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COUNTRY OR REGION: 

PROJECT EVALUATION SHEET 

Egypt 

PROJECT TITLE: 

BUDGET: 

INCREMENTAL COSTS: 

ODS PHASE-OUT: 

COST EFFECTIVENESS2
: 

PROJECT DURATION: 

IMPLEMENTING AGENCY: 

NATIONAL COORDINATING 
AGENCY: 

1) 
2) 
3) 

Phasing out ODS at the 
Refrigerator Plants of Delta Industrial Co. (Delta) 
Kiriazi Refrigerators Manufacturing Co. (Kiriazi) 
Electrostar for Refrigeration Co. (Electrostar) 

Capital costs 
Delta 
Kiriazi 
Electrostar 

Operational costs1 

us $1,774,674 
us $1,192,356 
us $1,244,155 

Delta US $837,307 
Kiriazi us $450,684 
Electrostar US $206,430 

Delta 
Kiriazi 
Electrostar 

us $2,581,981 
us $1,643,040 
us $1,450,585 

Delta: 40 MT of CFC-11 & 57 MT of CFC-12 
Kiriazi: 101 MT of CFC-11 & 36 MT of CFC-12 
Electrostar: 30 MT of CFC-11 & 16 MT ofCFC-12 

Delta: 
Kiriazi: 
Electrostar: 

US $26.93 per kg ODP saved 
US $11.99 per kg ODP saved 
US $31.53 per kg ODP saved 

18 months for all the three companies 

UNIDO 

Egyptian Environmental Affairs Agency (EEAA) 

TECHNICAL REVIEW COMPLETED: YES -1L NO _ 

1 Calculated for six months of operation. 

2 Determined as the ni.tio of incremental costs to the estimated annual saving of ODP ($/ODP,,). 



UNEP/OzL.Pro/ExCom/13/29 
Page 2 

SECRETARIAT'S COMMENTS 

I. Three projects are addressed together in these comments (See endnote l for a list of 
the projects). 

2. Implementation of the three projects will result in an estimated annual phase-out of 
171 MT of CFC-11 and 109 MT of CFC-12. It represents 32 per cent of the annual ODS 
consumption in the domestic refrigerator sector in Egypt. 

3. The three projects were submitted for consideration of the Twelfth Meeting of the 
Executive Committee. The Executive Committee gave UNIDO permission to proceed. UNIDO 
has analyzed the incremental capital and operational costs with the Government of Egypt and 
with the enterprises in consultation with the Secretariat. The issues raised by the technical 
reviewer and the Secretariat regarding eligibility of costs of some equipment, possibility of 
modification of existing equipment, incremental operational costs were properly addressed. 

4. The replacement alternatives chosen by the three companies are cyclopentane as foam 
blowing agent and HFC-134a as refrigerant. Projects include the redesign of all current 
refrigerator models and the conversion of the plants. The conversion of the production facilities 
at the three plants will cover the refrigeration system, insulating foam blowing system as well 
as the refrigeration service carried out by the three companies. Cyclopentane and HFC-134a 
technologies are ultimate conversion solutions. The three projects will be implemented within 
18 months. 

5. Refrigerator model redesign and the technical aspects of the conversion, including 
safety measures associated with cyclopentane application, will be supervised by a Chief 
Technical Advisor and specialized consultants appointed and fielded by UNIDO. A General 
Contractor will also be appointed by UNIDO for the implementation of the major project 
components (foaming system, refrigeration system, fire protection system, exhausting and 
ventilation system, on-the-job training, etc.). These arrangements would ensure a proper 
technology transfer and safe operations. 

6. Incremental operational costs are associated with new HFC-134a compressor, 
refrigeration system optimization, higher cost of the refrigerant and extra polyurethane foam 
due to increased density. Incremental operational costs are calculated on the basis of average 
European price level for six months of operation. The companies accepted six month duration 
of operational costs. The Secretariat submitted a policy paper on the impact on the Fund of 
various operational cost durations in the domestic refrigeration sector. The operational cost 
durations will be an issue of discussion at the Thirteenth meeting of the Executive Committee. 

7. Currently, in Egypt a new HFC-134a compressor plant is under construction by 
MCMC with the support of the MFMP. According to the rules of the MFMP, either the 
components manufacturing or the assembling company is eligible to receive incremental cost 
support, however, the new compressors from MCMC will not be available in time. Thus, the 
incremental cost of HFC-134a imported compressors at US $5 per piece is taken into account. 
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8. A new HFC-134a compressor could be made available from other sources of supply 
at a lower price. The Secretariat and UNIDO are of the opinion that incremental operating 
costs are likely to decrease during the coming two years and maybe sooner. The incremental 
operational costs will be incurred only after the full production of a new product is started, i.e. 
18 months from the time funds are received. 

9. For the refrigeration service, one-third of the requested evacuation and charging boards 
and leak detectors for HFC-134a is retained on the assumption that it will take a few years 
before the HFC-134a refrigerators will be available in sufficient number to warrant the 
requested number of service units. 

SECRETARIAT'S RECOMMENDATIONS 

10. The Fund Secretariat recommends approval of the three projects and approval of capital 
costs as follows: 

US $1,774,674 for the Delta Industrial Co. 
US $1,192,356 for the Kiriazi Refrigerators Manufacturing Co. 
US $1,244,155 for the Electrostar for Refrigeration Co. 

11. The approval of incremental operational costs at US $1,494,421 for three companies 
is contingent on a decision from the Executive Committee regarding the duration of operational 
costs. 

12. UNIDO is requested to reassess the incremental operational costs on the basis of market 
prices prevailing at the time when actual costs are incurred. UNIDO is further requested to 
report back to the Executive Committee on the costs incurred. Agency overhead costs should 
be adjusted accordingly. 

Endnote 
EGYPT 

Project Installed Actual ODS Capital Operational 
Capacity Output Phase Out Costs Costs 
Units/yr. Units/yr. MT/yr. (US$) us$ 

Delta 420,000 207,814 97 1,774,674 837,307 

Kiriazi 150,000 93,600 137 1,192,356 450,684 

Electrostar 52,S00 42,000 46 1,244,155 206,430 

Total 622,500 343,414 280 4,211,185 1,494,421 



PROJECT COVER SHEET 

Cauntl)J: 
Project Title: • 

Sectc,rs Covered: 
ODS Use in Sector {1990): 
Project Impact : 

Project Dun,tton: 
Project Economic Life: 
Told Project Ccst: 

Capiuil Cast.: 
lm:nmumttil Operr:aing Cost: 
Lrnplemmting Agency's 

Overheads (13%): 
Proposd MF Fmancmg: 
Cast FJfectlveness: 
Counterpart Enterprise: 

lmplemtmting Agency: 

Cooramating Mmist,y: 

PROJECT SUMMARY 

Egypt 
Ph2sing out ODS at 1he RLEClROSTAB. foi­
~TION Co., Egypt 
Domestic Remgeration /Rigid Foam/llefl:igerant 
I.830 mt of CFC 11 and CFC 12 
Phase out of mmual conswnption of 30 mt CFC l l, 14 
xnt CFC 12 in fhe production and a. gradual phase out of 
cw:rently used 2 mt CFC 12 in the service sector {Total 
ODP•46) 
18 montbs 
10 years 
US$ 1,574,672 {Total of capital cost and incremental 
oper.,ring cost fur six month of opera.ti.on) 
US$ 1,337,278 

US$ 237,395 (six month of openwon) 

USS 236,201 
US$ 1,810,873 
See Ailnex D: Unit Abatement Colit 
El..ECIROSTAR for REFRIGERATION Co. 
6th of October Cizy 
United Nations Industrial Developm.ent Organization 
(UND)O) 

Egyptian Envirowneo.tal Affahs A,:ency (EEAA) 

TbJs project will phase oat 100 percent of the u.e of CFC 11 and CFC 12 fur the prodnction 
of rcfriga:a1,:m1 and ~ at ELECTROSTAll. for REFRIGBRATION Co. The chosen replacement 
slt,:,mativcs are wio11entane as foam blowing agent and HFC 134a a.s rofiigenuil. The project will 
include the redesign of all cuaent refngenitor model$ ""d lhe co11vemo11 of !he plmts. The redesign 
of the <»<l$ung te.li:igerator models covers activities like prototyping. testlng, trial manuf!ICtm:ing and 
ad,,ptatioo. 8!I well as reliabiliq, leSts. The oonver:sion of the pn,duotion faclliti,u covers the 

• refi:jgeau:ion system, insulatittg; lx>am blowing sy,t,:m as well as the.relngeration servioc carried out 
by the comp8!1y. The i:eplac<:rocrnt al11>rnatives and the time mmefor phasing out the use of ODS will 
be in line with EEAA's ODS phase out progumm<>. 
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I. 

A. 

BACKGROUND 

Sector Background 

pngc 2 

The subsector for domestic refrigerators and freezers in Egypt consists of 9 
manufacturers of which four to five companies are responsible for over 80 percent of the 
ODS consumption of CFC 11 and CFC 12. 

Egypt does not produce any ODS. All ODS used in the country are directly imported 
by the users. In 1990 the total consumption was 1,830 mt of ODS. 

The total installed production capacity for refrigerators and freezers is about 1,000,000 
units per year, but the present production is only about 525,000 units per year. The 
manufacturers expect an increase of about l O percent per year. 

In total about 7,000,000 refrigerators and freezers are in use in Egypt of which about 
IO percent per year will be serviced and a part of them recharged during refrigeration service 
with CFC 12. Because of lack of environmental awareness, know-how and equipment in the 
service sector, service staff very often use CFC 12 for washing/flushing of the cooling 
systems, instead of using vacuum pumps and charging boards. This causes up to 200 percent 
excess CFC 12 consumption in the service sector. 

Currently no Egyptian company manufactures low energy refrigerators and freezers 
with an insulation thickness of 40 to 50 mm for refrigerators and 90 mm to 100 mm for 
freezers; however, the introduction of a limit for maximum energy consumption could be 
expected in the near future. 

B. ELECrnOSTAR's Backunund 

ELECTROSTAR Refrigerators Manufacturing Co. (ELECTROSTAR), is a private 
company and one of the five largest manufacturers of domestic refrigerators and freezers. It 
employs 175 people and the installed annual production capacity is about 52,500 units. 
Between December 1992 and December 1993 the actual production was 42,000 units. 
ELECTRO STAR expects a IO percent increase in the production for each of the next four 
years because of the introduction of 5 newly developed no-frost refrigerators as well as 
redesign of the current models. 

In 1993 ELECTROSTAR used about 30 MT of CFC 11 and 14 MT of CFC 12 in the 
production process and 2 MT of CFC 12 in the refrigeration service. 

Based on the installed capacity the budget for 1994 was made for 20,000 units of the 
3 models fridge/freezers with two-doors. 15,000 units of the 3 models of refrigerators with 

MONTREAL PROTOCOL - ELECTROSTAR - EGYPT 



10 Jurie 199-1 page 3 

one door, I 0,000 units of 4 models of upright freezers, 13,000 units of 3 models of new no­
frost fndge/freezer and freezers, 3,000 units of new defrost fridge/freezers as well as hotel 
absorption refrigerators, totalling to about 62,000 units. 

ELECTROST AR covers a share of about 8 to IO percent of the local market; less than 
2 percent of the units produced are being exported to Libya. 

The technologies and know-how currently applied were imported from Zanussi/Italy, 
Electrolux/Sweden, Derby/Denmark and National/Japan. 

ELECTROST AR is currently running three separate production lines for foaming. This 
will be reduced to two lines in future. The company has no refrigerator design capabilities 
and no refrigeration performance test laboratory facilities. For this purpose, contacts have 
been established with NATIONAL/Japan to receive assistance in the redesign of refrigerators 
and in performance tests. 

More detailed information on the current plant layout and the production equipment 
employed, as well as on the proposed new layout is shown in Annex H: "Current and 
Proposed New Plant Layout". 

ELECTROSTAR has already recognized the need to be in compliance with the 
stipulations made in the Montreal Protocol and has agreed to participate in Egypt's ODS phase 
out programme. 

II. PROJECT OBJECTIVE 

The objective of this project is to eliminate the use of ODS such as CFC 11 and CFC 
12 in the production of domestic refrigerators/freezers and in the refrigeration service at 
ELECTROSTAR through conversion to the use of HFC 134a as refrigerant for the cooling 
system and cyclopentane as blowing agent for the polyurethane insulation foam. 

III. PROJECT DESCRIPTION 

ELECTRO ST AR is prepared to phase out ODS as soon as the new technologies have 
been acquired, the necessary machinery and equipment installed and the technical staff 
trained. 

Among the technological options currently available on commercial basis and in line 
with the established policy of the Government of Egypt to phase out the use of ODS, 
ELECTROSTAR has chosen to replace CFC 12 by HFC 134a, because the new type 
compressors are available, and the technology is mature and commercially applied outside 
Egypt. 
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As blowing agent for polyurethane foam ELECTROSTAR decided to avoid the use 
of any transitional substance and to introduce as ultimate solution cyclopentane. 

Through the project assistance will be provided in: 

a) Procurement of new machinery and equipment; 

b) Rebuilding of presently used machineiy and equipment wherever technically and 
economically feasible; 

c) Redesign, reconstruction, prototype manufacturing and testing ofrefrigerators/freezers; 

d) Installation, commissioning, trial operation, start-up and on-the-job training; 

e) Servicing. 

The following machineiy and equipment need to be rebuilt, replaced or added: 

A, Refrigeration System 

The charging equipment and vacuum pumps must only be used for HFC 134a and in 
meeting the demand for cleaner and dryer cooling systems the existing charging 
equipment has to be replaced including the vacuum control. 

The charging boards have to be replaced by boards suitable for HFC 134a. 

Because the leak detectors react on Cl molecules, they need to be replaced. 

The currently used vacuum pumps, after being cleaned and connection hoses and 
gaskets being changed can also be used for HFC 134a. 

