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- Elimination of CFC in the manufacture of domestic refrigerators in Colombia;

- Elimination of the use of ODS in the polystyrene foam sector.
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: Colombia

PROJECT TITLE: Elimination of CFC in the manufacture of
Domestic Refrigerators in  Colombia at
Household Refrigerator Companies:

a) Corelsa
b} Haceb
¢) lcasa
d) Polarix
¢} Andinos (Compressor Manufacturer)
BUDGET: Capital Costs:
a) Corelsa US $434,200
b) Haceb US $288,930
¢) Icasa US $709,000
d) Polarix US $257,417
e) Andinos US $313,648?
Operational Costs:?
a) Corelsa US $800,314
b) Haceb US $2,094,904
¢) Icasa US $1,334,546
d) Polarix US $1,118,805!
INCREMENTAL COST: a) Corelsa S 1,234,514
b) Haceb US $2,383,834
¢) Icasa US 82,043,546
d) Polarix US $1,376,222
e) Andinos US $313,648?
ODS PHASE-QUT: a) Corelsa 220DPT
b} Haceb 69 0DPT
¢) Icasa 720DPT
d} Polarix 63 0DPT
e) Andinos N/A

' Adjusted to reflect the local ownership of 51 per cen.
* Adjusted to reflect the local ownership of 61.2 per cent,

* Calculated for two years of opecation.
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COST EFFECTIVENESS: a) Corelsa US $56.11 per kg ODP saved
by Haceb US $34.55 per kg ODP saved
¢) lIcasa US $28.38 per kg ODP saved
d) Polarix US $42.80 per kg ODP saved
e) Andinos N/A

PROJECT DURATION: One year

IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY : National Committee for Protection of the Ozone
Layer

TECHNICAL REVIEW COMPLETED: YES _X_ NO _

SEC RIAT'S CO S

1. This project covers the conversion of four domestic refrigerator manufacturing plants
to HFC-134a refrigerant and HCFC-141b blowing agent and the conversion of one compressor
manufacturing plant to HFC-134 technology. -

2. Implementation of this project will result in the phase-out of 226 ODP tonnes which
represent 82 per cent of ODS consumption in the domestic refrigeration sector in Colombia.

3. Capital costs cover the replacement and modification of existing equipment to make it
compatible with new refrigerant and blowing agent. In general, the requested allocations for
capital costs are at the lowest level in comparison with similar conversion projects approved by
the Executive Committee so far. It can be explained by the availability of high pressure
foaming equipment compatible with HCFC-141b and by applying modification of existing
equipment rather than replacement with new ones.

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

5. Incremental operational costs are associated with new HFC-134a compressor,
refrigeration system optimization, higher cost of refrigerant and blowing agent, extra costs for
polyurethane foam due to increased density, and resistible inner liner material. Incremental
operational costs are calculated at US $5,348,569 for two years of operation. They represent
73 per cent of the total project cost.

6. All refrigerator manufacturing companies will use HFC-134a compressors produced
by Andinos company. Andinos company will incur incremental operational costs in its
production process. These costs have not been considered as eligible, since they will be passed
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PROJECT EVALUATION SHEET

COUNTRY OR REGION:

PROIJECT TITLE:

PROJECT COST:

INCREMENTAL COST:

ODS PHASE-OUT:

COST EFFECTIVENESS:

FROJECT DURATION:

IMPLEMENTING AGENCY:

NATIONAL COORDINATING AGENCY:

Colombia

Elimination of the Use of ODS in the
Polystyrene Foams Sector at:

a)  Ajover

b} Inaldes

a) Incremental capital cost US $935,000
Incremental operational saving (US $353,000)

b) Incremental capital cost US $645,000
Incremental operational saving (US $345,000)

Pre-post assessment and contingency:
US $190,000

US $1,072,000

a) 190 tons CFC-12 in 1993
b) 130 tons CFC-12 in 1993

a) US $3.6 per kg ODP saved
b) US $2.9 per kg ODP saved

One year
UNDP

Comisién Nacional para la Preservacién de la
Capa de Ozono

TECHNICAL REVIEW COMPLETED: YES _X _NO_
TARIAT’ N
1. Ajover and Inaldes are involved in the manufacture of extruded polystyrene foam

sheets. The Ajover company will substitute CPFC-12 by using butane, and the Inaldes company
will substitute CFC-12 by using carbon dioxide technology patented by Dow.
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2. Incremental capital costs of Ajover relate to safety equipment and extruder modification
and butane tank; those of Inaldes to replacement of the extruder system for carbon dioxide use.
Net operational savings will be generated because the price of butane and carbon dioxide are
less than that of CFC-12,

SECRETARIAT’S RECOMMENDATION

3. The Secretariat recommends final approval for the project for the amounts requested,
i.e., US $1,072,000.



PROJECT COVER SHEET

COUNTRY : COLOMBIA

PROJECT TITLE: Elimination of CFC in the Manufacture of

Domestic Refrigerators in Colombia.,

SBCTOR COVERED: DOMESTIC REFRIGERATOR MANUFACTURING

ODS USE IN SECTOR: 245 tons ODP (1893).

i
Five Patticipating Companies; YOTAL ANDINOS CORELSA HACES HCASA POLARIX |
Compr.Man Refr.Man. Refr.Man, Refr.Man. RefrMan. ||
ODP-Tous eliminated {1993) 226 o 22 68 12 63
i
i Incrementai Capital Cost (USS) 2,449 367 512,497 434200 268,830 708,000 504,740 |l
. Incremental Operational Cost {USS) §,423,500 6 800,314 2,094,904 1,334,546 2,193,736 ¢
TOTAL PROJECT COST (USS) 8,872,867 512,497 1,234,514 2,383,834 2,045,546 2,698 476
PROPOSED MLF GRANT (see note) 7,351,770 213648 1,234,515 2,383,825 2,043,547 $,376223
UHIT ABATEMENT COST (US$Kg) 13.2 WA 214 15.9 10.9 85

Note: POLARIX ix 51% owned by Article-S Country. ANDINOS is 61,2% owned by Anticle-5 Countries.
Compr.Man = Compressor Manufacturer ; Refr.Man = Refrigerator Manutacturer

PROJECT DURATION:
BECONOMIC LIFE:

1l year.
10 years.

HATTONAL COORDINATING CPNO - Comite Macional para la

BODY: Pregexrvacion de la Capa de Ozono.
IMPLEMENTING AGERCY: UNDP
APPRAYSAL DATE: June 1994

PROJECT SUMMARY:

This project will eliminare the use of CPFC’s in the existing four domestic
refrigerstor manufacturers in Colombia. A local comuwresgor plant (ANDINOS) will
alao recelive aggligtancse to convert their facility for the prdéduction of HFC-134a
conpregsors, CPFO-11 uged as a blowing agent Tor producing thermal insulating
foams in the four refrigersator manufacturing plants will be replaced by HOFC-
141b. On the other hand, CPC-12 used as refrigerant will be replaced by HFC-134a.
The prodect will eliminate 226 tons-0ODP/fyr (based on 1993 figures). Funds
requested will be used to change the existing productien lines, the cost of
testing, pre-production trials, and tralning, as well as incremental opexational
cogty resulting from the conversicn te the new techmnology {2 years only).

TECHNICAL ASSESSMENT:

The foam part of the project was prepared by Mr. A. Gabella, the refrigerant part
by Mr. Stuart Kelly 4in collaboration with the Comite Naclonal para 1a
Pregervacion de la cCapa de Ozono (CPNO)} and the Asociacién Nacional de
Industriales {ANDI). The project has been reviewed and ig supported respectively
Mr. Bert Veenendaal {(Foawms) and by Dr. Lambert J.M. Rulijpers and Mr. Martiem
Jangsen from RE/QENT-Eindhoven (refrigerxant}. Their commentsg ara attached.




PROJECT OF THE GOVERNMENT OF COLOMBIA

ELTMINATION OF CFC IN THE MANUFACTURE OF DOMESTIC REFRIGERATORS

1. PROJECYT OBIECTIVE.

The objective of thig project is to eliminate CFC uged at the
existing manufacturers of domestic refrigerators. The CFC’s which
will be eliminated include CFC-11 used as a blowing agent for
producing thermal insulating foams as well as CFC-12 uped ag a
refrigerant in the production of domestic refrigerators.

2. SECTOR BACKOROUND.

Colombia‘’s Country Programme for the Phase-out of Ozone Depleting
Subgtances under the Montreal Protocol was approved in March 1894.

CFC-11 consumption for thermal insulation in the domestic
refrigeration sector in 1993 amounted to 169 tons. Begides of
being used for thermal insulation of refrigerators, CFC.11 ig also
uged in Colombia for the manufacture of integral skin, shoe soles,
rigid foam for acoustic insulations and constructions.

CFC~12 consumption in 1332 amounted to 1374 tons, out of which 105
tons were used for the manufacture of domestic refrigerators. This
estimate was subsequently identified as containing 10 to 15%
inadvertent losses, plus some incorrect end-use allocation. The

figures used in the project (76 tons) are based on the most recent
data available for 1993.

About 422,000 domestic refrigerators were manmufactured in 1993, A
rapid growth (10 to 20%) is anticipated in thig sector. For the
period June 93 to May %4 the figure grew to 449,000 refrigeration
units already. The manufacture of domestic refrigerators in
Colombia is shared between four companies:

- Corporacion de Electrodomesticos &§.A. (CORELSA)

- Industrias Haceb 5.A. (HACEB)

- ICASA 85.A. {ICAsap)

- Folarix Rlectrodomesticos 8.A. {(POLARIX)
The industry imports some raw materials and parts. Compressors are
mainly supplied by "COMPRESORES ANDINOS", a company that produced
330,000 hermetic compressgors in 19983, 291,000 of which were usged in
the domegtic refrigeration sector. ’

Uninhibited growth in the mamufacture of domestic refrigerators
would lead to an estimated consuiption in the year 2000 of 350 tons
per vear of CFC-1l1l and of 275 tons per vear of CFC~12. CPNO, with
the agaistance of ANDI and UNDP, has designed a strategy for the
elimination of CFC-12 in this gector beginning late 1994 / early
1%95. Approval of the projects by the MLF in July 1594 would bring
the implementation of thig strategy well in line with the target.

+« 2 o



A conmplete phaseout ¢f the use of CFCs as refrigerant in the

manufacture of domestic refrigerators in Colombia will be achieved
in 1836,

3. ENTERPRISE BACEGROUND

CORELSA, HACEB, ICASA and POLARIX are presently the only
enterpriges manufacturing domestic refrigerators in Colombia and
all four companies are encompassed by this project. Three ave 100

per cent nationally owned, whilst the ownership of POLARIX is 51%
Mexican and 4%% Dutch.

