational Cost taking 34% Export to USA into account

Note: Production data is based on July 93 - June 94 figures.

« Annex B - Page 1 =

(10,000)
679,617
b8, 547




Annex B.1.2 -- talculation of the Incrementat Sgeratang Gost for ASTRAL

2. The Elimination of £FC-12 as Refrigerant.
ASTRAL == ASTRAL === ASIRAL »+% ASTRAL ==|CFC-12 ;ﬁFC~134a ]Bifference

1. Refrigerant
a. Price per kg Refrigerant
b. Xg per Refrigerator {average)
¢. Rumber of Refrigerators per year {see note)

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

d. Cost for Refrigerant ds ax b x e

2. Compressers
#. Cost per Compressor {ses note)
b, Number of Compressors per year (see notej

.............. A A e e e e e e e R W M A ke e

€. Cost for Compressors ¢ = a x b

29,172,010

1,420,881

3. Condensors
a. Cost per Corvlensor
b. Humber of Condensors per year

¢. Lost for Comdersor ¢

4. Filter/Dryer

a. Cosy per filter/Dryer
b, Number of Filter/Bryers per year

¢, Cost for Filterfiryer c s ax b

43,945

5. Capillary Tubes

a. Cost per Capiliary Tube
b. Number of Capillary Tubes per vear

a. Price per litre of Lubricant
b. Litres of Lubricants/compressor {average)
¢. Number of compressors

e. Yotaimper year
£, Operational Cost for a six months pericd

g. Operational Cost taking 34% export to USA into accoumt

854,251

Note: ALL figures in this table are based on a weighted average of the refrigerater models
produced. For averages for compressors, sse aonex L. Production data are based on

July 93 - June 94 figures.

» Annex B - Page 2 -



AnneX B.2.1 -- Calculation of the Incremental Operating Cost for ENRESA

1. The £limination of CFC-11 as Blowing Agent fer Thermal Insulat1n Foams.

ENRESA === ENRESA === EKRESA === ERRESA

#
H

CFC-11 'Kﬁ?ﬁ-ﬂdb li}if'ference

Use per kg of Foam produced. i
a. kg Poiyot 0.3704 0.43548 0.0644
b. kg MBI 0.5000 0.4760 £0,0240)
c. kg Blowing Agent 0.1286 0.0892 (0.0404

Prices in USS

........... B e e el R Y S

d. Polyol (USS/kg)

e. M1 (USS/kg) 1 9516 1.9510 2.0000
f. Blowing Agent (USS$/xg) 1.9482 3.6127 1.4645
g. Polystyrene for Liner (US$/m2) 14.0009 5.5500 ¢.5891

Cost per kg of foam produced

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

h. = a x d. Polyol 0.6978 0.8192 9.1213
i. = b x e. D! 0.9755 0.9287 (0.04683
j. = r x f, Blowing Agent {1.2525 5.3044 0.051

k. = h+it], Total per kg foam

Material used per Refrigerator

L. kg of foams per unit {average)
m. m2 of palystyrere per unit {average)

5667 1.7535 0.0858

Cost per Refrigeration Unit

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

n. = L x k. for foams 7.6268 8.9377 3109
o. = m % g. for polystyrens 0.0015 1. 0346 1.0331

n+ o, Tctat per unit

q. Nr of Reftigeratlon Unitsfyear =
r. Total Incremental Cost per year (US$)

5. Savings related to cleaning of mixing heads

t. Operational Cost for a six months period t = (res)s2

Note: Nr of Refrigeration units for the CfC-11 table do net include water fountains
since these do not utilize foam, Production data are based on July 93 - June 94 flgurts

= Amnex B - Page 3 =



Annex B.2.2 -- Calculation of the Incremental Operating Cost for ENRESA

ENRESA  =uw ENRESA === ENRESA === ENRESA  ==iLFC-12 HFC-1345  |Difference

1. Refrigerant

a. Price per kg Refrigerant
b. Xg per Refrigerator {average, see note)
¢. Number of Refrigerators per yesr (see note}

0.09612

d. Cost for Refrigerant deax b x ¢

2. Compressors

a, Cost per Compressor (see note)
B. Number of Compressors per yesr {see note)

c. Cost for Compressors c = a x b 4,259,177 14,677,250 218,073

a. Cost per Condensor
b, Humber of Condensors per year

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

¢, Cost for Condensor ¢ =23 x b

4. Filter/Orver

a. Cost per Filter/Drysr 0.5%6
b. Number of Filter/bryers per year 112,409

a. Cast per Capillary Tube
b. Mumber of Capillary Tubes per year

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

a. Price per litre of Lubricant {US$)
b. Litres of Lubricant/compressor {average} 0.00
. Numbzr of compressors

e, Total per year
£, Operational Cost far a six month duretion

394,294
197,147

Hote: Number of units include refrigerators and water fountains. ALl figures in this iable
inciuding the charge Tn kg, conpressor prices ets, are based on a weighted average

of the refrigerator and water fountain units produced, For averages for compressors,
see annex C, Production data sre based on July 93 - June 94 figures,

« Annex B - Papge & -«



ANNEX £ & Price averages for COmpressors

R R L N It e e T e e T SR R MRS RS E S

Prices of CFC-12 Compressers reported by esch rompany

T R N L N A D T N L N N L N T s T T L N T N N D T I e e L T RN R ERE ST
Frice per ur of foratl USD
unit CoOmpressors
COMASA Compressors for Refrigerators 41,43 614,003 17,234,945 i
COMASA Compressors for Fountains . 29.88 22,508 472,539 v
imported Compressors for Refrigerators 32.72 258,697 &, 458 564
Imported Compressors for foundains 29.85 3,972 118,483

37.89 < £99,180 26,490,733

me A TN TR TN ST S ST IS AT DTy omETE

T IENEOETATESENEOSTEDD mECISmSRERER
¢
Price per N of Tetal Ush
(7518 4 Tompressors
COMASA Compressors for Refrigerators 2.10 L34, 003 B2 LDG
COMASA Compressors for Fountaing 1,90 22,%08 L2,765
lmportad Compressors for Refrigerators .72 258,697 L3I9 785
tmported Compressors for Fountains 1.50 3,972 5,958

1.90 < 699,180 1,357,914

B LA S L L4 Sy 4

Note 1: Prices of mast imperted compressors are {ower Than prices of locaily made compressors.
This is due to the fact that production volumes st COHASA compressors are 10 te 20 tioes lower
than preduction st factories in USA or 8razil, However, the after tax prices look much
more favourable for COMASA than the figures shown above.

Hote 2: This price was caleulated based on the irgremental operational cost that COMASA will be faced with
to switch from CFC-12 comrressors to KFC-134s compressors, The incremental cost srrived at is 2.1 yss for
refrigerators and 1.9 for the water fountains,

Hote 3: AlL prices were provided by the various companies concerned, and verified by SEDESOL ¢INE).
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_obtain before Friday a
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FACSIMILE MESSAGE

To: Martisn Jansasn
HE /Q8NT
PO Box £034

The Hetharlanda

5600 HA Bxaéhov‘n

Fax No. {31} 40 303677

REFAC CONGULT

Fostal Addraes

134 Xillinesy Rond
Davonshire Court #03-134
filngapors 0823 -
Telephona (65Y 13% 3991
Fax (657 235 3991

Fromt Btusrt Kally

Dater 18 August 1994

Pags: 1 of 3
2o

Dasr Martien

REVIEW OF MABE QROUP, MEXICO, REFRIGEAATOR/CONPRESHSOR PROJECTS

Fucthar to our taleplone converaation of 16 Auguet T reqgussted

additionasl informatiorn

from HMABE Group vegarding both tha

capital investmanls coblz sgacciatsd wigh COMAGR'e ¢hange from H12Z

to Rl13d4a cnmpressor Faehnmlagy, en

tachnology asgresmant W

I atill awatll the rsapd
a conferencé call a1
Blugapore time., 1 wil)

Ragarding the tachnold

tha queslion of & Formal
tth Goaneval Blecltelo (GE).

nge on the COMABA fnvestmente coats and have
ranged for tonight, “Thureday 18 Auagunat,
fax you whatevar relevant information 1 can
Frarnoon Natherlands time.

Spanfahi} of thes ram
Quearetaro an thie aub

Spantsh, or  have ace

information for xyou,
pointe {saenasu rsthay t

*MABE paye 5 millton 4
for technology transfe

*Thig payment does not
but it douess covar g

confidential matarial

gy egreement with GE 1 attach & copy (in
onse from tha MABE Tachnology Cantre in
act, I do not know whathar you can read
asy to egmeone wha can  translate  tha
G isr me ¢lve vyou #HOome 0 tha importsnt
wan stricely lltaral tranalation):

llars per year to GE to uss tLhe GE name and

#H

over matters rated as gtrictly copnfidential
fdantial mettars” *Raquest for gLpigtly
nvolves additional paymant®

“MABE uasa thie technolpgy transfer sgreesment constantly and there

slready axieata a prog
reguiarly {6 months s«
ralating to all arsas

amms where HABE Tachnology Centrs peopls
ry 4 years) spend time at GE on matters
t technology and davelopmant®

&1}
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SEERINIRGL B W HELLY a4 P2 G 18 "%a 13

"GE sends 4 relaevant prerta to MARBRE f{or each project that MABE
geneérate and they haveja relationship with GE such that the lstter
overseass thesa endeavors”

“All materials used in manufacturing rafrigerators (etc.) must
comply with GE specifirations, MABE uses CE recommended egquipment
and GE standards for prioduct testing, and they comply with the same
US or Intarnational Nopms as GE"

"Thare are 3 monthly cross checks between GE and MABE laboratories
on  tegta and result [MABE aven send equipment to GE for
indapandent sgsessmant”

... and much more of thp same or similar information confirming the
very closa technical rejationship that exisis between GE sand MABE,
inciuding the point I made in my fax that GE take very good care to
protaect thelr own trede miark and good naema as many of tha MABE
Group products bear thé GE name and logo.

You will see from the |MABE f{ax that thay also sent 8n extremely
detailed work programmeé for the CFC salimination project at ASTRAL,
which they say is simllar to project progremmes that they have for
ENREBA angd COMABA. I think thie was supplied in remponse Lo your
comment that the 1 yesr time frame looked "tight™. . The total
ASTRAL project programpe covers 10 pages and I do not think it is
necessary to send you) that, but 1 can confirm to you that the
target date For COMPLETION of CFC elimination {both foam _s&snd
refrigeration) at ASTRAL i3 1 September 19951

Begt wishes and kind regarde

Btuart Kelly

5/;@
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bl August 16th 1994

FAX FAX FAX FAX FAX FAX

TO: JACQUES VAN ENGEL
COM?ANY UNDP

Ve

‘ -y (¢ S h:?.:(,(fc«
: " - I
FROM: LUIS ALZATI T (C-235.3%4
{ e

COMPANY: MABE TECUNOLOGY CENTER.

TOTAL OF PAGES (INCLUDING THISONE) 13

SUBJECT: ANSWERTO YOUR FAX DATED AUGUST 15 AND 16TH 1994

JACQUES:

TE ESTOY CQN}ESTANDO EN ESPANOL PARA MAYOR RAPIDEZ DE MI
‘PARTE.

DE ACUERDO A LA TRANFERENCIA QUE SE HACE DE TECNOLOGIA DE GE
HACIA MABE TE PUEDO COMENTAR LO SIGUIENTE:

MABE PAGA ANUALMENTE 5 MILLONES DE DOLARES A G.E. POR USG D‘f
MARCA Y TRANSFERENCIA DE TECNOLOGIA.

_ ES"}ZEPAGO NO CUBRE CUESTIONES CLASIFICADAS COMO ESTRICTAMENTI
commsmms, mo LAS CONFIDENCIALES SL

SI ILEGARA&IGS A REQUERIR ALGO CLASIFICADO COMO ESTRIC‘IM&ENIZ
C{)NFH)ENCLAL ESTO SEPAGARA APARTE.

SR NUES’IILA GENTE SE CAPACITA CONSTANTEMENTE, YA QUE EXISTE U
: PROMDEMANDARGM A CADA GENTE A G.E. APLIANCE CADA 4 ANO
Y ESTO SE HACE EN 'I‘(}I)AS LAS AREAS DE TECNOLOGIA Y DESARROLLO.

| Mo

Parque Industrial Jutica 76120 Phone: 184876
Querétaro, Qro. MEXICO Fax:(42) 184873
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Gﬁ. MANE)A 4 f_‘{u*m{'ros EN LA MATTERIA PARA CADA PROYECTO QUE S

GENERE EN MABLE Y TENGA RELACION CON GE PARA VIGILAR St
SEGUIMIENTO. '

I‘AM TODOS LOS MATERIALES QUE SE UTILIZAN EN LA MANUFACTUR
DL KEFRIGERADORES, ESTUFAS Y LAVADORAS DEBERAN DE CUMPLIR CON LA
ESPECIFICACIONES DEL EMPIS DESK MANUAL ( A GUDE TO G.E. MATERIA
PART AND FINISH DESIGNATIONS ).

