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PROJECT EVALUATION SHEET

COUNTRY OR REGION: Venezuela

PROJECT TITLE: Elimination of CFCs 11 and 12 in the
Manufacture of Commercial Refrigeration
Equipment at Industrias NUTAL C A

BUDGET: Capital Costs: US $197,000
Operating Costs: US $21,821

INCREMENTAL COSTS: US $218,821

ODS PHASE-OUT: 14.52 MY

COST EFFECTIVENESS: US $15.07 per kg. ODP saved

PROJECT DURATION: 1.5 years

IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY: FONDOIN

TECHNICAL REVIEW COMPLETED: YES__X NO
SECRETARIAT'S COMMENTS
L. This evaluation sheet covers a project on the conversion of both the refrigeration and

foaming systems in a commercial refrigeration enterprise, Industrias NUTAL to HFC-134a and
HCFC-141b.

2. The refrigeration system converston to HFC-134a will require re-design of the system,
prototyping, optimization and pilot scale manufacturing, testing and training.

3. Conversion to HCFC-141b foaming technology was chosen by the company. It will
require high pressure foam machines, test runs and training. HCFC-141b is a transitional
chemical, however, the high pressure foam machines should be easily modified to be compatible
with future zero-ODP blowing agents at a very moderate cost.

4. The Secretariat reviewed the project proposal to assess the eligibility and costs of
requested equipment and other project components in the light of similar projects approved by the
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Executive Committee. The Secretartat discussed with UNDFP the incrementality of all costs
components and their amounts.

5. Industrias Nutal purchased a second-hand 1970 vintage low-pressure machine in 1993
from Atlas Electrica, San Jose, Costa Rica, for US $6,000. This machine needs to be replaced
with 3 high-pressure foaming machine to handle HCFC-141b operations. The cost of the project
needs to be adjusted to reflect the baseline cost of foaming equipment. The difference in cost
between a new low-pressure and high-pressure machine is recognized as eligible incremental cost.
The cost of recycling machines constitutes double-counting, as the Executive Committee has
already approved projects for recovery/recycling in Venezuela.

6. Atlas Electrica (in Costa Rica) submitted a project for retroactive funding of
replacement of foaming machine sold to Industrias Nutal. Purchasing of second-hand CFC
equipment raises the issue of monitoring the disposal of CFC equipment covered by Multilateral
Fund projects to avoid double-counting.

7. Consequently it was agreed that a new project budget should be recommended for
approval.
8. Operating costs have been reviewed. Costs associated with HFC-134a compressors

supplied by the compressor manufacturing company {Vecomesa) have been deducted from
incremental operating costs since a project for conversion of Vecomesa company has been
submitted for approval at the 17th Meeting of the Executive Committee.

9. The calculated cost-effectiveness is US $8.51/kg. ODP which 1s below the threshold
established by the Executive Committee for the commercial refrigerator subsector.

SECRETARIAT'S RECOMMENDATIONS

10. The Fund Secretartat recommends approval of the project and the approval of
US $123,623 in incremental costs and recommends US $16,070 in support costs for UNDP.

1. The Secretariat further recommends that the Executive Committee urge the
implementing agencies to establish a monitoring system on CFC equipment replaced with non-
CFC equipment to avoid double-counting in ODS phaseout projects.



PROJECT COVER SHEET
COUNTRY: VENEZUELA

PROJECT TITLE: Elimination of CFCe 11 and 12 in the
Manufacture of Commercial Refrigeration
Bquipment at INDUSTRIAS NUTAL C.A,

SECTOR COVERED: Commercial Refrigeration (Mfg)
QDS USE IN SECTOR: 113.95 tonsg ODS
PROJECT IMPACT (ODP): 14.52 ODP tons
TOTAL PROJECT COST: Uss 218,821
INCREMENTAL CAPITAL COST: Usg 197,000
INCREMENTAL OPERATING COST: uss$é 21,821
PROPOSED MLF CRANT: UsSs 218,821
TUNIT ABATEMENT COST: 3,71 USS$/Kg
COST EFFECTIVENESS: 15.07 US$/Kg
PROJECT DURATION: 1.5 years.
ECONOMIC LIFE: 106 vyears.

NATIONAL COORDINATING BODY: FONDOIN
IMPLEMENTING AGENCY: UNDP

APPRAISAL DATE: December 1994/May 1995

PROJECT SUMMARY:

INDUSTRIAS NUTAL C.A, is a 100% Venezuelan-owned company manufacturing unitary
and non-unitary commercial refrigeration equipment and PU insulation panels.
Currently, CFC 11 + CFC 12 are used as blowing agents in the production of rigid
polyurethane insulation foam for the equipment cabinets and doors, and for the
U foam insulation panels. CFC 12 is used as the refrigerant. Based on 139%4
figures, this project will eliminate 14.52 QDF tena/yr of CFCs 11 and 12 by
conversion to HCFC 141b as the foam blowing agent and HFC 134a as the refrigerant
raagpectivaly. Funds regquested will be used to change the existing production
lines, and for technology transfer, technical agsistance, re-design, testing,
pre-production trials, and training. Incremental cgperational costs resulting
from the conversion to the new technology (6 months only) are also included.