COMPRESORES ANDINOS supplies about 70% of the compressors used by
the above-mentioned four companies (the rest being imported). The
enterprigse is 33.3% Colombian owned, the remaining equity being
27.5% Bcouadorian and 38.8% Brazilian owned. However, the Brazilian
part is a wholly owned subsidiary of a US compressor manufacturing
company (Tecumseh Products Co, Michigan) and thus this percentage
is not eligible for any financing by the Multilateral Fund.

More details on ANDINOS and the individual refrigerator

manufacturers are given in the tables on this and the following
page respectively.

COMPRESORES ANDINOS:
Amount Requested from MLF: US$ 313,648
Plant Located in: BOGOTA

: 33.28% COLOMBIAN, 27.92% ECUADORIAN, 38.80% BRAZILIAN
HNo. of Compreasors Models: Ed
Current Production Capacity: 400,000 units p.s.
1893 Production Volume: 330,000 units
Contact Persons: ARMANDO HENAC SANTAMARIA, Geoneral Manager

JAIRO ARIAS MOLINA, Production Manager '

TeliFax: Tel. 778 11 47 - 775 11 67

Fax. (87 1) 77512 62

Cther information: The 38.80% Brazitian owned squity of Compresores Andinos 5.4, belongs to Socledad intercontinental de
Motorcompresores Hermeticos {SICOM) Limitada, which in tum is a wholly owned subsidiary of TECUMSEH Corporation of

Michigan, USA. This reduces the eligibility of Comprescres Andinos for funding from the Monirsal Protocol Muftitateral Fund
te only 61.20% of the project cost,

Compresores Andinos manufacture compressors using Tecumseh technology and they compiy with Tecumseh Standards™
throughout all stages of thelr manufacturing Gperation. The products sre marketed bearing the "Tecumseh” brand nanie,
The incremental capital cosis requested by Compresores Andinos in the current project wilf assist ANDINOS in the
conversion of the axisting production capacity to manufacture an equivalent number of HFC-134a compressors,

Compresores Aadinas also manufacture hexmetic compressors for companies in the commercial refrigeration sector who
manufaciure food storage and display cabinets, unitary commercial refrigeration equipment, etc. Production for this purpese
in 1993 was approximately 30,000 CFC-12 compressors. A project to sliminate the use of QDS in the commarcial
refrigeration sector is also being propared on a sectoral basis including the principal commercial refrigeration equipment
manufacturers and Compresores Andinos, Inn the proposed commaercial refrigeration ssctor project, there will be NO request
from Comgpresores Andinos for additional capital invesiment costs,




Description of the four Domestic Refrigerator Manufacturers;

COMPANY CORELSA HACER 1CASA POLARIX l
CFC use in 83 22 tons 64 tons 72 fons 83 tons ;
! Amount Requested 1,192,229 2,172,407 2,048,547 1,306,428 i;
ik
Full name: Corporacion de Elec- industrias Haceb S A, fCASA S.A. Polarix Electrodomes- |
trodomesticos S.4, - ticos 5.4, i
i
i Plant located in Bogota Medsitin Bogota Manizales |
H
Ovenerzhip 100% Colombian 1% Colombian 100% Colombian 51% Mexican, 49% Duich |
: |
4 Na, of models made 9 & 16 {incl. 5 coolers) 10 i
 Retrig Units in last 53,845 140,144 100,000 155,000
12 months.
Contact Persons Atvaro Enrique Gomez Haman Albarto Marin Haot. Hem. Lampros Augusto Yoro E
i General Manager Qual, Control Manager Production Engineer Plant Menager |
;1 Tel/{ax FI543001 7162714 2740100 § 3742452 2604756 / 2623559 86,4010/ 968-806,6327
Other Information Corpotacion de Elec- Industrias HACER 5.A, ICASA is a domestic Potarix Electodomesti-
{general} trodomesticos S.A. supplies the Colombi- appliance manufactur- cos S.A. is & domestic
produces major ap- #n home appitances er, [t has 1050 smploy- applisncos manufsciur-
pliances covering market. The mein ons, Indirect smploy- of, its 440 smploynes
Colombian markets as piant at Modsliin gen- nent reachies 10,000, wre Cotombion, malnty
woll a8 oxporting to 12 eratos 2000 direct 5% of production is from Menizales, Indirect
countries of the re- work posts sad pro- axported to Venszuela smployment reaches
gion, CORELSA star- duces 800,000 appil- and Peru, B started pro- 5,000, All production s
tod its oparations in anoes pot yeut, includ. duction 37 years ago. soid In “Pucto Andino™
1977 and smploys ing tieating and refrig- Apset from domestic marketz, D0°% of ssles
1280 poopie. Among srstion squipment. Eg- refrigerators, ICASA are in Colombia,
CORELSA *s produc- uipment is certified produces cookers,
tion lines there is use per ISO-7371 .4 1EC-— | washing machines etc.
! of CFC's in the areas 335-1.2 norms, The facilities have 3300

of houaehold refriger-
atorz and bottled wa-
ter dispensers,

m® area. The company
has been aperating in
refrigeration squipment
for over 38 ysars,

Additional Informa-
tioh on Feum Equip-
ment

One outdated high-
pressure machine is
presently used,

The company intends
to phase out in two
phases, Presently,
HACEB uses high-pre-
ssure foaming equip~
ment

Present foarn produc-
tion uses low pressure
equipment,

Prasent foam produc-
tion uses low-pressure
equipment.




4. PROJECT DESCRIPTION

All four domestic refrigerator manufacturing companies presently
use CFC-11 for the production 6f rigid isclating foams needed for
the refrigerator cabinets and doors, and used CFC-12 as refriger-

ant .
following table:

CFC-11

The total consumption in 1993 was as reflected in the

¥ CPC-11 QDEF ¢ CPC-12 1 Total ODP 4
in tons eliminated in tons alinminated
(Baa note *) in tons

CORELSA I 1% 13 ' 9 l 22 l
HACEB 50 48 24 69 -
TOASA l 64 57 l 15 l 73 l
POLARTX 40 35 28 63

¥ '] # 2

1 369 150 ' 76 b oaz i

Hote *: Becomd column of figures for CRC-11 takes the ODP of HCOPC-141b
into account {(ODP = G.11).

4.1. Replacement of CFC-11 with HCFC-141b.

All companias will transfer to HCFC-141b as a first
step to an ODS-free system, The foam machines
for the rigid Insulation should be high pressure
machines that will be abla to process the higher
viscosities and mixing requirements of the low
ODS systems and aiso any of the developing ODS-
free systoms,

This will require equipment replacement and
training at CORELSA, ICASA and POLARIX. In the
case of ICASA and POLARIX, low-pressure sys-
tems are in use which will have to be teplaced.
CORELSA is using an outdated high-pressure
machine, wnich is not able to produce all {formulas
with HCFC-141b, Furthermora, CORELSA's current
machine is not able to utilize other replacement
chemicals ke cyclopentans which may ba needed
for the future phase-out of HCFC-141b. Regarding
HACER, a suitable high-pressure system is in use
“and does not need replacement.

Alr compatiies will require test-runs before being
able to start industrial production with the new
technology. These activities will include training of
staff in worker-salety refated to HCFC-141b,

Operational Cost for two years are requested to
cover the transitional period,

*
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4.2. Replacement of CFC-12 with HFC-134a.

All companles witl changs to HFC-134a. This conversion
requires the use of HFC-134a compressors and the associated
new synthetlc lubricants, re-design of the refrigaration systems
o cater for the difference in thermodynamic performance of
KEFC-134a versus CFC-12, pretotypling, testing and opfimization
of each refrigerator model, and pilet scale manufacture and
testing before full scale conversion of production to HFC-134a
for each modal. The conversion will result in changes in manu-
facturing proceduras for which preduction line supervisor and
operator training will ba required.

The different properties of HFC-134a, the need to aveid cross-
contamination with CFC.12, and the phased nature of the
conaversion of refrigerator production from CFC-12 to HFC-134a,
meansg that new systern evacuation, refrigerant charging, and
leak detection sequipment will be required.

Key to the success of CFC-12 elimination is the local availability
of HFC-134a compressoars. The only national manutfacturer of
small irermetic comprassors is COMPRESORES ANDINOS who
have committed to the conversion of theit compressar manufac-
turing Gperations to be able to provide the necessary volume of
HFC-134a compressors comeencing Q3 1994,

It should be noted that COMPRESORES ANDINOS have ajready
made a substantial part of tha investment necessary i order to
be abie to supply the Colombian market with HFC-134a compres-
sors commencing Q3 1984, Incremental operating costs are

passed on 10 the four refrigerator manufacturets (see annexes
for calculation methods),



5. TECHNOLOGY

5.1. Replacement of CFC-11 with HCFC-141b.

5.1.1. OVERVIEW AND SELECTION

There are currently three main directions in the devel-

opment of CFC-free systems for thermoset insulation
foams:

CFC-11 » partiat waterfHCFC-141b > ?
CFC-11 > partial water/HCFC-22,142b » HFC-134a, 152a
CFC-11 » Cyclopentane

in addition, compounds such as perfluoroalkanes,
HCFC-123, fluorinated ethers and 2-chloropropane
have been suggested, but are immature in technology,
limited available or toxicologically suspect.

The first solution~the "liquid" solution— is the one
which will be applied in this project, and employs
technology that is closely retated to the existing one.
The final step in this process is not yet decided. One
potential solution is HFC-356, but full water blown
foam with improved cell structure remains an option,
specifically in "lesser demanding™ systems such as
water heaters, where dimensional changes--although
costly~ are possible. The second one-the "gas"
solution—utilizes a gaseous mixture of physical
blowing agents, requires always new equipment, and
extensive adjustments. The final step in this process
is seen as the introduction of {(gaseous) HFC's. The
third solution, Cyclo-pentane technology has recently
been introduced commerclally in Germany. Hs flam-
mable character requires safety conditions and limits
its use. Based on economic environmental consider-
ations, cyclopentane would be the best choice for
these applications. The compound is however not
available in Colombia.

A combination of water-blown technology and the use
of HCFC-141b is identified bv the Colombian industry
as an aitarnative that is proven technology, environ-
wientally acceptable and available in the Colombian
market. The choice of high pressure equipment will
facilitate the subsequent step to a truly ODP-free
system without major additionat capital costs.

5.2.1. IMPACT ON PRODUCTION PROCESS

The use of reduced CFC technology will be facilitated

through the employment of high pressure foam
production equipment.
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5.2. Replacement of CFC-12 with HFC-134a.