To optimize the cooling system for the application ofHFC 134a and new specification 
for components used, performance tests for each model of refrigerator in an air­
conditioned test room are needed. Therefore, a minimum specification of refrigeration 
test equipment needs to be provided (see Annex F: "Preliminary Specification of 
Refrigeration Test Equipment"). It is understood, that foam testing facilities cannot 
be financed by MFMP, as stated in the forthcoming para B: Foam System. 

To improve the performance of the cooling system and compensate for a little lower 
polyurethane insulation value due to the conversion to HFC 134a as the new 
refrigerant and cyclopentane for the foam, it is necessary to optimize the cooling 
system as well as the energy consumption to keep an acceptable TEWI value. 
Therefore, it is necessary to redesign, reconstruct and carry out performance tests for 
all redesigned models of refrigerators / freezers. 
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The technical requirements for components such as tubes, condensers, evaporators, 
capillary tubes, heat exchangers and suction accumulators have to be in line with 
established standards, like DIN 8964, i,e. new rules for dryness and cleanliness need 
to be applied. 

The drier has to be equipped with 3 AA desiccant molecular sieves. 

The cooling system must not contain any chlorine and max, I % non-condensable 
gases, 

The capillary tube has to be optimized for an increased resistance at low evaporating 
temperatures. 

It will be necessary to train ELECTROSTAR's manufacturing and service technicians 
at the equipment suppliers' place in new foaming technology as well as in 
design/calculation and performance testing of cooling systems. During the installation 
and run-in of the new machinery and equipment the suppliers engineers will have to 
train ELECTROSTAR's technical staff. 

B. Foam System 

In order to achieve an acceptable foam quality and insulation value at lowest price, 
high pressure foaming machines need to be introduced and ex-proofed. The polyol 
part of the machines have to be made explosion proof and encapsulated. It is also 
necessary to replace the stirrer in the polyol daily tank as well as the electrical 
components of the polyol part of the foaming machine. 

Adaptation of the currently used low pressure foaming machines for cyclopentane 
would require substantial modifications to be carried out at the machine supplier's 
premises. Apart from the substantial adaptation costs, a further burden would be the 
several weeks interruption of production for decommissioning, rebuilding, 
transportation and recommissioning of the machinery. Thus, the only economically 
viable solution is to replace the low pressure foaming machines with suitable high 
pressure ones. 

According to our information collected in Egypt, there is no domestic market for the 
second hand low pressure foaming machines, since not only the refrigerator plants, but 
also the foam manufacturers are replacing their low pressure foaming machines with 
high pressure machines. Thus, similarly to the previously approved by the MFMP 
foam sector projects the high pressure machines are budgeted at their full cost 

Since cyclopentane and polyol cannot be delivered premixed in drums or tanks (like 
CFC l I and polyol), it will be necessary to provide mixing stations 
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It is necessary to provide one tank for polyol, one for cyclopentane and one for 
isocyanate to automatically deliver the components to the mixing stations. 

For work safely when using the highly flammable and explosive cyclopentane and in 
order to meet the relevant requirements of the local authorities, it is recommended to 
have a gas detector system as well as a fire protection system installed in the foaming 
department. 

The provision and installation of an exhaust and ventilation system in the foaming 
department is necessary in order to achieve compliance with established safety rules 
for the machinery and the plant; 

All machinery and equipment which may come in contact with cyclopentane or the 
mix of polyol and eyclopentane must be encapsulated and explosion-proof; 

To make the foaming jigs explosion-proof, it is necessary to replace the electric 
heating elements by copper tubes in which hot water can circulate. (A cheaper option 
would be to automatically disconnect the existing electrical heating just before foam 
injection, using the control system of the foaming machine and a timer. For the sake 
of high operational safety it is, however, recommended to apply the water heater 
option.) ELECTROSTAR is ready to absorb 50% of the calculated costs of the 
modification of jigs and plugs. The foaming inner mould plugs have to be partially 
replaced/rebuilt using aluminium sheets to guarantee a constant temperature at the 
inner foam plug_ The electric valves and microswitches to be used in connection with 
the foaming jigs need lo be explosion-proof. 

All foaming jigs and plugs must be equipped with a good earth connection to avoid 
the appearance of static electricity_ 

The workers's clothes and shoes have to be made of antistatic material and the floor 
needs to be covered with an antistatic paint 

To keep control over the quality of the foam it is recommended to introduce a 
minimum specification of test equipment Since currently no test equipment is being 
used by ELECTROSTAR it can, however, not be provided under this project_ 

C. Refrigeratioll Service 

ELECTROSTAR has about 370,000 refrigerators/freezers operating in Egypt. They 
are serviced mainly by the Company's 5 service centres. The amount of CFC 12 used 
by ELECTROSTAR for servicing/recharging is about 3 mt annually It is estimated 
that through better service technologies 2/3 of the latter amount, i.e about 2 mt could 
gradually be saved in future 
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For ELECTROSTAR's refrigeration service simple mobile recovery units for CFC 12 
(one for each of the 15 service cars cwrently used, plus additional units to be 
exchanged •with !he Central Collection Station) v.'ill be provided in order to prevent 
venting of CFC 12 and to reuse it (The recovery units consist of a metal or plastic 
case, filled with activated carbon to absorb the remaining CFC 12 from the system_ 
Toe CFC 12 will later be recovered from the activated carbon at the Central Collection 
Station and sent for reclamation.) 

15 new mobile evacualioo an.d charging boards for BFC l34a as well as le,;k detectors 
for service will also be provided (one each for the. service cars currently used). 

ELECTROSTAR's service personnel will be trained in using BFC 134a as well as in 
CFC 12 recovery and recycling. 

D. Jilstifo:udumfor Selection of Alternative T4C/Ul0lngi,?Js 

A$ new refrigernnt for domestic refrigerators and freezers most of tile major 
manufacturers of compressors have chosen BFC 134a as replacement for CFC 12. The same 
refrigerant was selected by the compress-Or compaay under construction in Egypt with the 
assistance of the MF.MP. Thus, for the Egyptian manufacturers of refrigerators and freezers 
1here is for 1he tirne being no other option commercially av.wable. 

As new bU)wing agent for the polyurethane foam the situation is quite different. Some 
manufacturers use: 

HCFC 141b with ODP = 
HCFC 142b with ODP = 
HCFC 142b + HCFC 22 with ODP = 
HFC 134a with OD1' 
Cyclopentane with OD1' 

0.11 
0.065 
0.06 
0 
0 

This means. that the use ofHCFC 141b, HCFC 142b and HCPC 142b + HCFC 22 
blend could only be accepted as transitional substmce for a limited time. 

Currently all major European manufacturers are carrying out tests or have already 
started using cyclopentane. Therefore, EEAA recommends that the Egyptian ma:mfacturers 
should introduce an ultimate solution as blowing agent and sb.ould not use any transitional 
substances. 

At present HFC 134a is also too e,,,-pensive, so it is very unlikely that it :nay become 
the ultinl3te blowing agent for polyurethane foam. 
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IV. INPUTS 

1. Capital Goods Rep/acemenl 

The following equipment for ELECTROSTAR needs to be rebuilt, replaced, as well 
as new equipment to be provided as specified below: 

A. Refrigeration System 

al. 

a2. 

a3. 

a4. 

3 pcs. 

3 pcs. 

l set 

5 pcs. 

B. Foam System 

bl. 

b2. 

b3. 

b4. 

b5. 

b6. 

b7. 

b8. 

2 pcs. 

2 pcs. 

l set 

l set 

1 set 

7 sets 

ll sets 

b9. 2 sets 

blO. 1 pc 

bl!. I set 

bl2. I set 

b13. I pc 

HFC 134a charging boards with vacuum pump, leak check as 
well as refrigerant supply pump; 

HFC 134a leak detectors; 

HFC l34a test equipment (minimum specification as for 
temperature, humidity, voltage regulation systems, as well as for 
measuring of temperature, pressure, voltage, current, energy 
consumption and to be added to the existing test equipment); 

existing vacuum pumps cleaned/renovated. 

High pressure foaming machines with two heads ( ex-proofed for 
use of cyclopentane ); 

mixing station for cyclopentane and polyol with daily tank; 

water heater system for foaming jigs/plugs; 

gas detector system; 

exhaust and ventilation system; 

foaming jigs (to be rebuilt); ELECTROSTAR is willing to share 
50% of costs of modification 

foaming plugs (to be rebuilt); ELECTROSTAR is willing to 
share 50% of costs of modification 

floor cover (antistatic); 

pipe installation (ex-proof) from mixers to foaming machines; 

tank for cyclopentane with pumps and pipe work; 

fire protection system; 

pumps and pipework from tank to mixers; 

water chiller for foaming machines. 

MONTREAL PROTOCOL - ELECTROSTAR - EGYPT 



l O June 1994 

C. Refrigeration Service 

cl. 

c2. 

c3. 

15 pcs. 

25 pcs. 

15 pcs. 

2. Conversio11/Training 

HFC 134a mobile evacuation and charging boards; 

simple CFC 12 recovery units; 

leak detectors for HFC 134a. 

page 9 

Within the framework of this project, technicians from ELECTROSTAR will be 
trained in ( among others) the following areas: 

redesign and reconstruction of refrigerators and freezers; 

management and production control; 

quality control in relation to conversion; 

operation of the new machinery and equipment; 

maintenance of the new machinery and equipment; 

refrigeration laboratory tests; 

new technologies for foam and refrigerant; 

specifications for materials; 

safety regulations for flammable/explosive chemicals; 

refrigeration service. 

3. Model Redesign 

It is foreseen, that for all models redesign and reconstruction are required, followed 
by the manufacture of some prototypes and refrigeration performance tests. The model 
redesign will be carried out by ELECTROSTAR's staff under the supervision of the Chief 
Technical Advisor and specialized international consultants for this project. 

As a common practice, modifications of the production lines will be carried out during 
evenings and off-days and, therefore, it will not cause any costs under this project. 

V. PROJECT IMPLEMENTATION 

The project implementation will be carried out by UNIDO in close cooperation with 
ELECTRO ST AR. Necessary local coordination will be done by EEAA. 

Purchase of know-how is not considered in the project budget. However, to 
substantively assist and supervise the technical aspects of the conversion process, to perform 
troubleshooting and to provide assistance in product redesign work a Chief Technical Advisor 
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and specialized consultants will be appointed and fielded by UNIDO. The respective job 
descriptions will be prepared upon approval of the project. 

After competitive bidding, performed according to UNIDO's rules and procedures, a 
General Contractor will be appointed by UNIDO for the implementation of the major project 
components (foaming system, refrigeration system, fire protection system, exhausting and 
ventilation system, etc.). The General Contractor will be responsible for the supply of 
equipment, installation, commissioning and on-the-job training of ELECTROSTAR's staff. 
The detailed Terms of Reference for the services to be provided by the General Contractor 
will be elaborated after project approval. 

In order to guarantee a proper technology transfer and safe operation - in particular 
of the new foaming technology, using the highly flammable and explosive cyclopentane - the 
proposed General Contractor will issue an "Operational Safety Statement"'l. 

The final equipment specification, the work plan and, consequently the Operational 
Safety Statement can only be elaborated after approval of the basic approach for project 
implementation by the MFMP. 

The permission from the local authorities for the introduction of the new technologies 
under this project will have to be obtained by ELECTROSTAR. ELECTROSTAR will also 
be responsible for the compliance of the new technologies with established national standards. 

Having accepted the conversion of its plants to the use of non-ODS under this project, 
ELECTROST AR will be committed to provide the following inputs: 

All activities and costs related to the construction work needed (including the 
provision of technical infrastructure) to accommodate the new technologies introduced 
under this project. (The relevant construction work will have to be arranged by 
ELECTROSTAR under the supervision of the General Contractor and in line with the 
established milestones for this project. The costs for construction work are, therefore, 
not reflected in the project budget. The specification for construction work needed 
will be elaborated by the General Contractor after project approval and necessary site 
inspection,); 

Technical staff as required by the General Contractor; 

Provision of tools, transportation and lifting equipment as required; 

•> For negotiations to act as General Contractor, UNIDO has already established contacts 
with Messrs. POL YFA Trading A.S., DK-2650 Copenhagen-Hvidrove, Denmark. 
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Local transport, communication and secretarial facilities for the General Contractor's 
and UNIDO's staff involved in the project's implementation. 

UNIDO as Implementing Agency has the necessary experience and capabilities for the 
successful implementation of projects at enterprise level. Upon approval of the project by the • 
MFMP the project's budget will be transferred to UNIDO. The respective project allotment 
document will then be issued by UNIDO's Finance Section. Any substantive or financial 
deviation from the approved project is subject to approval by the MFMP and UNIDO. 

For the project implementation, milestones are set in Annex E. 

VL 

I. 

PROJECT COSTS 

INCREMENTAL OPERATING COSTS 

The currently produced models will require the following modifications, based on an 
average European price level: 

Modification 

HFC l34a compressor 
Capillary tube 
Evaporator/Condenser 
Drier 3 AA 
HFC l34a refrigerant 
Cyclopentane 
Extra polyurethane foam 

Tomi 

Incremental Cost (US$) 

5.00 
0.20 
l.70 
0.03 
1.53 
-0.75 
2.12 

9.83 >) 

The above mentioned prices are showing the difference between the component prices 
for CFC 11 and CFC 12 versus component prices for HFC 134a and cyclopentane. 