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

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



ELIMINATION OF (FCs IN THE MANUFACTURE OF COMMERCIAL
REFRIGERATION EQUIPMENT

i. PROJECT OBJECTIVE,

The objective of this project ig to eliminate CFCas used by
INDUSTRIAS NUTAL C.A. in the manufacture of commergial
refrigeration equipment and PU foam insulation panels. CPC 11 is
used @z the blowing agent for producing the PU thermal insulating
foams for the refrigerator cabinets and insulation panels, 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-cut of Ozone
Depleting Substances {(0DS) under the Montreal Protocol is presently
in the tourse 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 1885,

Total ODS comnsuwnption in the refrigeration and air-conditioning
gector in Venezuela in 199%3 ig estimated at approximately 3,200
tons, and this accounts for around 80% of total ODS consumption.

Due to the economic situation in Venezuela, 1954 data is not
representative of either typical commercial refrigeration equipment
production volume, or 0DS consumption. This project is, however,
based on the 19%4 calender year data for Industrias Nutal because
the enterprise re-gtructured it’s product range during 1993, {(aAn
accompanying project for Pinova £.3A. usges 1993 data).

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

of both unitary and non-unitary commercial refrigeration eguipment
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 Indugtrias Nutal C.A..

It ghould be noted that the estimates are bhased on limited
discussions with industry representatives, plus Iinformation £rom a
World Bank study mission to Venezuela in May 19%4,

The "Production Volume" figures reflect both unitary and non-
wnitary equipment ranging £rom small drinking water coolers to
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large digplay cases.

In some cages non-CFC insulation matexial is

used, also some companies do net install the units they manufacture
so they have no CFC refrigerant consumption.

n Enterprise Production CFC 11 CFC 12
Volume Consumption | Consumption
{Tons) {Tona) |
Industrias Nutal u
Unitary Equipment 3,162 3.14 3,15 *
’1 Ingulation Panels 1,436 1.50 -
Pinova
Display Cases 4,262 9.94 3.400
Ingulation Panelg 32,582 M2 14.08 -
Grupo Frigilux »=* 19,846 ww 10.01 *» 6.23 w* T
Tecoven 4,000 6.00 2.00
Couttenye Refrig. 2,000 35.00(?) 1.50
Refrivenca 4,000 6.00 2.00
Frigra
Nevelara
Invitrel
Articeld 10, 000 7.50 2.50 3
Deincopa
Friobox
Refrigeracion Eurocpa
{ Totals 93.87 20.38

* W

Some of the CFC 12 consumption at Industrlas Nutal is for
#frothing® in the PU foaming process.

Grupoe Frigilux C.A.

is 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 represents approximately 3.5%
of total ODSE consumption in the refrigeration sector in Venezuela
in 1993.

The industry wuses locally manufactured hermetic compressors,
refrigerants, and PU foam chemicals but also imports other raw

materials apnd parts. In additien to the local compressor
manufacturer, Vecomesa S.A.,; compresscers are also sourced from
Embrace and Sicom (Brazil), Daewco (Rorea), L’Unite Hermetique

{France), Tecumseh and Copeland {USA).

* 3 ¢



The PFoundation for the Protection of the Ozone Layer and the
Envirooment (FONDOIN), with the agsistance of UNDP, has desgigned a
strategy for reducticn of CFC 11 and CFC 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 manufactura
of commercial refrigeration egquipment in Venezuela in 19886,

3. ENTERPRISE BACKGROUND

INDUSTRIAS NUTAL C.A. manufactures a range of unitary commercial
freezers and bottle coolers, as well as bulilding and installing
twalk-in" cold rooms using gemi-hermetic compresgsscr baged gystems
from Copeland and Tecumseh. They alsoc build, supply, install and
gservice semi-hermetic condensing units for the commercial

refrigeration sector. Industrias Nutal iz a 100% Venezuelan owned
enterprise.

TOTAL CFC USE IN 199%4: 5.04 tons CFC 11 FPactory
3.15 tons CFC 12 Consumption

16.25 tons CFC 12 Instal. & Service
PULL NAME: INDUSTRIAS NUTAL C.A.
ADDRESS : Av. Ppal de Macaracuay

Edif. Torre California, Piso 7-0f 7,
Caracas (1070}, Venezuela.

% ARTICLE 5 COUNTRY

OWNERSHIP: 100% (Venezuela)

No. OF MODELS: 8 (unitary aquipmeﬂﬁ)
PRODUCTION IN 1994: 3,152 units

No. OF PRODUCTION LINES: 2

COMPRESSOR SUPPLIERS: Vecomesa, Venezuela

L’Unite Hermetique, France
Embraco, Brazil
Copeland

CONTACT PERSONS: Luis Cortize C. ~ President

Rafael Valverde - Plant Manager
Luis M. Cortizo A. - Vice President

TEL / FAX: Tel: (58 2) 257 065%1/9962/7370
FPax: (58 2) 257 8306
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Industrias Nutal C.A. was founded in 1987 and was initially
involved with the non-unitary commercial refrigeration sector,
manufacturing evaporators and condensers, asgembling condensing
units, and distributing, installing and servicing non-unitary
commercial refrigeration systems. This included the manufacture of
metal ¢lad PU foam insulation panelsz used for the manufacture of
"walk-in cold rooms. In addition, Industrias Nutal also manufaature
refrigerant filter/driers,.

