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PROJECT EVALUATION SHEET 

COUNTRY OR REGION: 

PROJECT TITLE: 

BUDGET: 

INCREMENT AL COST: 

ODS PHASE-OUT: 

1 Adjusted to reflect the local ownership of SI per cent. 

Colombia 

Elimination of CFC in the manufacture of 
Domestic Refrigerators in Colombia at 
Household Refrigerator Companies: 
a) Corelsa 
b) Haceb 
c) Icasa 
d) Polarix: 
e) Andinos (Compressor Manufacturer) 

Capital Costs: 
a) Corelsa 
b) Haceb 
c) Icasa 
d) Polarix 
e) Andinos 

Operational Costs:3 

a) Corelsa 
b) Haceb 
c) Icasa 
d) Polarix 

a) Corelsa 
b) Haceb 
c) Icasa 
d) Polarix 
e) Andinos 

a) C-Orelsa 
b) Haceb 
c) Icasa 
d) Polarix 
e) Andinos 

us $434,200 
us $288,930 
us $709,000 
us $257,4171 

us $313,6482 

us $800,314 
us $2,094,904 
us $1,334,546 
us $1, 118,8051 

us 1,234,514 
us $2,383,834 
us $2,043,546 
us $1,376,2221 

us $313,6482 

22 ODPT 
69 ODPT 
72 ODP T 
63 ODPT 

NIA 

' Adjusted to reflect the local ownership of 61.2 per cent. 

' Calculated for two years of operation. 
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COST EFFECTIVENESS: 

PROJECT DURATION: 

IMPLEMENTING AGENCY: 

a) Corelsa 
b) Haceb 
c) Icasa 
d) Polarix 
e) Andinos 

One year 

UNDP 

US $56.11 per kg ODP saved 
US $34.55 per kg ODP saved 
US $28.38 per kg ODP saved 
US $42.80 per kg ODP saved 

NIA 

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

TECHNICAL REVIEW COMPLETED: YES_lL NO 

SECRETARIAT'S COMMENTS 

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-14lb 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: 

PROJECT TITLE: 

PROJECT COST: 

INCREMENT AL COST: 

ODS PHASE-OUT: 

COST EFFECTIVENESS: 

PROJECT DURATION: 

IMPLEMENTING 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 
Incremental operational saving 

us $645,000 
(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 

NATIONAL COORDINATING AGENCY: Comisi6n Nacional para la Preservaci6n de la 
Capa de Orono 

TECHNICAL REVIEW COMPLETED: YES_lL NO 

SECRETARIAT'S COMMENTS 

1. Ajover and Inaldes are involved in the manufacture of extruded polystyrene foam 
sheets. The Ajover company will substitute CFC-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. 
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PROJECT COVER SHEET 

COUNTRY: 

PROJECT TJ:TLE: 

SECTOR COVERED: 

ODS USE J:N SECTOR: 

COLOMBIA 

Elimination of CFC in the Manufacture of 
Domestic Refrigerators in Colombia. 

DOMRSTIC REFRIGERATOR MANUFACTURING 

245 tons ODP (1993). 

Five Panicipating Companies: TOTAL ANOINOS CORELSA HACEB !CASA POI..ARIX 
Compr.Man Refr.Man. Relf.Man, Reft.Man. Refr.Man. 

OOP.Tons eftminated (1993) 226 0 22. 69 72 63 

lncnmentol c.pital C"'51 (US$) 2,449,367 512,497 434,200 288,930 709,000 504,740 
lncnmental Operational Cost (US$) 6,423,500 0 ! 800,314 2,094,904 1,334,546 2,193,736 

' * M a ~ ¥ ~ • ~ - ~ • ¥ . . . . . . . . . ... ... . .. 
TOTAL PROJECT COST (US$) 8,1112,867 512,497 1,234,514 2,383,834 2,043,546 2,698,476 

PROPOSED MLF GRANT {see note) 7,351,770 313,649 1,234,515 2,383,835 2,043,547 1,376,223 

" 
UNIT ABATEMENT COST (US$11<g) 13.2 NIA 21.4 15.9 10.9 

,, 

Note: POLARIX is 51% owned by Artict...S Coun1,y. ANDINO$ is 61,2% owned by Artiel...S Counlfies. 
Compr.Man: Comprw.or Manufacturer ; Refr.Man = Rehigerator Manufacturer 

PROJECT DORA'rJ:ON: 
ECONOMJ:C LJ:FE: 

RATJ:ONAL COORDJ::RA'l'JNG 
BODr: 

DIPLEl!ll!Rl'J:NG AGENCY: 

APPRAJ:SAL DA"J.'E: 

1 year. 
10 years. 

CPJl10 - Comite Nacional. para 1a 
Preservacion de la C8pa de Ozono. 

UNDP 

June 1994 

PRO.:JEC'l' SUMMARY: 

This project will eliminate the use of CFC's in the existing four domestic 
refr~gerator manufacturers in Colombia. A local compressor plant (J\Nl)DiOS) will 
also receive assistance to convert their facility for the proouction of HFC-134a 
C0111Pressors. CFC-ll used as a blowing.agent Tor producing thermal insulating 
foams in the four refrigerator manufacturing plants will be replaced by HCFC-
14lb. On the other hand, CFC-12 used as refrigerant will be replaced by HFC-134a. 
The project will eliminate 226 tons-ODP/yr (based on 1993 figures). Funds 
requested will be used to change the existing production lines, the cost of 
testing, pre-production trials, and training, as well as incremental operational 
cost~ resulting from the conversion to the new technology (2 years only). 

TECHNICAL ASSESSMENT: 

The foam part of the project was prepared by Mr~ A. Gabella, the refrigQrant part 
by Mr. Stuart Kelly in collaboration with the Comite Nacional para la 
Preservacion de la Capa de ozono (CPNO) and the Asociaci6n Nacional de 
Industriales (ANDI). The project has been reviewed and is supported respectively 
Mr. Bert Veenendaal (Foams) and by Dr. Lambert J.M. Kuijpers and Mr. Martiem 
Janssen from RE/GENT-Eindhoven {refrigerant). Their corm:nenta are attached. 
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PROJECT OF THE GOVERNMENT OF COLOMBIA 

ELIMINATION OF CFC IN THE MANCJFACTURE OF DOMESTIC REFRIGKRA'.l'ORS 

1. PROJECT OBJECTIVE. 

The objective of this project is to eliminate CFC used 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 used as a 
refrigerant in the production of domestic refrigerators. 

2. SECTOR BACKGROtlND. 

Colombia's Country Programme for the Phase-out of Ozone Depleting 
Substances under the Montreal Frotocol was approved in March 1994. 

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

CFC-12 consumption in 1992 amounted to 1374 tons, out of which 105 
tons were used for the manufacture of domestic refrigerators. 'l'his 
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 manufactured in 1993. A 
rapid growth (10 to 20%) is anticipated in this sector. For the 
period June 93 to May 94 the figure grew to 449,000 refrigeration 

- units already. The manufac~ure of domestic refrii.ierators in 
Colombia is shared between four companies: 

- Corporacion de Electrodomesticos S.A. (CO:RELSA) 
- Industrias Haceb S.A. (HACEB) 
- ICASA S.A. (ICASA) 
- Polarix Electrodomesticos S.A. (POLARIX) 

The industry imports some raw materials and parts. Compressors are 
mainly supplied by "CONPIIBSOBES ANDJ:NOS", a company that produced 
330,000 hermetic compressors in 1993, 291,000 of which were used in 
the domestic refrigeration sector. 

uninhibited growth in the manufacture of domestic refrigerators 
would lead to an estimated conswilption in the year 2000 of 350 tons 
per year of CFC-11 and of 275 tons per year of CFC-12. CPNO, with 
the assistance of ANDI and UNDP, has designed a strategy for the 
elimination of CFC-12 in this sector beginning late 1994 / early 
1995. Approval of the projects by the MLF in July 1994 would bring 
the implementation of this strategy well in line with the target. 

♦ 2 ♦ 



A complete phaseout of the use of CFCs as refrigerant in the 
manufacture of domestic refrigerators in Colombia will be achieved 
in 1996. 

3 . ENTERPR:ISE BACKGROtlND 

CORELSA, RACEB, :ICASA and POLARIX are presently the only 
enterprises manufacturing domestic refrigerators in Colombia and 
all four companies are encompassed by this project. Three are 100 
per cent nationally owned, whilst the ownership of POLARIX is 51% 
Mexican and 49% Dutch. 

COHPRESORES AHDXNOS supplies about 70% of the compressors used by 
the above-mentioned four companies (the rest being imported). The 
enterprise is 33.3% Colombian owned, the remaining equity being 
27. 9% Ecuadorian 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 ll'\'lnd. 

More details on ANDINOS and the individual. refrigerator 
manufacturers are given in the tables on this and the following 
page respectivel.y. 

