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MONTREAL PROTOCOL (MP) PROJECT FOR VENEZUFLA

INITIAL EXRECUTIVE PROJECT SUMMARY

Country: Republic of Venezuela

Project Name: Substitution of HFC-134a for CPC-12 in Central
2ir Conditioning Svatems

Asgocliated Bank Project: None. Free Standing Project.

Borrower: None. Montreal Protocel Ozong Trusgt Fund Grant
to Government.

Grant Amount: Usg 1.100 million regquested. Total estimated
project cost is US$ 2.115 million. Beneficiaries
will provide US§ 1,015,000,

Beneficiaries: 2 private/7 Social Security System hospitals; 1
publie sector/l @private foundation office
buildings.

Tentative Appraisal Date: 3rd Quarter FY'93

RVP Approval Date: 4th Quarter FY'93

Board Presentation Date: Not required per modified procedures for GEF and

MP projects.

Bnvirenmental Categorys B.
1. Summary: The proposed project includes: 1) retrofitting of 27

existing Westinghousge/SnyderGeneral MceQuay (SGMQ)} chiller units (100-315 tons of
refrigeration {TR) gize range) currently operating with CFC-12 to permit use of
zero QD8 HFC~134a3 refrigerant; {il) installation of sgeven new SGMQ HFC~134a
chillers {size range 252-540 TR}, 4 to replace cld Westinghouse units which were
not suitable for retrofits, and 3 toc use instead of less expensive CFC~11
chillers in a new hogpital wing. This is the first ODS phase-out for central air
conditicners for which OPTF funding is reguested. Eligible incremental costs
have been estimated on the following basis: (i) retrofits -~ all new parts and
installation costs unique to the required retrofit modifications; (il} new units
- the gost difference {installed price basis) between SnyderGeneral MoQuay HFO-
134a chillers and the lowest priced alternative CFC-11 or COFC-12 chillers
commersially available in Venesuela for the same service, The project was
submitted directly to the MP Secretariat on 2 September 1992 by the GOV (Annex
2). The MP Secretariat in turn requested the Bank to carry out a technical
gevaluation and determination of eligible incremental costs in order that the HP
Executive committee (MPEC) may vote on the grant reguest during the MPEC meeting
of 19~21 COctober 1982. ¢Given the tight time frame, this IEPS encompasses only
the incremental cost and technical analyses requested of the Bank by the MP
Secretariat in order to determine the eligibility of the project for OPTF
funding. If approved by the MPEC, significant preparatory work will still be



required to develop arrangements for technical and financial oversight,
procurenent and disburgement satisfactory to the Bank in its role as Fund
Trustee,

2. Based upon Bank and OORG technical evaluations {Annexes 4 and 5), the
Bank concurs that the proposed SGMQ eguipment is proven, commercially available,
technically wviable, eguipment specific retrofit technology for the 27
Wegtinghouse chillers. The Bank alsc concurs that the 7 new SGMQ chillers
propoged for replacement or new installations were, at the time of eguipment
selection the only zero ODS (i.e. BHFC-134a as oppoged to transitional substances
such as HCPC~22 and HCFC-123) chillers in this size range commercially avallable
in Venezuela. Procurement of these chillers on a sole supplier basis, subject
to reasonableness of price guotations, is acceptable since the retrofits involve
redesign of proprietary eguipment and installation will be carried out by the
manufacturer's authorized service repressntative in Venezuela, who will alsc be
able to provide service warranties. Comparator prices for new chillers were
found not to be sufficiently eguivalent for incremental cost determination.
Pending further wverification on a comparable basis, incremental costa were
estimated to be 10% of the HFC-134a chiller costs, a representative price
differential under conmpetitive conditions in the U.8.A. The Bank therefore
recommends funding of the project’s eligible incremental costs with an OPTF grant
of US§ one million for the retrofits., Approval is recommendad for funding of
Us$ 100,000 o©f incremental cests for the new chillers, subject to adjustment
pending further verification of comparator prices. It is probable that some
additional funding (US$ 50~100,000} may be reguired for independent project
management during implementation. The estimated unit abatement cost for the
retrofitted chillers ig USS 3.84/kg ODS consumption elisinated for an agsumed 20
year useful life, and for the new chillers, US§ 7.48/kg both on a total cost
basig: the corresponding figures are USS 3,39 and USS$ 0.75/kyg on an incremental
cogt basis. The overall composite figure is US§ 4.97/kg OLS eliminated on a
total cost bagis, and USS 2.58 on an incremental cost basis.

3. Veneruelsa Ozone Depleting Substance (0DS) Sector Background.
Venezuela signed the Montreal Protocol on September 16, 1987, and ratified it on

February 6, 188%. BAs an Article 5 gignatory {(annual per capita ODS consumption
of less than 300 grams}), Venezuela is eligible for OPTF support. 0D5's are
produced in six developing nations, Argentina, Brazil, China, India, Mexico, and
Venezuela. Total production of CFC's and MCOF in these nations in 198% was
approximately 70,000 tons, of which Venezuela's share was 4150 tons, or 6%. MCF
gonsumption in 1951 was 130 tons, down from 570 tons in 19%0C. All CCl4 (1350
tons in 1991) is used ag a chemical intermpediate feed stock. CFC/Halon
consumption in Venezuela in 1980 was 3420 tons, but rose to 3820 tons in 1991,
gtill 2 decrease of 12% since 1986. Distribution by end use in 1991 wasm
AC/refrigeration 77%; foaming agent 16%; aerosols 4%; Halon fire sxtinguisher 1%;
and golvents 2%. Gf the AC/refrigeration share, an estimated B0% was for
aftermarket use for servicing and leak replacement, Per capita annual
congumption of CFC's decreased from 270 grams in 1986 to 170 grams in 19%0. A
breakdown of estimated CFC~12 consumption for 1992 in the AC/refrigeration
subsactors and more detailed national data are found in Annex 1, National
Production and Consumption Patterns.