In 1933 Industrias Nutal diversified into the manufacture of a
range of unitary commercial bottle coolers and freezers which are
marketed under the "Mr Prio® brand-name. This is the major growth
part of the c¢ompany. The assembly and sale of non-unitary
sondenging units declined by 33% to 6,318 units in 1994 from 9,444
units in 1993.

The current unitary product range comprises 5 bottle c¢oolers and 3
chest freezers. All production is sold within Venezuela.

The bottle cooler and freezer designs and technology were developed
fin-house®*. Industrias Hutal has no technology transfer or
licensing agreements with any internationally recognised commercial
refrigeration equipment manufacturexrs.

Industrias Nutal presently employs 125 perscns, 110 of whom are
engaged in refrigeration related activities.

This project encompasses all ODS consumption used in the
manufacture of bottle coolers, freezers, and PU ingulation panels
at Industrias Hutal C.A. It alsc includes provision to reduce ODS
congunption in the nopn-unitary commercial refrigeration sector,
through the supply of egquipment to enable non-0DS refrigerants to
be charged, although it is recogniged that the c¢hoice of
refrigerant cannot always be directly influenced by Industrias
Nutal.

The following tables provide a summary ¢f bottle coocler and freezer
production by Industrias Nutal C.A. during the 12 month period
January to December 1994 inclusive.



Model No. Capacity pPeacription Productio R 12 Charge R12
Cu £t n Yolume Kgs Congumption
Kga
MF-H1 10.0 Bot Coolex 380 0.450 171.8
MF-B2 17.90 Bot Cooler 489 0.5810 249 .4
MF-R3 27.0 Bot Coolex 563 0.567 318 .2
TRT-2 17.0 Bot Cooler 211 0.510 . 107.6
QT-3 28.0 Bot Cooler 205 0.569. 116.6
MEC-09 8.0 Chegt Fr= 426 0.510 I
MPC-15 15.0 Cheat Frz 443 ¢.587 217.3
MFC-20 20.0 Cheat Fr=z 435 G.624 251.2
271.4
i
Totals or
Welighted 3,152 0.540 1,703.7
Average
b e —— —" e —
Modael No. PU Foanm per Cabinet & R12 Conpressor R134a |
Unit Dooxr Linsr HP & Price Compressor HP &
Kgs pexr Unit uss Price
Kys HIFS uss
MF-B1L 3.963 {metal} i1/5a 36.863 1/5A 40.686 ]
MP-B2 5.829 {metal} ) 1742 39,98 1742 44,38
MEP-B3 7.433 {metal) 17358 41.44 1/34 46.00
TRT-2 5.829 {metal} 174K 35.98 1/4a 44.38
TQT-3 7.433 (metal) 1/3a 41.44 1/3A 46.00 |
MFC-09 5.097 1.70 1/5B 35,10 1/58 38.96
MFC-15 7.101 2.20 174B 41.84 1/4B 46.44
MPC -2 9.%00 2.6% i/3B 43.%% 1/3B  48.83
1
Totals or ‘
Weighted 6.63% 0.310 40.09 44 .50
Avearage

In 1994, Industrias Nutal produced 1,436 metal c¢lad PU foam
insulation panels. With a weight of 8.8 Kgs of foam per panel thig
activity consumed 1.30 tons of CFC 11.

Industrias Nutal ingtalled arocund 40% of the 6,318 condensing units
that they produced in 1994 and the CFC 12 consumption involved was
4.55 tons. The regt of the production was sold for installation by
the end user or other independent commercial refrigeration
engineers. In addition, Nutal also consumed 11.70 tons of CFC 12
for service and maintenance of existing equipment.

4. PROJECT DESCRIPTION

Industriag Nutal presently uses CFCs 11 and 12 for the production
of rigid insulating foams needed for the bottle coocler and freezer
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cabinets and doors, and the PU foam insulation panels for the
*walk-in" cold rooms. CFC 12 is used az refrigerant. They also
congumed 16.25 tons of CF( 12 in the installation and servicing of
non-unitary commercial refrigeration equipment. Industrias Nutal
can influence the choice of refrigerant for new non-unitary
equipment and the ODS congumption of 4.55 tons of CFC 12 for this
purposge iz included in the project. It is estimated that 20% of the
11.70 tons of CFC 12 consumed for servicing, some 2.34 tons, can be
eliminated by the provision of five small "Recovery & Recycle"
machinea and this is, thevrefore, also included in the project.

The total consumption in the 12 months January - Decembexr 1554, and
the ODP tons that will be eliminated by this project are shown in
the following table:

CFC 11 ODP tons CFC 12 ODP tons Total ODP
consumed eliminated consuned eliminated tons
{tons) * gee Note (tons) eliminated f
5.04 4.49 19.3¢9 10.03 14.52
Note: *The second column of figures for CFC 11 takes the OQDP of

HCFC 141k into account {(ODP = 0.11).

4.1, REPLACEMENT OF CFC 11 WITH HCFC 141b

Industrias Nutal C.A. has selected HCFC 141b to replace CFC 11 as
an interim step to a final CDS-free system. HCFC 141b will be used
as the blowing agent for the PU ingulation foam in the manfacture
of both the commercial refrigerators and insulation panels.