COIIPRESORES ANDINOS: 

Amount Reg-led from Mlf, 
Plan! Looaled In: 
°"!l!f!hlp: 
No. of ComP!!"""'ra Models: 
Cumont Production CepecitY: 
1119! Production Volume: 
ContactP_,,, 

Te!IFax: 

US$313,648 
BOGOTA 
8ll,2.ll%COI.OMBIAN, 27.92% ECUADORIAN, 38.80% BRAZIUAN 
9 
400,000 units p.a. 
330,000 units 
ARMANDO HENAO SANTAMARIA, Gen-I Manager 
JAIRO ARIAS MOLINA, Production Manage, 
Tel. 77511 47 • 775 11 ot 
Fax. (57 1) 775 12 62 

0th« Information: The 38.80% Brailllan owned equity of Compruores Andino• S.A. belongs lo Sooiedlld lntercondnenW de 
Motorcompresores Hermetloos (SICOM) Lkniteda, which In turn ls a wholly owned subsidiary of TECUMSEH Co,porallon of 

I Michigan, USA. This redo- the eligibility of Compresores Andlnos for fonding from the Montreal Protocol Mollilateral Fund ill 

I to only 61.20% of the project cost. 
i 

Compresores Andtnoa m.nufacture compr.ssors us:ing Tec;:umseh technology and ~ C<>mply«ith Teewnc:eh S!andard!c 
throughout aU •tag es of their manufacturing-opM81ion~ The product$ are marketed bearing the "T ecumMh" brand name. 
The incremental capital costs requ«.ted by Compr«.ores Andinos in the current projeet will assi•t ANOINOS in the 
conversion of the existing production capecity to manufacture an equivalent number of HFC-134a compressors. 

Compresores Andin0$ also manufacture hermetic compressor:s for companies in the commercial refrigeration sector who 
manufacture food storage an4 display cabinets. unitary commercial refrigeration equipment., etc. Production for this purpose 
in 1993 was approximately 30,000 CFC~12 compressors. A project to eliminate the use of ODS in the commercial !I\ 
refrigeration sector is also being prepared on a seot«al basis including the principal commercial refrigeration equipment 
manufacturet$ and Compresores Andinos. 1n the proposed commercial refrigeration sector prcject1 there wit1 be NO request 
trom Compresores Andinos for additional capital investment costs. Ii 
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Description of the four Domestic Refrigerator Manufacturers: 

f COMPANY I CORElSA 
... 

HACEB I !CASA POLARIX 
-·· 

CfCusein 93 22 tons I 69 tons ! 72 tons I 63 tons I 
' l " I Amount Requested ' 1,192,229 ' 2,172,407 2,048,547 I 1,306,428 .J: ... . .. 

I ' 

Ii I Full name: Corporacion de Elec- Industrias Haeeb $.A. !CASAS.A. Potarix Electrodomes-

!' 
t,odom..,licos S.A. . j tico• S.A. 

I 
' ! ii I Plant located in Bogota Meclelfin I Bogota Maniules 

li Ownenhlp 100% Co1ombian 100% Colombian ! 100% Colombian 51% Mexican, 49% Dutch 1! 
I 

I' I '! No. of models made 9 s i 16 (incl. 5 coohms) 10 I i ,, 
I 

Refrig Units in IMt 53,845 140,144 100,000 155,000 ,, 

I 
12 month$~ 

II 
Contact p.,.ons Alvaro Enriq11e Gomez HernanAlbeltoMarln Hect. Hem. Lamp,_ Augusto Toro E. 

' General Ma- Qual. ConlN>I Manager Production Engin- PlantM- Ii 
' ii ' Toi/lax 775.2300 I 775.2714 274.0100 I 274.3452 260.4756 I 262.3559 86.40101968-86.6327 

Other lnfonnaUon Corporacion de Be,o.. lnduslriu HACEB S.A. !CASA "' a domestic Polarix Electodomesli- JI 
(general) 1rodomesticos SA supplies the Colombi,. appliance manufactut• coa s.A. Is • dom<mic I 

produces major ap- an home appliances er. It has 1050 employ• appliances manufaclur- I 
pr.ances covering market. The main -. lndired employ- er. Its 4411 employeM 

I Colombian m..ic.ts as plant at Mad<lffln gen- ffl<lnt --10,QOO. .,.. Colombian, mainly 
well u <n:po<llng to 12 ---- 5% of prodllCllon Is fro!ll -•. In-
countri• of the ,.. -11( ...... - pro- exported to van...- .nploym- ,...,.,_ 
gion. COREi.SA iiiar- d...,.. 800,000 appll- and P«u..11 •wled .,_ 5,000. An production lo 
1M Its DparatioM in _.,.._,lnclud- duodon ff - ago. Aki In "Pam Andino" 
11177 and employs Ing lt•tlng -Nfrlg- Apart from d-dc ............. - o1.-
1280 .,..,pie. Among ernon equlpmanl. Eq- relrlg«atora, !CASA are In Colombia. 

ll 
CORELSA •• produc- uipment is cenffied produces coot<on,, I 
tion linM th«e is U$e pe< IS0-7371 o,.~ IEC-- washing machlnes etc. Ii ,, 

Ii i' 
of CFC's In the areas 335-1.2 norms. Tha facilities hove 3300 
of hou.aeho:J tefriger- m' area. The company i atot'$ and bottled wa .. has been operating in I! 

11 ter dispen$et$. refrigeration equipment ii 
for OVet' 38 years. 

I 

ii . . ' -

\! I 
Additional lnf<>rma• One outdated high• The company intends Pr8$ent foam 1;trodue- Present foam produc--
tion on Foam Eq1.1ip- pressure machine is to phase out in two tion ;;.ses tow pressure tion USM low-pr~ure ,I I• ment presently used. phaM>s. PresenUy, equipment. equipment. 

ii ! 
HACEB us .. high-pre-

;I 
ii 

' !!!!!! foaming equlp~ ;; I 

'I menL ,: 
= I 
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4. PROJECT DESCRJ:PTJ:ON 

All four domestic refrigerator manufacturing companies presently 
use CFC-ll for the production of rigid isolating foams needed for 
the refrigerator cabinets and doors, and used CFC-12 as refriger­
ant. The total consumption in 1993 was as reflected in the 
following table: 

I Cl'C-11 Cl'C-11 OD!? • Cl'C-12 • Total OPP I 
in tons eliminated in tons eliminated 

(see nvte •) in tons 

CORELSA I 15 13 I 9 I 22 I HACEB so 45 24 69 
ICASA I 64 57 I 15 I 72 I POLARIX 40 35 28 63 

I 169 150 I 76 I 226 I 
Note . ' Second column of figures for CFC-11 takes the ODP of HCFC-14lb 

into account (ODP • 0.11). 

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

AU companies 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 wltl be able to process the higher 
viscosities snd mixing requirements of the low 
ODS systems and also any of the developing ODS. 
free systems. 

This will require equipment replacement and 
training at CORELSA. ICASA and POlARIX. In the 
case of ICASA and POt.ARIX, low-pressure sys­
tems are in use which will have to be replaced. 
CORELSA is using an outdated high-pressure 
machine, wnieh is not able to produce an formulas 
with HCFC-141b. Furthermore, CORELSA's currant 
machine is not able to utmze .:,ther replacement 
chemicals like cyclopentane which may be n""ded 
for the future phase-out of HCFC-141b. Regarding 
HACEB, a suitable high-pressure system is in 'Use 
·and does not need replacement. 

"" companies will require test-runs before being 
able to start industrial production with the new 
technology. These activities will include training of 
staff in worker•safety related to HCFC-141b. 

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

4.2. Replacement of CFC-12 with HFC-1348. 

All companies will change to HFC-134a. This conversion 
requires the use of HFC-134a compressors and the associated 
new synthetic lubricants, re-design of the refrigeration systems 
to cater for the difference In thennodynamlc perfomlance of 
HFc-134a versus CFC-12, prototyping, testing and optimization 
of each refrigerator model, and pilot scale manufacture and 
testing before full scale convlll'Slon of production to HFC-134a 
for each model. The conversion wlll result In changes In manu­
facturing procedures for which production line supervisor and 
operator training wlll be requited. 

The different properties of HFC-134a, the need to avoid cross• 
contamination with CFC.12, and the phased nature. ,..f th~ 

conversion of refrigerator production from CFC. 12 to HFC-t34a, 
means that new system evacuation, refrigerant charging, and 
leak detection equipment will be required. 

Key to the success of CFC-12 elimination is the local availability 
of HFC-134a compressors. The only national manufacturer of 
small i,ermetic compressors Is COMPRESORES ANOINOS who 
have committed to the conversion of their ~mpressll"t manufac­
turlngoperalions to be able to provide the necessary volume of 
HFC-134a compressors commencing Q3 1994. 

It should be noted that COMPRESORES ANOINOS have already 
made a substantial part of the Investment necessary in order to 
be able to supply the Colombian market with HFC-134a compres­
sors commencing Q3 1994. Incremental operating costs are 
passed on to the four refrigerator manufacturers (see annexes 
for calculation methods). 

♦ 5 ♦ 



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 > partial water/HCFC-141b >? 
CFC-11 >partialwaterlHCFC-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 
whichwill be applied in this project, and employs 
technology that is closely related to the existing one. 
The final step in this process is not yet decided. One 
potential solution is HFC-356, but full water blown 
foam with improved cell structure remains an option, 
specifically in "lesser demanding" systems such as 
water heaters, where dimensional changes-although 
costly- are possible. The aecond 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 
la ... n as the Introduction of (gaseous) HFC'a. The 
third solution, Cyclo-pentane technology has recently 
been Introduced commercially In Gannany. Its 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 alt".•native that is proven technology, environ­
,,·,~ntally 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 additional 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. 

♦ 6 ♦ 

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 sufficiently 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 replacement in domestic refrigerators. However, HFC 152a 
is also flammable, 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 AN DINOS 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. COMPRE$vnE.-., -ANDINOS thus has access to the 
necessary technology to be able to successfully manufacture 
HFC-1341' compressors. 

5.2.2. IMPACT ON PRODUCTION PROCESS 

HFC-134a, like CFC-12, is nonflammable. HFC-134a has also 
been the subject of toxicological testing and is considered 
safe in use in industrial applications. At the present lime the 
Occupational Exposure Limit (OEL)/Threshold Limtt 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% reduction 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 of HFC.134a refrigerators. One effect 



HCFC-141 b is moderately llammable. For the Intended 
purpose, the blends should not cause any risk, but a 
monitoring check at commissioning will be performed 
to ensure safa exposure levels. Ventilation Is to be 
Installed where ne.aded. 

