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PROJECT SUMMARY:

CORESMALT VALENCIA C.A. iz a 100% Venezuelan-owned company manufacturing domestic
refrigerators and freezers primarily for sale in Venezuela. Coresmalt currently
uses CFC 11 as & blowing agent in the production of rigid polyurethane ingulation
foam for the refrigsrator cabinets and doors, and CFC 12 is used as the
refrigerant. Based on 1933 figures, this project will eliminate £€5.52 ODP tons/yr
of CPCs 11 and 12 by conversion to the uss of HCFC 141b as the foam blowing agent
and HPFC 134a as the refrigerant respectively. Funds regquested will be used to
change the existing production lines, and for technology transfer, technical
assistance, re-design, testing, pre-production trials. and training. Incremental
operational costs resuliting from the conversion to the new techmology {6 montha
only} are also included.

Prepared by: Stuart XKelly, in collaboration with the Foundation for
Protection of the Ozone Layer and the Environment (FONDOIN).

Reviewsed by: Dr L.J.M, Kuijpers/Dr M.J.P. Jangsen {Refrigeration) and
Dr H. Creyf (Foam). Their comments are sttachad.



PROJECT OF THE GOVERNMENT OF VENEZUELA

ELIMINATION OF CFCs IN THE MANUFACTURE OF DOMESTIC REFRIGERATORS

1. PROJECT QEJECTIVE.

The objective of this project is to eliminate CFCs used by
CORESMALT C.A., in the manufacture of domestic refrigerators and
freezers. CFC 1l is used as the blowing agent for producing the PU
thermal insulating fcams for the refrigerator cabinets and doors,
and this will be eliminated by convermion to HCPFC 141B. CPC 12,
uged as the refrigerant, will be replaced by HFC 1l34a.

2. SECTOR BACKGROUND,

The Venezuela Country Programme (CP) for the Phase-out of Ozomne
Depleting Substances (0DS) under the Montreal Protocol ig presently
in the course of preparation. It is anticipated that the CP will be
pregented to the 17th meeting of the Executive Committee of the
Multilateral Pund for the Montreal Protoeol in July 1895.

Due to the economic situation in Venezuela, 1994 data is mnot
representative of either typical domestic refrigerator production
volume, or 0ODS consumpticn. This project ig, therefore, based on
1993 calender year data.

In preparing this project proposal, the following data for the 12
months January - December 1993 inclusive, wasg established as the
best estimate of CFC consumption for the manufacture of domestic
refrigerators and freezers in Venezuela. ODS elimination project
proposals are being presented to the Montreal Protocol Multilateral
Fund for the FOUR enterprises indicated in bold type, who account
for 96.7% of domestic refrigerator and freezer production in
Venezuela.

Il Enterprise Production CFC 11 CFC 12
Volume Consumption Consumption

{Tons) . {Tons)

Coresmalt Valencia 895, 646 5G.51 20.5%

Prigilux 41,605 27.73 . 4.85

Madosa 126,437 84.64 17.71

Muebles Eterna 3,153 - 0.38

Famusa Domestic 6,500 4.68 G.78

Others 2,500 1.80 0.30

Totals 275,841 169.36 44 .59




The preceding Table relataes to the DOMESTIC REFRIGERATION sector
only. It should be noted that Frigilux C.A. is also engaged in the
manufacture of unitary commercial vefrigeration equipment. The
production volumes and ODS consumption related to this activity are

included in the project proposal for ODS elimination at Frigilux.

96£.0% of the domestic refrigerators and freegers manufactured in
Venzuela are sold in the local market. It is estimated that around
70,000 domestic refrigerators/freezers were also imported for sale
in Venezuela in 1993, sourced from a variety of countries including
Mexico, Colombia, USA, and Korea.

4.0% of local production, around 11,9000 refrigerators are exported
te other Latin American countries, principally Colombia and
Ecuador.

This consumption of 213.95 ODP tons in the manufacture of domestie
refrigerators and freezers represents approximately 7% of the total
ODS consumption in the refrigeration and air-conditioning sector in
Venezuela which was estimated at 3,200 tons in 1893,

There is additional consumption of CFC 12 for servicing domesgtic
refrigerators. A project has already besn approved by the MLF for
a "Pilot Programme for Recovery/Recycling of CFC 12 in the Domestic
Refrigeration Sector®. This project has recently been implemented.
These new project proposals do not, therefore, address the

consumption of ODS in the servicing of domestic refrigerators and
freezers in Venezuela.

The 236.6% tons "ODS USE IN SECTOR® in the Project Summary Sheet,
therefore, refers only to identified ODS consumption in the
MANUPACTURE of domestic refrigerators and freezers in Venezuela,
plus the additional consumption of Frigiiux C.A. in their unitary
commercial refrigeration eguipment manufacturing operations, and
the ODS consumption of Vecomesa in manufacturing compressors.

Famusa Domestic was only identified as a manufacturer of domestic
refrigerators as this project proposal was being completed, and it
was not, therefore, possible to cobtain the necessary data in time
to prepare a project proposal for Famusa. It is proposed that an
ODE elimination project proposal for thisg small enterprise be

prepared for submigsion to the autumn 1995 meeting of the MLF
EXCOM.

The industry uses locally manufactured hermetic compressors,
refrigerants, and PU foam chemicals but alsc imports raw materials
and parts. Compressors are also sourced f£from Embraco and Sicom
{Brazil), Daewoo {Rorea}, and L’Unite Hermetique {France).

Uninhibited growth in the manufacture of domestic refrigerators and
freezers would lead to an estimated consumption in the year 2000 of
approximately 280 tons per year of CFCs 11 and CFC 12Z.
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The Foundation for the Protection of the Ozone lLayver and the
Environment (FONDOIN), with the assistance of UNDP, has designed a
strategy for the elimination of CFC 11 and CFC 12 ip the domestic
refrigeration manufacturing sector beginning in 1995. Approval of
this project by the MLF in July 1935 should result in the phase-out
of 86.5% of CFC consumption in the manufacture of domestic
refrigerators and freezers in Venezuela in 199%¢.

3, ERTERPRISE BACKGROUND

CORESMALT VALENCIA C.A. is the second largest manufacturer of
domestic refrigerators and freezers in Venezuela and they account
for approximately 35% o©f the total local preductlon of such
products. Coresmalt is a 100 per cent Venezuelan owned entexprise.

More details on CORESMALT VALENCIA C.A. are given below:
CPC USE IN 1993: 50.51 tons CFC 11
20.57 tons CFC 12

FULL NAME: CORESMALT VALENCIA CLA.

PLANT LOCATION: 2v. Henry ¥Ford-Zona Industrial Sur,

Apartado Postal 458, Valencia.
% ARTICLE 5 COUNTRY

OWNERSHIP:

No. OF MODELS:
PRODUCTION IN 189383:

No. OF PRODUCTION LINES:

COMPRESSOR SUPPLIERS:

CONTACT PERSONS:

TEL / PAX:

Coregmalt Valencia C.A. was founded in 1975 and is one of five
Inganova S.A., a large white goods
Coresmalt manufactures
and drinking water coolers which are
The Insanova Group also

companies within Grupo
production and marketing organisation.
refrigerators, £freezers,
marketed under the “Comet"

brand-name.

100% (Venezuela)
12
95,646 units

4

Vecomesa, Venezuela (60%)
L*Unite Hermetique, France (5%)
Eumbraco, Brazil (35%)

Roberto Martinez - Vice President
Javier Sorazu -« Plant Manager
Fablo Salas - Engineering Manager

Tel: (58 41) 334277
Fax: {58 41) 343598

manufactures a range of package air-conditioners using HCFC 22.
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The current product range at Coresmalt comprises 10 refrigerators,
an upright freezer, and a drinking water cooler.

The original refrigerator designs and technology were cobtained
under a license agreement with the Whirlpool Corporation. This
agreemant expired in 1975 and subsequently new refrigerator models
were developed "in-house". Currently Coresmalt has no technology
trangfer or licensing agreements with any internationally
recognised domestic refrigerator manufacturers.

99.8% of production is sold within Venezuela, the small balance of
exports go to Colombia. These exports are the 20/24 cubic feet,
“gide by side* double door, no-frost, models which are not
manufactured in Colombia.

Coresmalt presently employs 360 persons all of whom are engaged in
refrigeration related activities.

This project encompasses all 0DS consumption used in refrigerator
and freezer manufacturing operations at Coresmalt Valencia C.A.
that iz eligible for MLF funding.

The following tableg provide a summary of refrigerator and freezer
production by Coresmalt Valencia C.A. during the 12 month period
January to December 1993 inclusive.

“ Model ¥No. Capacity Dagceription Productic R 12 Charge R12
Cu ft n Volume Kas Consumption
Kgs
RF & 3.2 8D Ref 439 ¢.1008 43.%
RF 28 10.0 8D Ref 2.BES 0.128 3166.7
RF 32 11.90 SD Raf 45,119 0.190. 8,572.6
RF 36 13.0 SD Ref T3 0.180 140.2
RF 37 13.0 DD Ref 11,941 0.19% 2,268.8
RF 43 i5.0 DD Ref 2,065 0.260
RF 33 11.0 5D Ref NF 1,036 0.162 536.9
RF 42 15.0 DD Ref NF i6.674 6.300 167.8
RF 56 20.0 8BS Ref NF 7,397 0.2586 5,002.2
RF 67 24,0 388 Ref NF 1,170 06.380 1,883.¢
RE 26 11.0 8D Prz NF 2,405 4.377 444 .%
EDB - Botellon 3,787 0.060 808.7
227 .8
Totals or
Weighted 95,6546 0.215 20,871.48
Average




Model No. PU Foam pex Cabinet & R1Z2 Compressor R134n
Uit Poor Linexr HP & Prica Compraggor HP &
Kgs per Unit uss Price
Kgs HIES uss
RF 3 1.874 {metal) 1/10 28.04 i/710 32.04
RF 28 3.074 7.165 1/8 35.29 1/8 39.48
RF 32 3.319 7.165 i/6  36.47 1/6 40.70
RF 36 3.581 F.832 1/6 36.47 1/6 40.70
RF 37 3.738 7.832 1/6 36,47 1/6 406.70
RP 43 5.110 5.378 1/5 41.17 1/5 45.35
RF 33 3.319 7.165 1/6 36.47 1/6 40.7%0
RE 42 5.116 9.379 1/4 43.852 1/4 47.75
RF 56 6.739 {metal} 1/3 48.82 173 53.17
RF €7 8.529 (matal) 1/3 48.82 1/3 s53.17
REF 26 3.397 7.165 1/5 41,17 1/5 45.35
EDB - - 1710 24.04 1/18 32.04
Waighted
Average 3.912 6.728 38.82 42 .84

Key: SD «= Single Door DD Double Door Ref

- Refrigerator
Frz = Freezer NF = No Frost 8BS

Side by Side

W a

4. PROJECT DESCRIPTION

Coresmalt Valencia presently uses CFC 11 for the production of
rigid insulating foams needed for the refrigerator and freezer
cabinets and doors, and uses CPC 12 ag refrigerant. The total
consumption in the 12 months Januaxy - December 1993, and the QDP

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
Coresmalt 50.51 44 .95 20.57 65.52
Note: *The second column of figures for CFC 11 takes the ODP of

HCFC 141b inte account {(ODP = 0.11).

It should be noted that Coresmalt has FOUR independent production
lines in two quite separate factory buildings. The differring

nature and volumes of the product range deoes not permit
rationalisation.

4.1, REPLACEMENT OF CFC 11 WITH HCFC 141b.




Coresmalt C.A. will replace the CFC 11 used ag a blowing agent in
the production of the insulation foam with HCFC 141k as an interim
gtep to an ODS-free system.

The enterprise currently has TWO PU foam dispensing systems. The
main system dating from 1975 iz based on a Mobay HKA 1000H high
pressure machine for cabinet and door foaming. HCFC 141b can be
used in this Mchay high pressure equipment with some modest
retrofitting, including the replacement of seals and hoses with
HCFC 141b compatible materials. Extensive trialling and training
will, however, be necessary.

The second low pressure machine 1s used to foam some models of
refrigerator cabinets on a separate production line. It is proposed
that this machine be replaced with a high pressure foam dispensing
system of equivalent capacity.

Both the existing bigh pressure foam dispensing machine, and the
replacement high pressure machine, c¢an also be used with most of
the egtablished, or developing, zero-ODP systems, although machlne
and eguipment modifications will be necessary to safely handle
flammable blowing agents such as cyclo-pentans.

The conversion to HCFC 141b will incur costs related to technology
trangfer, trialling and training at Coresmalt. These activities
will include training of staff in worker-safety related to HCFC
141b.

Details of the existing foam injection egquipment are provided in
section 5.1.3,

Incremental Operational Cosgts associated with the technology change
from CFC 11 to HCPC 141b are requested for a period of six months.

4.2. REPLACEMENT OF CFC 12 WITH HFC l134a.

HFC 1l34a is universally accepted as a zero-CQDP replacement for CFC
12 in the manufacture of domegtic refrigerators and the technology
is mature. This is the CPC replacement technology selected by
Coresmalt.

The conversion to HFC l1l34a requires the use of HFC 134a specific
compressors and the associated 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 mocdel, and pilot
scale manufacture and teating before full scale conversion of
production to HF( l1l34a for each model. The convergion 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-
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contamination with CF{C 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.

Detalls of the existing egquipment on which the technology charge
will impact are provided in section 5.2.3.

Incremental Operational Costs associated with the technology change
from CPC 12 to HFC l34a are reguested for a periocd of six months.

5. TECHNOLOGY

5.1, REPLACEMENT OF CFC 11.

5.1.1. OVERVIEW

Currently, the three principal technology options for the
replacement of CFC 11 in thermoset insulation foams are:

CFC 11 > partial water/HCFC 141b > ?
CFC 11 » partial water/HCFC 22,142b » HFC 134a, HFC 152a
CPC 11 » n-, iso-, or c¢yclo-, pentane

In addition, perflucroalkanes, hydroflucroalkanes such as HFCs 2485,
356, ete., fluorinated ethers, 2-chloropropane, and vacuum panels
have been suggested for specific applications, but the technologies
are not maturs. Furthermore, some cof these products are either
only available in limited quantities, or toxieological tegting is
not complete and, therefore, safety in use cannot be evaluated.

The firspt option, the "liquid® solution, employs technology that is
¢losely related to the existing CPC 11 techunology and generally
means that existing foam dispensing equipment can be used. The
final step to a zerc-ODP technology in this process is not vyet
decided. One potential solution may be the use of liquid BEFCs such
ag HFC 245 or HFC 356, but full water blown foam with improved cell
structure remaing anocther option.

The second one, the "gas" solution, utilizes physical blowing
agents which are liquefied gases. Thig technology always requires
new feoam dispensing equipment and extensive adjustments. The final
step to a zerc-0ODP technology in this process would be the use of
a gaseaous HFC such as HFC 134a.

The third option, pentane techuology, is commercially proven and is
now extensively used in many rigid PU insulation foam applications
in Europe. It is currently the most cost effective of the non-0ODS
technologies for CFC replacement. However, pentanes are flammable
and this means a careful review of manufacturing operations with
respect to the safe handling of a flammable foam blowing agent.
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Pentane technology may not be a practical or cost effective option
in the existing workplace enviromments at many smallexr scale
aenterprises due to the plant safety modifications reguired.

Several companies currently offer pentane technology packages,
including equipment. Itg use certainly regquires implementation
agsistance and UNDP further requires an independent safety review
prior to, and after, installationm.

5.1.2. SELECTION

Based on economic and environmental coneiderations, cyclo-pentane
appears to be the best choice for domestic refrigerator and freezer
applications. It combines an attractive price with zero-ODP, and
near-zere GWP properties, as well as acceptable foam insulation
qualitieg. Coresmalt considered cyclo-pentane t{echnology, and a
cyclo-pentane based preject is wviable within the cost effectiveness
threshold of US$ 13.76 after allowance for safety related costs.
However, whilst recognising both the envirommental and economic
benefits of cyclo-pentane versus HCFC 141b, Coresmalt selected HCFC
141b as a first stage, interim, replacement for CFC 11.

Congiderations that influenced the Coresmalt decision in favour of
BCFC 141b technology, include the following:

- HCFC 141k is presently the technoclogy selected by their
principal competitor {(Madosa).

- HCFC 141b technology can be introduced guickly, utilising
the existing equipment, with minimal investment cost and plant
downtime,

- whilst cyclo-pentane technology could be introduced by the
provision of the necessary safety egquipment, cyclo-pentane
storage and blending facilitiesg, and retrofit of the existing
foam dispensing machinea, for Coreamalt this would involve a
major, and unacceptable, disruption of plant operations and
loss of production.

- Coresmalt look to the USA for guidance on CFC replacement
technology and Coresmalt believe that a zero-ODP solution
other than pentane based techneclogy will be commercially
developed by the US refrigerator manufacturers. With the
difficult economic climate in Venezuela at the present time,
Coresmalt wish to take the interim step into HCFC 141b, and
review the zero-ODP options in 2 -3 years time.

The selection of BCFC 141b technology as the immediate replacement
for CFC 11 by Coresmalt is a realistic and sensible cholce under
the prevailing circumstances. Relatively modest funding is
requested to achieve this and the technology choice is supported by
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the FONDOIN. Coresmalt understand that HCFC 141k is an interim
solution which will require a change to an appropriate zero-0ODP
technology at some future date. Funding is requested to facilitate
these changes but Coresmalt also understand and accept that all

future costs asscciated with that subsequent technclogy change is
for its own account.

5.1.3. IMPACT ON THE PRODUCTION PROCESS

HCFC 141k is & non-flammable liquid (ne flash point), but
moderately flammable in the gaseous state. The flammability limits
are 7.6 - 17.1% by volume in air. The usually recommended PEL
(Permissable Exposure Limit) is S00 ppm on an eight-hour time-
waighted average. In the intended application, the use of HCFC
141b should not pose a significant risk, but UNDP will, as part of
its safety audit programme, perform a monitoring check at
commissioning to ensure the adherence to safe worker exposure

levels., Ventilation will be installed if the results lndicate the
nead.

The refrigerator and freezer models produced by Coresmalt use HIPS
cabinet and door liners. A modified HIPS liner material which is
registant to HCFC 141b will be required.

Foam dengity adjustments will be necessary to obtain eguivalent
insulation values.

Coresmalt currently has two PU foam dispensing systems. The main
system dating from 1975 is based on a Mobay HRA 1000H high pressure
machine with a maxiwmum throughput of 180 Kgs/minute. This has seven
mixing heads for cabinet foaming and a separate, independently
operable mixing head for door foaming. All doors are foamed using
this machine. HCFC 141b technology can be introduced utilising
this Mobay high pressure equipment with some modest retrofitting,
including the replacement of meals and hoses, Provigion for thig is
included in the project budget. Production trials and testing will
be reguired prior to the introduction of full scale refrigerator
production with HFC 141b using this equipment,

A second low pressure machine is used te foam szome models of
refrigerator cabinets. This is an Admiral 1000-2P/F machine dating
from 1981 with a single mixing head and a maximum throughput of 45
Kgs/minute. To facilitate the final change to non-0DS technoloy it
is proposed that this machine be replaced with a high pressure foam
dispensing system of egquivalent capacity and this is also included

in the project budget. Production trials and tesgting will be
ragquired.
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5.2. REPLACEMENT OF CFC 12.

5.2.1. OVERVIEW

HFC 134a is universally accepted as a replacement for CFC 12 in the
manufacture of domesgtic refrigerators. HFC 1l34a i=s widely available
and the technology is mature. Replacement of CPFC 12 with HFC 134a
requires relatively modest changes to existing production
facilities.

Whilst hydrocarbon refrigerant (iso-butane) is being increasingly
ugsed in the manufacture of domestic refrigerators im several
Developed Countries, the transfer of thig technology to Developing
Countries 18 not always cost effective. It also raises questions
about safety issues and remains conditional on the support of a
technology partner experienced in the production of comparable
refrigerators and freezers on a commercial scale. It is further
dependent on the technology partner providing assurances in writing
on safety issues, and, of course, the availability of adequate
supplies of both compressors and hydrocarbon refrigerant of the
required quality.

HFC 152a might be considered ancother 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 gquestions around it‘s gtability in refrigerator
systems. Furthermore, compressors for use with HFC 152a are pot
commercially available.

5.2.2. SELECTION

Based on the results of discussions with compressor suppliers and
participation in techmical workshops on non-CFC technology ste.,
the CFC 12 replacement technology selected by Coresmalt is HFC
134a.

The new HFC 134a technology will be developed "in-house” with
agsistance from compressor and refrigerant guppliers. Coresmalt
does not currently have any formal technology transfer agreements
and additional technical asgistance will be regquired in
implementing the HFC l34a technology. This will be obtained from
Vecomesa and Embraco, Coresmalt’s main compressor suppliers, as
well as the refrigerant supplier, and the relevant UNDP
consultants. Provigion for this is made within the project budget
which will ensure successful project completion.

5.2.3. IMPACT ON THE PRODUCTION PROCESS

HFC 134a, like CFC 12, is non-flammable. HFC l34a has also been
the subject of extensive toxicological testing and is considered
safe in use in industrial applications provided the suppliers
recommended occupational exposure levels are not exceeded. At the
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present time this means enguring that exposure levels do not exceed
1000 parts per million on an 8-hour time-weighted average kasis.
This is the same as the Occupational Exposure Limit {(QEL) /Threshold
Limit Value (TLV) for CPFC 12 and thus no changes from current
practices are required.

There will be an approximately 10% reduction in the mags charge of
HFC 134a compared with CFC 12 for a refrigerator system of the same
capacity. This ig taken into account in the calculation of the
inceremental operational costs,

It ig well understood that the chemical stability of HFC
134a/synthetic lubricaunt systems in domestic refrigerators, and
hence the long term performance of the appliance, is sensitive to
moigture content and certain chlorinated impurities. Thig requires
that CFC 12 and HFC 134a bandling equipment be carefully
segregated, and it alsco calls for betiter evacuation of the system
prior to refrigerant charging.

Becausge system cleanliness and moisture content is paramount to the
guecegaful manufacture of HFC 134a refrigerators, Coresmalt will
need to critically re-assess production procedures and re-train its
production personnel as appropriate. Provision for this is made
within the project proposal budget.

The conversion from CFC 12 to HFC 134a will take place on a model
by model basisn, so that Coresmalt will be producing both CFC 12 and
BFC 134a refrigerators during the implementation phaze of this
project. This iz feasible given the configuration of the company’s
production facilities. This means that there is a requirement fox
new system evacuation egquipment and refrigerant charging equipment.

Leak detection of the refrigeration system is an integral part of
the manufacturing process and the use of HFC l34a requires that new
leak detection equipment be employed.

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

Galileo V210F automatic R12 charging machines
PCU automatic R12 charging machine

Airseco model AVC.1PBTLR-23 R12 charging machine
Panfoss 118x%000 R12Z charging machine

Robinair "Dial a Charge® R12 charging units
Kinney KC 15 dual stage vacuum pumps, 25.6 M3/hr
Kinney KC 5 dual stage vacuum pumps, 8.8 M3/hr
Stokes 21-2H10 vacuum pump

Stokes 612-30 wvacuum pump

GE H10B hand-held electronic R12 leak detectors
TIF 5050 hand-held electronic R12 leak detector

]

W
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The refrigerant charging eguipment and vacuum pumps listed above
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serve the following production lines:
The Robinair %Dial a ChargeY units are used for development.
Main Produgtion Line {Models 28, 32, 36, 37, 43, 42}

2 x Galileo V210 charging machines, 1 in use, 1 on standby.
33 Kinney KC 15 wvacuum pumps, 30 in use, 3 on standby.

Production Line 2. (Modelg 26, 33, 9}

Airseco charging machine.
6 x Kinney KC 5 wvacuum pumps, all in use.

Production Line 3, {(Models 56, 67

PCU Charging machine.