POR OTRO LADO TODOS LOS MODELQOS SON PROBADOS SEGUN SUS El
QUE - SON NORMAS FPARA TROBAR SUS PRODUCTOS E INCLUSIVE LC
LABORATORIOS QUE SE TIENEN EN TECNOLOGIA Y DESARROLLO SON CG
EQUIPrQ QUE ELLOS RECONMENDARON E INCLUSIVE NOS VENDIERON.

ADEMAS DEBEMOS CUMPLIR CON TODAS LAS NORMAS DE EU.A. COM
SON EL DOE { CONSUMO DE ENERGIA ), FDA { NORMAS SOBRE ALIMENTOS ), UL
NORMAS DI SEGURIDAD ), ETC.

CADA. 3 MESES SE MANDAN APARATOS PARA TROBARSE EN LC
LABORATORIOS DE GE. Y ESTAS SON CONFIRMADAS CON NUESTRC
RESULTADOS EN AQUI EN MEXICO.

CADA MES SE TIENE UNA VISITA TECNICA A NUESTRAS PLANTAS DI
GRUPO DONDE SE VENDEN SUS MARCAS.

TENEMOS ACCESO A BANCOS DE INFORMACION MUNDIALES ATRAVES L
COMPUTADORAS.

LOSADISEE"!OS DE LOS PRODUCTOS DE G.E. DEBERAN SER AFROBADOS P
ELLOS Y EN ALGUNAS OCASIONES ELLOS NOS MANDAN LOS PLANOS.

SE ASISTE CONSTAMENTE A LAS CONFERENCIAS DE CFC'S EN EUA COM
SON LA DE BALTIMORE, WASHINGTON ETC.

CONFERENCIAS DE COMPRESORES COMO LA DE PURDUE EL MES PASADC

SE TIENE UN SISTEMA ELECTRONICO ATRAVES DE SATELITE Y POR MED
DE LAS .COMPUTADORAS LLAMADO SISTEMA CERO DONDE SE PUH
CONSULTAR A TODOS LOS EXPERTOS DE G.E. PARA SOLUCION DE PROBLEMAS
CONSULTAS TECNICAS ( DENTRO DEL PAGO ANUAL ) '

GE. MONITOREA CONSTANIEMENTE LOS INDICADORES QUE ARRC
NUESTRO CENTRO DE SERVICIO ( SERVIPLUS ) Y SE ATACAN LOS PROBLEM
CON MAYOR INDICE A ESTOS INDICADORES SE LES LLAMA INDICE
LLAMADAS DE SERVICIO. ESTO TAMBIEN LO BACE EN LOS ESTADOS UNIDOS.



T e
st Ak L -
A TODO ESTO
P s

Bt L

—— T4

PR LRI 1 i"t. £ gt . - ’wl
i | ")

1C BRESPALDA CON EL NUEVO CENTRO DE TECNOLOGIA Y
DESAROLLO DE MABE QUE CUENTA CON 150 GNETES DEDICADAS AL DISENO,

—r b=t

. DIBUIO E INVESTIGACION.

ot 8 e

COMO SE If[lEi)E ODSERVAR GE. TIENE UN ESPECIAL CUIDADO EN
MANTENER EL PRESTIGIO DE SU MARCA QUE LLEGA INCLUSIVE A CAMBIAR
MILES DE REFRIGERADORES SI SE TIENE ALGUN DEFECTO DE FUNCIONAMIENTO,

ASI MISMO TE MANDO COPIA DEL PROGRAMA QUE ESTAMOS SIGUIENDO
PARA LA ELIMINACION DE CFC'S N INDUSTRIAS ASTRAL Y QUE ES SEMEJANTE
PARA ENRESA, COMASA, PROTAL Y TAMBIGN SE TIENEN FROGRAMAS DE APOYO
A LOS PROVEEDORES PARA DESARROLLAR LOS NUEVOS REQUERIMIENTOS.

MAS TARDE TE ENVIARE LO DE COMASA Y OTROS PUNTOS.

' SIN MAS I}‘Oii EL MOMENTO DE ME DESPIDO DE 1T Y ESTOY A TUS
ORDENES PARA CUALQUITZR COMENTARIO AL RESPECTO,

ATENTAMENTE

ING LUIS ALZATI
INV Y DES
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URGENT FACSIMILE MESSAGE

To: Harti
% KErame oo REFAC CONSULT
PO Box 6034 Postal Address
5600 BA Eindhoven 134 Xillinay Road
The Nstharlands Davonahire Coury #03-134
Bingaporse 0923
FPax No. {31 40 503877 Telephons (65) 235 3991
Fax (85) 235 3991
From: Btuart Xelly Data: 19 August 1954
?Qge: 1 of 14

Dear Martien

REVIEW OF MABE GROUP, MEXICO, REFRIGRRATOR/CONPRESBOR FROJBECTS

Herewith us promised, further background tx‘:) the capital investmant
couts associated with the conversion from R1Z to Rl134a tachnology

for the gompreasor manufacturer, COMASA.

IMPORTANT NOTH:

THERE ARE BOME CHANGES 10 THE CAPITAL CO3T8 RESULTING FROM THE
EXTENBIVE DISCUSSIONS WITH COMASA OVER THXK PAST 24 HOURHE. THE COSTS
ARE DETAILED IN THER POLLOMING COMMERTHE AND I INCLUDE A REVIBED
TABLE OF COMASA INCREMENTAL CAPITAL CO5TS, BEFORE AND XOM, FOR EASY
. REFERENCE. THE CHANGES ARE IKEBIGRIFICANT WITA RESPECT TO TOTAL
Cog8T8 (A REDUCTION OF 38,236.00 US8 IN TYEE CAPITAL FURDING
REQUESTED FOR COMARSA) AND UAC etc. BEOWEVER, THESE CHANGES WILL OF

COURSE BE INCORPORATED XK A COMPLETE REVIBION OF THE FIGURES 1IN THE
PROJRCT PROPOHAL.

The current process is dapicted diagramatically in the attached
Schematic A. and a lixgt of tha *relevant* existing equipment is
also providad in Annex A. Thig equipment all dates from 1977 and
remild/retrofit 18 not comsidered feasible due both to the
extenpive process changes involved in the new technology, ang dus
to the age of the eguipmeant.

Some comments are appropriste relating to the axisting equipment
and tha impact of process changes involved In moving to R134a
corpresser production:

2
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We all agree that one of the most important regquirements to ensure
the successful use 0f Rl34a is component clesgliness. With
COMASA's existing equipment it is not possible to guaranteg the
cleanliness of the compressor and its components and inveatment in
new “waghing"” agquipment is required to provide the necesagary
agsurances on cleanliness. COMASA analisead various cleaning
process options taking into account thairx production volume and the
quality of cleanliness that is required {(meeting the norms of their
technologyy partner) and they selected the eguipment that is in the

project propoasmnl. This eguipment and the coste ars described below
in 2.

Welding Eguipment etc,
The presant method of welding the compresgor suction and discharge
tubes is based on silver gsolder/gas flux process. This 1is a

*dirty" process considerad unsuitable in the manufacture of Ri34a
compressors. New Bpot walding machines are, therefore, reguired
for this operation. There 18 a conseguent change in the regquired
form of the suction and discharge tubss at the point of join and
that is why a new tube bending machine is required. This equipment
and the costs are dascribed below in 2.

Roviration Equilpment

In the existing process the compressor ie first dried, and
afterwaxds 1t i{s hermeticalliy sealed. With this process there is
ne guarantee o©f achieving the low level of residual homidity
‘required for a Ri3dda compressor. To be able to comply with the low
residual humidity requirements it is necessary to Iirat seal the
compressor, and then dry it. To succeed in dehydrating the ssaled
compresscr longer drying times and higher tamperaturaes are
necesgsary and taking into acount both production volume and the
required specification for residual humidty, the exiating process
egquipment im not capable of meating the reguiraments. Suitable
equipment has been defined snd & description and the costa are
provided bleow Iin 2.

First 1t should be noted that COMABA are goling through a two-phase
re-~structuring of their compressor manufacturing operations, The
first phase i8 concerned with upgrading thair basic compressor
technology to be able to conply with new sesnergy afficlency
Standards which will come into effact in Mexico later this year.
The second phase is the conversion te the manufacture of Rl34a
COmMpragaorsy.
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The total capital cost to ths MABE Group is considerable and I do
not have all the details but a part of the first phape has been
financed by GANYQ Corporation of Japan taking a 35% capital share
in COMASA in exchange for compressor technology and equipment

supply. (COMASA is actually now “MARE-SANYC Compressors S.A. de
L.V "),

MABE-SARY(O Compressors recently placed compresacr panufacturing
squipnent orders covering aspscts of both phases totalling UBS
8,260,000 and this doees NOT include the new spot welding equipment
and tube bending machine! The R1Z to R134a conversion project
incremental capital costs total 88 5,671,200, hut bacasue of the

SANYO Corporation share in COMASR only US8 3,686,280 1s regquested
from the MLF.

For your information I attach a copy of the relevant equipment
crder confirmation form., This 1llustrates COMASA's committmant to
the change to R134a compreasor production, to doing it with clearly
defined quality and performance Standards that have alraady been

established, and salecting the necessary egquipment to enapla them
te mest these Standsrds,

Thes project propoe&l Aces NOT include any of the costs assoclated

with the basic technology upgrada to meet the now energy eflicliency
Btandards.

The new process for R134a conpressors is depicted diagramatically
in the attached Schamatic B. 7The necessary "ralsvant® replacement
squippent and the individual item prices are aa follows:

¥alding Egulppant etc.

The total cost of the new welding facilities to be installed by
COMASA 18 USS§ 1,340,000 and detalls of what i1is invelved are

provided in the attachad Annex €. The squipment requested in the

MLF project proposel for the changs to manufacture Rl134a
compressorse ie as follows: ,

1 x Projection Walding Maching {Tuba Discharge 8hell to Shell K)
| uss  48,500.00
1 x Projection Welding Machine {Tuba Suction Shell to Shell A)
Uss 54,100.00
1 x Projection Walding Machine (Tube Charge Shell to Ehell A)

ugs 54.100.00

Vaut
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1 x Tube Banding Machins (Bend Suction and Digcharge Tunes)

uss 207,100.00

The new degreasing, cleaning, and chemical tresatment aequipment
requestad in the MLF project proposal is as follows:

1 x S5-stage spray-pretrestmant complete with gas haated drying
oven, conveyor syatem and jigs.

uss 504,583.00

1 x S-stage apray-pretrestment complets with ¢gas heated drying
oven, conveyor systam and bmasket holding lige.

’ uss 432,346.00

1 x 3-stage ultra sonic dip-pretrestment complete with crane,

drying oven. feeding and discharge conveyor and free programmable
procags controller.

Uss 353,430,400
1 x 8~stage dip-pretreatmant complete with 2 ¢cranes, blow-off gone,
drying oven, feeding and discharging coonveyors and Ireeé
programmable process controller.

Uss 569,046.00
1 x B-stage Aip-pretreatment complets with 2 cransas, blow-olf zone,
drying oven, feeding eand discharging conveydrs and free
programmable proceasa controllar.

ss $11,279.00
TOIAL. COOT uss 2.490,.684.00
avdration Equiponnt

The new daydration aquipmént reguested in the MLY project proposal
iz as follows:

1 x Dahydration Oven for C-BZN compressors complete with conveyor
and hot air Bblow-out unit.

usse 791,866.00
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1 x Dehydration Oven for C-OQN compresasors complete with conveyor
and hot air hlow-out unit.

UB§ 1,283,653.00
TOTAL CORT use 2.073.519.00

Lonk Towt System & Niirogan Charging Uglt

After nmanufacture the "dry" compressorsé will be leak tested and
charged with dry nitrogen to prassrve the “low residual humidity®
condition. This {8 naw squipmant and that requested in the project
is as follows:

1 x Leak Test Syesten with test tank, blow-off zone, pPressure
daistribution syatem, and nitrogen charging sguipment.

Description Cost In OSS Gost in USS
(PREVIOUS} {ILATEST)
sduction Machl 1

Spot Welding Machinee {3 unlte) 303,000 156,700

Tube bending & forming machine {1 unit) 209,000 207,100

Five Stage Degresaging, Cleaning, & Chewical

Treatment system 2,241,000 2,490,684

Dehydrgtion Ovens {2 units) 2,067,000 2,075,519

Leak Test System & Nitrogep Charging systen 369,000 205,612

{1 unit) : S

SUB TOTAL 5,189,000 5,135,615

. JTrolning & Triale.

Training 16,000 10,000

Trials 10,000 10,000

5U8 TOTAL 20,000 20,000

CONTINGENCIES (10% of Capitel Coet) 521,000 515,561

TOTAL INCREMENTAL CAPITAL COST 8,730,000 5,671,176
{ TOTAL REQUESED FRON ML¥ sssx Mexican Owned) 8 3,724,500 3,685,264

Y|
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I txuat that this information meets your requiremsnts but please do
not hesitate to contact me 1f you have any gueriss. I undarstand
that you are going away for the next two weeks and we, thersfore,
need to try and finaliss your review comments today (or this
weekend) i1f possible. I shall be at howme all evening should you
wish to call me, If necesesary ws can also havae further contact
with the MABE Technical Caentre Friday morning Mexican-time. Do you
have weekend fax or telephone numbar where we can contact you {f
that becomas necesaary?