4. ODs Phasge-Cut Strateqy. With more than 75% of Venezuela‘'s CFC
caonsumption currently used in A/C refrigerator spplications, these subsectors are



therefore the principal focus of the national ODS phase-out strategy. The action
plan for the A/C refrigeration sgector includes both ODS coonaervation and
replacement measures. Conservation initiatives will include workshops and
technology dissemination to promote: i) establishment of programs to recover and
recycle refrigerating agents; ii) improvement of draining {venting) syetes, iii)
installation and maintenance technigues to reduce leakage. Replacement strategy
will focus on retrofitting and/or replacement of ODS using equipment with
gquipment that operates with final nen-0DS substitutes as such new technology
becomes commercially available. Increased use of transitional substances such
as HCFC~-2Z and HCFC-123 will only be promoted when they tan be used ag drop in
replacements for ODS in existing eguipment, Promotion of replacement
technclogies invelving transitional substances which also require capital
investments will explicitly not be encouraged. This ordering of priorities leads
to the following air conditioning subgector strategies: 1) auto air conditioners
~ jintroduction of HFC-134a units in 1%%3 and better emissions control practices
for the existing stock; ii) central air conditioning {1000 chillers estimated
national stock) - for the one half of existing chiller stock which uses HCFC-22,
better leakage contreol; for the 25% using CFC-1l, improved leakage and purge
system control and operation; replacement/retrofitting to use HCFC—-123 not to be
promoted; for the 25% currently using CFC-12, retrofitting/replacement as
appropriate to substitute CFC-12 with HFC-134a; iii} individual window units -~
uge HCOFC-22, strateqy depends on future HCPC-22 classification and world market
developments. The proposed project hag been developed to eliminate CFC-12
songumption in 34 of the existing 115 Westinghouse/SnyderGenersal McQuay ¢entral
chillers in Venezuela. The SnyderGeneral McQuay retrofit/replacement technology
has been commercially available in the United States since early 1991, and
already been proven in 8 installed retrofits, and over 125 new ingtallations.
Corresponding figures for all manufacturers are 20 retrofite and 250~-300 new
chillers.

5. Progject Obdectives. The project's direct objective is to eliminate
the use of CFC-12 refrigerant in the central air ¢onditioning chillers through
jts substituticon by HFC-134a. Its secondary objsctive is te demonstrate through
the succesgful introduction of replacement technology for medical sector
beneficiaries {31 of 34 chillers) who could not undertake the 0DS phase out in
the absence of the Fund subsidy, the ability of the OPTF to c¢reate a demand which
will motivate other eguipment suppliers to introduce replacement technology in
Venezuela, and thereby create a gompetitive logsal market for ODS phase out
technology.

6. Project Description. The total project as proposed comprises
retrofitting of 27 existing chiller unite currently operating with CFg~12 for use
with HFC~134a and the installation of seven new chillers for use with HFC-134a.
The refitting is basically mechanical, involving changing of gsars, sealm, and
gaskets. Energy and thermal efficiency after the retrofits is essentially equal
to that of the original units, Bll the chillers to be retrofitted are
Westinghouse centrifugals. The retrofits are sguipment gpecific, and have been
engineered, and specified by the SnyderGeneral HcQuay Co. {(56MQ), the sucoessaor
of the former Westinghouse chiller production operation. All new units proposed
will also use SGHMQ compressors on a gole supplier basis. This latter procedure
is considered acceptable as the S8GMQ c¢hillers are proven technology, and were the
only EFC-134a chillers for which gquotations could be obtained in Venezuela at the
time of equipment selection.



7. The actions proposed for the individual beneficiaries are summarized
as follows: 1) Instituto de Prevencion Social del Medico {IMPRES}. Two units
with a total capacity of 540 tons of refrigeration {(TR). One {304 TR) can be
retrofitted. The second chiller (252 TR} is too sericusiy damaged to permit
retrofitting. A new HFC-134a chiller has been proposed, rather than a less
expensive CFC~11 unit, the other commercially available alternative. 1i) Centro
Medico Dogente La Trinidad, Two existing units with capacities of 120 TR and 312
TR each will be retrofitted. Three new centrifugal units of 500 TR each
operating with HFC~134a, are proposed for installation in a new hospital wing
under construction. The available alternatives would be less expensive CFO~11
chillers. 1iil} €linca Atias Hospltalization and Services, C.A. Three 100 TR
chillers will be retrofitted for use with HFC-134a. iv) Instituto Venezolano do
los Seguros Sociales (IVSS). Twenty ona (21) identical existing chillera of 200
TR each, located in seven different hospitale are proposed to be retrofitted for
uge with HFC-134a. v) Congreso de la Republica. Three Westinghouse CFC-12
chillers of 540 TR each had reached the limit of useful 1life and required
replacement. Available alternatives were less expensive new CFC-11 units, or new
Me Quay HFC-134a chillers. Two ©of the latter have already been operating
succeasfully for several months, and the third is now being installed. Financing
of the eligible incremental costs is being requested under the MPEC decision on
eligibility for financing of previcusly incurred eligible incremental costs.

8. Protect Cost and Pinancing. Project cogts are summarized in Tables

1 and 2 of Annex 3, Summarized Project Capital and Incremental Costs. Total CIF
La Guaira price guotations for the seven new chillers is USS 986,821. Up to US$
106,000 is eligibkle incremental costs. The latter estimates were developed
through cost comparisons for the least cost CFO-11 or CFC-12 chiller for
equivalent service, the obvious ODS choice for the beneficiaries in the asbsence
of the OPTF subsidy., These guotations were judged not to be repregentative by
the OORG reviewer to establigh comparabllity. The 27 retrofitted chillers have
a total installed cost of USS 1,128,360, of which 81,000,000 is considered to he
incremental costs. Total capital cost is therefore US§2,115,000 of which total
inecremental costs are USS1, 100,000, Tha difference, USH1,015,000 will be
financed by the beneficiary institutions. It is anticipated that an additional
Uss 50~100,000 to be financed by the OPTF may eventually be required for third
party project management expertise during project implementation. It is also
posaible that additional repairs to the retrofitted chillere will he required
once disassembled for retrofitting. These will not be projsct costs, and will
kave to be borne by the respective institutions.