5.2.1. OVERVIEW AND SELECTION

HFC-134a has become universally accepted as the replace-
ment for CFC-12 in the manufacture of domestic refrigerators.
HFC-134a is widely available and the technology is mature,

having already been introduced commercially in many of the
Developed Countries.,

All the four Colombian domestic refrigerator manufacturing
companies developed their own CFC-12 based technology "in
house”, and all intend to develop the HFC-134a technology
themselves with assistance from equipment and refrigerant
suppliers. All the companies commenced their HFC-134a
technology development activities in mid 1993,

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

HFC 152a might be considered as another candidate for CFC-
12 replacemaent in domestic refrigerators. However, HFC 152a
is also flamimable, the technology has not been developed
commercially, and there are some questions around it's
stability in refrigerator systems. Furthermore, compressors
for use with HFC 152a are not commercially available.

COMPRESORES ANDINOS is 38.8% owned by Sicom Limita-
da, of Brazil, which in tum is a wholly owned subsidiary of
Tecumseh Products Co., a major US compressor manufactur-
er. COMPRESURE- ANDINOS thus has access to the

necessary technology to be able to successfully manufacture
HFC-134a compressors.

5.2.2. IMPACT ON PRODUCTION PROCESS

HFC-134a, like CFC-12, is non flammable. HFC-134a has also
been the subject of toxicological testing and ts considered
safe in use in industrial applications. At the present time the
Occupational Exposure Limit (OEL)/ Threshold Limit Value
(TLV) for HFC-134a is comparable to that of CFC-12 and thus
no changes from current practices are required.

There will be an approximately 5% teduction in the mass
charge of HFC-134a compared with CFC-12 for a refrigerator
system of the same capacity.

System cleanliness and moisture content is paramount to the
successful manufacture ot HFC-134a refrigerators. One effect



HCFC-141b is moderately fizmmable. For the intended
purpose, the blerds should not cause any risk, but a
monitoring check at commissioning wilt be performed
to ensure safe exposure fevels. Ventilation is 1o be
instatied where neaded.

Current open pre-mixing procedures shouid be re-
placed by automated, pressurised ones where applica-
hla. This will save up o 20% ABA.

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

Tha linar should be resistant to HCFC-141h,

Recentily at an ODRG mweting, an-in depth discussion
on the use of HCFC-141b and consequences on the
liner was hald, it concludes that HCFC-141b technolo-
gy is commercially proven, offers high-insulation
performancs and cotstitutes a viable intermediate step
to zeto-ODS technology. it however requires an

appropriate plastic liner. More information Is attached
herewith in annex E.

6. PROJECT COSTS

6.1, THCREMENTAY. CAPITAL COSTS

of this will be the nead for a careful re-assessment of produc-
tion procedures and personnel re-training as appropriate,

The chemical stability of HFC-13dwsynthetic lubricant
systems in domestic rafrigerators, and hence the tong term
performance of the appliance, are sensitive to moisture
content and certain chiorinated impurities. This requires that
CFC-12 and HFC-~134a handling equipment be carefully
segregated, and it calls for befter evacuation of the system
prior {o refrigerant charging. The conversion from CFC-12 1o
HFC-134a will take place on a model by model basls, so that
afl four manufacturers will be producing both CFC-12 and
HFC-134a refrigerators during the implementation phase of
this project. This is feasible as all manufacturers have several
production lines. it moans that thers is a requirement for new
system evacuation equipment and refrigerant charging
equipment at alf refrigerator manufacturers.

Leak detection of the refrigeration system is an integral pant
of the manufacturing procass and the use of HFC-134a
roquires that new leak detectlon squipment be employed.

6.1.1. Capital Cost for the Manufacture of HFC-134a Compregsgors

{Compresores Andinos) (USS).

Description

Total Coat
A. Equipment Needed.
Dehydrating Equipment, Ol purifier, olf & gas dosers 109,736
Comprassor Sealing Equipment 13.500
Hew Final Test Cabinet (Hi-Potential, voltmeter, Staner, and Nitrogen Charger) Treatment 20,000
Tunnel {case degreesing, clesning, snd chemical trestments) 90,000
Finizhing Tunnel {cleaning, drying, mcunting and welding} 120,000
Calorimeter and other 8,586,
Guality Control Lab thstruments 5,090
Qutality Control Lab squipment for Pull-down 14,000
Technical Assistance _. 60,000
SUB YTOTAL - 444,906
B. Training and Trisls,
Training 15,000
Trials 6,800
| sUB TOTAL 7 21,000
CONTINGENCIES (?ﬁ% of Capcm Cos{} 46,591
e S— e — —— N——
il TOTAL i 512,497




6.1.2. Capital Cost

for the Refrigerator Manufacturersg - CFC-11 (US$).
Budget ltem CORELSA HACES {CASBA POLARIX
High Pressure Foaming % Unit 131,000 A 2 Units 262,000 1unit: 131,000 |
Machine i
Pre-Mixing Unit 70,000 Nia 55,000 NA: buys pre- |
; mixed matecial %
Ventilation System for 141b 1 unit 10,000 1 it 10,000 2 units 20,000 T anil: 10,000
Training {500 USS per patson) 1G poople: 5,000 § people 2,500 0 peaple; 5,000 10 people: 5,000
Tost Trals {1000 USS por trial, 3 refrig. models: 4 refrig. modesls: 16 models incl, 5 149 refrig.models:
3 triais per model) 27,000 24,600 coolers: 48,000 30,060
Contingencies (10%) 24,000 3,500 40,000 17,000
Subtolal incr. Capital Cost 767,000 40,000 440,000 193,000
6.1.3. Capital Cost for the Refrigerator Manufacturers -~ CFC-12 (US$).
|
Budget tem CORELSA HACEB CASA POLARIX i
REFRIGERANT CHARGING EQUNPMENT 2items: 75,000 2 ftems: 100,000 2 iterys: 100,000 2 itemx: 108,000
VACUUM PUMPS included in above 16 tems: 31,500 8 Hems: 35800 7 ftems: 21,700
amount, Retrofit 15 items:
4,800 -
LEAK DETECTION EGUIPMENT 8 hand held: 8,000 6 hand held: 6,000 8 fixed: 44,000 4 fixed: 40,000
OTHER EQUIPMENT ITEMS N/A NA NA Rofrigerant
Pumps: 165,700
TRANING 4,000 4,000 15,600 5,000
o H
TEST TRIALS 65,000 806,000 50,000 100,600 \
CONTINGENCIES {10% of capital cost) 15,200 22,630 24,400 28,340 7
|
SUB FOTAL (US$) 167,200 248,930 263,000 a0 |
= i
6.1.4. Total Capital Cost (US$). -
The totalg of the above three tables are gummarized as follows:
ANDINOS CORELSA HACER HCASA POLARIX
Total Capital Cost 512,497 434,200 288,930 709,000 504,740 i
% Article-5 Ownership 61.2 104 100 100 51
Capital Cost Requested: 313,648 434,200 208,930 709,000 257,704 i
+ 8 o



.2 INMCREMENTAL OPERATIONAL: COSTS

The calculation is based on a two-year perxricd (19%%-96) using 1993
production figures and ignoring growth (estimated at 10%).

It should be ncted that the project already underwent numerous
downward revisgions. All projects originally included four vears
incremental operational costs, including projected growth rates for
thipg period. Further to the 12th executive committee meeting in
March 1994, it wag decided to take out growth for the four years
pericd. In addition, it was then decided to cut the number of yvears
requested from four to two., Thereafter, capital costs which were
incurred by the compressor manufacturer before Colombia became a
party to the Montreal Protocol and for which a retroactive payment
was regquegted in an earlier version of the document were withdrawn
from the project regulting in another decreasge of US$ 455,000. Then
it was decided not to pay operational costs originally allocated to
Compregores Andinos, and instead to distribute a reduced amount to
the four refrigeration manufacturers instead.

All above-mentioned project decreases combined add up to over 5.2
million US$, sc that the requested amount at present egquals 7.3%
million US8$ with an overall unit abatement cost of US$ 13.2 per kg.

The following provides saome clarification as to the ANDIROS
Compressor manufacturer. Prices for compressors (imported and
ANDINOS) were originally obtained from each company, and verified
by UNDP’s comsultant and ANDI (Asociacién Nacional de
Indugtriales). Compresores Andinos is the only compressor
manufacturer in Colombia. The second table of annex ¢ ghows that
moat refrigeration manufacturers intend to buy both ANDINOS and
imported compressors. The prices of the present ANDINOS CFC-12
compressors are on average 3.4 US§$/compressor higher than imported
ones (37.55 -~ 34.13 ). The reagon of the higher cost for ANDINOS
compressors is becazze ANDINOS is yesared to the size of the
Colombian market and that their production levels are 10 to 20
times lower than similar c¢ompanies such as in the USA and in
Brazil. However it is important to note that all prlces in this
document are without taxes, and that the end-uger will pay a 15%
higher tax on imported compressors. In other words, if prices would

have included taxes, the competitive pogition of ANDINOS would look
better than shown in annex C.

Detailed calculations have been carried out on the incremental
cosgts that ANDINOS will be faced with when gwitching to HFC-134da
compressors, and amount to 6.92 US$. This figure takes the proposed
grant for capital incremental cosgt that thisg prodect will provide
into account. However, since ANDINOGS iz only 61.2 % owned by
article-5 countries, the incremental cozt used for ANDINOS
compressors in tahle 3 of annex ¢ amounts to 4£.23 US$/compregsor
only. Using estimated data of prices of imported compressors, as
well as estimated figures on demand of ANDINOS and imported

L



COMPresgors,

an average figure of 3.93 UsS$ per compressor was

obtained. Ag already mentioned, this amcunt will be applied to the

four refrigerator manufacturers,

Annexes

B and ¢ provide detailed explanations

rathey than to ANDINOS.

on how the

incremental operational costs were obtained, and are summarized in

the following tables.

6.2.1. Operational Cost for the Refrigerator Manufacturers (CFC-11}.

CORELSA HACEB ICASA POLARIX

a. Cost for Materials (see annex B) 260,193 STen84 461494 685,541

é b. Savings related 1o Cleaning of Mixing Head 0 i} 5,600 -5,000
“ Subtotal incremental Operational Cost 260,103 579,884 456,494 681,541

6.2.2. Operational Cost for the Refrigerator Manufacturers {CFC-12)

{see annex B} l CORELSA HACER 1CASA POLARIX
incremantal Cperaticnal Cost Subtotals i 540,211 1,515,020 878,052 1,512,195
6.2.3. Total Incremental Operational Cost.