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

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

The liner should be resistant to HCFC-141b. 

Recently at an OORG -iing, an-in depth discussion 
on the use of HCF0-141b and consequences on the 
liner was held. It concludes that HCFC-141b technolo­
gy is commercially proven, offers high-Insulation 
performance and constitutes a viable intermediate step 
to zen,.OOS technology. It ~ requns an 
appropriate plastlc liner. More Information Is attached 
herewith In annex E. 

6. PROJEC"l' COSTS 

6 .1. ll!ICREHEN'l'AL CAP:ITAL COSTS 

of this will be the need for a careful re-asseSS11Mnt of produc­
tion procedures and personnel re-training as appropriate. 

The chemical stability of HFC-134a/synthetic lubricant 
systems In domestic Mfrigeratots, and hence the long term 
performance of the appliance, are sensitive to moisture 
content and certain chlorinated Impurities. This requitu that 
CFC-12 and HFC-134a handling equlpmant be carefully 
segregated, and It calls for better evacuation of the system 
prior to refrigerant charging. The conversion from CF0-12 to 
HFC-134a will take place on a model by model basis, so that 
all four manufac:turers will be producing both CFCM:I. and 
HFC-134a refrigerators during the Implementation phase of 
this project. This is feasible as all manufacturers have .. v,ral 
production lines. It maans that there is a requirement for new 
system evacuation equipment and refrigerant charging 
equipment at all refrigerator manufacturers. 

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

6.1.1. capital Cost for the lfallufacture of BFC-134a Compressors 
(ColllDresores AnA~nos> (US$) . 

DNclipllon T-eo.t 

A.Eauiomenttleeded.. 
Dehydrating Equipment, Oil purifier, ell & gas dONrS 109,730 
Compreuor Seallng Equipment - 13.Sl)O 

I 
New Final Tesl Cabinet {Hi-POlenllal, Vollmeler, S-, and Nitrogen Charger) Treatment 20,000 
Tunnel (- degrealng, d-g, and chemical treatments) 90,000 
Finishing Tunnel (d-g, dtying, mcunting and welding) 120,000 
calorimeter and other 8,586, 
Quality Control Lab IMtruments 5,090 
Quality Control Lab oqu!pment for Pull-down 18,000 
T .chnical A$Sistanoe -· 60,000 

! SUBTOTAL ,_. 444,906 

B. Treini!!ll !Hid Trials. 
Training 15,000 
Tria.l:s 6,000 

I 

I 
' 

SUBTOTAL - 21,000 

!I CONTINGENCIES (10% of capital Cost) 46,591 

II! 
,' TOTAL 
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6.1.2. capital Cost for the Refrigerator Manufacturers - CFC-11 (US$}. 

IF . . 
Budget Item COREi.SA HACES I !CASA POU.RIX 11 
High Pt'e$$ure Foaming 1 Unit 131,000 NIA 2 Units 262,000 1 uni!: 131,000 ll 

• MachiM 
' 

i Pre-Mixing Unit 70,000 NIA 65,000 NIA: buys pr~ i' 
i :, 

' i mixed m&teria1 I 

I I 
I 

I VentUation System for 141b 1 unit 10.000 ! 1 unit 10,000 2 units 20,000 1 unit: 10,000 i 

Training (500 US$ pe,- .,....on) 10 people: 5,000 5 people 2,500 10 people: 5,000 10 people: 5,000 

T•I Trials (1000 US$ pe< trial, 9 refrig. models: 8 reft!g. models: 16 models incl. 5 10 refrig.modelo: 
I 3 trials pe,- model) : 27,000 24,000 coolers; 48,000 30,000 

Conling,,nciM (10%) i 24,000 3,500 j 40.000 17,000 l 
. . . ,. 

1! SUbtolal Iner. Capital (;o~L=======2=61=,o=oo==j==··====4=0=,oo=o=i======4=40=·=000==' ======1=93=,000==~ 

6.1.3. Capital cost for the Refrigerator Manufacturers - CFC-12 (US$). 

I 
- .. 

Budget Item COREi.SA HACEB !CASA 

I REFRIGERANT CHARGING EQUIPMENT 2 item$: 75,000 2 Items: 100,000 2 items: 100.000 

VACUUM PUMPS included in above 10 itemG: 31,500 8 itemG: 35,600 
amount. Retrofit 15 ~: 

4,800 . 

LEAK DETECTION EQUIPMENT 8 hand held: 8,000 6 bend held: 6,000 8 fixed: 44,000 

OTHER EQUl1'MENT ITBIS NIA NIA NIA 

TRAINING 4,000 4,000 15,000 

' ' j 
TEST TRIALS 65,000 80,000 50,000 i 

I 
CONTINGENCIES (10% of capilaf cost) 15,200 22,630 24,400 

. 

il SUB TOTAL 
I . 

(US$) T 161,200 I 248,930 269,000 

6.1.4. Total capital Cost (US$). 

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

I' ANDINOS CORELSA I HACEB ICASA 

i 
I 

I Total Capital Cost 512,497 ' 434,200 288,930 709,000 I 

\i % Article-5 Ownerahip 61.2 I 100 1 100 100 

ii 
I 11 Capit~~ Cost Requested: 313,648 434,200 288,930 709.000 

.. 
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ii POLARIX 

'I 2 Items: 100,000 

!1 
7items: 21,700 

8 fixed: 40,000 

Refrig«wit 
Pumps: 1G,'l00 

5,000 
- ! 

100,000 
! 

! 

28,340 I -,, 
,I 
I 

a11,140 Ii 

PCLARIX 
11 

I: 
1i 

504,740 ii 
! 

51 
-?l 

It 257,704 :i 



6 . 2 INCREMENTAL OPERATIONAL COSTS 

The calculation is based on a two-year period (1995-96) using 1993 
production figures and ignoring growth (estimated at 10%). 

It should be noted that the project already underwent numerous 
downward revisions. All projects originally included four years 
incremental operational costs, including projected growth rates for 
this period. Further to the 12th executive committee meeting in 
March 1994, it was decided to take out growth for the four years 
period. In addition, it was then decided to cut the number of years 
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 requested in an earlier version of the document were withdrawn 
from the project resulting in another decrease of US$ 455,000. Then 
it was decided not to pay operational costs originally allocated to 
Compresores 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$, so that the requested amount at present equals 7.35 
million US$ with an overall unit abatement cost of US$ 13 .2 per kg. 

The following provides some clarification as to the ANDIHOS 
Compressor manufacturer. Frices for compressors (imported and 
ANDINO$) were originally obtained from each company, and verified 
by UNDP's consultant and ANDI (Asociaci6n Hacional de 
:tndustriales). Compresores J\ndinos is the only compressor 
manufacturer in Colombia. 'l'he second table of annex c shows that 
most refrigeration manufacturers intend to buy both ANDXNOS and 
imported compressors. '.!!he prices of the present ANDDIOS CP'C-12 
compressors are on average 3.4 US$/compressor higher than imported 
ones (37.55 - 34.13 ). The reason of the higher cost for ANDINO$ 
compressors is beca-..:.ae ANDINO$ is ,;eared to the size of the 
Colombian market and that their production levels are 10 to 20 
times l.ower than similar companies such as in the ttSl'. and in 
Brazil. However it is important to note that all prlces in this 
document are without taxes, and that the end-user will pay a 15% 
higher tax on imported compressors. In other words, if prices would 
have included taxes, the competitive position of ANDINOS would look 
better than shown in annex C. 

Detailed cal.culations have been carried out on the incremental. 
costs that ANDINOS wil.l. be faced with when switching to HFC-134a 
compressors, and amount to 6.92 US$. This figure takes the proposed 
'grant for capital incremental cost that this project will provide 
into account. However, since ANDINO$ is only 61. 2 % owned by 
article-5 countries, the incremental cost used for ANDINOS 
compressors in table 3 of annex C amounts to 4.23 US$/compressor 
onl.y. Using estimated data of prices of imported compressors, as 
well as estimated figures on demand of ANDINOS and imported 
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compressors, an average figure of 3. 93 US$ per compressor was 
obtained. As already mentioned, this amount will be applied to the 
four refrigerator manufacturers, rather than to ANDINOS. 

Annexes B and C provide detailed explanations 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) . 

11 

. 
COREL.SA I HACEB ICAsA POLARIX 

I! •· Cost for Matetials (see annex B} 260,103 579,884 461,494 686,541 

!I b. Savings related to Cleaning of Mixing Head 0 0 -5,000 -5,000 

ji Subtotal Incremental Operational Cost 260,103 579,884 456,494 681,541 

6. 2. 2. OperatioDal Cost for the Refrigerator Manufacturers ( CFC-12) 

(see annex B) COREL.SA HACEB !CASA POLARIX 

lncn,m""lal Operational Cost Subtotal$ 540,211 1,515,020 878,052 1,512,195 

6.2.3. 'rotal :tncremental. Operational Cost. 

\1 
COREL.SA HACEB !CASA POLARIX 

'I Sum of above IWo tables 800,314 2,094,904 1,334,546 2,193,736 

r 
. 

% Artlele-5 Ownemh:p 100 100 100 51 

I Incremental Ope,ational Cost Requested 800,314 i 2,094,904 1,334,546 1,118.805 

6 . 3 . TOTAL PROJECT :INCREMENTAL COSTS ( CAPITAL + OPBRATJ:ONAL) 

11 I 
i ANDlNOS I COREi.SA HACEB ICASA POLARIX 
! I 

I rota! cost (Capital+Oper4:l.tional) 313,649 i 1,234,514 l 2,3ll3,834 21043,547 1,376,223 
. 

