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PROJECT PROPOSALS: EGYPT
This document includes the following project proposals and the Fund Secretariat’s Comments
and Recommendations:
- Phasing out ODS in six domestic refrigeration plants (UNIDO)

- Elimination of CFCs in the manufacture of Commercial Refrigeration Equipment
{two enterprises) (UNDP)

- Conversion to CFC-free Technology in the Manufacturing of Rigid PU Foam
{seven enterprises) (UNDP)

- Conversion to CFC-free Technology in the Manufacture of Flexible Slabstock
PUF at El-Tawil Manufacturing Company ((UNDP)
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PROJECT EVALUATION SHEET

COUNTRY OR REGION:

PROJECT TITLE:

BUDGET:

INCREMENTAL COSTS:

ODS PHASE-QUT.:

COST EFFECTIVENESS:

PROJECT DURATION:
IMPLEMENTING AGENCY:
NATIONAL COORDINATING AGENCY:

TECHNICAL REVIEW COMPLETED:

Egypt

Phasing out ODS in the domestic refrigeration
plants of’

(1) Alaska

(2) Helwan Company for Metallic Appliances

(3) Iberna

(4) El-Nasr Company for Electrical and
Electronic Apparatus

(5) Siltal

(6) Super Bosh

Capital Costs: US $4,963,266
Operating Costs': US $ 533,506

US $5,496,772

144 MT (111 MT CFC-11 and 33 MT CFC-12)
US $38 per Kg ODP saved

18 months

UNIDO

Egyptian Environmental Affairs Agency (EEAA)

YES X NO _

RETARIAT’ MMENTS

1. Six project proposals are addressed together in these comments.

2. Implementation of the six projects will result in an estimated annual phase-out of
111 MT of CFC-11 and 33 MT of CFC-12, and will result in the conversion of all the domestic

refrigeration sub-sector in Egypt.

1

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

4, 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.

5. 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.

6. 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 manufaciuring 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.

7. 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. Thus the companies have accepted to charge
operating costs for only six months.

8. It is to be noted that cost effectiveness of these projects (average of US $38/kg ODP)

is lower than that of the three projects in this sub-sector approved at the Thirteenth Meeting of
the Executive Committee (US $23.5/kg ODP).

RETARIAT’S REC INDATION

0. The Fund Secretariat recommends approval of the six projects and approval of
incremental costs as follows:
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Company Actual ODS phase Capit; Costs* | Operating Total per
Production out Costs (6 mo) | company
units/year MT/yr Uss Uss

Alaska 52,000 55 1,297,839 220,767 1,518,606 H
ﬂ Helwan 9,000 8 606,294 37,945 644,239 “
u Iberna 16,000 17 784,810 67,928 852,738
| El Nasr 15,500 22 786,313 68,377 854,690
Siltal 22,000 29 772,938 93,495 866,633
| Super Bosh | 10,000 14

Total

124,500

* includes 10 per cent contingency charges.

715,072 44,994 760,066
4,963,266 533,506 5,496,772
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: Egypt

PROJECT TITLE: Elimination of CFCs in the Manufacture of
Commercial Refrigeration Equipment (two
enterprises)

BUDGET: US $1,023,000

INCREMENTAL COSTS: US $1,023,000

ODS PHASE-OUT: 32.3 MT/year

COST EFFECTIVENESS: US $31.7 per kg ODP saved

PROJECT DURATION: One year

IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY: Egyptian Environmental Affairs Agency (EEAA)

TECHNICAL REVIEW COMPLETED: YES _X NO_

SECRETARIAT’S COMMENTS

1. Under this project, two companies will eliminate 32.3 tonnes of CFCs (R-11, R-12 and
R-502) in the production of rigid polyurethane insulation panels and spray foams through
application of cyclopentane technology. Refrigeration equipment will be converted to HFC-
134a technology. According to UNDP, there remains only two more commercial refrigerator
producing companies in Egypt that will develop projects in the future.

2. Cyclopentane is a flammable material. Safety related modifications and training will
be covered by the capital costs.

3. The existing foam equipment will be replaced with high pressure foaming units.
CFC-12 based charging and recycling equipment will be replaced with HFC-134a units.