8. Determination of Incremental Costs, The incremental costs
eligible for MPIMF grant funding have been estimated based upon the following
criteria: 1) for retrofits: the total egquipment and installation coat of all
modifications unique to retrofitting for HFC-134a, such as gears, seals, eto. are
eligible. Costs of replacement such as condensers, piping etc must be evaluated
on a case by ¢ase bagis to determine whether they are unigue to HFC~134a use or
would have been necessary anyway, if in the event of continued CFC-12 use. To
allow for allocation of installation ¢oste and generic parts to other programmed
maintenance, the basis for adjustment of quoted priges to estimate incremental
costs was: incremental costs equal 75% of generic parts and installation plus
100% of al other ceosts, excepting heat excharges {see Note 2, Annex 3). ii) for
new units: incremental costs will be the difference between the gquoted installed
costs of the HFC~134a system, and the least cost alternate guotation for a CFC-11



or CPC~12 system for the same service. Pending verification of comparable
guotations for CFC-11 laternates, incremental costs for the new HFC 134a chillers
waere assumed to be 10% of the chiller cost, a representative price differential
currently prevailing in the American market. Central air conditioning system
chillers provide a service, alr conditioning, for a multiplicity of users,
building occupants, who pay for the service provided, not for the apparatus
itself. This pattersn of use, that of an intermediate good, is fundamentally
different from that of household refrigerators or window unit air conditioners,
which are clearly durable consumer goods for end uee by the purchaser. The Bank
conseguently considers that ¢central system chillers are most properly classified
as jntermediate goods, not consumer goods, and their phase-out thervefore is
eligible for OPTF {funding. The adjusted incremental cost estimation is
summarized in Annex 3, Project Capital and Incremental Costs.

ia. Project Implementation. Project implementation will involve
provision of eguipment and services by the supplisr to five different
institutions and in 11 diffgrent sites, 7 of which are ocutside of Caracas (the
7 IVSS hogpitals). Arrangements will be developed during project preparation.
Given the multiple beneficiaries, a solution which might be more workable than
others if the proper controls can be established would be a lump sum contract for
the SnyderGeneral McQuay authorized representative in Venezuela to carry out the
insptallatione subject to a performance guarantee, with third party project
management and verification on behalf of the beneficiariea, The GOV's Montreal
Protocol Interministerial Working Group (IWG), or FONDOZORO, its likely
succesgor, will be responsible for administrative liaison with the Bank and with
beneficiaries. Technical oversight will be provided by the Bank'a Ozone
Operations Resource Group (OORG}. Procurement and disbursement arrangements will
be in accordance with Bank guidelines.

11, Proiec ustain . The purpose of the OPTF is provide a
financial incentive +to facilitate ODS phase-out. In operational and
environmental terms, the operation is sustainable due to the fact that the
gubsidy will permit the permanent elimination within the next 18 months of CFC
congumption in 34 air conditioning systeme. In the absence of the subsidy, each
chiller would have continued to use and to leak CFC-12 or CFC-11 into the
atmogphere until the end of its useful life.

iz. tionale r. Montr rotoco inancing. A demonstration of
successful use of OPTF funding for phase-ocut in the central A?C sector should
result in increased demand for OPTF resources for this purpose, and thereby
hapten the creation of a competitive market for imported replacement technology
in Venezuela. Existence of competitive market conditions will eventually enable
the Government to enact regulations against the use of controlled substances in
central air conditioning systems for new construction, and to regulate
replacement of equipment in existing systems. CPFC~12 recovered from replaced and
retrofitted units will be recycled to supply the needs of other CFC-12 egquipment
ugers, thereby reducing demand for new CFC production.

13, Issuyes and Actions. The principal potential issues concern i}
eligibility of new central system chillers for OPTF support; ii} procurement of
new HFC~134a c¢hillers from a sole source supplier; and iiiy zllocation of a
percentage of retrofit installation costs to normal maintenance expenses. The
Bank's position on the first issue has bheen discussed in para. 9. Concerning a



#ole source supplier, while HFC-134a c¢hillers of several makes are now
commercially available in these TR ranges, and manufacturers claim the same is
truge in Venezuela, at the time that eguipment selection deciasions were made,
SnyderGeneral McQuay was the only vendor offering non-CDS equipment in Venezuela.
Three fourths of retrofit installation costs have been considered to be
incremental, assuming that retrofits will take place during normally echeduled
overhaul maintenance among some of the beneficiary institutions.

14. Envirommental Aspects The elimination of CFC-12 conpumption, is the
bagic objective of the conversions., There are ne major environmental issues
associated with the installation or operation of the converted chillers
themselves, other than routine workplace safety measures.

i5. Proiect Benefits. Total immediate elimination of CFC-~12 will reach
12,000 kg for all 34 units, less than one percent of current consumption, but at
the game time, permanently eliminating ODS use in over 20% of the nations stock
of Westinghouse and SnyderGensral Mc Quay chillers. An additional 38,000 kg of
potential ODS consumption will be prevented, eguivalent to the refrigerant
regquired throughout 20 years of assumed useful life, at an assumed annual leakags
rate of 15%, if retrofitting and or replacement were not carried out. Credible
actual consumption rates could not be estimated with data made available by
beneficiaries. The estimated unit abatement cost for the retrofitted chillers
is UBS 3.8B4/ky ODS consumption eliminated for an assumed 20 year useful life.
For the new chillers, the corresponding figure is USS 7.48/ky ODS on a total cost
basis, and UsS 0.75/kg on an incremental cost hasis. The owverall composite
figure is USS$ 4.97/kg ODS eliminated on a total cost basis, and USS 2.58 on an
incremental cost basis. As will be the case with virtually all AC/refrigeration
replacement /retrofit technology, these abatement costs per wunit of O0ODS
consumption eliminated, which are dictated by the nature of the technology
involved, will be higher than those associated with aercsol, solvent, and foaming
agent applications. Hevertheless, with over 75% of Venezuela's CFC consumption
concentrated in A/C and refrigeration, to materially diminish CFC consumption,
it is necessgary to begin investment in these relatively capital intensive types
of phase-outs.