I GRAND TOTAL ALL COMPANIES 7,351,770 

♦ 10 ♦ 
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6. 4 UNIT ABATEMBN'l' COST 

6.4.1 Xndividua1 Unit M>atement Costs for the Four Refrigerator 
Manufacturers (US$/ltg) 

CORELSA HIICEB ICASA POLARIX 

-· 
•· Capital Investment Cos:{$ 434,200 288,930 709,000 257,417 

b. Capruol Recovery Factor {10% p.a.) 0.16275 0.16275 0.16275 0.16275 

d. lncremenlal Operating Costs 800,314 2,094,904 1,334,546 1,118,(IOS 

•· ODS Reduction (ODP Kg• 1993) 22,000 I· 69,000 72,000 63,000 

f. I/nit Aba!ement Cost (US$/Kg) 21.4 15.9 10.9 9.5 
[(a*b+d/2) ]id 

. ·- ·-·. -·-· .. . .... -·-- --- . -· . .. 

i 

j 

6.4.2 Unit Abatement Cost for the ~ta1 Project encompas•ing a11 
the Five Companies (US$/ltg) 

TOTAL FOR FIVE COMPANIES IN PROJECT 

a. ODS Reduction lnv.,..tment Costs 2,003,196 

b. Capital 11-,,ery r=-t (10% p.a.) 0.16275 

d. lnc,emental Opel"llllng Costa {1996) 5,348,569 

e. ODS Redudlon (ODP Kgs 1993) 226,000 

f. UNIT ABATEMENT COST (US$/'Kg} 1S.2 

7. FINANCING PLAN 

The companies are requesting reimbursement to the amount of the 
project costs of US$ 7,351,770. See above tables and Annex A for 
distribution of funds according to COJllPany. 

8 . PROJECT IHl?LEMEN'l'A'l'J:ON 

8. 1 MANAGEMENT 

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

TIME TO COMPLETZON 
TASK 

Ql Q2 Q3 Q4 QS Q6 

l. Preparation 
MLl" Approval X 

Procurement preparation xx X 

Vendor selection xx 

2. :Installation _, 

Arrival, customs, xx 
Machine installation X X 

3. Start-Up 
Machine start-up :x 
Trial.a, training XXX 
Certification X xx 

9. PRo.:JECT DIPACT 
This project will eJjminate the use of 226 tons of CFC's, (l.993 
base) in the first year of implementation. 

10. ARNBIBS 

MNBX A: SUlllfAll'I' BUOOB'J.' ftBI,E 
JU01B'JI' B: DID1V.LDOAt. COIIPAlff JlllCJ!tBIIBIII OPBBA'.rl:OIIIM. COS'.rS 
>Jil'lllEX C: CI.JUUFJ:CA'.HOR OR CALCOLA'.rl:OH OF OPERA'.rJ:ORM. COS'l'S 
~ D: 'i:.BCJDIJ.CAL BBVD!MS 
ANNEXE: OORG Dl.SCUSSJ.Olll PAPER OH THE BCFC-141B AND RELA'.rED LDmll 

'l'BCBNOLOGJ.ES. 
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ANNEX A: SLIHMARY BUDGET TABLE 

I Total AMDINOS .I CORElSA I HACEB I !CASA I POLAR!X I 
~r.Manuf. Refr.Hanuf. Refr.Manuf. Refr.Manuf. Refr.Manuf. 

CFC·1J 150 0 13 45 57 35 
a. CFC Cons~t ion CFC•l; 76 0 9 24 15 28 

(ODP Tons) . . . . . . . . . - - - - .. . . . . . . . . . . . . . . . . .. -- - - . . 
Both 226 0 22 69 n 63 

CfC•11 940,000 0 267,000 40,000 440,000 193,000 
b. Incremental CFC·12 1,509,367 512,497 167,200 248,930 269,000 311,740 
C8pital Cost ... .. - - .... "' ---·-- . - - - - - . - ,,. - - . - - .. ,.. - .. . -- - .. -

Both 2,449,367 512,497 434,200 288,930 m,ooo 504,740 

CFC•11 1,978,022 0 260,103 "'579,884 456,494 681,541 
c. lncrementat CFC·1, 4,445,478 0 540,211 1,515,020 878,052 1,512, 19'.i 

Operational Cost . . . .. - - - .. .. - - - + 
. . . - - - - - - - - .. - - . - - - '" .. 

_,.. ____ 
Both 6 ... 423,500 0 800,.314 2,094,904 1,334,546 2,193,736 

CFC·11 2,918,022 0 527,103 619,884 896,494 874,541 
d. Total Incremental CFC·1; 5,954,645 512,497 707,411 1,763,950 1,147,052 1,823,935 

Cost . . . ------- . - -- - - . - .. - - - .............. .. - ........ - ........ -
(d=:b+e) Both 8,872.867 512,497 1,234,514 2.383,834 2,043,546 2,6911.476 

•~ Oil,ership in Art-S COllltries 0.82857 0.612 1 1 t 0.51 
f. capital earn,. factor (10 yrs) 0.16275 0.16275 0.16275 0.16275 0.16275 0.16275 

CFC•11 2,489,497 0 527,103 619,884 896,494 446,016 
g. Proposed CfC•1l 4,862,268 313,648 707,411 1,763,950 1,147,052 930,207 
MLF Gr-ant . . . - - ~ ....... . ......... . - .. - . - ...... - - - .... - - - - . ... .. .. .. .. 

C g = d X • ) Both 7.351,770 313,649 1,234,515 2.383,835 2,043,547 1,376 223 

CFC·11 6.3 .,x ~3.~ ,_ 6.6 5.3 5.4 
g. Unit Abatement CfC·1; 26.9 N/A 33.0 33.3 32.2 14.7 

Cost . . . - .. . . . .. - - . - . . . . . . .. . . . . - - . . . . . . . . .. 
g=(b"f+c/2)*e/(a*t000) Coth 1~.2 N/A 21.4 15.9 10.9 9.5 



Annex 8.1_1 -- Calculation o1 the tncremental Operating Cost for tORELSA 

1 .. lhe Elimination of CFC-t1 as Blowing Agent 10f' rh~rmal lnsulatin foams. 

CORELSA ••• COltElSA ••• CORELSA 

Use per kg of foam produced. 

a. kg Polyol 
b. kg Mill 
c. kg Blowing Agent 

Prices In USS/kg 

d. Polyol 
e~ t4D l 
f. Blowing Agent 
g. Polystyrene for Liner 

cost per kg of fomn produced 

h. =ax d~ Polyot 
i.-=bxe.tl>l 
j~ • c X f. &Lowing: Ageot 

k. ~ h+i+J, Total per kg foam 

Material used per Refrigerator 

l. kg of f- per u.it (average) 
•· kg of polystyr- per unit (average) 

cost per Refrigeration unit 

n. • t x I:. for fOMS 
o .. = 11 x g. for polystyrene 

p. ~ n + o. Total per unit 

q, Nr o Refr g units/year (based on 1 production) 
r. Total lner-.tal Cost per year (US$) 
•. NPV •• 10% (S • 0.9C1 x r + 0.909 x 0.909 x r) 
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Annex 8.1.2 -- Calculation of the lrtcrementat Operating Cost for CORELSA 

2. The Elimination of CFC-12 as Refrigerant. 
============~================================== 

CORELSA === CORELSA === CORELSA === CORELSA 

1. Refrigerant 

a. Price per kg Refrigerant 
b. tg per Refrigerator (average) 
c. Ntirher of Refrigerators -per year (see note 1) 

d. Cost for Refrigerant cl; ax bx c 

2. C:Cfll)ressors 

a. cost per Ci>l\'4)ressor (see note 2) 
b. Nuriler of Cortptessors per year (see note 1) 

d. Cost for Con-.,ressors c =ax b 

3. Condensot-s 

•. Cost per Condensor 
b. Nurt,,er of Condensors per year (see note 1) 

d~ Cost for Condensor c =ax b 

4. filter/Dryer 

a. Cost per Filter/Ory•r 
b. Numer of Fllter/O~rs per year (see note 1) 

d. Cost for Filter/Oryer C = a X b 

5. capillary'"""' 

•. Cost per Capillary Tube 
b. Nul'i>er of Capillary Tubes per yeor <see note 1) 

d. Cost for Capillary Tube c =ax b 

I
,. T.,.; per year 
f. NPV at 10,: (f = 0.909 x e + 0.909 x 0.909 x e) 

CFC-12 

2.40 
0.171 

53,845 

22,098 

1,964,804 

3.00 
53,845 

161,535 

0.41 
53,845 

22,076 

HFC·134a 

")11,310 
540,211 

Note 1: Figures for 1995/96 are based on production fig~res of the last 12 months prior to 
submitting the propoSat. Expected growth in the sector Mas not taken into account further 
tv~~ decision by the 12th Executive Cotmlittee Meeting~ 

Note 2: An average was obtained using alt reported data on incremental costs for 
iffl,)Orted and locally produced corq:,ressors, See annex C. on ealcutation method. 
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Annex 8.2.1 -~ CalC\llation of the lrnzremental Operating Cost for H~CEQ 
=======:===============================~=-============-=========;=-----

1. The Elimination of CfC~11 as Blowing Agent for Thermal Insulatln Foams. 

HACEB ~== HACES === HACEB 

Ilse per kg of fOIIIII produced. 