CORELSA HACEB ICASA POLARIX
Sum of above two tables 800,314 2,684,904 1,334,545 2,193,735
% Article-§ Ownership 100 ' 108 W 1

|
Incremental Operational Cost Requested 800,314 | 2,094,904 1,334,546 1,118,805

|

6.3. 'I.'OTPJ: PROJECT INCREMENTAL COSTS (CAPITAL + OPERATIONAL)

i ! ’

i ANDINOS CORELSA HACEB ICASA POLARIX
fotal Cost {Capital+Operational) 313,649 1,234,514 § 2,383,834 2,043,547 1,376,223
GRAND TOTAL ALL COMPANIES 7351,7T70

¢ 10 o




6.4 ONIT ABATEMENT COST

6.4.1 Individual Unit Abatement Costs for the Four Refrigerator
Manufacturers (US$/EKq)

CORELSA HACEB ICABA POLARIX
a. Capital investment Costs B 434,200 288 330 709,000 257,417
b. Capital Recovery Factor {10% p.a)} 0.16275 0.16275 0,16275 0.16275
d. incremental Operating Costs 800,214 2,094,904 1,334,546 1,118,805
o, ODS Redustion (ODP Kgs 1993) 22,000 - 64,000 72,000 63,000
£, Unit Abatement Cost (USS/Kg) 214 15,9 10.9 9.5
[(a*b « &2} ]/ d |

6.4.2 Unit Abatement Cost for the Total Project encompassing all
the Five Companies (US§/Kg)
M [ TOTAL FOR FIVE COMPANIES 1N PROJECT
#. ODS Reduction Invesiment Casts 2,003,196
b. Capltal Hecovery Factor {10% p.a) 0.16275
d. tncremental Operating Costs (1996) 5,348 569
&, ODS Heoduction (ODP Kgs 1993) 226,000
?umr ABATEMENT COST {USSKg) 1;.2

7. FINANCING PLAN

The companies are requegting reimbursement to the amount of the
project costs of US$§ 7,351,770, See above tables and Annex A for
digtribution cof funds acccxd;.xxg to company.

8. PROJECT TMELEMENTATION

8.1 MANAGEMENT

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

+ 11 +



8.2 SCHEDULE

—— A — ——

TIME TO COMPLETION
Qi Q2 Q3 Q4 Q5 Q6
s el e

1. Preparation

MLF Approval x

FProcurement preparation xx ix

vendor selection XX
2. Installation ' -

Arrival, Custons, xx

Machine installation x Ix
i, Start-Up

Machine gtart-up *®

Trialg, training WK

Certification x Ixx

9. PROJECT IMPACT
This project will eliminate the use of 226 tons of CFC’'s, (1993
bage) in the first yvear of implementation.

10. ANNEXES

ANMEX A: SUMMARY BUDGET TABLE

ANNEY B: INDIVIDUAL COMPANY INCREMENTAL OPERATIONAL COSTS

ANNEX C: CLARIFICATION ON CALCULATION OF OPERATIONAL COSTS

- ANNEX D: TECHNICAL REVIEWS »

ANNEX E: OORG DISCUSSION PAPER ON THE HCFC-141B AND RELATED LINER
TECHNOLOGIES .

+ 12 «



Total

AND JHOS

CORELSA

- HACER ICASA POLARIX
gpCompr Manuf . fRefr.Manuf. |Refr.Manuf. |Refc.Hanuf. [Refr.Manuf,
0 13 451 57 35
a. CFC Consumption g $ & 15 28
(ODP Tongy | - - BB - - - - -BE- - - - - L2 B e DRI B
of 22 69 72 63
"""" o 267,000 44,000 440, 000 193,000 ]
b. Incremental 512,497 167,260 248,930 26%,000 211,740
tapital Cost EIRIEIEY BRI B R IR
512,457 434,200 288,930 709,000 504,740
= Q 260,103 579,884 456,494 681,541
c. Incremental GFC-1 4 445 478 0 540,211 1,515,020 878,052 1,512,195
Operational Cost LI - L AR IR EEEE N RE R B Y I i
Both 6,423,500 B U BOU, %14 2,004,904 1,336,546 2,193,736
cro-1118 2,918,022 I ¢ 527,103 $19,884 896, 494 874,541
d, Total lncremental CFL-18 5,954 8BS 512,497 707,461 1,763,950 1,147,082 1,823,935
Lost R IR S AR B RS BRI AR A B R
(d=b+c) goth B8 8,872,867 B 512,497 | 1,234,5% | 2,383,834 | 2,043,546 | 2,608,47%
rship in Art-5 Countries B9 2612 | 1 1 B! 0.5%
f. tapital Conv. Factor {10 yrs)f 0.16275 0.1627% 016275 0. 16275 0.1627%
cFC-113 0 527,403 419,884 896,494 446,016
9. Proposed CFC- 12 313,648 707,411 1,76%,95¢ 1,147,052 30,207
MLF Grant MY AR DR B A P A L
{g=d¥Xe) fBoth 313,649 1,434,515 2,383,835 2,043,547 1,376,283
crc-1188 WTR Pk P 6.6 5.3 S.4
3. Unit Abatement CFC- 128 N/A 2.0 33.3 3.2 0.7
Cost R I e B ! TR R A
g=(b*i+c/2)%e/(a*1000) fooen B 000 13 BE H/A 21.4

10.9




Aonex B.1.1 -- Calculation of the Incremental Operating Cost for CORELSA

1. The Elimination of CFC-11 as Blowing Agent for Thermal Irsulatin Foams,

CORELSA === CORELSA === CORELSA === (ORELSA =={CFC-11 !HCFC-“ib ‘Diffcreﬂce

Use per kg of Foam produced.

8. kg Palyol -~ 0.380 0.380 6.000 1

b. kg MDI 0.544 8,593 0.04%

c. kg Blowing Agent 0.07% 0.035 {6,041)
frices in USS/kg

d. Polynt 2.50 2.65 0.15

e, ¥0I 2.08 2.00 Q.06

f. Blowing Agent 1.80 4.00 2.20

§. Polystyrene for Liner 2.00 2.20 0.20
Cost per kg of foam produced

h. = a x 4. Polyol 0.950 1.007 0.057

i.=bx e, Mi} 1.088 1.186 0.098

- = c x f. Glowing Agent 6.137 8.140 0.003

k. = b+i+], Total per ky foam 2.175 2.533 0.158
Material used per Refrigerator ) i

£. ky of foams per unit (average) .50 4. 0.

m. kg of polystyrens per unit (aversge) 5.1 5.1 0.00
Cost per Refrigeration Unit

n.»{ x k. for fosms 1.

¢, = mx g. for polystyrene 18,220 11,262 1.022

22.790 |

q. ¥r of Refrig Units/year (based on 199
Jle, Total Incresental Cost per year (USS)

s, KPY ot 10X (3 = 0909 x r + 0909 x 0.909 x r)

s Amnex B - Page 1 =

2.784




Annex B.1.2 -- Caleulation of the incremental Operating Cast for CORELSA

CORELSA === CORELSA === CORELSA === CORELSR ==|CFC-12 HFC«134a  |pifference

. Refrigerant

a. Price per kg Refrigerant

b. £g per Refrigerator (average)

¢. Nurber of Refrigerators per year {see note 1}

d. Lost for Refrigerant de ax b X ¢

2. Compressors
8. Cost per Compressor (see note 2)
b. fumber of Compressors per year (see note 13

d. Cost for Compressors ¢ = 4 X b . R 2,178,415 211,611

8. Cost per Condmsaf
b. Number of Cordensors per year (see note 1)

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

2. Cost per Filter/Deyer
b. Wusmber of ?ilterﬂ}mrz per year (see pote 1)

W W e . ey N

d. fost for ﬁitermmr c=axb

5. Capilisry Tubes

a. Cost per Capillary Tube
b. Kumber of Capitiary Yubes per year (see note 13

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

— vear . _ . B 511 310
f HPY at 1*32 (f = 0909 x e + 0,909 x 0.908 x ) - : 540,211

Rote 1: Figures for 1995796 are based on production fié{ares aof the last 12 months prios to
submitting the propafal. Expected growth in the sector was not taken into account further
to-a decision by the 12th Executive Cowmittee Meeting.

Mote 2: An average was obtained using all reported data on incremental costs for
jaported and locatly produced compressors. See annex C. on calculation method,

+ Amnex B - Page ¢ =



Anoex 8.2.1 -~ Caloutation of the Incremental Operating Cost for BACES

1. The Ei:mmat:an of CFC-31 as Bioumg Agent for Thermal Ensulatm Foams.,

Po—— e

.

HACER === HACEE === HACER === HAUER ze= HACER [CFC-11 Iﬁﬁ?ﬂ*!fcih Iﬁiffetence

Use per kg of Foam produced. ;

2. kg Polysol C0.5%6 0.3% 0.000

b. kg MbI 6.50% 0.57% 0.069

€. kg Blowing Agent 0.09% 0.043 (0.056)

d. Polyol 2.50 2.65 0.15

e. MD] 2.00 2.00 0.00

f. Blowing Agent 1.8 4£.00 2.20

9. Polystyrene for Liner 2.00 2.20 0.20
Cost per kg of fm produced

k. = 5 x d, ?aiyai

i. =bx e MY

j. = ¢ x f. Blowing Agent

k. = h«r;ﬂ‘ Yotal per kg foem

Material used per Refrigerator
t. kg of foams per unit (average)
n. kg of polystyrene per unit (average)

Cost per Refrigeration Unit

n, =i %k, for foams
o, = m % 4. for polystyrene

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

- PETTTTETES ¥ A

r. Total Incremental Cost per year (US%)
s. NPV at 108  ¢s = 0,909 x r + 0,909 x 099 x )

Aryien, B - Page 3

q. ir of Refrig {fnits]year (based on 1993 productiony




annex 8.2.2 -- Calcuiation of the Incrementat epemtmg Cost for BACEB

HACEB =%= HACEBR === HACER wmw= HALER === HACEB {LFC-12 HFC-134a

1. Refrigerant

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

a. Price per kg Refrigerant 2.40

B, Kg per Refrigerator {average) £.193

¢, Humber of Refrigerators per year (see note 1) 140, 144 1 R
d. Cost for Refrigerant d=axbxc 66,915 282,110 217,195

2. Conpressors
a. Cost per Compressor (see note 2} 36,49
b. NHunber of Compressors per year {sge nots 1) 140,964

3. Cordensors

a. Cost per Condensor 1

b. Number of Condensors per year (see note 1) 140, 344

d. Cost for Condensor c = ax b Thé, 165 818, 441 14,276
4. FilterfDryer

a. Cost per Filter/Bryer 8.54

b, Humber of Filter/Dryers per year {see note 1} 140,144

d. Dost for FilterfOryer c=axb 75,478

5. Capitinry Tubes

B L L T N L LT Ty

a. Cost per Capillary Tube 0.57
b. Nurber of millary !tbes per year {se2 note 1) 140,164
d. Cest for Cxplllary Tl.be cxaxb 79,882