With apologien for al) typing errors atc.l!
Bast wishas and kind regards

et Aelly

Stuart Xelly



SCHEMATIC A.

COMASA - Current Cah‘:pressor Production Process

PRESS LINE - SHELL A

r

-
Punching Washing Spot Tube Washing,
& .y {Degreasing) | Welding || Weiding | 5. Degroasing, |_,.. ASSEMBLY
Drawing i _| (Gas Flux) Phospahto Trt.
i
\
PRESS LINE - SHELL B
¢ -
Punching [™] Washing [T Tube ————zmt  Washing, - WELDING
& (Degreasing) Walding Degreasing,
Drawing (Gas Flux) Phasphate Trt,
DRY-OFF LINE - SHELL A
Dehydration of Arc Paint -«—-»--ww{ Oiil g SHIPPING
Open Compressor Waelding & Dry | Charge
Y
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COMAGA -~ CURKENT WABHIKG & DEGREASBING, WELDING, AND DEYDRATIOR
EQUIPMENT USED IR TEE MANUFACTDRE OF CrC 12 COMPRESSORS

Yashing Noeuiompant

"DURR® machine for desgreseing, rinsing, phosphate treatment
and rineing, including pumps and heating systen.

*DURR™® machine for compressor shell pre-wasn tUtrestmant
inclusive of conveyor, pumps and heating system.

*DURR" machina for waghlng cast iron components.

¥alding Raulomeat

"FAARSOEL" P.200-300 spot welding machine, 300KVA for terminal
glase. T

*FAARSOEL* 3-hesd spor welding machine, 7% KVA sach head for
spring support walding.

"MAHEBA" arc walding machine and integral power source.

Rerdration Rouipment

"DURR" fan aseisted compresscr dehydration oven and
sccessories,

Nots: All above eguipment Sates from 1977 and rebuild/retrofit ie
not considerad feasibla dua to both the extsnsiva proosss chengss
required for the HIFC 134a tachnology and the age of the egquipemnt.



PRESS LINE - SHELL A

‘A SCHEMATIC 8,
COMAGSA - Future R134a Compressor Production Process

Punching Welding Spot Tube Washing, Degreasing,
& —= (NEWY) [ Welding —>~ Woelding Phospahte Treatment |-» ASSEMBLY
Drawing (NEW) (NEW)
PRESS LINE - SHELL B
Punching Washing, Degreasing, ASSEMBLY
& ¥ Rinsing & Phosphate =
Drawing Treatment (NEW)
DRY-OFF LINE
Arc Weiding Dehydration of Painting Oil SHIPPING
Machine [ Closod Compressor = Charga

(NEW)

(NEW)
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INSTITUTG NACIOHAL DE ECOLOGIA

DIRECCION GEHERAL DE HORMATIVIDAD AMBIENTAL
Rio Elba No. 20, ier. Piso

Col. Cuauhtémoc, 06500

Méuicoy D.F.

"2.0.0.-DGHA. 7881

Civdad de México a, | AGE A

SR. FRAHK PINTO

Principal Technical Advisor
Montreal Protocol Unit

United Nations Development Programme
1 United Natliong Plazsa

New York, 10017

Hew York

Maxiced ha participade activamente en los esfuerzos para
proteger la capa de ozono. Un componente importante de
estos esfuerzos es la asistencls técnica y financiera a
la industria psra la eliminacién de les CFCs y, en este
sentido, la participacién del PBUD ha side sin duda de
gran valor, refieijsndose en la conclusiSn de los
proyectos de fabricantes de refrigeradores domésticor con
los cuales seréd posible elininar totalmente el consume de
CFCs de gste sector en México.

Al respecto nos complace enviar el proyecto de la empresa
Mabe debidamente revisado por la empresa y esta Direccién
General a mi cargoe. Lo anterior a efecto da que los
proyectos se gometan a2 consideracién del Comité Ejecutivo
del Fondo Multilateral del Protocole de Montreal por sy
amable conducto.

rPara fipesg administrativos, anexo a éste enviamos
documentacién relativa a la participacidén mexicana de
Astral, Enresa y Comasa.

8in otro particular, agradecemos de antemans su amable
atencidén y les reiteramos nuestro agradecimiento por su
valioso apoyo en la eliminacién de los CFCe en México. .

ATENTAMENTE
SUFRAGIO EFECTIVO. NO REELECCION
EL DIRECTOR—GERE

f 4
S
HG;/G)B IEL QUADRI DE" LA TORRE
i \_

vta.

e T
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SECRETARIA DE DESARROLLO SOCIAL. o

SEDESOL.

DIRECCION GENERAL DE NORMATIVIDAD AMBIENTAL.

RI0 ELBA No. 20, 1IER. PISO,

COLONIA CUAUHTEMOC

C P. 06500, MEXICO, DF.

AT'N.: ING. GABRIEL QUADRI DE LA TORRE.

LIC. ALEJANDRO ALVAREZ ESTRADA, en representacién de
Industinas Astral, S.A. de C.V., Ensambladora de Refrigeradores, S A. de
C.V. y Consorcio Manufacturero, S.A. de CV,, scfidlando como domicilio
para oir y recibir toda clase de documentos y notificaciones ¢l ubicado en
Prolongacién Ingenmieros Militares 156, Colonta San Lorenzo Tlalienango,
México, DF,, C.P. 11210, v autonizando para los mismos efectos a los CC.
Ing. Ruben Tinoco, Ing. Luis Arzate, Lic. Ramiro Sanchez Cruz, Lic. Carlos
Garcia Tellez asi como los sefiores Juan Guhidmrez Pérez y Gerardo Lara
Orozeo, ante usted con el debido respeto comparezco para exponer que:

En base a la platica sostenida ¢l dia de hoy y en relacidn a su
requerimienio de exhibir documentacion que acredite la estructura del capital
social de mis representadas consistente en: escrituras constitutivas o cn su
defecta tltima reforma a la escritura constitutiva,

Con el objeto de que se sirvan aprobar el proyecto en el protocolo de
Mantreal relativo al fondo multilateral a través del programa de las Naciones
Unidas para el desarrollo (PNUD) y con el objeto de que se sirvan presentar
formalmente los proyectos de las empresas del grupo MABE, anexo al
presente §e Servira encontrar escrituras constitutivas de las empresas
denominadas Industrias  Astral, S A. dec CJV., Easambladora &i\)

Hacia Ia Competitividad Intarnacional
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orgumization;

mabe

refrigeradores, S.A. de C.V. y Consorcio Manufacturero, S.A.'de C V|
mismos que conticnen la informacién requerida y de fa cual se desprende las
tres empresas cuentan con un capital 100% mexicano.

Por o que respecta a la coinversion a realizarse con Sanyo me permito
hacer dc¢ su conocimienio que se trata de una emprésa nueva cuya
denominacion social es Mabe Sanyo, S.A. de C.V. persona moral distinta ¢
independiente a Consorcio Manufacturero, S.A. de C.V. en la cual para su
creacibén Sanyo aporia et 35% del capital social y Consorcio Manufacturero,
S.A. de C.V. aporta el 65% restante.

Por lo anteriormente expuesto:
A ESTA H. SECRETARIA, atentamente pido se sirva:

UNICO.~ Tenerme por presentado en tiempo v forma cn los témminos
del presente escrito, exhibiendo la informacidn requerida.
_,m“’""- .

-

{ N
g
PROT -{*'101,0 CESARIO.

PRS- = s

LIC. ALEIANDRO ALVAREZ ESTRADA.
GERENTE JURIDICO CORPORATIVO.

México, D.F.. a 08 de Agosto de 1994,

c.c.p. Ing. Francesco Castronovo.

Hacla {a Competitividad Internacional
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FAX
To Jacques van Engel From  Martien Janssen
Environmental and . RE/GENT
Natural Resources Group, P.O. Box €034
BPPE 5600 HA Einghoven
UNDP The Netherlands
New York, N.Y. 10017 tel +31 40 503797
tel +1 212 906 5782 fax + 31 40 503677
fax +1 212 906 6947
Date  19/08/94 Pages 4 {including this one)

cc Stuart Kelly
Lambert Kuijpers

Subject Review Colombian Refrigerator/Compressor projects

Dear Mr. van Engel,

Discussions with Stuart Kelly and additional information supplied by the MABE group removed
most 'of my doubts regarding the MABE project. You will find my review enclosed.

t discussed shortly the VITRO project with Stuart and if it is OK to you | will review this project
approximately 3 weeks from now (I will be on holiday next two weeks). If you need more
urgently a reply please contact Lambert Kuijpers.

With friendly greetings,

Martien Janssen

Page 1
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Country of origin: MEXICO
Project titie: Elimination of CFC in the Manufacture of Domestic Refrigerators for the
MABE Group

Sector/sub-sector Domestic refrigeration

Relationship to country program (UNDP)

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

Technology

in domestic refrigeration, HFC-134a technology is 2 proven and acceptable (nontransitionat}
technology o reduce CFC-12.consumption.

The compressor manufacturer (COMASA) has a technology agreement with SANYO (who
even has a share of 35 % in COMASA). Therefore an adeguate technology transfer can be
expected and a successful implementation of the canversion project,

From the project description it appears that the two appliance manufacturers (ASTRAL and
ENRESA) de not have a real "techinology transfer partner” speciiic for the HFC-134a
conversion, However, from additional information oblained from the UNDP consuliant and

- from the MABE group itsell it is made clear that a very strong cooperation exists between the
" two companies and General Electric. A transfer of technology is guaranteed due 1o this
cooperation, Moreover, the fact that ASTRAL and ENRESA can even use the GE brand name
demonstrates the interest General Electric has in 2 correct technology transfer. Next to this
both manufacturers have already buill up HFC-134a experience (development work and test

production). Altogether it can be concluded that a successful project implementation can be
anticipated.

QOther technologies than HFC-134a were considered {hydrocarbons, HF C-152a) but were not
selected because of safely issues and the lack of commercially available compressors. From
the zero ODP technologies HFC-134a is ong of the most cost effective solutions.

Environmental impact

HFC-134a has an ODP of zero and a GWP of 0.27. In a domestic refrigeration application a
GWP of this magnitude is negligible.

Page 2
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Project cosls

incremental capilal costs:

Compressor manufacturer:

«  Welding and tube bending machines are at first sight not essential for the conversion
process. However due to the fact that the equipment currently in use can not {each the
required standards for HFC-134a (cleaniiness) the new equipment requested becomes
essential.

« Other equipment requested is essential for the conversion process. However, & is noled
that expensive equipment is listed (cieaning and dehydration in thé order or 4.5 Million
USD). This is more expensive than in other, similar projects. From additional information
supplied it appears that this is related to the current low technoiogy level in the COMASA
factory which makes the conversion process much more expensive than in a more up {o
date factory. Parallel to the conversion to HFC-134a other investments to upgrade the

technology in the factory are taking place, paid by the manufacturer itself (assisted by
Sanyo as a shareholder).

Appliance manufacturer:
+ The equipment requested by the manufacturers is essential for the conversion process,
» The vacuum pumps claimed are expensive (5000 USD each) but it has been

demonstrated by the manufacturers thal this 1s 3 vaiild amount for completé vacuum pump
systems.

Incremental operational costs:

« The operational costs claimed are reasonable.
« Itis correct that the operational costs are claimed only by the appliance manufacturers and

not by the compressor manufacturer,
« ltis important to note that only half a year of operational costs are being claimed.
The funding requested correctly takes into account the ownership of the companies.
If the UAC values are caiculated for the appliance manufacturers for only the refrigerant part a
value of 32 USD/kglyear is obtained for ASTRAL and 43 1 for ENRESA. Both values are
relatively high compared 1o other projects,

implementation timeframe

The proposed implementation time frame (totally one year) is probably a bit tight.

Page 3
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Relevance and adequacy of information provided

The project description contained most of the necessary information for a review. Sufficient
additional information has been supplied by the manufacturers and consultant.

Recommendation:
Approval =
:f - 4 #,n’f;’ !Jf;'
y{ (L(I(z&&gf,/ %
Janssen MLJ.P., Kuijpers L.J.M.,
Eindhoven, University Eindhoven,

the Netherlands i the Netherlands

Page 4
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TECHNICAL REVIEW Vil

1. COUNTRY: MEXICO

2. PROJECYT TITLE: ELIMINATION OF CFC 1IN THE MANUFACTURE OF
DOMESTIC REFRIGERATORS FOR THE HBBE HOLDING
. {foam part) =

3. {SUB)ISECTOR: Foams
4. CP RELATIONSHIP: Not known

5. TECHNOLOGY: The choice of technology of the company is the
use of HCFC-141b. Other techmologies were
congidered but did not provide the energy
efficiency required under Maxican regulations.

‘" BCFC-141b constitutes a3 "transition"®
technology. The equipment will be capable to
handle the expected next generation of zero
CDP HFC technologies.

The technolegy will be implemented with the
halp of chemical suppliers.

The operational cost for HCFC~141b are higher
than for cyclopentane. The invastment cost,
conversaly, are lower. in addition,
cyclopentane cannot meet the local as waell as
export reguirements on energy efficiency.

6. ENVIRONMENTAL: HCFC~141b has an ODP of 0.11 and a GWP of 0.12
{(relative teo CPC-11). Although "modarately
flanmmable, the compound doas not pose a fire
risk. Toxicological properties are such that
it can be used without extensive 1H
precautions.