•· kg Polyol 
b. kg Mll 
c. kg Blowing Agent 

Prices in US$/kg 

d. Polyol 
~- MDI 
f., Blowing Agent 
g. Polystyrene for liner 

cost per kg of foam p~ 

h.: a X d. Polyol 
i. : b X e .. t«ll 
j. = c x f .. Slewing Agent 

k. = h+i+j. Total per kg foam 

Material used per Refrigerator 

I. kg of fOIIIIS per unit (average) 
■ .. kg of polystyrene per mi t (aver-age) 

COct per Refrlll"ratlon Unit 

n. • t X k~ for foams 
o .. z: • x g. for polystyrene 

p. • n + o. Total r unit 

q. Nr o lie r g UniU/y,>ar (based on 993 product on) 
r. Total lnc:remental Cost per year (US$) 
s. NPV at ,ox (S = 0.909 x r + 0.909 x 0.9u9 x r) 
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Annex 8.2.2 -- Calculation of the Incremental Operating Cost for kACEB 

2. The Elimination of CFC-12 as Refrigerant. 

HACEB === HACE8 ••= HACEB ==• HACEB •== HACEB CFC·12 

1. Refrigerant 

a. Price per kg Refriverant 
b. Kg per Refrigerator (average) 
c. "i.nber of Refrigerators per year (see note 1) 

2.40 
0.193 

140,144 

d. cost for Refrige-rant d= a x b x c 64,915 

2. Conpressors 

a. Cost per Cocrpressor (SH note 2) 
b. Nurber of Coq,ressors per year (see note 1) 

d. cost for Compressors c =ax b 

3. Condensors 

a. cost per Condensor 
b. N\lli::,er of Condensers per year (see note 1) 

d.. Cost for Condensor c = a x b 

4. Fi\ t"rJl)r-yer 

a. Cost per Filter/Dryer 
b, Mtlllber of Filter/Dryers per year (see note 1) 

d. Cost for Filter/Dryer c = a X b 

5. capillary T-

a. Cost per capillary r• 
b. •- of Clpll lary T..,... per year <= note 1) 

d. Cost for Capillary T!J::>e c := a x b 

e. Total per year 
f. NPV at 10X (f • 0.909 x e + 0.909 x 0.909 x e) 

36.49 
140,144 

5,113,855 

5.31 
140,144 

744,165 

0.54 
140,144 

75,678 

HFC·134a 

Note 1: Figures for 1995/96 are based oo production figures -0f the last 12 months prior to 
sl.bnftting the proposal. Expected growth tn the sector was not taken into account further 
to a decision by the 1611 Executive COOYUittee "eetins~ 

Note 2: An average was obtained using all reported data on incremental costs for 
imported and locally produced coopressors. See annex C. on calculation methoci~ 
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Annex 8.3.1 ~- Calculation of the Incremental Operat;ng Cost for ICASA 
======~========~=====~======================c======================== 

1. The Elimination of CFC·11 as Blowing Agent for Thermal Jnsulatin Foams. 

!CASA ===!CASA ==•!CASA 

Use I"'' kg of Foam produced • 

•. kg Polyol 
b. k9 HPI 
c. kg Slowing Agent 

Prices In US$/kg 

d, Polyot 
e. MOI 
f. Slowing Agent 
g. t>olystynno for Liner 

Cost ""' kg of foam pn,cb:ed 

h. = a X d. Potyoi 
!. • b Xe. Hill 
J. =. X f. Blowing Agent 

le:. = h+i+j,. Total per kg foam 

I. ts of foams l"'r ...,It (owrage) 
•· kg of polystyrene l"'r <.nit (average) 

cost I"'" ltefrl-•tfon Unit 

n. • l x k. for f.,.. 
o. • • x g. for polystyrene 

~ • n + o. Total ·r lllit 

q. Hr o R r g Un ta/year (based on 1993 production) 
r. Totel Incremental Cost per year (US$) 
s* MPV at 10% ($ = 0.909 x r + 0.909 x 0.909 x r) 
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Annex 8.3.2 -- Calculation of the Incremental operating cost for !CASA 
=================================-~===-=============~=================== 

2. The Elimination of CFC-12 as Refrigerant. 
=================================----========== 

le.A.SA =n tCASA. === tCASA ICASA === !CASA CFC-12 

1. Refrigerant 

•· Price per kg Refrigerar,t 
b. Kg per Refrigerator {average) 
ct N~r cf Refrigerator. per year (sec note 1) 

d. cost for Refrigerant d= ax bx c 

2 .. ~essors 

•· Cost per Conpressor (see note 2) 
b. Nurber of Coq:,ressors per year {see note 1) 

d. Cost for Compressors c =ax b 

a. Cost per COodensor 
b. Nuroer of Cordensors per year (see note 1) 

d. Cost for Condeftsor c = a X b 

4. F!tter/l>ryer 

a. Cost per Fitter/Dryer 
b. Nuroer of fllter/l>ryers per year (see note 1) 

d. Cos.t for Filte~{t)ryer c =ax b 

5. cap! llary T-

a. CO&t per capillary Tlbe 
b. N...,.,r of capillary T....., per year (see note 1) 

d. Cost for Capilla Tl.be c =ax b 

e. Total per year 
f. NPV at 10% (f e 0.909 Xe+ 0.909 X 0.909 Xe) 

2.40 
0.15 

100,000 

36,000 

36.49 
100,000 

3,649,000 

11.50 
100,000 

1,150,000 

0.50 
100,000 

50,000 

HFC·U4a 

~ote 1: Figures for 1995/96 are based on production figures of the last 12 months prior to 
submitting the pr-oposal. Expected 91wth in the sector was not ta~tm into account further 
to a dec!sion by-the 12th Executive C~ittee ~t.:eting. 

Note 2: An average was obtained using all reported data on increrne-ntat costs for 
in-ported and locally produced cOftl)ressors. See annex C~ on calculation method. 
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AnneK B.4.1 ## Calculation of the Incremental Operating Cost for POlARlX 

1- The Elimination of CFC~11 as Blowing Agent for Thermal Jnsulatin Foams. 

POLARlX ===POLARlX ===POLARIX 

UH per kg of Foam produced. 

a. kg Polyol 
b. kg Mill 
c. kg 8lowing Agent 

Prices In USS/kg 

d. Polyol 
e. MDt 
f. Blowing Agent 
9. Polystyr- for Liner 

Cost per kg of foam produced 

h. = $ x d. Polyol 
i. 111: b x e. MDI 
j~: C X f. Blowing Agent 

k. 111: h+i+j, Total per kg foam 

Material UMd per Refrigerator 

t. kg of foams per unit (average) 
•• kg of polystyrene per <nit (aver-) 

cost per Refrl_.tlon Unit 

n. • I x k. for foams 
o. = m x g_ for polystyrene 

p. c n + o. Total per unit 

q. Nr of Refr g Un ts/year ( sed on 1993 p 
r. Total Incremental Cost per year (USS) 
s. NPV at 10)( ($ = 0.909 x r + 0.909 x 0.909, r) 

51% ···> 350,136 
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Annex 8.4.2 •• Calculation of the Incremental Operating Cost for POLARlX 
======================================================================== 

2. The El imlnation of CFC-12 as Refrigerant. 

Pot.AR!X =•• POLAR!X === Pot.AR!X •== POLARIX == CFC·12 

1. Aefrigerant 

a. Price per kg Refrigerant 
b. Kg per Refrigerator (average) 
c. Nt.llber of Refrigerators per year (see note 1) 

2.40 
0.192 

155,000 

d. Cost for Refrigerant d: a x b x c ·.71.424 

2 .. C°""ressors 

a. Cost per ~ressor (SM na-te 2) 
b. th.1tt>er of Coq:,ressors per year (see t'IQte 1) 

d. Cost for COlll)ressors c =ax b 

3. COndensON 

a. Cost per Condenser 
b. Ntnber of COnden$Ots per year (see note 1) 

d. Cost for Coodensor c : a x b 

4. Filter/D~er 

a. Cost per Filter/Oryer 
b. Nu!lber of FHter/l)ryers per year (see note 1) 

d. Cost for filter/Oryer c =ax b 

5. c.pitlory TIA,os 

a. cost per c.i,H lary r• 
b. _, of t:apit Lory TIA,os per year (see note 1) 

d. Cost for Capillary Tube c = a X b 

e. Total per year 
f. NPV at 10,,: Cf= 0.909 x e + 0.909 x 0.909 x e) 

36.49 
155,000 

10.96 
155,000 

0.53 
155,000 

82,150 

HfC·134o 

771,219 

No(e 1; flgures 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 into account further­
to a decision by the 12th Executive Comnittee Meeting. 

Note 2: An average was obtained using all reported data on incremental costs for 
imported and locally produced compressors. See annex C. on calculation method. 
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ANNEX C : Price averages for CfC~12 and for CCM'll)ressors 

Prices of CFC~12 as refrigerant. 