10 x Kinney KC 5 vacuum pumps (in usgse),

1 x Stokes 612~30 vacuum pump (normally on standby).

Production Line 4 (Model EDB}

Danfogsg 118x5000 charging machine.
1 x Kinney KC 15 wvaccum pump {in use).
1 x Stokes 21-2H10 vacuum pump (in usel.

The project proposal includes provision for ONE new Rl34a charging
machinae of equivalent capacity for each production 1line.
Replacement vacuum pumps are requested on the following basis:

Main Production Line
Production Line 2.
Production Line 3.
Production Line 4.

new vacuum pumps
new Vacuum pumps
new vacuum pumps
new vaguum pumps

| LV VI

Provigion is made for retrofit of the remaining vacuum pumps where
considered feasible, or the funding provided for retrofitting will
be used by Coresmalt towards the purchase of new wvacuum pumps, at
their own discretion,
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6. PROJECT COSTS

6.1, INCREMENTAL CAPITAL COSTS

CAPITAL COST FOR CFC 11 PHASE-OUT

RETROFIT OF EXISTING HIGH PRESSURE FOAM MACHINE 10,000
NEW HIGH PRESSURE FOAM MACHINE (45 Kgs/min} 100,000
TRAINING, TEST TRIALS & TECHNOLOGY TRANSFER 20,000
CONTINGENCIES (10%) 13,000
Subtotal (US$§) 143,000
CAPITAL COST FQR CFC 12 PHASE-CUT
REFRIGERANT CHARGING EQUIPMENT (Main Line) 60,000
REFRIGERANT CHARGING EQUIPMENT (Line 2.) 30,000
REFRIGERANT CHARGING EQUIPMENT (Lines 3. & 4.} 45,000
REFRIGERANT CHARGING EQUIPMENT (Development) 2,500
NEW VACUUM PUMPS (10 off) 30,000
RETROFITTING VACUUM PUMPS {42 off) 21,000
LEAK DETECTION EQUIPMENT (5 cff) 5,000
TRAINING 5,000
RE-DESIGN, PROTOTYPING, TEETING, PILOT SCALE
PRODUCTION & RELIBABILITY TEST TRIALS (12 models) 45, 000
TECENOLOGY TRANSFER/TECHNICAL ASSISTANCE 15,000
CONTINGENCIES (10%) 25,500
Subtotal (US3) 284,000
TOTAL INCREMENTAL CAPITAL COST (US$) 427,000

6.2 INCREMENTAL OPERATING COSTS

The calculation ¢f the incremental operating costs is based on a
gix month period using 50% of the actual production for January to
Dacember 1%93 inclusive. Annex A, provides detailed explanations

on how the incremental operational costs were obtained, the costs
are summarized below:
PHASE-QUT OF CFC 11

Costs for Materials {(see Annex A. Part 1.): 162,359
PHASE-QUT CF CFC 12

Costs for Materials {(see Annex A. Part 2.): 272,181
TOTAL ITNCREMENTAL OPERATING COST (UsS§) 434,520
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6.3. TOTAL PROJECT INCREMENTAL COSTS

TOTAL COST {Capital + Operational) {(US$) 861,520
% Article 5.1 Country Ownersghip 100%
FUNDING REQUESTED FROM MLF (US$) ‘ 861,520

6.4 UNIT ABATEMENT COST (US8&/Kq)

a. Capital Investment Costs 427,000
b. Capital Recovery Factor {(10% p.a.) 0.16275
¢. Incremental Operating Costs 434,520
d. ODS Reduction (ODPF Kgs Jan - Dec 1993} 65,520
e. Unit Abatement Cost (US$/Kg) 7.69

[ (a 2b) + o] /d

THE PROJECT UNIT ABATEMENT COST IS 7.69% USS$/Kg

6.5 COST EFFECTIVENESS (US$/Kqg)

TOTAL PROJECT COST

861,520 USg

i

LESS PROJECT SAFETY RELATED COSTS

n/a

TOTAL ODRS ELIMINATED

65,520 ODP Kgs

PROJECT COST EFFECTIVENESS 13.15 US$/Kg

THE PROJECT COST EFFECTIVENESS IS 13.15 US$/Xg

This is below the threshold value of 13.76 US§&/Kg established by
the Executive Committee of the MLF at its 16th meeting in March
1595 for projects in the Domestic Refrigeration sector.
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T.  PFINANCING PLAN

Coresmalt C.A. regquests reimbursement from the MLF of the sum of
US$ 861,520, representing the incremental Capital and Operational
costs of this ODS elimination project, correctly taking into
account the 100% Article 5.1 country ownership of the enterprise.

8. PROJECT IMPLEMENTATION
8.1 MANAGEMENT

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

8.2 SCHEDULE

! TIME TO COMPLETION
TASK

QL | 02 | @3 | 04 | o5 | @6 ﬂ

1. Preparation : )
MLF Approval X !
Procurement Preparation XX |x
Vendor Selection XX

2. Installation
Arrival of Equipment

Customs Clearancsa X

Machine Installation XX l
3, Btart-Up

Machine Start-up X

Trials & Training XX¥ XXX | XX

Mass Production Change X XX

Certification

_*

8. _PROJECT IMPACT

Based on data for the 12 months, January - December 1893, this
project will eliminate the use of 65.52 ODP tons per year.

10. ANNEXES

Annex A. - Incremental Operational Cost Caleulations.
Annex B, - Project Technical Reviews.

ANNEX A, JINCREMENTAL OPERATTIONAL COST CALCULATIONS
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1. Incremental Cogts resulting from replacing the CFC 11 Blowing
Agent in the Refrigerator Ingulation Foam with HCFC 141k (USS®)

CORESMALT VALENCIA C.A. CFC 11 1HCFC 141b Diff

Use per Kg of Foam produced

a. Kg Polyol
b, MDI
¢. Kg Blowing Agent

Prices in USS/Rg

d. Polyol

e. MDI

£. Blowing Agent

g. Liner (Type: EIPE)}

Cost per Kg of Foam Produced
= a. x d. Polyol

i. = b. 2 e. MDI
= o, x £. Blowing agent

k. = hedisj Total Cost per Kg of Foam

Materials Used per Refrigerator

1. Eg of Foam per Refrigerator {(avg) 3.912 4.303 0.35%1
m. Rg of Liner material per refrigerator (avyg} §.728 6.728 -

Cost per Refrigerator

n. = L. x k. for Foam 8.974 11.158 2.184
o, = m. X g. for Liner 11.572 12.783 1.211
p. = 0. + 0. Total per Refrigerator 20.54¢6 23.3%41 3.385
g. = Ho. of Refrigerators {(see Note 1.) 47,823
TOTAL INCREMENTAL OPERATIONAL CO8T (UdS) 162,359

{Bee Notes 1., and 2. below)
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2. Incremental Costs resgulting from

replacing

the

Refrigerant with HPC 134a us

CORESMALT VALENCIA C.A.

H¥C 134a

1. Refrigerant

a, Price per Kg of Reirigerant

b. Kg of Refrigerant per Refrigerator {avg.}
¢. Mo, of Refrigerators Produced (see Note 1.)

1id. Cost for Refrigerant = a x b x ¢

2. Compreasors
a. Cogit per Compressor {sea Note 2.}
b. He. of Compressors {see Note 1.}

3. Condensers

a. Coet per Condenser
L. No. of Condensers

a. Cost per Filtexr/Dryer (average)
b, Ho. of Pilter/Dryers {see Hote 1.}

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

4¢. Cost for Fllter/Dryers = a2 x b

47 . 823

5. Capiliary Tubes

------------------------------------

a., Cost per Capillary Tube {average)
b. No. of Capillary Tubes {see Note 1.}

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

5¢. Cost for Capillary Tubes = a x b 34.480 42,180 7,700
TOTAL INCREMENTAL OPERATIONAL (OST {(uss)
= 1d + 2¢ + 3¢ + 4¢ + 5S¢ {Diff) 272,161

Notes relating to the palculation of Incremental Qperational Costs

Note 1.

Figures in the above tables are based on the actual production

volume for the 12 month pericod January to December 1993 cbtained
from Coresmal: Valencia C.A. at the time of project preparation. As
Incremental Operathional costs are claimed for 6 months only, 50% of
this 12 months production wvolume hasg been used in the calculation.

Note 2. rRafrigerant, chemical,

and compressor prices used in the above

tables are waighted average prices for the principal domesgtic and
comeexrcial refrigerator manufacturera in Venezuala.

Rote 3.

The calculated incremental costs for the HFC 134a refrigersnt are

baged on a 10% reduction in the masa charge compared with CFC 12.
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ECEINNLCHT, REVEISW .
1. Country;
Venezuelia.
rojec

Elimination of CFCs 11 and 12 at four Domestic Refrigeration Manufac-
turers, and conversion of one Compressor Manufacturer.

3. (Sub)Sector:

{Domestic) Refrigeration,
This review covers only the foam part.

-Re ]

The Venezuelan CP for phase-out of ODS is actuaily in preparation. It
is believed that the (P will be presented at the 16th Meeting of the
Executive Committee of the MLF in March 1995,

Beginning 1995, the “Foundation for the Protectfon of the Ozone
Layer and the Env1renmeﬁt“ (FONDOIN), assisted by UNDP has assigned a
strategy for CFC elimination in the domestic refrigeration sector.

5.Technology;
5.1.CORESMALT

Coresmalt will replace CFC11 with HCFC 141b.As an interim step to an
005 free technology; this can be accepted.

It can be agreed to replace the low pressure Admiral machine with a
high pressure one, with equivalent capacity.

5.1 MADOSA.
Madosa wants to substitute CFC 11 with HCFC 141b as an interim step
to a total 0DS free technology.

Since three HP machines are available, no replacement is proposed in
the project.

The two other firms, MUEBLES ETERNA and VECOMESA either do not use
CFCs in the production of the iasulation panels, or do not deal with
refrigeration boxes,

They are hence nol discussed in this review.



the 0DP of HCFC 141b fs 0.11 versus 1.0 for CFC 11.The GWP of HCFC
1416 is 10% of the GWP of CFC 11. The smog potential of HCFC 141b is
1.0 versus 0,1 for CFC 11 {as a reference: pentane. 500)

I.ProJect Costs:

7.1.CORESMALT.

A1l elements mentionad {n the incremental capital casts can be
accepted. The USD 20,000 for training is also Justified, since trials
must be performed at twe machines.

The {ncremental operation costs calculation is correct and can be
accepted.

The cost for elimination of 1 kg of ODS is then USD
{132,000+162,359) /44,950, or USD 6.55.

7.2 MADOSA.

The incremental capital costs, as well the incremental operational
costs are correct, and can be accepted.

The cost for elimination of 1 kg of ODS becomes:

USD (33,000 + 299,464)/75,330 or USD 4.41.

8. Implementation:
The proposed implementatian can be accepted as such.
9.Recommendation:

It {s proposed to accept the foam part of the three projects discus-

| .

Prepared by Hubert Creyf, UNDP Foam Sector Reviewer.
Date: 20 february 1995.



GCountry of origin: VENEZUELA

Project title: Elimination of CFCs 11 and 12 at FOUR Domestic Refrigerator

Manufacturers (Coresmeit Valencia C.A., Grupo Frigilux C.A., Madosa
S.A., Muebles Eterna C.A.), and conversion of ONE compressor
manufacturer (Vecomesa S.A)

Sector/sub-sector Domestic refrigeration

Relationship to country program  UNDP (CP in preparation)

Note This review addresses only the refrigerant conversion partt of the project, #

does not address the part related to the foam blowing agent conversion.

Technology

&

L

All manufacturers in this project have chosen for a conversion of their production to the HFC-
134a techrnalogy.

In domaestic refrigeration, HFC-134a technolegy is a proven and acceptable {nontransitional)
technology to reduce CFC-12 consumption.

Three companies in this project (Coresmall, Frigilux and Eterna) do not have a formal
technology transfer agreement, However, ail these companies pian to develop the HFC-134a
technology with assistance from compressor and refrigerant suppliers. Furthermore provisions

~ for external assistance are present. Due to these facts, a successful project implementation can

be expected at these companies. The fourth refrigerator manufacturer (Madosa) does have an
ongoing technology teansfer agreement with General Electric, USA and the compressor
manufacturer Vecomesa has a technology licence agreement with Tecumseh, USA. Both
agreements include support for the HFC-134a conversion process, so also for the latter two
rmanufaciurers a successful project implementation can be anticipated.

During the review process two technology aspects in this project were discussed in depth with
the UNDP consultant and the relevant companies:

1. The Madosa company will obtain new HFC-134a compressors without lubricant. This is
in contrast to the currently auplied production procedure and therefore requires
investments in ofl storage, charging and dehydration equipment. On-line oil charging of
compressors does have cettain advantages in quality control but is not strictly necessary
{namely, a large number of companies do apply compressors which are oil charged by
the compresseor manufacturer). However, on-line oil charging is a requirement put
forward by the technology supplier (G.E.) and forms an essential part of the technology
to be transferred. Costs of the related equipment are therefore considered essential for
the conversion process,

2. The compressor manufacturer Vecornesa will switch from a Tecumseh “AE" design for
CFC-12 to a, higher efficient, “AZ" design for HFC-134a for the larger part of their
production. This ¢change in design does lead to additional investrments in production
equipment (e.g. presses, welding and brazing machines etc)). In fact the change from
“AE" to "AZ" technology does include a technology upgrade to higher efficient products.
However, it is demonstrated by the company that there is no alternative for this selection
as no "AE" designs for HFC-134a are available by Tecumseh, in the capacity range
considered. Therefore, these additional costs have to be considered as eligible
incremental costs. -

Technologies other than HFC-134a were considered {hydrocarbons, HFC-152a) but were not
selected because of the state of development, safety issues and the lack of commercially
available compressors. From the zero ODP technologies HFC-134a is one of the most cost
effective solutions,
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Environmental impact
HFC-134a has an ODP of zero and a GWP of 0.27. For domaestic refrigeration a GWP of this
magnitude is negligible.

Proiect costs

*

The equipment requested by all manufacturers is essential for the conversion process (see
statemants above). Costs of equipment, training and testing are reasocnable.

« Incremental operational costs are reasonable and correctly applied (for six months),

*

if the UAC values are calculated for the refrigerant conversion part of the projects separately,
then the following values are obtained:

Coresmelt Valencia 15 USDikgly
Frigilux 19 USDikgly
Madosa 6 USD/kgly {only 25 % local ownership)
Muebles Eterna 78 USDikgly

Besides the value for Eterna, these values ate reasonable compared to other, similar, projects.
The high UAC value for Muebles Eferna is caused by the smali size of the company. For
Vecomesa an arificial UAC value of 2.9 USDikgly (41.35 % country ownership) is calculated
based on the current compressor praduction and an average charge of the appliances to be -
produced with these cormpressors of 0.1 kg. The resulting UAC value is relatively low compared
to ather, simitar, projects.

The foreign ownership of the different companies is correctly taken into account.

Implementation timeframe
Reasonable.

Relevance and adequacy of information provided
Sufficient information was obtained from the project proposal together with comments from the
UNDP consuitant and the companies.

Recommendations
Appreval as proposed

Janssen M.J.P., Kuijpers L.J.M.,
Eindhoven, The Netherands University Eindhoven, The Netherfands
15-February-1995
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PROJECT COVER SHEET

COUNTRY: YVENEZUELA

PROJECT TITLE: Elimination of CFCs 11 and 12 in the
Manufacture of Domestic Refrigerators at
MADOEA S.A.

SECTOR COVERED: Domestic Refrigeration (Mfg}

QDS USE IN SECTOR: 236,69 tons QDS

PROJECT IMPACT {(ODP): 93.04 ODP tons

TOTAL PROJECT COST: Uss 1,216,496

INCREMENTAL CAPITAL COST: Uss 583,000

INCREMENTAL OPERATING COST: Uss 633,496

PROPOSED MLF GRANT: uss 304,124

UNIT ABATEMENT COST: 1.96 USsS/Kg

08T BFFECTIVENESS: 13.08 US§/Kg

PRCJECT DURATION: 1.5 years.

ECONOMIC LIFE: 10 wears.

NATIONAL COORDINATING BODY: FONDOIN
IMPLEMENTING AGENCY: URDP
APPRAISAL DATE: December 19%4/May 1585

PROJECT SUMMARY:

MADOSA S.A.4is a 25% Venezuelan-owned company manufacturing domestie refrigerators
and freezers primarily for sale in Venezuala. Madosa currently uses CFC 11 as a
blowing agent in the production of rigid polyurethane ingulation foam for the
refrigerator cabinets and doorg, and CFC 1% is used as the refrigerant. Based
on 1993 figures, this project will eliminate 93.04 ODP tona/yr of CFCa 11 and 12
by conversaion to the use of HCFC 141b as the foam blowing agent and HFC 134a as
the refrigerant respectively. Funds requested will be used to change the
axisting production lines, and for technology tranafer, technical asaistance, re-
design, testing, pre-production trials, and training. Incremental operational
coaty resulting from the conversion to the new technology (6 months only) are
alao includad.

Prapared by: Stuart Kelly, in c¢ollaboration with the Foundation for
Protection of the Ozone Layer and the Envivonment {FONDOIN).

Reviewed by: Dr L.J.M. Kuijpers/Dr M.J.P. Janasen {Refrigeration) and
Dr H. Creyf {(Foam). Their comments are attached.



PROJECT OF THE GOVERNMENT OF VENEZUELA

ELIMINATION OF CFCg IN THE MANUFACTURE OF DOMESTIC REFRIGERATORS

1. FROJECT OBJIECTIVE.

The objective of this project is to eliminate CFCs used by MADOSA
8.A. in the manufacture of domestic refrigeratorsz and freezexs.
CPC 11 is used as the blowing agent for producing the PU thermal
ingulating foams for the refrigerator cabinets and doors, and this
will be eliminated by conversion to HCFC 141B. CFC 12, used as the
refrigerant, will be replaced by HFC 134a.

2. SECTOR BACKGROUND,

The Venezuela Country Programme {(CP) for the Phase-out of Ozone
Depleting Substances (ODS) under the Montreal Protocol is presently
in the course of preparation. It is anticipated that the CP will be
presented to the 17th meeting of the Executive Committee of the
Multilateral Fund for the Montreal Protocol in July 1998,

DPue to the econcomic situation in Venezuela, 1994 data is not
representative of either typical domestic refrigerator production

volume, or ODS consumption. This project is, therefore, based on
1893 c¢alender year data.

In preparing this project proposal, the following data for the 12
months January - December 1993 ipnclusive, wasz established as the
best estimate of CPC consumption for the manufacture of domestic
refrigerators and freezers in Venezuela. O0DS elimination project
proposals are being presented to the Montreal Protocel Multilateral
Fund for the FOUR enterprises indicated in bold type, who account

for 96.7% of domestic refrigerator and freezer production in
Venezuela.

Enterprise Production CFC 11 CFC 12
Volume Consumption Consumption

(Tons) {Tons)

Coresmalt Valencia 85,646 50.51 20.57

Frigilux 41,608 27.73 4.85

Madosga 126,437 84.64 17.71

|| Muebles Eterna 3,153 - 0.38

Famusa Domestic 6,500 4.68 0.78

Others 2,500 1.80 0.30

Totals 275, 841 169.36 44,59




The preceding Table relataes to the DOMESTIC REFRIGERATION sector
only. It should be noted that Frigilux C.A. is alsc engaged in the
manufacture of unitary commercial refrigeration equipment. The
production volumes and ODS consumption related to this activity are

included in the project proposal for ODS elimination at Frigilux.

896.0% of the domesgtic refrigerators and freezers manufactured in
Venzuela are sold in the local market. It is estimated that arcund
70,000 domestic refrigerators/freezers were also imported for sale
in Venezuela in 1993, sourced from a variety of countries including
Mexico, Colombia, USA, and Korea.

4.0% of local production, arcund 11,000 refrigerators are exported
to other Latin American countries, principally Colombia and
Ecuador.

This consumption of 213.85 ODP tons in the manufacture of domestic
refrigerators and freezers represents approximately 7% of the total
ODS consumption in the refrigeration and air-conditioning sector in
Venezuela which wag estimated at 3,200 tons in 19853,

There is additional consumption of CFC 12 for ssrvicing domestic
refrigerators. A project has already been approved by the MLF for
a "Pilot Programme for Recovery/Recycling of CFC 12 in the Domestic
Refrigeration Sector®. This project has recently been implemented.
These new project proposals do mnot, therefore, address the
consumption of ODS in the gervicing of domestic refrigerators and
freezers in Venezuela.

The 236.69 tons *ODS USE IN SECTOR" in the Project Summary Sheet,
therefore, refers only to identified ODS consumption in the
MANUFACTURE of domesgtic refrigerators and freezers in Venezuela,
plus the additional congumption of Frigilux C.A. in their unitary
commercial refrigeration equipment manufacturing operations, and
the ODS congsumption of Vecomesa in manufacturing compressors,

Famusa Domestic was only identified as a manufacturer of domestic
refrigerators as thig project proposal was being completed, and it
wags not, therefore, possible to cobtain the necessary data in time
to prepare a project proposal for Famusa. It is proposed that an
ODS elimination project preoposal for this small enterprise be

prepared for submission to the autumn 1955 meeting of the MLF
BEXCOM.

The industry uses locally manufactured hermetic compressors,
refrigerants, and PU foam chemicals but also imports raw materials
and parts. Compressorg are also sourced from Embraco and Sicom
{Brazil), Daewoo (Korea), and L'Unite Hermetique (Prance).

Uninhibited growth in the manufacture of domestic refrigerators and
freezers would lead to an esgstimated consgumption in the year 2000 of
approximately 280 tons per year of CFCs 11 and CFC 12.
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The Foundation for the Protection of the Ozone Layer and the
Enviropment {(FONDOQINK), with the assistance of UNDP, has designed a
strategy for the elimination of CFC 11 and CFC 12 in the domestic
refrigeration manufacturing sector beginning in 1995. Approval of
this project by the MLF in July 1995 should result in the phase-out
of 96.5% of CFC congumption in the manufacture of domestic
refrigerators and freezers in Venezuela in 1956.

3. ENTERPRISE BACEGRO

MADOSA S.A, is the largeet manufacturer of domestic refrigerators
and freezers in Venezuela and they account for approximately 46% of
the total local production of such products. Madosa ig a 25%
Venezuelan owned enterprise, with Enron, USA, (42%)} and General
BElectric Co., USA, (33%), making up the balance. .

CFC USE IN 1993: 84.64 toms CFC 11
17.71 tons CPC 12

FULL NAME: Manufacturera de Aparatosg Domesticos
8.A. (MADOSA)

PLANT LOCATION: Interseccion La Raiza con Carretera
Nacional, Santa Teresa del Tuy,
Edo Miranda, Venezuela,

% ARTICLE S COUNTRY

OWNERSHIP: 25% {Venezuela)

No. OF MODELS: 6

PRODUCTION IN 1993; 126,437 units

No. OF PRODUCTION LINES: 2

COMPRESSOR SUPPLIERS: Vacomesa, Venezuela (100%)

CON'TACT PERSONS: Tomas Wachter - Marketing Director

Luis Pernas - Plant Manager
George Sawnson - Operations Manager
Antonio Pitelli - Prod. Eng. Manager

TEL / FAX: Tel: {58 2} 35041525
Fax: {58 2) 5041580

Madosa S.A. was founded in 1961 and is engaged in the manufacture,
distribution, and service of an extensive range of domestic
appliances, including domestic refrigerators and freezars. The
products are marketed undexr the General Electric (GE)}, Admiral, and
Condesa brand-names. Madosa also manufacture a range of package
air-conditioners using HCFC 22.



‘The current product range comprises 5 refrigerators, and an upright
freezer.

Madosa wag ozriginally established as an enterprise manufacturing
domestic cooking stoves. Madosa today is the result of several
enterprise mergerg including Siadca (an Admiral  subgidiary) and
General Electric Venezuela. The original refrigerator designs thus
came f£from both Admiral and GE. The Enron capital share in Madosa
stemg from the early days of Madosa operations making cooking
stoves. Enromn is involved in the o0il and gas industry and has no
direct connection with the domestic appliance industry.