The price increase will be caused by: 

8 % to 10 % compressor price increase for the new HFC 134a compressor and plus 
about 10 % for a one size bigger compressor (to cope with the lower capacity at low 
evaporating temperature, but no heavy duty compressor, coping with significant 

1
l The above calculation includes the incremental costs for the HFC 134a compressor to 

be used. Currently, in Egypt a new HFC 134a compressor plant is under construction by 
MCMC with the support of the MFMP. According to the rules of the MFMP, either the 
components manufacturing or the assembling company is eligible to receive incremental cost 
support. however the new compressors from MCMC will not be available in time. Thus, the 
incremental cost of HFC 134a compressors at US$ 5 per piece is taken into account. 
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voltage fluctuations), totalling to an average of about US$ 5.0 per compressor, (see 
footnotes 'J above); 

capillary tube average I m longer; 

evaporator/condenser 2 m longer; 

HFC 134a filling average about 10 % less compared with CFC 12 resulting in an 
incremental cost of US$ 1.53 per unit: 

Refrigerant Filling average/unit, Price, Cost, Incremental cost, 
kg US$ US$/unit USS/unit 

CFC 12 0.35 l.88 0.66 

HFC 134a 0.31 7.07 2.19 1.53 

cyclopentane at US$ 1.55/kg will be used m a lower quantity as CFC 11 at US$ 
1.801kg, saving is US$ 0.75/unit: 

Blowing Blowing agent Price, Cost, Saving, 
agent average per unit, kg US$ US$/unit US$/unit 

CFC 11 0.86 1.83 1.57 

C-pentane 0.52 1.57 0.82 0.75 

for polyurethane foaming at least 15 % more of the complete mix needs to be charged 
due to the higher foam density in the initial test period of about I year of foam 
production using cyclopentane (see also Annex G: "Technical Information Sheet of 
BASF"). The resulting incremental cost is US$ 2.12/unit: 

Blowing Foam average/unit, Price, Cost, Incremental cost, 
agent kg US$ US$/unit US$/unit 

CFC 11 6.0 2.35 14.I0 

C-pentane 6.9 2.35 16.22 2.12 

the currently used innerliner material is HIPS, type KR 27 l 0 from BASF. According 
to our latest information this material could be used with cyclopentane blown foams 
as well. Thus, incremental cost is not calculated. 
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Based on above calculuious, the total incremental opcming costs for ELECTROSTAB. 
the incremental operating costs are calculated for 42,000 units at USS 9.1!3 and will be for one 
year of ope~tioo: 

USS 412.860 

For six. months of operation the total illetmlental operating cost will be ~ follows: 

US$ 412,&60 x 0.5 ~ USS 20§,430 

Costs for transport and insw:ance of capital goods are included in the budgeted 
allocations for the respective illml$. 

Costs for equipment installation, comwissioning and on-the-:job training of 
ELECI'.ROST~s staff are calcul3!oo. scparatel.y. 

TI. CONTING!filCY FUND 

A contingency fitnd (15 percent of the tolld project budget) was calculated. The MFMl' 
is proposed to cover mi.foreseen e.:peoses wbic:h might be incurred during the project 
implemeo.tation, e.g. purchase of small tl>Sting instnlments, which might be required during 
the convemon pr:ocess, rnisceilaDr.ous expenses, price escalation. etc. 

ill. TOTAL COSTS 

Investmem costs will cover capital investment costs (at CIF basis) for modification of 
manufacturing facilities, materials, new machinery, testing equipment (see Annex A: 
"Equipment Specifu:ation and Cost Breakdown."), training, installation and OOllliUltancy 
services .for modifications (see Annex B: "Labour Cost of Subcontractor's Services" 
and Annex C: "Project Budget"). 

The incremental operating costs associated. with this project are as above. 

Implementing Agency's ovedl.ead costs ll1'e 13 percent. 

For the complete costs breakdown see Annex: C: "Project Budget" . 

. For the calculation of the unit abatement cost see Annex D: "Unit Abatement Cost". 

Requested funding by the MFMP; USS t.810.873 
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Annex A: :Equipment Specification and Cost Breakdown 

Ou3nlity Unttcost TQ\'!!lco§l:. 
USS 1/§i 

Refrigeration system 
Charging bOards for produclioo · 3 31,300 93,900 
Cleaning and renov. d:vacwm pvmps 5 160 800 
HFO 134a leak deteolo!S 3 9,000 27,000 
Test equipment 1 50,000 60,000 
R12 eollectioo. station 1 2,500 2,500 

Foaming system 
High pressure foaming machine, cabinets 1 160,000 160,000 
High pnassure foaming ma.chlne. dooos 1 110,000 110,000 
Mbdngstation 2 80,000 180.000 
Wmer heater system 1 40,000 40,000 
Gas detecting system 1 75,000 75,000 
Exhaust and wntllatlon 1 46,000 45,000 
Foaming jigs, Cl!bulld. (60~ cosu:ha!!ng) 7 14,000 49,000 
Foaming plugs. rebUild. {50% 00Gtstiarln9) 11 S.000 27,500 
Antlstallc floor 3,000 
Pipe lnstallalion fa( 2 ~ 2 15,000 30,000 
Cyelopeolane tanks, pumps. piping 1 33,000 33,000 
Fire protection system 1 30,000 30,000 
Pumps and pipe$ from1anl<to moo,r 1 45,000 45,000 
Wat.ex: clillleJ: 1 11,000 11,000 

Refrigeration service 
Evacuation and charging board 15 3,000 45,.000 
CFO 12 recovery unltforsetllieecars 25 .30 760 
Leak detectorfor HFC 134a 15 160 2,400 

Total 1,040,850 
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Annex B: Labour Cost of Subcontractor's Services 

Title Unit Qty. Unit cost. Total cost, 
US$ US$ 

A. Refrigeration system 
(1 supervisor for 2 weeks) 

Air ticket, Europe - Cairo pc. 1 2,000 2,000 
Expert fee days 14 550 7,700 
Daily subsistence allowance days 14 130 1,820 
Subtotal 11,520 

B. Foam system 
(2 supervisors for 3 weeks each, 
1 engineer for 1 week) 
Air ticket, Europe - Cairo pc. 3 2,000 6,000 
Expert fee days 42 550 23,100 
Engineer fee days 7 750 5,250 
Daily subsistence allowance days 49 130 6,370 
Local subcontract (piping, installation) 10,800 
Subtotal 51,520 

C. Refrigeration service 

(1 supervisor for 1 week) 
Air ticket, Europe - Cairo pc. 1 2,000 2,000 
Expert fee days 7 550 3,850 
Daily subsistence allowance days 7 130 910 
Subtotal 6,760 

TOTAL 69,800 
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Annex C: Project Budget 

Budget line Duration. 
W(km:X'lths 

11-01 Chief technical advi&x 1.0 
• 11-50 ln!emalional Consultants 2.0 
21-01 Subcontract 
32-01 Study tour on foatnrll:Jtechn:llogy, 2 tecm!cial1s 0.5 
32-01 Study tour oo refrigeration tedlnology, 1 technician 0.5 
51-00 M!scellaneous: 

15% CO<llingency fund oo capital cost 
lncrement!ll operating coot 
15"/4 contingency fund on operating cost 

Total niscellaneoos cost 
99-99 Subtotal 
lrrµemsrrting AgeoOf Overhead, 13% 

PROJECT TOTAL 

MONTREAL PROTOCOL • E!.E:CIROSTAR • EG Yl'T 
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Cost.US$ 

13.000 
25,000 

1,110,650 

8.000 
6,200 

174,428 
206.430 

30,865 
411,822 

1,574,672 
236.201 

1,810,873 
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Annex D: Calculation of Unit Aootes:rent G6t 

A cos Phase out Unit TotBI Project 
A1 A~usedCFC11 J)el'ye:.:s . rrt 00 
Pe a::.P d CFC 11 1 

P3 a:J>--v-.ag,tedCFC11 piaserut (A1*A2) rrt 00 
M A~usectCFC12i:a-year rrt 16 
/J,5 CTFdCFC12 1 
M CTF-v.eiglted CFC 12 piase oot (M*f,5) rrt 1E 
A7 Tdal CTF wsighted p,ase rut (M3+16J rrt 4€ 

B Arnlalized capita( cost Unit Teel Project 
B1 T dal invesll I a It a:st 

(m::xil! rroefinilicn + p-o:i.dicn a:l'l\laSiool LS$ 1,337,278. 
B2 EQJipnent r11e year 10 
B3 rhDrtra!e % 10 
B4 Annuallzoo cap1al a:st (81*0.1627) U5$ 217,575 

C Arn.Jal i~ operatirg cost U5$ Z37,395 

D t.k1it abatement cost Unit Teel Project 
D1 Annualiza::I cap1al cost P3(" kg 00Sp1a8€d OJI: 

{J!A/A7/10CJJ) \.B$kJ 4.73 
02 Annual in:::reirental q:aating oost P3(" kg CT:6 

r:hasedrut (Q'A?/100'.J) \.B$kJ 5:16 
00 U1it al::a!ara1t cost (DI +02) LG$/kg 9.89 
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Annex E. lmll.le_menlation Scheclule 

MILESTONES I MONTH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1. Sign the project, receive funding 111111'11 

I 2. Appointment of General Contractor, site inspection ~ 
I 

3. Elaboration of a detailed project workplan -4. Draft of plant layouts -FOAM I 
5. Selection of equipmen~ bidding 

6. Training I-
,_ 

I 
I I I I 

7. Rebuild jigs + plugs 
I I I I I I I 

I 8. Purchase, installation. commissioning 
I I 

9. Prototyping and testing 
I I 

10. Start production with cyclopentane -
REFRIGERANT 

I 11. Redesign of models, training 
I I I I 12. Selection of equipment, bidding 

I I 

13. Purchase, installation and commissioning 111111 I I I I I ' 14. Prototyping and testing -- .I I I I I I I 

15. Start production with HFC 134a 
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MILESTONES / MONTH 1 :2 3 4 5 6 7 8 9 10 11 1:2 13 14 15 16 17 18 

REFRIGERATION SERVICE 

16. Selection of equipment, bidding 
I I 

17. Purchase and training 

It is estimated that after 18 months the complete conversion will have been carried out. 
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Annex F: Preliminaty Specification of Refrigeration Test Equipment 

A. 

l pc. 

B. 

3 pcs. 
2 pcs. 
l pc. 
l pc. 
l pc. 
l pc. 
l set 
1 set 
1 pc. 
2 pcs. 
2 pcs. 
2 pcs. 
1 pc. 
l pc. 
2 pcs. 
1 pc. 
2 pcs. 
l pc. 
l pc. 
l pc. 
l pc. 
l pc. 
l pc. 
I pc. 
l pc. 
1 pc. 
I pc. 
l pc. 
I pc. 
I pc. 
l pc. 
I set 

To be mpplied bv the company.;. 

Thermoinsulated test room: W x L x H: 2,500 x 3,000 x 2,800 mm, walls consisting 
of min. 80 mm thick polyurethane insulated panels covered with 0.6 mm 
electrogalvanized PVC coated steel plates. 

To be financed by MFMP: 

fan motors (ventilators) 
heating elements 
cooling element 
ice-bank cooling system, complete 
electronic thermostat 
voltage stabiliser 
fluorescent light and plugs for test room 
terminal box for test room for connection of electricity, pressure and temperature 
terminal box outside test room for regulation equipment 
amp. (current) converters 
power converters 
pressure converters 
5 volt DC converter 
24 volt DC converter 
S-system/thermostat converter 
current transformer + cables, etc. 
input card STBTC for measuring temperatures 
software Labtech notebook for analyzing signals 
AID card RTI 820 for PC 
Hard disk colour system/PC 
matrix printer colour system 
overhead operator control panel 
Vario transformer 
frequency meter, digital 
voltage meter, digital 
thermometer, digital 
temperature regulator 
amperemeter 
HFI protection relay 
regulator for fan motors 
current transformer 
relay, cables, clamps etc. 
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350 kg tylose test packages 200 x 100 x 50 mm 
150 kg tylose test packages 100 x 100 x 50 mm 
50 kg tylose test packages with thermocouples, 200 x I 00 x 50 mm 
50 kg tylose test packages with thermocouples 100 x 100 x 50 mm 

1,000 m Cu-Constantan thermocouples 
2 pcs. Pressure transducers 
I set Software for testing according to ISO 5155.2 

MONTREAL PROTOCOL - ELECTRO ST AR • EGYPT 

page 21 



Technical Information ANNEX G/1 

Rigid polyurethane foa.m for refrigeration with cyclopentane as blowing agent 

Table 2 

Properties of rigid PUR foam with cyclopentane 
as blowing agent 

Blowing Cyclo• n-Pen- CFC 11 
agent pentane tane 

Polyol [parts] 100 100 100 

Blowing agent [parts] 11 11 18 

Isocyanate [parts] 138 138 155 

Molding [g/1] 39 39 34 
density 

Thermal [relative %] 106 121 100 
conductivity • 

{initial K- [mW/m·K] (18} (20.5) (17) 
value) 

Compressive [l<Pa] 140 140 120 
strength 

Dimensional 
stability 

-30"C [%] <0.5 <0.5 <0.5 
,-f!so·c [%] <1.0 <1.0 <1.0 

Hesto lambda-control A 50-B single-plate instrument, mean temperature 23"C 

BASF Polyurethane 



Technical Information ANNEX G/2 

Rigid polyurethane foam for refrigeration with cyctopentane as blowing agent 

Figure 1 

Ageing of diffusion-open rigid PUR foams 
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Annex H/1 :Current and proposed new plant layout 

Electrostar For Refrigeration Co. (ELECTROSTAR) 
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ANNEX H/2: CURRENT AND PROPOSED :rnw PLANT LAYOUT 

Electrostar For Refrigeration Co. (ELECTROSTAR) 

Foaming Lines 

Bar Capinet Line 

F 
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4. 

ROLLER CONVEYOR 

Roller conveyor 
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I 
I. 