16. Prejects Risks. Given the multiplicity of beneficiary institutions
and sites, effective supervislon of works and disbursemente could be a problenm
in the absence of somé form of central but independent project management. A
potential technical risk concerns the chilling capacity, energy efficiency, and
mechanical performance of both retrofitted and new systems. The manufacturer,
SnyderGeneral McQuay, does however, guarantee the efficiency and capacity stated
in the technical proposal when compared with CFC-12 units for the same service,
The local SGMQ representative guarantees operation of new units for 1 year, and
up to 4 years with operation and maintenance contracts, and for 4 months and two
years for retrofits.

17. Technical Evaluation. The Bank's technical agseasment congisted of
a detailed review of the technical and finaneial proposals with both the
manufacturer's sales engineering department and its Venezuelan representative,
field inspection of existing units and proposed replacement installations, and
verificaticn of local consultants technical reports and financial proposgals. A
summary of the detailed technical report is included in Annex 4, "Technical
Evaluation, et. al. The complete report is available in project files.



1s. On the basis of the assessment, the Bank congiders the proposals to
be of sound technical design, and qualified for OPTF grant financing of eligible
incremental costs. The SnyderGeneral McQuay authorized representative in
Venezuela 1is judged to be technically and organizationally capable of
implementing the project. Annex 5 indicates concurrence with the project by the
Bank's Ozone Operations Rescurce Group (OORG) technical expert for air
conditioning and refrigeration projdects, subject to the incremental cost
adjustments already discussed.

19. Staff Review Implementation Arrangements: The following staff are
rasponsible for the Project and for the review:

Task Manager: Donald J. Rhatigan, LAIRI
Division Chief: Stephen J. Ettinger, LALEI
CD Director: Armeane M. Choksi, LA1DR
RED Chief: Dennig J. Mahar

Bank Technlical Advigor: Donald Brown

Qutside Specialist: Prancisco A, Munoz
{Technical Evaluation)

OCRG Reviewer: Jamaes M. Calm

Getober 15, 1992
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VENEZUELA: NATIONAL PRODUCTION AND CONSUMPTICN PATTERNS OF ODS

Production: PRODUVEN C.A., a 50/50 joint venture between PEQUIVEN
S.A., a parastatal petrochemical producers, and ATOCHEM (France), is the only
Venezuelan ODS producer. The plant is of swing type design with a design
capacity of 10,000 teon/yr of CFC-11/12 or 5,000 tons/yr HCFC-22. Recent annual
output has been about 4,000 tons CFC-11 and CFC-12 combined, and 1,500 tons HCFC-
22, of which 1,000 tons, mostly CFC-11 and CFC-12 has been exported to
neighboring countries. PRODUVEN C.A. is expected to announce that a HFC-134a
production unit, also with a 10,000 ton/yr design capacity, will go on stream in
1997. Most production in initial years of operation is expected to be exported
to both developed and developing countries, to satisfy what ATOCHEM predicts will
be an initial worldwide excess of demand over production. This projection i=s
likely to be even more valid as a result of the recent decision to accelerate the
phase ocut deadline in non-Article 5 countries to 1996. Current thinking calls
for continuing CFC and HCFC-22 production in the current fully amortized facility
as long as residual demand for these products results in wviable capacity
utilization rates.

Consumption: National consumpticn in 1989 was 3,731 tons of CFC's
and Halons, of which 335 tons (Halon, and CFC-113, =114, =-115) was imported.
Estimated use by major application was 12% aerosols; 8% foaming agent; 75%
refrigeration and air conditioning; and 5% other (fire extinguishers, solvents,
etc.). Substitution of CFC's in aeroscl applications is almost complete,
consumption of CFC 12 for this purpose having decreased from 5,000 tons in 1980
to 230 tons in 1990. CFC consumption as a blowing agent for flexible foams in
1590 was only 173 tons, indicating that substantial substitution of CFC 11 by
methylene chloride in flexible polyurethane production has already taken place.
Total consumption of controlled CFC's has decreased from a maximum 7,400 teons in
1980 to 3,400 tons in 1990. The attached table, "Cuadro 1, Summary of Sales,
National Market - Controlled CFC" summarizes CFC sales in Venezuela for 1990 and
1991. It indicates, unfortunately, a 13.6% increase of CFC consumption from 1990
to 1991. Cuadro 2 indicates the increase took place in all principal
applications except aerosols, where CFC use decreased by 30%. Cuadro 2 also
indicates a 19% increase in HCFC-22 use, and a 25% decrease in exports from 1990
to 1991. The last table, "Cconsumption of Contrclled Substances by End Use in
Venezuela" gives a complete breakdown of ODS consumption in Venezuela by end use
for 1990 in a more legible presentation. It demonstrates gquite clearly the 77%
market share of AC/refrigeration applications in total national CFC consumptjon.
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CONSUMO DE FORANE-12 EN VENEZUELA

EN 92

EN LOS SECTORES SIGUIENTES

aeh tonelaclas

AIRE ACONDICIONADO

CARROS
Nuev Mant.
80 900

NEVERAS
Nuev Mant.
60 250

RFARTICULAR
Nuev Mant.
150 600

EDIFICIOS
Nuev Mant.
? 200

FRIOQ IND.
Nuev Mant.
200 600

TOTAL.
Nuev Mant. |
490 2.550
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= Rapdblilca de Vesnoiueln

REFPUBLICA DE VENEZUELA Minixterio del Ambisnts
y ¢e fos Recursos

MINISTERIO DE RELACIONES EXTERIORES Naturatss Ranovablas

Grupo Interministerial Ad-hoc para la Aplicacidn del Protocolo de Mcntreal

Caracas, 2 de setiembre de 19892

Apreciado Dr. El-aArini:

Tengoe el agrado de dirigirme a usted en la oportunidad de
remitirle el provecto denominado “Sustitucidn de CFC por HFC-134a
como refrigerante en equipos de aire acondicionado central”, a
los fines de su revisidon por la Secretaria a su cargo y por el
Bance Mundial y su consideracidn pox el Comité Ejecutivo del
Fondo Muitzlateral para la Aplicacidn del Protocolo de Montreal
an su reunidén de cctubre proximo.