4, No operating incremental costs are requested in the project.
5. The cost effectiveness of this projects is much lower than those previously approved
for Egypt.

SECRETARIAT’S RECOMMENDATION

6. The requested amount of US $1,023,000 is recommended for approval.
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: Egypt

PROIECT TITLE: Conversion to CFC-Free Technology in the
Manufacturing of Rigid PU Foam (seven
enterprises)

BUDGET: US $780,000

INCREMENTAL COSTS: US $780,000

ODS PHASE-QUT: 68.8 MT CFC-11/yr

COST EFFECTIVENESS: US $11.34 per kg ODP saved

PROJECT DURATION: One year

IMPLE&EENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY: Egyptian Environmental Affairs Agency (EEAA)

TECHNICAL REVIEW COMPLETED: YES _X NO_

SECRETARIAT'S COMMENTS

1. The project proposal covers seven low consuming enterprises involved in the
manufacture of water heaters, solar panels, thermos bottles, construction panels and spray
applications of rigid polyurethane foams. Implementation of the project will lead to the
phase-out of 68.8 MT CFC-11 per year.

2. The “full water” blown foam is the chosen technology for the conversion of the seven
enterprises, which will eliminate the use of CFC-11 as the blowing agent. High pressure foam
machines are thus required to ensure the production of foam with the right density.

3. Savings resulting from avoidance of the use of CFC-11 are offset by higher costs of
foam ingredients and maintenance.

4, UNDP stated that the project is "a demonstration project for the global strategy for
small ODS-users in the foam industry”. It is to be recalled that the Executive Committee
approved at its Thirteenth Meeting the preparation by UNDP of such a strategy.

5. The project is more cost-effective than similar projects approved in the sub-sector for
Egypt.

SECRETARIAT’S RECOMMENDATION

6. The Secretariat recommends final approval of the project and of the requested
US $780,000.

S e e e e e————
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PROJECT EVALUATION SHEET

COUNTRY OR REGION: Egypt

PROJECT TITLE: Conversion to CFC-Free Technology in the
Manufacture of Flexible Slabstock PUF at
El-Tawil Manufacturing Company

BUDGET: US $121,000

INCREMENTAL COSTS: US $121,000

ODS PHASE-OUT: 36 MT CFC-1l/yr

COST EFFECTIVENESS: US $3.36 per kg ODP saved

PROJECT DURATION: One year

IMPLEMENTING AGENCY: UNDP

NATIONAL COORDINATING AGENCY: Egyptian Environmental Affairs Agency (EEAA)

TECHNICAL REVIEW COMPLETED: YES _X _NO_

S TARIAT'S CO

1. The project will phase out the use of about 36 MT CFC-11 per year in the manufacture
of flexible slabstock foam at El-Tawil; the only remaining company in Egypt which
manufactures flexible polyurethane foam.

2. Methylchloride will replace CFC-11 as the foaming agent. A containment system for
methyl chloride is thus requested.

3. No operating costs are requested since the saving from avoidance of the use of CFC-11
will be offset by high percentage of waste in the trial period.

4, The project is cost effective,

ECRETARIAT’S RECO ATION

5. The Secretariat recommends approving this project and approval of US $121,000.
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Country:
Project Title:

Sectors Covered:
ODS Use in Secior (1990):
Project Impact *

Project Duration:
Project Economic Life:
Total Project Cost:

Capital Cost:

Incremental Operating Cost:

Implementing Agency’s
Overheads (13%):
Proposed MF Financing:
Cost Effectiveness:
Counterpart Enterprise;
Implementing Agency:

Coordinating Ministry:

PROJECT COVER SHEET

Egypt

Phasing out ODS at the ALASKA, Helwan Company for
Metallic Appliances, IBERNA, El Nasr Company for
Electrical and Electronic Apparatus, SILTAL and
SUPER BOSH domestic refrigeration plants