7. PROJECT COSTS: All cost components included in the project
are essential for the conversion program. The
level of sgervice and the existing capsacity
will be maintained. The prodect does not
include elements that could reasonable be
expected to be present prior to comversion.

EQUIPMENT: The project is bhased on replacemant of
baselina equipment. Rdditional eguipment
regquest do not serve the production directly
but reduce the cost of conversion. No retrofit
is possible or feasmible. The fate of replaced
equipment is not addresssed (scrapping is
recommended). There is no salvage value. The

ﬁ1Jz@&L4f“

Mﬁ%/
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START~UP/
COMMISSIONING:

OPERATING COSTS:

OTHER COSTS:
COsT
EFFECTIVENESS:

IMPLEMENTATION:

RECOMMENDATION:

PREPARED BY:
DATE:
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exigting capacity will remain unchanged.

Training cost are appropriate.
No commisetioning cosgte are included.

Operating cost are raquested. From comparison
with other projects, such an increase could be
expacted based on higher required dJdensities
andg higher formulation coats. The
formulations and price information originate
from the chemical supplier. The transition
period is within the options allowed.

Othexr costs includes trial costs, a pilot
machine to minimize shut down for pilot series
and 10% contingency. These cost are
gupported,

The unit abatement cost are reasonable

‘ (USD 12.70 compared with Colombia 13.20 and

Sharp-Roxy/Malaysia 16.50).
Adeqguate

The project is recommended for approval as
propoaed

Bert Veenendaal, UNDP Foam Sector Expert
June /13, 1994
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JUSTIFICATION FOR MABE rS

TO WHY FOAMING U
MOVING HEAD 1S NOT FEASTBLE BIT Witn  ONE

- [TEM 3.- ABOUT THE FOAMING MIXING HEADS.WE ARE NOT BE AELE

TO.USE ONLY ONE FOAMING HEAD BECAUSE:

a).- WE-'WOULD HAVE TO USE FLEXIBLE PIPING AND ITS LENGTH CAN
NOT BE BIGGER THAN'9 METERS.PROBABLY THE LENGTH WE ARE
GOING TO'NEED 'WOULD BE BIGGER THAN 15 MEYTERS.

bl.- THEREIS A MEZANINE, ON THIS WEHAVE SETTLED THE
mmpmems THE MEZANINE BOLTS ARE LOCATED AT 50 CM FROM
THE WORK STATION, AND 'rms wcum 'BLOCK THE RUNNING OF THE
INJECTION GUN. -

" ¢}~ OUR CURRENT GUN HAS A VERY LARGE NOZZLE.FOR THIS
' REASON'THE FOAMING HEAD CAN NOT|BE POSITIONED ON THE

FOAMING CAVITY OF THE CABINET.

d).- TO USE THE NEW FOAMING HEADS WE WOULD HAVE TO

CHANGE OUR COMPRESSOR SUPPORT" DESIGN.THE FOAMING HEAD

NMUST HAVE SGME FEATURES: THAT CAN SUPPORT THE

REFR!GERATOR S S*DES "AND BACK,

e~ THE HEADS WE!GTH (70 LBS} MUST 'HAVE A HEAVY CARRY
‘SYSTEM WHICH WOULD ALLOW T0O HAVE A WHOLE SUFPORT
"SYSTEM ON THAT ZONE

1.~ THE INJECTION ZONE 15 CLOSER TO THE EXIT ZONE.WHERE THE

SIZE OF THE CABINET ALREABY FOAMED WOULD NOT ALLOW THE
PASS OF THE: CARRY SYSTEM i

qg)-- - THE §NJECT[QN POINT HAS ONE ALLOWANCE OF 1/4" FROM THE
GUN,FOR THIS REASON WE MUST HAVE A SYSTEM WITH A VERY
HIGH GRADE OF ACCURACY.

h).- WITH THIS SYSTEM WE EXPECT A BECREASE ON PRODUCTION
RATE. OL‘R CURRENT PRODUCTION CYCLE IS 3.25 MINUTES WITH
THE NEW SYSTEM WE WOULD HAVE PRGDUCT!ON CYCLES OF 10.5
MINUTES. '

jl-- ANOTHER OPTION IS MAKING MOVING FOAMING WORKSTATION,

- (ALL NEW)BUT IT- WOULD BE VERY EXPENSWE
- k).-WE ALREADY HAVE ONE SYSTEM LIKE THIS AT LINE 1,AND THE
PRODUCTIVITY IS VERY LOW,FOR THIS REASON WE ARE THINKING

N CHANGE TO ANOTHER SYSTEM VERY SIMILAR TO OUR CAB(NETS
SYSTEM.

1.- we MAKE ome mvmmam TO ALL TH

IS EQUIP
TO VISIT US Ai\{D MAKE TH& QUOTATION i IPPLIERS

‘ A
UNECESITIES = ‘ CCORDING WITH OUR
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- 1 ) Tet (0&951}F1L864135f36 3&)2161
o (001) 2 2-4?82{331 {vi :
o 780483 US!})
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Supermatic into account.

PROJECT DURATION:
ECONOMIC LIFE:

1.5 vears
10 vears

NATIONAL COORDINATING BODY: SEDESOL - Ozone Protection Unit, National

Institute of Ecology {INE)

IMPLEMENTING AGENCY: UNDE

APPRAISAL DATE: July 1994

—

PROJECT SUMMARY:

This project wili eliminate CFC consumption in the manufacture of domestic
refrigerators by the VITRO Group of companies. The project encompasses three
enterprises within the VITRC Group, Supermatic and Erna, who manufacture
refrigerators, and Facosa, a compressor manufacturer, all 100% Mexican owned. The
two refrigerator manufacturers currently use CFC 11 as a blowing agent in the
produetion of rigid PU ingulation foam for cabinets and doors, and CFC 12 as
refrigerant. Compresgoreg are pourced from Facosa {S6%), and from Embrace, Brazil.
This project will result in conversion from CFC 11 to HCFC 141b, and CFC 12 to
HFC 134a respectively, and will eliminate 415 ODP tons per year based on July 93
to June ‘94 consumption. Facosa will convert to HFC 134a compressor production.
Funds requested will be used to change the existing production lines, and for re-
design, testing, pre-production trials, and trairning., Incremental Operating Casts
resulting f£rom the change to the new technology are reguested for the
refrigeratoyr manufacturers for a period of SIX months.

Prepared by: Stuart Kelly ({(Refrigeration},

collaboration with SEDESOL/INE

Bart Veenendaal (Foam), in

rReviewed by: Martien Jannsen {Refrigeration},

comments are attached

,,,,,,,,,,,,,,,,, {Foam)} Their



PROJECT OF THE GOVERNMENT OF MEXICO

ELIMINATION OF CFCs IN THE MANUFACTURE OF DOMESTIC REFRIGERATORS
FOR THE VITRO HOLDING

1. PROJECT OBJECTIVE.

The obijective of this project 1is to eliminate CFCs used by
Supermatic S.A. and Estufas y Refrigeradores Nacionales S.A.
{(Brna), two exisgting manufacturers of domestic refrigerators
belonging to the Vitro Enseres Domesticos Group of companies
(VITRO) . The CFC’s which will be eliminated include CFC 11, used as
a blowing agent for producing thermal insulating foams, and CFC 12,
used ag a refrigerant in the production of domestic refrigerators.

2, SECTOR BACKGROUND,

Mexico’s Country Programme (CP}) for the reduction of Ozone
Depleting Substances (0ODS) was approved in February 1%92.

It igs estimated that for the period July 93 - June 9294, total CPC 11
consumption for the manufacture of thermal insulation foams was
approximately 1,500 tons., Of this, about 702 tons were used in the
manufacture of domestic refrigerators.

During that same 12-month period, total (FC 12 consumption for
refrigeration and airconditioning applications was estimated to be
4,410 tons, out of which approximately 180 tons were uged for the
manufacture of domestic refrigerators.

Uninhibited growth in the manufacture of domestic refrigerators
would lead to a total estimated CFC consumption of 1,200 tons in
the year 2000. SEDESOL is seeking a reducticon in the use of CFCs
in the manufacture of domestic refrigerators beginning in 199%5.
Approval of this project by the Multilateral Fund in December 19294
will result in the elimination of 456 tons of CFCs used in the
manufacture of domestic refrigerators during 1996.

It is estimated that about 1,380,000 domestic refrigerators were
manufactured in Mexico during the 12 month period July 93 - June
94. Production is shared between two company holdings, each of
which has two enterprises inveolved in the manufacture of domestic
refrigerators. They are the Organizacion Mabe Group encompassing
Industrias Astral S.A. (Astral}) and Ensambladora de Refrigeradores
S.A. ({(Enresa), and the Vitro Enseres Domesticos Group which
includes Supermatic S.A. (Supermatic) and Estufas vy Refrigeradores
Naclonales S.A. (Erma). Growth of 5 to 7% is anticipated in the
gector by both Groups. Data on production wvolume and ODS
consumption for these enterprises during the period July 1993 to
June 1994 is provided in the following table:



Enterprise Production CFC 11 CFC 12
Volume Consumption Consumption
(tons) {tons)
Mabe Group
Astral 732,413 287.90 88.0
Enresa 112,409 40.0 12.0
Vitro Group
Supermatic 433,715 334.0 69.0
Erna 102,000 41.0 i2.0
Totals 1,380,537 702.0 181.0

In addition to the two refrigerator manufacturers, each Group
includes a hermetic refrigeration compressor manufacturer, and a
domestic refrigeration service organisation. This project proposal
includes the compressor manufacturer, Fabricacion de Comprescres
S.A. (Facosa), belonging to the VITRO Group as the availability of
HFC 134a compressors from this enterprise is critical to the
successful implementation of the project.

A separate project proposal has been prepared to address the
elimination of CFCs in the manufacture of domestic refrigerators in
the MABE Group.

Approval and implementation of both projects will eliminate the use

of CFCs in the manufacture of domestic refrigerators in Mexico in
1996.

There is additional consumption of CFCg for the servicing of
domestic refrigerators and both the VITRO Group and the MABE Group
have extensive service networks throughout Mexico. Separate project

proposals are being developed to reduce CFC consumption in the
service sector.

3. ENTERPRISE BACKGROUND

The combined total production of domestic refrigerators at
Supermatic and Erma in the 12 month period July 1993 to June 1994
inclusive amounted to 535,715 units. This represents approximately
40% of domestic refrigerator production in Mexico in this time
period.

More details on the individual enterprises are provided below:



3.1 Sypermatic S.A.

CFC usa in lasgst 12 months: 334.0 tons of CFC 11

{(July *93 - June '94) £9.0 tonsg of CFC 12

Plant Location: Ant. Carr. a Roma Xm 9, Apodaca,
Nueva Leon, Mexico.

Number of Models: 7 (Refrigerators)

Production Volume: 433,715 units

{(July 93 - June ’94)
No. of Production Lines: 2

Compressor Suppliers: Facogsa, Mexico {46%)
Embraco, Brazil (54%)

Contact persons: Ing. Guillermo Barcena Mastretta -
Project Engineer

Tel/Fax: Tel: (52 83) 86 0444 (Ext. 326}
Fax: (52 83) 86 2347

Supermatic manufactures a range of domestic appliances including
washing machines, cookers, refrigerators etc. and they have around
1,500 emplyees. Supermatic’s first domestic refrigerator
production line was commissioned in 1985, the second in 18%0. 75%
of production is so0ld in Mexiceo, with the remainder exported to the
Usa, Canada, and some South American markets,

Product brand names include Whirlpool, Philips, Kenmore, Acres, and
Supermatic. There is a commercial trading agreement between the
VITRO Group and Whirlpocl, USA, which includes the provision of
technology and technical assistance for product development, as
well ag for problem solving and quality contrel in normal
production. This technical interchange between Whirpool and
Supermatic is vigorously pursued and it also involves personnel
exchange and training activities. There is good reascon for this on
both sides, including the wish by Whirlpool to protect their
international product and brand name reputation.

Because of their relationship with Whirlpool and their export sales
to the USA, Supermatic are well aware of the importance of energy
efficiency considerations in both the existing CFC technology, and
CFC replacement, based refrigeration systems. This is already
demonstrated in their existing PU insulation focam use.

The VITRO Group also comprises Imec A.C. - Centro de Tecnologia
Avanzada. This technology centre, with facilities in both San Luis
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Potosi and Apodaca, ig devoted to product development and process
improvems=nt for the whole VITRO Group. Imec also benefits from a
cloge working relationship with Whirlpool, USA, under the technical
aexchange arrangements included in the commercial trading agreement.

It should be noted that the very close involvement with Whirpool is
only in the form of a commercial trading agreement and the present
legal corporate ownership of the Vitro Group, including both
Supermatic and Erna, is 100% Mexican. A copy of a letter from the
VITRO Group legal depratment confirming this is attached annexed to
this project proposal. Supermatic are then eligible for 100%
funding from the MLF of the incremental costs in this CFC
elimination project proposal.