.. Total per yesr
f. KPV at 10X = 0.909 x e + 0.90% x 0.909 x &)

Hote 1: Figures for 1995/96 are hased on preéuction figures of the last 12 months prior to

submitting the proposal. Expected growth 1H the sector was not taken into account further
te a decision by the 12T Executive cmtttee Hesting.

fiote 2: An average was sbiained using all reported data on incremental costs for
imported and locally produced compressors. See amnex €. on calculation method,

o Annex B - Page &«



Annex B.3.1 -+ Caleulation of the Imcremental Operating Cost for ICASA

1. The Elimination of CFC-11 as Blawing Agent for Thermal Insulatin Foams.

ICASA  =5=ICASA ===JCASA #==ICASA ===ICASA ==={CFC-11 IﬂtFC-de Ibifferem:e

P I

a. kg Potyol - 0.393 9.393 0,000
b, kg W01 - 6,532 4.581 G.049
€. kg Biowing Agent 0.675 0.034 (0.0413

Prices in US3/kg

nnnnnnn B R R e e e e e e e i m m m e e e R e R N W AW

€. Blowing Agent
¢. Polystyrens for Liner

Cost per kg of fomm produced

P L L R R L E L R TR R e AR P Y

B, = a x d. Palysl $.059
i. = b xe. ¥BI 1.064 1.162 0.098
i. = ¢ x f. Blowing Agent 6.135 6.136 6.001
kK. = htitj, Total per kg foam 2.182 2.33¢ a.158

|Materisl used par Refrigerator

;- - -

L. kg of fosms per unit (average} 1]
w. kg of polystyrene per unit (average) 3.500 3500 0.000

togt per Refrigerstion Unit

n. = L x k. for foams
2. = mx g. for polystyrene 7.000 7.700 {700

. = 1+ . Total pér unit

4. Mr of Refrig Units/year (based on 1993 production)
r. Yotal Incrementsl Cost per vear (USS)
. PV at 10X (5 = 0.909 x r + 0.909 x 0.909 x ¢)

« Annex B - Page 5 «



Annex 8.3.2 -- Caleulation of the Incremental Operating Cost for [CASA

2 The Elimination of CFC-12 as Refrigerant.

fCASA === I1CASA === JCASA === ICASA === ICASA JCFC-12 HFC-134a ii’fii‘fﬁrence

1. Refrigerant

&, Price per kg Refrigerant
b. Kg per Refrigerator {average)
. Huber of Refrigerators per vear {see note 1}

........................................... Ty R

d. Cost for Refrigerant d= s x b x ¢

2- Coupmssoré

&, Cost per Compresser {see note 2)
b. Humber of Lompressors per year (see note 1)

d, Cost for Compressors ¢ = a x b 3,649,000 14 G42, 000 303,000

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

8. Cost per Condensor
b, Number of Condensors per year {we note 13

&. Cost per Filter/Dryes
b. Number of ?iizerﬁmn per year {see note 1)

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

d, Cost for Filtermmr csnxb

5. Captilary 1 O ——
#. Cost per Capiliary Tube .47
b. Number of Capillary Tubes per yesr {(see note 1)

e A e e A e O e R e - _————— ——— ow § o

e, Total per yesr _ :
F.0HPY at 10X (f = 0,505 x e « 0.909 x 0.909 x e) —— : - 878,052

kote 1: Figures for 1995796 are based on production figures of the last 12 months prior to

stbmitting the propesal. Expected giuwth in the sector was not taien inte sccount further
to a decision by-the 12th Executive Committes Keeting.

Hote 2: An average was ohtained using all reported data on incremental costs for
imported and locally produced compressors. See annex . on calculation method.

« Amnhex B - Page 6«



Annex B.4.1 -~ Calculation of the Incremental Operating Cost for POLARIX

1. Ythe Elimination of CFC-11 a3 Blowing Agent for Therma! Insulatin Foams,

POLARIX ===POLARIX ===POLARIX ===POLARIX ===PQ[CFC-11 lHCFC-IG'Ib 1§¥ffarence

Use per kg of Foam produced.

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

a. kg Polyot 03T 0. 0,000
b, kg MDI 0.540 0,596 G056
€. kg Blowing Agent 0.08% D.037 {0.046)

prices in US87kg

. Biowirg Agent
g. Polystyrene for Liner

Cost per ky of foam produced

T e A e s e e R

k., = & x d. Polyol
i, * b xe. M
j. = e x f. Blowing Agent

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

k. = h+i+j, Totst per kg foam

Heterial used per Refrigerator

A e e e b e

{. kg of foams per mnit {average) .
m, kg of polystyrene per unit (average) K220 L. 220 4,000

Cost per Refrigeration Unit

A R A AT P T T T T L LT O

n., *= L x k. for foams 10.964
o, = mx g. for polystyrene 8.440 9.284 0,854
f. ® i+ o, Total 20,248

q. Kr of Refrig Units/year (ba ' ' A
r. Yotal Incremental Cost per year {(US$) :
s. NPV at 10% (s = 0.909 x r + 0,909 2 C.909 » r)

395,637
£86,541

51% ---> 350,136

= Annex B - Page 7



annex 8.4.2 -- Calculation of the Incremental Operating Cost for POLARIX

2. The Elimination of CFL-12 as Refrigerant.

POLARIX w=ox POLARIX === PDLARIX === POLARIX ==x{CFC-12 HFC-134a  [pifference

t. Refrigecant
a. Price per kg Refrigerant
b. Eg per Refrigerator (average)
¢, Bumber of Refrigerators per year {see nhote 1)

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

d. Cost for Refrigerant d= a x b x ¢ - 240,591

2. Compressors
a. Cost per Compressor {see note 2)
b. Kutber of Compressors per year {(see note 1)

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

¢. Cost for Compressors ¢ = 2 x b 5,655,950 16,265,100 509,150
X, Condensors

a. Cost per Condensor 10.94 10.96

b, Humber of Condensors per year (ses note 1} 155,000

e R B

d. Cost for Condensor ¢ =z X b 1,698,800 11,698,800 o

4. Filter/Dryer

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

a, Cost per Filter/bryer 9.53
b. taasber of Filter/Dryers per year {see note 1} 155,000

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

nnnnnnnnnn

-

&. Lost per Capiliary Tube 0.66
b. Samber of Capillary Tubes per year (see note 1) 155,000

A e e W e A e K A e e e W e e A e e e

d. Cost for Capillary Tube czax b 102,300

- s

ie. Yotal per year . - . ) El B71,441
. NPV at 10X (f = 0.%09 x e + 0.909 x 0.909 X e} e 1‘2,512,?95

S1% --—> 771,219

Hote 1: Figures for 1995/96 are based on production figures of the last 12 months prior to
submitting the proposal. Expected growth in the sector was not taken inte account further—
to a decision by the 12th Executive Committee Meeting. o

Note 2: An average was obtained using all reported data on incremental costs for
imported and locally produced compressors. See annex €. on calculation method.

» Appex B - Page 8§«



ANNEX € ; Price averages for CFE-12 and for Cocwz“essars

frices of CFC~12 as refrigerant,

o o s e G T O O S M R R e s

X e e g e SN RS SRR ST T S AR A

Hr of kg per Hr of Price of Tetal
Refrigeraters Refrigerators CFG-12 uss
Corelsa 0.171 102,000 3.48 > 60,698
Haceb 6. 193 2%2,008 .92 > 93,381
icasa 0.150 200,006 2.50 » 75,060
Palarix 0.192 296,000 2.1 » 120,269
H
1
AveragefTotal 4.180 844,000 240 < 349,348

The average CFC-12 price used throughout the project is therefore 2.4 US%/kg

Prices of CFL-12 Compressors reported by each company

TER TR B L et E 1T

Lacally Produced Itported Totals
{zee note 1) {see note 3}
Corelss 3¢.02 20,000 31.50 82,000 33.85
Haceb 5.9 228,000 35.%0 24,000 35.90
icasa 47.60 £4 000 35.18 156,600 36,59
Polarix 38.13 294,000 3760 L4 38.13
AveragefTotat 37.5% 582,000 34.13 262,000 36,49

falculation of Average Incremental Costs for Compressors

Local Compressors Imported Totals
{see note 2} {see note 33
Corelsa 4.23 20,000 2.86 82,000 in
Haceb 4.23 228,000 3.60 24,000 417
lcasa 4,23 44,008 342 156,000 3.80
Polarix 4.23 290,000 3.60 ¢ 6,23
Average/Totat 4.23% 582,000 3.28 262,000 1.93

Hote 1: All prices above makes it look as if prices of imported compressors are lower thar prices of
tocally wmade corpressars, This is explained by the fact that oroduction veolumes at ANDINOS compressors
are 10 to 20 times lower than production at factories in USA or Brazil, However, 7t is important to note
that an impart tax of 15X is charged te imparted comprassors, so that the after tax prices look much
mare favourable for ANDINOS than the figures shown above.