Domestic Refrigeration /Rigid Foam/Refrigerant

1,830 mt of CFC-11 and CFC-12

Phase out of annual consumption of 111 mt CFC-11, 14 mt
CFC-12 in the production and a gradual phase out of
currently used 32 mt CFC-12 in the service sector (Total
ODP = 143)

18 months

10 years

US$ 5,496,772 (Total of capital cost and incremental

operating cost for six month of operation)
US$ 4,963,266

US$ 533,506 (six month of operation)

US$ 714,580

US$ 6,211,352

Unit Abatement Cost - 9.38 US$/kg

Egyptian refrigerator companies as indicated in the title
United Nations Industrial Development Organization
(UNIDO)

Egyptian Environmental Affairs Agency (EEAA)

PROJECT SUMMARY

This project will phase out 100 percent of the use of CFC-11 and CFC-12 for the production of
refrigerators and freezers at the selected Egyptian refrigerator companies indicated in the title, The
chosen replacement alternatives are cyclopentane as foam blowing agent and HFC-134a as refrigerant.
The project will include the redesign of all current refrigerator models and the conversion of the plants.
The redesign of the existing refrigerator models covers activities like prototyping, testing, trial
manufacturing and adaptation as well as reliability tests. The conversion of the production facilities
covers the refrigeration system, insulating foam blowing system as well as the refrigeration service

carried out by the company. The replacement alternatives and the time frame for phasing out the use of
ODS will be in line with EEAA’s ODS phase out programme,

MONTREAY. PROTOCOL -~ DOMESTIC REFRIGERATION PLANTS ~ EGYPT
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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 instalied 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 10 percent per year.

In total approximately 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.

Three domestic refrigeration conversion projects covering three major Egyptian
companies (DELTA, ELECTROSTAR and KIRIAZI) as been recently formulated by UNIDQ.
These projects were approved on the 13-th Meeting of the Executive Committee.

B. Ba und

i. La Société Mondiale pour Refroidissement (trade-name: ALASKA), is a private company
and one of the five largest manufacturers of domestic refrigerators and freezers. ALASKA is
situated in 10-th of Ramadan City, near Cairo. It employs 250 people and the installed annual
production capacity is about 100,500 units. In 1993 the actual production was 52,000 units.

In 1993 AL ASKA used about 44 mt of CFC-11 and 10.5 mt of CFC-12 in the production
process, as well as 0.5 mt of CFC-12 in the refrigeration service.

The Company manufactures four different refrigerator and 8 different freezer models
respectively in the range of 140 to 650 | content based on the licenses from Merloni, Italy (chest
and upright freezers) and Liebherr, Germany (refrigerators}).

ALASKA covers a share of about 15 percent of the local market, it has been in operation
since 16 years and manufactured already 695,000 unit. These units are serviced by the five
service centres and three service cars run by the Company.

MONTREAL PROTOCOL - DOMESTIC REFRIGERATION PLANTS -~ EGYPT
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All refrigerator compressors are imported (UNIDAD, DANFOSS), whereas evaporators
and condensers are mainly manufactured locally and domestically. The technology required to

clean and dry the refrigerator cycle {vacuum pumps) correspond to the CFC-12 technology.
Leak detectors and charging equipment are older than ten years.

Two low-pressure foaming machines are used (installed in 1981, 1982) to feed two
separate conveyor belts (one line for the refrigerators/upright freezers and another one for the
chest freezers).

In order to introduce the cyclopentane insulation foaming technology and HFC-134a as
refrigerant all equipment related to these technologies has to be replaced (foaming machines,
vacuum pumps, leak detectors charging boards). Cabinet and door jigs and plugs need
substantial modification. The cleanliness of the factory and the production discipline have to be
substantially improved to avoid serious quality and safety problems after conversion.

The company has no refrigerator design capabilities and no refrigeration performance test
facilities.