The existing CFC technology was initially developed "in-house" by
Supermatic with assistance from compressor and refrigerant
suppliers and then improved £ollowing the establishment of the
association with Whirlpool Corporation in the 1380‘s. The CFC
replacement technology will be provided to Supermatic by Whirlpool,
USA, under the terms of the commercial trading agreement referred
to above, and thus gsuccessful implementation of this proiject can be
anticipated.

The following tables provide a summary of domestic refrigerator
production by Supermatic during the 12 month period July 1993 to
June 1994 inclusive, as well as other relevant project data.

Model No. Descriptio Production CRC 12 CFC 12 PU Foam
n Volume Charge Consumption per Unit
Julf93- Kos ¥gs Kgs
Jun’sd
08S3DBN SDM Ref 66,915 0.118 7,896.0 3.067
0983DBN SDM Ref 61,768 0.118 7,289.0 3.452
1083D8BH SoM Ref 92,8651 ¢.118 10,933.0 3.710
1283DBHN SDM Ref 3€,03¢0 ¢.182 6,594.0 4.073
12090-4 Db Ref NF 27,511 0.197 5,420.0 5.482
RT-12DK DD Ref NF 41,266 0.197 8,129.0 $.482
14090-4 DD Ref NF 33,859 0.227 7.686.0 6.446
RT-14VK DD Ref NF 50,789 0.227 11.529.0 6.446
EV1S0NX SD Ref NF 22,928 0.227 5. 204.0 7.343
Total or
Weighted 433,715 0.163 70,680 4.611
Average
f oo s
Key: 8D = 8ingle Door DD = Double Door
Ref = Refrigerator M = Manual Defrost
NF = No Frost



Model No. R12 Compressor HF, R134s Compressor HP, Capacity
Source & (ost in USS Source & Cost in USS Cubic Feet

08S3DBN 1/8 - F 18,76 1/8 F 36.82 8.0

{ 0883DBN 1/8 F 15,76 i/8 B 35.82 S.a
1083DBHR 1/8 F 35 .78 1/8 F 36.82 10.0
1283DBN 1/5 F 36.82 1/6 F 37.92 12.0
1208G-4 1/6 E 33.45 1/6 B 35.02 12.4

I  Rr-12DK 175 # 23.45 1/6 E 35.02 12.0
14020-4 1L/5 E 33.82 i/5 B 35.64 14. 8
RT-14VK 1/5 E 33.82 1/% 5] a5 .64 14.0
EVisoNx 1/5 E i5.08 /5 B 17,02 15.¢
Weighted 35.07 35.41

i Average

Key: F = Facosa E = Embraco

3.2 Estufas v Refrigeradores Nacionaleg 8.5, (Erna)

CFC use in last 12 months: 41.0 tons of CFC 11

(July ‘93 - June ‘3%4) 12.0 tons of CFC 12

Plant Location: Carr. Panamericana Km 280, Celaya,
Gto, Mexico.

Number of Models: 10 {(Refrigerators)

Production Volume: 102,000 units

(July 93 - June *954)

Neo. of Production Lines: 2

Compressor Suppliers: Facosa, Mexico {100%)

Contact persons: Ing. Javier Garcia Cantu - Project
Engineer

Contact is via Ing. Guillermo Barcena Mastretta, Supermatic, as
overall project co-ordinator.

Erna was established by the Mexican Government to manufacture a
range o©of basic stoves and domestic refrigerators at affordable
prices for the population at large. The first domestic
refrigerator production line, sourced from Italy, was commissioned
in 1981. A second production line was added in 1986 when the
enterprise was privatised and became part of the VITRO Group. All
production is sold in Mexico under the Acros, Whirlpool, and

Philips brand names. The enterprise currently has approximately
230 employees.



The original CFC technology was developed Yin-house" with
agsistance from the original equipment and component suppliers.
Since then Erna, like Supermatic, have benefited from the technical
support from Whirlpool, USA. The CFC replacement technology will
similarly be provided by Whirlpool, with the same implications for
successful implementation of the Erna part of this project.

The legal interpretation on corporate ownership is that Erna is
also 100% Mexican-owned and thus entitled to funding from the MLF
of 100% of the incremental costs in this CFC elimination project
proposal.

The following tables provide a summary of domestic refrigerator
production by Erna during the 12 month pericod July 1993 to June
1994 inclusive, as well as other relevant project data.

Model Description Production CFC 12 CFC 12 PU Foam
No. Volume Charge Consumption per Unit
Jul*93- Kysa Kgs Kgs
Jun’ 54
140 -A oM Ref 38,367 0.100 3,836.7 1.95
RI,=70 SUM Ref 43,942 0.110 4,833.6 ‘.82
5020 DD Ref NF 19,651 0.17¢ 3,347.5 1.66
102,080 0.118 12,017.8 2,858
Key: 8D = Single Door DD = Double Door
Ref = Refrigerator M = Manual Defrost
NF = No Frost
3 T
Model Ko R12 Compressor HP, Rl34a Compressor HP, Capacity
Source & Cost in US$ Source & Tost in USS Cubic Fee<
1406-A 1/8 ¥ 35.786 1/8 F 36.82 5.0
RL:-70 1/8 ¥ 35.76 i/8 F 36.82 7.0
5024 i/8 ¥ is. 76 1/8 F 36.82 7.0
Weighted 35.7¢ 36.82
hAverage
Kay: F = Facosa E = Embraco
Model No. R12 Condenger Price USS Rl34a Condenger Price USS
140-A 32.75% 4.50
RL-70 6.55 7.88
f 5020 8.62 10.34
ll Weighted Average 5.8% 7.07




New energy regulations will be intreoduced in Mexico in 1995 which
will require refrigerator manufacturers to meet enerqgy efficiency
Standards for domestic appliances. The technology changes to CFC 11
and HFC 134a will have an adverse effect on the energy performance
of the Erna refrigerators to the extent that they will not be bale
to meet the new energy efficiency Standards. Frna see see changes
to the system condenser and capillary tube as the twe most
important elements that will enable them to recover the loss in
performance resulting from the technology change. The increases in
condenser surface area and capillary tube length, together wich the
need for a cleaner and contaminant-free product, result in
incremental costs which are reflected in the incremental operating
costs claimed by Ernma in this project proposal.

3.3 Fabricacion de Compregores $.4. {Facoga)

CFC use in last 12 months: 41.0 tons of CFC 11

(July "93 - June *924) 12.0 tons of CFC 12

Plant Location: Carr. Miguel Aleman Km 16.695 #4,
Apodaca, Nueva Leon, Msxico.

Number of Models: 2 {Compressors)

Production Capacity (1994): £00, 000 units

Production Volume: 421,425 units

{(July "93 - June ‘94)

Sales (July *93 - June ’94): 303,245 units to Supermatic/Erna
62,036 units for Dom. Ref. Service
56,144 units for Commercial Ref.

Contact persons: Ing. Juan Antonioc Villareal
Ing. Jose Luis Ovalle Alba

Tel/Fax: Tel: (52 83) 29 2005
Fax: (52 83) 2% 2037

Facosa was founded in 1991 as a result of re-structuring a previous
MABE/VITRO Group 50:50 joint venture compressor manufacturing
operation based in 8an Luis Potosi. The enterprise operates Lwo
compresgor manufacturing facilities, the main one at Apodaca
produces compressors principally for the domestic refrigeration
sector, although a =mall number of compressors from this facility
are sold to the commercial refrigeration sector {13%). The other
facility, in Mexico City, produced an additional 420,000 hermetic

compresgsors in the same period golely for use in the commercial
refrigeration sector.



This project to eliminate CFCs in the manufacture of domestic
refrigerators, therefore, only addresses the Facosa facility at
Apodaca. Future project proposals to eliminate ODS consumption in
the commercilal refrigeration sector may incilude a regquest from
Facosa for incremental costs relating to technology change at the
Mexico City compressor manufacturing plant.

Facosa's pregent compressor technolgy was obtained from Mitsubishi
and they comply with JIS, ASTM, and NEMA Standards throughout all
stages of their compressor manufacturing operations.

HFC 134a compressor technology has been developed "in-house" by
Imec, the VITRO Group’s own Advanced Technology Centre, and Facosa
will commence production of HFC 134a compressors during H2Z 1985,

Again, the legal interpretation on corporate ownership is that
Facosa is also 100% Mexican-owned and thus entitled to funding from
the MLF of 100% of the incremental costs in this CFC elimination
project proposal.

3.4 Vitro Group/Whirpool Corporation Technolo Relationsghi

The following information is provided as additional information on
the relationship between the Vitro Enseres Domesticos Group and the
Whirlpool Corporation:

The association with Whirlpool dating from 1987 expanded the
technology and products acessible to the Vitro Group. In exchange
for technical assistance fees, the rights to both current and
future technical information and patents can be granted to Vitro.
Some specific examples include:

- product development, marketing, and sales support
actvities for new products in the Mexican market.

- uge of Whirlpool brandnames and trademarks in Mexico.
- full service suppport on all products.

- automatic provision of information on  materials
specifications, englineering standards, and all

engineering material supporting product design and
manufacture,

- full access to to Whirlpool product design data for
product develcopment activities.

- aggigtance to Vitre in complying with all relevant

Mexican apd USA safety, energy, and enviroomental
Standards.

- A formal technlogy transfer agreement whereby the local
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capability of Vitro’'s own Technolgy Centre (Imec A.C.)

becomes fully accredited. The centre already has 120
technical staff.

- Personnel exchange with assigmments ranging from 6 months
to 5 years, and covering all disciplines.

- The CFC elimination programme at Vitro is following
strict project planning disciplines already proven within
the Whirlpool organisation. Technical exchange with
Whirpool’s EBEuropean operations is also ongoing, as is
exchange with EMBRACO, Vitro Groups external compressor
supplier.

- There exists alraedy in Vitro Group a CFC elimination
project team which comprises all functional disciplines
and which 1is supported by staff from Whirlpool
experienced in the non-CFC tecnology.

4. PROJECT DESCRIFTION

Supermatic and Erna presently use CFC 11 feor the production of
rigid insulation foam needed for the refrigerator cabinets and
doors, and they use CFC 12 as refrigerant. The total consumption
in the 12 month period July 1993 to June 1994, and the ODP tons

that will be eliminated by this project, are shown in the following
table:

Enterprise CFC 11 ODP tons CFC 12 Total ODP
{tons} eliminated {tons} tons
[see Note#) eliminated
Supermatic 334 297 69 366
Erna 471 37 12 49
“ Totals 375 334 81 415

Note *: The second cclumn 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.

Both Supermatic and Erna will transfer to HCFC 141b as an interim
step to an ODS-free system. The injection machines for the rigid
insulation foam should be high pressure machines that will be able
to process the higher viscosities and mixing requirements of the
low ODS systems and also any of the developing ODS-free systems.
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This will reguire equipment replacement and training at Supermatic
and Erna. A more detailed description of the existing foam
injecticon equipment is given in para 5.1.3.

The two companies will also require test-runs before being able to
start industrial production with the new technology. These

activities will include training of staff in the safe handling of
HCFC 141Db.

Incremental Operational Costs associated with the technology change
from CFC 11 to HCFC 141b are requested for a period of SIX months.

4.2. Replacement of CFC 12 with HFC 134a.

The conversion to HFC 134a requires the use of HFC 134a compressors
and the associated new synthetic lubricantg, re-design of the
refrigeration systems to cater for the difference in thermodynamic
performance of HFC 134a versus (CFC 12, prototyping, testing and
optimization of each refrigerator model, and pilot scale
manufacture and testing before full scale conversion of production
to HFC 134a for each model. 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 at both
Supermatic and Erna, means that new system evacuation, refrigerant
charging, and leak detection equipment will be required, A more
detailed description of the existing egquipment on which the
technology change will impact ig provided in para 5.2.3.

Key to the success of CFC 12 elimination is the local availability
of HFC 134a COmMpressors. The VITRO Group’s main compressor
manufacturer, Facosa has committed to the conversion of their
compressor manufacturing operations to be able to provide the
necegsary volume of HFC 134a compressors in accordance with
technology change programmes for both Supermatic and Erna.

Significant changes to Facosa’'s present compressor manufacturing
cperations are required in order to produce HFC 134a compressors
which will be clean, dry, and free from all trace contaminants
likely to have an adverse effect on HFC 134a/synthetic ester
lubricant chemistry in a domestic refrigerator system. The changes
that are necessary include retrofitting of two arc welding
machines, retrofit of the existing cleaning and chemical treatment
system plus some additional new c¢leaning equipment, new ester
lubricant deydration and testing equipment, and equipment for leak
testing of the completed compressors. A more detailed description

of the existing equipment which requires replacement is provided in
para 5.2.3.
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While incremental Capital Costs are reguested for FACOSA,

incremental operating costs are passed on to the refrigerator
manufactrurers,

Incremental Operational Costs associated with the technology change
from CFC 12 to HFC 134a are requested by Supermatic and Erna for a
period of SIX months.

S, TECHNOLOGY

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/HCPC 141b > ?
CPC 11 » partial water/HCFC 22, 142b > HFC 134a, 152a
CFC 11 » n-, iso-, and cyclo-, pentane

In addition, compounds such as perfluoroalkanes, HCFC 323,
flucrinated ethers and 2-chloropropane have been suggested, but
the technology is not mature. Furthermore, the products are either
only available in limited quantities, or toxicoleogical testing is
net complete and, therefore, safety in use cannot be evaluated.