Door Line 

1. Cabinet foaming jigs 
2. Chiller for foaming machine 
3. Low pressure foaming machine 
4. Low pressure foaming machine 
5. Chiller for foaming machine 
6. Door foaming jigs 
7. Bar cabinet foaming jig 
8. Low pressure foaming machine 
9. Chiller for foaming machine 

Cabinet 
Line 



Annex U/'.>, Current and proposed new plant layout 

Electrostar For Refrigeration Co. {ELECTROSTAR) 
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PROJECT COVER SHEET 

Country: 

Project Title: 

Sector.s Cuvirmt: 

ODS Use in Ser;tor (1990): 

ProjtlCt Impaa : 

Project Duration: 

Proj<1et Economic Life; 

Total Project Cost: 

Capital Cost: 

Egypt 
Pbffiing out ODS at the Rdriguator Plants of DELTA 
lNDUSTRIAL Co., Egypt 
Domestic Refrigeration /Rigid Foam!Reftigerant 

l,&30 mt of CFC 11 and CFC 12 

Phase out of ann'!21 COllSUIIlption of 40 mt CFC 11, SO 
mt CFC 12 in !he production and a gradual phase out of 
currently used 1 mt CFC 12 in 1he servi~ sector (Total 
ODP =91) 
18 monlhs 
10 years 
US$ 2,905,460 (Total of capiru cost and incremental 
operating cost for six month of operation) 
US$ 1,942,557 

Incremental Operating Cost: US$ 962,903 (six month of operation) 

Implementing Ag.mcy's 

Ovemeads (13%): 
Proposed MF Financing: 

Cost Effecttveness: 
C»mtt:,pan Ente,prlse: 

Implementing Agency: 

Coordinating Ministry: 

PROJECT SUMMA.RY 

US$ 435,819 
US$ 3,341,279 

See AllnelC D: Unit Abatement Cost 
DELTA INDUSTRIAL CO.; plants at AL.'\fAZA and 
NASR CITY, Cairo 
United Nations Industrial Development Organization 

{UNJDO) 
Egyptian Environmental Affairs Agency (EEAA) 

This proj¢¢t will phase out 100 percent of the use of CFC 11 and CFC 12 foe th,, production 
of rofrigecatoxs and :fre,,zm at DELTA INDUSTRIAL CO.'s plants Al.MAZA and NASR CITY, 
Cairo. The chosen replacement altrm.ativcs are cvc!openrnpe as fusm blowing agent and RFC l34o. 
as refris;..-.nt. The project will include the redesign of all =rent refrigerator models and the 
conversion of the plonts. The redesign of tho existing refrigeraror models covors activities like 
prototypin,g. testing. trial manufacturing and adaptation as well as rcliability ie.t:s. The conversion of 
the produ.ction facilities covem the refii&eration system, inBUtating foam blowing system "" ¼'ell as 
Ille rcfrigccation service camed out by the company. Tho replacement alternatives and the time frame 
for phasini; out the use of OPS will be in line with EEAA's ODS phase out programme. 
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L BACKGROUND 

A. Sector Background 

The subsector for domestic refrigerators and freezers in Egypt consists of 9 
manufacturers of which four to five companies are responsible for over 80 percent of the 
ODS consumption of CFC 11 and CFC 12. 

Egypt does not produce any ODS. All ODS used in the country are directly imported 
by the users. In 1990 the total consumption was 1.830 mt of ODS. 

The total installed production capacity for refrigerators and freezers is about 1,000,000 
units per year, but the present production is only about 525,000 units per year. The 
manufacturers expect an increase of about l O percent per year. 

In total about 7,000,000 refrigerators and freezers are in use in Egypt of which about 
l O percent per year will be serviced and a part of them recharged during refrigeration service 
with CFC 12. Because of lack of environmental awareness, know-how and equipment in the 
service sector, service staff very often use CFC 12 for washing/flushing of the cooling 
systems, instead of using vacuum pumps and charging boards. This causes up to 200 percent 
excess CFC 12 consumption in the service sector. 

Currently no Egyptian company manufactures low energy refrigerators and freezers 
with an insulation thickness of 40 to 50 mm for refrigerators and 90 mm to 100 mm for 
freezers; however, the introduction of a limit for maximum energy consumption could be 
expected in the near future. 

B. Delta's Background 

DELTA INDUSTRIAL Co. (DELTA) is a public company and the largest 
manufacturer of refrigerators in Egypt. It employs more than 1,000 staff and the installed 
annual production capacity is about 420,000 units in one shift. From September 1992 to 
September 1993 the actual production was 207,814 units. DELTA expects a 5 - 10 percent 
increase in the production for each of the next four years because of a low price policy. 

DELTA is using the brand name "IDEAL" and is running two factories, one called 
ALMAZA and another, called NASR CITY. 

For the insulation of the refrigerators produced by ALMAZA polyurethane "plates" 
supplied from another company are being used. No change of this cheap, but very energy 
inefficient insulation technology is planned for the time being. (It has, however, been 
estimated that through a better capacity utilization of the existing high pressure foaming 
machines at NASR CITY plant all cabinets could be foamed for ALMAZA plant.) 
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In 1992 DELTA used 40 mt of CFC 11 and 50 mt of CFC 12 for the manufacturing 
process and 7 mt of CFC 12 for the refrigeration service. 

DELTA is currently manufacturing 2 models of two-door fridge/freezers and 3 models 
of single-door refrigerators. The main products are 9 and 10 cu ft single-door refrigerators, 
of which currently 125,000 units are being manufactured annually. 

DEL I A covers a share of about 50 percent of the local market and exports less than 
2 percent (to Libya, earlier also to Russia and Rumania). 

DELTA has imported the currently applied technologies and know-how from 
Bosch/Germany as well as from other European manufacturers. 

The insulation thickness of the refrigerators produced at NASR CITY plant is 35/55 
mm and 68 mm for the freezer section. 

More detailed information on the current plant layouts and the production equipment 
employed, as well as on the proposed new plant layouts is shown in Annex H: "Current and 
Proposed New Plant Layouts". 

DEL I A has already recognized the need to be in compliance with the stipulations 
made in the Montreal Protocol and has agreed to participate in Egypt's ODS phase out 
programme. 

n PROJECT OBJECTIVE 

The objective of this project is to eliminate the use of ODS such as CFC 11 and CFC 
12 in the production of domestic refrigerators and in the refrigeration service at DELTA 
through conversion to the use of HFC 134a as refrigerant for the cooling system and 
cyclopentane as blowing agent for the polyurethane insulation foam. 

III. PROJECT DESCRJPTION 

DELTA is prepared to phase out ODS as soon as the new technologies have been 
acquired, the necessary machinery and equipment installed and the technical staff trained. 

DELTA has accepted to replace CFC 12 with HFC 134a because the new type of 
compressors are available and the technology is mature and commercially applied outside 
Egypt. 
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Initially, DELTA considered to start in 1994 on their own initiative with 50% CFC -
reduced foam. Now, DELTA decided to avoid the application of any transitional substance 
and to introduce as an ultimate solution cyclopentane as blowing agent for polyurethane foam. 

Through the project assistance will be provided in: 

a) Procurement of new machinery and equipment; 

b) Rebuilding of presently used machinery and equipment wherever technically and 
economically feasible; 

c) Redesign, reconstruction, prototype manufacturing and testing of refrigerators/freezers; 

d) Installation, commissioning, trial operation, start•up and on-the-job training; 

e) Servicing. 

The following machinery and equipment need to be rebuilt, replaced or added: 

A. Refrigeration System 

The charging equipment and vacuum pumps must only be used for HFC 134a and in 
meeting the demand for cleaner and dryer cooling systems the existing charging 
equipment has to be replaced including the vacuum control. 

The charging boards have to be replaced by boards suitable for HFC 134a. 

Because the leak detectors react on Cl molecules, they need to be replaced. 

The currently used vacuum pumps. after being cleaned and connection hoses and 
gaskets being changed can also be used for HFC 134a. 

To optimize the cooling system for the application of HFC 134a and new specification 
for components used, performance tests for each model of refrigerator in an air­
conditioned test room are needed. Therefore, a minimum specification of refrigeration 
test equipment needs to be provided (see Annex F: Preliminary Specification of 
Refrigeration Test Equipment). It is understood, that foam testing facilities cannot be 
financed by MFMP, as stated in the forthcoming para B: Foam System. 

To improve the performance of the cooling system and compensate for a little lower 
polyurethane insulation value due to the conversion to HFC 134a as the new 
refrigerant and cyclopentane for the foam, it is necessary to optimize the cooling 
system as well as the energy consumption to keep an acceptable TEWI value. 
Therefore, it is necessa1y to redesign, reconstruct and carry out performance tests for 
all redesigned models of refrigerators / freezers 
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The technical requirements for components such as tubes, condensers, evaporators, 
capillary tubes, heat exchangers and suction accumulators have to be in line with 
established standards, like DIN 8964, i.e. new rules for dryness and cleanliness need 
to be applied. 

The drier has to be equipped with 3 AA desiccant molecular sieves. 

The cooling system must not contain any chlorine and max. l percent non­
condensable gases. 

The capillary tube has to be optimized for an increased resistance at low evaporating 
temperatures. 

It will be necessary to train DELTA's manufacturing and service technicians at the 
equipment suppliers' place in new foaming technology as well as in design/calculation 
and performance testing of cooling systems. During the installation and run-in of the 
new machinery and equipment the suppliers engineers will have to train DELTA's 
technical staff 

B. Foam System 

To adapt the currently used high pressure foaming machines for cyclopentane, the 
polyol part of the machines have to be made explosion proof and encapsulated. It is 
also necessary to replace the stirrer in the polyol daily tank as well as the electrical 
components of the polyol part of the foaming machine. 

Since cyclopentane and polyol cannot be delivered premixed in drums or tanks (like 
CFC 11 and polyol), and following the current and the proposed new plant layout 
(NASR CITY plant), it will be necessary to provide two mixing stations to serve one 
foaming machine each for cabinets and one mixing station for the two foaming 
machines for doors. 

It is necessary to provide one tank for cyc\opentane and adapt the existing tanks for 
the other components to automatically deliver the components to the mixing stations. 

For work safety when using the highly flammable and explosive cyclopentane and in 
order to meet the relevant requirements of the local authorities, it is recommended to 
have a gas detector system as well as a fire protection system installed in the foaming 
department. 

The provision and installation of an exhaust and ventilation system in the foaming 
department is necessary in order to achieve compliance with established safety rules 
for the machinery and the plant; 
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All machinery and equipment which may oome in contact with cyclopentane or the 
mix of polyol and cyc[opentane must be encapsulated and explosion-proof; 

To make the foaming jigs explosion-proof. it is necessary to replace the electric 
heating elements by copper tubes in vlhich hot water can circulate. (A cheaper option 
would be to aummatically disconnect the existing electrical. heating just before foam 
injection, using the <:Ontrol system of lhe foaming machine and a. time.-. For 1he sake 
of high operational safety it is, however, recommended to apply the water heater 
option.) The electric valves and microswitches to be used in connection with the 
foaming jigs need to be explosion-proof. 

All foaming jigs and plug1! must be equipped with a. good earth connection to avoid 
the ·appearance of static electricity. 

The workers's clothes and shoes have to be made of antistatic material and the floor 
needs to be covered with an antistatic paint 

To keep control over 1he quality of the foam it is recommended to introduce a 
minimmn specification of test equipment Since currently no test equipment is being 
used by DELTA it can, however, not be provided under this project 

C Refrigeration Service 

DELTA serviced in 1992 about 158,000 refrigerators and freezers. Out of them about 
12,000 were recharged, using 0.6 kg CFC ~2 each, totalling to 7.2 mt. In the same 
period about 4,505 compressors were changed, using elso about 0.6 kg each, totalling 
to 2.7 mt The total quantity of CFC 12 used was about 9.9 mt. It is estimated that 
thro\18h better service technologies 2/3 of the latter amount, i.e. about 7 mt eould 
gradually be saved in future. 

ForDELTA's refrigeration service simple mobile recovecy units for CFC 12 (one for 
each of the 3 7 service cars currently used. plus additional units to be exchanged with 
one of the two Central Collection Stations) will be provided in order to prevent 
venting of CFC 12 and to reuse it. (The recovery units consist of a. metal or plastic 
case, filled with activated camon to absorn the remaining CFC 12 from the systllltl. 
The CFC 12. will later be recovered from the activated carbon at the Central CoUection 
station and sent for reclamation} 

37 new mobile evacuation and charging boards for HFC 134a as well as leak detect0rs 
for service will also be provided (one each for the service cars currenliy used). 

DELTA's service personnel will be trained in using EFC 134a as well as in CFC 12 
recovery and recycling. 
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D. Justification for Selection of Alternative Tecluw/ogies 

As new refrigerant for domestic refrigerators and freezers most of the major 
manufacturers of compressors have chosen HFC 134a as replacement for CFC 12. The same 
refrigerant was selected by the compressor company under construction in Egypt with the 
assistance of the Multilateral Fund for the Implementation of the Montreal Protocol (MFMP). 
Thus, for the Egyptian manufacturers of refrigerators and freezers there is for the time being 
no other option commercially available. 

As new blowing agent for the polyurethane foam the situation is quite different. Some 
manufacturers use: 

HCFC 141b with ODP 
HCFC 142b with ODP 
HCFC 142b + HCFC 22 with ODP 
HFC 134a with ODP 
Cyclopentane with ODP 

= 
= 

0.11 
0.065 
0.06 
0 
0 

This means, that the use of HCFC 141b, HCFC 142b and HCFC 142b + HCFC 22 
blend could only be accepted as transitional substance for a limited time. 

Currently all major European manufacturers are canying out tests or have already 
started using cyclopentane. Therefore, EEAA recommends that the Egyptian manufacturers 
should introduce an ultimate solution as blowing agent and should not use any transitional 
substances. 

At present HFC 134a is also too expensive, so it is very unlikely that it may become 
the ultimate blowing agent for polyurethane foam. 

IV. INPUTS 

1. Cupital Goods Replaceme11t 

The following equipment for DELTA's two plants needs to be rebuilt, replaced, as well 
as new equipment to be provided as specified below: 

A. Refrigeration System 

al. 6 pcs. 

a2. 6 pcs. 

HFC 134a charging boards with vacuum pump, leak check as 
well as refrigerant supply pump; 

HFC 134a leak detectors; 

MONTREAL PROTOCOL· DELTA - EGYPT 



a3. l set 

a.4. 139 pcs. 

B. foam S.l(m;em 

bL 4 pcs. 

b2. 3 pcs. 

b3. lset 

b4. 1 set 

b5. .1 set 

b6. 12 sets 

b7. 2 sets 

b&. 

b9. 3 sets 

blO. 1 pc 

bll. l set 

bl2. 1 set 

BFC 134a teSt equipment (the set will be used for both plants; 
minimum specification as for temperature, humidity, voltage 
regulation systems, as well as for measuring of temperature, 
pressure, voltage, current,. energy consumption and to be added 
to the existing test equipment); 

e:cisting vacuum pumps cleaned/renovated. 