Because the production flow and the layout of the assembly lines have to be reorganized
in order to introduce the new technology the plant management should thoroughly study the

possibility to work in parallel with a part of the old equipment and one of the new lines during
the conversion period.

ii. Helwan Company for Metallic Appliances is a public company in Helwan, near Cairo.
It was established in 1962 for the production of various household appliances (refrigerators, gas
cookers, water heaters, dish-washers, washing machine etc.). The production of refrigerators
and freezers is organized under the still valid license from Kelvinator, USA. All changes of the
design of products under license have to be approved by the licensor. One upright freezer (4.8
cu. ft. approx.150 I) was designed by the company and not subject to any license obligation,
The company produces about 9,000 to 10,000 units annually, one chest freezer (9 cu. ft.), one
upright freezer (4,8 cu. ft.), one one-door refrigerator (300 1) and one two-door no-frost
refrigerator (12 cu. ft.) model. Helwan is selling its products only on the local market. About
200 people are employed in the refrigeratior manufacturing.

The plant has three production lines,from which two are used for the production of
refrigerators and freezers, the third line was established to manufacture air-conditioners. Most
of the equipment was installed already in 1962 with the exception of the foaming machine,
charging units and leak detectors {1983).

The refrigeration compressors, condensers evaporators and many others parts are
imported from Italy and Kelvinator itseif.

MONTREAL PROTOCOL - DOMESTIC REFRIGERATION PLANTS - EGYPT
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The foaming is performed into four jigs per model. The jigs are not heated, heating is
carried out in heating tunnels in the traditional way.

The company has no testing facilities, quality control consists of measuring the current
only.

Despite of the fact that the products are of up to date design, the technology applied
reflects the level of the sixties when the company was established. The international changes
in technology have not been introduced in the company ever since then. It is strongly
recommended to study of experience of other Egyptian producers, like e.g. Philips, Electrostar
and Iberna in order to reach the technological level needed for the introduction of cyclopentane
foaming technology and to replace R-12 by HFC-134a.

iii.  International Co. for Refrigeration and Appliances (trade-name: IBERNA) is a private
company located in Abu Rawash, near Cairo. It is manufacturing a wide range of refrigerators
and freezers (3 refrigerator, 6 chest freezer, 1 no-frost refrigerator/freezer, 2 ice-maker and 1
ice-cream display cabinet models). The products are manufactured mainly under a valid license
agreement with IBERNA, Italy. The appliance design and its look is excellent. The total
number of appliances manufactured in 1993 with only 35 workers is approximately 16,000
units, whereas the total production capacity is 30,000 units per year. The production is well
organized and thorough manufacturing process guarantees high product quality.

IBERNA'’s domestic market share is about 5%, however in the chest freezer sector it is
much higher. Small amounts were exported by the company to Lybia and Russia. IBERNA
aims at the high-quality, higher priced segment of the market. It has been on the market since
13 years. The servicing of appliances is implemented by four company service centres equipped
with 3 service cars.

The compressors are imported from ZANUSSI, DANFOSS, NECCHI, UNIDAD,
VERDICHTER, whereas evaporators and condensers are partially manufactured domestically.

The production equipment of the refrigeration cycle assembly were installed 13 years
ago, but shows high standard. Two low-pressure foaming machines are in use. A high number
of moulds and fixtures are in use to produce the many different models. Thorough handling and
maintenance of the manufacturing equipment ensures high product quality.

Some most basic quality control instruments are available to carry out limited
refrigeration tests. Extension of these equipments will enable IBERNA to implement tests
required for model redesign. The know-how available at the company will guarantee the success
of the conversion to cyclopentane foaming technology and the conversion of the use of CFC-12
to HFC-134a. The use of isobutane as a valid alternative is also being considered by IBERNA’s
technical staff. Plans have already been developed to build an extension to the existing buildings
where a part of the new technology can be accommodated.

MORTREAL PROTOCOL -~ DOMESTIC REFRIGERATION PLARTS - EGYPT
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iv. El Nasr Company for Electrical and Electronic Apparatus (trade name: Philips) is situated
near Alexandria. This public enterprise is manufacturing four different refrigerator and two
freezer models, The production is based on a valid Philips - Whirlpool license. 240 workers
are manufacturing in one shift annually 15,500 units (1993 figure), while the total production

capacity is 60,000 appliances in two shifts. On a paralle! assembly line washing machines are
produced.