There is an ongoing GE Appliances - Madoga technical agreement
which will cover all aspects of the CFC elimination programme at
Madosa including design, evaluation, guality, and manufacturing.
This allows for up to 30 man days per year of consultation. {(See
attached Annex 3.A)

§5.0% of production is s0ld within Venezuela, the balance of
exports go to Colombia (3.5%) and Ecuador {(1.5%). These exports
are primarily the 21.5 cubic feet, "side by side" double door, no-
frost, model which ig not manufactured in Colombia and Ecuador.

Madosa employsg a total of 1,800 perascons, some 700 of whom are
engaged in the refrigeration related activities.

Thig project encompasses all 0ODS consumption used in refrigerator
and freegzer manufacturing operations at Madosa S.A. that i=
eligikle for MLF¥ funding. .

The following tables provide a summary of refrigerator and freezer
production by Madosa S.A. during the 12 month period January to
December 1993 inclusive.

!-[ Model No. Capacity | Description Productic R 12 Charge r12
Cu ft n Volume Kgs Consumption
Kga
12 sTD 1z2.0 8D Raf £5,131 0.129 8,401.9
14 sTD 4.0 ED Raf 1%,572 0.142 1,785.2
13 wF 13.0 5D Frz NF 6,176 0.142 877.0
15 DT 15.0 DD Ref NF 21,679 0.129 2,796.6&
T 14 14.0 LD Ref 4,589 0.282 1.294.1 i
22 bpx 21.5 SBS Ref NF 16,290 0.157
2,557.5
Totals or
Weighted 126,437 0.140 17,712.3
Average




Model No. P Foam Cabinet & R1Z Compresscor Rl34a
per Unit Door Linex HP & Price Compresgor HP & i
Kga per Unit Uss Price
Kgs HIPS Uss
12 STD 4.50% T.282 176 33.58 1/6 37.78
i4 STD £.850 10.075 1/6 33.8% 1/6 37.78
13 vF 65.850 8.700 1/4 40.05 174 44.28
15 bpT 7.447 11.360 174 40.05 1/4 44.28
T 14 5.881 10.650 174 40.05 174 44.28
22 DX 7.318 16.370 1/3 44.92 173 49.27
Welghted
Average 5.771 9.584 36.68 40.93
Key: SD = Single Door DD = Double Door Ref = Refrigerator
Frz = Freezer NF = No Frost SBS = Side by Side

4. PROJECT DESCRIPTION

Madosa presently uses CFC 11 for the production of rigid insulating
foams needed for the refrigerator and freezer cabinets and doors,
and uses CPC 12 as refrigerant. The total consumption in the 12
months January - December 1993, and the ODPF tong that will be
eliminated by this project are shown in the following table:

Enterprise CFC 11 ODP tons CFC 12 watal ODp
] {tons} eliminatad {tons) tons
{zee Note*) eliminated
ﬂ Madosa 84.64 75.33 17.71 93.04
Nate: *The second column of figures for CFC 11 takes the ODP of

HCFC 141b into account (ODP = {.11).

4,). REPLACEMENT OF CFC 11 WITH HCFC 141b.

Madoga S.A., will replace the CFC 11 used ag a blowing agent in the
production of the insulation foam with HCFC 141b as an interim step
to an OD8-free system.

The enterprise currently has THREE high pressure PU foam dispensing
machines, which are separately used for refrigerator cabinet and
door foaming operations. Trials using the existing high pressure
foam injection machines have already demonstrated that HCFC 141b
can be successfully introduced with relatively minor modifications
involving the change of gsome sealsg and hoses etco.



The same dispensing machines can also be used with most of the
astablished, or developing, zero-0DP systems, although machine and
equipment modifications will be necessary to safely handle
flammakble blowing agents such as cyclo-pentane.

The conversion to HCFC 141b will incur some costs related to
technology transfer, trialling and training at Madoma. Thesge
activities will inciude training of staff in worker-safety related
to HCFC 141b.

Detalils of the existing foam injection egquipment are provided in
gection 5.1.3.

Incremental Operaticnal Costs asscociated 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,

HFC 134a is universally accepted as a zero-0ODP replacement for CFC
12 in the manufacture of domestic refrigerators and the technology

is mature. This is the CFC replacement technology selected by
Madosa.

The conversglon to HFC l34a requires the use of EPFC 134a specific
compressors and the associated new synthetic lubricants, re-design
of the refrigeration systems to cater for the difference in
thermodynamic performance of BFC l34a versus CFC 12, prototyping,
testing and optimization of each refrigerator model, and pilot
ggale manufacture and testing before full scale convergion 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 1l34a, the need to avoid ¢ross-
contamination with CFC 12, and the phased nature of the conversion
of refrigerator production £rom CFC 12 to HFC l1l34a, means that new
system evacuation, refrigerant cbharging, and 1leak detection
equipment will be required.

Details of the existing equipment on which the technology change
will impact are provided in section 5.2.3.

Incremental Operational Costs associated with the technology change
from CFC 12 to HFC l1l34a are requested for a period of gix months.

5. TECHNOLOGY

5.). REPLACEMENT OF CFC 11.

5.13.1. OVERVIEW

Currently, the three principal technology options £for the
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replacement of CFC 11 in thermoset insulation foams are:

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

In additiomn, perfluorcalkanes, hydrofluorxoalkanes such as BFCUs 245,
356, ete., fluorinated ethers, 2-chloropropane, and vacuoum panels
have been suggested for specific applicaticns, but the technologies
are not mature. Furthermore, some of these products are either
only avalilable in limited quantities, or toxicoclogical testing is
not complete and, therefore, safety in use canncot be evaluated.

The first option, the "liguid" scolution, employs technology that is
closely related to the existing CF{ 11 technology and generally
means that existing foam dispensing eguipment can be used, The
final step to a zero-0ODP technology in this process is not yet
decided. OCne potential solution may be the use of ligquid HFCs such
as HFC 245 or HFC 356, but full water blown foam with improved cell
structure remains another option.

The second one, the "gas™ se¢lution, utilizes physical blowing
agents which are liquefied gases. This technology always requires
new foam dispensing egquipment and extensive adjustmentg. The final
step to a zero-ODP techpmology in this process would be the use of
a gasecus HFC such as HFC 134a.

The third option, pentane technology, is commercially proven and is
now extengively usged in many rigid PU insulation foam applications
in Europe. It is currently the most cost effective of the non-0DS
technologies for CPC replacement. However, pentanes are flammable
and this means a careful review of manufacturing operations with
respect to the safe handling of a flammable foam blowing agent.
Pentane technology may not be a practical or cost effective option
in the existing workplace enviromments at many smaller scale
enterprises due to the plant safety modifications required.

Several companies currently offer pentane technology packages,
including equipment., Its use certainly requires implementation
agsistance and UNDP further requires an independent safety review
prior to, and after, installation.

5.4.2, SELECTION

Based on economic and environmental consideratione, c¢yclo-pentane
appears to be the best choice for domestic refrigerator and freezer
applications. It combines an attractive price with zero-0ODP, and
near-zero GWP propertieg, as well as acceptable foam insulation
gqualities. Madosa considered cyclo-pentane technology, and a
cyclo-pentane based project ig viable within the cost effectiveness
threshold of USg 13.76 after allowance for safety related cosks.
However, whilst recognising both the environmental and economic
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benefits of cyclo-pentane versus HCFC 141b, Madozma selected HCFC
141b a=s a firgt stage, interim, replacement for CFC 11.

Considerations influencing the Madosa decisgion in favour of HCFC
141b technology include:

- HCFC 141b is presently the technology selected by their US
shareholder and technelogy partner, General Electric, from
whom they will receive technical assistance with CFC 11
replacement.,

- gompleted trials at Madosa prove that HCFC 141b technology
can be introduced quickly, utilising the existing equipment,
with minimal investment cost and plant downtime.

-~ whilst cvclo-pentane technology could be introduced by the
provigion of the necassary safebty equipment, oycelo-pentane
storage and blending facilities, and retrofit of the existing
foam disgpensing machines, £for Madosa this would involve a
major, and unacceptable, disruption of plant operations and
loss of production. Congidering the 25% Article 5.1 country
ownership of Madosa, the cyclo-pentane technoelogy would
require an additional capital inveastment by Madosa of USS
204,750 over the cost of the HUFC 141k option. Investment of
nearly UsS¢ 500,000 by Madosa ig required t¢ eliminate the CFC
12 cgonsumption. The present economic climate in Veneuzela

precludes the posgibility of the additional capital investment
for cyclo-pentane. '

- A3 a GE associated c¢ompany, Madosa wish to adopt the game
final, zero-ODP technology as GE. It is by no meansg certain
that thig will be pentane technology.

- gyclo-pentane technology would only be an attractive option
for Madosa if the appropriate equipment for cyclo-pentane
could be supplied, installated, and commissioned in parallel
to the existing equipment, in order to minimise production
downtime, and if totally financed by the MLF. With only 25%

Article 5.1 country ownership this option is outside the
funding rules of the MLF.

The selection of HCFC 141ib technology as the immediate replacement
for CFC 11 by Madosa is a realistic and sensible choige under the
prevailing circumstances. Very modest funding is regquested to
achileve this and the technology cheoice is supported by the FONDOIN.
Madosa understand that HCFC 141b is an interim solution which will
require a change to an appropriate zero-ODP technology at some
future date. Madosa also understand and accept that the costs

asscociated with that subsequent technoclogy change is for its own
account, .



5.1.3. IMPACT ON THE PRODUCTION PROCESS

In-house trials have already demongtrated that HCFC 141k technology
can be introduced utilising the existing high pressure f£foam
dispensing equipment. Additional fine tuning trials and testing
will be regquired when f£full scale production with HFC 141b is
introduced.

HCPFC 141b i3 a non-flammable 1liquid (no £flash point), but
moderately flammable in the gaseocus state. The flammability limits
are 7.6 - 17.1% by wvolume in air. The usually recommended PEL
{Permissable Exposure Limit) is 500 ppm on an elght-hour time-
weighted average. In the intended application, the use of HCFC
141b should not pose a gignificant risgk, but UNDP will, asg part of
its safety audit programme, perform a monitoring c¢heck at
comnissioning to ensure the adherence to gafe worker exposure
levels., Ventilation will be installed if the results indicate the
need.

The refrigerator and freezer models produced by Madosa use HIPS
cabinet and door liners. A modified HIPS liner material which is
resistant to HCFC 141b will be required.

Foam density adjustments will be necessary to obtain equivalent
insulation values.

Madosga currently has three PU foam dispensing systems all of which
are based on Elastogram Puromat high pressure machines. There are
two oabinet foaming stationz supplied f£rom the game blending
facility, and a door foaming station with it‘s own blending
facility.

Pxoduction Line A.

Elastegram Puromat PU-50 high pressure foam dispensing machine with
a throughput of 24-168 Kgs/min. Serial No. 4672. Vintage 1978.

Production Line B.

Blastogram Puromat PU-80 high pressure foam dispensing machine with
a throughput of 24-168 Kgs/min. Serial No. 108%6. Vintage 1988,

Door ¥oaming Station

Elastogram Puromat PU-30 high pressure foam dispensing machine with
a throughput of 3-24 Xgs/min. Serial No. 11037. Vintage 1988.

HCFC 1l41lb can be used in this high pressure equipment without any
major modifications but extensive trialling and training will be
necessary.
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5.2, REPLACEMENT OF CFC 12.

5.2,1. OVERVIEW

HFC 134a is universally accepted as a replacement for CFC 12 in the
manufacture of domestic refrigerators. HFC 134a is widely
available and the technology is mature. Replacement of CFC 12 with
HFC 134a requires relatively modest changes to existing production
facilities.

Whilst hydrocarbon refrigerant (iso-butane) is being increasingly
used in the manufacture of domestic refrigerators in several
Developed Countries, the transfer of this technology to Developing
Countries is not always cost effective. It also raises questions
about safety issues and remains conditional on the support of a
technology partner experienced in the production of comparable
refrigerators and freezers on a commercial scale. It is further
dependent on the technology partner providing assurances in writing
on safety issues, and, of course, the availability of adequate
supplies of both compressors and hydrocarbon refrigerant of the
required quality.

HFC 152a might be considered as another candidate for CFC 12
replacement in domestic refrigerators. However, HFC 152a is also
flammable, the technology has not been develcoped 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. SELECTION

Based on the advice of its technology partner, the selected CFC 12
replacement technology is HFC 134a. General Electric¢ has also
instructed Madosa to source "dry", lube-free, compressors for use
with HFC 134a to ensure total control of refrigerator system
moigsture levels. This is a major change from current practice and
requires that Madosa install the necessary lubricant storage,
drying, testing, and charging equipment. The justification for
this change is clearly described in the attached Annex C.

5.2.3. IMPACT ON THE PRODUCTION PROCESS

HFC 134a, like CFC 12, is non-flammable. HFC 1l34a has alsoc been
the subject of extensive toxicological testing and is considered
safe in use in industrial applications provided the suppliers
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 8-hour time-weighted average basis.
This is the same as the Occupational Exposure Limit (OEL) /Threshold
Limit Value (TLV) for CFC 12 and thus no changes from current
practices are required. .
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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 calculatlion ¢of the
incremental operational costs.

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

Because gystem cleanliness and moisture content is paramount to the
succesgsful manufacture of HFC 1l34a refrigerators, Madosa will need
to critically re-assess production procedures and re-traim its
production personnel as appropriate. Provision for this is made
within the project proposal budget.

The conversion from CFC 12 to HFC 134a will take place on a model
by model basisg, s8¢ that Madosa will ke producing both CFC 12 and
HFC 134a refrigerators during the implementation phase of this
project. This is feasible given the confiquration of the company’s
production facilities. This means that there is a requirement fox
new system evacuation equipment and refrigerant charging equipment.

Leak detection of the refrigeration system is an integral part of
the manufacturing process and the use of HFC 134a requires that new
leak detection equipment be employed.

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

- 2 x PCU 40501 automatic R12 charging machines

- 3 x banfoss 118 x 5000 R 12 charging machines

- 30 x Kinney KC 8 dual stage vacuum pumps, 14.2 M3/hr
- 30 x Hyvac 14 dual stage vacuum pumps, 8.4 M3/hr

- 6 x Leybold HLD 3000 electronic R12 leak detectors

The refrigerant charging equipment, wvacuum pumps, and leak
detection equipment listed above serve the following production
lines:

Finished Products Quality Control Facility

2 x Leybold HLD 3000 electronic R 12 leak detectors for £inal
QC leak testing.
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Production Line A. (Modelsg 128TD, 13VF, 145TD, T14)

PCU 40501 charging machine.

Hyvac 14 wacuum pumps, carousel mounted.

Danfoss 118 x 5000 charging machine ¢/w Kinney KC 8
vacuum pump on emergency standby duty for the PCU
charging machine.

1 x Danfoss 118 x 5000 charging machine ¢/w Kinney KC 8
vacuum pump for Line A. repailr station.

x Kinney KC 8 vacuum pumps for Line A. repair station

2 x Leybold HLD 3000 electronic R12 leak detectors for low
and high pressure system leak testing.

b
i
B H¥

Production Line B. {(Models 15DT & 22DX)

PCY 4051 charging machine.
Kinney KC 8 wvacuum pumps, carousel mounted.
Danfogs 118 x 5000 charging machine c¢/w Kinney KC 8
vacoum pump for Line B. repalir station.
3 x Xinney KC 8 vacuum pumps for Line B. repair station.

x Leybold HLD 3000 electronic R 12 leak detectors for low
and high pressure gystem leak teasting.

8|
tn
HoW oM

The project proposal includes provision for ONE new Rl34a/Lube
charging machine of equivalent capacity for each production line,
and ONE new Rl34a charging machine for each repair station.
Replacement vacuum pumps are requested on the following bagis:

Production Line A. 4 new vacuum pumps
Production Line B. 4 new wacuwumn pumps

Provision is made within the project budget for retrofit of the
remaining 52 vacuum pumps where considered feasgible, or the funding
provided for retrofitting will be used by Madosa towards the
purchase of new vacuum pumps, at the enterprises own discretion.
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6. PROJECT COSTS

6.1. INCREMENTAL CAPITAL COSTS

CAPITAL COST FOR CPFPC 11 PHASE-OUT

ADDITIONAL VENTILATION AT THE THREE FOAMING STATIONS 14,000

TRAINING, TEST TRIALS & TECHNOLOGY TRANSFER 20,000
CONTINGENCIES (10%) 3,000
Subtotal (UsSg) 33,000

CAPITAL COST FOR CFC 12 PHASE-OUT

Rl134a/LUBE CHARGING MACHINES (2 off) 180,000
REPAIR STATION Rl34a CEARGING EQUIPMENT (2 off) 24,000
LUBE STORAGE & DEHYDRATION SYSTEM (1 off) . 120,000
Rl34a REFRIGERANT BOOSTER PUMP 24,000
NEW VACUUM PUMPS (8 off) 24,000
RETROFITTING VACUUM PUMES (52 off) 26,000
LEAK DETECTION EQUIPMENT (& off} 42,000
TRAINIHNG 5,000
RE-DESIGN, PROTOTYPING, TESTING, PILOT SCALE
PRODUCTION & RELIABILITY TEST TRIALS (6 models) 40,000
TECHNOLOGY TRANSFER/TECHNICAL ASSISTANCE 15,000
CONTINGENCIES (10%) 50,000
Subtotal ({(US§) 550,000
TOTAL IMCREMENTAL CAPITAL COST (USS$) 583,000

6.2 INCREMENTAIL. OQPERATING COSTS
The calculation of the incremental operating c¢osts is based on a
gix month period using 50% of the actual production for January to
December 1993 inclusive. Annex A. provides detailed explanations on
how the incremental operational costs were obtained, the costs are
gummarized below:
PHEASE-QUT OF CFC 11

Costs for Materials {(see Annex A, Part 1.): 299,464
PHASE-QUT OF CFC 12

Cogts for Materials (=2ee Annex A, Part 2.): 334,032

TOTAL INCREMENTAL OPERATING COST (US$) 633,49¢

+ 14 »



£.3. TOTAL PROJECT INCREMENTAL COSTS

TOTAL COST {Capital + Operational) (US$) 1,216,496
% Article S.1 Country Ownership . 25%
FUONDING REQUESTED FROM MLF (US$) 304,124

6.4 UNIT ABATEMENT COST (US$/Kq)

a. Capital Investment Costs (25% of US$ 583,000) 145,750

b. Capital Recovery Factor (10% p.a.} 0.16275

o, Incremental Operating Costs (25% of US§ 633,4586) 158,374

d. OD8 Reduction (ODP Kgs Jan - Dec 1933) 3,040

e, Unit Abatement Cost (USS/Kyg) 1.96
[ (axb) +c] /4

THE PROJECT UNIT ABATEMENT COST IS 1.96 US$/Kg

6.5 COST EFFECTIVENESS {US$/Kq)

TOTAL PROJECT COST

i

1,216,486 US$
LESS PROJECT SAFETY RELATED COSTS

H

n/fa

TOTAL ODS ELIMINATED

93,040 DP Kgs
PROCECT COST EFFECTIVENESE

13.08 US$/Kg

THE PROJECT COST EFFECTIVENESS IS 13.08 US$/Kg

Thig is below the threshold value of 13.76 US$/Kg established by
the Executive Committee of the MLF at its 16th meeting in March
1995 for projects in the Domestic Refrigeration sector.
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7. FINANCING PLAN

Madosa S.A. reguests reimbursement from the MLF of the sum of US$
304,124, representing the incremental Capital and Operational costs
of this ODS elimination project, correctly taking into account the
25% Article 5.1 country ownership of the enterprise.

8., PROJECT IMPLEMENTATION

8.1 MANAGEMENT

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

8.2 SCHEDULE

TIME TO COMPLETION “

QL | Q2 | 03 |'Q4 | Q5 Q_G_J!

= r: i

1. Preparation
MLF Approval X
Procurement Preparation XX X
Vendor Selection XX

2. Iustallation
Arrival of Equipment XX
Customs Clearance X
Machine Installation XX

3. Btart-Up
Machine Start-up X
Trials & Training XXX [XXX [XX
Masg Production Change £ XX
Certification X

3. PROJECT IMPACT

Based on data for the 12 months, Januvary - December 1983, this
project will eliminate the use of 93.04 ODP tons per year.

10. XES

Annex A. -~ Incremental Operational Cost Calcoulations.

Annex B. - Madosa Letter relating to Compressor Lubricant
Charging

Amnnex C. - Project Technical Reviews.
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ANNEX A, INCREMENTAL QPERATIONAIL COST CALCULATIONS

1. Incremental Costs regulting from replacing the CPRC 11 Blowing
Agent in the Refrigerator Insulation Foam with HCFC 141b (Uss)

MADOSA S.A. CPC 11 [HCRC 141 Diff
Use per Kg of Foam produced P | P | RO
a. Kg Polyol 0.375 | Q.387 0.012

b, MDY 0.5G% ¢.509 -

c. Kg Blowing Agent g.116 0.104 {0.012}
Prices in US$/Kg

d, Polyol

@, MDX

£f. Blowing Agent 2.00 4.00 2.00
g. Liner (Type: HIPS) 1.72 1.80 0.18
Cost per Kg of Foam Produced TR | RORHHIT | RRHae
h, = a. x 4. Polyol 0.973 1.060 .08l
i1, = b. x e, ¥MDI 1.094 1.084 -

. = ¢, x £, Blowing Agent 4.232 0.416 4.184
k. = b+isd] Total Cost per Kg of Foam 2.305 2.570 0.265
Materials Used per Refrigerator T | BT | TR
1. Ky of Poam per Refrigeratcr (avg) 5.771 £.348 0.577

m. Kg of Liner material per refrigerator {avg) 9.584 3.584 -
Cost per Refrigerator PSR | TR | ST
n. = 1. x® k. for Foanm 13.302 16.314 3.012
. = m. x g, for Liner 16.485 | 18.210 1.77258
p. = n. + o. Total per Refrigerator 29.787 34.524 4.73%7

g. = No, of Refrigeratore (see Note 1.} £3,218
TOTAL INCREMENTAL OPERATIONAL COST (Us83%) 299,464

{see Notes 1., and 2. below}
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replacing

2. Incremental Costs resulting from the CFC 12
Refrigerant with HFC 134 us
MADOSA S.A. CRC 12 HPC 134a Diff

1. Refrigerant

a. Price per Kg of Refrigerant

b, Rg of Refrigerant per Refrigerator {avyg.]
¢. Ho. of Refrigerators Produced (ses Note 1.)

1d. Cost for Refrigerant = a x b x ¢

2. Compressors
a. Cogt per Compressor {sea Note 2.}
b. Ho. of Compreasors {see Note 1.}

2c. Cost for Compressors = a x b

3. Condensers

a. Cost per Condenser
b. No. of Condensers

e, Cost for Condensers = a x b

4. Filter/Dryver
a. Cogt per Filter/Dryer (average}
k. No. of Filter/Dryers (see Note 1.}

a. Cost per Capillary Tube (average}
b. No. of Capiliary Tubes {zee Hote 1.}

8¢, Cost for Capillary Tubes « a x b

€. Compressor Lubricant

a. Price per Litre of Lubricant

b. Litres of Lubricant per Compressor {avg)
c. No, cf Compressors {gsee Hote 1.}

93,866

93,866

TOTAL INCREMENTAL OPERATIONAL COST (U238}

334,032

Noteg relating to the caleuiation of the Incremental Operational Costs

Nete 1.

Figures @ the above fables are based on the actuai production volmme for the 12 month period Jamaary to December 1993

obtamed frome Madosa S.A. at the tisse of project preparation, As Incremaental Operational cosis are claimed for 6 moaths
ouly, 56% of this 12 months production yodume has been used in the culculation,

Neodz 2.