Le informo igualmente guse he solicitado con antelacidon al Banco
Mundial que proceda a la evaluacién té&cnica y financiera del
royecto v & la formulacidon de las recomendaciones respectivas.

El Grupo Interministerial Ad-hoc para la Aplicacidn del Protooolo
de Montreal en Venezuela ha revisado el provecto desde el punto
de vista de su eligibilidad vy de 1los c¢ostos adicionales,
encontrando gue el mismo calificaria para financiamiente del
Fondo Multilateral, a paritir de lo cual ha preparado la -
presentacidén. Sin embarge, llamo su atencidn sobre el hecho de
que, para la  determinacidn de los costos adicionales
correspondientes a los equipos nuevos, sdlo se pudo contar con
1los precios de eguipos de referencia cotizados a lcs
solicitantes, no siéndole posible al Grupo obtener una lista
general de precios de egquipos basados en CFC y HCFC &xistentes en
2l mercado, entre les cuaies seleccionar para la comparacidn los
de caracteristicas més similares a los equipos nuevos basados en
HFEC-134a.

En vista de lo anterior, es probable gue la evaluaciin del Banco
Mundial 1mpllqua algunas modificaciones en las c¢ifras incluidas
en la presentacidn gue le remito.

Mucho le agradeceria disponga lo conducente a fin de gue el
proyvecto en referancia, con les  anexos respectiveos y o las
recomendaciones a ser consignadas por el Banco Munhlal ¥y por la
Secretaria a su c¢argo, sean presentados al Comité Ejecutive del
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Fondo Multilateral en la oportunidad seflalada.

Reiteréndole las sequridades de mi mayor cgonsideracidn, gquedo de
usted,

atentamente,

Eduardo’Ldpez

Representante dJde Venerzuela 2n el
Comité Ejecutive del Fondo Multilateral
para la Aplicacidn del Protocolo de Montreal

Al Sefior Doctor

Omar El-Arini

Jefe de la Secretaria del a
Fondo Multilatersl para la

Aplicacibn del Proteocolo de Montreal

Montreal, Canadi

P P 4



Annex 3 {page 1 of 2}

{Costs in US$)

Table 1: New Installations -- Ingremental Cost Determination

Annex 3: Summarized Project Capital and Incremental Costs

HFC-134a Chillers CFC-11 Chillers Unit
Unit Total Unit Total incremental Cost Total
Make and Quantity Tons of Cost Cost Make and Cost Cost {10% of McQuay) Incremental Cost
Institution Model {1 Refrigsration {2} {3] = (1) x {2) Model {4} {6] = (4} x (1) {8} {7y = 16) x {1}

{MPRES McQuay PEHOBIK 1 252 77518 77528 Trana RTHA-300 62240 62240 7750 7750
CONGRESO MceQuay PEHOB? 3 (1 location} 540 162425 457275 Carrier 195DK78 90334 271002 15250 45750
CMDLT McQyay PEHOB7K 3 {1 location) 500 150671 452018 Carrisr 19DK78 80334 2711002 16070 45210
TOTAL 7 986821 604244 98710

{n 2) 3) (4) 5} (6} {7}

Note 1: Carrier, Trane quotations not considered to be equivalent. Based on current market conditions in USA, incremantal costs for aquivalent conditions assumed to be 10% of Snyder General McQuay

chiller prices,
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Annex 3 {page 2 of 2}

Table 2: Retrofits

{All costs in USS$}

Eligibie
Unit
Parte instsiiation Total instalied Velus ot Cost Total
Maks and Cuantity Tons of Unit Coat Linit Cost Caost Per Unit CFE-1 2 Re-soid {Note 2) Incremantat Cost
netitution Modsi {1} Rafrigeration 2 (3 A = {2] + {3 5} {61 73
IMPRES Westinghoums t 304 48075 14382 62457 1218 41367 40148
PEO79PE4 238
CMDLT Westinghouss 1 120 33339 8769 42108 1286 368318 37022
PE3ZOPERSO2 |
Wastinghouse 1 A2 19968 B769 21708 277 2733 25457
PFOROCS1218
ATIAS Wastinghouse 3 100 2H1 X2 14382 39504 244 INCEE /9435
PEOBOPEAOCT {1 focaticrd
WSS Westinghousa & ] 200 323N 10373 42604 786 38073 BO4027
PE200PEIB4 2 {7 ocations)
TOTAL 21 #55490 292099 1148309 20029 A960R9
{1} 2 {31 4} {B6) {6} in

Note Z: Basiy for Calculation of Betrofit Incrementsl Costas:
-~ 1060% of gear, HFC-1 344, Oif, and Transport

-~ 78% of Generic Parts arwd Labor

0% 90 ndenssrs and
Lo Pa-sold CFG-12

aporators

Page 2




MONT L FPROTO PROJE OR_VENEZUELA ANNEX 4

CENTRAL AIR CONDITIONING SYSTEMS
SUBSTITUTION OF BFC-134a FOR CFC-12

PROJECT DESCRIPTION

The proposed project consists of the substitution of HFC-134a for
CrFc-12 as the refrigerating agent in central air conditioning units at five
Venezuelan institutions, The project involves the retrofit of twenty seven units
currently operating with COFC-12 and the replacement of geven units. The
institutions are:

Institutoc de Prevencion Social del Medico (Impress)
Centro Medico Docente la Trinidad (CHOLT)

Clinica Atias, Hospitalizacidn y Servicios, C.A.
Congresc de la Repiblica

Instituto Venezolano de los Seguros Sociales {IVES)

- Hespital Dr. Pastor Oropeza, Barguisimeto
- Hogpital Dr. Juan Montezuma Ginnari, Valera
- Hospital Dr. Domingo Guzmanlander, Barcelona

- Hespital br. Rafael Calles Sierra, Las Peidras

- Hospital br. Adolfc Pons, Maracaibo

- Hospital Dr. Manuel Noriega Trigo, Macacaibo

- Heospital Dr. Patrocinioc Pefuela Ruig, San Cristabal

TECHNICAL EVALUATION

A technical aszessment of the project was performed to determine the
soundnaess of the project., The evaluation included:

1. An extensive and in-depth review of the +technical and
financial proposals. The review included discussions with
McQuay’'s Sales Engineering Department and &Arista Centri
Serviclios C.A., the sole auvthorized McQuay representative and
distributor for Venegzuela;

2. A detailed comparison of the results and recommendations of
the MeQuay/SnyderGeneral Factory Rating Program with the
preposals submitted by Arista Centri Servicios, C.A.;

3. A speot c¢check comparigon of the eguipment parts price
guotations submitted by Arista Centri Servicios, C.A. with the
official McQuay parts price list;

4. A review of the calculations and data used by Arista Centri
Servicios, C.A. to arrive at the installation labor costs
included in thelr proposale;

5. Meetings and discugsions with the Venezuelan technical
consultants used by the various institutions to verify their
technical reports and recommendations;



6. Field trips to all locations to mest with the chief
maintenance engineers, perform a visual inspection of the
existing eguipment and installations, and verify that the
information included in the propcosal is factual; and

7. Price gquotations used to establish the incremental costse for
new units were reviewed to verify they were comparable and
factual.

RECOMMBENDATTON

The project proposals appear to be of sound technical design and

gqualified for MPIMF grant financing of eligible incremental costs. In view of
the fact that some of the proposed retrofit units have not been in operation for
need of repairs, aseurances are required from the beneficiaries that such repaisr
work will be carried out along with the retrofit.

GENERAL INFO TION

1.

McQuay HFPC-13 ech

SnyderGeneral is the only manufacturer with HFC-134a chillers commercially
available to date, following the years of lab and field tests comparing
the performance of HFC~134a to that of CFC-12, R-500 and other
refrigerants.

In 1991, SnyderGeneral shipped over 100 McQuay centrifugal chillers with
HFC-134a. 7Two new 500 TR HFC-134a McQuay chillers were installed and in
pgperation for over four months at the Congreso de la Republica, Caracas.
A third 500 TR unit is scheduled to be installed within a month.

It should be noted that the McQuay HFC-134a chillers are the only zero OD
units commercially available as opposed to transitional refrigerants guch
ag HOFC-22 and HFCOP-123, HFC-134a is also safe, non~-toxie and has &
global warming effact 10 times lower than CPC-12.

¥McOuay Centrifugs hiller Retrofit to H¥PC-134a

The proposed chillers to ba retrofitted are all CPFC-12 units, HFC-134a is
compatible with all CFC-12 centrifugal chillers manufactured.
MoQuay/SnyderCeneral have developed a computer rating program which based
on the original unit performance data determines the performance utilizing
HPC-134a and establishes the retrofit changes required which include a
gear set change, replacement of general parts and in some cases condenser
and/or evaporator tubes.

The retrofit from CFC-12 to HFC-134a involves the following ateps:
. Remove the CFC~12 with standard evacuation methods and drain the oil

. Change the gear set, which optimizes impeller tip speed to operate
with HFC-134a



- Evacuate and charge the chiller with HFC-134a and a saynthetic
lubricant {HFC-134a is not miscible with mineral oils with CFC-12})

The optimization of the impeller tip speed for the isentropic head rise of
HPC-134a allows the capacity performance to closely match the original
crio-12 performance. An HFC-134a retrofit does not require a compromise of
operating efficiency or capacity to achieve operation.

Two types of retrofit can be made by MCQuay:

. Retrofit to change to HFC-~134a to basically match the original CFC-
12 performance

. Retrofit to change the HFC-134a plus other changes to improve the
efficiency

The retrofit proposed in this project are to match the original CFC-12
performance.

MeQuay has successfully carried out eight retrofits. The firsgt retrofit
wag performed in February 1991 at the Westinghouse Electrenic Systems
Group Headguarters located next to the Baltimore/Washington, D.C.
International Airport. The retrofit of the lé-year-old Westinghouse
centrifugal c¢hiller involved a gear change and achieved the original
capacity and improved efficiency.

Cost Baals

The incremental costs were estimated as follows:

* Ratrofits — all new parts and installation costs specific to tha
required retrofit modifications

. New Chillers — the cost difference between the MeQuay HPFC-134a
chillers and the lowest prices alternative CFC-11 or C¢FC~-12 chillers
galected by the beneficiaries for the same service. MNcQuay proposed
various new chillers alternatives; the lowesat price alternate was
selected. (Note: Verificatlon required of comparability of CFC~11,
~12 guotations.)

Guarsntees

SnyderGensral /McQuay guarantees that the units will perform at the stated
capacities and at similar efficiencies when compared with CFC~12 units for
the same mervice.

Arista Centri Servicios' guarantees are as follows

. New Units — 1 year or up to 4 years if the beneficiary contract with
Arista for the operation and maintenance of the units

. Retrofits - 4 monthe or up to 2 years if the beneficiary contracts
with Arista for the operation and maintenance of the units.



Cre-12 Refrigerant Consumpbion

Given the lack of data and reliable information concerning annual
refrigerant replacement, it is not possible t¢ arrive at an accurate
overall annual CFC-12 escape rate. Given the visual evidence of CFC-12
escape on a number of units, for purposes of caloulating unit abatement
costs, an escape rate of 15% hasg therefore been assumed.

Arigts Centri Servicios, C.A,

This company, which is the sole authorized McQuay representative and
distributor for Venezuela and the selected vendor appears to be very
capable to successfully carry out the proposed project.



ANNEX 5

OORG REVIEW

Prepared by James M. Calm



MONTREAL PROTOCOL (MP) PROJECT FOR VENEZUELA
OZONE OPERATIONS RESOURCE GROUP (OORG) TECHNICAL OPINION

1. Recommendation: Subject to reservations cited hereafter and reliance on the documentation provided,
the proposed retrofits and new Installations appear to be justified and consistent with the objectives of the
Montreal Protocol Qzone Projects Trust Fund. Approval is recommended with adjustments to the incre-
mental costs for the retrofits as discussed below and verification of the comparative bids for the replace-
ments. The key issue for the comparative bids is assurance that the bids are firm and based on the same
functional requirements.