It 1lg recognised by Nutal that HCFC 141k is not & final solution,

and that a further, future, change will be required to a zero-0ODP
technology.

A replacement high pressure will, therefore, be required which can
be used with most of the established, or developing, =zero-0DP
systems, although machine and equipment modifications will be

necessary to safely handle flammable blowing agents such as cyclo-
pentane.

Production trials, technoclogy transfer/technical assistance and
training associated with the technology change to HCFC 141b will be
required which will include training of staff in worker-safety
related to HCFC 141b.

Details of the existing foam injectionm equipment are provided in
Section 5.1.3.



Incremental Operational Costs associated with the technoleogy 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 l1l34a is universally accepted as a zero-0ODP replacement for CFC
iz in the domestic and commercial refrigeration sectors and the
technology 1s mature. This is the CFC replacement technology
selected by Industrias Nutal.

The conversion to HFC 134a requires the use of HFC 134a specific
compresgors and the associated new synthetic lubricants, plus re-
design of the refrigeration systems to cater for the difference in
thermodynamic performance of HFC 134a veraus CFC 12.

In the case of the unitary equipment manufactured by Industrias
Nutal, this will also involve prototyping, testing and optimization
of each refrigerator model, and pilot scale manufacture and testing
before full sgcale conversion of production to HPFC 134a for each
model. The conversion will result in changes in manufacturing

procedures for which production line gsupervisor and operator
training will be required,

For the non-unitary equipment that Nutal installs, appropriately
sized HFC l1l34a compressors will be sourced from Copeland, acording
to the required refrigeration capacity o¢f the ingtallation.
Information on lubricants and materials compatibility will likewise
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 ingtallatien and service of HFC 134a gystems.

The different properties of HFC 134a, the need to avoid cross-
cgontamination with CFC 12, and the phaged nature of the conversion
of refrigerator production from CFC 12 to HFC l34a, means that new
system evacuation, refrigerant charging, and leak detection
equipment will be requlred. Details of the existing equipment on

which the technology change will impact are provided in Section
5.2.3.

To enable Nutal to install and service HFC 134a based mon-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 recydle
equipment will be required.

Incremental Operational Costs agsociated with the technology change
from CFC 12 to HFC 134a for the unitary equipment are requested for
a pericd of gix months.
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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 watexr/HCFC 22,142b > HF(C 134a, HFC l1l52a
CPC 11 > n~, iso~, or c¢yclo-, pentane

In addition, perfluorcalkanes, hydrofluorcalkanes such as HFCs 245,
386, etc., fluorinated ethers, 2-chloropreopane, and vacuum panels
have been sugygested for specific applications, but the technologies
are not mature. Furthermore, some of these products are either
only avallable in limited quantities, or toxlcological testing is
not complete and, therefore, safety in use cannot be evaluated.

The first option, the "liguid® soluticon, employs technelogy that is
clogely related to the exisgting CFC 11 technology and generally
means that existing foam digpensing eguipment ¢an be used. The
final step to a zero-0ODP technology in this process is not 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
gtructure remains another option.

The second one, the "gas" sgoluticon, wutilizes physical blowing
agents which are liquefied gases. This technology always requires
new foam dispensing equipment and extensive adjustments. The final
step to a zero-0DP technology in this process would be the use of
a gaseous HFC such as HFC l134a.

The third option, pentane technology, is commercially proven and is
now extensively used in many rigid PU insulation foam applicationg
in Europe. It is currently the most cosgt effective of the non-0DS
technologies for CFC replacement. However, pentanes are flammable
and this means a careful review of manufacturing operations with
regpect 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 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 requires an independent safety review
prior to, and after, installation.

L I



5.1.2. SELECTION

Based on economic and envirommental c¢onsiderations, pentane
technology appears to be the best choice for commercial
refrigeration applications where the ingulation propertiez of the
foam are sometimes lesgs critical than in a domestic refrigeration
application. Pentane technology combines an attractive price with
zaro-0DP, near-zero GWP properties, and acceptable foam ingulation
gqualities. Industrias Nutal considered cyclo-pentane technology,
and a cycle-pentane baged project ig viable within the cost
effectiveness threshold of US$ 13.76 after allowance for safety
related costs, and with the enterprise absorbing the incremental
Operational Costs. However, whilst recognising both the
envirommental and economic benefits of cyclo-pentane versus HCFC
141b, Nutal selected HCFC 141b as a first stage, interim,
replacement for CFC 11.

Considerations that influenced the Nutal decision in Favour of HCOFC
141b technolagy, include the following:

- Imdustrias Nutal is a small family owned enterprise with
limited technical rescurces at management level. While the
enterprise has the necessary refrigeration engineering gkills,
it is concerned that it does not preseantly have the technilcal
capacity to safely manage cyclo-pentane foam blowing
technology on an ongeoing basis.

- the factory location is on the ocutskirts of Caracas and
skilled labor is not readily available. Whilst this is not
critical in simple assembly operations, the Nutal workforce is
still at a2 low point on the learning curve with respect to the
PUY foaming operations.

- Industrias Nutal realistically does not see itself as a
"“pioneer® in introducing cyclo-pentane technology in Venezuela
and it iz aware of the deecisions of the larger companies
{(Madosa and Coresmalt) to move initially to HCPC 141b as the
CFC 11 replacement,.