Nr c,f kg per Nr of Price of I Total 
Refrigerators Refrigerators CFC·12 US$ 

Corelsa 0. 171 102,000 3.48; 60,698 
Haceb 0.193 252,000 1. 92 > 93,381 
lcasa 0.150 200,000 2.SO > 75t000 

Polarix 0.192 290,000 2.16 > 120,269 
' 

Average/Total 0.180 844,000 2.40 ~ 349,348 

The average CfC~12 price usai throughout the project is therefore 2.4 USS/kg 

Prices of CfC~12 Conpressors reported by each CQlll)any 
=========================================~========;;======~;==== 

Locally PrOOUCed I~rted Totals 
(see note 1) {see note 3) 

Corelsa 39.02 20,000 31.60 82,000 33.05 
Kac:eb 35.90 2.28,000 35.90 24,000 35.90 
lcasa 41.60 44,000 35.18 156,000 36.59 

Polar-ix 38.13 290,000 37.00 0 38.13 

Average/total 37.55 582,000 I 34.13 262,000 36.49 

Calculation of Average Incremental Costs for C0nl)tessors 
~--===========================================---============= 

local C~ressors Iq:,orted T0tals 
(see note 2) (see note 3) 

Corelsa 4.23 20,000 2.84 82,000 3.11 
Mac.eh 4.23 228,000 3.60 24,000 4.17 
lcasa 4.23 44,000 3.42 156,000 3.60 

Polarix 4.23 290,000 3.60 0 4.23 

Average/Total 4.23 582,000 3.25 262,000 3.93 

Note 1: All prices above makes it took as if prices of imported coq:,ressors a~e lower thar. prices of 
locally made COl"'pfessors. This is explained by the fact that production votll!leS at ANDJNOS c~ressors 
are 10 to 20 times lower than production at factories ln USA or Brazil. However, it is i~rtant to note 
that an i""'°rt tax of 15¾ is charged to i~rted compressors, so that the after tax prices look much 
more favourable for ANOtNOS than the figures shown above~ 

Note 2: This price was calculated based on the incremental operational cost that A~01NOS will be faced with 
to switch from CFC·12 c~essors to HFC·134a c~ressors. the incremental cost arrived at is 6.92 US$ 
per coopressor. However# ANOlNOS being only 61.2% owned by Artlcle-5 Countries, the incremental cost 
for an ANOJNOS compressor was reduced according\y, eventhough the funds will be at located to the 
refrigeration manufacturers. 

Note 3: All prices were provided by the various COl'!l)anies concerned~ and verified by the Ministry of Plannlng 
in Colombia and with the Asociacion Nacional de lndustrlal de Industriales. Production figures in this 
table are based on 1993 data. 
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TECHNICAL REVfEW 

PREPARED BY: Bert \/eenejndaal 
UNDP Sectdr Bltpert '1tbalillt] , , I 

DATE: June 18, ~994 
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OF ORIGIN: COLOMBIA ' ! /
',' 
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TITLE: Elimination of lFc • s in the Domestic 
Refrigeration Sedtor (CFC-11 part) 

3. (SUB)S CTOR: Foamed Plastics I 
4. 

5. 

6. ENVI 

TIONSHIP: Included 

: Reduced CFC foamltechnology followed or 
coml:)ined with ~FC-14lb is a viable 
intermediate ste~ to zero-ODS foams. It 
1s c:0111111ercially )Proven. offers relative 
good insulation performance. It requires 
an appropriate !Plastic liner, which 
influences the cc>st. The use in these 
projects is suppalrted as cyclopentane 1B 
currently not available in COlombia. The 
technology is av~~able through chemical 
suppliers or ext1 a1 experts 

AL IMPACT: Tbe i111Plementati~n of the transitional 
step constitutes,5% ODP reduction, but 
the installed e ipment allows without 
substantial addi ional investments the 
completion to n -ODS technology at a 
later stage. H FC-141b is 1110derately 
flammable has a low TLV. The project 
c01M1issioning sh uld include an IH and 
safety audit 

-

7. PROJEC COSTS: ~ll essential cost components are 
identified and qu tified 
There appear no elements that are not 
incremental 
The capital cos are reasonable and 
adequate. The need of process 
ventilation is s~!till not fully clear. 
The IR/safety a 1 t could be used to 
address this issu 
There is no n t-scrap value to be 
expected l 
The capacity wil~ not be increased by 
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8 IHPL.RMIENTA'l'ION: 

9. RE ATION: 

TO UNDP BPPE/ENR P.001 

this investment I 
The individual cbst components are, on 
suggestion by the reviewer standardized 
and regional pr:ilces in stead of local 
prices are used jwhere local -prices • are 
unusual high (due to taxes, availability 
or other reasons)j 
No savings are tq be expected 
Comparative review of individual cost 
components with I other projects shows 
(with help of tl:ie Secretariat) nothing 
out of the ordin~ry 
Adequate and feasible 

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 ventilat n in future projects) 
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TECHNICAL REVIEW 

PREPARED BY: Bert Veenendaal 
UNDP Sector Expert 

DATE: June 18, 1994 

1. COUNTRY OF ORIGIN: COLOMBIA 

2. PROJECT TITLE: Elimination of CFC' s in the Domestic 
Refrigeration Sector (CFC-11 part) 

3. (SUB)SECTOR: Foamed Plastics 

4. CP RELATIONSHIP: Included 

5. TECHNOLOGY: Reduced CFC foam technology followed or 
combined with HCFC-14lb 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 supported as cyclopentane is 
currently not available in Colombia. The 
technology is available through chemical 
suppliers or external experts 

6. ENVIRONMENTAL IMPACT: The implementation of the transitional 
step constitutes 95% ODP reduction, but 
the installed equipment allows without 
substantial additional investments the 
completion to non-ODS technology at a 
later stage. HCFC-l41b is moderately 
flammable has a low TLV. The project 
commissioning shoi;'ld include an IH and 
s-afety audit 

-

7. PROJECT COSTS: All essential cost components are 
identified and quantified 
There appear no elements that are not 
incremental 
The capital cost are reasonable and 
adequate. The need of process 
ventilation is still not fully clear. 
The IH/safety audit could be used to 
address this issue 
There is no net-scrap value to be 
expected 
The capacity wi 11 not be increased by 



8 IMPLEMENTATION: 

9. RECOMMENDATION: 

this investment 
The individual cost components are, on 
suggestion by the reviewer standardized 
and regional prices in stead of local 
prices are used where local prii.::es are 
unusual high (due to taxes, availability 
or other reasons} 
No savings are to be expected 
Comparative review of individual cost 
components with other projects shows 
(with help of the Secretariat) nothing 
out of the ordinary 
Adequate and feasible 

Approval as proposed is recommended with 
the stipulation to provide the 
Secretariat with the results of the 
IR/safety audit ( allows to judge the 
need of ventilation in future projects) 
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This project will phaseout CFC-12 consumption in the manafacture of 
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mature non ODS technologies (carbon dioxide/butane). Two companies, 
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PROJECT OF THE GOVERNMENT OF COLOMBIA 

ELDUNATION OF 'l"BE USE OF ODS IN THE POLYSTYRENE FOAM SECTOR 

1. PRO.JECT OBJECTJ:VE 

The objective of this project is (i) to phaseout the use of ozone 
depleting substances in the manufacture of extruded polystyrene 
foam sheet (XPS) in Colombia and (ii) to establish a model project 
that could subsequently be used for other sectors in Colombia. 

2. SECTOR BACJtGR.OmID 

The l.993 CFC consumption in the Colombian industry reached an 
estimated l.700t. Of these, 320t or 16% were used as a foaming 
agent in the production of XPS foam sheet. Two companies, 
Manufacturas Ajover Ldta (AJOVEJil} and Industria Nacional de 
Desechables (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, etc.). 

3 . PROJECT DESCRIPTION 

The XPS industry has agreed to participate in the first batch of 
ODS phaseout projects in Colombia and to function as a model 
project for a consolidated sector approach. 

A.JOVER has selected replacement of CFC-l.2 by butane. Technology 
transfer, safety advice and production training will be provided 
through an external. process expert. The project includes equipment 
modifications and extensive safety 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 h_.mdling cost. Recurrent incremental benefits are therefore 
substantially eliminated and not applied in the grant calculation. 

The conversion will cause severe production fl.ow 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 CO2 . This technology is 
available under license from Dow Chemical. Initially induced 
higher operating 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 
costs are therefore calculated on the purchase of a new extruded 
under substraction of the resale value of the existing equipment. 
The company wants to use the opportunity for relocation and 
capacity expansion. Any cost related to these activities will be 
born by the company itself. 

4. TECHNOLOGY 

4 . l. OVER.VIEN OP' ALTERNATIVES 

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

o Atmospheric Gases, 
o Hydrocarbons, 
o HCFCs, 
o HP'Cs. 

4.l..l. A'lKOSPBEIUC GASES 

Nitrogen Gas is inert, nontoxic and noncombustible, but asphyxiant. 
The use is burdened by a low solubility in the resin and a 
relatively high density of the end product. New resin developments 
may m&ke the use of nitrogen a more viable option in the future. 
Bersto:rff Technology is based on a mixture of nitrogen and alcohol. 
This technology exhibits undefined risks in toxicity and fire. The 
resulting product has also a higher density. 
Carbon dioxide gas is an asphyxiant, high energy consuming and 
moderately toxic gas. Carbon dioxide as a co-agent is proven 
technology. The uses of only CO2 in XPS sheet is patented, and 
requires licensing. 

4.1.2 HYDRC.:ARBONS 

N-pentane, butane, isopentane and isobutane are proven 
replacements. The technology is cost effective and results in 
product of acceptable quality. However, the fla11a11ability of 
hydrocarbons requires stringent safety precautions in the 
manufacturing process, resulting in the need for retrofitting. In 
addition, hydrocarbons are photochemically reactive =d contribute 
to the form&tion of atmospheric ozone (smog). 
Liquified petroleum gases {LPG) have also been proposed as 
replacement for CFCs in PE/PP and PS foams. LPG is, however toxic, 
fJammab1e and not generally accepted for food packaging. If used, 
molecular sieves as purifier/deodorizer and a buffer for boiling 
point stabilization will be required. 
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4.1.3 BYDROCBLOROFLUOR.OCARBONS 

ECFC-22, non·f)ammab1e, 1ow in toxicity, thermal and chemica1 
stable, has been proven effective. The compound has however an 
ODP, and only qualifies as an interim replacement. 
BCFC-142b can be used alone or in combination with HCFC-22 to 
reduce the flammability. The price penalty is, however, 
considerable and equipment has to be modified to cope with the 
moderate f)amrnability and the modified diffusivity of the compound. 