Refrigerant, chemical, and compressor prices wsed i the above tables are weighted average prices for the principal domestic

and convmencial refrageraier masafacturers in Vemezoela, Note, hawever, that the HFC 1342 compressor price for Madosa

rellects the fact that # will he sapplied withoot obe,
Note 3.
with CFC 12,
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1 .Country;.

Venezuela.

2.Project Jitle;

ETimination of CFCs 11 and 12 at four Oomestic Refrigeration Manufac-
turers, and conversion of one Compressor Manufacturer,

3.(Sub)Sector;

{Domestic) Refrigeration,
This review covers only the foam part.

4. CP-Relati hip:

The Yenezuelan CP for phase-out of 0DS is actually in preparation. It
is believed that the CP will be presented at the 16th Meeting of the
Executive Committee of the MLF in March 1995,

Beginning 1995, the “Foundation for the Protection of the OQzone
Layer and the Environment” (FONDCIN), assisted by UNDP has assigned a
strategy for CFC elimination in the domestic refrigeration sector.

8.Technology;

5.1.CORESMALT
Caresmalt will replace CFC11 with HCFC ]41b.As an interim step to an
005 free technology; this can be accepted,

It can be agreed to replace the low pressure Admiral machine with a
high pressure one, with equivalent capacity.

5.2 MADOSA,

Madosa wants to substitute CFC 11 with HCFC 141b as an interim step
to a total 0DS free technology.

Since three HP machines are available, no replacement {s proposed in
the praject.

The two other firms, MUEBLES ETERNA and VECOMESA efther do nol use
CFCs in the production of the insulation panels, or do not deal with
refrigeratfon boxes,

They are hence not discussed in this review.



S.Lovironmental Impact:

The ODP of HCFC 141b s 0.11 versus 1.0 for CFC I1.The GWP of HCFC
141b is 10% of the GWP of CFC 11. The smog potential of HCFC 141b is
1.0 versus 0.1 for CFC 11 (as a reference: pentane 500)

1.Project Costs:

7.1, CORESMALT.

A1l elements mentioned 1n the {ncremental capftal costs can be
accepied, The USD 20,000 for training is also Jjustified, since trials
must be performed at two machines.

The 1Incremental operation costs calculation is correct and can be
accepted.

The cost for elimination of 1 kg of ODS is then USD
(132,000+162,359) /44,950, or USD 6.55.

7.2 MADCSA.
The incremental capital costs, as well the incremental operational

costs are correct, and can be accepted.
the cost for elimination of 1 kg of ODS becomes:
UsD (33,000 « 299,464)/75,330 or USD 4.41.

8.Implementation:
The proposed implementation can be accepted as such,
2.Recommendation:

It is proposed to accept the foam part of the three prajects discus-

| o

Prepared by Hubert Creyl, UNDP Foam Sector Reviewer.
Date: 20 February 1995.



Country of origin:.  VENEZUELA

Project title: Elimination of CFCs 11 and 12 at FOUR Domestic Refrigerator

Manufacturers (Coresmelt Valencia C.A., Grupa Frigilux C A, Madosa
S.A., Muebles Eterna C.A), and conversion of ONE compressor
manufacturer (Vecomesa S.A.)

Sector/sub-sector Pomestic refrigeration

Realationship o couniry program  UNDP (CP in preparation)

Notfe This review addrasses only the refrigerant conversion part of the project, if

does not address the part related to the foam blowing agent conversion.

Technology

»

All manufacturers in this project have chosen for a conversion of their production to the HFC-
134a iechnology.

in domaestic refrigeration, HEC-134a technology is a proven and acceptable (nontransitional)
technology to reduce CFC-12 consumption.

Three companies in this project (Coresmalt, Frigilux and Eterna) do not have a formal
technology transfer agreement. However, all these companies plan to develop the HFC-134a
technology with assistance from compressor and refrigerant suppliers. Furthermore provisions
for external assistance are present. Due to these facts, a successiul project implementation can
be expected at these companies. The fourth refrigerator manufacturer (Madosa) does have an
onhgoing technology transfer agreement with General Electric, USA and the compressar
manufacturer Vecomesa has a technology licence agreement with Tecumseh, USA. Both
agreements include support for the HFC-134a conversion process, so also for the latter two
manufacturers a successful project implementation can be anticipated.

During the review process two technology aspects in this project were discussed in depth with
the UNDP consultant and the relevant companies;

1. The Madosa company will obtain new HFC-134a compressors without lubricant, This is
in contrast to the currently auplied production procedute and therefore requires
investments in oil storage, charging and dehydration equipment. On-line oil charging of
compressors does have certain advantages in quality control butt is not strictly necessary
{namely, a large number of companies do apply compressors which are oil charged by
the compressor manufacturer). However, on-fine il charging is a requirement put
forward by the technology supplier (G.E.) and forrms an essential part of the technology
to be transferred. Costs of the related equipment are therefore considered essential for
the conversion procass.

2. The compressor manufacturer Vecomesa will switch from a Tecumseh “AE" design for
CFC-12 to a, higher efficient, "AZ" design for HFC-134a for the larger part of their
production. This change in design does lead to addifional investments in production
equipment (e.¢. presses, welding and brazing machines etc.). In fact the change from
“AE" to “AZ” technology does include a technology upgrade to higher efficient products.
Howevet, it is demonstrated by the company that there is no alternative for this selection
as no "AE" designs for HF(G-134a are available by Tecumseh, in the capacity range
considered. Therefore, these additional costs have to be considered as eligible
incremental costs.

Technologies other than HFC-134a were considered (hydrocarbons HFC-152a) but were not
selected because of the state of development, safety issues and the lack of commercialty

available compressors. From the zero ODP ﬁechao&ogses HFC-134a is one of the most cost
effective solutions.
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Environmental impact
HFC-134a has an ODP of zero and a GWP of 0.27. For domestic refrigeration a GWP of this
roagnitude is negiigible.

Project costs

» The equipment requested by all manufacturers is essential for the conversion process (see
statements above). Costs of equipment, {raining and testing are reasonable.

» Incremental operational costs are reasonable and correctly appliad (for six months).

«» if the UAC values are calculated for the refrigerant conversion part of the projects separately,
then the following values are obtained;

Coresmelt Valencia 15 USDikgly
Frigilux 19 USDikgly
Madosa B USD/kgly {only 25 % local ownership)
Muebles Eterna 78 USDikgly

Besides the value for Eterna, these values are redsonable compared to other, similar, projects.
The high UAC value for Muebles Eterna is caused by the small size of the company. For
Vacomesa an artificial UAC value of 2.8 USD/kgly {41.35 % country ownership) is calculated
based on the current cornpressor production and an average charge of the appliances to be
produced with these compressors of 0.1 kg. The resulling UAC value is relatively low compared
to other, similar, projects.

+ The foreign ownership of the different companies is correctly taken into account.

Implementation timeframe
Reasonable.

Relevance and adequacy of information provided
Sufficient information was obtained from the project propesal together with comments from the
UNDP consultant and the companios.

Recommendations
Approval as proposed

L;u/{/ Zaz{/&d// } :

Janssen M.J.P., Kuiipers L.J.M.,
Eindhoven, The Netherlands University Eindhoven, The Netherlands
15-February-1995
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PROJECT COVER SHEET

COUNTRY:

PROJECT TITLE:

SECTOR COVERED:

ODS USE IN SECTOR:

PROJECT IMPACT (QDP):
TOTAL PROJECT COST:
INCREMENTAL CAPITAL COST:
INCREMENTAIL OPERATING COST:
PROPOSED MLF¥ GRANT:

UNIT ABATEMENT COST:

PROJECT DURATION:
ECONOMIC LIFE:

NATIONAL COORDINATING BODY:
IMPLEMENTING AGENCY:

APFPRALISAL:. DATE:

VENEZUELA

Conversion of CFC 12 Compressgor Production

Facilities at VECOMESA S.3a. to Manufacture
HFC 134a Compressors.

Pomestic Refrigeration (Mfg}
236.69 tons QDS

0.72 ODP toms (Direct Impact Only)
Us% 1,316,000

UsSs 1,316,000

Uss (Not requested)

uss 544,166

123.00 USS/Kg (Direct Impact Only)

1.5 vears.
18 wvears.

FORLOIN
UNDP

December 1954/May 1995

PROJECT SUMMARY:

Venezolana de Compresores y Motores S.A. (VECOMESA) is a 41.35% Venezuelan-owned
company manufacturing fractional HP, hermetic, CFC 12 compressors. Vecomesa
currently supplies around 76% of the compressor reguirements of the domestic
refrigeration manufacturing sector in Venezuela., They alse sell replacement

compreggors to the service sector,

plus sales to commercial refrigeration

sguipment manufacturers. The compressor technology is supplied by

Tecumseh, USA.

Vecomesa will convert to the manufacture of the

Tecumseh “AZ" degign HFC 134a compressor. Changes to the ¢leaning
technology at Vecomesa will eliminate 0.72 ODP toms/year of 1,1,1-

trichlorocethane.

Funds requegted will be used to change the

existing production lines, and for technical asszistance, testing,

and training.
included.

Prepared by: Stuart Kelly,

The resulting incremental operational costs are not

in eollaboration with the Foundation for

Protesction of the Ozone Laver and the Environment (FONDOIN}.

Reviewed by: Dr L.J.M.

attached.
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PROJECT OF THE GOVERNMENT OF VENEZUELA

ELIMINATION QF CFCs IN THE MANUFACTURE OF DOMESTIC REFPRIGERATORS

1, PROJECT OBJECTIVE,

The objective of thisg project is to convert the exigting CFC 12
compressor production facilities at Venezolana de Compresores y
Motores S5.A. (VECOMESA) to manufacture HF(C l34a compressors. Thias
will facilitate CFC 12 elimination imn the manufacture of domestic
refrigerators in Venezuela. (Ref projects for Coresmalt Valencia,
Grupo Prigilux, Madosa, and Muebleg Eterna).

2. SECTOR BACKGROUND .

The Venezuela Country Programme {(CP) for the Phase-out of Ozone
Depleting Substances (ODS) under the Montreal Protocol is presently
in the course of preparation. It ig anticipated that the CP will be
presented to the 17th meeting of the Executive Committee of the
Multilateral Fund for the Montreal Protocol in July 1995,

Due to the seconomic situation in Venezuela, 1394 data is not
repregentative of either typical domestic refrigerator production
volume, or ODS consumption. This project is, therefore, based on
1833 calender year data.

In prepaxring this project proposal, the following data for the 12
monthe Japuary - December 1993 inclusive, was established as the
best estimate of CFC consumptiocn £or the manufacture of domestic
refrigerators and freezers in Venezuela., ODS elimination project
proposals are being presented to the Montreal Protocol Multilateral
Fund for the FOUR enterprises indicated in bold type, who account
for 856.7% of domestic refrigerator and freezer production in
Venezuela,

Enterprise Production CFC 11 CFC 12
Volume Consumption Consumption

{Tons} {Tons)

Coresmalt Valencia 95,646 50.51 20.57
Frigilux 41,605 27 .73 4.85 *
Madosa 126,437 84.64 17.71 Y

Muebles Eterna 2,153 - 0.38

Famusa Domestic 6,500 4,68 0.78

Others 2,500 1.80 0.30

Ii Totals 275,841 169.36 44.59




The preceding Table relates to the DOMESTIC REPRIGERATION sector
only. It should be noted that Frigilux C.4. is also engaged in the
manufacture of unitary commercial refrigeration eguipment. The
production volumes and ODS consumption related to this activity are

included in the project proposgal for ODS elimination at Prigilux.

86.0% of the domestic¢ refrigerators and freezers manufactured in
Venzuela are sold in the local market. It is estimated that around
70,000 domestic refrigerators/freezers were also imported for sale
in Venezuela in 1993, sourced from a variety of countries including
Mexico, Colombia, USA, and Korea.

4.0% of local production, around 11,000 refrigerators are exported
to other Latin American countries, principally Colombia and
Ecuador.

Thig consumption of 213.95 ODP tons in the manufacture of domestic
refrigerators and freezersg represents approximately 7% of the total
ODS consumption in the refrigeration and air-conditioning sector in
Venezuela which was estimated at 3,200 tons in 1993.

There ig additional consumption of CFC 12 for servicing domestic
refrigerators. A project has already been approved by the MLF for
a "Pilot Programme for Recovery/Recycling of CFC 12 in the Domestic
Refrigeration Sector”. This project has recently been implemented.
These new project proposals do not, therefore, address the

consumption of ODS in the servicing of domestic refrigeratorsg and
freezers in Venezuela. )

The 236.69 tons "OD8 USE IN SECTOR® in the Project Summary Sheet,
therefore, refers only to identified ODS8 consumption in the
MANUFPACTURE of domestic refrigerators and freezers in Venezuela,
plus the additional congumption ¢f Frigilux C.A. in their unitary
commercial refrigeration equipment manufacturing operations, and
the ODS consumption of Vecomesa in manufacturing compressors.

FPamusa Domestic was only identified as a manufacturer of domestic
refrigerators as this project proposal was being completed, and it
was not, therefore, possible to obtain the necesgary data in time
to prepare a project proposal for Famusa. It is proposed that an
ODS elimination project proposal for this zsmall enterprise be

prepared for submigssion to the autumn 1995 meeting of the MLF
EXCOM.

The industry uses locally manufactured hermetic compresgsors,
raefrigerants, and PU foam chemicals but also imports raw materials
and parts. Compressors are alsc sourced from Embraco and Sicom
(Brazil), Daewco (Korea), and L’'Unite Hermetique (France).

Uninhibited growth in the manufacture of domestic refrigerators and
freezers would lead to an estimated consumption in the year 2000 of
approximately 280 tong per year of CFCs 11 and CFC 12,
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The Foundation for the Protection o©of the Ozone Layer and the
Environment (FONDOIN), with the assistance of UNDP, has designed a
strategy for the elimination of CFC 11 and CFC 12 in the domestic
refrigeration manufacturing sector beginning in 1995. Approval of
this project by the MLF in July 1335 should result in the phage-ocut
of 96.5% of CPC consumption in the manufacture of domestic
refrigerators and freezers in Venezuela in 1996,

3. ENTERPRISE BACRKGROUND

- VECOMESA S8.A. is the only manufacturer of fractional HP, hermetic,
refrigeration compressors in Venezuela,

Vecomesa supplies approximately 76% of the requirements of the
domestic refrigeration manufacturing sector, as well as supplying
the unitary commercial refrigeration eguipment manufacturing
sector, and the service sector with replacement compressors. Total
annual compressor sales are around 300,000 units and production
capacity is 350,000 units p.a. The sales split is approximately:

Domestic Refrigeration Manufacturing Sector - 200,000
Commercial Refrigeration Manufacturing Sector - 16,000
Service Sector (Replacement COmpressors) - 50,000

Vecomesa is a 41.35 per cent Venezuelan owned enterprise, the
remalning 58.65% capital share is held by US companies (see below).

ODS8 USE IN 19%4: 6€.50 tong 1i,i,l-trichlorocethane

FULL NAME: Venezolana de Compresores y Motores,
S.A. (VECOMESA)

PLANT LOCATION: Calle Boliva, Urb Las Flores, Santa
Terega del Tuy, Estado Miranda,
{Apartadoc 50724 Sabana Grande,

Caracas 1050A).
% ARTICLE 5 COUNTRY

OWNERSHIP: 41.35% (Venezuela)

Noe. OF MODELS: 8

PRODUCTION IN 1994: 296,882 compressors

No. OF PRODUCTION LINES: 1

CONTACT PERSBONS: Jorge A. Puebla - General Manager

Rodrigo A. Rengifo Q. -~ Plant Manager

TEL / FAX: Tel: {58 39%) 310311/311797
Fax: (58 39) 311780
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Vecomesa S.A. was founded in 1966 but did not commence compressor
manufacturing operations until 1874. In additiocn to the manufacture
of refrigeration compressors, Vetomesa also manufactures some
80,000 washing machine motors per annum under license from General
Electric Co. Vecomesa employs a total of 342 persons.

Vecomesa wasg created to supply c¢ompressors to Venezuelan
refrigerator manufacturing companiesg and the domestic refrigerator
manufacturers are shareholders in Vecomesa. The capital shares are
asg follows:

Madosa (25% of 36.40%) 9.100%
Eminca {(Grupo Prigilux) 17.650%
Pondo de Inversiones de Venezuela 12.500%
Muebles Etermna 1.240%
Insancova (Corresmalt) 0.824%
Siadca 0.040%
TOTAL 41.354%
General Electic Co., USA 31.346%
GE {(33% of Madoga’s 36.40%) 12.018%
BEnrom {(42% of Madosa’'s 36.40%) 15.288%
TOTAL 58.652%

Vecomesa manufactures a range of Tecumseh "AE" model CFC 12
compressors under a technology licensing agreement with Tecumseh
Products Co., Michigan, USA. Under this ongoing Tecumseh-Vecomesa
technology license agreement, assistance is supplied either from
Michigan, USA, or from SICOM, Tecumseh’s wholly owned subsidiary in
Brazil. Compressor parts are supplied to Vecomesa from Sicom, and
Vecomesa imports around 50% of its materials. Vecomesa pays
Tecumgeh 2.5% of net technological sgales (net salesg minus total
purchases from Tecumseh/Sicom) for the supply of technology.

All compressor production is sold within Venezuala.

The following table provideg a summary of compressor production by
Vecomesa S.A. in 1994.

Compregsor Model Compressor HP Production Volume

AE 1336 1/8 14,075

AE 1343 1/6 140,766

AE 1360 1/5 5,526

AE 2380 1/4 68,745

AE 2410 1/4 6,693 &

AE 2413 173 31,274

AE 4430 1/4 14,515

AE 44490 1/3 15,288
296,882




This project encompasses all 0ODS consumption used in compressor
manufacturing operations at Vecomesa 5.A. that is eligible for MLF
funding.

4. PROJECT DESCRIPTION

Vecomesa S.A. presgently uses 1,1,1-trichicorcethane for the cleaning
of small components during compressor manufacture. The total
consumption in the 12 months January - December 1994, and the ODP
tons that will be eliminated by this proiject are shown in the
following table:

Enterprise 1,1,1-trichloroethane Total ODP tons
{tons) ~eliminated
Yecomesa S.A. 6.50 .72

The congumption of 1,1,1-trichlorvethane will be eliminated through
the conversion to agqueous-based cleaning technoclogy for compressor
partg using a new ultragonic immersion ¢leaner for which capital
funding is requested. However, the real purpose of this project
proposgal, and the request for MLF project funding, is to assist
Vecomesa in changing to the manufacture of zero-0DP technology
compressors in order to eliminate ODS congumption in the domestic
refrigeration manufacturing sgector 1in Venezuela. The cost
effectiveness of the Vecomesa project should not, therefore, be
jJudged solely on the quantity of 1,1,1-trichlorcethane eliminated.

4.1, CONVERSION OF COMPRESSOR MANUFACTURE

Rey to the success of CFC 12 elimination in the manufacture of
domestic refrigerators and freezers in Venezuela is the local
availability of HFC 134a compressors. Madosa, the largest producer
of refrigerators, and Muebles Eterna source all their compressors
from Vecomesa S.A. Coresmalt, PFrigilux, and Famusa Domestic alsgo

source a substantial part of their compressor requirements from
Vecomesa.

Significant c¢hanges to Vecomesa's present CFC 12 compressor
manufacturing operations 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
egter lubricant chemistry in a domestic refrigerator system.

The changes that are necegsary include new eguipment associated
with compressor shell fabrication, welding, cleaning, drying, lube
dehydration and charging, and pressure testing. Also necessary are
new items of test eguipment for calorimetry studies, dielectric
strength measurements, residual moisture determination, and
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additional compressgor lifetime test eguipment.

A detailed description of the new equipment recquired by Vecomesa to
be able to sucesgfully manufacture HFC 134a ccmpresaors is provided
in Section 5.

Incremental Operating Costs are not requested by Vecomesa, in line
with the policy adopted for sarlier compressor projecte approved by
the MLF.

5, TECHNOLOGY CHANGES & IMPACT ON THE PRODUCTION PROCESS

Vecomeza S.A. will convert their existing Tecumseh "AE" model R12
compressor manufacturing facilities to the production of HFC 134a
compressors. This is to meet the needs of their customers who will
change to the manufacture of HFC 134a technology based domestic and
commercial refrigerators and freezers. MLF project funding is also
requested for these enterprises and HPFC 134a compressors will be
required during the transitional phase of the various projects in
1995796 before full scale production of HFC 134a refrigerators inm
late 1996.

The new HFC 134a compressor technology will also be supplied by
Tacumgeh under the exisgting technolegy licensing agreement.

This involves a change to production of Tecumseh’s "AZ® model for
the 1/8, 1/6, and 1/5 HP capacity compressorg. Thege are %high
efficiency* design compressors with the added advantage of being
able to be used with either HFC 134a or CFC 12 refrigerants. For
1/4 and 1/3 HP compressorg, Vecomega will uge the same external
degign, but the pump, motor winding, ingulation, etc. are modified
for use with HFC 134a. The "AZ" model compregsor is a gignificantly
different design to the existing =AEY model, and there are,
therefore, congeguent changesg regquired to the manufacturing process
for which Vecomesa are seeking funding from the MLF.

More details of the changes and the justification for them are
contained in the attached Annex 5.E.

Compressor pump kits and motors will be supplied by Sicom in the

first stages of the project enabling Vecomesa to assemble HFC 1343
CoOmpressors.

System cleanliness and dryness are essential for the successgful
manufacture of HFC 134a domestic refrigerators and freezers and

changes to the compressor manufacturing process must be made to
meet these requirements.

Vecomesa‘’s largest customer, Madosa, will ~“purchase ‘tdry"
compressors for HFC l34a duty and they will charge both lube and
refrigerant during the refrigerator manufacturing process. Other
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customers, including Coresmalt, Frigilux, and Muebles Eterna, will
purchase compressors containing lube. These differing regquirements
also impact on the changes necessary to Vecomesa‘’s manufacturing
operations in converting to the production of HFC 134a compressors.

As a part of the licensing agreement, Vecomesa must comply with the
relevant Tecumgeh Standards throughout the wvariousg stages of
compressor manufacturing operations.

*Pressing & Welding®, "Assgembly", and *Finishing®, processes for
the %AZY compressor, and the areas where changeg are reguired, are
depicted diagramatically in the attached Annexes 5.A, 5.B, and 5.C.

Vecomesa has a two stage investment programme associated with the
conversion to production of HFC 134a compressors, including
improvements in the production and assembly processes for both
compresgors and motorg, as well as production line layout changes
to engure a VYeclean and dry® finished product. No specific
production capacity increases are included, but while some small
incidental increase in production capacity might be anticipated, it
is not possible to guantify. The investments in 1936 relate to
manufacture of the 15 frame size "high efficiency" hermetic motor.
The following represents a summary of the total Vecomesa investment
progamme for 1995 and 1996 (excluding contingencies):

1995 uss
Compressors - Improvements to Production Process 235,000
Hermetic Motorsg -~ Improvements to Production Process 185,000
Compressors - Manufacture of "AZ" Rl34a Models 1,236,000
i99%6 Uss

Hermetic Motors “High Efficiency® Motor Production 1,623,500
MLF funding is regquested only for the incremental capital costs
essential to the conversgion to HFC 134a compressor manufacture and
aggociated training. The costs of improvementg to production and
assembly processes, and the conversion to manufacture of the *high
afficlency” motor are borne by Veconesa.