2. Relevance and Adeguacy of Information Provided: The chiller quotations and documentation provided
are adequate for assessment of incremental equipment costs, but not for verification of the installation
design or full retrofit procedures. The project comprises 27 retrofits from CFC-12 to HFC-134a, replace-
ment of 4 chillers, and installation of 3 new chillers. Of the replacements, one is for a damaged chiller and
three are based on age; two of the latter already have been replaced and the proposal provides for reim-
bursement of previously incurred, but eligible incremental costs. Insufficient information was provided to
assess the justifications for replacement.

No information was provided to evaluate the efficiency levels selected. A limited range of performance
selections is available for each of the capacities involved; such selections go beyond elimination of ozone-
depleting substances (ODSs), but will impact operating costs, resource utilization, and the energy-related
(indirect) compenent of global warming. The retrofits appear to have been selected to maintain capacity
and efficiency. An alternative strategy is to retrofit for efficiency improvement at the expense of capacity,
when a reserve exists, but the ranges for this approach are limited without an impeller replacernent.
Capacity-maintenance is the more common approach.

Whereas the proposed funding addresses incremental rather than full costs, the impacted facility owners
have incentives to assess the cited issues. Annex 4 indicates that the Technical Evaluation Specialist may
have examined them and contains a recommendation that necessary repairs for units to be retrofitted be
assured. Funding also should be contingent upon identification and correction of the cause(s) of damage
dictating one of the replacements.

3. Technical Soundness: The products involved are proven and the proposed equipment manufacturer is
highly reputable. This reviewer has perscnally visited the factory where the new equipment is manufac-
tured and tested, as well as the supporting development center, on other occasions. Moreover, the new
chillers are rated under a voluntary industry performance certification program and separately subjected to
product safety evaluations. The price quotations for new equipment include start-up by manufacturer rep-
resentatives; on site operator training normally Is included. It is important that operating instructions be
translated if not so provided.

The Draft Executive Project Summary reviewed and Annex 4 to it incorrectly indicate that the McQuay HFC-
134a chillers are the only zero OD units commercially available as opposed to transitional refrigerants
such as HCFC-22 and HCFC-123. Carrier Corporation manufactures HFC-134a chillers in capacities of
250-10,000 tons, though the 19XL model {(250-600 tons) probably was not yet available with HFC-134a
when the subject bids were solicited. York sells HFC-134a chillers in capacities of 900-8500 tons. More-
over, chillers using R-717 {ammonia) have been available for more than 50 years in the capacities involved;
safety considerations may have precluded their consideration. Finally, water/lithium bromide absorption
chillers also are produced for the capacities involved, but would have more than doubled the costs.

4. Lessons from Experience: Three 550 ton SnyderGeneral/McQuay PEH-087 chillers using HFC-134a are
in operation in Caracas, at the Judicial Courts Building of the Congreso de la Republica. An additional
chiller is in use in Brazil and two more will be instalied shortly. Superseding the information contained in
Annex 4 and echoed in the Executive Project Summary, nearly 20 chillers have been successfully retrofit to
use HFC-134a by SnyderGeneral and cother manufacturers. 250-300 chillers are in operation with this
refrigerant. The February 1991 retrofit cited in Annex 4 is the first commercial retrofit by SnyderGeneral,
but not the first including test units by that manufacturer and others. The proposed retrofits and new
equipment selections are reasonable based on the experfence obtained to date, intensive evaluation of
HFC-134a properties and compatibility by manufacturers and others, and growing use of this refrigerant in
chillers and other equipment.

5. Environmental issues: HFC-134a is one of the three most widely applied alternative refrigerants for
chillers, the other two being HCFC-22 and HCFC-123. All three offer significant reductions in ozone deple-
tion potential (ODP), compared to CFC-11, CFC-12, CFC-113, CFC-114, and R-500 (CFC-12/HFC-152a
azeotrope) being phased out under the Montreal Protocol. HFC-134a is particularly attractive due to its
ozone-depletion potential (ODP) of zero, as contrasted to HCFC-22 and HCFC-123 with ODPs of 0.055 and
0.02, respectively, and especially so when compared to CFC-11 or CFC-12 with ODP values of 1.0. HFC-




134a use also offers comparatively low global-warming potential (GWP), 1200 relative to carbon-dioxide for
a 100-year integration time horizon (ITH). Contrasted to CFC-12, for which it is the primary alfernative, the
direct-effect warming contribution is reduced by a factor of nearly six. The GWP of HFC-134a is notably
higher than that for HCFC-123 but less than that for HCFC-22, 90 and 1600 respectively for the same ITH.
While global warming Is not addressed by the Montreal Protocal, it is an environmental consideration.

HFC-134a is particularly suited for the proposed retrofits. The conversion costs from CFC-12 to HFC-134a
are less than a quarter of the replacement costs, but essentially the same capacity and efficiency can be
obtained due to the favorable heat transfer characteristics of this refrigerant. The primary requirements for
retrofit {Le., changing the impeller drive gear, compaonents necessary for materials compatibility, the refrig-
arant, and the lubricant) are addressed in the proposal.

The environmental benefits calculated are based on annual leakage of 15%. Historical losses of 8% cou-
pled with annualized retirement (disposal) losses of 2% were typical; current practice enables 4 and %%,
respectively, and lower losses are likely in the future. The latest UNEP Technical Options Report suggests
8% annual loszes falling to 6% by 1895 and 4% by 2000 for HCFC-22; those for HFC-134a should be
comparable | A significant share of the losses results from service practices rather than actual leakage.

6. Safety lssues: HFC-134a is not flammable under ordinary and standard testing conditions. Review of
manufacturer Material Safety Data Sheets (MSDSs) reveals no alarming acute or chronic toxicity indica-
tions with proper safety precautions. The Program for Alternative Fluorocarbon Toxicity Testing (PAFT)
has found HFC-134a to be at least as safe as CFC-12; no reason has been identifled to prechude use of
MEC-134a in general industrial applications, provided that recommended practices are observed.2 A provi-
sional (pending completion of the PAFT tests) safety classification of A1 — in the safest group — has been
assigned.? A recent notification to the U.S. Environmental Protection Agency (EPA) on tumors found in
test animals following lifetime HFC-134a exposures, filed in accordance with the Toxic Substance Control
Act §8(e), is based on extremely high concentrations, namely 50,000 ppm.* Such tests are designed 1o
maximize detection of effects, but are not regarded as indicative of normal exposures. Most of the major
chemical manufacturers have determined that these findings do not support a change to recommended
allowable (occupational) exposure levels.