The main product is a two door 460 | refrigerator/freezer, it represents 60% of the
production. The company has been on the market for 11 years during which it has produced
already 232,000 units almost exclusively for the domestic sale. 200 workers in 28 service shops
licensed and supported by the company are carrying out the servicing of all Philips refrigeration
appliances (including the imported ones) all around Egypt. The service centres have & service
cars equipped with charging boards for on site repairs.

The production flow, equipment available and the product quality are in accordance with
European standards. A well equipped and staffed quality control laboratory enables to maintain
product quality on a constant high standard. The vacuum pumps, leak-detectors and charging
stations are well maintained and of good quality. The foaming machine installed in 1983 is still

reliable and properly functioning. The company regularly uses 10 jigs for the cabinets and six
jigs for the doors.

All parts of the refrigeration cycle are produced outside of the factory and a part of them
is imported,

In order to convert the refrigerant and the foam {o CFC-free substances the company has
t0 cooperate with the original licensor in order to ensure compliance. It was agreed upon to use
cyclopentane as foam propellant, and HFC-134a as refrigerant. The application of isobutane
as an alternative would be possible as well. In any case the foaming machine, charging
equipment and leak-detectors have to be replaced, the jigs and plugs have to be modified and
proper test equipment for model redefinition has to be put into operation..

v. Islamic Company for Industrialization (trade name: SILTAL) is a private company situated
in 10-th of Ramadan City, near Cairo. It is manufacturing 9 refrigerator and 2 different freezer
models based on a valid license from SILTAL, Italy. The company has already been on the
market for 9 years manufacturing annually 22,000 units on one production line, while the
designed capacity 1s 40,000 appliances yearly. Their market share in Egypt is about 8 percent.

274 workers are involved in the manufacturing process, 23 in servicing at the 6 service
stations of the company.

Refrigerators and freezers have a net volume between 60 and 430 1. The product quality
is good.

MONTREAL PROTOCOL - DOMESTIC REFRIGERATION PLANTS - EGYPT
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Compressors are imported from DANFOSS, MATSUSHITA, ZANUSSI, UNIDAD and
L’UNITE HERMETIQUE. Evaporators and condensers are partially produced locally, partially
imported.

Equipment for drying the refrigeration cycle, testing the tightness, charging the
refrigerant are from the mid and end eighties. A low pressure foaming machine from the year
1984 is used for both the doors and the cabinets. There are 3 jigs and 25 plugs for the
refrigerators and one jig for the chest freezers in use.  Most of these equipments need
replacement and the fixtures modifications to enable conversion of the company to cyclopentane
blowing agent and HFC-134a refrigerant. New test equipment will be required to enable model
redesign to be performed by the company.

vi. Super Bosh Factory in Abu Rawash, near Cairo was set up in 1982 to manufacture
refrigerators and freezers under the license of MONDIALE, Italy. Today 30 people are
employed by this private enterprise, from which 20 are involved in the production process and
two in the servicing of equipment. 4 different refrigerator and 10 deep-freezer models
respectively are manufactured. The annual production is about 10,000 appliances. Since 1982
106,000 units were produced. The company is aiming at the low cost range of the market.

Refrigeration compressors and condensers are imported, evaporators are produced in the
company itself.

The company has three low-pressure foaming machines, the newest one was put into
operation in 1988. In order to manufacture the different models 20 jigs for cabinets and doors
are available.

The level of maintenance and technology is the lowest among all Egyptian refrigerator
plants. The know-how originated from MONDIALE, Italy, however, the agreement has been
terminated and the know-how has not been followed. Quality tests are performed by means
of simple running tests measuring the electrical power consumption and inside temperature.

Apart from the mentioned simple quality control instruments the company has no test equipment
whatsoever.