The "AZY Rl3da compressor project costs of USs 1,236,000, are made
up of the following:



Production Machinery & Equipment

MIG Welding Machines (2), for new coupresor shellg:
Assembly Line Conveyor, air and power supplies:
Dehydration Oven and Vacuum Pump:

Spot Welding Machine, for welding internal supports:
Hydrauljc Press for "AZ" ghell production:

Egter Lube Dehydration and Charging equipment:
Ultragonic Immersion Cleaner for small parts:
Brazing Machine for fixing suction/discharge tubes:
Sub total:

BProcessg & Quality Control Equipment

Retrofit of 8-stage degreasing, cleaning, chemical
treatment unit:

Quality Control Equipment:

Aluminum Injection Mold {(for "AZY rotors):

Leak Test egquipment for Shell, and Tube/S8hell,
Seam Welds:

Blectrical Test & Nitrogen Charging System:

Sub total

Dthexr Related Equipment & Changes

Tools and Fixtures for Compressor Shells and Small
Parts manufacturing:

Toeols and Fixtures for "AZ* Compressor assembly:
Retrofit of Agssembly Area Ventilation and
Air-conditioning system (to control atmospheric
humidity) :

Sub total

Trials & Testing

Calorimeter Test EBEquipment (for "AZ" compressor
evaluation tests):

Residual Humidity Test Equipment

(for test of completed compressor):

Di-electric Strength Test Equipment:

Additional Compressor Lifetime Test facilities:

Sub total

Training
2 Engineers/2 Supervisors to Sicom, Brazil
for one month on the job training:

uss

92,000
40,000
50,000
60,000
70,000
60,000
150,000
110,000
632,000

58,000
30,000
15,000

20,000

116,000
239,000

112,000
100,000

56,000
268,000

40,000
15,0090
10,000
12,000

77,800

20,000



6. PROJECT COSTS

6.1. INCREMENTAL CAPITAL COSTS

HYDRAULIC PRESS {1 off) 70,000
INJECTION MOLD FOR ALUMINIUM ROTORS 15,000
WELDING MACHINES {3 off) 152,000
BRAZING MACHINE (1 off} 110,000
ULTRASONIC IMMERSION CLEANER 150,000
TOOLS & FIXTURES FOR COMPRESSOR SHELL &
SMALL PARTS MANUFACTURING 112,000
TOOLS & FIXTURES FOR COMPRESSOR ASSEMBLY 100,000
RETROFIT OF 8-STAGE DEGREASING, CLEANING, &
CHEMICAL TREATMENT SYSTEM 58,000
DEHYDRATION OVEN & VACUUM PUMP ({1 off) 50,000
LUBE DEHYDRATION & CHARGING SYSTEM (1 off) 60,000
COMPRESSOR LEAK TEST EQUIPMENT 20,0040
NITROGEN CHARGING EQUIPMENT 116,000
QUALITY CONTROL EQUIPMENT 30,000
RETROFIT OF ASSEMBLY ROOM A/C SYSTEM 56, 000
CALORIMETER TEST EQUIPMENT 40,000
RESIDUAL HUMIDITY TEST BQUIPMENT 15,000
DI-ELECTRIC STRENGTH TEST EQUIPMENT 10,000
ADDYITTONAL COMPRESSOR LIFETIME TEST EQUIPMENT 12,000
TRAINING 20,000
CONTINGENCIES (10%) 120,000
TOTAL INCREMENTAL CAPITAL COST (US$) 1,316,000

6.2 INCREMENTAL OPERATING COSTS & BENEFPITS

Incremental operating costs associated with the change from CFC 12
to HFC 134a compressor manufacture are not redquested in line with
the policy agreed in earlier MLF compressor conversion projects.
There are no incremenatl operating benefits.

6.3. TOTAL PROJECT INCREMENTAL COSTS

TOTAL COST (Capital Only} (US$) 1,316,000
% Article 5.1 Country Ownership 41.35%
FUNDING REQUESTED FROM MLF (U8$s) 544,166
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6.4 UNIT ABATEMENT COST (US$/Kg)

a. Capital Investment Costs {(41.35%) 544,166

b. Capital Recovery Factor (10% p.a.} 0.16275

¢. Incremental Operating Costs (not requested) A -

d. ODS Reduction (ODP Kgs Jan - Dec 195%4) 720

e. Unit Abatement Cost {(US%/Kg) 123.00
{ faxb) +ec 1 /4

THE PROJECT UNIT ABATEMENT COST IS 123.00 US$/Kg

Notes:

The Unit Abatement Cost reflects only the direct project lmpact in
eliminating 6,500 Kgs p.a. consumption of 1,1,1, -trichloroethane at
Vecomesa for the cleaning of compressor components. The funding
regquested for Vecomesa should be considered in the context of

eliminating ODS consumption in the domestic refrigeration
manufacturing sector.

More detailsg on Vecomesga’s investment programme are attached as
Annex C.

7. FINANCING PLAN

Venezuelana de Compresores y Motores ({(VECOMESA) S.A. requests
reimbursement from the MLF of the gum of US$ 544,166 repregenting
the Incremental Capital Costs of this O0DS elimination project,

gcorrectly taking into account the 41.35% BArticle 5.1 country
cwnership ¢f the enterprise.

8. PROJECT IMPLEMENTATION

8.1 MANAGEMENT

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

W n— e AAR———
TIME TO COMPLETION l

TASK

Q1 | Q2 Q3 Q4 Q5 Q6

1. Preparation
MLY¥ Approval X
Procurement Preparation X% 11X
i Vendor Selection XX

2. Installation
Arrival of Egquipment XX
Customs Clearance X
Machine Imstallation XX

3. Start-Up
Machine Start-up X
Trials & Training XX

“ Mags Production Change x |Xx

Certification X

9. PROJECT IMPACT

Based on data for the 12 months, January - December 1893, this
project will eliminate the use of (.72 ODP tons per year.

10, ANNEXES

Annex A. - Incremental Operational Cost Calculations.
dnnex B. - Project Technical Reviews.
Annex C. - Details of Vecomesa’s Investment Programme.

+ 12 +



Country of origin:  VENEZUELA

Project title: Elimination of CFCs 11 and 12 at FOUR Domestic Refrigerator

Manufacturers {Coresmelt Valencia C.A., Grupo Frigilux C A, Madosa
5.A., Muebles Eterna C.A)), and conversion of ONE compressor
manufacturer (Vecomesa S.A)

Sector/sub-sector Domestic refrigeration

Relationship to country program  UNDP {CP in preparation}

Note This review addresses only the refrigerant conversion pari of the project, it

does not address the pert related fo the foam blowing agent conversion.

Technology

»

&

*

All manufacturers in this project have chosen for a conversion of their production to the HFC-
134a technology.

In domestic refrigeration, HFC-134a technolegy is a proven and acceptable (nontransitional)
technology to reduce CFC-12 consumgption.

Three companies in this project {Ceresmalt, Frigilux and Eterna) do not have a formal
technology transfer agreemaent. However, all these companies plan to develop the HFC-134a
technology with assistance from compressor and refrigerant suppliers. Furthermore provisions
for external assistance are present, Due to these facts, a successiul project implementation can
be axpected at these companies. The fourth refrigerator manufacturer (Madosa) does have an
ongoing technology transfer agreernant with General Electric, USA and the compressor
manufacturer Vecomesa has a fechnology licence agreement with Tecumseh, USA. Bath
agreements include support for the HFC-134a conversion process, 5o also for the latter two
manufacturers a successful project implementation can be anticipated.

Puring the review process two technology aspects in this project were discussed in depth with
the UNDP consultant and the relevant companies:

1. The Madosa company will obtain new HFC-134a compressors without lubricant. This is
in contrast to the currently applied production procedure and therefore requires
investments in oil storage, charging and dehydration equipment. On-line oil charging of
compressors does have certain advantages in quality control but is not strictly necessary
(namely, a large number of companies do apply compressars which are ¢il charged by
the compressor manufacturer). However, on-line oil charging is a requirement put
forward by the technology supplier (G.E.) and forms an essential part of the technology
to be transferred. Costs of the related equipment are therefore considered essential for
the conversion process.

2. The compressor manufacturer Vecomesa will switch from a Tecumseh "AE" design for
CFC-12 to a, higher efficient, “"AZ" design for HFC-134a for the targer part of their
production, This change in design does lead to additionzl investments in praduction
squipment (e.g. presses, welding and brazing machines etc.). in fact the change from
“AE" to “AZ" technology does include a technology upgrade to higher efficient products.
However, it is demonstrated by the company that there is no altemnative for this selection
as no “AE" designs for HFC-134a are available by Tecumseh, in the capacity range
considered. Therefore, these additional costs have to be considered as eligible
incremental costs.

Technologies other than HFC-134a were considered {hydrocarbons, HFC-152a) but were not
selected because of the state of development, safety issues and the tack of commercially

available compressors. From the zero ODP technologies HFC-134a is one of the n-soss cost
effective solutions.
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Enveronmental impact
HFC-134a has an ODP of zero and a GWP of 0,27 For domestic refrigeration a GWP of this
magnitude is negligible.

Praject casts

» The equipment requested by all manufacturers is essential for the conversion process (see
statements above). Costs of equipment, training and testing are reasenable.

» Incremental operational costs are reasonable and correcily applisd (for six rmonths).

« Hthe UAC values are calculated for the refrigerant conversion part of the projects separately,
then the following vaiues are obizined:

Coresmelt Valencia 15 USDikgly
Frigilux 19 USD/kaly
Madosa 8 USD/kgly (only 25 % local ownership)
Muebles Eterna 78 USDikgly

Besides the value for Eterna, these velues are reasonable compared to other, similar, projects.
The high UAC value for Muebles Eterna is caused by the small size of the company. For
Vecomesa an artificial UAC value of 2.9 USD/kgly {41.35 % country ownership) is calculated
based on the current compressor production and an average charge of the appliances to be
produced with these compressors of 0.1 kg, The resulting UAC value is relatively low compared
to other, similar, projects.

» The foreign ownership of the different companies s correctly taken into account.

ifnpiementation timeframe
Reasonable.

Relevance and adequacy of information provided
Sufficient information was obtained from the project proposal together with comments from the
UNDP consultant and the companies.

Recommendations
Appreval as proposed

Yg’i@cw&@// "

Janssen MR, Kuijpers L.J.M.,

Eindhoven, The Nethedands University Eindhoven, The Netherands
15-February-1995
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PROJECT COVER SHEET
COUNTRY: VENEZUELA

PROJECT TITLE: . Elimination of CFCa 11 and 12 in the

Manufacture of Commercial Refrigeration
Equipment at PINOVA S.aA.

SECTOR COVERED: Commercial Refrigeration {Mfg)
ODS USE IN SECTOR: 113.95 tons ODS
PROJECT IMPACT (ODP): 27.32 ODP tons
TOTAL PROJECT COST: Uss 592,117
INRCREMENTAL CAPITAL COST: U888 565,600
INCREMENTAL OPERATING COST: uss 26,517
PROPOSED MLF GRANT: USs 565,600
UNIT ABATEMENT COST: ' 3.37 USS/Rg
COST EFFECTIVENESS: 12.25 US$/Kg
PROJECT DURATION: 1.5 vears.
ECONOMIC LIFE: 10 vyears.

NATIONAL COORDINATING BODY: FONDOIN

IMPLEMENTING AGENCY: UNDE
APPRAISAL DATE: December 1994 /May 19985

PROJECT SUMMARY:

PINOVA £.A. is a 100% Venezuelan-ocwned company manufacturing and installing non-
unitary commercial refrigeration sgquipment, and PU insulation panels. Currently
CFC 11 18 used as the blowing agent in the production of the rigid polyurethane
ingulation foam for the refrigerated show cases and walk-in chillers, and for the
PU foam insulation panels. CPC 12 is used as the refrigerant., Based on 1993/94
figures, thias project will eliminate 27.32 ODP tong/yr of CFCs 11 and 12 by
conversgion to cyclo-pentane as the £oam blowing agent and HFC 134a as the
refrigerant respectively. Funds regquested will be used to change the exlating
production lines, and for technology transfer, technical assistance, re-design,
tasting, pre-production trials, and training. Incremental operational costs
resulting from the conversion to the new technology (6 months) are
calculated for illustrative purposeas, they are NOT requested by the
enterprise.

Prepared by: §.W. Relly/F.F.J, Voorwalit, in collaboration with the
Poundation for Protection of the Ozone Layer and the
. Environment {FONDOIN).

Reviewed by: Dr L.J.M. Kuijpers/Dr M.J.P. Janssen (Refrigeration) and
Dr H. Creyf {(Foam}. Their comments are attached.



PROJECT OF THE GOVERNMENT OF VENEZUELA

ELIMINATION OF CPCs IN THE MANUFACTURE OF COMMERCIAL
REFRIGERATION EQUIPMENT

1. PROJECT OBJECTIVE.

The abjective of this project is to eliminate CFCs used by PINOVA
S.A. in the manufacture of commercial refrigeration equipment and
PU foam insulation panels. CFC 11 is used as the blowing agent for
producing the PU thermal ingulating foams for the refrigerator
cabinets and insulation panels, and this will be eliminated by
convergion to cyclo-pentane. CFC 12, used ag the refrigerant, will
be replaced by HFC l34a.

2. SECTOR BACEGROUND,

The Venezuela Country Programme {CP) for the Phase-out of Ozone
Depleting Substances {0DS) under the Montreal Protocol is presently
in the course of preparation. It is anticipated that the CF will be
presented to the 17th meeting of the Executive Committee of the
Multilateral Fund for the Montreal Protocol in July 1895,

Total ODS consumption in the refrigeration and air-conditioning
gector in Venezuela in 1993 is estimated at approximately 3,200
tonsg, and this accounts for around 80% of total ODS consumption.

Due to the economic situation in Venezuela, 1994 data is not
represgentative of either typical commercial refrigeration equipment
production volume, or ODS consumption. This project is, therefore,
baged on 19%3 calender year data for Pinova. {(An accompanying
project for Industrias Nutal C.A. uses 19%4 data because the
enterprise re-structured it’s product range during 1993).

In preparing this project proposal, and in the absence of a CP, the
data in the following table was established as the best estimate
representing CFC consumption for the manufacture and installation

of both unitary and non-unitary commercial refrigeration equipment
in Venezuela.

ODS elimination project proposals are being presented to the
Montreal Protocol Multilateral Fund for the TWO enterprises
indicated in bold type, Pinova S.A. and Industrias Nutal C.A..

It should be noted that the esgstimates are based on limited

digscussions with industry representatives, plus information from a
Woxrld Bank study mission to Venezuela in May 1994.

The "Production Veolume" figures reflect both unitary and non-
unitary egquipment ranging from small drinking water coclers to
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large display cases.

In some cages non~CFC insulation material is

used, also some companies do not iastall the units they manufacture
s0 they have no CFC refrigerant consumption.

Enterprise Production CFC 11 ~ CFC 12 !
Volume Congunption | Consumption
{Tons) {Tons)

Industrias Nutal
Unitary Equipment 3,152 3.14 3.15 *
Insulation Panels 1,436 1.80 -

Pinova ~ |
Display Casges 4,262 5.94 3.00
Ingulation Panels 32,582 M2 14 .08 -

Grupo Frigilux *¥* 15,846 ** 10.0Q1 #= 6.23 »*

Tegcoven 4,000 6.00 2.00

Couttenye Rafrig. 2,000 35.00(?) 1.50

Refrivenca 4,000 §.00 2.00

Frigra

Nevelara )

ll Invitrel I
Articold 10,000 7.50 2.50
Deincopa
Friokox
Refrigeracion Eurcpa

Totals 93.57 20.238

Some ©f the CFC 12 congumption at Industrisas Nutal is for
"frothing® in the PU foaming process.

& Grupo Frigilux C.A. 1sg also engaged in the manufacture of
domestic refrigerators and the enterprise is included as part

of an overall domestic refrigeration sector ODS elimination
project.

This consumption of 113.95% ODP tons repregents approximately 3.5%

of total ODS consumption in the refrigeration sector in Venezuela
in 1993.

The industry uses locally mnmanufactured bhermetic dJompresscrs,
refrigerants, and PU foam chemicals but alsce imports other raw
materials and parts. In addition to the 1local compressor
manufacturer, Vecomesa S.A., compressors are also sourced from
Embraco and Sicom (Brazil), Daewoo (Korea), L‘Unite Hermetiqgue
{France), Tecumseh and Copeland (USA}.



The Foundation for the Protection of the Ozone Layer and the
Environment (FONDOIN), with the assistance of UNDP, has designed a
strategy for reduction of CFC 11 and CPFC 12 consumption in the
commercial refrigeration manufacturing sector beginning in 1995.
Approval of this project by the MLF in July 1995 will result in the
phase-out of an estimated 31% of CFC consumption in the manufacture
of commercial refrigeration equipment in Venezuela in 1996.

3. ENTERPRISE BACEGROUND

PINOVA S.A. manufactures an extensive range of non-unitary
supermarket refrigerated display cases and walk-in chillers. They
alsc make metal clad PU foam insulation panels. Pinova installs
around 20% of the equipment which they manufacture, the rest is
sold for installation by the end-user, or other independent
commercial refrigeration engineers. Pinova has an estimated 95%
share of the market for supermarket refrigerated display cases.
Pinova S.A. is a 100% Venezuelan owned enterprise.

TOTAL CFC USE IN 199%93: 24.02 tons CFC 11
3.75 tons CPC 12
FULL NAME: PINOVA S.A.
ADDRESS: Carretera Panamericana, Km 14, San
Antonio de Los Altos, Edo Miranda,
Venezuela.

% ARTICLE 5 COUNTRY

OWNERSHIP: 100% (Venezuela)

No. 'OF MODELS: 58

PRODUCTION IN 1993: 4,262 units + 32,582 M2 of Panels
No. OF. PRODUCTION LINES: 2

CONTACT PERSONS: Camel Torbay - General Manager

Malek Torbay - Director
Enrique Pazo - Production Manager
Edwin Mattar Torbay - Project Mgr

TEL / FAX: Tel: (58 32) 72 38 22
Fax: (58 32) 72 46 12

Pinova market their display cases under the "NeveRama" brand name
and the product range covers all of the temperature ranges found in
supermarket refrigerated display cases. All production is sold
within Venezuela.



The display case and *"walk-in" chiller dezigns were developed "in-
house* by Pinova. They install and c¢ommigssion around 20% of their
annual production, calculating the refrigeration capacity reguired
and sourcing proprietary egquipment from Copeland and Tecumseh.
Pinova has no technology transfer or licensing agreements with any
internationally recognised commercial refrigeration equipment
manufacturers.

Pinova presently employs 243 persons all of whom are engaged in
display case and lnsulatlion panel related activitiesg, including 8
rafrigeration engineers who inatall, commission, repair, and
service the equipment.

This project encompasses all ODS blowing agent consumption used in
the mapufacture of supermarket refrigerated display cases, *"walk-
in* chillers, and PU foam insulation panels at Pinova S.A. It also
includes provision to reduce ODS refrigerant consumption through
the supply of equipment to enable non-0DS refrigerants to be
charged, although it is recogpnised that the choice of refrigerant
cannot always be directly influenced by Pinova.

The following tables provide a summary of bottle cooler and freezer

producticon by Pinova $.A. during the 12 month pericd Januwary to
December 1993 inclusive.
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Model No. Description Productio | PU Foam per Total PU
n Volums unit Foam
Kgs Congumption
Kgs
EXC-7 1.9 @ Ref SC 308 i1.25 3,476.25%
EXC-9 2.5M G Ref SC 425 i5.13 6,430,255
EXC-11 3.1M G Ref SC 239 i8.75 5,606,258
EXC-~13 3.7 G Ref 3¢ 212 22.580 4,770.60
EXC-E5Q 1.258 G Ref SC 11 3.758 41,25
FV-5 1.8M & Ref 3T 170 6.75 1,147 .50
PY-8 2.4M & Ref SC 83 g.25 767.75
Fv-10 3.0M @ Ref 3C g 11.50 103.50
CHA-7 1.9M G Ref S8C 15 11.28 168.75
CHA-3 2.5 G Raf BC 54 18,13 892 67
CHaA-11 3.1 G Ref SO 58 18.75% 1,.050.00
CHA-13 3.7 G Ref SC 50 22.50 1,125.00
GAL -7 1.8 @ Ref SC 13 €.50 71.50
GAL-9 2.5 G Ref SC 25 8.7% 218,175
GAL-11 3.IM G Ref 5C 13 11.00 143 .00
GAL-13 3.7 G Ref SC 19 13.08 247 .00
BAK-7 1.9M @ Ref SC 33 6£.78 209.25
BAK-~3 2.BEM G Ref s 13 9.2% 175.7%
BAK-11 3.1¥ G Ref 8C 14 11.59 161.00
VH-4 1.26M Vitrina G 323 3.7% 3,148 .25
VH-6 1.8B3M Vitrina ¢ 245 14.75 3.,613.78
VH-8 2.41M Vitrina ¢ 124 18.75 2,325.00
N-12 3.60M Vitrina G g 26.25 210.00
VNC-4 1.26M Vitrina G/M 23 10.00 230.00
VNC-6 1.83% Vitrina G/M 24 15.0¢ 360.00
RVN-2 1.28 M3 Ref 11 13.25% 145.75%
RVN-~3 1.88 M3 Ref & 1s.88 119 .28
 RVN-4 2.56 M3 Ref 8 25.50 S04.00
1 cww-1 0.80 M3 Frz 28 15.00 420.00
CYN-2 1.28 M3 Frxz 18 13.25 238.50 |l
CVR-3 1.88 ¥3 Frx & 19.88 119.28
CVR-4 2.56 M3 Prz 8 25.50 204 .00
I Totais or
Weighted 2,662 38,144.23
Average

&



“ Total PU H
Modal No. Description Production P} Foam pex Foam
Volume unit Consumption
Kgs Ras
ROV 1x1 1.28 M3 Ref/Frz 745 13.25 9,871.25
ROV 1x2 1.88 M3 Ref/PFrz 5 19.88 99 _40
RCV 2x1 1.B8 M3 Ref/Pruz 11 il3.88 218,689
RCY 2x2 2.56 M3 Ref/Frz 2 25.5890 51.00
ROV 3x1 2.56 M3 Ref/Frz 4 25.50 102.00
FN-4 1.25 Ref GSC 83 3.78 371.28
FN-6 1.85M% Ref GSC B& 5.50 473 .00
i FN-8 2.45M Ref GSC 16 7.28 116.G0
5L-9 2.5M nairy 8C 6 22.75 135,50
5L-13 3.7M Dairy SC 30 31.25 837.50
ASC-9 2.5M 88 Ref Deli SO 18 14 .50 232,00
ASC-13 3.7 88 Ref Dell SC 74 20.006 1,480,080
ASC-2-5 2.5 Multideck Deli 8C i 25.5¢ 25.00
A8C-3-13 3.7M Multideck Deli &C & 36.00 216.00
ASR-9 2.5M Figh S8C 1 14 .50 14.50
VAZ-9 2.5¥ Multideck Veg SC 20 18.8&6 373.20
YAZ-13 3.7 Multideck Veg SC 16 26.75 428.00
VA-9 2.858 Veg/Fruit SC 26 25.50 663.60
H VA-13 3.8 Vegfiruit 8C 104 35.0¢ 3,640.00
CA~9 2.5M S8 Frz Deli sC 29 10.00 290.60
CA-13 3.7 S8 Frz deli 8C 15 15,890 232.50
RE-1 $.96M Reach-in G Ref 7l 15.38 1,091.98
RH-2 1.73M Reach-in G Ref 84 23.50 1,974,.00
RE-3 2.50% Reach-in G Ref 68 31.75 2,159 .00
RHE-4 3.27H Reach-in G Reaf 25 40 .00 1,300.00
RH-5 4.058 Reach-in G Ref 40 48 .50 1.,840.00
I
Totals or
Welghted 1,600 28,135.76
Average
Key: Ref = Refrigerator Frz = Freezer SC = Show Case
88 = Self Service G = Glass door/front
GSC = Glags Show Case G/M = Glass & Metal Doors

ﬂ Total Production

Total PU Foam {(Kgs)

Average PU
Foam/Unit

4,262

66,280

15.5%

——

Based on the PU foam formulation used by Pinova which contains 15%
by weight of CFC 11 as blowing agent, CFC 11 congumption isg then

9.94 tons

-

In 1994, Pinova produced 32,582 M2Z of metal clad PU foam insulation

panels.