The first option, the ligquid solution is the one which will be
applied in this project, and it employs technology that is closely
related to the existing one. The final step in this process is not
yet decided. One potential sclution may be HFC 356, but full water
blown foam with improved cell structure remainsg 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 reguires 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
in Eurcope. Pentanes are flammable and this means a careful review
of manufacturing operations with respect to the safe handling of a
flammable foam blowing agent. Theilr use may not be a practical
option in the existing work environments of some enterprises.
Several companies currently offer pentane packages, including
equipment. UNDP requires, however, independent preocess safety
review prior to, and after, installation.

+ 12 4



5.1.2 SELECTION

Rased on economic and environmental considerations, cyclopentane
appears to be the best choice for domestic refrigerator
applications. It compines an attractive price with zero ODP
properties. However, the reduced K-factor of c¢yclopentane blown
foam, coupled with the strict energy efficiency performance
requirements now being applied in Mexico, virtually excludes the
use of cyclopentane without major refrigerator cabinet dimensicnal
changes. Similar standards exist in the USA and Supermatic has
important exports to that market.

HCFC 22/142b were also considered but were also rejected on energy
performance considerations.

The use of HCFC 141b is recognised by both Supermatic and Erna as
a CFC 11 replacement that represents:

- proven technology in both processing and product performance.

- an environmentally acceptable blowing agent {as a transitional
replacement for CFC 11}.

- readily available technology in the Mexican market.

The choice of high pressure foam dispensing equipment will
facilitate the subseguent step to a final ODP-free system without
major additional capital costs.

S5.4.3 IMPACT OHN PRODUCTION PROCESS

The use of reduced ABA/141b technology, with higher related
viscogity of the polyol blend, will be facilitated through the
employment of high pressure foam production equipment.

HCFC 141b is moderately flammable in the gaseous state, but the
ligquid 1is not flammable. In the intended application, HCFC
141b/polyol blends should not pose any risk, but a monitoring check
at commissioning will be performed to ensure safe worker exposure
levels. Ventillation is to be installed where needed to ensure that
exposure levels are maintained below the recommended occupational
expogure limit,

Foam densities may have to be adjusted to obtain proper insulation
values.

The liner material must be resistant to HCFC 141b and both

enterprises will change to the use of high impact polystyrene
{(HIPS) in combination with an ethylene wvinyl alcohol (EVOH)
protective layer.

The relevant existing equipment on which the technology change to
HCFC 141b will impact is as followsa:

4+ 13 ¢



SUPERMATIC

In production lire 1 there is one Cannon HC100 high pressure
machine for the cabinets {capacity 28 gpm}, and two high
pressure machines (a HC100 and a H100} for the doors, each
with one mixing head, and each with a capacity of 28 gpm.

Two new {(1994) Hennecke HK120 machines designed for HCFC 141b
use have been purchased for refrigerator door foam insulation
duties for production lines 1 and 2. These will feed three
mixing chambers and their respective carousels.

In production 1line 2 there are two Wirlpool-Mokay high
pressure dispensing machines based on Hennecke equipment that
feed twelve heads for f£illing cabinets. Each machine has a

capacity ©of 55 gpm. Pregently, doors are filled in 1line 1
only.

There are no mixing stations because Supermatic buys a pre-mix of
polyol and CFC 11 blowing agent.

Notesn:s

Supermatic already has high pressure foam dispensing equipment in
all their lines and it was therefore explained that according to
current practices in the agsessment of incremental capital costs,
they would not be eligible to receive funds for replacement or
retrofitting of their current equipment which should be able to use
HCPFC-141b without any problems. This is why only ventilation
egquipment is requested for the CFC-1il component at Supermatic.

ERNA

ERNA has two low-pressure CANNON machines for cabinets and one
low-pressure CANNON machine for doors. They also have
recently acquired a second-hand low pressure Elastogram
machine which has replaced one of the two above-mentioned
CANNON machines used for the cabinets, although the latter

presently remains in stand-by duty. The details of these
machines are as follows:

Elastogram PUSOP. Serial No. 010 40788 600. Vintage 1979.
Cannon H40 RF2. Serial No. 270177. Vintage 1981 . Stand-by.
Cannon H40 RF2. Serial No. 270176. Vintage 1981.
Cannon H100 RF2. Serial No. 390036. Vintage 1981

ERNA uses one pre-mixing station to feed the Elastogram machine.
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5.2. Replacement of CPFC 12 with HPFC 134a.

5.2.3. OVERVIEW

HFC 134a is universally accepted as a cost effective 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 of the Developed Countries.

wWhilst hydrocarbon refrigerants are being used on a limited basis
in at least one Developed Country, the technology is not considered
as gufficiently developed to consider transfer to Mexico 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
technoclogy at the present time.

HFC 152Za might be considered as another candidate £for CFC 12
replacement in domestic refrigerators. However, HFC 152a is also
flammable, the technology has not been developed commercially, and
there are some guestions around it‘s stability in refrigerator
gystems. Furthermore, compressors for use with HFC 152a are not
commercially available.

5.2.2. SELECTION

The selected technology is HFC 134a. The CFC 12 based refrigerator
technology used by Supermatic and Erna was obtained under a
technology agreement with Whirlpool, USA. There 1is an ongoing
technology and technical assistance arrangement with Whirlpool
which is part of a commercial trading agreement between VITRO Group
and Whirlpool, The new HFC 134a based technology has alsgo been
developed with assigtance from Whirlpool. The VITRO Group commenced
their HFC 134a technology development activities in early 1993, and
they have already produced CFC-free versions cof several models of
both the Supermatic and Erna product range for test purposes.

For the manufacture of CFC 12 compressors, FACOSA currently uses
technology originally supplied by Mitsubishi. The technology for
the new HFC 134a compressors has been developed in-house at the

VITRO Group’s own Advanced Technolgy Centre, again with technical
cooperation from Whirlpool.

Both the refrigerator manufacturers, and Facosa, are thus

considered very capable of successfully implementing all aspects of
this project relating to HFC 134a technology.
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5:.2.3.  IMPACT ON PRODUCTION PROCESS

HFC 134a, like CFC 12, is non flammable. HFC 134a has also been
the subject of extensive toxicological testing and is considered
safe in usgse in industrial applications provided the supplilers
recommended occupational exposure levels are not exceeded. At the
present time this means ensuring that exposure levels do not exceed
1000 parts per million on an §-hour time-weighted average basis.
This is the same as the Oc¢cupational Exposure Limit (OEL) / Thres-
hold Limit Value (TLV) 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 calculatiocn ©of the
incremental operational cost (see annex A, Part 2.).

It is well understood that the chemical stability of HFC 134a and
synthetic lubricants in domestic refrigerator systems, and hence
the long term performance of the appliances, are 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 gystem
prior to refrigerant charging.

In order to ensure both thorough evacuation and complete system
dehydration prior to refrigerant charging with the HFC 134a, many
refrigerator manufacturers have opted toe source their HFC 134a
compreggors "dry", simply pressurised with nitrogen, and without
- lubricant. In many cases this is a major change from current

practice and requires that the refrigerator manufacturer installs
the necessary lubricant steorage, handling, drying, testing, and
charging eguipment. In the case of Supermatic, they are already
using this approach to domestic refrigerator manufacture and they
will continue with the same process. Erna, however, will continue
with their existing process operations, they will purchase HFC 134a
compregsors from Facosa already charged with lubricant. In view of
this, Facosa will require new lubricant handling and charging
egquipment as well as dry nitrogen charging equipment.

Because system cleanliness and moisture content are paramount to
the successful manufacture of hermetic compressor based HFC 134a
refrigeration systems, both Supermatic and Erna will need to
carefully re-assess production procedures and retrain productiocon
personnel as appropriate., Provision for this is made within the
project proposal.

The conversion from CFC 12 to HFC 134a will take place on a model
by model, production line by production line, basis so that both
enterprigses will be producing CFC 12 and HBFC 134a refrigerators
during the implementation phase of this project. Thig is feasible
given the configuration of the production facilities at both
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Supermatic and Erna.

Aa o conssguencse of the substantial changes to current practice,
and the defined need for system cleanliness and low moisture
content, there will be the need for a careful re-assessment of
production procedures and personnel re-training as appropriate.
Provision for this is also made in the project.

Leak detection of the refrigeration system is an integral part of
the manufacturing process. The use of HFC 134a requires that new
leak detection eguipment, suitable for use with HFC 134a, bhe
employed. Helium mass spec detectors are proposed.

The above considerations mean that within this project there is a
requirement for new system evacuation equipment, new refrigerant
charging eguipment, and new leak detection at both Supermatic and
Erna. Furthermore, the changes to ke introduced at Supermatic will
also reguire lubricant storage, handling, drying, testing, and
charging equipment.

The technology change from CFC 12 to HFC 134a, and the way that the
change will be implemented at Supermatic and Erna, has obvious
implications for the compressor manufacturing operations at Facoga.
In addition to redesign of the compressor to meet performance
requirements which take account ©of the different thermodymanic
properties of HFC 134a, and the issue of materials compatability,
the manufacturing operations must be capable of producing a HREC
134a compressor which is free from trace contaminants likely to
produce undesirable chemical reactions involving the HFC 134a, the
gynthetic ester lubricant, or both.

To guarantee a "clean and dry" HFC 134a compressor a number of
changes are required to the existing compressor production process.
The main elements where changes are required are:

- Retrofitting two arc welding machines to achieve a
cleaning welding process with no residues.

- Retrofit of the existing compressor shell chemical
treatment, cleaning, and drying equipment, plus
additional ultrasonic immersion cleaning equipment.

- Ester lubricant dehydration and testing equipment to
ensure only "dry" lubricant is charged into the "dry"
COmpressor.

- Compressor leak detection equipment to ensure the
integrity of the compressor and it's capability of
maintaining a dry nitrogen charge during distribution and
storage prior toc use.
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The relevant existing equipment on which the technology change to
HFC 134a will impact is as follows:

SUPERMATILC

4 x Production Control Unit (PCU)} Model 40101 refrigerant and
jubricant charging units complete with vacuum pumps. Equipment
Serial Nos. are 2830, 5512-1, 5512-2, and 7327/240. Ttems
Nosg. 2830 and 7327/240 will retrofitted, the other two items
will be replaced.

63 Stokes vacuum pumps, 15 M3/hr capacity.

2 Leybold Inficon HLD 3000 electronic R12 refrigerant leak
detectors.

Notes:

The existing Supermatic production line 1. is dedicated to the
assembly of refrigerators for sale in the Mexican market. It has
two PCU refrigerant and lube combined charging units, one in use,

one on stand-by, with the necessary associated lube dryibg
equipment.

This production line has a vacuum pump carcusel with 27 vacuum

pumps in service at the time of the existing equipment
verification.

Helium pressure test/leak detection egquipment is used for system
integrity testing.

A different assembly process is employed on line 2. at Supermatic
where currently most of the production is for export. The
evaporation/compression/condensing/expansion c¢ircuit system is
first assembled, and then subsequently tested before incorporation
into the final refrigerator unit. A nitrogen pregsurisation/water
bath immersion process followed by dark room/flucorescent light is
used for initial system integrity leak detection.

This line also is also equipped with two PCU refrigerant and lube
charging unitsg, one in use, one on stand-by.

Production line 2. at Supermatic employs two vacuum carousels, each

equipped with 18 vacuum pumps, as witnessed at the time of existing
equipment verifcation,

Post charging leak detection is by Leybold Inficon HLD 3000 R12
electronic leak detectors.

As mentioned above, there are a total of four charging units, two
of which are in standby. The project will only provide for the
replacement of the two machines that are in full-time use. It was
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suggested that the two standby units could be retrofitted for use
with HFC 134a, instead of having to purchase two new charging
units. This however is pet possible because the standby units are
not designed to work on a continucus basis and would not be able to
cope with the production volume required.

ERNA

2 x Galileo automatic refrigerant charging units model V210F.
30 Galileo KC15 vacuum pumps, 15 M3/hr capacity.

10 Leybold D16/B/DS vacuum pumps, 16 M3/hr capacity.

3 X Leybold Inficon HLD 3000 electronic Riz leak detectors

1 X Galileo hand-held Electronic R-12 leak detector

Hotesg:

With the new HFC technolgy, Erna will continue with their current
manufacturing process which is based on using compressors already
charged with lubricant. Only refrigerant charging equipment will,
therefore, require replacement.

Production line 1. at Erna has a vacuum pump carousel with capacity
for 32 wvacuum pumps. At the time of existing egquipment
verification, Erna had 25 Galileo, and 3 Leybold, wvacuum pumps in
sexrvice on line 1.

Production line 2. at Erna involves a fixed vacuum pump system for
evacuation. At the time of existing eguipment verification there
were 7 Leybold vacuum pumps installed and in operatiomn.

5 Galileo vacuum pumps were being repaired for stand-by duty, this
being a regular feature of vacuum pump operation at Erna.