BnlR.OFLUOR.OCARBONS 

BFC-134a, non-flammable, low in toxicity and with no OLP, is just 
recently introduced in the market. The current pricing will prevent 
utilization in the very cost sensitive food serving and packaging 
applications. The utilization of HFC•134a in foams competes with 
the utilization as a refrigerant in appliances and automotive air 
conditioners. 
BFC 152a is low in toxicity, moderately f1ammab1e and possesses no 
ODP. 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: 

o Proven technology in processing and product performance, 
o Environmentally acceptable, 
o Low in toxicity, 
o Adaptable to the existing equipment, 
o Cost effective, 

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

The company is confident that this problem can be eliminated in 
time through the set-up of a local commercial distribution system. 

INMtD"'S BAS SELECTED the use of .. carbon dioxide. The··technology, 
developed and patented by Dow Plastics, is based on recovered--i.c. 
not additionally generated-- CO2. Carbon dioxide is: 

o Non-toxic; 
o Non-flammable; 
o Low in cost; 
o Environmentally friendly; 
o Moderately soluble in polystyrene. 
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The drawbacks of this process are, 

o A rougher surface, 
o Restricted density range. 

INALDES expects that it can ultimately deal with these deficiencies 
through in-house developed modifications. 

4..3 JMPACT ON '1'BB PRODtrCTJ:ON PROCESS 

The use of butane will require substantial changes 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 Feeding Systems 
o Injection systems for new additives, 
o Replacement of the metering pump and injection system, 
o New gaskets and seals. 
o New pressure gauges. 

o Extrusion System 
o Replacement or modification of the screw, 
o Replacement or modification of the extrusion die. 

o Electrical Systems 
o Installation of spark arresters, 
o Sealing of electrical control cabinets, 
o Explosion proof motors and switches. 

o Auxiliary Safety Devices 
o Ventilation system to prevent the accumulation 

of hydrocarbon vapors, • -
o Monitoring and alarm systems for hydrocarbon vapors, 
o Extra fire extinguishers. 

o Production/Aging 
o Separated from other working areas, 
o Sprinklered or otherwise protected against fire hazards. 

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

The use of CO will require, according to the manufacturer, 
replacement of ihe extruder, related to insufficient temperature 
control on the existing equipment. CO cylinders are usually 
leased from the supplier company. Detailed description of the 
required equipment changes are part of the license package and 
disclosed after signature of a pre-license agreement. Start-up 
trials will be made under supervision of DOW engineers. 
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5. PROJECT COSTS 

5.1 CAPITAL COST 

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

DESCRIPTION 

A.JOVER 

0 

0 

0 

0 

0 
0 
0 

Storage Tanks 
Equipment Modifications 
Production Safety 
Storage Safety 
Recycling Safety 
Personal Safety 
Technology Transfer 

TOTAL A.JOVER 

TmlLDBS 

0 
0 
0 
0 

0 

0 

Tandem Extruder with CO2 feeding 
Resale Value Existing Extruder 
Process Trials/Training 
Technology Transfer 

TOTAL mALDBS 

Pre/post A&sessment 
Contingency/Rounding 

TOTAL CAPITAL COST 

6 

SllB'l"OTAL 

80,000 
270,000 
245,000 
150,000 
150,000 

20,·000 
20,000 

800,000 
(250,000) 

45,000 
50,000 

'l"OTAL 

935,000 

645,000 

30,000 
160,000 

1,770,000 



5.2 OPERATDIG COSTS 

A net incremental operating benefit is expected in both Ajover and 
Inaldes after the conversion. The net benefit results largely from 
reduced materials cost, which is greater than increases resulting 
form higher maintenance, safety and materials handling precaution 
requirements and additional training. As mentioned above, detailed 
calculations of the incremental benefits can be found in Annex-A 
and Annex·B. 

The net present value of the incremental operating benefit 
calculated following the MLF's instruction is about USD 698,000. 

5.3 UNIT ABATEMENT COST 

al 
bl 
cl 
d) 

ODS Reduction Project Costs 
Annual Incremental Benefits 
Capital Recovery Factor (lOy/10%) 
ODS reduction/y (base: 1995) 

USD 1,770,000 
220,000 
0.16275 

kg 450,000 

Unit Abatement Costs [{a(c)+b}/d] 0.15 USD/kg/yr 
---=-----=------------=--~-=-=------------------------=-==---==--
7 • FDrANCIHG PLAN 

The company reguest the financing of in the amount of: 

USD 1,072,000 

8. PROJECT IMPLEMENTATION 

6 .1 MANAGEMENT 

UNDP will oversee the implementation of this project and provide 
technical assistance. 
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8.2 SCHEDULE 

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

TIME FOR COMPLETJ:OH 
TASK: 

Q1 Q2 Q3 Q4 QS Q6 

1. Preparation 
MLF Approval X 

Visit Process Expert X 

Procurement Preparation xx 

2. Installation 
Arrival, Customs X 

Installations X 
Modifications XXX XXX X 

3. Start-up, Training 
Start-up, training X 

Commissioning X 

8.3 PROCIJREMENT 

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

9. REQUIRED REGULATORY ACTJ:ON 

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 dioxide. 

10. PROJEC'l' DIIPACT 

This project will eliminate the use of an expected 320t CFC-12 in 
the first year of implementation. Market growth indicates that 
this may increase by 10-20% annually in subsequent years. The 
project employs commercially viable and environmentally acceptable 
technology. 
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11. ANNEXES 

Annex-A: 
Annex-B: 
Annex-C: 

Detai1ed Project Information AJOVER 
Detai1ed Project Information INALDES 
Technical Assessment 

COLOMBIA/XPS.PRD 
94·03-05/03 
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1. COMPANY PROFILE 

ANNEX·A 

SUB-PROJECT AJOVER 

AJOVER is a major manufacturer of disposable and other plastic 
products in Colombia Its products are sold throughout the Andean 
Pact. The company is family owned, with shares holdings in Colombia 
and Panama. The company produces part of its 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 plastic products is currently concentrated in a 
factory in Bogota, consisting of essentially one large production 
and storage floor. 

CFCs 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 outside 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 monitor;;d. on butane gas concentration and 
protected against fire risk depending on the expected emlssions in 
the different process stages {40% during extruaion, 20% during 
winding and relocation, 40% during staging o~ later over a period 
of 7-20 days). 

This compartmentalisation will cause 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 costs 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. 
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2.1 CAPITAL COST 

2.1.l IRCREMBNTAL COST 

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

BUDGET ITEM SUB-TOTAL TOTAL 

A. Butane Tank System 
2 Tanks@ 20,000 ............ USD 
Testing ..................... USD 
Booster Pump ................ USD 
Deodorizing System .......... USD 
Connecting, Installation .... USD 

B. Fire Safety & Alazm 
Water Sprinkler System ...... USD 
Butane Sensor System ........ USD 
Ventilation Systems ......... USD 

c. Equipment Modifications 
High Pressure Pump .......... USD 
Extruder Modifications ...... USD 
Automatic Shutdown System ... USD 
2 Explosion Proof Winders ... USD 

40,000 
5,000 
5,000 

10,000 
20,000 ......... USD 

200,000 
30,000 
70,000 ......... USO 

60,000 
90,000 
10,000 

110.000 ......... USD 

D. Modification of Production/Storage Space 
Fireproof Walls/Doors ....... USD 145,000 
Electrical System ........... USD 55,000 

80,000 

300,000 

270,000 

Fireproof Recycling Silo .... USD 45,000 ......... USD 245,000 

E. Personal Safety 
Static Dissipating 

Clothing/Shoes .......... USD 
Handhold RC Monitor ......... USD 
Fire Safety Training ........ USD 

:r, , Technology Transfe:i: -
21 days @ 500 ............... USD 
Travel . ......................... USD 
Local Expenses (Hotel etc) .. USD 

7,000 
3,000 

10,000 .......... USD 

10,500 
7,500 
2,000 ......... USO 

TOTAL INCREMENTAL CAPITAL COST ...................... USD 
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2.1.2 PBOJECT COST 

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

BUDGET ITEM AMOUll'l' 

Civil Construction ......................... USD 1,600,000 

Equipment .................................. USD 550,000 

Storage, Material Handling ................. OSD 1,000,000 

Safety Equipment ........................... USO l, 250, 000 

Moving/reinstallation ...................... OSD 1,050,000 

Technology Transfer ........................ USD 50,000 

~ PROJECT COST ......................... USD 5,500,000 

It is proposed to apply the incrE!lllental cost based on retrofitting 
against the new construction. 

2.2 OPERATillG COST 

ASSUMl?TIORS 

o 1 OSD = 820 Pesos 

0 

0 

Prices: 0 

0 

0 

Consumption: 

CFC-12 OSD 

Butane USD 

Additives USD 

2.10/kg(CIF Venezuela plus 
freight to Bogota) 

0.78/kg CIF Venezuela 
0.90/kg incl. freight to Bogota 
30/t Resin 

190t CFC-12 (equals use of butane) 
2000t Polystyrene Resin 
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MATERIAL 

190t CFC-12@ 2,100 ................................ USD 399,000 
Replaced by: 
190t butane@ 900 ................................. USD 171,000 
Additives 10t@3,000 ............................. USD 30,000 

Savings/y .......................................... USD 198, 000 

OTHER COST 

Maintenance 5% of 935, 000 ........................ USO 4 6, 7 50 
Insurance .......................................... USD 15, 000 
Recurrent safety training and monitoring ........... USD 1 O, 000 
Additional material handling ....................... USO 15,000 

Total Other Cost/y ................................. USD 86, 750 

'.t'O'£AL J:HCREMEN'fAL RBCtJRREHT BBJIIEFTT/Y ................... USD 111,250 

HET PRESENT VlU.UE OF IHCREMEHTAL BENEFIT :m,CD> 

In conclusion, 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. 
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BIDDDTG SPECIFICATION 
FOR. 