With a weight of 2,88 Kgs of foam per M2, this activity

consumed 14.08 tons of CFC 11.



Pinova installed around 20% of the 4,262 disgplay cases that they
produced in 1593 and the CPC 12 consumption involved wazs 3.00 tons.
The rest of the production was sold for installation by the end
uger or other independent commercial refrigeration engineersg. In
addition, Pinova also consumed 0.75 tons of CFC 12 for service and
maintenance of existing equipment.

4. PROJECT DESCRIPTION

Pinova presently uses CFC 11 as the blowing agent for the rigid PU
insulating foam used in the display cases, "walk-in% chillers, and
insulation panels. CFC 12 is used as refrigerant, both for initial
charge and servicing. Pinova can influence the choice of
refrigerant for new non-unitary eguipment and the ODS consumption
of 3.00 tons of CFC 12 for this purpose is included in the project.
It is estimated that 0.3 tons of the 0.75 tons of CFC 12 consumed
for servicing can be eliminated by the provision of eight small
"Recovery & Recycle® machines and this is, therefore, also included
in the project. )

The total consumption in the 12 months January - December 1993, and
the ODP tons that will be eliminated by this project are shown in
the following table:

CFC 11 ODF tona CFC 12 ODP tons Total ODP
consumed eliminated consumed aeliminated tons
{tons) * gee Note {tons) eliminated
24.02 24 .02 .75 3.30 27.32
Note: *Hased on replacement of the CFC 11 with cycle-pentane.

4.1. REPLACEMENT OF CFC 11 WITH cyclo-PENTANE

Pinova has selected the zero~0ODP oyclo-pentane to replace CFC 11 as
the blowing agent for the PU insulation foam in both its commercial
refrigerators and insulation panels.

This will require replacement of the exigting low pressure PU foam
dispensing machines, as well as new equipment related to the safe
storage and handling of c¢yclo-pentane and the preparation of
polyol/cyclo-pentane blends.

The conversion to cyclo-pentane will alsoc incur costs related to
technology transfer, production trialg, training, and safety audits
at Pincva. These activities will include training of staff in
worker-gafety issues related to cyclo-pentane,

Details of the existing foam injection equipment are provided in
section 5.1.3.



Incremental Operational Costs associated with the technology change
from CFC 11 to cyclo-pentane are calculated for a period of six

months for illusgtrative purposes, but they are not requested from
the MLFE and they will be absorbed by the enterprise.

4.2. REPLACEMENT OF CFC 12 WITH HFC 1343.

HFC 134a ig widely accepted as a zmero-0DP replacement for CFC 12 in
the domegtic and commercial refrigeration sectors and the

technology is mature. This is the CFC replacement technology
gelected by Pinova.

The conversion to HFC 134a requires the use of HFC 134a specific
compressors and the assgociated new gynthetic lubricants, plus re-
design of the refrigeration systems to cater for the difference in
thermodynamic performance of HFC 134a versus CFC 12.

4.2.1. NON-UNITARY EQUIPMENT INSTALLATION & COMMISSTIONING

All of Plnova's refrigeration egquipment is non-unitary and it uses
semi-hermetic compregsors. All systems are charged on site,
approximately 20% by Pinova, the rest by the end user or his
designated contractor. Howsver, by re-design of the evaporators
and the recommendation to use only HFC 134a, Pinova can dictate the
selection of refrigerant to its customersg. Appropriately gilzed HFC
134a compresscrsg will be either sourced, or recommended, from

Tecumseh or Copeland according to the refrigeration capacity of the
installation.

Information on lubricants and materials compatibility will likewige
be provided by the compressor supplier and there will be no
requirement for prototyping, etc. There will, however, be a
training requirement for the refrigeration engineers before working
on the installation and service of HFC 1l34a systems.

The different propertiez of HFC 1l34a, the need to avoid cross-
contamination with CPC 12, and the phased nature of the conversgion
of refrigerator production from CFC 12 to HFC 134a, means that new
sysetem evacuation, refrigerant charging, and 1leak detection
equipment will be required.

Pinova has a team of EIGHT refrigeration engineers who install,
commission, repair, and sgervice the company’'s refrigeration
equipment. These engineers are equipped with the basics of manifold

gauge charging sets, wvacuum pumps, and hand held electronic leak
detectors.

In order to be able to offer its clients HFC l34a technology and
eliminate the annual consumption of 3.0 tons of CFC 12 for the
installation and commisgioning of equipment which is under Pinova's
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control, Pinova reguires new manifold gauge charging sets, vacuum
pumps, and electronic leak detectors suitable for HFC 134a.

4.2.2, RETROFPITTING EXISTING CFC 12 EQUIPMENT TO USE HFC 134sa

Pinova has some 24,000 refrigerated display cases and 8,000 walk-in
c¢hillers in service in Venezuela. There will be a need to retrofit
some of these ingtallations to Rl34a duty in order to prolong their
useful economic lifetime.

The refrigeration englneers existing R1l2 evacuation, charging and
leak detection equipment, together with the new egquipment proposed
in 4.2.1 will enable Pinova to offer a retrofit service to their
customers (and others).

Howeveyry, the R12 removed during retrofit needs to be recovered and
recycled for future use in servicing equipment where retrofit is
not a cost effective or practical option. With refrigerant charges
in the range of 2 - 14.5 Kgs, EIGHT recovery and recycling machines
of the appropriate capacity are reguired in order to offer retrofit
combined with CFPC 12 recovery and recycling. It is not possible at
this time to gquantify the amount of CFC 12 consumption which can be
eliminated by retrofitting.

4.2.3. RECOVERY AND RECYCLE OF CFC 12 DURING SERVICING

The same EIGHT refrigeration engineers carry out maintenance and
service operations for Pinova’s customers., All service and repair
operations are %"on-gite® and ODS consumption for these activities
iag 750 Kgs of R12 per apnum. It ig estimated that the provision of
suitable recovery and recyeliny equipment is alse capable of
eliminating axround 300 Kgs of thisg annuval R12 consumption.

5. TECHNOLOGY

5.1. REPLACEMENT OF CFC 11.

5.,1.1. OVERVIEW

Currently, the three principal technology options for the
replacement of CPFC 11 in thermoset insulation foams are:

CFC 11 > partial water/HCPC 141b > ?

CPC 11 > partial watexr/HCFC 22,142b > HPFC 1l34a, BFC 152a
CPC 11 > n-, iso-, or cyclo-, pentane

In addition, hydroflucoroalkanes such as HFCs 245, 3158, etc.,
fluorinated ethers, and vacuum panels have been suggested for
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specific applications, but the technologies are not mature.
Furthermore, some of these products are either only available in
limited quantities, or toxicological testing is not complete and,
therefore, safety in use cannot be evaluated,

The first option, the "liquid® golution, employs technology that is
clogely related to the existing CFC 11 technology and generally
means that existing feoam dispensing equipment can be used. The
final step toc a zerc-ODP technology in this process is pot yet
decided. One potential solution may be the use of liquid HFCs such
as HFC 245 or HFC 356, but full water blown foam with improved cell
structure remains ancther option.

The second one, the "gag" sclution, utilizes phyvsical blowing
agente which are liquefied gases. This technology always requires
new foam dispensing equipment and extensive adjustments. The final
step to a zZero-0ODP technology in this process would be the use of
a gaseoug HFC such ag HFC 134a.

The third option, pentane technology, is commercially proven and is
now extensively used in many rigid PU ingulation foam applications
in Eurcpe. It is & zero-ODP technology which in many countries camn
be very cost effective. However, pentanes are flammable and this
means a4 careful review of manufacturing operations with respect to
the safe handling of a £lammable foam blowing agent. Fentane
technology may not be a practical or cost effective option in the
existing workplace enviromments at many smaller scale enterprises
due to the plant safety modifications reguired.

Several companies currently offer pentane technoclogy packages,
including egquipment. Its use certainly requires implementation
asgistance and UNDP further requires an independent safety review
prior to, and after, installation.

5.1.2, SELECTTION

Baged on economic, envirommental, safety, performance and technical
congiderations, cyclo-pentane technelogy appears to be the best
choice for the commercial refrigeration applications at Pinova.
Pinova also prefer to change in a single step from CFC 11 to a
zero-0UDP solution, rather than via an intexrim technology like HCFC
141b. The selected technology is, therefore, cyclo-pentane but the

change to this technology is dependent upon adequate financial
asgistance from the MLF.

The following considerations also influenced the Pinova decision in
favour of cyclo-pentane technology:

- it is a proven zero-ODP technology that is now being applied
commercially in many countries,

- with formulation, and other relatively minor changes, near
equivalent insulation valueg and structural properties to the
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exigting CFC 11 blown foam <an be achieved,

- it is an acceptable "long-term® CFC 11 replacement,

- it meets the zero-ODP requirements of some of Pinova®s multi-
national clients.

The selection of cyclo-pentane technology by Pinova is a realistic
and sensible choice under the prevalling circumstances. It is,
however, dependent on the necessary funding from the MLF, although
the enterprise will absorb the incremental operational costs as
thelr contribution towards the total project costs. The technology
choice ig supported by the FONDOIN.

5.,2.3, IMPACT ON THE PRODUCTION PROCESS

The use of cyclo-pentane technology will require substantial
changes in the chemicals storage, processing, and refrigerator and
panel manufacturing facilities because of the highly flammable
nature of the subsgtance. The adherence to the gtrictest safety
Standards available, such as EN, NFPA, or other intermationally
recogniged Standards, is regquired for UNDP implemented projects.

These Standards classify explosive zones (YEX areas®) generally in
THREE categories:

Zone O Where a constant amount of highly flammable/explosive
liquids or gases can be expected. The inside of cyclo-
rentane pipework, and c¢yclo-pentane storage tanks would
be classgified as "“Zone 0". All egquipment, matexials,
fittingsg, etc. in a Zone 0§ area mugt be “exploglon proof
(BX)}" and earthed.

Zone 1 Where, from time to time, highly flammable ligquids or
gases can be expected. Areas where feoaming operations
are carried out including moldes, Jjigs, or other such
fittings would be classifled as “"Zone 1", All equipment,
materiale, fittings, etc. in a Zone 1 area must be EX-e,
EX-d or la, and earthed.

A Zone 1 area may be re-claggified to a Zone 2 area by
the provision of sufficient extract ventilation.-

Zone 2 Where, only by accident orxr scheduled maintenance, highly
flammble/explosive gases can be expected. Areas such as
the c¢yclo-pentane sgtorage, polyol/cyclo-pentane blend
stations, foam dispensing machines, would generally be
clagsified as "Zone 2", All eguipment, materials,
fittings, ete. in a Zone 2 area must be EX-n, or with

IP54 sealing. Earthing to aveid static build-~up and
discharge is required.

Other requirements relating to the use of cyclo-pentane are:
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- there shall be implementation assistance by a UNDP approved
process consultant experienced in oyclo-pentane technology,
who must provide asgsurances on gafety idissues to the
enterprise,

- Process BSafety Audits, by a UNDP appointed independent
contractor are required, prior to, during, and after project
implementaticon.

- the installatlion of cyclo-pentane gas detectcrs in all EX
areas which shall be connected to a central control panel c/w
automatic recorder and printer. The contreol panel shall in
turn activate secondary extract ventilation, and/or cyclo-
pentane shut-down wvalves when pre-set levels of the Lower
Explosion Limit (LEL) for cyclo-pentane is measured,

- the installation of contaimment arcund cyclo-pentane storage
tanksz, and encleosure of other areas, as deemed necessary,

- the provision of cycleo-pentane/polyol blending equipment, as
a pre-mix cannct be purchased,

- Antigtatic clothing and shoesg shball be worn in Zone 0 and Zone
1 areas,

- the proviszgion of a portable gas detector to monitor c¢yclo-
pentane concentrations throughout the plant according to an
approved monitoring plan,

- the preparation of an approved preventative maintenance
gsystem, and the preparation of, and practice implementation
of, an emergengy regponse plan,

- the training of production and maintenance personnel in the
safe handling of cyclo-pentane,

The use of cyclo-pentane technology will be facilitated by the

provision of new high pressure foam production egquipment prepared
for cycleo-pentane duty.

Formulation changes, togethler with an increase in the thickness of

the insulation foam, will need to be conslidered in order to obtain
equivalent ingulation values.

Some of the refrigerator models produced by Pinova use GRP
reinforced cabinet liners. The compatibility of this material with

cyclo-pentane blown PU foam will need to be checked and changes may
be necessary.

Pinova currently has FOUR low pregsure Decker PU foam dispensing
machines, each with a single mixing head., Polyel and CPC 11 are
purchasgsed as a pre-mix. The digpensing machine details are:

Decker Model D-40 low pressure foam digpensing machine with a
maximum throughput of 20 Kgs/min. Serial No. 518. Vintage 1978.

Decker Model D-40-6 low pressure foam dispensing machine with a
maximum throughput of 25 Kgs/min., Serial No.39%8. Vintage 1979.

Decker Model D-40-6 low pressure foam dispensing machine with a
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maximum throughput of 2% Kgs/min. Serial No. 417. Vintage 1988.

Decker Model D-150-6P low pressurea foam dispensing machine with a
maximum throughput of 70 Kgs/min. Serial No. 469. Vintage 1981.

Pinova manufacture their display cases and insulation panels on two
floors of a four storey building. The two D-40-86 machines are used
for display cages, while the D-150-6P is located on ralls and is
used only for long panels using 38-40 Kg/M3 density PU foam. The
D-4¢ is used for short panels, and for panels where lower density
30 Kg/M3 PU foam is required.

Rationalisation of the number of fcam dispensing machines and the
PU foam densities were carefully examined. It ie proposed that the
FOUR existing low pressure machine will be replaced with TWO high
pressure foam dispensing machines of 45 Kgs/min capcity with all
the required accegsories for cyclo-pentane duty, including pre-
nmixers etce. When the cyclo-pentane technology is introduced, a
single foam density will be utilised in all applications.

5.2. REPLACEMENT OF CFC 12.

5.2.1. OVERVIEW

HFC 134a is universgally accepted ag a CFC 12 replacement in the
manufacture of unitary and non-unitary commercial refrigeration
equipment. HFC 134a is widely available and the technology is
mature. Replacement of CFC 12 with HFC 134a in non-unitary
equipment ig lees critical than in small wnitary appliances. Modest
equipment replacement for installation and gervicing is reguired
and technology can be acessed from the compressor suppliers.

Whilst hydrocarbon refrigerant (iso-butane) is being increasingly
used in the manufacture of domegtic refrigerators in sgeveral
Developed Countries, it has not yet found application in the
commercial refrigeration sector due to the safety issues concerned
with the larger refrigerant charges.

5.2.2. SELECTION

The technology selected by Pinova is HFC 134a. The refrigeration
technology used by Pinova is basic technology augmented by the
information supplied by Copeland and Tecumseh relating to their
regspactive compressors. Pinova has no formal technology transfer
agreements with internationally recognised commercial refrigeration
egquipment manufacturers or compressor suppliers.
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HFC 134a, like CFC 12, is non-flammable. HFC 134a has also been
the subject of extensive toxicological testing and is considered
safe in use in industrial applications provided the suppliers
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 8-hour time-weighted average basis.
Thig is the same as the Occupational Exposure Limit (OEL) /Threshold
Limit vVvalue (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.

It ig well understood that the chemical stability of the HFC 134a
and synthetice lubricant systems, and hence the long term
performance of the refrigeration unit, is sensitive to moisture
content and certain chlorinated impurities. This requires that CFC
12 and HFC 134a handling equipment be carefully gegregated, and it
also calls for better evacuation of the system prior to refrigerant
charging. Training of Pinova’'s refrigeration engineersg in these
requirements relating to HFC 134a technology will be regquired.

Leak detection of the refrigeration system is an integral part of
the refrigeration egquipment comissioning and servicing and the use
of HFC 134a requires that new leak detection equipment be employed.

To enable Pinova to ingtall and serwvice HFC 134a based non-unitary
systems, and to offer retrofit of existing systems from CFC 12 to
HFC 134a, new vacuum pumps, manifold gauge charging sets, hand-held
electronic leak detectors, and CFC 12 recovery and reaycle
equipment will be required,
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6. PROJECT COSTS

6.1, INCREMENTAL CAPITAL COSTS
CAPITAL COST FOR CFC 11 PHASE-OUT

cyclo-PENTANE STORAGE TANK inc installation

35,000
2 X 45 Kgs/min HIGH PRESSURE FOAM DISPENSING MACHINES,

& POLYOL/cyalo—FENThﬁE PRE-MIX UNITS 334,000
ayclo-PENTANE GAS DETECTION SYSTEM 30,000
FRETGHT & INSTALLATION 15,000
EXTRACT VENTILATION SYSTEM 10,000
GROUNDING 5,000
TECHNOLOGY TRANSFER/TECHNICAL ASSISTANCE/TRAINING' 20,000
SAFETY AUDITS 16,000
PRODUCTION TRIALS (2 Machines) 10,000
CONTINGENCIES (10%) 46,000
Subtotal {Usg) 511,400
CARPITAL COST FOR CPC 12 PHASE-QUT
Rl134a MANIFOLD GAUGE SETS & BOSES {8 off) 1,600
NEW VACUUM PUMPSE (B off} 10,000
R134a LEAXK DETECTION EQUIPMENT (8 off) 4,000
R12 RECOVERY & RECYCLE MACHINES (8 off)} 24,000
TRAINING 5,000
TECHNOLOGY TRANSFER/TECHNICAL ASSISTANCE {(Retrofit) 5,000
" CONTINGENCIES {10%) 5,000
Subtotal (0U88) 54,600
TOTAL INCREMENTAL CAPITAL COST (Us8) 565,600

6.2 IﬁéREHﬁNTAL OPERATING COSTS

The calculation of the incremental operating costs iz bhased on a
gix month period using 50% of the actual production for January to
December 1993 inclusive. Annex A. provides detailed explanations on
how the incremental operational costs were obtained. This is for
illustrative purposes only, the incremental operating costs are NOT
requested by the enterprise. The costs are summarized below:

PHASE-QUT OF CFC 11

Conte for Materials {gee Annex A. Part 1.): 26,5817

TOTAL INCREMENTAIL OPERATING COST (USS3) 26,517
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6.3. TOTAL PROJECT INCREMENTAL COSTS

TOTARL COST (Capital + Operxational) {US$) 592,117
% Article 5.1 Country Ownership 100%
FUNDING REQUESTED FROM MLF (US$) 565,600 ~»

6.4 UNIT ABATEMENT COST (USS/Kqg)

a. Capital Investment Costs 565,600
. Capital Recovery Factor (10% p.a.) 0.16275
¢. Incremental Operating Costs n/a *
d. ODS Rsduction {ODP Kgs Jan - Dec 1993) 27,320
e, Unit Abatement Cost (US$/Kg) 3.37

[ {axb) +c] /d

THE PROJECT UNIT ABATEMENT COST IS 3.37 US$/Kg

{* The funding requested from the MLF does not include the project
incremental operating costs which will be absorbed by the
enterprise.)

6.5 PROJECT SAFETY RELATED COSTS (USS$)

cyclo-Pentane Storage Tank = 35,000
High Pressure Foam Dispensing Machines/

Polyol/cyclo-Pentane pre-mixers = 120,000
cyclo-Pentane Gas Detection System = 30,000
Extract Ventilation = 10,000
Grounding = 5,000
Safety Audits = 10,000
Contingencies = 21,500
TOTAL SAFETY RELATED CQSTS = 231,000

* 17 &



6.6 COST EFFECTIVENESS {US85/Kg)

{a} TOTAL PROJECT COST - INC. OPERATING COSTS

565,600 U3

(b) LESS PROJECT SAFETY RELATED COSTS

I

231,000 USsg

{a¢)} TOTAL ODS ELIMINATED

27,320 ODP Kgs
{d) PROJECT COST EFFECTIVENESS (a - b)/c e 12.25 Uss$/Kg

THE PROJECT COST EFFECTIVENESS IS 12.25 US$/Kg

This is below the threshold value of 15.21 US§/Kg established by
the Executive Committee of the MLF at its 1léth meeting in March
1885,

1.  FEINANCING PLAN

Pinova 85.A. requests reimbursement from the MLF of the sum of US$§
565,600, representing the incremental Capital Costs of this ODS
elimination project, correctly taking into account the Article 5.1
country ownership of the enterprise. Incremental Operational Costs
are not requested.

8. PROJECT IMPLEMENTATION

8.1 MANAGEMENT

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

TIME TO COMPLETION “
TASK
QL | Q2 Q3 Q4 | Q5 Qé
—— mmmmm
1. Preparation l
MLF Approval X
Procurement Preparation XX |%
Vendor Selection XX

2. Installation
Arrival of Equipment X X
Customs Clearance
Machine Installation

B

3. Start-Up
Machine Start-up
Trials & Training XX
Mass Production Change
Safety Audits X
Certification

5 s

XX

L ]

o

9. PROJECT IMPACT

Based on data for the 12 months, January - December 1993, this
project will eliminate the use of 27,32 ODP tons per year.

10, AMNMNEXES

Annex A, - Incremental Operational Cost Calculations.
Annex B, - Project Technical Reviews. )

Notes relating to the calculation of the Incremental QOperational Costs

Note 1.

Figures in the following table are based on the actual production wolumez for
the 12 month period January to Decembex 1993 obtalned f£rom Pinova 8.A. at the
time of project preparation. The Incremental Operational Costs for CFC 11
replacement are calculated for 6 months for illustrative purposes only, using 50%
of this 12 months production volume. Pinova will absorb these costs as
its contribution to the total project costs. There are no
incremental operating costs for the CFC 12 replacement attributable
to Pinova.

Note 2.
Chemical prices used in the table are current weighted average
prices for the principal domeatic and commercial refrigerator

manufacturers in Venezuela. The price for oyclo-pentane is
astimated.
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ANNEX A.

INCREMENTAL QPERATIONAL COST CALCULATIONS

1. Incremental Costg regulting from replacing the CFC 11 Blowing

Agent in the Refrigerator Insulation Foam with cyclo-pentane

{US3).

BINOVA S5.A,

per Kg of Foam produced
Kg Polyol

MBI

Kg Blowing Agent

Water

Prices in US$/Kg

g. Blowing Agent

Cost per Ky of Foum Produced

h. = a. = e, Polyol

1. = b. x £. MDX

j. = €. X g. Blowing Agent

k. = h+i+j Total Cost per Kg of Foam 2.288 2.382 G.093
Materials Used per Display Case TN | T | AR
1., Kg of Foam per Dlsplay Case {avy) 15.550 17.10% 1,558
m. Kg of Feoam per M2 of Insulation Panel 2,880 3.168 0.288
Cost pexr Display Case/Insulation Panel (US§) R | EEETHETE | R
n. = 1, x k. for Display Case Poam 35.594 40.744 5.150
0. = m. X k. per M2 of Insulation Panel Toam 6.592 7.54¢6 .954
#. = No. of Display Caseszs {ges Note 1.} 2,131
Incremental Operating Cost {Digplay Cases} US$ 2,131 x 5.150 = 10,975
€. = M2 of Insulation Panels (see Note 1.} 16,251
Incremental Operating Cost {Panels) Uss 16,281 x ©.%54 = 15,542

TOTAL INCREMENTAL OFERATIONAL COST (US$)

28,517
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L.lountry:

Venszuela.

2. Project Title;
Elimination of CFCs 11 amd 32 in the Manufacture of Commercial
Refrigeration Equipment at PINOVA $.A,

3. (ubjSector:
Commercial Refrigeration.
This review covers only the feam part.

4.LP-Relatipaghip:
The Yenezuslan CF for phase-out of QUS$ is actually in preparatien. It
is believed that the (P will be presented al the 16th Meeting of the
Executive Commitiee of the MLF in March 18385,
Beginning 1995, the *Foundation for the Protection of the Czone
Layer snd the Environment™ {FORDOIN}, assisted by URDP has assigned s
sirategy for CFC eliminalion In the domestic refrigeration sector.

d.lechnology:

: PINOVA wishes to change the use the cyclopentane technology tfo
replace its actual CFC 11 in the manufacture of insulating PUF.The
reasons given 1a the project can be accepied, provided of course that
the safety aspecl is well looked after, as well in the hardware, in
the management procedures, as in the mentalily of the workers.