- HCPC 141b technology can be introduced guickly, with minimal
disruption and plant downtime. This is an important factor
for Nutal whosie businegs is in 2 rapid expansion phase.

The selection of HCFC 141b technology as the immediate replacement
for CFC 11 by Nutal is a realistic and sensible choigce under the
prevalling circumstances. Relatively modest funding is requested to
achieve this and the technology choice is supported by the FONDOIN.
Nutal understand that HCFC 141b is an interim solution which will
require a c¢hange to an appropriate zero-ODP technology at some
future date. Funding is requested to facilitate these changes but
Nutal also understand and accept that all future costs associated
with that subsequent technology change ig for its own account.
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5.1.3, IMPACT ON THE PRODUCTION PROCESS

HCFC 141b i3 a non-flammable liguid {no flash point), but
moderately flarmmable in the gaseous state. The flammability limits
are 7.6 - 17.1% by volume in air. The usually recommended PEL
(Permissable Exposure Limit) is 500 ppm on an eight-hour time-
weighted 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 ingtalled if the results indicate the
need.

S8ome of the freezer models produced by Nutal use HIPS door liners.
A modified HIPS liner material which is resistant to HCFC 141b will
be required.

FPoam density adjustments will be necegsary to obtain equivalent
ingulation values.

Industrias Nutal currently has one Admiral Model 2471 low pressure
PU foam digpensing machine with a single mixing head and a maximom
throughput of 45 Kgg/min. This is a 1970 vintage machine which was
purchased from Atlas Electrica S.A., San Joge, Costa Rica, in 18583,
Polyol and CFC 11 are purchased as a pre-mix.

To facilitate the final change to non-0DS technoloy it is proposed
that this machine be replaced with a high pressure foam digpensing
system of equivalent capacity and provision for this is included in
the project budget.

Production trials, testing, technology transfer/technical
agsistance, and training will also be reguired.

5.2, REPLACEMENT OF CFC 12.

S5:2.1, OVERVIEW

HFC 134a is universally accepted as a CFC 12 replacement in the
manufacture ¢f unitary and non-unitary commercial refrigeration

equipment . HPC 134a is widely avallable and the technology is
mature.

Replacement of CFC 12 with HFC 134a in non-unitary equipment is
less critical than in small unitary appliances. Modest equipment
replacement for installation and servicing is required and
technology can be acessed from the compressor suppliers.

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

5.2.2. SELECTION

The selected technology is HFC 134a. The CPFC 12 based technology
used by Industrias Nutal for the range of unitary equipment was
developed "in-house" with assistance from compressor, component,
and refrigerant suppliers. The refrigeration technology used for
the non-unitary installations is basic technology augmented by the
information supplied by Copeland relating to compressors. Nutal
currently bas no formal technology transfer agresments with
internationally recognised commercial refrigeration equipment
manufacturers or compressor supplilers.

The new HFC 134a basged technology will be developed by the
enterprise with assistance from compressor and refrigerant
suppliers. Provision is therefore made within the project budget
for formal technology assistance from compressor and refrigerant
suppliera, az well as the relevant UNDP consultants, in order to
ensure successful lmplementation of the projects.

5.2.3. IMPACT ON THE PRODUCTION PROCESS

BFC 134a, like CFC 12, ig non-flammable. HFC 134a hag also been
the gsubiject of extensive toxicological testing and is conasidered
safe in use in industrial applicationg 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.

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, Thig is taken into accgount in the calecuvlation of the
incremental cperational costs.

5.2.3.1 UNITARY EQUIPMENT MANUFACTURE

It is well undersgtood that the c¢hemical stability of HFC
134a/synthetic lubricant gystems in unitary commercaial
refrigeration equipment, and hence the long term performance of the
equipment, is sensitive to moisture content and certain chlorinated
impurities. This requires that CPC 12 and HPFC 134a handling
equipment be carefully ssagregated, and it also calls for better
evacuation of the system prior to refrigerant charging.

Because system cleanliness and moisture content is paramount to the
successful manufacture of unitary HFC 134a refrigeration equipment,
Nutal will need to carefully re-assess production proceduresg and
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re-train production personnel as appropriate. Provision for this
is made within the proiect proposal budget.

The conversion from CFC 12 to HFC 134a will take place on a model
by model basis, so that Nutal will be producing both CFC 12 and HFC
134a refrigeration equipment during the implementation phase of
thisg project. This is feasible given the configuration cf the
company’s production facilitiles. This means that there iz a

raquirement for some 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 HF(C 134a requires that new
leak detection eguipment be smployed.

The existing equipment at Indusgtrias Nutal employed in refrigerant
charging of unitary equipment is as follows:

- 1 x TIF Programmable Electronic Charging Scale
- 2 x Kinney KC 8 Vacuum Pumps, 14.2 M3i/hr capacity
- 1 x TIP 5050 hand-held electronic R12 leak detector

It ig proposed that a new vacuum pump and hand-held leak detector
be supplied for the factory charging of HFC 134a eguipment.
Provigion is also made for retrofit of the existing vacuum pumps
where considered feasible, or the funding provided for retrofitting
wlill be used by Nutal towards the purchase of new vacuum pumps, at
their own discretion. Considering both the anticipated increased
production volume, and the need to avoid HFC l1l34a contamination, a
gself contained semi-automatic evacuation and refrigerant charging

machine is strongly recommended. This is not, however, eligible for
funding by the MLF.