Note 2: This price was caleulated based on the incremental operational cost that ANDINOS will be faced with
to switch from CFC-12 compressars to HFC-134a compressors. The incremental cost areived st is 6.92 USS
per compressor. However, ANDINOGS being only 61.2% owned by Article-% Countries, the incrememual cost

for am ANDINOS compressor was reduced accordingly, eventhough the funds will be altocated to the
refrigeration manufacturers,

Hote 3: ALl prices were provided by the various companies concerned, and verified by the Ministry of Planning
in Colombia and with the Ascciazion Hacional de Industrial de Industriales. Production figures in this
table are based on 1993 data.
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TECHNICAL REV%EW
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[}) PREPARED BY: Bert Veenendaal :
UNDP Sectdr Expert
© DATE: June 18, 11994
1. COUNTRY OF ORIGIN:  COLOMBIA : ya
2. PROJE TITLE: Elimination of LF{:'s in the Dt;mestisc
Refrigeration Sedtor (CFC-11 part)
3. (BUB)SECTOR: Foamed Plastics ’
4., CP RELATIONSHIP: Included
5. TECHNOLOGY: Reduced CFC foam|technology followed or

combined with HCFC-141b is a viable
intermediate step to zero-ODS foams. It
is commercially proven. offers relative
good insulation performance. It requires
an appropriate |plastic liner, which
influences the cost. The use in these
projects is sup ed a3 cyclopentane 1is
currently not avallable in Colombia. The
technology is avalilable through chemical
suppliers or ext al experts

6. ENVIRONMENTAL IMBACT: The inmplementatidn of the transitional
step constitutes [95% ODP reduction, but
the instalied egpipment allows without
substantial additional investmentz the
completion to non-0DS techonology at a
later stage. HCFC-141b is moderately
flammable has a | low TLV. The project
commissioning should incliude an IH and
safety audit -

7. I:‘R(‘.lJEG’IL cosTS: All essential cost components are
identified and gquantified
There appear nco |elements that are not

incremental
The. capital c¢ost are reaseonable and
adequate. The need of ProOCess

ventilation 418 s8fill not fully clear.
The IH/safety audit could be used to
address this iss:t?
There is no ndet-scrap value to be
expected g

The capacity wilh not be increased by
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this investment ]

The individual cbst components are, on
suggestion by the reviewer standardized
and regional prilces in stead of local
prices are used Iwhere local prices "are
unusual high (due to taxes, availability
Or other reasons)

No savings are tg be expected
Comparative review of individual cosgt
components with | other projects shows
(with help of tHe Secretariat) nothing
out of the ordinary

- 8 IM‘:ZE":ATION: Adequate and feagible
9. RE ATION: Approval as propdsed is recommended with
' the stipulatio to provide the

Secretariat wit the results of the
IH/safety audit |( allows to judge the
need of ventilation in future projects)
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TECHNICAL REVIEW

PREPARED BY: Bert Veenendaal ey
UNDP Sector Expert (v
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1. COUNTRY OF ORIGIN:
2. PROJECT TITLE:

3. (SUB)SECTOR:
4. CP RELATIONSHIP:
5. TECHNOLOGY:

6. ENVIRONMENTAL IMPACT:

7. PROJECT COSTS:

DATE: June 18, 19%4 /;

/'
COLOMBIA /{

Elipination of CFC's in the Domestic
Refrigeration Sector {CFC-11 part)

Foamed Plastics

Included

Reduced CFC foam technology followed or
combined with HCFC-141ib is a wviable
intermediate step to zero-0DS foams. It
is commercially proven. offers relative
good Insulation performance. It reguires
an appropriate plastic liner, which
infivnences the cost. The use in these
projects is supported as cyclopentane is
currantly not available in Colombia., The
technology is available through chemical
suppliers or external experts

The {mplementation of the transitional
step constitutes 95% ODP reduction, but
the installed eguipment allows without
substantial additional investments the
completion to non-ODS8 technology at a
later stage, HCFC~141b is moderately
flammable has a 1low TLV. The project
commissioning shouid include an IH and
zafety aundit

All essential cast components are
identified and guantified

There appear no elements that are not
incremental

The capital cost are reasonable and
adegquate. The need of process
vantilation is still not fully clsar.
The IH/safety audit could be used to
address this issue

There 1is no net-scrap wvalue to be
expacted

The capacity will not be increased by



8
9.

IMPLEMENTATION:
RECOMMENDATION:

this investment

The individual cost components are, on
suggestion by the reviewer standardized
and regiocnal prices in stead of local
prices are used where local prices are
unusual high (due to taxes, availability
or other reasons)

No savings are to be ezpected
Comparative review of individual cost
components with other projects shows
{with belp of the Secretariat} nothing
out of the ordinary

Adeguate and feasible

Approval as proposed is recommended with
the stipulation to provide the
Secretariat with +the resualts of the
IH/safety audit ( allows to Judge the
need of ventilation in future proijects)
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COUNTRY :

PROJECT TITLE:

SECTORS COVERED:
ODS USE IN SECTOR:

PROJECT IMPACT:

PROJECT DURATION:
PROJECT ECONOMIC LIFE:

TOTAL PROJECYT COST:

PROPOSED MLF GRANT:
CoST EFFECTIVENESS:

COORDIHATING
BATIONAL BODY:

IMPLEMENTING AGENCY:

APPRAISAL DATE:

COLOMBIA

Elimination of the Use of 0DS in the
Polystyrene Foams Sector

Polystyrene Foams

320t CFC-12 in 1993

Phaseout of 320t CRC-12 (320t ODP)
pex Year (base 1993)

One Year
10 years
Incremental capital cost: USD 1,770,000

Incremental operating
benefit: UsSD

698,000
usDp 1,072,000
USD 0.15/kg/y

Comigsion Naciopnal para la Preservacion de
la Capa de Ozono (CHNPO)

UNDP

March 5, 1994
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PROJECT SUMMARY

This project will phaseout CFC-12 consumption in the manufackture of
extruded polysatyrene {XPS) foam sheet in Colombia by converting to
_ mature non ODS techmnlogigs (carbon dioxide/butane). Two companies,
sManufacturas Ajover Ltda® (AJOVER) and "Industria Nacional de
Degsechables" (INALDES), who share together the Colombian XPS
production, participate in this project. The companies will
provide considerable investments from own resources to cover costs

related to relocation, expansion of capacity and improved product
quality.

Frep'ared by

Dennisg Unaa, Foams Expert (XPS/PE)
Reviewed by

Bert Veenendaal, UNDP Senior Foams Sector Expert
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PROJECT OF THE GOVERNMENT OF COLOMBIA

ELIMINATION OF THE USE OF ODS IN THE POLYSTYRENE FOAM SECTOR

1. PROJECT OBJECTIVE

The objective of this project is (i) to phasecut the use of ozone
depleting substances in the manufacture of extruded polystyrene
foam gheet (XPS) in Colombia and (1i) to establish a model proiect
that could subseqguently be used for other sectors in Colombia.

2. SECTOR BACKGROUND

The 1993 CFC consumption in the Colombian industry reachad an
estimated 1700t. Of these, 320t or 16% were used as a foaming
agent in the production of XPS8 foam sheet. Two companies,
Manufacturas Ajover Ldta {(AJOVER) and Industria ¥Nacional de
Pesechables (INALDES) share the market in this fast growing
{(10-20%/y) sector. Corporate profiles for these companies are
provided in Annex-A (AJOVER) and Annex-B (INALDES).

XPS products are predominantly used to serve the food market (egg
cartons, meat trays, fast food shells, eto.).

3. PROJECT DESCRIPTION

The XPS industry hasg agreed to participate in the first batch of
ODS phasgseout projects in Colombia and to fuaction as a model
project for a congolidated sector approach.

AJOVER has selected replacement of CFC-12 by butane. Technology
transfer, safety advice and production training will be provided
through an external process expert. The project includes equipment
modifications and extensive gafety related expenses. The company
will have to import butane from Venezuela as butane is currently
not available in Colombia. This will cause significant shipping
and handling coat. Recurrent lncremental henefits are therefore
gubstantially eliminated and not applied in the grant calculation.

The conversion will cause severe production flow problems at the
existing location. The enterprise has therefore decided to relocate
the production of XPS to a new plant. Any cost related to these
activities will be born by the company itself.

INALDES has selected replacement of CFC by CO,. This technology iz
available under 1license from Dow Chemical. Initially induced
higher coperating cost will be later on neutralized and ultimately
reverted through in-house developed technology.



The manufacturer of the equipment has stated that retrofitting of
the existing extruder will be virtually impossible. The project
coste are therefore calculated on the purchase of a new extruded
under sgubstraction of the resale value of the existing eguipment.
The company wants to use the opportunity for releocation and

capaclity expangion., Any cost related to these activities will be
born by the company itself.

4. TECHNOLOGY
4.1 OVERVIEW OF ALTERNATIVES

There are several options to replace CFCs in the production of XPS
foam sheet, such as:

c Atmospheric Gases,
o Hydrocarbons,
o HCFCs,
0 HFCs.
4.1.1 ATMOSPHERIC GASES

Nitrogen Gag is inert, nontoxic and noncombustible, but asphyxiant.
The use is burdened by a low solubility in the resin and a
relatively high demsity of the end product. New resin developments
may make the use of nitrogen a more viable option in the future.
Berstorff Technology is based on a mixture of nitrogen and alcchol.
This technology exhibits undefined risks in toxicity and fire. The
resulting product bas aleo a bigher density.

Carbon dioxide gas is an asgphyxiant, high energy consuming and
moderately toxlic gas. Carbon dioxlide as a co-agent is proven

technology. The uses of only CO2 in XPS sheet is patented, and
requires licensing.

4.1.2 HYDRCCARBONS

N-pentane, butane, i1sopentane and 3isobutane arxre proven
replacements. The technology is cost effective and results in
product of acceptable guality. However, the f£flammability of
hydreocarbons requlres stringent safety precautions 1in the
manufacturing process, resulting in the need for retrofitting. In
addition, hydrocarbons are photochemically reactive zad contribute
to the formation of atmospheric ozone {(smog).

Liguified petroleum gases {LPG) have alsc been proposed as
replacement for CFCs in PE/PP and PS foams. LPG is, however toxic,
flammable and not generally accepted for food packaging. If used,
molecular sieves as purifier/decdorizer and a buffer for boiling
point stabilization will be required.




4.1.3 HYDROCHLOROFLUOROCARBONS

HCFC-22, non-flammable, low in toxicity, thermal and chemical
stable, hag been proven effective. The compound has however an
ODP, and only qualifies as an interim replacement.

BECFC-142b can be wused alone or in combination with HCPFC-22 to
reduce the flammability. The price penalty is, bowever,
considerable and equipment has to be modified to cope with the
moderate flammability and the modified diffusivity of the compound.

HYDROPLUQROCARBONS

HFC-134a, non-flammable, low in toxicity and with no ODP, is just
recently introduced in the market. The current pricing will prevent
utilization in the wvery cost sensitive food serving and packaging
applications. The utilization of HFC-134a in foama competes with
the utilization as a refrigerant in appliances and antomotive air
condltioners.

HEFC 152a is low in toxicity, moderately flammable and possesses no
OoPP. It appears to be a likely long term alternative. The

compound’s flammability will require modification of production
equipment.

4.2 SELECTION

AJOVER has selected the use of butane. Butane is:

Proven technology in processing and product performance,
EBnvironmentally acceptable,

Low in toxicity,

Adaptable to the existing equipment,

Cost effective,

0000

A draw back is its high flammability, requiring stringent safety
precautions. Also, butane is currently not available in Colombia.
The company has to import it from Venezuela causging considerable
costs in shipping and handling.

The company is confident that this problem c¢an be eliminated im
time through the set-up of a loval commercial distribution system.

INALDES HAS SELECTED the use of .carbon dioxide. @ﬁ@“hé&hﬁ&logy,
developed and patented by Dow Plastics, is based on recovered--i.c.
not additionally generated-- CO,. Carbon dioxide is:

Non-toxio:

Hon~flamiable;

Low in cost;

Environmentally friendly;
Moderately soluble in polystyrene.

CO0OO



The drawbacks of this process are:

o A rougher surface,
1+ Restricted density range.