Conformance to both the manufacturer installation recommendations and to safety standards is strongly
recommended as a condition of funding.37 Key provisions of the latter address machinery room design
and access, venting of reliet valves to the outside, piping therefor, and installation of oxygen-deprivation
sensors, The last item is necessary since HFC-134a (like most refrigerants) is heavier than air and could
act as an asphyxiant in the event of a significant leak or spill. All new pressure vessels should bhe specified
to meet applicable ASME codes.

7. Cost Effectiveness: Differences in capacities and efficiencies diminish the applicability of the competi-
tive bids offered as substantiation. Using the chillers for the Instituto Medico de Previgion Social (IMPRES)
as an example, the Trane RTHA-300 chiller offers 268 fons at 0.72 kW/ton; the SnyderGeneral/McQuay
PEHO083 offers 262 tons at 0.776 kW/ton (less efficient). The ratings for the latter are quoted for more
severe operating conditions, however. The Trane quotation explicitly identifies necessary options that may
be included, but are not cited in the SnyderGeneral /McQuay {Aristra Centri Servicios) quotation. While
direct comparison is limited, the former appears to offer the more cost-effective option.  Also, the
SnyderGeneral quctation identifies a specific model by virtus of the performance data. but verification of
that reodel would be faciitated by specifying the Tull rather than abbreviated model number, as it would
appear on the name plate (Le., including the impeller, evaporator, and condenser selections codes).

Whereas Carrler has suspended sales of HCFC-123 equipment, the model 19DK78 quotations would have
1o be for CFC-11 aquipment, even though not so indicated. The performance of 0.672 kW /ton is somewhat
low for current 500 ton, CFC-11 machines. The prices appear to be surprisingly low, so further Investiga-

V' Report of the Refrigeration, Air-Conditioning, and Heat Pumps Technical Options Committee, report
RAWR-570-LK-91423-al, United Nations Environment Programme, 1661

2 @G. M. Rusch and C. E. Finegan, Status of Toxicological Alternatives, Program for Alternative Fluorocar-
Bon Toxicily Testing, Septarnber 1692

3 ANSI/ASHRAE Standard 34-1992, Number Designation and Safety Classification of Refrigerants, 1992

4 TSCA 8fe} filing by PAFT on ethane, 1,1,1,2-tetrafluoro- (CAS Regisiry Number 811-97-2), 10 Septem-
ber 1992

5 Installation of Centrifugat Chiflers, bulletin IM 306-2, SnyderGeneral Corporation, September, 1988 (use
current version at time of installation)

& QOperation and Maintenance Data, Single-Compressor Centrifugal Chillers, bulletin IM 307-4, Snyder-
General Corporation, July, 1992 (use current version at time of installation)

7 Safety Code for Mechanical Refrigeration, ASHRAE Standard 15-1992, 1992



tion would be warranted. Also. there are minor differences between the costs for the 540 and 500 (505 ?)
ton SnyderGeneral/McQuay chillers between Annex 3 and the underlying quotations.

The SnyderGeneral /McQuay cost estimates were compared to firm bids and cost data available from other
work. The proposed prices are deemed to fall within a reasonable range of pricing considering the less-
competitive market in Venezuela, added costs associated with product export, and cost variances refated
to local markets, timing, and similar factors. The total costs are plausible based on the limited nature of this
review; the incremental costs are high if performed at the time of regularly scheduled compressor mainte-
nance, but reasonable if performed separately.

The funding request opts for replacement of existing chillers and instaltation of new chillers with those
using HFC-134a, Bids obtained for equipment using HCFC-22 and HCFC-123 were excluded even though
offering substantially — nearly 40% — lower costs. The justification outlined in the Draft Executive Project
Summary explains that other refrigerants would be ineligible for support by the Government of Venezuela
{GOV) due to possible future reclassification of HCFC-123 (and presumably of HCFC-22). Binding restric-
tions of HCFC refrigerants are anticipated in the November 1992 revision of the Protocol, but such restric-
tions will allow use of HCFC-22 and HCFC-123 for an interim period. General exclusion of these refriger-
ants may lead to higher costs, particularly for high-efficiency selections. Whereas performance impacts
resource use and indirect global warming, and whereas the GWP of HFC-134a exceeds that of HCFC-123,
this reviewer does not concur with automatic exclusion of HCFC-22 and HCFC-123. The selection of HFC-
134a is completely justified for the proposed retrofits, and makes sense for the third unit where two new
chillers with HFC-134a already have been installed.

The retrofit costs were compared to estimates for other projects and found to be high for two reasons.
First, condenser and evaporator tube replacements reflect repair requirements independent of the refriger-
ant change. Second, some of the seals and other generic materials would be needed for normally sched-
uled maintenance, if the retrofit were coordinated with service requirements. Gear, refrigerant {less recov-
ery value for the existing charge}, and lubricant costs should he viewed as incremental; tube costs should
not.  Approximately half of the generic-material costs would have been required for coordinated major
maintenance; it therefore would be reasonable to allow between half and three-quarters of such amounts
as incremental to adjust for those costs not necessary for normal maintenance.



Annex 6: efinition of Unit Abatement gt, and gStandard

Amsu iong uzed for the Benchmarks

Capital coste are annualized and expregsed as a ratio of the average annual
amount of ODS reduction, weighted according to ite czone depleting potential.

The unit abatement cost ls defined as follows:

(=]

where:
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The figures upon
project financial

= CC.CRF + {OC -~ OS5}
M.ODP

= unit abatement <ot

= ineremental capital costs (including 21l one-time ¢osts
such as training, installatien, freight, etg.)

= capital recovery factor

= incremental annual operating coste

= incremental annual operating savings, benefits

= annual average mags of 0DS not réleased as a result of

the phaseout action
= czone depleting potential of the ODS

which the calculations were based were developed from the
analysis which is available in the preject file.