&isting high pressure foaming machines (2 for cabinets and 2 
for doors) have to be e>.•proofed; 

mixing station fbr cyclopentane and polyol with dally tank; 

water heater system for foaming jigs/plugs: 

gas detector system; 

exhaust and ventilation_ system; 

foaming jig&'plugs for cabinets ( to be rebuilt); 

foaming jigs/plugs for doors (to be rebuilt); 

floor cover (antistatic); 

pipe installation (ex-proof) from mixers to foaming machines; 

tank for cyclopentane wilh pumps and pipe work; 

fire protection system; 

pumps and pipework from 1ank to mixers; 

C. Refrigeration Service 

cl. 31 pcs. BFC 134a mobile evacuation and charging boards; 

c2. 

c3. 

100 pcs. 

37 pcs. 

simple CFC 12 recovery units; 

leak detectors for EFC 134a. 

;?. Conversion/Training 

Within the framework of this project, technicians from DELTA will be trained in 
(among others) the following areas: 

redesign and reconstruction of refrigerators and freezers; 

management and production control; 

quality control in relation to conversion; 

operation of the new machineiy and equipment 
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maintenance of the new machinery and equipment; 

refrigeration laboratory tests; 

new technologies for foam and refrigerant; 

specifications for materials; 

safety regulations for flammable/explosive chemicals; 

refrigeration service. 

3. Model Redesign 

page 9 

It is foreseen, that for all models redesign and reconstruction are required, followed 
by the manufacture of some prototypes and refrigeration performance tests. The model 
redesign will be carried out by DELTA's staff under the supervision of the Chief Technical 
Advisor and specialized international consultants for this project. 

As a common practice, modifications of the production lines will be carried out during 
evenings and off-days and, therefore, it will not cause any costs under this project. 

V. PROJECT IMPLEMENTATION 

The project implementation will be carried out by UN1DO in close cooperation with 
DELTA. Necessary local coordination will be done by EEAA. 

Purchase of know-how is not considered in the project budget. However, to 
substantively assist and supervise the technical aspects of the conversion process, to perform 
troubleshooting and to provide assistance in product redesign work a Chief Technical Advisor 
and specialized consultants will be appointed and fielded by UN1DO. The respective job 
descriptions will be prepared upon approval of the project. 

After competitive bidding, performed according to UNIDO's rules and procedures, a 
General Contractor will be appointed by UNIDO for the implementation of the major project 
components (foaming system, refrigeration system, fire protection system, exhausting and 
ventilation system, etc.). The General Contractor will be responsible for the supply of 
equipment, installation, commissioning and on-the-job training of DELTA's staff. The 
detailed Terms of Reference for the services to be provided by the General Contractor will 
be elaborated after project approval. 
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In order to guarantee a proper technology transfer and safe operation - in particular 
of the new foaming technology, using the highly flammable and explosive cyclopentane • the 
proposed General Contractor will issue an "Operational Safety Statement" 1

l_ 

The final equipment specification, the work plan and, consequently the Operational 
Safety Statement can only be elaborated after approval of the basic approach for project 
implementation by the MFMP. 

The permission from the local authorities for the introduction of the new technologies 
under this project will have to be obtained by DELTA. DELTA will also be responsible for 
the compliance of the new technologies with established national standards. 

Having accepted the conversion of its plants to the use of non-ODS under this project, 
DELTA will be committed to provide the following inputs: 

All activities and costs related to the construction work needed (including the 
provision of technical infrastructure) to accommodate the new technologies introduced 
under this project. (The relevant construction work will have to be arranged by 
DELTA under the supervision of the General Contractor and in line with the 
established milestones for this project. The costs for construction work are, therefore, 
not reflected in the project budget. The specification for construction work needed 
will be elaborated by the General Contractor after project approval and necessary site 
inspection.); 

Technical staff as required by the General Contractor; 

Provision of tools, transportation and lifting equipment as required; 

Local transport, communication and secretarial facilities for the General Contractor's 
and UNIDO's staff involved in the project's implementation. 

UNIDO as Implementing Agency has the necessary experience and capabilities for the 
successful implementation of projects at enterprise level. Upon approval of the project by the 
MFMP the project's budget will be transferred to UNIDO. The respective project allotment 
document will then be issued by UNIDO's Finance Section. Any substantive or financial 
deviation from the approved project is subject to approval by the MFMP and UNIDO. 

For the project implementation, milestones are set in Annex E. 

Il For negotiations to act as General Contractor, UNIDO has already established contacts 
with Messrs. POL YFA Trading A.S., DK-2650 Copenhagen-Hvidrove, Denmark. 
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VL PROJECT COSTS 

L INCREMENT AL OPERA TING COSTS 

The currently produced models will require the following modifications, based on an 
average European price level: 

1. Almaza plant: 

Modification 

HFC 134a compressor 
Capillary tube 
Evaporator/Condenser 
Drier 3 AA 
HFC 134a refrigerant 

Total 

Incremental Cost (US$) 

5.00 
0.20 
1.70 
0.03 
0.74 
7.67 l) 

The incremental operating costs for Almaza plant for one year of operation are 
calculated for 156,750 units at US$ 7.67: 

Iota! uss 1,202,272 

2. Nasr City plant: 

Modification 

HFC 134a compressor 
Capillary tube 
Evaporator/Condenser 
Drier 3 AA 
HFC 134a refrigerant (0.190 kg) 
Cyclopentane 
Extra polyurethane foam 

Total 

Incremental Cost (US$) 

5.00 
0.20 
1.70 
0.03 
0.95 
-0.75 
2.12 
9.25 l) 

'l The above calculation includes the incremental coslS for the HFC 134a compressor to 
be used. Currently, in Egypt a new HFC 134a compressor plant is under construction by 
MCMC with the support of the MFMP. According to the rules of the MFMP, either the 
components manufacturing or the assembling company is eligible to receive incremental cost 
support, however the new compressors from MCMC will not be available in time. Thus, the 
incremental cost of HFC l34a compressors at US$ 5 per piece is taken into account. 
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The incremental operating costs for NASR CrrY plant for one year of operation are 
calculated for 51,064 units at US$ 9.25: 

Total US$ 472 342 

The above mentioned prices are showing the difference between the component prices 
for CFC 11 and CFC 12 versus component prices for HFC 134a and cyclopentane. 

a. 

b. 

The price increase will be caused by: 

8 % to 10 % compressor price increase for the new HFC 134a compressor and plus 
about IO % for a one size bigger compressor (to cope with the lower capacity at low 
evaporating temperature, but no heavy duty compressor, coping with significant 
voltage fluctuations), totalling to an average of about US$ 5.0 per compressor, (see 
footnotes 2> above); 

capillary tube average I m longer; 

evaporator/condenser 2 m longer; 

HFC 134a filling average about 10 % less compared with CFC 12 resulting in a unit 
incremental cost as shown below: 

ALMA ZA plant 

Refrigerant Filling average/unit, Price, Cost, Incremental cost, 
kg US$ US$/unit US$/unit 

CFC 12 0.17 1.88 0.32 

HFC 134a 0.15 7.07 1.06 0.74 

NASR CITY plant 

Refrigerant Filling average/unit, Price, Cost, Incremental cost, 
kg US$ US$/unit US$/unit 

CFC 12 0.21 1.88 0.39 

HFC 134a 0.19 7.07 1.34 0.95 
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cyclopentane at US$ 1.55/kg will be used in a lower quantity as CFC 11 at US$ 
L80/kg, saving is US$ 0.75/unit: 

Blowing Blowing agent Price, Cost, Saving, 
agent average per unit, kg US$ USS/unit USS/unit 

CFC 11 0.86 1.83 1.57 

C-pentane 0.52 l.57 0.82 0.75 

for polyurethane foaming at least 15 % more of the complete mix needs to be charged 
due to the higher foam density in the initial test period of about 1 year of foam 
production using cyclopentane (see also Annex G: "Technical Information Sheet of 
BASF"). The resulting incremental cost is US$ 2.12/unit: 

Blowing Foam average/unit, Price, Cost, Incremental cost, 
agent kg US$ USS/unit USS/unit 

CFC 11 6.0 2.35 14.1 

C-pentane 6.9 2.35 16.22 2.12 

the currently used innerliner material is HIPS type KR 2710 from BASF. According 
to our latest information this material could be used with cyclopentane blown foam 
as well. Thus, incremental cost is not calculated. 

Based on above, the total incremental operating costs for DELTA (ALMAZA plant 
and NASR CITY plant) for one year of operation are: 

uss 1.674.614 

For six months of operation the total incremental operating cost will be as follows: 

US$ 1,674,614 x 0,5 = US$ 837.307 

Costs for transport and insurance of capital goods are included in the budgeted 
allocations for the respective items. 

Costs for equipment installation, commissioning and on-the-job training of DELTA's 
staff are calculated separately. 
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IL CON"UNGENCY FUND 

A contingency fund (15 percent of the total project budget) was calculated_ The MFMP 
is proposed to cover unforeseen expenses which might be incurred during the project 
implementation, e.g. purchase of small testing instruments, which might be required during 
the conversion process, miscellaneous expenses. price escalation, etc. 

III. TOTAL COSTS 

Investment costs will cover capital investment costs {at CIF basis) for modification of 
manumcturing facilities, materials, new machinery, testing equipment (sec Annex A:. 
"Equipment Specification and Cost Breakdown"), traiuiiig, install.a:tion and consultancy 
services for modifications (sec Annex B: "Labour Cost of Subcontractor's Services" 
at1d Annex C: "Project Budget"). 

The incremental operating costs associated with this project are as above. 

Implementing Agency's cvethead CCsls are 13 percent. 

For the complete costs breakdown see Ann.ex C: "Project Budget fer DELTA'. 

For the calculation of the unit abatement cost sec Annex D: "Unit Abatement Cost". 

:Requested funding by the MFMP: uss 3,341,179 
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Annex A: Equipment Specification and Cost Breakdown 

Oualltifo' Unit cost, Tolalcos\ 
US$ US$ 

ALMAZA PLANT 

Refrigeration system 
Charging boards for produCllion 2 31,300 62,600 
Cleaning and renov. ofvacwm pumps 100 160 16,000 
HFC 134a leak detectors 4 9,000 36,000 
Test equlpmem 1 S0,000 S0,000 
R 12 eallecllon sial!on 1 2,500 2,500 

NASR CITY PLANT 

Refrigeration systo:.m 
Charging boards i:lrproduelion , 31,300 31,300 
Cleaning and renov. ofvacwm pumps 39 160 6,240 
HFc· 134a leak detectors 2 9,000 18,000 

Foaming system 
Modlf. of high pressllfe foaming machines 4 50,000 200,000 
Mixing !llation 3 80,000 240,000 
Water heatersy$1em 1 50,000 50,000 
Gas deteeling system 1 130,000 180,000 
Exhilustand vendlauon 1 120,000 120,000 
Pipe lnstallalion trom mixers 3 20,000 60,000 
Antistalic floor 6,000 
Fire protection system 1 75,000 75,000 
Cabin foaming jigs and plugs, rebuild. 12 14,000 168,000 
Doorlbamlng Jlgs and plugs, reb1.11ld. 2 14.000 28,000 
Oyclopernane t!l.nks, PllfOPS, piping 1 33,000 33,000 
Pumps and pipes lrom tank to mixer 1 46,000 46,000 
R12collection station 2,500 2,600 

Refrigeration service 
Evacuation and charging board 37 3,000 111,000 
CFC 12 recovery unitror service cars 100 30 3,000 
Leak detactorforHFC 134a 37 160 5,920 
Total 1,500,060 
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Annex B: Labour Cost of Subcontractor's Services 

Title Unit Qty. Unit cost, Total cost, 
US$ US$ 

A. Refrigeration system 
(2 supervisors for 3 weeks each) 

Air ticket, Europe - Cairo pc. 2 2,000 4,000 
Expert fee days 42 550 23,100 
Daily subsistence allowance days 42 130 5,460 
Subtotal 32,560 

B. Foam system 
(2 supervisors for 5 weeks each, 
1 engineer 2 times 2 weeks) 
Nr ticket, Europe - Cairo pc. 4 2,000 8,000 
Expert fee days 70 550 38,500 
Engineer fee days 28 750 21,000 
Daily subsistence allowance days 98 130 12,740 
Local subcontract (piping, installation) 10,800 
Subtotal 91,040 

C. Refrigeration system 

(1 supervisor for 2 weeks) 
Air ticket, Europe - Cairo pc. 1 2,000 2,000 
Expert fee days 14 550 7,700 
Daily subsistence allowance days 14 130 1,820 
Subtotal 11,520 

TOTAL 135120 
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Annex C: Project Budget 

Budget llne Duration. cost, uss 
work months 

11-01 Chief technical advlsor 1.0 13.000 
11·50 lntematlonal Consultants 2.0 25,000 
21-01 Subcontract 1,635,180 
82.-01 Study tour on foaming technology (2 technicians} 0.5 8,000 

.32-01 Study tour on refrigeration technology (2 technicians) 0.5 8,000 
51-00 M IScellaneous; 

15% contingency fund on capital cost 253,377 
Incremental operating cost 837,307 
15% contingency ft.Ind on operating cost 125,596 

Total miscellaneous cost 1,216,280 
99-99 Subtotal 2,905.460 
Implementing Agency Overhead, 13% 435,819 

PROJECT TOTAi. !3,341,279 
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Annex D: Calculation of Unit Abatement Cost 

A ODS Phase out Unit Total Project 
Ai Average use of CFC 1.1 per year mt 40 
A2 ODP of CFC 11 1 
A3 ODP-weighted CFC 11 phase out (A1*A2) mt 40 
A4 Average use of CFC 12 per year mt 57 
A5 OOPofCFC12 1 
A6 ODP-weighted CFC 12 phase out {A4*A5) mt 57 
A7 Total ODP weighted phase out (A3+A6) mt 97 

B Annualized capital cost Unit Total Project 
B1 Total investment cost 

(model redefinition + production conversion} US$ 1,942,557 
B2 Equipment life vear 10 
B3 Discount rate % 10 
B4 Annualized capital cost (B1*0.1627} US$ 316,054 

C Annual Incremental ooerating cost US$ 962,903 

D Untt abatement cost Unit Total Project 
D1 Annualized capital cost per kg ODS phased out 

(84/A7/1000) US$/kg 3.26 
D2 Annual incremental operating cost per kg ODS 

phased out {C/A7/1000) US$/kg 9.93 
D3 Unit abatement cost (01 +02) US$/kg 13.19 
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Anne~ E. Implementation Schedule 

MILESTONES/ MONTH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1. Sign the project, receive funding -2. Appointment of General Contractor, site inspection -3. Elaboration of a detailed project work-plan -4. Draft of plant layouts -FOAM (NASR CITY plant only) 

5. Training .. , 
6. Selection of equipment, bidding 

7. Rebuild foaming machines 
I I 

8. Rebuild foaming jigs/plugs 
I I 

9. Purchase, installation commissioning 
I I 

10. Prototyping & testing 
I I I 

11. Start production with cyclopentane 

REFR/GERA TION 

I. NASR CITY plant and first fine of ALMAZA plant 

12. Redesign of models, training 
I I I 

13. Selection of equipment, bidding 
I 

14. Purchase, installation commissioning and training 
I 

15. Prototyping and testing 
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MILESTONES I MONTH 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 

16. Start production with HFC 134a 
' 

II. Second line of ALMAZA plant 

17. Redesign of models. training 
I I 

18. Selection of equipment, bidding 
I 

19. Purchase, installation commissioning and training 
I I 

20. Prototyping & testing 
I I I I I 

21. Start production with HFC 134a ••11 
REFRIGERATION SERVICE 

22. Selection of equipment, bidding 
I 

23. Purchase and training lllBI! 
, 

It is estimated that after 18 months the complete conversion will have been carried out. 
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Annex F: Preliminary Specification of Refrigeration Test Equipment 

A. 

l pc. 