High pressure equipment will be necessary in order to ensure correct
mining of the chemicals.

6.Environmanial Impact:
Cyclopentane has no 0DP and GWP, but it has a smog potential of 500
{ versus 0.1 for CFC 11}. It wiTl hence be important toc compare

cyclopentane emissions with the actua) or future Venezuelan emission
Tegislation.



(73) 2
L.Eroject Costss
Project cosis cam be accepted as presented.About half of the capital
costs are safety related.
The company does not claim incremental operating cests.
The cost for eliminating 1 kg of 0DS for the foam part is
ysD §11,000/ 24,020 or USD 21.27.

8. 1mplementation:
Management and Lime schedule can be accepted.

3.Recommendation:
It 15 recommended fo accept the project as it is presented.

'?repared by Hubert Creyf, UNDPF Foam Sector Reviewer,
Pate: 061198,
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Country of origint.  VENEZUELA

Project title: Eilimination of CFCs 11 and 12 at TWO Manufacturers of Cormmercial
Refrigeration Equipment {industrias Nuta!l C A and Pinova 8 A

Sector/sub-sector  Commercial refrigeration
Relationship to country program  URDP (CP in prepatation)

Note This review addresses only the refrigerant conversion part of the profect, i
does nat address the part related to the foam blowing agent conversion

Technology

» Both manufacturers in this project have chosen for a conversion of their §}§'€}£§u¢§ on fo the HFC-
134a technology. :

= in commercial refrigeration, HFC-134a technology is a proven and acceptable (nontransifional)
technology to reduce CFC-12 consumption.

« The two companies in this project do not have a formal technology transfer agreement,
However, both companies plan to develop the HFC-134a technology with assistance from
compressor and refrigerant suppliers. This holds for bath the unitary equipment produced by
Nutal and for the installation of non-unitary equipment by both companies. Furthermore

- provisions for external assistance are present. Due to these facts, a successiul pfaie(:t
implementation can be expected at both companies.

s Other technologies than HFC-134a were considered thydrocarbons, HFC-152a) but were not
selected because of safely issues related to the use of flammabile refrigerants in commercial
equipment and because of the lack of commercially available compressors. From the zero ODP
technotogies HFC-134a is a cost effective sotution.

Eﬁvironment&i impact
HFC-134a has an Q0P of zero and a GWP of 0.27.

Project costs

industrias Nutal:

+ The equipment requested is essential for the conversion process of the unitary equipment. Costs
of equipment, redesign, training, testing and technical assistance are reasonable.

s The refrigeration squipment requested for installing new equipment, for servicing existing
equipment {including retrofits) and for recoveryirecycling is essential for a successhul reduction

~of CFC-12 usage in the non-unitary sector. The costs claimed are reasonable.

Incremental operational costs are reasonable and correctly applied {for six months).

« If the UAC value is calculated for the refrigerant conversion part of the project, a value of 2.9
USDikglvear is obtained which is reasonable for commercial refrigeration projects.

» The estimated value for the CFC reduction is reasonable.

Pinova 8.A.

» The refrigeration equipment requested for installing new equipment and for servicing existing
equipment (including retrofits) is essential for a successful reduction of CFC-12 usage in the
non-unitary sector. The costs claimed are reasonable. The investment in 8 racoveryfrecycling
stations is not very cost effective due to the low CFC-12 reduction involved (only 300 kglyear
which is much lower than the estimated reduction for Industrias Nutal) but is stift acceptable.

« No incremental operational costs are claimed (only for the foam part).

CANTEXTUNDIWENEZ! DO Page 3
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» {f the UAC value is calculated for the refrigerant conversion part of the project, a value of 3.7

USD/kglyear is ebtained which is a reasonable value for commercial refrigeration projects.
« The estimated value for the CFC reduction is reasonable.

Implementation timeframe Reasonable,
Relevance and adequacy of information provided Sufficient
Recommendations _ Approval as pm;;o‘séd
/.

e
Janssen M.J.P., Kuijpers L.J.M.,
Eindhoven, The Netherlands University Eindhoven, The Netherlands
30-January-1985

- CATEXTMUNDPWENEZ) DO
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PROJECT COVER SHEET

e ——

COUNTRY: VENEZUELA

PROJECT TITLE: Elimination of CFCs 11 and 12 in
the Manufacture of Domestic
Refrigerators at GRUPO FRIGILUX

C.A.
SECTOR COVERED: Domestic Refrigeration (Mfg)
ODS USE IN SECTOR: 236.6%9 tons QDS
PROJECT IMPACT {(ODP}: $8.82 QOoP tons
TOTAL PROJECT COST: UsSs 1,221,599
INCREMENTAL CAPITAL COST: Us$é 1,008,000
INCREMENTAL OPERATING COST: Uss 213,599
PROPOSED MLF GRANT: uss 1,008,000
UNIT ABATEMENT COST: 3.36 USS/Kg
COST EFFECTIVENESS: 13.55% US$/Kg
PROJECT DURATION: 1.5 years.
ECONOMIC LIFE: 10 vears.

NATIONAL COORDINATING BODY: FONDOIN
IMPLEMENTING AGENCY: ONDFE

APPRAISAL DATE: December 1994/May 1$95

PROJECT SUMMARY:

GRUPO FRIGILUX C.A. is a 100% Venezuelan-owned company manuvfacturing domsatic
refrigerators and freszers as well as a range of unitary comercial refrigeration
egquipment primarily £for sale in Venezuela. Frigilux currently uses CFC 11 as a
blowing agent in the production of rigid polyurethane insulation foam for the
refrigerator cabinets and doors, and CFC 12 is used as the refrigerant. Basged
on 1893 figures, thie project will eliminate 48.82 ODP tons/yr of CFCs 11 and 12
by conversion to the use of cyclo-pentane ag the foam blowing agent and HFC 134a
az the refrigerant respectively. Funds reguested will bs used to change the
exipting production lines, and for technology transfer, technical assistance, ra-
degign, testing, pre-production trials, and training. Incremental operational
cogkts resulting from the conversion to the new technology (6 montha) are
calculated for illustrative purposes, they are NOT requested by the enterprise.

Prepared by: 8.W. Kelly/F.P.J. Voorwalt, in c¢ollaboration with the
Foundation for Protection of the Ozmone Layer and the
. Enviyonment (FONDOIN} .

Reviewed by: Dr L.J.M. Kuiijpers/Dr ¥.J.P., Janssen {Refrigeration) and
Dy G. Baumann (Foam). Their comments are attached.



PROJECT OF THE GOVERNMENT OF VENEZUELSA

ELIMINATION OF CFCs IN THE MANUFACTURE OF DOMESTIC REFRIGERATORS

1. PROJECT OBJECTIVE.

The abjective of this project is to eliminate CF({s used by GRUPO
FRIGILUX C.A. in the manufacture of domestic refrigerators and
freezers, as well as range ¢©f unitary commercial refrigeration
equipment. CFC 11 is used as the blowing agent for producing the
PU thermal insulating foams for the refrigerator cabinets and
doors, and this will be eliminated by conversion to cyclo-pentane.
CRC 12, used as the refrigerant, will be replaced by HPC 134a.

2., SECTOR BACKGROUND.

The Venezuela Country Programme {(CP) for the Phase-out of Ozone
Depleting Substances (ODE} under the Montreal Protocol is presently
in the course of preparation. It is anticipated that the CP will be
presented to the Executive Committee of the Multilateral Fund for
the Montreal Protocesl during 1985.

Due to the economic gituation in Venezvela, 1994 data is not
representative of either typical domestic refrigerator production
volume, or ODS congumption. This project is, therefore, based on
1893 calender year data.

In preparing this project proposal, the following data for the 12
months Janua - Dec er 1993 inclusive, was establisgshed as the
bast estimate of CFC congsumption for the manvfacture of domestic
refrigerators and freezers in Venezuela. QDS elimination proiject
proposals are being presented to the Montreal Protocol Multilateral
Fund for the FOUR enterprises indicated in bold type, who account
for 96.7% of domestic refrigerator and freezer production in
Venezuela. .

I Enterprise Production CrC 11 CFC 12 H
Volume Consumption Consumption

{Tons) - {Tong)
Coresmalt Valencia 95,646 50.51 20.57
Frigilux 41,605 27.73 4.85
Madosa 126,437 84.64 i7.71
E Muebles Bterna 3,183 - 0.38
Famusa Domestic 6,500 T 4.68 Q.78
Others ' 2,500 1.80 0.30

i
Totals 275,841 168.36 44,59




The preceding Table relates to the DOMESTIC REFRIGERATION sector
only. It ghould be noted that Frigilux C.A. is also engaged in the
manufacture of unitary commercial refrigeration equipment. Whilst
the production wvolumes and 0ODS consumption related to this latter
activity are included in this project proposal for ODS elimination
at Frigilux, the DOMESTIC REFRIGERATION SECTOR COST EFFECTIVENESS
THRESHOLD of 13.76 US$/Kg is applied.

96.0% of the domestic refrigerators and freezers manufactured in
Venzuela are sold in the local market. It is estimated that around
70,000 domestic refrigerators/freezers were alsgso imported for sale

in Venezuela in 1993, sourced from a variety of countries including
Mexico, Colombia, USA, and Korea.

4.0% of local production, around 11,000 refrigerators are exported

to other Latin American countries, principally Colombia and
Ecuador.

This consumption of 213.95 ODP tons in the manufacture of domestic
refrigerators and freezers represents approximately 7% of the total
0ODS consumption in the refrigeration and ailr-conditioning sector in
Venezuela which was esgtimated at 3,200 tong in 1%33.

There is additional consumption of CFC 12 for servicing domestic
refrigerators. A project hag already been approved by the MLF for
a "Pilot Programme for Recovery/Recycling of CFC 12 in the Domestic
Refrigeration Sector®". This project has recently been implemented.
These new project proposals 4o not, therefore, address the

consumption of ODS in the servicing of domestic refrigerators and
freezers in Venezuela.

The 236.69% tons "CODE USE IN SECTORY in the Project Summary Sheet,
therefore, refers only to identified ODS congsumption in the
MANUFACTURE of domestic refrigerators and freezeras in Venezuela,
plus the additional consumption of Frigilux C.A. in their unitary
commercial refrigeration equipment manufacturing coperations, and
the ODS consumption of Vecomesa in manufacturing compressors.

Famusa Domestic was only identified as a manufacturer of domestic
refrigerators as this project proposal was heing completed, and it
was not, therefore, possible to cobtain the necessary data in time
to prepare a project proposal for Famusa. It is proposed that an
ODS elimination project proposal for this semall enterprise be

prepared for submiggsion to the autumn 1995 meeting of the MLF
EXCOM.

The ipndustry uses locally manufactured hermetic compressors,
refrigerants, and PU foam chemicals but also imports raw materials
and parts. Compressors are also sourced from Embraco and Sicom
{Brazil), Daewoo (Kgrea), and L'Unite Hermetique (France).



Uninhibited growth in the manufacture of domestic refrigerators and
freezers would lead to an estimated consumption in the year 2000 of
approxlmately 280 tons per year of CPFCs 11 and CFC 12,

The Foundation £or the Protection of the Ozone Layer and the
Environment (FONDOIN), with the assistance of UNDP, has designed a
strategy for the eliminaticn of CFC 11 and CFC 12 in the domestic
refrigeration manufacturing sector beginning in 1995, Approval of
this project by the MLF in July 1995 should result in the phase-out
of 96.5% of CFC copgumption 4n the manufacture of domestic
refrigerators and freezerg in Venezuela 1in 1996.

3, ENTERPRISE BACKGROUND

GRUPQ FRIGILUX C.A. is the third largest manufacturer of domestic
refrigerators and £freezers in Venezuela apd they account for
approximately 15% of the total local producticn of such products.
Frigilux alsc manufacture a range of unitary commercial
refrigeration equipment including refrigerators, freezers, disgplay
cages, and drinking water coolers. Frigilux 1s a 100 per cent
Venezuelan owned enterprise.

More details on PRIGILUX C.A. are given below:

CPC USE IN 183%83: 47.74 tons CUFC 11
11.08 tons CFC 12
FULIL NAME: GRUPO FRIGILUX C.A.
PLANT LOCATION: Av. 17 Los Haticos #125-97,

Maracaibo, Zulia, Venezuela.
% ARTICLE 5 COUNTRY

OWNERSHIP: 100% (Venezuela)

No. OF MODELS: 20

PRODUCTION IN 1893: 61,725 units

No. OF PRODUCTION LINES: 5

¢0MPRKSSOR SUPPLIERS: Embraco, Brazill (60%)

Vecomesa, Venezuela {20%)-
Daewoo, Xorea {(20%)

CONTACT PERSONS: John Vainrub - President
Jaun Carlos Pagone - Project Manager
Roberto Salas - General Manager

TREL. / PAX: ' Tel: (58 61) 651054
Fax: (58 61} 653189



Grupo PFrigilux C.A. was founded in 1564 and iz engaged in the
manufacture, sales, and servicing of a wide range of domestic
appliances as well as equipment for the food and beverage industxy.
In two guite separate manufacturing facllitieg Frigilux manfactures
domestic refrigerators in one factory, and the range of commercial
refrigeration equipment in the other. The domestic refrigerators
are marketed under the "Frigilux" brand-name, while the commercial
refrigeration eguipment is s0ld under both ®Frigilux® and
"Cyberlux® brand-names. Frigilux alsc maoufacture a range of
package ailr-conditioners using HCFC 22 at their domestic
refrigerator plant.

The existing refrigerator designs and technology were developed
*in-house®™ with assistance from compressor, component, and
refrigerant suppliers. Frigilux has no formal technical assisgtance,

technology transfer, or licensing, agreements with internationally
recognised refrigerator manufacturers.

90.0% of production is scld within Venezuela, the balance of
exports go to other Latin Bmerican countries and Africa.

Frigilux employs a total of 1,032 persons, 840 of whom are engaged
in refrigeration related activities.

This project encompasses all 0DS consumption used in refrigerator
and freezer manufacturing operations at Grupo Frigilux C.A. that is
eligible for MLF funding.

The following tables provide information on the product range and
a summary of refrigerator and commercial refrigeration equipment
production by Grupo Frigilux C.A. during the 12 month period
January to December 1992 inclusive.



Modal No.

e
e

Capacity | Description Productio R 12 Charge R1Z
Cu ft n Volume Kgs Congumption
Kgs
Domestic
FARIZGP-1 i2.0 S0 Ref 35,521 0.113 4.013.87
FIR15GP-1 15.0 8D Ref 1,810 0.1%58 282.36
FERGPLE-2 15.0 DD Ref NF 2,382 0.156 373.15
NE-55 5.0 8D Ref 1,632 0.085 137.87
HE-3 2.8 8D Ref 534 0.085 45,39
Sub total -
41,879
i Commercia v |} m=m--e=e-

1 8.0 Chest Frz - 0.5867 367.98
CD-%9 15.0 Chest Frz 0.678 338.32
Cp-15 25.4¢ Chast Fryz 649 0.8867 333.80
CD~25 1z.0 Chest Frz 453 6,640 6.490
CL-12 10.0 Bot Cooler 385 0.302 1,305.55
AR~27 28.0 Bot Cooler 1a 0_52% 848 .34
AR-4% 28.0 Bot Coolerx 4,323 0.347 1,1i88.17
AR-69 36.0 Bot Cooler 1,598 0.842 27.32
AR-89 22,0 Bot Cowoler 1.310 0.302 76.41
BY-47 44 .0 GD Ref 2% 0.794 7%.40
VI-47 91.0 G Ref 253 1.189 41.65
vT-80 91.¢ GD Ref 100 1.21¢ 18.15
VC-8U 20.0 3D Ref 35 0.567 2.84
VR-1 4 gph Water 15 0.132 967.69
vI-686 8 gph Cooler 5 0.183 624 .46
FE-8 Water 7,331

Coocler 3,304
Gub total { 1 ] eeeeeean-
19,846
.
Totals or
- Weighted 61,725 0.17¢ 11,076,212
Average




Model No. PO Foam per Cabinet & R12 Compreassor RiZ4a
Unit Door Linex Compressor
Kgs per Unit HP & Price USS
¥gs HIPS HP & Price USS
Domestic
4.425 §.450 1/6 31.84 1/6 36.85
FER1IGP-1 5.775 6£.900 174 3v.14 1/4 40.38
FXR15GP-1 5.775 6.900 i/4 37.14 174 40.38
FXRGP15-2 1.840 3.630 1/8 30.78 178 35.72
NE-55 0.820 1.400 /8 30.79 1/8 35.72
NE-3
u Commercial 5.880 1.378 1/4 37.14 . 174 40.38
cn-3 8.180 2.500 174 37.14 1/4 40.38
Ch-15 11.5320 3.200 1/3 40.3% 1/3 43.23
CD- 25 5.870 nfa 1/4 37.14 1/4 40.38
CL-12 5.372 1.400 174 37.14 1/4 40.38
AR-27 7.820 1.000 174 37.14 1/4 40.38
AR-4% 10.580 2,100 173 40.3%8 173 43,23
AR-69 12.880 2.800 1/2 105.43 1/2 116.13
AR-89 7.820 1.400 1L/4 37.314 1/4 40.38
BY-47 11.360 n/a i/3 40.35 1/3 43.23
wI-40 23.920 n/a 1/2 105.43 172 116.13
i vT-8U 23.82% 4.000 1/2 105.43 1/2 116.13
VC- 8 5.2480 n/a 1/3 40.35 1/3 43.23
VR-1 n/fa n/a 178 31.84 1/6 36.85
vJ-66 n/a n/a 1/4 37.14 1/4  40.38
FF-8
Welghted .
Averags 4.077 3.345 33.42 37.55
Key: 8D = Single Door DI = Double Door Ref = Refrigerator
Frz = Freezer N¥ = No Frost Gh = Glass Door

4, PROJECT DESCRIPTION

Frigilux presgently uses CFC 11 for the production of rigid
ingulating foams needed for the refrigerator and freezer cabinets
and doors, and CFC 12 1ig used as refrigerant. The total
congsumption in the 12 months Janvary - December 19%3, and the 0ODP
tons that will be eliminated by this project based on replacement

by the non-0DS cyclo-pentane and HFC 134a, are shown in the
following table:

:
Enterprise CrC 11 ODP tous CFC 12 Total ODP
(tons) eliminated |  {(tons) tons
‘ {see Note+*) aliminated
Frigilux 37.74 37.74 11.08 . 48.82




It should be noted that Frigilux have FIVE independent production
lines in two quite separate factory buildings. The differring
nature and volumes of the product range and production line
configurations limits the possibilities for rationalisation.

4.1. BEPLACEMENT OF CFC 11 WITH CYCLO-PENTANE

Frigilux has selected the zero-0DP cyclo-pentane to replace CFC 11
as the blowing agent for the PU insulation foam in their range of
domegtic and commercial refrigerators.

This will require replacement of the existing low pressure PU fcam
digpenging machines, as well as new equipment related to the gafe
storage and handling of c¢yclo-pentane and the preparation of
polyol/cyclo-pentane blends. ‘

The conversion to goyolo-pentane will also incur costs related to
technology transfer, production trials, training, and safety audits
at Frigilux. These activities will include training of staff in
worker-safety issues related to cyclo-pentane.

betails of the existing feoam injection egquipment are provided in
section 5.1.3.

Incremental Operational Costs associated with the technology change
from CPC 11 to cyclo-pentane are calculated for a period of six
months for illustrative purposes, but they are not reguested from
the MLF and they will be absorbed by the enterprise,

4.2, REPLACEMENT OF CFC 12 WITH HFC 134a.

HFC 134a is widely accepted as a zero-ODP zreplacement for CFC 12 in
the manufacture of ©both domestic and wunitary commercial
refrigeration equipment and the technology is mature. This is the
CFC replacement technology selected by Frigilux.

The counversion to HFC 1l34a requires the use of HFC 1l34a specific
compressors and the associated 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
gscale manufacture and testing before full scale conversion of
production to HFC l1l34a 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 tc avoid cross-
cgontamination 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
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equipment will be reguired.

Details of the existing equipment on which the technology change
will impact are provided in sectiomn 5.2.3.

Incremental Operational Costs associated with the technology change
from CPC 12 to HFC 134a are calculated for a period of six months
for illustrative purposes, but they are not requested from the MLF
and they will be absorbed by the enterprise. ’

S. TECENOLOGY

5.1. REPLACEMENT OF CPC 11,

5.1.1. OVERVIEW

Currently, the three principal technology options for the
replacement of CFC 11 in thermoset insulation foams are:

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

In addition, hydroflucrcalkanes sguch as HFCs 245, 386, etc.,
fluorinated ethers, and wvacuum panels have been suggested for
specific applications, Dbut the technologies are not mature.
Furthermore, scme of these products are either only available in
limited guantities, or toxicological testing ig not complete and,
therefore, safety in use cannot be evaluated.

The £irst option, the “"liquid®” solution, employs technology that is
closely related to the existing CFC 11 technology and generally
means that exiszting foam dispensing equipment c¢an be used. The
final step to a zero-ODP technology in this process is not yet
decided. One potential solution may be the uvse of ligquid HFCs such
ag HFC 245 or HFC 356, but full water blown foam with improved cell
gtructure remains another option.

The gsecond one, the "gasg" solution, utilizes physical blowing
agents which are liquefied gases. This technology always requires
new foam dispensing eguipment and extensgive adjustments. The final

step to a zerc-0ODP technology in this process would be the use of
a gaseous BHFC such as HFC 134a.

The third option, pentane technology, is commercially proven and is
now extengively used in many rigid PU insulation foam applications
in Europe. It is a zero-0DP technology which in many countries can
be very cost effective. However, pentanes are flammable and thig
meana a careful review of manufacturing operations with respect to
the safe handling of a flammable foam blowing agent. Pentane
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technology may not be a practical or cost effective option in the
existing workplace environments at many smaller scale enterprises
due to the plant safety modifications required.

Several companies currently offer pentane technology packages,
including equipment. Its use certainly requires implementation
assistance and UNDP further regquires an independent safety review
prior to, and after, insgtallation,

5.1.2. SELECTION

Based on economic, environmental, safety, performance and technical
considerations, coyclo-pentane technology appears to be the best
choice for the mizxed domestlic and commercial refrigeration
applications at Frigilux. Frigilux also prefer to change in a
single step from CFC 11 to a zero-ODP sclution, rather than via an
interim technology like HCFC 141bh. The sgelected technology is,
therefore, cyclo-pentane but the change to this technology is
dependent upon adequate financial assistance from the MLF.

The following consgiderations also influenced the Frigilux decision
in favour of cyclo-pentane technology:

- it is a proven zero-ODP technology that is now being applied
commercially in many countriesg,
- with formulation, and cother relatively minor changes, neax
egquivalent ingulation values and structural properties to the
, existing CFC 11 blown foam can be achieved,
- it is an acceptable "long-term®* CFC 11 replacement.

The selection o0of oyclo-pentane technology by Frigilux is a
realistic and sensible choice under the prevailing circumstances.
It ig, however, dependent on the necesgary funding from the MLYP,
although the enterprise will absorb the incremental operatiocnal
costs as their contributlion towards the total project costs. The
technology choice is supported by the FONDOIN.

5.1.3. IMPACT ON TEE PRODUCTION PROCESS

The use of cyclo-pentane technology will reguire sgubstantial
changes in the chemicals storage, processing, and refrigerator
manufacturing facilities because of the highly flammable nature of
the substance. The adherence to the strictest safety Standards
available, such as EN, NFPA, or cother internationally recogmised
Standards, is required for UNDP implemented projects.