INALDES expects that it can ultimately deal with these deficlencies
through in-houase developed modifications.

4.3 TMPACT ON THE PRODUCTION PROCESS
The uge of Dbutane will require substantial c¢hanges in the

production process and storage facilities. These may include but
are not necessarily limited to:

o Storage
o] Separate, explosion proof storage of the butane tank.
o FPeeding Systems
o Injection gystemg for new additives,
© Replacement of the metering pump and injection system,
] New gaskets and seals.
o New pressure gauges.
Lol Extrusion System
o Replacement or modification of the screw,
o Replacement or modification of the extrusion die.
o Electrical Systems
[ Installatlion of gpark arresters,
o Sealing of electrical conktrol cabinets,
o Explosgion proof motorsg and switches.
o Auxiliary Safety Devices
o Ventilation system to prevent the accumulation
of hydrocarbon wvapors,
] Monitoring and alarm systems for hydrocarbon vapors,
o Extra fire extinguishers.
o Production/Aging
o Separated from other working areas,
© Sprinklered or otherwise protected against f£ire hazards.

Production and maintenance personnel has to be trained in the safe
handling of hydrocarbons, in addition to preduction training.

The uge of CO, will require, according to the manufacturer,
replacement of the extruder, related to insufficient temperature
controel on the existing equipment. €O, cylinders are usually
leased from the supplier company. Detailed desgription of the
required equipment changes are part of the license package and
disclesed after sligpature o©f a pre-license agreement. Start-up
trials will be made under supervision of DOW engineers.

5



5. PROJECT COSTS

5.1 CAPITAL COST

Following is a summary of the expected 4incremental cost of
investment and related activities to introduce ODS-free technology.
These costs, as well ag other project cost, are specified and
explained in Annex~A (Ajover) and Annex-B {(Inaldes).

DESCRYPTION SUBTOTAL TOTAL

AJOVER
o Storage Tanks 80,000
a Equipment Modifications 270,000
el Production Safety 245,000
o Storage Safeby 150,000
o Recycling Safety 150,000
o Personal Safety 20,000
o] Technology Transfer 20,0460

TOTAL AJOVER 935,000
IMALDES
o Tandem Extruder with CO2 feeding 800,000
o Regale Value Existing Extruder {(250,000)
e Process Trials/Training 45,000
o Technology Trangfer 50,000

TOTAL INALDES - 645,000
o Pre/post Assessment 30,000
o Contingency/Rounding 160,000

TOTAL CAPITAL COST 7 1,770,000
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5.2 OPERATING COSTS

A net incremental operating benefit iz expected in both Ajover and
Inaldes after the conversion. The net benefit results largely from
reduced materlials cost, which is greater than increases resulting
form higher maintenance, safety and materials handling precaution
requirements and additional training. As mentioned above, detalled

calculations of the incremental benefits can be found in Annex-A
and Annex-B.

The net present wvalue of the incremental operating benefit
calculated following the MLF's instruction is about USD _698,000.

5.3 TUNIYT ABATEMENT COST

a) 0ODS Reduction Project Cogts usp 1,710,000
b) Annual Incremental Benefits 220,000
a) Capital Recovery Factor (10yv/10%) 0.16275
d) ODS reduction/y (base: 1395) kg 450,000

Unit Abatement Costs [{a{c)+b}/dl 0.15 USD/kg/yr

SN e R TR D I T Y O O N M M e B pm M s SR SR oM A T an I R TR e e

7. FINANCING PLAN

The company reguest the financing of in the amount of:
UsSD 1,072,000
A N MG S N O O MM G

8. PROJECT IMPLEMENTATION

6.1 MANAGEMENT

UNDP will oversee the implementation of this project and provide
technical asgistance.



8.2 SCHEDULE

Implementation schedule will start with MLF approval of the project
and will end after gatisfactory post monitoring.

Ei Ao T —— we—eers

TIME FOR COMPLETION
TASK

; o1 | 02 | o3 | o4 | o5 | os
| e S e T g m——

|

MLF Approval
Visit Process Expert
Procurement Preparation XK

n 1. Preparation

H oM

2. Installation
Arxrival, Customs *®
Inatallations
Modifications XXX | XXX

L

3. Start-up, Training
Start-up, training x
Commissioning x

8.3 PROCUREMENT

UNDP will oversee the procurement of this proiect, following Agency
policies guidelines . UNDP has currently several XPE/PS projects
in implementation, resulting in procedural and cost efficlencies.

9. REQUIRED REGULATORY ACTION

The companies have received appropriate building permits for
construction related to this project. No regulatory requirement
exist related to the use of butane and carbon dicxide.

10. PROJECT IMPACT

This project will eliminate the use of an expected 320t CFC-12Z in
the first vear of implementation. Market growth indicates that
this may increase by 10-20% annually in subsequent years. The

project employs commercially viable and envirommentally acceptable
technology.



11. ANNERXES

Aonex-A: DPetalled Project Information AJOVER
Annex-B: Detailed Project Information INALDES
hnnex-C: Technical Assessment

COLOMBIA/XPS ., PRD
94-03-05/03



ANNEX-A

SUB-PROJECT AJOVER

1. COMPANY PROFILE

AJOVER is a major manufacturer of digposable and other plastic
products in Colombia Its products are scld throughout the Andean
Pact. The company is family owned, with shares holdings in Colombia

and Panama. The company produces part of i1its feedstock--i.c.
polystyrene--in-house.

Products includes plastic containers, cups, hoses, table ware, and
packaging products for the food ware industry such as egg cartons,
plates, fast food clams, etc.

The production of plasti¢ products is currently concentrated in a

factory in Bogota, consliating of essentially onme large production
and storage floor.

CFCg are used in the extrusion of polystyrene foam sheet. In 1992
about 160 CFC-12 was consumed. In 1993 this was increased to 190t
and future increases of about 15% are expected.

Related to the project to replace CFCs by butane, the company
expects to relocate the foam production ocutside Bogota.

2. PROJECT COSTS

The use of butane to replace CFC-12 in the production process
requires encapsulation of the extruder and compartmentalisation of
production, staging, thermoforming and recycling area‘s. these
area’s have to be monitorzd on butane gas concentration and
protected against fire risk depending on the expected emissions in
the different procesgs stages (40% during extrusion, 20% during

winding and relocation, 40% during staging or later over a period
of 7-20 days).

This compartmentalisation will c¢ause severe production flow
problems in the plant for foam as well as other products. The
company has therefore decided to relocate the foam production. The
calculation of the incremental capital cogts does not include such

a relocation but is exclusively based on retrofit at current
location,

The company will bear the cost of the new construction and related
relocation, The incremental costs related to retrofitting without
relocation can be applied against these costs.

10



2.1 CAPITAL COST

2.1.1 INCEEMENTAL COST

Incremental cost related to retrofitting at current production site
are as follows:

BUDGET ITEM SUB-TOTAL

TOTAL

Butzne Tank System
2 Tanks @ 20,000......¢..4...0U8SD
Testing..... secrennsnsrecesUSD
BoOoSter PUMD. s vcvaoeecassesUSD
Decdorizing System..........USD
Connec¢ting, Insgtallation....USD

Fire Safety & Alarm
Water Sprinkler System......USD
Butane Sensor System........US8D
Ventilation Systems.........USD

Equipment Modifications
High Pregsure Pump..........USD
Extruder Mcedlfications......USD
Automatice Shutdown System...USD
2 Explosion Proof Winders...USD

40,000

5,000

5,000
10,000
20,000.........U8D

200,000
30,000
?0;006.*..:-::.380

60,000

90,000

10,000
11¢.000.........0U8D

Modification of Production/Storage Space

Fireproof Walle/Doors.......USD
Electrical System...........USD
Pireproof Recyceling Silo....USD

Personal Safety
Static Dissipating
Clothing/Shoes..........USD
Handhold HC Monitor....... . - U8D
Fire Safety Training........USD
Technology Transfex -
21 days @ 500....v000aae....USD
Travel..vveesvencvs v e messaUSD
Local Expenses (Hotel etc)..USD

145,000
55,000
45,000.........U8SD

7,000
3,000

]:DfoeecnioQﬁvw‘qBSD)

10,500
7,500
2‘099‘.!."0"§8D

80,000

300,000

270,000

245,000

20,000

26,000

TOTAL INCREMENTAL CAPITAL COBT....cvcocvvnensvasnen- 08D

935,000
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2.1.2 PROJECT COST

The c¢company expects the following costs related to
production and retrofitting of equipment:

relocation of

BUDGET ITEM BMOUNT
Civil Construction........ .o, UsD 1,600,000
Equipment ... ... ... ittt et UsD 550,000
Storage, Material Handling................. UsD 1,000,000
Safety BEquipment............ ... ... ., ush 1,250,000
Moving/reinstallation..........coviiiinnann UsSD 1,050,000
Technology Transfer................. ..., UsD 50,000
TOTAL PROJECT COBT. ..ot is v mnccntnsvsnnnns Usp 5,500, 000

It is proposed to apply the incremental cost based on retrofitting
against the new construction.

2.2 OPERATING COST

freight to Bogota)

0.90/kg incl. freight to Bogota

ASSUMPTIONS

o 1 USD = B20 Pesos

o Prices: o CFC—-1i2 USD 2.10/kg{CIF Venezuela plus
O Butane USD 0.78/kg CIF Venezuela
o Additives USD 30/t Resin

o

Consumption: 190t CFC-12 (equals use of butane)

2000t pPolystyrene Resin

12



MATERIAIL

190t CFC-12 @ 2,100, . . . .ot et e et e ia e USD 399, 000
Replaced by:
190t butane & 900. .. ... ...ttt e usDp 171, 000
Additives 10t @ 3,000. .. ... . .. .. .. i, UsSp 30,000
BaVINg S/ Y. o i e e e e 0UsSp 198, 000
OTHER. COST
Maintenance 5% of 935,000, .. ... .. it rnsea UsSD 46, 750
B T o=« - O Ush 15,000
Recurrent safety training and monitoring.........., Usp 10,000
Additional material handling....................... UsSD 15,000
Total Other Cost/y. . ..t i ittt e et e einas USD 86,750
TOTAL INCREMENTAL RECURRENT BENEFIT/Y. . ... ... uucunsunnn 0UsD 111,250
NET PRESENT VALUE OF INCREMENTAL BENEFIT 353,000

In conclusicon, the material savings exceed the cost related to the
utilization, shipping and handling of butane at the current site,
resulting in a net operating benefit.