5.2.3.2. NON-~-UNITARY EQUIPMENT INSTALLATION & COMMISSIONING

Industrias Nutal has an installation and service organisation based
in Caracas with a team of five refrigeration engineers whe install,
commigsgion, repair and service the company’s non-unitary commercial
refrigeration equipment. These engineers are equipped with the

bagics of manifold gauge charging sets, vacuum pumps, and hand held
electronic leak detectors.

Replacement of CFC 12 with HFC l34a in new egquipment

By design changes of the condensing units that Nutal install and
the recommendation to use only HFC 134a, Nutal can dictate the
gelection of refrigerant to its customers. In order to eliminate
the consumption of CPC 12 and to be able to convert their clients
to Rl34a technology Industrias Nutal requires the following new
equipment to be able to install, commission, and service new Rl34a
ingtallations:
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5 x R134a manifold gauge charging smets
5 x 7 M3/hry portable vacuum pumps for Rl3d4a duty
5 x hand-held Rl34a electronic leak detectors

Retrofitting Existing CFC 12 Equipment to use HFC 134a

There is a need to retrofit some exigting commercial refrigeration
systems to Rl34a duty in order to prolong their useful lifetime.

The refrigeration engineers exigting R12 evacuation, charging and
leak detection equipment, together with the new equipment proposed
in 4.2.2.1, will enable Industrias Nutal tc offer a retrofit
gervice to their customers (and others}).

However, the R12 removed during retrofit needs to be recovered and
recycled for future use in gservicing equipment where retrofit is
net a cost effectlive or practical option. Refrigerant charges
typically range from 1.8 to 5 Kgs. Five "Recovery and Recycle®
machines of the appropriate capacity are required in order to offer
retrofit combined with CFC 12 recovery and recycling. (It iz not
possible at this time to guantify the amount of CFC 12 consumption
which ¢an be eliminated by retrofitting.}.

Recovery and Regveling of CPC 12 during Servicing

The same refrigeration engineers carry out ®*on-giteY maintenance
and service operations and it is estimated that the provision of
"Recovery and Recycle" egquipment can eliminate approximately 20% of
the annual R12 congsumption for servicing.
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6. PROJECT COSTS

6.1. INCREMENTAL CAPITAL COSTS

CAPITAL COST FOR CFC 11 PHASE-OUT

HIGH PRESSURE FOAMING MACHINE {45 Kgs/min)} 100,000
TRAINING, TEST TRIALS & TECHNQLOGY TRANSFER 1G, 000
CONTINGENCIES {(10%) . 11,000
Subtotal (US$) 121,000

CAPITAL COST FOR CFC 12 PHASE-OUT

NEW VACUUM PUMPS (Factorxy - 1 off) 3,000
RETROFITTING VACUUM PUMPS (Factoxry - 2 off) 1,000
Rl34a LEAK DETECTION EQUIPMENT (Factory - 1 off) 500
R134a MANIPOLD GAUGE SETS & HCSES (5 off) 1,000
NEW VACUUM PUMPS (5 off) 6,000
R1l34a LEAK DETECTION EQUIPMENT (5 off) 2,500
R12 RECOVERY & RECYCLE MACHINES (5 off) 15,000
TRAINING 3,000
RE-DESIGN, PROTOTYPING, TESTING, PILOT SCALE
PRODUCTION & RELIABILITY TEST TRIALS {6 models) 25,000
TECHNOLOGY TRANSFER/TECHNICAL ASSEISTANCE 12,9000
CONTINGENCIES (10%) 7,000
Subtotal (USs) 76,000
TOTAL INCREMENTAL CAPITAL COST (US$) 197,000

6.2 INCREMENTAI, OPERATING COSTS

The calculation of the incremental operating costs iz based on a
six month period using 50% of the actual production for January to
December 19293 inclusive. Annex A. provides detailed explanations on
how the incremental operaticonal costs were obtained. This is for
illustrative purposes only, the incremental operating costs are NOT
regquested by the enterprise. The costs are summarized below:

PHASE-OUT OF CFC 11

Costs for Materials {(ses Anmex A. Part 1.}: 10,117
PHASE-QUT OF CPC 12

Cogts for Materials {see Annex A. Part 2.)}: 11,704
TOTAL INCREMENTAL OPERATING CO8T (US3) 21,821
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6.3, TOTAL PROJECT INCRFMENTAL COSTS

TOTAL COST (Capital + Operational) (US$) 218,821
% Article 5.1 Country Ownership 100%
FUNDING REQUESTED FROM MLF (US$) ' 218,821

6.4 UNIT ABATEMENT COST (US$/Kq)

a. Capital Investment Costs 197,000
b. Capital Recovery Factor (10% p.a.) 0.16275
¢. Incremental Cperating Costs 21,821
d. ODS Reduction (ODP Kgs Jan - Dec 13894} 14,520
a. Unit Abatement Cost (US$/Kg) 3.71