B. 

3 pcs. 
2 pcs. 
l pc. 
l pc. 
l pc. 
l pc. 
I set 
l set 
1 pc. 
2 pcs. 
2 pcs. 
2 pcs. 
1 pc. 
l pc. 
2 pcs. 
I pc. 
2 pcs. 
1 pc. 
I pc. 
l pc. 
1 pc. 
l pc. 
I pc. 
I pc. 
I pc. 
l pc. 
l pc. 
l pc. 
1 pc. 
1 pc. 
I pc. 
l set 

To be supplied by the company: 

Thermoinsulated test room: W x L x H: 2,500 x 3,000 x 2,800 mm, walls consisting 
of min. 80 mm thick polyurethane insulated panels covered with 0.6 mm 
electrogalvanized PVC coated steel plates. 

To be (inanced by MFMP: 

fan motors (ventilators) 
heating elements 
cooling element 
ice-bank cooling system, complete 
electronic thermostat 
voltage stabiliser 
fluorescent light and plugs for test room 
terminal box for test room for connection of electricity, pressure and temperature 
terminal box outside test room for regulation equipment 
amp. (current) converters 
power converters 
pressure converters 
5 volt DC converter 
24 volt DC converter 
S-system/thermostat converter 
current transformer + cables, etc. 
input card STBTC for measuring temperatures 
software Labtech notebook for analysing signals 
AID card RTI 820 for PC 
Hard disk colour system/PC 
matrix printer colour system 
overhead operator control panel 
Vario transformer 
frequency meter, digital 
voltage meter, digital 
thermometer, digital 
temperature regulator 
amperemeter 
HFI protection relay 
regulator for fan motors 
current transformer 
relay, cables, clamps etc. 
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3 50 kg tylose test packages 200 x 100 x 50 mm 
150 kg tylose test packages 100 x l 00 x 50 mm 
50 kg tylose test packages with thermocouples, 200 x 100 x 50 mm 
50 kg tylose test packages with thermocouples 100 x 100 x 50 mm 

1,000 m Cu-Constantan thermocouples 
2 pcs. Pressure transducers 
l set Software for testing according to ISO 5155.2 
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I echnical Information 
ANNEX G/1 

Rigid polyurethane foa,m for refrigeration with cyclopentane as blowing agent 

Table 2 

Properties of rigid PUR foam with cyclopentane 
as blowing agent 

Blowing Cyclo- n-Pen- CFC 11 
agent pentane tane 

Polyol [parts] 100 100 100 

Blowing agent [parts] 11 11 18 

Isocyanate [parts] 138 138 155 

Molding [g/1] 39 39 34 
density 

Thennal [relative %] 106 121 100 
conductivity• 
(initial K- {mW/m·K] (18) {20.5) (17) 
value) 

Compressive (kPaJ 140 140 120 
strength 

Dimensional 
stability 

.3o•c [%] <0.5 <0.5 <0.5 
+ao·c {%] <1.0 <1.0 <1.0 

Hesto lambda-control A 50-8 single-plate instrument, mean temperature 23'C 

BASF Polyurethane 



Technical Information ANNEX G/2 

Rigid polyurethane foam for refrigeration with cyclopentane as blowing 2gent 

Figure 1 

Ageing of diffusion-open rigid PUR foams 

Thermal conductivity [mW/(m·K)] 

-CFC11 

Time (days!' storcge at room ~,smpere:iure 
Note 

The qata in this ~ ar.e besed on 
out c:t.nTcot ~ and ~­
Ou~ to the variery ot possible: effects dufins; 
p(CC;eS.Sing ~ ·vs.e 0: 0/X p«x:fucts. they oc 
not ftce the processo< r10m caIT)'U'lg out t-.is 
-own tests....,au_d trials. Ovr data mus: not c~ 
l.JS.ed lo tierive a Jeg.eay ::inding ~nee ;! 

"""""' p<ope,-Jes Of sul:ability fo, • -~ 
~ppf1Cation. Any prot~ rights and existing 
law:,. and regu~tioos. must be ~ ':?[ 

the ~ne-e of our produet.s r. hi$ o,.,.~ 
res;:,onsi~lity. 

BASF Akt~!ISCN..'\ 
0-6700 L~gshafe-n 

BASI= Polyurethane 



Annex H/1,Current and proposed new plant layout 

Delta Industrial Co. (ALMAZA) 

Refrigeration Line 

Line I 

leak 

1. Charging board 
2. Leak Detector 
3. Vacuum pump with vacuum control 

Line II 

Or-L_,_" 1. L...J~ 

,.00-

2. 

2. 

RECOMMEMOED 
Leak test house 



Annex H/2 : Current and proposed new plant layout 

Delta Industrial Co. {Nars City Factory) 

Refrigeration Line 

ROLLER CONVEYOR 

6. 

- 1. OQ-o 
-··· 

1 • OQ-o 

:: II'.,; ]Recommemded leak 
test house 

1. Charging board 
2. Leak Detector 
3. Vacuum pump 



Annex H/3: Current and proposed new plant layout. 

Delta Industrial Co. (Nasr City Factory) 

Foaming Lines 

Cabinet Line I Cabinet Line II 

I r-; 
LI t _! I _I I _I t _, LI Lt 1_ I 

9. 10. 

First floor f. Equipment 

O[ol 
o[Q] , . 

5. 
" . 

' ' 

DOOR Line I 

Door Line II 

013.n n. n 
-q 

,_1 ,_, ._, ,_, 
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Annex H/4: Current and proposed new plant layout. 

Delta Industrial Co. (Nasr City Factory) 

Foaming Lines: 

1. Mixing unit for polyol + cyclopentane for door foaming 
2. Control panel.for mixer 
3. Door pre-heating oven 
4. Control panel· 
5. Door foaming jigs wLth high pressure foaming machine 
6. Control panel for high pressure--foaming machine 
7. Chiller for foa~ing machine 
8. High pressure foaming .machine for cabinets 

with connection to foaming heads. 
9. High pressure f~aming machine for cabinets 

10.. Mixer for polyol and cyclopentane • 
11. Control panel for mixer 
12. Pre-heating oven for.cabinets 
13. Cabinet foamir19 jiqs. Automatic 
14. Transport carriage for cabinets 

NB:.Pos. 6,7,8,9,1-0 and 11 are placeii. on a platform over 
the foaning jigs .. •. , . 

Exe. the 3 miring-stations is it the> current equipment 
and layout. 
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L BACKGROUND 

A. Sector Background 

The subsector for domestic refrigerators and freezers in Egypt consists of 9 
manufacturers of which four to five companies are responsible for over 80 percent of the 
ODS consumption of CFC 11 and CFC 12. 

Egypt does not produce any ODS. All ODS used in the country are directly imported 
by the users. In 1990 the total consumption was l.830 mt of ODS. 

The total installed production capacity for refrigerators and freezers is about 1,000,000 
units per year, but the present production is only about 525,000 units per year. The 
manufacturers expect an increase of about IO percent per year. 

In total about 7,000,000 refrigerators and freezers are in use in Egypt of which about 
10 percent per year will be serviced and a part of them recharged during refrigeration service 
with CFC 12. Because of lack of environmental awareness, know-how and equipment in the 
service sector, service staff very often use CFC 12 for washing/flushing of the cooling 
systems, instead of using vacuum pumps and charging boards. This causes up to 200 percent 
excess CFC 12 consumption in the service sector. 

Currently no Egyptian company manufactures low energy refrigerators and freezers 
with an insulation thickness of 40 to 50 mm for refrigerators and 90 mm to 100 mm for 
freezers; however, the introduction of a limit for maximum energy consumption could be 
expected in the near future. 

B. KIRIAZI's Baclg!round 

KIR1AZI Refrigerators Manufacturing Co. (KIRIAZI), is a private company and one 
of the five largest manufacturers of domestic refrigerators and freezers. It employs 512 people 
and the installed annual production capacity is about I 50,000 units in one shift. Between 
December 1992 and December 1993 the actual production was 93,600 units. KIRIAZI expects 
a 10 percent increase in the production for each of the next four years because of a low price 
policy, combined with high product quality. 

KIRIAZI is planning to build a new refrigerator and freezer factory in connection with 
a newly built factory for washing machines and cookers. 

In 1993 KIRIAZI used 101 MT of CFC 11 and 30 MT of CFC 12 in the production 
as well as 6 MT of CFC 12 in the service sector. The company has already tested 50 percent 
CFC-reduced polyurethane foam, but until now normal CFC 11 mixed with polyol is being 
used. 
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KIRIAZI currently manufactures 2 models of two-door fridge/freezers, I model of no­
frost fridge/freezer with two-doors as well as 3 sizes of chest freezers. A 330 litres 
fridge/freezer with two doors takes the biggest share of the production output, of which 
currently 60,000 units are being manufactured annually. The annual production of the other 
models is about l 0,000 units. 

KIRIAZI covers a share of about 20 to 25 percent of the local market and exports less 
than 2 percent (to Libya. earlier also to Russia and Romania). 

KIRIAZI imported the currently applied technologies and know-how from 
Zerowatt/Italy. The company has developed its own chest freezer range, however it does not 
have its own refrigeration test facilities. 

The insulation thickness of KIRIAZI's refrigerators is only 25 mm, 40 mm for the 
freezer section and only 50 mm for the chest freezers. Therefore, redesign of the 
polyurethane foam system would lead to decreased energy consumption figures through 
decreased insulation losses. This modification, however, cannot be financed by the 
Multilateral Fund for the Implementation of the Montreal Protocol (MFMP). 

More detailed information on the current plant layout and the production equipment 
employed, as well as on the proposed new layout is shown in Annex H: "Current and 
Proposed New Plant Layout•. 

KIRIAZI has already recognized the need to be in compliance with the stipulations 
made in the Montreal Protocol and has agreed to participate in Egypt's ODS phase out 
programme. 

II. PROJECT OBJECTIVE 

The objective of this project is to eliminate the use of ODS such as CFC 11 and CFC 
12 in the production of domestic refrigerators and in the refrigeration service at KIRIAZI 
through conversion to the use of HFC 134a as refrigerant for the cooling system and 
cyclopentane as blowing agent for the polyurethane insulation foam. 

m. PROJECT DESCRIPTION 

KIRIAZI is prepared to phase out ODS as soon as the new technologies have been 
acquired, the necessary machinery and equipment installed and the technical staff trained. 

Among the technological options currently available on commercial basis and in line. 
with the established policy of the Government of Egypt to phase out the use of ODS, 
KIRIAZI has chosen to replace CFC 12 by HFC l34a, because the new type compressors are 
available, and the technology is mature and commercially applied outside Egypt. 
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As blowing agent for polyurethane foam KIRIAZI decided to avoid the use of any 
transitional substance and to introduce as ultimate solution cyclopentane. 

Through the project assistance will be provided in: 

a) Procurement of new machinery and equipment; 

b) Rebuilding of presently used machinery and equipment wherever technically and 
economically feasible; 

c) Redesign, reconstruction, prototype manufacturing and testing ofrefrigerators/freezers; 

d) Installation, commissioning, trial operation, start-up and on-the-job training; 

e) Servicing. 

The following machinery and equipment need to be rebuilt, replaced or added: 

A. Refrigeraiion System 

The charging equipment and vacuum pumps must only be used for HFC 134a and in 
meeting the demand for cleaner and dryer cooling systems the existing charging 
equipment has to be replaced including the vacuum control. 

The charging boards have to be replaced by boards suitable for HFC 134a. 

Because the leak detectors react on Cl molecules, they need to be replaced. 

The currently used vacuum pumps, after being cleaned and connection hoses and 
gaskets being changed can also be used for HFC 134a. 

To optimize the cooling system for the application ofHFC 134a and new specification 
for components used, performance tests for each model of refrigerator in an air­
conditioned test room are needed. Therefore, a minimum specification of refrigeration 
test equipment needs to be provided (see Annex F: Preliminary Specification of 
Refrigeration Test Equipment). It is understood, that foam testing facilities cannot 
be financed by MFMP, as stated in the forthcoming para B: Foam System. 