13



BIDDING SPECIFICATION
¥OR
THE CONVERSION 'TO BUTANE IN THE MANUFACTURE OF
POLYSTYRENE FOAM SHEET AT AJOVER

SPECIFICATION A: INSTALLATION OF BUTANE TANE AND PIPING WORKS.
1. To supply and install units of K.L. Tank,
2. To construct footring and concrete slab for tanks,

3. To construct %% thick x 2 meter height deflection wall
approximately 60 f£t.

4, To install 2 meter bigh PVC coated chain link fencing and two
gates.

5. To fabricate and ingtall 4 units of deodorizer.

6. To supply 1 unit of Butane pump (low pressure pump} with
explosion motor, base plate and by-pass valve.

7. To install all piping system from tanks to low preassure to
deodorizer including metering system, pressure switches and
return valves.

8.

Electrical connection to low pressure pump and high pressure
pump.

NOTE: 1) All equipment and work must conform with the

Jocal government rules and regulations on the
use c¢f hydrocarbon.

2} Submission of drawings to local authorities
and insurance company for approval, theresafter

testing and C(Certificate of Approval to be
obtained.
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AJOVER Bidding Specifications
Page 2

SPECIFICATION B: FIRE SAFETY & ALARM SYSTEM

6,

To supply, install, testing and commissioning of water
sprinkler system at tank storage area together with drawings.

to supply and install heat detector c¢/w wiring in metal
conduit and also o/w armored cable to alarm panel.

To gupply, install, testing and commissioning of gas detection
system.

To supply, install, testing and commissioning of wventilation
systems.

Te supply, Jnstall, testing and commigsioning 24" blow-down
fans complete with wiring switches {total 10 nos.)}.

To quote unit price for the following:

a. Portable gas detector.

b. 45kg trolley mounted o2 fire extinguisher c¢/w license.
C. 10 1bs. Co2 fire extinguisher c¢/w license.

d. Static eliminator.

15



AJOVER Bidding Specifications

Page 3

SPECIFICATIONR C: MODIFICATION & CONVERSION OF EXTRUDED LINE TO

CFC-FREE EXTRUDED.

To modify and convert the existing polystyrene and polyethylene
foam sheet extruded line to CPC-free extrusion plant. In this
case, Butane is to be as blowing agent for the production process

Y. High Pressure Pump

II. Auxiliary Egquipment

L.
2’

3.
4.
50

A BEP invertor

On/off switch to use in hydrocarbon up to pressure of
500kg/com3 . ,

Pressure gauge up to 500 kg/om3.
1/4" high pregsure pipe per ém length,
1/4" gtainless steel high pressure pipe cross-joint,

III. Drawings and piping diagram for the conversion.

IV. Technical information pertaining to the conversion and know
how on the use of butane in the process.
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AJOVER Bidding Specifications
Page 4

SPECIFICATION D: MODIFICATION OF PRODUCTION/STORAGE SPACE

To modify the exisgting production hall and storage facilities to

allow safe use of butane. Separate compartments requlired for
extrusion, staging and recycling.

ld

Installation of fireproof geparation walls and doors, to
create

o Extrusion Room (?GOmz)
e Warehouse (l,OOOmz}
o Recycling Room (400m™)

Installation of a recyling s8ilc with internal fire
extinguishing aystem.

Exploslon proofing of electrical system.

NOTE: 1) All equipment and work must conform with the
local government rules and regulations on the
uge of hydrocarbon asm well as with any
ingurance requirements,

2} Submission of drawings to local autherities
and insurance company for approval, thereafter

testing and Certificate of Approval to be
obtained.
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SUB-PROJECT INALDES

1. COMPANY PROFILE

Inaldes is currently a subsidiary of Estuplas, a major manufacturer
of disposables owned by the BPC Holding Company of the Colombian
Bermal Family. The holding is planning a restructuring as follows:

BPC
DEPLASTICO ESTUPLAS INALDES

Extruded Pilms Pisposables XpPS Foams

Total employment is about 400.

The XPS foam sheet busliness was bought in 1991 from DOW Colombia.
DOW* e brand name "Celpac” is continued for Inaldes’ productn,

The company targets the food industry with disposable plates, clam
containers, egy cartons, etc. CFC-12 is used as a blowing agent.

the following table ghows the historical and predicted consumption
of this agent:

YEAR 193¢ 19%1 1992 1993 1994 1935 1996 1337

CFC-12 (t) BO 9k 110 130 170 200 240 285

Related to the project to replace CFCs the company intends to
relocate and the production and to expand the capacity.

2. PROTECT COST

Inaldes has opted for the use of carbon dioxide as the sole blowing
agent. The technology will be provided by DOW Plastics under
iicense, Management of Inaldes is familiar with the DOW technology
from the time that DOW owned the facility and feels comfortable
that it can work around perceived disadvantages of this technology
i.c. a restricted density range and a rougher product surface

through co-extrusion (ocurrently under development) and focusging on
the upscale market.
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The current extruder c¢annot be retrofitted according to the
manufacturer. This has been confirmed by an independent process
specialist. Rather than just replacing the unit by the same
capacity Inaldes intends to increase the extruder output. The
company will pay for the cost related to the capacity increasge.
Likewige, Inaldes will pay for a relocation away from the current
leased facility to new buildings to be constructed and owned by the
company.

The exigting extruder has a considerable rest value that will be
subtracted from the incremental cost. The eguipment will be sold

under stipulations to be worked out with the Implementing Agency.
This to aspure that no CFCs will be processed.

2.1 CAPITAL COST
2.1.1 IRCREMENTAL COST

The following cost are related to the introduction of carbon
dioxide: .

BUDGET ITEM SUB-TOTAL TOTAL

A. Tandem Extruder with Co, Feeding
Blending System.......,......USD 50,000
Primary Extruder System.....USD 150,000
Metering System...cc0vves-..U8D 60,000
Secondary BExtruder System...USD 500,000..........U8D 800,000

a. Rest vaxﬁe Exiatiug Extmdex..‘Q."ﬁ",.ﬁ'.".h..l*UsD{zso'eoo)

C. Technology Transfer
Down yament Dew'!’.”‘ T E ¥ 9 'USD SG" 0092
Txaining/Tria;s.............US& 45,000 . ........ 08D 95,000

TOTAL INCREMENTAL CAPITAL COST..vocsncerenaceceansceaUSD 645, 000

Baged on one engineer/ technician for two menths (24,000), Afr transportation {10,000),
aecpmmodiation, local transportation (7,200}, misc, & rounding (4,800},
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2.1.2 PROJECT COST

The company expects the following cost related to relocation and
capacity expansion:

BUDGET ITEM AMOUNT

Property Acquisition... . iiescccaceens «sx»sUSD 185,000
Civil Construction., .. .ccccveonans rrvrsnnanasISD 860,000
New Equipment....... feredttrrrarraraaa ere...U8D 1,400,000

Relocation/Reingstallation....vcvcvevueoasann..USD 100,000

Training;’r:ials.--.tooodotaoo ------ eo...‘&%BSD 65‘000
Mioscellaneous CoOBb .. v eerssssesssesansssvosas UIBD 1340, 0600

Write-off on Disbanded Equipment>..........USD 300,000

TOTAL PROJECT COST...nnucsasccccacsanaaaaa-U8D 3,150,000

2,2 OPERATING COST

ASSUMPTIONS
[+] 1 USD = 820 Pesocs
o Prices: o CFC-12 USD 2.10/kg (CIF Venezuela plus freight
to Bogota)
o co, UsSDh .50/kg
o One part CFC-12 to be replaced by one part CO,

T Density to be increased by 6%

3
Value of equipment/structures not te be relocated,...... Ush 556,006
Expected value of resale. .. i i iicinciinranacenaaas uso 256,000



MATERIAY,

1300 CRC-12 B 2,300, . . . . i i e e e et im e ereenn usD 273,000
130t CO, @ B0 . i i e e e e UsD 65, 000
6% Density Increase (58,500kg @ 1.20)............. usb 790,200
Additional Royality (975,000 kg @ 0.03)........... UsD 29,250
IHCREMENTAL BENRP YT/ Y. . . it ec s ceinnnencacannnn UsD 109, 000
NET PRESENT VALUE OF INCREMERTAL BENEFIT.......... USD 345,000

There are no cother incremental recurrent cost such as insurance,
maintenance, training etc. as CO, is safe in use and the egquipment
is basically the same.

A net recurrent incremental benefit is expected to be realized from
the conversion.
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' 04717794 03:32 FROM RAPPA ine.

TO UNDP BPPE/ENR -

TECHNICAL ASSESSMENT

PROJECT TITLE:

CATEGORY :
RECOMMENDATION:
INFORMATION:

TECHNOLOGY 2

ENVIRONMENTAL:

sargw%: _

COST EYFECTIVENESS:

Elimination of the Use of ODS in the
Polystyrene Foam Sector (Colombia)

Foamed Plastics; Thermoplastic Foams
The project is supported
Adeguate, but see "OTHER ISSUES*®

Acceptable. Despite emerging interest for
the use of carbon dioxide, butane remains the
mogt selected phaseout technology. The choice
of Inaldes for carbon dioxide is based on
experience from praevious trials of the
licensor in the Inaldes plant. The project
should provide interesting information for
future reference

Similar projects in Egypt, India, Indonesia,
Malaysia, PRC, The Philippines, Thailand and
Venezuela

Bytane is a VOC and photochemically active.
Emerging regulations to be monitored. The
carbon dioxide in the DOW process provides no
net increase in global CO, and is so with an
environmentally very attractive solution

The risks related to the flammability of

butane are adeguately addressed. UNDP has

developed a safety manual that is passed out
to AJOVER

The costs are high in comparison to other
projectes but acceptable in view of the
particular plant layout and equipment
configuration. The cost effectiveness is

very good, based on the relatively large size
of the operations

P.023



| 04/17/94 03:32 FROM RAPPA inc.

OTHER I1ISSBUES:

TO UNDP BFPE/ENR

The project has been substantially modified
after preview, leading to a substantially
lower grant regquest

It is recommended that Inaldes provides a
letter from DOW stating the willingness to
provide Inaldes with the DOW technology and
confirming the financial conditions

Inaldes as well as an independent process
consultant (Attachment-1l)} 4id request a
higher budget based on a statement from the
machine manufacturer {attachment-2) stating
that CO, reguires a higher output machine.
This argument is not accepted by the reviewer
and not included in the project. It is the
reviewer's standpoint that higher output is
not needed, would constitute capacity
increase and should therefore bhe paid by the
recipient : _ - :

Inaldes’ project includes replacement of the
extrudar. This is based on recommendation of
the equipment supplier and the process
expert. It is recommended that Inaldes prior
to implementation provides UNDP as written
gstatement from DOW as technology provider
supporting this recommendation

Bert Veenendsal

April 16, 1994

P.G"2