[ {a xb) + ¢} /d

THE PROJECT UNIT ABATEMENT COST IS 3.71 US$/Kg

6.5 COST EFFECTIVENESS (US$/Xqg)

TOTAL PROJECT COST

218,821 Us$
LESS PROJECT SAFETY RELATED COSTS = 4 n/a

TOTAL ODS ELIMINATED

H

14,520 CDP EKgs

PROJECT COST EFFECTIVENESS

15.07 US$/Kg

THE PROJECT COST EFFECTIVENESS IS 15.07 USS$/Kg

Thig is below the thresghold wvalue of 15.21 USE/Eg established by
the Executive Committes of the MLF at its 16th meeting in March
1985.
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7. _ FINANCING PLAN

Industrias Nutal C.A. requesats reimbursement from the MLF of the
sum of USE 218,821, representing the incremental Capital and
Operatinal Costs of this ODS elimination project, correctly taking
into account the Article 5.1 country ownership of the enterprise,.

&§. PROJECT IMPLEMENTATION

8.1 MANAGEMENT

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

8.2 HEDULE

A

o

TASK

TIME TO COMPLETION

Q1

Q2

Q3

Q4

Q5

Q6

srses

1. Preparation
MLF Approval
Procurement Preparation
Vendor Selection

s 2. Installation

Arrival of Equlpment
Cugtoms Clearance

1 Machine Installation

3. Btart-Up
Machine Start-up
Triale & Training
Mags Production Change
Safety Audits
Certification

¢ 5

XX

—

oy P

S, v

|

|

M

S. PROJECT IMPACT

Based on data for the 12 months,
project will eliminate the use of 14.52 ODP tons per vear.

10. ANNEXES

Annex A.
Annex B. -
Annex C. -

January

¢ 17 »
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Incremental Operational Cost Calculations.
Project Technical Reviews.
Letter from Industrias

selecation of HCFC 141b technology.
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|

« Derember 1993, thisg
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ANNEX 5. TINCREMENTAL OPERATIONAT, COST CALCULATIONS

1. Incremental Costs resulting from replacing the CFC 11 Blowing
Agent in the Insulation Foam with HCFC 141b (USS})

INDUSTRIAS NUTAL C.A. CFC 11 |HCFC 141b Diff
Use per Kg of Foam produced FEEFHEHE | AT | R
a. Kg Polyol 4.350 0.38685 8.018

b. ¥DI 0.500 0.500 -
¢, Kg Blowing Agent 0.150 6.135 {0.015)

Prices in US$/Kg

d. Polyol .

e. MDI 2.15 215 -
f. Blowing Agesnt 2.00 4.00 2,60
g. Liner {Type: HIPS with EVOH Protection) 1.72 1.80 .18

Cost per Xg of Foam Produced
h. = a. x d. Polyol

i. = b. x &. MDI

j. = 0. x £. Blowing Agent

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

k., = h+i+j Total Cost per Kg of Foam 2.289 2.615 0.328
Materials Used per Bottle Cooler/Freezer PR | PR | AT
1. Kg of Foam per Bottle Cooler/Freemer (avg) 6.637 7.301 0.664

m. Xg of Liner material per Fresaszer {(avy) 0.310 0.910 -

n. Kg of Foam per Inaulation Panel B.800 9.680 $.880
Cost per BC/Praazer/Insulation Panel PR | FEHRRERS | PR
o. » 1. x k. for Bottle Cooler/Freezaer Foanm 15.19%2 19.092 3.%00
P. = m. ¥ g. for Freezexr Liner 1.565 1.723 0.164
g. = n., X k., for Insuliation Panel Foam 20.143 25.313 §5.17%0
r. = 0. + p. Total per Refrigerator 16.757 | 20.821 4.064
8. = No. of Bottle Coolers/Freezera {Note 1.) 1,576
Incremental Operating Cost (BC/Freezers) USH 6,405
t. = No. of Insulation Panels {Note 1.} 718
Incremental Operating Cost {(Panels) uss 3.712
TOTAL INCREMENTAL OPERATIONAL COST (Uss} 10,117
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2. Incremental (Cogts resulting from replacing t£he CFC 12
Refrigerant with HPFC 134s  {(UsS$) )

INDUSTRIAS NUTAL C.A. CFC 12 HFC 134s

1. Refrigsrant

a. Pricve per Kg of Refrigerant
b. Kg of Refrigerant per BC/Freezer {avyg)
¢. No. of BC/Freezers Produced (see Note 1.}

1d. Cost for Refrigerant = a 2 b x ¢

FEEELEEEA RIS
rrEzas reecRzn

2. Compressorg

a. Cost for Compressor {see Note 2.}
b. No. of Compressors {see Note 1.}

2¢. Cost for Compressorg = a x b

3. Condengers
a. Cost per Condenger R/C
of Condensers 1,.587&

L. No.

4 SR EEERIEERENIRLE
EEEENGAAEENE S S £ R kN

4. Filter/Dryer R
a. Cost per Filtexr/Dryer (average) 0.400
b. No. of Filter/Drvers (see Note 1.) 1,576
4a. Cost for Filter/Dryers = a x b 630

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

S5¢. Cost for Capillaxy Tubes - a x b

TOTAL IRCREMENTAL OPERATIONAL COST {uss}
= 1d + 2¢ + 3¢ + 4¢ ¢ 5¢c {(Diff) 11,704

Hoteg relating to the calculation of the Incrementsl Cverating Costs

Note 1.