FACOSA

A process diagram illustrating the changes that will be necessary
as a result of the conversion to the production of HFC 134a
compressors at  Facosa, together with the enterpriges own

description of the reasons for the changes are appended to this
project as Anmex D.
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6. PROJECT COSTS

6.1. INCREMENTAL CAPITAL COSTS (US3)

CAPITAL COST FOR CONVERSION OF COMPRESSOR MANUFACTURING OPERATIONS

FROM CFC 12 T HFC 134a TECHNOLOGY - FACOSA
Replacement Upper & Lower Shell Dies {2 units) 36,000
Retrofitting two arc Welding Machines (2 units) 100,000
Metal Presg Modifications (9 Presses) 5,000
Retrofit of Five Cleaning, Chemical Treatment
and Drying Units 15,000
New Ultrasonic Immersion Cleaner (1 unit) 160,000
Ester Lube Dehydration and Testing System (1 unit) 73,000
Compressor Leak Detection Equipment (1 unit} 110,000
Training 15,000
Test Trials 17,0660
Contingencies (10%) 53,000
Subtoctal 584,000
CAPITAL COST FOR CFC 11 PHASE-QUT - SUPERMATIC
Uss
Ventilation systems for cabinets (2 units) 60,000
“Ventilation systems for deoors (1 units) 30,000
Test/Trials Training 15,000
Contingencies (10%) 10,000
Subtotal 115,000
Amount requested taking 24% export to USA inte account 87,400
CAPITAL COST FOR CFC 11 PHASE-OUT - ERNA
High Pressure Machines for Cabinets (2 units) 250,000
High Pressure Machines for Doors (2 units) 114,000
Ventilation System for HCFC 141Db 30,000
Test Trials, Training 10,000
Contingencies (10%) 40,000
Subtotal 440,000

(ERNA dees not export to non-article-5 countries)
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CAPITAL COST FOR CFC 12 PHASE-OUT - SUPERMATIC

Refrigerant & Lube Charging Equipment (2 units, see note) 180,000

New Vacuum Pumps (10 units) 25,000
Retrofitting of Vacuum Pumps (53 units) 21,500
HFC 134a Leak Detection Equipment (2 units) 8,000
Lube storage & Deydration System (1 unit) 120,000
Training 15,000
Test Trials 22,500
Contingencies (10%) 39,000
Subtotal 431,000
Amount requested taking 24% export to USA into account 327,560

Note: As explained above, the two standby pumps, eventhough
retrofitted, could not be used for full production volumes, and
this is why two new units are needed.

CAPITAL COST FOR CFC 12 PHASE-OUT - ERNA
Refrigerant Charging Egquipment:
2 units to be replaced 80,000
New Vacuum Pumps (5 units) 12,500
Retrofit of Existing Vacuum Pumps (35 units) 14,000
HFC 134a Leak Detection Equipment (4 units) 16,000
Training 10,000
~ Test Trials 7,500
Contingencies (10%) 14,000
Subtotal 4 154,000
TOTAL INCREMENTAYL CAPITAL COST (USS$) 1,592,960

(ERNA does not export to non-article-5 countries)

6.2 TNCREMENTAIL. OPERATIONING COSTS & BENEFITS (USS$)

The calculation of the incremental operating costs for both
Supermatic and Erna is based on a six month period using 50% of
their actual production for the period July 93 to June 94 inclusive
and ignoring growth. Annex A provides detailed explanations on how
the incremental operating costs were obtained, the costs are
summarised below. The amounts take the 24% export production by
Supermatic to non-article 5 countries into account.
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FPHASE-OUT OF CFC 11

Cost for Materials {see aAunnex A, Paxt 1.):

Supermatic 848,671

Erna 117,642
PHASE-OUT QF CFRC 12

Cast for Materials (see Annex A&, Part 2.):

Supermatic 518,250

Erna 126,687
TOTAL INCREMENTAL OPERATING COST (US§) 1,812,270
6.3 TOTAL PROJECT INCREMENTAL COSTS (USS$)
TOTAL COST {Capital + Operating) 3,405,230
Article 5.1 Country Ownership 1060%
FUNDING REQUESTED FROM THE MLF (USS$) 3,405,230
6.4 UNIT ABATEMENT COST (US$/Kg)
a. Total Capital Investment Cost {(USS) 1,592,560
b. Capital Recovery Factor (10% p.a.} 0.16275
¢. Total Incremental Operating Costs/Benefits 1,812,270
d. ODS Reduction (ODP Kgs July ‘93 - June '94) 414,000
e. Unit Abatement Cost (US$/Ka) 5.0

[ (a xb) + ¢] /d

i

THE PROJECT UNIT ABATEMENT COST IS 5.0 USS$/Kg
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7. FINANCING PLAN

The VITRO Group requests reimbursgement to the amount of the total
project costs of US$ 3,405,230 in line with the 10606% Article 5.1
country ownership of the enterprise. This amount takes the 24%
export production by Supermatic to non-article 5 countries into
account.

8., PROJECT IMPLEMENTATION
B.1 MANAGEMENT

UNDP will vergee the successful implementation of this project and
will provide technical assgistance during project execution.

8.2 SCHEDULE

TIME TO COMPLETION l
TASK

o1 | 02 | 03 | 01 | o5 | o6 |

1. Preparation

MLF Approval b4
Procurement Preparation *X {x
Vendor Selection KK

2. Installation

Arrival of Equipment XX
Customs (Clearance X
Machine Installation x iX

3. Commissioning
Machine Start-up X
Trials & Training 000|300 [ xXx
Mass Production Change x |xx

Certification X

9. PROJECT TMEBACT

This project will eliminate the use of 456 tons of CFC's (415 ODP
tons) per year. This data is based on figqures for the 12 MONTH
period July 94 - June 983,

10. ANNEXES
ANNEX A: CALCULATION OF INCREMENTAL OPHERATING COSTS
AMMEX B: PROJECT TECHNICAL REVIEWS

ANNEX C: INFORMATION ON CORPORATE OWNWERSHIP
ANNEX D: FACOSA - PROCESS DIAGRAM & DETAILS OF EQUIPMENT CHANGES
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ANMEX M ISUMMARY BUDGET TABLE

Amounts below take expert figures by Supermatic to non-Article 5 Countries {24%)
into account., Alil companies are 108% Mexican owned.

Total § FACUSA SUPERMATIC ERKA
; Hanuf. [Refe Manuf. JRefr.Manuf.

oL LHES

a. CFC Consumption
(0P Tons)

b, Incremental 584,000
Capital Cost R - IR I
g 1,592,960 584,000 414,960

LFE-11 1,166,313 ] 848,671
c. Incrementst CFC-1 i 8 519,290
Operational Cost M IR ‘] S LRI

1,812,270 o 1,367,981

1,693,713 o 936,071
d. Total Incrementat cFe-1 1,711,517 584,000 Ba4b, BB
Cost R - B T T

584,000 1,782, 921 1,038, 509

0.16275 1 0.16275 |

N7A 201

f. Capital Conv. Factor (10 yrs)B8  0.16275

© g. Unit Abatement
Lost
g=(b*f+e )/ (a*1000)

h. Cost Effectiveness

h=g/a




1. The Elimination of LFC-11 as Blowing Agent for Thermal [nsulatin Faams.

SUPERMATIC === SUPERMAYTIC  w== SUPERMATIC =

CFL-1%

HCFC-141h

pifference

Uge per kg of foam produced,
a. kg Pelyol
b, kg MD!
¢. kg Blowing Agent

0.3430
0.4%00
0.1670

0.3430
04500
41670

g.ooo0
0.0000

Feices in USS

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

d. Polyel with Blowing Agent {USS/kg)

2.3600

4.4400

= n + o. Total per unit

.q, Nr of Refrigerator Units/é-months
r. Total incremental Cost for & months (USS)
s. Amount reguested taking 24% USA expoerts into account

Nete; Production dats is based on July 93 - Jdune 94 figures.

« Arnnex B - Page 1 =

e. MDI Cus%/km) Z.1000 2.2200 g.1200

g. Polystyrene for Liner {US$/kg) 1.7670 2.3100 0.5430
Cost per kg of foam produced

n, = (a+ c) x d. Polyol with Blowing Agent 1.2036 1.4280 0.2244

i. = b Xe MDI 1.0290 1.0878 0.0588

k. = h+ti+j, Total per kg foam 2.2326 2.5158 0,88352
Material used per Refrigerator

L. kg of foams per unit {average} 4,67113 5.0724 £.46M

m. kg of polystyrene per unit (average} 3.8%10 &, 1380 02470
Cost per Refrigeration Unit

n. =t x k. for foams 10,2952 12.7611% 24580

o. =mx g. for pelystyrene & B754 ¢, 5588 2.6834
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Annex 4.1.2 -+ Calculation of the [ncremental Operating Cost for SUPERMATIC

SUPERMATIC

SUPERMAYIC SUPERMATIC

CFC-12

HFE~ 1342

pifference

1. Refrigerant

a. Price per kg Refrigerant

b. Kg per Refrigerator (average)

c. Mumber of Refrigerators for 6 months (see note)

d. Cost for Refrigerant ds ax b x ¢ 75,291 239,085 163,795
2. Lompressors

a. Cost per Compressor {see note) 35.07 36.41

b. Number of Compressors for 6 months (see note) 216,858

¢. Cost for Compressers ¢ » a X b 7,605,193 | 7,895,782 290,589

3. tordensors

a, Cost per Corvensor
b. Humber of Comxdensors for 6 months

a. Lost per Filter/Bryer
5. Rumber of Fitter/Orvers for 6 months

g.42
216,858

...........

114,934

-a. Gost per Capillary Tube
b. Number of Capillary Tubes for & months

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

a. Price per litre of Lubricant
b, Litres of Lubricants/compressor {average)
¢. Humber of compressors

d, Cost for Lubricant

le. Total for six months
f. Amount recuested taking 24% USA exports into account

205,03%

Hote: ALl figures in this table are based on 2 weighted average of the refrigerator models
produced. For averages for compressors, see annex €. Production data are basead on

July 93 - Jurw $4 figures,
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ERNA === ERNA ERNA

CFe-H

HCFC-1410

pifference

Use per kg of Foam prochuced.

a. kg Polyst
b. kg MBl
c. kg Blowing Agent

(.4250
0.4250
0.1500

0-6500 "
0.4300
0. 100

G.0050
0.06650
(0.0180)

Prices in US$H

falyol plus Blowing Agent (USS/kg)
e. MDD (USS/ky)

9. Polystyrene for Liner {US$skg)

2.3600
2.1000
1.7670

2.80CG0
2.10060
2.3100

04400
0.0000
0.5430

per kg of foam prcduceﬁ
(a + ¢) x d. Poiyol and Slowing Agent
b x e, DI

h+i+j, Total per kg foam

1.3570
0.8925

Material used per Refrigerator

l. kg of foams per unit {average)
kg of polystyrene per unit {average)

per Refrigeration Unit

L x k. for foams
m x g. for polystyrens

n+ o. Tota{ per unit

q, N of %:*r:geratinn units for 6 months

r. Yotal Incremental fost per year (US$)

= ADNEX ,§~ Page 3 =

14 .5812

7.2983
13.5112

20.3



Annex 2.2 -~ Calculation of the Inceemental Operating Lost for ERMA

i

ERMA === ERNA === ERNMA === ERN3Z === ERNA |CF(-12 IHFC‘-ﬁAa laiffes"enee

t. Refrigerant
a. Price per kg Refrigerant
b. Kg per Refrigerator {average, see note)
¢. Number of Refrigerators per & months {see rote)

d. Cozt for Refrigerant d=sa x b x ¢

2. Compressors
a. Cosl per Compressor (see note)
b. Number of Compressors per & months (see note)

t. Cost for Compressors ¢ = a x b

a. Cost per Condensor
b. Number of Condensors per & months

a. Cost per Filter/Dryer
b, Number of Filter/Ocyers per & ponths

‘3. Cost per Capillary Tube
b. Number of Capitlary Tubes per & months 51,000

c. Cost far Capi Tube ¢

e. Totat for 6-menths period
Note: Numbers such ag charge in kg, compressor prices etc, are based on & weighted

average of the refrigerators per model, See annex C for a clerification on this peint.
Production data are based on July 93 - June 84 figures.
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LCXNIRY,
Maxico.

L.PR0XCY YITLE.

Elimination of CFCs in the manufacture of Domestic Refrigerators by the
VITRO Group of Compagnies.

. (SURISECTOR,
DOMESTIC REFRIGERATION - FOAMED PLASTILS.

4. CP-RELATIONSEIP,

Mexico’s CF for reduction of ozone was approved in February 1932, This
project ts part of {t. The Nattonal Coordination body (SEDESOL) seeks
raduction of CFC use in the refrigeration industry as from 1995.

Note: this Technical Review deals only with the foam part of the project.

3. JECHNOLOGY.,

The proposed technalogy includes the replacement of CFC il in the insula-
ting foams of the cabinet and doors by HCFU 141b.This technology is gquite
acceptabla since in this way only 10% of the insulating value 1s lost.This
1s important in view of the fuiure Mexican energy requirements for domestic
appiiances.In view hereof, the enviroomsatsl ifmpact of HCFC 141b{see
further}) 15 acceptable.The technology proposed s proven, and is applied in
other countries where high insulating standards are wanted.

The usa of HCFC 1415 however, implies extra ventilation, since usually a
recommended TLY of 500 ppa 15 vequired (1006 ppm for CFCIL).