To improve the performance of the cooling system and compensate for a little lower 
polyurethane insulation value due to the conversion to HFC 134a as the new 
refrigerant and cyclopentane for the foam, it is necessary to optimize the cooling 
system as well as the energy consumption to keep an acceptable TEWI value. 
Therefore, it is necessary to redesign, reconstruct and carry out performance tests for 
all redesigned models of refrigerators / freezers. 
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The technical requirements for components such as tubes, condensers, evaporators, 
capillary tubes, heat exchangers and suction accumulators have to be in line with 
established standards, like DIN 8964, i.e. new rules for dryness and cleanliness need 
to be applied. 

The drier has to be equipped with 3 AA desiccant molecular sieves. 

The cooling system must not contain any chlorine and max. l percent non­
condensable gases. 

The capillary tube has to be optimized for an increased resistance at low evaporating 
temperatures, 

It will be necessary to train KIRIAZI's manufacturing and service technicians at the 
equipment suppliers' place in new foaming technology as well as in design/calculation 
and performance testing of cooling systems. During the installation and run-in of the 
new machinery and equipment the suppliers engineers will have to train KIRIAZI's 
technical staff. 

B. Foam System 

In order to achieve an acceptable foam quality and insulation value at lowest price, 
high pressure foaming machines need to be introduced and ex-proofed. The polyol 
part of the machines have to be made explosion proof and encapsulated. It is also 
necessary to replace the stirrer in the polyol daily tank as well as the electrical 
components of the polyol part of the foaming machine. 

Adaptation of the currently used low pressure foaming machines for cyclopentane 
would require substantial modifications to be carried out at the machine supplier's 
premises. Apart from the substantial adaptation costs, a further burden would be the 
several weeks interruption of production for decommissioning, rebuilding, 
transportation and recommissioning of the machinery. Thus, the only economically 
viable solution is to replace the low pressure foaming machines with suitable high 
pressure ones. 

According to our information collected in Egypt, there is no domestic market for the 
second hand low pressure foaming machines, since not only the refrigerator plants, but 
also the foam manufacturers are replacing their low pressure foaming machines with 
high pressure machines. Thus, similarly to the previously approved by the MFMP 
foam sector projects the high pressure machines are budgeted at their full cost. 

_Since cyclopentane and polyol cannot be delivered premixed in drums or tanks (like 
CFC 11 and polyol), it will be necessary to provide mixing stations. 
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It is necessary to provide one tank for cyclopentane to automatically deliver the 
components to the mixing stations. 

For work safety when using the highly flammable and explosive cyclopentane and in 
order to meet the relevant requirements of the local authorities, it is recommended to 
have a gas detector system as well as a fire protection system installed in the foaming 
department. 

The provision and installation of an exhaust and ventilation system in the foaming 
department is necessary in order to achieve compliance with established safety rules 
for the machinery and the plant; 

All machinery and equipment which may come in contact with cyclopentane or the 
mix of polyol and cyclopentane must be encapsulated and explosion-proof; 

To make the foaming jigs explosion-proof, it is necessary to replace the electric 
heating elements by copper tubes in which hot water can circulate. (A cheaper option 
would be to automatically disconnect the existing electrical heating just before foam 
injection, using the control system of the foaming machine and a timer. For the sake 
of high operational safety it is, however, recommended to apply the water heater 
option.) KlRIAZI is ready to absorb 50% of the calculated costs of the modification 
of jigs and plugs. The foaming inner mould plugs have to be partially replaced/rebuilt 
using aluminium sheets to guarantee a constant temperature at the inner foam plug. 
The electric valves and microswitches to be used in connection with the foaming jigs 
need to be explosion-proof. 

All foaming jigs and plugs must be equipped with a good earth connection to avoid 
the appearance of static electricity. 

The workers's clothes and shoes have to be made of antistatic material and the floor 
needs to be covered with an antistatic paint. 

To keep control over the quality of the foam it is recommended to introduce a 
minimum specification of test equipment. Since currently no test equipment is being 
used by KlRIAZI it can, however, not be provided under this project_ 

C. Refrigeration Service 

KIRIAZI has about 700,000 refrigerators/freezers operating in Egypt. They are 
serviced mainly by the Company's service centre. The amount of CFC 12 used by 
KIRIAZI for servicing/recharging is 7-8 mt annually. It is estimated that through 
better service technologies 2/3 of the latter amount, i.e. about 6 mt could gradually be 
saved in future. 
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For KIR!AZrs refrigeration service simple mobile recovery units for CFC 12 (one for 
each of the 26 service cars currently used, plus additional uruts to be exchanged with 
the Central Collection Station) will be provided in order to prevent venting of CFC 
12 and to reuse it. (The recovery units consist of a metal or plastic ease, filled with 
activated C3rbori to absorb the remaining CFC 12 from the system. The CFC 12 will 
later be recovered from the activated carbon at the Central Collection Station and sent 
for reclamation_) 

26 new mobile evacuation and charging boards for HFC 134a llS well as le.us: detectors 
for service will also be provided ( one each for the service cm:s cw:renlly used). 

KmIAZI's sen.ice personnel will be trained in using BFC 134a as well as in CFC. 12 
r«:overy and recycling. • 

D. Jusfijicanonfm- Seledi,;,n of Altl!:mtltive Tecluwlagies 

As new refrigerant for domestic refrigerators and freezers most of the major 
manufacturers of compressors nave chosen RFC 134a as replacement for CFC 12. The same 
refrigerant was selected by the compressor company under construcdon in Egypt with the 
assistance oftb.e MFMP. Thus, for the Egyptian manufactw:ers of refrigerators and freezers 
the:re is for the time being no other option commercially available. 

As new blowing agent for the polyurethane foam the situation is quite different. Some 
manufacturers use: 

HCFC 141b with ODP = 
HCFC 142.b with ODP = 
HCFC 142b + HCFC 22 with ODP = 
RFC !34a with ODP • 
Cyclopent.ane with ODP ; 

0.11 
0.065 
0.06 
0 
0 

This means. that the use ofHCFC 141b, RCFC 142b and HCFC 142b + HCFC 22 
blend could only be accepted as transitional substance for a limited time. 

Currently all major European manufacturers are carrying out tests or have already 
started using cyclopentane. Therefore, EEAA recommends that the Egyptian manufacturers 
should introduce an ultimate solution as blowing agent and should not use any transitional 
substances. 

At present BFC 134a is also too expensive, so it is very unlikely that it may become 
the ultimate blowing agent for polyureliume foam. 

MONTIIBAL PROTOCOL. KIRlAZI - EGYPT 



IO June 1994 page 8 

IV. INPUTS 

1. Capital Goods Replacement 

The following equipment for KIRIAZI needs to be rebuilt, replaced, as well as new 
equipment to be provided as specified below: 

A. Refrigeration System 

B. 

al. 2 pcs. HFC 134a charging boards with vacuum pump, leak check as 
well as refrigerant supply pump; 

a2. 

a3, 

a4. 

2 pcs. 

1 set 

26 pcs. 

Foam System 

bl. 2 pcs. 

b2. 2 pcs. 

b3. I set 

b4. I set 

b5. 1 set 

b6. 10 sets 

b7. 15 sets 

b8. 

b9. 2 sets 

bl 0. 1 pc 

bl 1. I set 

b12. I set 

bl3. I pc 

HFC 134a leak detectors; 

HFC 134a test equipment (minimum specification as for 
temperature, humidity, voltage regulation systems, as well as for 
measuring of temperature, pressure, voltage, current, energy 
consumption and to be added to the existing test equipment); 

existing vacuum pumps cleaned/renovated. 

High pressure foaming machines (ex-proofed for use of 
cyclopentane ); 

mixing station for cyclopentane and polyol with daily tank; 

water heater system for foaming jigs/plugs; 

gas detector system; 

exhaust and ventilation system; 

foaming jigs (to be rebuilt); KIRIAZI is willing to share 50% 
of costs of modification 

foaming plugs (to be rebuilt); KIRIAZI is willing to share 50% 
of costs of modification 

floor cover (antistatic); 

pipe installation (ex-proof) from mixers to foaming machines; 

tank for cyclopentane with pumps and pipe work; 

fire protection system; 

pumps and pipework from tank to mixers; 

water chiller for foaming machines. 
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C. Refrigeration Service 

cl. 

c2. 

c3. 

26 pcs. 

76 pcs. 

26 pcs. 

2. ConversiolllTraining 

HFC 134a mobile evacuation and charging boards; 

simple CFC 12 recovery units; 

leak detectors for HFC 134a. 

page 9 

Within the framework of this project, technicians from KIRIAZI will be trained in 
(among others) the following areas: 

redesign and reconstruction of refrigerators and freezers; 

management and production control; 

quality control in relation to conversion; 

operation of the new machinery and equipment; 

maintenance of the new machinery and equipment; 

refrigeration laboratory tests; 

new technologies for foam and refrigerant; 

specifications for materials; 

safety regulations for flammable/explosive chemicals; 

refrigeration service. 

3. Model Redesign 

lt is foreseen, that for all models redesign and reconstruction are required, followed 
by the manufacture of some prototypes and refrigeration performance tests. The model 
redesign will be carried out by K.IRIAZI's staff under the supervision of the Chief Technical 
Advisor and specialized international consultants for this project. 

As a common practice, modifications of the production lines will be carried out during 
evenings and off-days and, therefore, it will not cause any costs under this project. 

V. PROJECT IMPLEMENTATION 

The project implementation will be carried out by UNIDO in close cooperation with 
KIRIAZI Refrigerators Manufacturing Co.. Necessary local coordination will be done by 
EEAA. 

Purchase of know-how is not considered in the proJect budget. However, to 
substantively assist and supervise the technical aspects of the conversion process, to perform 
troubleshooting and to provide assistance in product redesign work a Chief Technical Advisor 
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and specialized consultants will be appointed and fielded by UNJDO. The respective job 
descriptions will be prepared upon approval of the project. 

After competitive bidding, performed according to UNIDO's rules and procedures, a 
General Contractor will be appointed by UNIDO for the implementation of the major project 
components (foaming system, refrigeration system, fire protection system, exhausting and 
ventilation system, etc.). The General Contractor will be responsible for the supply of 
equipment, installation, commissioning and on-the-job training of KIRIAZI's staff. The 
detailed Terms of Reference for the services to be provided by the General Contractor will 
be elaborated after project approval. 

In order to guarantee a proper technology transfer and safe operation - in particular 
of the new foaming technology, using the highly flammable and explosive cyclopentane - the 
proposed General Contractor will issue an "Operational Safety Statement•'l. 

The final equipment specification, the work plan and, consequently the Operational 
Safety Statement can only be elaborated after approval of the basic approach for project 
implementation by the MFMP. 

The permission from the local authorities for the introduction of the new technologies 
under this project will have to be obtained by KIRIAZI. KIRIAZI will also be responsible 
for the compliance of the new technologies with established national standards. 

Having accepted the conversion of its plants to the use of non-ODS under this project, 
KIRIAZI will be committed to provide the following inputs: 

All activities and costs related to the construction work needed (including the 
provision of technical infrastructure) to accommodate the new technologies introduced 
under this project. (The relevant construction work will have to be arranged by 
KIRIAZI under the supervision of the General Contractor and in line with the 
established milestones for this project. The costs for construction work are, therefore, 
not reflected in the project budget. The specification for construction work needed 
will be elaborated by the General Contractor after project approval and necessary site 
inspection.); 

Technical staff as required by the General Contractor; 

Provision of tools, transportation and lifting equipment as required; 

1
> For negotiations to act as General Contractor, UNIDO has already established contacts 

with Mes~rs. POLYFA Trading A.S., DK-2650 Copenhagen-Hvidrove, Denmark. 
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Local transport, communication and secretarial facilities for the General Contractor's 
and UNIDO's staff involved in the project's implementation, 

UNIDO as Implementing Agency has the necessary experience and capabilities for the 
successful implementation of projects at enterprise level. Upon approval of the project by the 
MFMP the project's budget will be transferred to UNIDO, The respective project allotment 
document will then be issued by UNIDO's Finance Section, Any substantive or financial 
deviation from the approved project is subject to approval by the MFMP and UNIDO, 

For the project implementation, milestones are set in Annex E, 

VL PROJECT COS'IB 

I. INCREMENTAL OPERATING COSTS 

The currently produced models will require the following modifications, based on an 
average European price level: 

Modification 

RFC 134a compressor 
Capillary tube 
Evaporator/Condenser 
Drier 3 AA 
RFC 134a refrigerant 
Cyclopentane 
Extra polyurethane foam 

Total 

Incremental Cost (US$) 

5.00 
0.20 
l.70 
0.03 
1.12 
-0.89 
2.47 

9.63 l) 

The above mentioned prices are showing the difference between the component prices 
for CFC 11 and CFC 12 versus component prices for HFC 134a and cyclopentane, 

The price increase will be caused by: 

8 % to l O % compressor price increase for the new HFC 134a compressor and plus 
about IO % for a one size bigger compressor (to cope with the lower capacity at low 
evaporating temperature, but no heavy duty compressor, coping with significant 

2
l The above calculation includes the incremental costs for the RFC 134a compressor to 

be used. Currently, in Egypt a new HFC 134a compressor plant is under construction by 
MCMC with the support of the MFMP, According to the rules of the MFMP, either the 
components manufacturing or the assembling company is eligible to receive incremental cost 
support, however the new compressors from MCMC will not be available in time. Thus, the 
incremental cost of HFC 134a compressors at US$ 5 per piece is taken into account 
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voltage fluctuations), totalling to an average of about US$ 5.0 per compressor, (see 
footnotes 2

l above); 

capillary tube average 1 m longer; 

evaporator/condenser 2 m longer; 

HFC 134a filling average about 10 % less compared with CFC 12 resulting in an 
incremental cost of US$ 1.12 per unit: 

Refrigerant Filling average/unit, Price, Cost, Incremental cost, 
kg US$ US$/unit US$/unit 

CFC 12 0.25 1.88 0.47 

RFC 134a 0.225 7.07 1.59 l.12 

cyclopentane at US$ 1.55/kg will be used in a lower quantity as CFC ll at US$ 
1.801kg, saving is US$ 0.89/unit: 

Blowing Blowing agent Price, Cost, Saving, 
agent average per unit, kg US$ USS/unit USS/unit 

CFC 11 l.00 1.83 l.83 

C-pentane 0.60 1.57 0.94 0.89 

for polyurethane foaming at least 15 % more of the complete mix needs to be charged 
due to the higher foam density in the initial test period of about I year of foam 
production using cyclopentane (see also Annex G: "Technical Information Sheet of 
BASF''). The resulting incremental cost is US$ 2.47/unit: 

Blowing Foam average/unit, Price, Cost, Incremental cost, 
agent kg US$ US$/unit US$/unit 

CFC 11 7.0 2.35 16.45 

C-pentane 8.05 2.35 18.92 2.47 

the currently used innerliner material is HIPS type KR 2710 from BASF. According 
to our latest information this material could be used with cyclopentane blown foam 
as well. Thus, incremental cost is not calculated. 
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Based on above calculations, the t.otal increm_enlal operating costs for KlRIA2I the 
incremental operating costs are calculated for 93,600 units at US$ 9.63 and will be for one 
year of ol"'mlion: 

USS 901.368 

For six months of operation lhe total incremenlld operati.o.g cost will be as follows: 

USS 901,368 X 0.5 ~ USS 450.684 

Costs for transport and insurllnce of capital goods are included in the budgeted 
allo~ons for the respective items. 