TBE CORVERSION TO BUTANE :IN THE MAHOFACTO'.RE OF 
POLYSTYRBRE FOAM SB.BE'l' AT AJOVER. 

SPECIFICATION A: INSTALLATION OF BUTAlilB TANX AND PIPING WOllS. 

1. To supply and install units of K.L. Tank. ---- -----
2. To construct footring and concrete slab for tanks. 

3. To construct 9" thick x 2 meter height deflection wall 
approxilllately 60 ft. 

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

5. To fabricate and install 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 pressure 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 
local government rules and regulations on the 
use of hydrocarbon. 

2) Submission of drawings to local authorities 
and insurance company for approval, thereaj:ter 
testing and Certificate of Approval to be 
obtained. 
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A.JOVER Bidding Specifications 
Page 2 

SPECIFICATION B: FilitB SAl!'E'rr & ALARM SYS'l'BM 

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

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

3. To supply, install, testing and commissioning of gas detection 
system. 

4. To supply, install, testing and commissioning of ventilation 
systems. 

S. To supply, install, testing and commissioning 24• blow-down 
fans complete with wiring switches (total 10 nos.). 

6. To quote unit price for the following: 
a. Portable gas detector. 
b. 45kg trolley mounted Co2 fire extinguisher c/w license. 
c. 10 lbs. Co2 fire extinguisher c/w license. 
d. Static eliminator. 
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AJOVER Bidding Specifications 
Page 3 

SPECIFICATION C: MODIFICATION & CONVERSION OF EXTRUDED LINE TO 
CFC-FREE EX'l'RUDED. 

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

I. High Pressure Pump 

II. Auxiliary Equipment 
1. 3 RP invertor 
2. On/off switch to use in hydrocarbon up to pressure of 

500kg/cm3. 
3. Pressure gauge up to 500 kg/cm3. 
4. 1/4" high pressure pipe per 6m length. 
5. 1/4" stainless 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. 

16 



AJOVER Bidding Specifications 
Page 4 

SPBCJ:FICATJ:OH D: MODJ:FJ:CA'l"ION OF PRODUCTJ:ON/STORAGl!: SPACE 

To modify the existing production hall and storage facilities to 
allow safe use of butane. Separate compartments required for 
extrusion, staging and recycling. 

l. Installation of fireproof separation walls and doors, to 
create 

0 Extrusion Room (70om;> 
0 Warehouse (1, 000m2) 
0 Recycling Room (400m ) 

2. :Installation of a recyling silo with internal fire 
extinguishing system. 

3. Explosion proofing of electrical system. 

NOTE: l) All equipment and work must conform with the 
local government rules and regulations on the 
use of hydrocarbon as well as with any 
insurance requirements. 

2) Submission of drawings to local authorities 
and insurance company for approval, thereafter 
testing and Certificate of Approval to be 
obtained. 
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1. COMPANY PROFILE 

ANNEX-B 

SUB-PROJECT DfALDES 

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 Films Disposables XPS Foams 

Total employment is about 400. 

The XPS foam sheet business was bought in 1991 from DOW Colombia. 
DOW's brand name •celpac• is continued for Inaldes' products. 
The company targets the food industry with disposable plates, clam 
containers, egg cartons, etc. CFC-12 is used as a blowing agent. 
the following table shows the historical and predicted consumption 
of this agent: 

YEAR 1990 1991 1992 1993 1994 1995 1996 1997 

CFC-12 (t) 80 95 110 130 170 200 240 28S 

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

2. PRO,~CT COST 

Inaldes has opted for the use of carbon dioxide as the sole blowing 
agent. The technology will be provided by DOW Plastics under 
license. 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.e. a restricted density range and a rougher product surface 
through co-extrusion (currently under development) and focussing on 
the upscale market. 
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The current extruder cannot 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 increase. 
Likewise, Inaldes will pay for a relocation away from the current 
leased facility to new buildings to be constructed and owned by the 
company. 

The existing extruder has a considerable rest value that will be 
subtracted from the incremental cost. The equipment will be sold 
under stipulations to be worked out with the Implementing Agency. 
This to assure that no CFCs will be processed. 

2.1 CAPITAL COST 

2.1.l DlCREMBNTAL COST 

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

BUDGET ITEM SUB-TOTAL TOTAL 

A. Tandem Extruder with CO2 Feeding 
Blending System ............. USD 
Primary Extruder System ..... USD 
Metering System ............. USD 
Secondary Extruder System ... USD 

90,000 
150,000 

60,000 
soo,000 .......... usn 800,000 

B. Rest Value Existing Extruder ....................... USD(250,000) 

C. Technology Transfer 
Down Payment oow ............ USD 
Training/Trials ............. USD 

50,0002 
45,000 ......... USD 95,000 

TOTAL DlCREMBH'l'AL CAPITAL COST ........•.....•..••..... USD 645,000 

2 
Based on one engineer/ technician for two months (24s000)* Air transportation (10,000), 

acconmodation, local transportation (7,200), misc. & rounding (4,800). 
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2.1.2 PR.OJEC'l" COST 

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

BUDGET ITEM 

Property Acquisition .•..................... USD 

Civil Construction ...............•......... USD 

195,000 

960,000 

New Equipment .............................. USD 1,400,000 

Relocation/Reinstallation .................. USD 

Training /Trials . ............................ USD 

Miscellaneous Cost . ......................... OSD 

3 Write-off on Disbanded Equipment .......... USD 

100,000 

65,000 

130,000 

300,000 

TO'l'AL PROJECT COST .......•.•......••••..... USD 3,150,000 

2. 2 OPERATING COST 

ASSUMPTIONS 

o 1 USD = 820 Pesos 

0 Prices: 0 CFC-12 USD 

0 

2.10/kg (CIF Venezuela plus 
to Bogota) 

.SO/kg 

o One part CFC-12 to be replaced by one part CO2 

o Density to be increased by 6% 

3 
Value of equipment/structures not to be relocated ....... uso 550,000 

Expected value of resale ................................ uso 250,000 
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130t CFC-12@ 2,100 ............................... USD 273,000 
l30t CO2 @ 500 ............................... USD 65, 000 
6% Density Increase (58,500kg@ 1.20) ............. USD 70,200 
Additional Royality (975,000 kg@ 0.03) ........... USD 29,250 

:IBCREMIDl'J!U. BDIEl!'I'l'/Y ............................. OSD 109,000 

BET PRBSEB'l' VALUE OF INCRDI.IDl'J!AL BEREl!'I'l' .......... USD 345, 000 

There are no other incremental recurrent cost such as insurance, 
maintenance, training etc. as CO2 is safe in use and the equipment 
is basically the same. 

A net recurrent incremental benefit is expected to be realized from 
the conversion. 
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04/17/94 03:32 FROM RAPPA inc. TO UNDP BPPE/ENR , 

TECHNICAL ASSESSMENT 

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

CA'l'BGORY': Foamed Plastics; Thermoplastic Foams 

RBCOMMBJQ)ATIOH: The project is supported 

IHFOBMA'l'IOlf: Adequate, but see "OTHER ISSUES" 

'l'BCIDtOLOGY: Acceptl!lble. Despite em.erging interest for 
the use of carbon dioxide, butane remains the 
most selected phaseout technology. The choice 
0£ Inaldes for carbon dioxide is based on 
experience from previO\UJ trials of the 
licensor in the Inaldes plant. The project 
should provide interesting information for 
future reference 

Jl'B1'BRBHCES: Sbdlar projects in Egypt, India, IPdonesia, 
Malaysia, PRC, The Philippines, Thailand and 
Venezuela 

EHV1R011MBN'l'AL: Butane is a voe and photoch-ically active. 
Emerging regulations to be 1110nitored. The 
carbon dioxide in the DOW process provides no 
net increase in global CO, and is so with an 
environmentally very attractive solution 

SAFE'l'Y: _ The risks related to the flamlll<lbility of 
butane are adequately addressed. UNDP has 
developed a safety manual that is passed out 
to AJOVER 

COST BFFEC'l"IVSNESS: The costs are high in comparison to other 
projects but acceptable in view of the 
particular plant layout and equipment 
configuration. The cost effectiveness is 

P.023 

very good, based on the r~latively large size 
of the operations 



04/11/94 03:32 FROM RAPPA inc. 

O'l'HBR ISSUES; 

RBVDIIBR: 

TO UNDP BPPE/E!IR 

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

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 (Attacblll.ent-1) did request a 
higher budget based on a statElllleCt from the 
machine manufacturer (ettachment-2) stating 
that CO2 requir~s a higher output machine. 
This argument is not accepted by the re.viewer 
and not included in the project. It is the 
reviewer's standpoint that higher output is 
not needed., would constitute ce.pecity 
increase and should therefore be paid by the 
recipient 

IMldes• project includes replacement of the 
extruder. This ia based on reccnn:mdation of 
the equipiaent supplier and the proc-s 
expert. It is rec:omeJK!ed that Inaldes prior 
to implementation provides UNDP as written 
statement from DOW as technology provider 
supporting this reco-mendation 

Bert Veeneodaal 

April 16, 1994 