5. ENYIRONNENTAL INPACT.

The environmental offect of HCFC 141b s acceptable; the OO s 0.1 and the

6WP is around 10% of the GWP of CFC1l. Tha smog Formation potential is 1,
the same value as methane,




AAMX B

LPROJECT COSTR,

The project 1incremental capital costs are well axplained and minimum
{nvestments are proposed. Ratrofitting was considered but was either too
expensive or impossible. Consideration could be made as to whether the old
}2; prassure machines can be sold on the Mexican market ({f thay are worth
The proposed incremental operation cost for Supermatic seem fo wrongly
caleulated, since the value { for HCFC 141b i5 not 1.0878, but 1.0290 (the
values of b and e baing equal in both cases). This resulis in total
incremental operational costs of 931,730 USD {instead of 996,433 USD). The
difference being 64,703 USD.

The cng to reduce 1t of CFCLl {5 8,331 USD (proposed correction taken into
account ).

D IMPLEMENTATION,
The proposed 1.5 years project duration is realistic.

RECOMENDATION,

It is recommended o approve the project, with the smwall correction in the
incremental oparation cost.

Prepared by Br. Hubsri Creyf g»‘//!
UNGP Foam Sactor Reviewer

Date 25 October 1994




Country of origin:

Project title

Sector/subsector:

Relationship to the
country programme

Technology:

Environmental impact:

Annex B

TECHNICAL REVIEW

MEXICO

Elimination of CFCs in the Manufacture of
Domestic Refrigerators by the VITRO Group
of companies

Domestic Refrigeration

The project forms part of the country
programme as approved by the Executive
Committee. This review addresses only
the refrigerant conversion part of the
project and does not address the part
related to the foam blowing agent
conversion.

The technology salected for the
refrigerant conversion is HFC-134a which
is a proven and acceptable {non-
trangitional) technology to reduce CFC-12
consumption,

Other technologies than HFC-134a weaere
considered (hydrocarbons, HFC-15Za) but
were not selected because of lack of
commercially available compressors and
safety aspects.

The VITRO Group strongly cooperates with
Whirlpool USA and related companies
(Whirlpool Europe and Embraco, Brazil).
This cooperation includes technology
transfer -- for both the appliance
manufacturers SUPERMATIC and ERNAR, as
well as the compressor manufacturer
FACCSA -- that covers new HFC-134a
applications. Besides this, all three
companies in the VITRO Group have already
done development work for the new
technology. All together, a successful
project implementation can be
anticipated.

HFC-134a has an ODP of zero and a GWP of
0.27. For domestic refrigeration, a GWP
of this magnitude is negligible.



Arnnex B

-2 -
Project costs: a} Incremental capital cests for all three
companies:

o) The requested equipment is essential
for the conversion pProcess.
Associated costs are reasonable.

{Only the CORpressor leak
detection equipment seems relatively
expensive).

o] Costs of training, testing and
trials are reasonable.

b} Incremental operaticnal costs for

SUPERMATIC and ERNA: ]

o Compressor incremental operational
costs are correctly passed on to the
appliance manufacturer.

o] Operational costa are claimed for 6
months.

o Items claimed in the calculation of
the operational costs are correct
and the costs are resasonable.

o The correct number of appliances is
used in the calculations.

c} General:

o The UAC-value for the refrigeration
part of SUPERMATIC amcunts to US
$12.1 and for ENRA to US $18.2 which
are respectively low and moderate as
compared to similar projects.

o The overall UAC value of the project
ig relatively low.

Implementation Reasonable
timeframe:
Relevance and adeguacy Sufficient

of information
provided:

Recommendations:

Approval as proposed

Marti
Washington, D.C.
25 Qctober 1994
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VITRO JURIDICA . RELACIINES PUBLICAS Y BANCARIAS

Monterrey, N.L., a 23 de Septiembre de 1984, para los efectos
legales a que haya lugar, se hace constar que Supermatic, S.A. de C.V,,
Fabricacion de Compresores, S.A, de C.V. y Fabricantes de. Aparatos
Domésticos, S.A. de C.V,, son empresas mexicanas con el siguiente
Capital Social: '

SUPERMATIC, S.A DEC.V,

REP, ACTUAL ACCIONES

. CAPITAL FIJO
ACCIONISTAS SERIE "A”  SERIE“B”
VITROMATIC, S.A.DEC.V. 7'889,699 7'580,300
VITRO CORPORATIVO, 5.A.DEC.V. 1

7°889,700 7'580,300

CAPITAL VARIABLE

VITROMATIC, S.A,.DEC.V. SERIE “G” SERIE “D”
8'058,000 7'742,000

SERIE “C-1” SERIE"D-1
5,610 5,390

SERIE “C-2” SERIE “D-2"
5'967,000 5'733,000

SERJE “C-3" SERIE “D-3"
2101,200  2'018,800

SERIE “C-4” SERIE “D-4”"
4'182,000 4'018,000

SERIE “C-5" SERIE “D-5"
9'435,000 9°065,000

TOTAL 737801,000

Aparpg Poant 104 500, "B, 66250 Gargwm Casoia, ML, kdaics, Telionms 183 291200y 2510 Fax (63) 357210
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VITRO JURIDICA . RELACIONES PLIBLICAS Y BANCARIAS

FABRICACION DE COMPRESORES, 8.A. DEC.V,
REP. ACTUAL ACCIONES

GAPITAL FIJO -
ACCIONISTAS SERIE “A® SERIE“B”
VITROMATIGC, S.A. DEC.V. 509 490
VITRO CORPORATIVO, S.A.DEC.V. 4
510 490

CAPITAL VARIABLE

VITROMATIC, 5.A. DEC.V. SERIE"C” SERIE D"
17'437,385 16'753,541

SERIE “C-1" SERIE"D-1
2'845,800 2°734,200

SERIE “C-2" SERIE"D-2
3'670,000 .3’430,000

TOTAL 46'771,900

—~

Aparade Poro? 104 Suc. T £8250 Garra Carcin, N.L. Mdxion, Telélonos (833 29-1264 y 29,1306 Fax {83) 357210
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VATRD JURIDICA, RECACIONES PUBLICAS Y BANCARIAS

FABRICANTES DE APARATOS DOMESTICOS, S.A. DEC.V.

REP. ACTUAL ACCIONES .
CAPITAL FIJO

ACCIONISTAS | SERIE“A" SERIE “B"
VITROMATIC, S.A. DEC.V. | 510 490
VITRO CORPORATIVO, S.A. DEC.V. 1
T 510 490
CAPITAL VARIABLE
VITROMATIC, S.A. DEC.V. SERIE~C" SERIE“D”

1'733,490 - 1'665,510

SERIE “C-1" SERIE"D-1
11'862,600 11°397,400 -

SERIE “C-2" SERIE “D-27
2°856,000 2°744,000

SERIE “C-3” SERIE “D-3"
6°'885,000 6°615,000

SERIE “C-4” SERIE “D4"
852,822 819,378

SERIE “C.5" SERIE “D-5"
17'391,000 16°709,000

SERIE “C-6” SERIE “D-6"
6"420,000 5°880,000

SERIE “C-7" SERIE “D-7"
12'779,631 12°278,373
TOTAL 118°590,104

onterrey, N.L., 29 de Septiembre de 1994,
ATENTAMENTE, _

ra A U L el s

LIC. ANDRES GONZALEZ GONZALEZ.

Apatado Postat 104 Sue, "B, 66250 Garza Gaveis, NI México, Telélonas {83) 26-1200 y 28-1300 Fax (83) J57210
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Aomex D

e NEW ULTRASONIC INMERSION CLEANER

_ mwmammwommmmmmmmomv PARTS, IN
ALL THE CASES PERCLOROETHILENE IS REQUIRED.

IN FIRST STATION WITH HEATERS, THE DEGREASER IS EVAPORATED AND WITH TERMICAL SHUCK
BY MPANS OF ASPERTION OF PERCLOROETHILENE. THE SECOND STATION CONTINUES CLEANING THE

PIECES. AND FINALILY BY INMERTION AND ULTRASONIC SYSTEM THE MACHINING PARTS ARE AIL
CLEANED- :

CHLORINES FLUIDS HAVE HEAVY REACTION WITH FREON R-134a FORMING SALTS IN CAPILLAR
TUBES OF REFRIGERATION SYSTEMS.

DUE TO THE CHEMMICAL REACTIONS WITH PARTS THAT BRINGING CHLORINES IS NECESSARY THE
CHANGE FOR AROTHER FLUID THAT ACCEPT ULTRASONIC SYSTEM . THEREFORE, ANOTHER DESIGN OF AN
ULTRASONIC WASHING MACHINE IS REQUIRED.

». OIL DEQYDRATATION AND TESTING SYSTEM

ACTUALLY WE ARE CHARGEING OIL FROM THE ORIGINAL OIL DRUMS, WE ARE NOT USING ANY
SPECIAL EQUIPMENT.

POLYOLESTER LUBRICANTS LIKE ALTERNATIVE FOR USE IN COMPRESSORS IN PRECECENCE OF R~
134a ARE HYGROSCOPIC AND MUST BE KEPT SEALED ANDDRY AT < 100 PPM.

¢ COMPRESSOR LEAK DETECTION EQUIPMENT

OUR SYSTEM FOR LEAK DETECTION IS IN TWO INMERSIOR WATTER STATION THE COMPRESSOR IS
CHARGING WITH ll KG:’C&BOFMMALPRESSIONOFDRYMR.

THEOOMPRESSORISHANGNGNACONVEIORANDCO}WUESTOAWATER TANK BY INMERTION
OF THE COMPRESSOR AND THE LEAKAGE ARE VISUALLY DETECTED .

THE NEW REQUIREMENT OF LEAKAGE IS 0.05 OZ PER YEAR. WITH THE CONVENTIONAL HALOGEN
DETECTOR 1S NOT POSSIBLE TO DETECT R-134a LEAKS. '
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FABRICACION DE COMPRESORES, S A.DEC.V,

« UPPER AND LOWER SHELL DIES

ACTUAL UFPER AND LOWER SHELL DIES ARE TEN YEARS OLD, AND IT 5 IMPERATIVE TO CHANGE
ACTUAL DESIGN FOR ABAYONET TYPE.  DUE TO LEAKAGE WITH R-1342 ARP SEVIEREST THAN R-12, THISIS
BECAUSE R-134s HAS LOWEST INTERNAL MOLECULAS THAN R-12 [N CONSECUENCE LESS DENSITY. -

* SPOT WELDING MACHINES

ACTUAL ARC WELDERS ARE HORIZONTAL MACHINES.

THE OPERATOR MANUALLY LOAD THE TWO COMPRESSOR HALVIES INTO A ROTATING SPINDLE
TOGLING AND IT WOULD BE PRESSED IN PLACE BY A TAIL STOCK CILINDER WITH LINE CENTER, THEY HAVE
AX ARC WELDING TORCH THAT MOVES INTO POSICION TO FERFORM THE WELDING OPEFRATION.

THEY ARE 15 YEARS OLD AND THEIR CAPACITY ARE 60 SECONDS PER PIECE. DUE TO CHANGE

UPPER AND LOWER SHELL DESIGN, WE MUST CHANGE ACTUAL ARC WELDERS (HORIZONTAL WELDERSY
FOR ANOTHER VERTICAL TYPE.

+ METAL PRESS SYSTEM MODIFICATION

THE ACTUAL SYSTEM CONSIST IN A DROPPING MINERAL OIL LUBE BY GRAVITY EXCEPT N TWO
PRESSES THAT THEY HAVE AN AUTOMATIC PRESSURE FREE LUBE SYSTEM, IN ALL CASES IT IS NECESSARY
TO CHANGE FOR AN AUTOMATIC PRESSURE FEED LUBE $YSTEM BECAUSE THE NON OIL FLUID THAT WE
ARE TO USE LIKE METAL STAMPING, LIBRICANT NEEDS A SYSTEM,BY ASPERTION TO ASSURE BEST
RESULTS. '

CHANGE FOR A NON OIL FLUID BECAUSE IM ORDER TO AVOID PARAPHINES AND GELS DUE TO
REACTIONS IN COMPRESSOR TN PRESENCE OF R-U34a.

+ RETRO¥IT OF FIVE CLEANING/CHEMICAL TREATMENT UNITS

ACTUALLY EXIST BY MACHINERY AREA THREE LATHES AND TEM GRINDING MACHINES USMNG
MINERAL CUTTING OIL. THIS BQUIPMENT HAVE 13 YEARS OLD.

THE CENTER LEES GRINDING MACHINES CONSIST IN A GRINDING WHEEL, REGULATING
WHEELTRUDNG UNIT, AN HIDRAULIC UNTT, A CUTTING FUID TANK AND AN ELECTRICAL CONTROL CAGINET.
THE LATHES ARE A MULTIPLE SPINDLE AUTOMATIC MACHINES,

N ALL CASES SUBSTITUTION OF ACTUAL CUTTING FLUID SYSTEMS FOR A UNIQUE SmEZI}
SYSTEM IS NECESSARY TO AVOID CONTAMINATION BETWEEN NON OIL CUTTING FLUTD (NEW ONE) AND
HEIDRAULIC FLUIDS THAT ARE USED FOR THE OPERATION OF THE MACHINERY MECHANISNMS.
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