These Standards claseify explosive zomnes ("EX areas") generally in
THREE categories:

Zone O Where a constant amount of highly flammable/explosive
liguids or gases can be expected. The ingide of oyclo-
pentane pipework, and cyclo-pentane storage tanks would
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be classified as *"Zome 0". All equipment, materials,

fittings, etc. in a Zone 0 area must be "explosion proof
(EX) " and earthed.

Zone 1 Where, from time to time, highly flammable liquids or
gages can be expected. Areas where foaming operations
are carried out including maoldsg, ijigs., or other such
fittings would be classified as "Zone 1%. All equipment,
materials, fittings, etc. in a Zone 1 area must be EX-e,
EX-d or ia, and earthed.

A Zome 1 area may be re-classified to a Zone 2 area by
the provigion of gufficient extract ventilation.

Zone 2 Where, only by accident or scheduled maintenance, highly
flammble/explogive gases can be expected. Areasg such as
the c¢yclo-pentane storage, polyol/eyclo-pentane blend
gtations, foam digpensing machines, would generally be
clagaified as "Zone 2¥. All eguipment, materials,
fittings, etc. in a Zone 2 area must be EX-n, ¢r with

IP54 sealing. Barthing to avoid static build-up and
digoharge is required.

Other requirements relating to the use of cyclo-pentane are:

- there shall be implementation assistance by a UNDP approved
process consultant experienced in cyclo-pentane technology,
who must provide assurances on safety issues to the
aenterprise,

- Procegs Safety Audits, by a UNDP appointed independent
contractor are required, pxior to, during, and after proiject
implementation.

- the ingtallation of c¢yclo-pentane gas detuctors in all EX

areas which shall be comnected to a central control panel ¢/w

automatic recorder and priopter. The control panel shall in
turn activate secondary extract ventilation, and/or cyclo-
pentane shut-down valves when pre-set levels of the Lower

Explosion Limit (LEL) for cyclo-pentane isg meagured,

the installation of containment around cyclo-peatane storage

tanks, and encleosure of cther areas, as deemed necessary,

- the provision of cyclo-pentane/polyol blendzng equipment, as
a pre-mix cannot be purchased,

- Antistatie clothing and shoes shall he worn in Zone 0 and Zone

1 areas,
the provision of a portable gag detector to monitor cycleo-
pentane concentrations throughout the plant according to an

- approved monitoring plan,

the preparation of an approved preventative maintenance
gystem, and the preparation of, and practice implementaticn
of, an emergency regponsgse plan,
the training of production and maintenance personnel in the
safe handling of cyclo-pentane,
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The use of cyclo-pentane technology will be facilitated by the
provision of new high pressure foam production equipment prepared
for cyclo-pentane duty.

Formulation changes, together with an increase in the thickness of

the insuvlation foam, will need to be considered in order Lo obtain
equivalent insulation values.

Many of the refrigerator models produced by Frigilux use HIPS
cabinet and door liners. It is not anticipated that any change to
the HIPES liner material will be reguired due to the change to
gyclo-pentane.

Prigilux currently has four PU foam dispensing systems, two for the
domestic refrigerator manfacturing operations, and two for the
commercial refrigeration equipment production. All are low pressure
machines with single mixing heads. Frigilux currently purchases a
polyol/CFC 11 pre-mix.

Domestic Refrigerator Production Line.

Decker Model D-40 low pressure foam dispensing machine with a
maximum throughput of 20 Kgs/min. Serial No. 584. Vintage 1981.
Thig machine is used for foaming cabinets.

Cannon Model C80RFZ2 low pressure foam dispensing machine with a
maximum throughput of 80 Kgs/min. Serial No. 120173. Vintage 1980.
This machine is used for foaming deoors.

Commercial Refrigeration Eguipment Production Lines.

Decker Model D-70 low pressure Ffoam digpensing machine with a
maximum throughput of 32 Kgs/min. Serial No. 586. Vintage 1981.

Admiral Model M-15/2H low pressure foam dispensing machine with a
maximum throughput of 15 Kgs/min. Vintage 1979,

It iz proposed that the twe machines used in domestic refyigerator
production be replaced with two high pressure foam disgpensing
machines each with a capacity of 45 Kgs/min. For commercial
refrigerator production it is proposed that the two machines be
replaced with a single high pressure machine with a capacity of 45
Egs/min equipped with two mixing heads. Two polyocl/eyclo-pentane
pre-mixing units will also be required to feed these three foam
digpensing mahines.
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5.2. REPLACEMENT OF CFC 12,

5.2.1. OVERVIEW

HFC 134a is widely accepted as a replacement for CFC 12 in the
manufacture of both domegtic refrigerators and freezers, as well as
unitary commercial refrigerators. HFC 134a is widely available and
the technology is mature. Replacement of CFC 12 with HFC 134a

requires relatively modest c¢hanges to existing production
faclilities,

Whilst hydrocarbon refrigerant {(iso-butane) is being increasingly
used in the manufacture of dJdomesgtic refrigerators in several
Developed Countries, the transfer of this technology to Developlng
Countries is not always cost effective. It also raises Qquestions
about safety issues and remains conditional on the support of a
technology partner experienced in the production of comparable
refrigerators and freezers on & commercial geale. It is further
dependent on the technology partner providing assurances in writing
on safety idissues, and, of course, the availability of adequate

supplies of both compressors and hydrocarbon refrigerant of the
required quality.

Safety issues relating to the larger refrigerant charges means that
there is only very limited use of hydrocarbon refrigerants in the
comnercial refrigeration sector. Considering the product range aft

Frigilux, iso-butane techmology is not recommended at the present
time,

HFC 152a might be considered as another candidate for CFC 12
replacement in domestic refrigerators. However, HFC 152a is alsco
flammable, the technology has not been developed commercially, and
there are some questions around it’s stability in refrigerator

gystemeg. Furthermorxe, compressors for use with HFC 152a are not
commercially available.

5,2.2.. SELECTION

Based on the reasults of discusslons with compresscor suppliers and
participation in technical workshops on non-CFC technology etc.,
the CFC 12 replacement technology selected by Frigilux is HFC 134a.

The new HFC 134a technology, like the existing CFC 12 based
technology, will be developed "in-house® by Frigilux with
agsigtance from compregsor, and refrigerant suppliers. The
enterprise does not currently have any formal technology transfer
agreements and additional technical assigtance will be required in
implementing the EBFC 134a technology. This will be provided by
Enmbraco, Frigillux‘s main compressor suppller, as well as the
refrigerant supplier, and the relevant UNDP consultants. Provision

for this is made within the project budget which will ensure
succesasful project completion.
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5.2.3. IMPACT ON THE PRODUCYTION PROCESS

HYPC 134a, like CFC 12, is non-flammable. HFC l34a has alse been
the subject of extemsive toxicological testing and is considered
safe in use in industrial applications 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 (OBEL) /Threshold
Limit Value (TLV) for OFC 12 and thus no changegs 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.

It i3 well understood that the chemical stability of HFC
134a/synthetic lubricant systems in domestic refrigerators, and
hence the long term performance of the appliance, is sensitive to
moigture content and certain chlorinated impurities. This requires
that CPC 12 and HFC 134a handling equipment be carefully
segregated, and it alsc calls for better evaauatioﬁ of the system
prior to refrigerant charging.

Becauge system cleanliness and molsture content is paramount to the
succegsful manufacture of HFC 134a refrigerators, Prigilux will
need to carefully re-assgsess production procedures and re-train
production personnel as appropriate. Provision for this is made
within the project proposal budget.

The convergion from CFC 12 to HFC 134a will take place on a model
by model basis, so that Frigilux will be vnroducing both CFC 12 and
BRFC 134a refrigerators during the implementation phase of thig
project. This is feasible given the configuration of the company’s
production facilities. This means that there isg a requirement for
new system evacuation equipment and refrigerant charging egquipment.

Leak detection of the refrigeration system is an integral part of
the manufacturing process and the use of HFC l34a requires that new
leak detection equipment be employed.

The relevant existing egquipment at Frigilux on which the technology
change to HFC 134a will impact is as follows:

- 2 x SERV-I-QUIP R-2110-TC-6a auto RL2 charging machines
- 3 x Danfosg based R12 charging units

- 8 x Kinney KC 5 dual stage vacuum pumps, 8.8 M3/hr

- 10 x Kinney XC 8 dual stage vacuum pumps, 14.2 M3/hr

- € x Leybold Inficon HLD 2000/3000 R12 leak detectors

The refrigerant charging equipment and vacuum pumps listed above
serve the following production lines:
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Domestic Refriqgerator Production Line,

1 ®x SERV-I-QUIP automatic R12 charging machine.
2 x Leybold Inficon HLD 3000 R1l2 leak detectorg for low and high
presgure system testing.

8 x Kinney KC 8 vacuum pumps, 6 in service, 2 on standby.

Commercial Refrigeration Equipment Production Lines (4] .

SERV-I-QUIP automatic R12 charging machine.

Danfoss based R1Z charging units.

Leybold Inficon HLD 2000 R12 leak detectors, one per line.
Kinney KC 8 wvacuum pumps, all in service. -

Kinney KC 5 vacuum pumps, 6 in service 2 on standby.

QN W
AU XNKH

The project proposal includes provision for ONE new Rl34a charging
machine of equivalent capacity for each production line.
Replacement wvacuum pumps are requested on the following basis:

Domestle Refrigerator Factory 2 new vacuum pumps
Commercial Refrigeration Factory 2 new vacuum pumps

Provision is made for retrofit of the remaining 14 vacuum pumps
where considered feasible, or the funding provided for retrofitting

will be used by Frigilux towards the purchase of new vacuum pumps,
at their own discretion.

6. PROJECT COSTS

6.1. INCREMENTAL CAPTTAL COSTS

CAPITAL COST FOR CFC 11 PHASE-QUT

cyclo-PENTANE STORAGE TANKS inc installationm (2) 70,000
HIGH PRESSURE FOAM DISPENSING MACHINES, 3 x 45 Kg/min
COMPLETE WITH TWO POLYOL/cyclo-PENTANE BLENDERS 440, 000
ADDITIONAL MIXING HEAD 25,000
CP GAS DETECTION SYSTEMS (2) 60,000
FREIGHT & INSTALLATION 20,000
EXTRACT VENTILATION SYSTEM (4 Lines) | 10,000
GROUNDING - 5,000
TECHNOLOGY TRANSFER/TECHNICAL ASSISTANCE/TRAINING 20,000
SAFETY AUDITS 10,000
PRODUCTION TRIALS (3 Machines) 10,000
CONTINGENCIES {10%) 67,000
Subtotal (US%) " 737,000
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CAPITAL COST FOR CFC 12 PHASE-OUT

REFRIGERANT CHARGING EQUIPMENT (5 off} 115,000
NEW VACUUM PUMPS (4 off) 12,000
RETROFITTING VACUUM PUMES {14 off) 7. 000
LEAK DETECTION EQUIPMENT (6 off) 42,000
TRAINING 5,000
RE-DESIGN, PROTOTYPING, TESTING, PILOT SCALE
PRODUCTION & RELIABILITY YEST TRIALS (20 models) 50,000
THCOHNOLOGY TRANSFER/TECHNICAL ASEISTANCE 15,000
CONTIRGERCIES ({10%) 25,000
Subteotal (USg) 271,000
TOTAL INCREMENTAL CAPITAL COST {UsSs) 1,008,000

6.2 INCREMEMTAL OPERATING COSTS

The calculation of the incremental operating costs is based on a
six month period uging 50% of the actual production for January to
December 1993 inclusive. Annex A. provides detailed explanations
on how the incremental operational costs were obtained. This is
for illustrative purposes only, the incremental operating costs are
HNOT requested by the enterprige. The costs are summarized below:

PHASE-QUT OF CFC 11

Costs for Materials {see Annex A. Part 1.): 41,695

PHASE-QUT OF CFC 12

Costs for Materials (see Annex A. Part 2.}: 171,504

TOTAL INCREMENTAL OPERATING COST (US$) 213,589

6.3. TOTAL PROJECT INCREMENTAL COSTS

TOTAL COST (Capital + Operatiomal) (USS$) 1,221,599
% Article 5.1 Country Ownership 100%
FUNDING REQUESTED FROM MLF (US$) 1,008,000 *
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6.4 UNIT APATEMENT COST {(USS/Kg)

a. Capital Investment Costs

b, Capital Recovery Factor (10% p.a.)

¢. Incremental Operating Cogts

d. ODS8 Reduction (ODP Kgs Jan - Dec 1993)

&. Unit Abatement Cost (US§/Kg)
[ (axb) +c ] /d

1,008,000

0.16275
n/a d

48,820

3.36

THE PROJECT UNIT ABATEMENT COST IS 3.38 USS/Kg

(* The funding requested £rom the MLF does not include the project

incremental operating costs which will be
anterprise.)

6.5 PROJECT SAFETY RELATED COSTS (USg)

Cyclo-pentane Storage Tank

High Preggure Foam Digpenging Machines/
Polyol/¢yclo-pentane pre-mixers
Cyoleo-pentane Gas Detectlon System
Extract Ventilation ‘
Grounding

Safety Audits

Contingencies

noui H

BB #

TOTAL SAFETY RELATED COSTS

6.6 COST EFFECTIVENESS (USs/Kqg)
{a) TOTAL PROJECT COST - INC. OPERATING COSTS

I

(b) LESS PROJECT SAFETY RELATED COSTS

i

(¢} TOTAL ODS ELIMINATED

{(d) PROJECT COST EFFECTIVENESS (a - b)/c

THE PROJECT COST EFFECTIVENESS I8 13.55

absorbed Dby the

70,000
160,000
60,000
10, 000

5,000
10,000
31,500

346,500

1,008,000 US$

661,500 USS
48,820 ODP Kgs
13.55 USS/Kg

US$/Kg
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Thig is below the threshold value of 13.76 US%/Kg established by
the Executive Committee of the MLF at its 16th meeting in March
1995 for projects in the Domestic Refrigeration Sector.

7. F INi; PLAN

Grupo Frigilux C.A., requests reimburgsement from the MLF of the sum
of USS 1,008,000, representing the incremental Capital Coste of
this ODS elimination project, correctly taking into account the

Article 5.1 country ownership of the enterprige. Incremental
Operational Costs are not requested.

8. PROJECT IMPLEMENTATION
8.1 MANAGEMENT

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

§.2 SCHEDULF

TIME TO COMPLETION

TABK

QL Q2 Q3 Q4 Q5 Q6

1. Preparation

MLF Approval : X
Progurement Preparation XX
Vendor Selection X |X

2. Ingtallation

Arrival of Egquipment XX |1X
Customs Clearance XX XX
Machine Installation X (XXX

3. Btart-Up

Machine Start-up XX Ix

Trials & Training XX |xxx X
Mass Production Change X XX
Safety Audits b4 X X
Certification . ¥
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9. PROJECT IMDACT

Based on data for the 12 months, January - December 1983, this
project will eliminate the use of 48.82 ODP tons per year.

10, ANNEXES

Annex A, - Incremental Operational Cost Calculations.
Arnnex B. - Project Technical Reviews.
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ANNEX A. INCREMENTAL QPERATIONAL COST CALCULATIONS

1. Incremental Costs resulting from replacing the CRC 11 Blowing
Agent in the Refrigerator Insulation Foam with cvelo-pentane {US$)

GRUFC FRIGILUX C.A.

Use per Kg of Foam produced

a. Kg Polyol

b, MpI

¢. Kg Blowing Agent
d. Water

Prices in US§/Kg

e. Polyol
£. MDI
g. Blowing Agent

Cost per Kg of Feam Produced

e L e

k. = h+i+j Total Cost per Kg of Foam

Materials Used per Refrigarator

------------------------------------------------

l. Kg of Foam per Refrigerator (avyg)

Cost per Refrigerator FEER

‘m. - 1. x k. for Foam | 5.332

n. = No. of Refrigerators {see Hote 1.) 30,862
TOTAL INCREMENTAL OPERATIONAL COST (US$) 41,685

{see Notes 1., and 2. below)}
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2. Incremental Costs regulting from replacing the CFC 12 Refrigerant with HFC

i34a (0S5}

SRUPO FRIGILUX C.A.

HPC 134a

1. Refrigerant

a. Price per Kg of Refrigerant
b. Kg of Refrigerant per Refrigerator {(avg.)
o, Ho. of Refrigerators Produced (see Note 1.}

1d. Cost for Refyrigerant = a x b x ¢

2. Compressors

a, Cost per Compressor (see Note 2.}
k. No. of Compressors (see Hote 1.)

2c. Cost for Compressors = a x b

3. Condensers
a. Cost per Condensexr
of Condensers

b. No.

a. Cost per Filtexr/Dixryer (averags}
b, No. of Filter/Dryers {see Note 1.}

4c. Cost for FPilter/Dryers = a x b

0.608

MEEEMERIEIRERIESE
HARREERAE R a AT RR

0.758
30,862

5. Capillary Tubes

a. Cost per Capillary Tube {average) 1.041
b. No. of Capillary Tubes ({see Note 1.) 30,862 30,862
S5c¢. Coat for Capillary Tubes = a X b 25,7339 32,137
TOTAL INCREMENTAL CPERATYONAL COST {Uss)

= 1d + 2¢ + 3¢ + 4c + 5¢ (DLEE) 171,904

Fotes relating to the calculation of the Incremental Operational Cogts

Figures in the above tablez are based on the actual production
volumes for the 12 month period January to Dacamber 1393 obtainad
at the time of project preparation. The
Inoremental Operational Costs are c¢alculated for 6 months for
illuastrative purposes only, using 50% of this 12 months production
volume. Prigilux will shsorb these costs as its contribution to the

and compressor prices used in the abaove
tables are gurrent weighted average pricea for the principal

Note 1.
from Prigilux C.LA.
total project costs.
Note 2. Refrigerant, ohemical,
Hote 3.

domestic and commercial refrigerator manufacturers in Venezuvela.
The calculated incremental costs for the HFU 134a refrigerant are
based on a 10% reduction in the mass charge compared with CFC 12z,
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.Lo ;
Venezueld,

2.Project Yitle:
Elimination of CFCs 11 and 12 in the Manufacture of Domestic Refrige-
rators at GRUPO FRIGILUX C.A. '

3.{Sub)Sector:
Domestic Refrigeration,
This review covers gnly the Feam part.

[l ]
L4

The Venezuelan (P for phase-out of 0DS is actually in preparation. [t
is helieved that the €P will be presented at the 16th Meeting of the
Executive Commitiee of the MLF in March 1995.

Heginning 1995, the “Foundatien for the Protection of the OQzone
Layer and the Environment” (FONDOIN}, assisted by UNDP has assigned a
strategy for CFC elimination in the domestic refrigeration sector.

2.Jechnology:

FRIGILUX wishes toa change the use the cyclopentane technolsgy to
replace its actusl CHC i) in the mamifactuce of iasulating PUF.The
reasons given in the project can be accepted, provided of course that
the safety aspect is well leoked after, as well in the hardware, in
the management procedures, as in the mentality of the workers,

High pressure equipment will be necessary in order to ensure correct
mixing of the chemicals,

§.Environmental Impact:
Cyclopentane has no ODP and GWP, BUt 1L has a smog putential of 500
{ versus 9.1 for CEC I1). It will hence be important to compare
cyclopentane emissions with the actua) or future Venezuelan emission
legisiation.
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Project costs can be accepted as presented.AbouL NAIT uT uhe Capiva:

¢costs are safety related.
The company does not claim incremental operating costs.
The cost for eliminating 1 kg of ODS for the foam part is

Ush 737,000/ 37,740 or USD 19,83

8.1mplementation:
Mansgement and time schedule can be accepted.

2.Recommendation:

It is recommended to accepi the praject as it is presented.

" Prepared by Hubert Creyf, UNDP Foam Sector Reviewer,

Date: 061195. -
A
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Country of origin:.  VENEZUELA

Project fitle: Elimination of CFCs 11 and 12 at FOUR Domestic Refrigerator
Manufacturers {Coresmelt Valencia C.A., Grupo Frigilux C. A, Madosa
S.A., Muebles Etema C.A), and conversion of ONE compressor
manufacturer (Vecomesa S.A.)

Sectorlsub-sector Domestic refrigeration

Relationship to country program UNDP (CP in preparation)

Note This review addresses only the refrigerant conversion part of the project, it

does nof address the part related to the foam blowing agent conversion.

Technology

s All manufacturers in this project have chosen for a conversion of their production to the HFC-
134a technology.

« In domestic refrigeration, HFC-134a technology is a proven and acceptable (nontransitional)
technalogy to reduce CFC-12 consumption.

s Three companies in this project {Coresmalt, Frigilux and Eterna) do not have a foermal
technology transfer agreement. However, all these companies plan to develop the HFC-134a
technology with assistance from compressor and refrigerant suppliers. Furthermore provisions

~ for external assistance are present. Due to these facts, a successful project implementation can
be expected at these companies. The fourth refrigerator manufaciurer (Madosa) does have an
ongoing technology transfer agreement with General Electric, USA and the compressor
manufacturer Vecomesa has a technology licence agreement with Tecumseh, USA. Both
agreements include support for the HFC-134a conversion process, so also for the latter two
manufacturers a successful project impiementation can be anticipated.

» During the review process two technology aspects in this project were discussed in depth with
the UNDP consultant and the relevant companies:

1. The Madosa company will obtain new HFC-134a compressors without lubricant. This is
in contrast to the currently auplied production procedu-e and therefore requires
investments in oil storage, charging and dehydration equipmen®. On-line oil charging of
compressors does have certain advantages in quality control but is not strictly necessary
(namely, a large number of companies do apply compressors which are ol charged by
the compressor manufacturer). However, on-line oil charging is a requirement put
forward by the technology supplier (G.E.) and forms an essential part of the technology
‘to be transferred. Costs of the related equipment are therefore considered essential for
the conversion process.

2. The compressor manufacturer Vecomesa will switch from a Tecumseh “AE" design for
CFC-12 to a, higher efficient, “AZ" design for HFC-134a for the larger part of their
production. This change in design does lead to addifional investments in production
equipment (e.g. presses, welding and brazing machines etc.). In fact the change from
“AE" to "AZ" technology does include a technology upgrade to higher efficient products.
However, it is demonstrated by the company that there is no alternative for this selection
as no “AE" designs for HFC-134a are available by Tecumseh, in the capacity range
considered. Therefore, these additional costs have to be considered as eligible
incremental costs.

» Technologies other than HFC-134a were considered (hydrocarbons, HFC-152a) but were not
selected because of the state of development, safety issues and the fack of commercially
available compressors. From the zero ODP technologres HFC-134a is one of the most cost
effective solutions.
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Environimental impact
HFC-134a has an ODP of zero and a GWP of 0.27. For domestic refrigeration a GWP of this
magnitude is negligible.

Project costs

+ The equipment requested by all manufacturers is essential for the conversion process (see
statements above). Costs of equipment, training and testing are reasonable.

+ Incremental operational costs are reasonable and correctly applied {for $ix months).

« If the UAC values are calculated for the refrigerant conversion part of the projects separately,
then the following values are obtained:

Coresmeit Valencia 15 USDrkafy
Frigitux 18 USDikgly
Madosa 6 USDikgly {only 25 % local ownership)
Muebles Eterna 78 USDrkgly

Besides the value for Eterna, these values are redasonable compared to other, similar, projects.
The high UAC value for Muebles Eterna is caused by the small size of the company, For
Vecomesa an artifictal UAC value of 2.9 USD/kgly {41.35 % country ownership) is calculated
based on the current compressor production and an average charge of the appliances to be
preduced with these compressors of 0.1 kg. The resulting UAC value is retatively low compared
to other, similar, projects.

s The foreign ownership of the different companies is correctly taken ino account

ihpiementafien fimeframe
Reasonable.

Relevance and adequacy of information provided
Sufficient information was obtained from the preject proposal together with comments from the
UNDP consuttant and the companies.

Recommendations
Approval as proposed

Janssen M.J.P., Kuijpers L.J.M.,
Eindhoven, The Netherlands University Eindhoven, The Netherlands
15-February-1995

FMINDPWENEZLDOC Page 3