Costs for equipment inswllatiou, mmm.issioniug and on-the-:joh training ofKI!llAZl's 
staff are calculated separately. 

lt CONTINGENCY FUND 

A contingency fund (15 petcent of tbb 1otal project budget) was calculated. The MEMP 
is proposed 1o cover unfon:seen expenses which might be in.curred during lhe project 
implementalion. e.g. purchase of small testing instruments, which might be required during 
the conva<sion process, ~eous ~ price escalation, et<:. 

III. TOTAL COSTS 

Investment costs will cover capital investment costs (at CIF basis) for modification of 
manafacturing facilities, materials, new nw::binecy, testing equipment (see Allnex A:. 
"Equipment Specification and Cost Breakdown"), tmning, installation and consultancy 
services for modliica.tions (see Ann<:i< B: "Labour Cost of Subcontractor's Services" 
and Annex C: "Project Budget'). 

The incremental operating costs associated with this project are as above. 

Implementing Agency's overhead costs are 13 peroeat. 

For !he complete costs breakdown see Annex C: "Project Budget", 

For the calculation of the unit abatement cost see Annex D: "Unit Abatement Cost•. 

Requested funding by tile MFMP: USS 2,100.876 
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AnnexA: Equipment Specification and Cost Breakdown 

Quanrny Unit~ Total cost, 
US$ U$$ 

Reftigeralion system 
Charging boatds tor produc!ioo 2 31,300 62,600 
Cleaning and renov. otvacuum pumps 26 160 4,180 
HfC 134a leak deterto"' 2 9,000 18,000 
Test. equipment 1 50,000 50,000 
R12COllootion station 1 2,500 2,600 

Foamingsyatetn 
High piessuretoamlng machine, cabinets 1 180,000 160,000 
High µre5$U(ll foaming rnaohlne, doors 1 110,000 110,000 
MixingSIBl!Qri 2 80,000 160,000 
Wat.er heater system 1 40,000 40,000 
Glas detecting system 1 75,000 75,000 
Exhaust and ventllalion 1 45,000 45,000 
Foaming figs, rebw1d. (50')(, cost sharing) 10 4,500 22,SOO 
Foaming plugs. rebuttd. (50% eostshaling} :2 14,000 14,000 
AmiSlali<:: floor 3,000 
Pipe installation for2 rnaohlnes 2 1$,000 S0,000 
Cye10pen!ane tanks, pumps. piping 1 33,000 33,000 
Fite pmtec!!on system 1 30,000 30,000 
Pl,lll\PS and pipes from tank to miX"r 1 45,000 45,000 
Water c:hill<lr 1 11,000 11,000 

Refrigeration service 
Evacuation and charging board 26 3,000 78,000 
CFC 12 recovery unit for service cars 76 30 2,280 
Leak detector for HFC 134a 26 180 4,160 

Total 1,000,200 

MONTREAL PROTOCOL- ICTIUAZI - JS<,Yi'T 
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Annex B: Labour Cost of Subcontractor's Services 

Title Unit Qty. Unit cost, Total cost, 
US$ US$ 

A. Refrigeration system 
(1 supervisor for 2 weeks) 

Air ticket, Europe - Cairo pc. 1 2,000 2,000 
Expert fee days 14 550 7,700 
Daily subsistence allowance days 14 130 1,820 
Subtotal 11,520 

B. Foam system 
(2 supervisors for 4 weeks each, 
1 engineer for 2 weeks) 
Air ticket, Europe - Cairo pc. 3 2,000 6,000 
Expert fee days 56 550 30,800 
Engineer fee days 14 750 10,500 
Daily subsistence allowance days 70 130 9,100 
Local subcontract (piping, installation) 10,800 
Subtotal 67,200 

C. Refrigeration service 

{1 supervisor for 1 week) 
Air ticket, Europe - Cairo pc. 1 2,000 2,000 
Expert fee days 7 550 3,850 
Daily subsistence allowance days 7 130 910 
Subtotal 6,760 

TOTAL 85,480 

MONTREAL PROTOCOL - KIRIAZI - EGYPT 



AnnexC: ProjectBndget 

B ¢f!; 11n:, D,ralic:n, 
W::fkm;nths 

11-01 Oiefta::mcal .rl.iiscr 1 
11.fll lnterralia-.a OrsJ1a1ls 2 
21-01 &tx:i:nra:i: 
32-0! Si.d{t:x..roo foarin,;l~OJY (2tsdriaa-s) 05 
a:?-01 Si.d{t:x..rc:n~tectrido.JY(1 tedritiao) 0.5 
51-0') Mscellaooa..s: 

15"/4o:nlirgn::1/1in:I en capta a::st 
~ ~a::st 
15% o::ntirgsrcyftnd en q:aain;i a::st 

Tctal rris::,e{la180.JS o:.,st 

00-00 s i:td:al 

~ Ag;n::,/ Oiarea::I, 13% 

PROJECTTOl'AL 

MONIREAL PROTOCOL - KlRIAZ.I - EGYPT 

P"ll• 16 

13,(XX) 

25.(00 

1,00.S,600 
8,ax:l 
B,axJ 

170,682 
4S).684 

67,003 

688,9:E 
1,~849 

274;027 

2,100,875 
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Annex D: Calculation of Unit Abatement Cost 

A ODS Phase out Unit Total Project 
A1 Average use of CFC 11 per year mt 101 
A2 ODP of CFC 11 1 
A3 ODP-welghted CFC 11 phase out (A 1 *A2) mt 101 
A4 Average use of CFC 12 per year mt 36 
A5 ODPofCFC12 1 
A6 CDP-weighted CFC 12 phase out (A4*A5) mt 36 
A7 Total ODP weighted phase out (A3+A6) mt 137 

B Annualized capital cost Unit Total Project 

B1 Total investment cost 
(model redefinition + production conversion) US$ 1,308,562 

B2 Equipment life year 10 

63 Discount rate % 10 
84 Annualized oaoital cost (81 *0.1627) US$ 212,803 

C Annual Incremental operatinq cost US$ 518,287 

D Unit abatement cost Unit Total Project 
01 Annualized capital cost per kg ODS phased out 

(B4/A7/1000) US$/k!:l 1.55 
D2 Annual incremental operating cost per kg ODS 

phased out (C/ A7 /1000) US$/kQ 3.78 
D3 Unit abatement cost (D1 +D2) US$/kg 5.34 

MONTFEAL PROTOCOL • !a:RIAZ1 • EGi'Pr 



Annex E. Irnplemenllltfon Schedule 

MILESTONES I MONTH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1, Sign the project. receive funding -2, Appointment of General Contractor, site inspection -3, Elaboration of a detailed project workplan -4, Draft of plant layouts -1 
FOAM 

5, Selection of equipment, bidding 

6. Training - -I I 
7, Rebuild jigs + plugs 

I I 

I ' I I I I t I 
8. Purchase, installation, commissioning 11111 

9. Pratotypin.9 and testing 
I I 

10. Start production with cycle pentane 
I 

REFRIGERANT 

11. Redesign of models, training 
I I 

12. Selection of equipment, bidding 
I I 

13. Purchase, installation and commissioning 

14. Prototyping and testing 
I I I I 

I I I I I I I 
15. Start production with HFC 134a 
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MILESTONES I MONTH 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

REFRIGERATION SERVICE 

16. Selection of equipment, bidding 
I I 

17. Purchase and training 

It is estimated that after 18 months the complete conversion will have been carried out. 
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Annex F: Prelimina!Y Specification of Refrigeration Test Equipment 

1 pc. 

B. 

3-pcs. 
2 pcs. 
1 pc. 
l pc. 
l pc. 
1 pc. 
1 set 
1 set 
1 pc. 
2 pcs. 
2 pcs. 
2 pcs. 
1 pc. 
l pc. 
2 pcs. 
1 pc. 
2 pcs. 
l pc. 
1 pc. 
I pc. 
I pc. 
1 pc. 
1 pc. 
l pc. 
1 pc. 
1 pc. 
l pc. 
1 pc. 
I pc. 
1 pc. 
l pc. 
I set 

To be supplied by the company: 

Thermoinsulated test room: W x L x H: 2,500 x 3,000 x 2,800 mm, walls consisting 
of min. 80 mm thick polyurethane insulated panels covered with 0.6 mm 
electrogalvanized PVC coated steel plates. 

To be financed by MFMP: 

fan motors (ventilators) 
heating elements 
cooling element 
ice-bank cooling system, complete 
electronic thermostat 
voltage stabiliser 
fluorescent light and plugs for test room 
terminal box for test room for connection of electricity, pressure and temperature 
terminal box outside test room for regulation equipment 
amp. (current) converters 
power converters 
pressure converters 
5 volt DC converter 
24 volt DC converter 
S-system/thermostat converter 
current transformer + cables, etc. 
input card STBTC for measuring temperatures 
software Labtech notebook for analyzing signals 
AID card RTI 820 for PC 
Hard disk colour system/PC 
matrix printer colour system 
overhead operator control panel 
Vario transformer 
frequency meter, digital 
voltage meter, digital 
thermometer, digital 
temperature regulator 
amperemeter 
HFI protection relay 
regulator for fan motors 
current transformer 
relay, cables, clamps etc. 

MONTREAL PROTOCOL • KIRlAZl • EGYPT 



3 50 kg tylose test packages 200 x I 00 x 50 mm 
ISO kg tylose test packages 100 x 100 x 50 mm 
50 kg tylose test packages with thermocouples, 200 x l 00 x 50 mm 
50 kg tylose test packages with thermocouples I 00 x l 00 x 50 mm 

1,000 m Cu-Constantan thermocouples 
2 pcs. Pressure transducers 
l set Software for testing according to ISO 5155.2 

MONTREAL PROTOCOL. KIRIAZI • EGYPT 
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Technical Information ANNEX G/ 1 

Rigid polyurethane foam for refrigeration with cyclopentane as blowing agent 

Table 2 

Properties of rigid PUR foam with cycfopentane 
as bfowing agent 

Blowing Cyclo- n-Pen- CFC11 
agent pentane tane 

Polyol [parts] 100 100 100 

Blowing agent [parts] 11 11 18 

Isocyanate [parts] 138 138 155 

Molding [g/1] 39 39 34 
density 

Thermal [relative %] 106 121 100 
conductivity* 
(initial K- [mW/m·K] (18) (20.5} (17} 
value) 

Compressive [kPa] 140 140 120 
strength 

Dimensional 
stability 

-Jo·c [%] <0.5 <0.5 <0.5 
0 +so·c f'/o] <1.0 <1.0 <1.0 

Hesto lambda-control A 50-B single-plate instrument, mean temperature 23°C 

BASF Polyurethane 



Technical Information ANNEX G/2 

Rigid polyurethane foam for refrigeration with cyclopentane as blowing agent 

Figure 1 

Ageing of diffusion-open rigid PUR foams 
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Annex H/1: 

= 

= 

Current and proposed new plant layout 

Kiriazi Refrigerators Manufacturing Co. S.A.E. 
{KIRIAZI) 

Refrigeration Line. 

1. 00-
1. 00---

[ 

""' Roller conveyor 

= 

1. Charging board 
2, Leak detector 
3. Vacuum pump 

---D] 2. 

U.2. 

Recommended leak test house 
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Annex H/2 Current and proposed new plant layout. 

-

" 

Kiriazi Refrigerators Manufacturing co. S.A.E. 
(KIRIAZI) 

Foaming Line 

,_ Roller conveyor := 

.:_ 

Recommended pre­
heating oven 

2. 

b □ 0(/ 7. 

10. 

:l><l 
[><l_ 10. 

~ 

a. <~ II 
. Os. 

Door & Lid Line 

Chest Linelo ol 6• 

- -- 1 
I 
I 

0 0 

I 12. 
l CJ 
LKii=P mo flCJo 16.LQlo 
l 

', 15. 
l D CJ 

1 4. 
Uprightj 

l,.[l~ _j 

11. 

6. Mixer for polyol + cyclopent. 
7. Pre-heating oven for 

cabinets 
8. 2. high pressure foaming 

head. 

1 Chiller for foaming machine 
2. Control panel for high pressure 

9. 
10. 
11. 

Cabinet foaming jigs 
Cabinet foaming jigs 
2. High oressure foamTnl) 
head. 

3. Door and lid foaming jigs 
4. High pressure foaming machine 
5. Control panel for mixer 

16. Mixer for polyol + cyclopentane 

12. 
13. 
1 4. 
15. 

Chiller for foaming ~achine 
High otessure foaming mach. 
Control panel f. foam. me. 
Control panel for mixer 