Note 2.

NHote 3.

Figures in the above tables are based on the actual preduction
volumes for unitary Bottle Coclers/Freezers and PU insulation panels
for the 12 month period January to December 19%4 obtained from
Industrias KNutal C.A. at the time of project preparation. As
Ingremental Operational costs are claimed for 6 months only, 50% of
this 12 months production volume hasg been used in the caleunlation.
Refrigerant, chemical, and compressor prices used in the above
tables are weighted average pricaes for the principal domestic and
commercial refrigerator manufacturers in Venezuela.

The valculated invremental costs for the HPFC 134a refrigevrant are
based on a 10% reduction in the mass charge compared with CFC 12.
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l.Country:

Venezruyela.

Elimination of CFCs 11 and 12 at Manufacturers of commercial
Refrigeration Equipment. RUTAL C.A.

3.(Sub)Sector;

Commercial Refrigeration.
This review covers only the foam part.

The Vepezuelan CP for ODS phase-out is actually in preparation.It
Will be presented to the 16th Meeting of the Executive Committee of
the MLF in March 1995. ) .

The strategy for CFC reduction in comtercial refrigeration was
designed by FONDOIN, assisted by UNDP.

INDUSTRIAS NUTAL states that the change to cyclopentane is exciuded
for safety reasons and because of the less efficlency of this gas as
an insglant.This may be Lrue for the local circumstances.

KUTAL . mentions, bestdes the less energetic efficiency of cyclopenta-
ne also that 1ts productionline being loncer than {00 m a safe and
efficient extraction of gases is difficult to realise.lt is further
referred to the USA and Europe, where also HCFC 141D is currently
used,

High pressure feam injection machines will be wused, #n order tu
obtain a correct mixture of the chemicals.

The proposed technology canm, in the given understanding, be accepted.

£.Environmental Impact:
The 0DP of HCFC 141b 1s .11, versus 1.0 for CFCll.The @WP of HCFC

141b is 10% of the GWP of CFCI1. The smog potential of HCFC1418 is 1.
versus .1 for CFCil.(as a reference: pentane 500}

1.Project Costs:

A HP foaming machine of USD 100,000 is proposed, which can be accep-

ted.The inCremental costs can be accepled as presented in the pro-
Ject.



H2B2G ps: 45 RECTICEL B L M 32 9 3BEIEES a5

2

This means thal the cost for removal of 1 kg 0DS in the foam pavt of
the project is USD 131,117/4,480, or USD 29.2.

8.Implementation:
Three semesters is an acceptable implementation period.
2. Recommendat jon:

Frem a technical point of view, it is proposed to accept the project

as presented,

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



Country of origin:  VENEZUELA

Project title: . Eimination of CFCs 11 and 12 at TWO Manufaciurers of Commercial
Refrigeration Equipment (Industrias Nutal C A and Pinova 8 A)

Sector/sub-sector  Commercial refrigeration
Retationship to country program  UNDP {CPR in preparation)

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

Technology

= Both manufacturers in this project have chosen for a conversion of their production to the HFC.
134a technology. '

» In commercial refrigeration, HFC-134a technology is a proven and accepiable {nontransitional)
technology fo reduce CFC-12 consumption.

+ The two companies in this project do not have a formal technoelogy transfer agresment.
However, both companies plan to develop the HFGC-134a technology with assistance from
compressor and refrigerant suppliers. This holds for both the unitary equipment produced by
Nutal and for the installation of non-unitary equipment by both companies. Funthermore
provisions for external assistance are present. Due te these facts, a successful project
implementation can be expected af both companies.

« COther technologies than HFC-134a were considered (hydrocarbons, HFC-152a} but were naot
selected because of safety issues related to the use of flammable reftigerants in commercial
equipment and because of the lack of commercially available compressors, From the zero ODP
technologies HFC-134a is a cost effective solution.

Environmental impact
HFC-1343 has an ODP of zero and a GWP of 027,

Project costs

Industrias Nutal;

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

« The refrigeration equipment requested for installing new equipment, for servicing existing
equipment {including retrofits) and for recoverylrecycling is essential for a successful reduction
of CFC-12 usage in the non-unitary sector. The costs ciaimed 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
USD/kgfyear is obtained which is reasonable for commercial refrigeration projects.
+ The estimated value for the CFC reduction is reasonable.

Pinova S.A.;

s 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 recovery/recycling
stations is not very cost effective due to the low CFC-12 reduction involved (only 300 kgfvear
which is much lower than the estimated reduction for Industrias Nutal) but is still acceptable.

+ Noincremental operational costs are claiined (only for the.foam part}.
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» If the UAC value is calculated for the refrigerant conversion part of the project, a value of 3.7

USDikglyear is obtained which is a reasonable value for commercial refrigeration projects.
» The astimated value for the CFC reduction is reasonable.

implementation timeframe Reascnable.
Relevance and adequacy of information provided Sufficient
Recommendations _ Approval as proposéd
' ;i
i (Qm/{ea/
Janssen M.J.P., Kuijpers L.J.M.,
Eindhoven, The Netheriands University Eindhoven, The Netheriands

30-January-1995
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