It was agreed with the owner of the company, that immediate actions will be taken by
him to increase the level of technological discipline, plant safety and cleanliness with intensive
technical assistance from the side of local manufacturers and consultants. Thig is a precondition
without which Super Bosh might face serious difficulties in the application of HFC-134a
refrigerant replacing CFC-12 and cyclopentane as a replacement of CFC-11,

MONTREAL PROTOCOL -~ DOMESTIC REFRIGERATION PLANTS -~ EGYPT
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11. PROJECT ECTIVE

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 six
Egyptian domestic refrigerator producers through conversion to the use of HFC-134a as
refrigerant for the cooling system and cyclopentane as blowing agent for the polyurethane
insulation foam.
oi.  PRO DESCRIPTI

The selected companies covered by the project are 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 QDS, all companies
has chosen to replace CFC-12 by HFC-134a, because the new type compressors will be
available, and the technology is mature and commercially applied outside Egypt.

As blowing agent for polyurethane foam the companies 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 of refrigerators/freezers;
d) Installation, commissioning, trial operation, start-up and on-the-job uaining;

e) Servicing.

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

A.  Refrigeration System

- In order to correspond to the strict requirments regarding cleanliness and dryness of a
refrigeration cycle working with HFC-134a the vacuum control has to be improved.

MONTREAL PROTQCOL -~ [DOMESTIC REFRIGERATION PLANTS ~ EGYPT



18 November 1994 page 8§

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

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

- The currently used vacuum pumps according to the latest experience of large
refrigeration companies have to be replaced.

- 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 I: "Preliminary Specification of
Refrigeration Test Equipment™). In the case of those companies, where some adequate
testing facilities are already available only the necessary extension is taken into account.
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-1344 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 (Total Equivalent Warming Impact)
value. Therefore, it is necessary to redesign, reconstruct and carry out performance tests
for all redesigned models of refrigerators / freezers.

- 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 chiorine and max. 1 % non-condensable gases.

- The capillary tube has to be optimized for the actual pressure difference between
condenser and evaporator pressures (increased resistance at low evaporating temperatures
of the new refrigerant).

- it will be necessary to train 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 the technical staff.
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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.

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 cannet be delivered premixed in drums or tanks (like
CFC-11 and polyol), it will be necessary to provide mixing stations.

- It is necessary to provide one tank for polyol, one for cyclopentane and one for
isocyanite 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 instatled 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.) The companies
are ready to absorb 50% of the calculated costs of the modification of jigs and plugs. The
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BQ

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.

Before foaming the work pieces have to be flushed with nitrogen to avoid generation of
explosive mixture of cyclopentane vapors and air.

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. Currently no foam test equipment is being used by the
companies it can, however, not be provided under this project.

Refrigeration Service

For refrigeration service simple mobile recovery units for CFC-12 {(one third for each
of the service cars currently used, plus additional units 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 case, filled with activated carbon 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.)

New mobile evacuation and charging boards for HFC-134a as well as leak detectors for
service will also be provided (one each for the service centre and service cars currently
used).

Service personnel will be trained in using HFC-134a and hydrocarbons alternetively, as
well as in CFC-12 recovery and recycling.

Justification for Selection of Alternative Technologies

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 MFMP. New aiternatives, however, based on hydrocarbons have been recently
introduced in Europe. At the time of formulating this project the most feasible option for the
Egyptian manufacturers seems to be HFC-134a.
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18 November 1994 page 11

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

e e e e e
Blowing HCFC-141b | HCFC-142b { HCFC-142b | HFC-134a | Cyclopentane
agent + HCF(C-22

oDp 0.11 0.065 0.06 0 0 E

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 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.

HFC-134a, which could be the other alternative, is too expensive, so it is very unlikely
that it may become the ultimate blowing agent for polyurethane foam.

1Iv. INPUTS
1. Capital Goods Replacement

The equipment to be replaced, rebuilt, as well as new equipment are shown plant by plant
in the Annex A.

2. Conversion/Training

Within the framework of this project, technicians 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;
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- 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 the plants, technical staff under the supervision of the Chief Technical
Advisor and specialized international consultants for this project.

As a financially most appropriate practice, modifications of the production lines will be

carried out during evenings and off-days or line by line and, therefore, it will not cause further
costs under this project.

V. PROJECT IMPLEMENTATION

The project implementation will be carried out by UNIDO in close cooperation with the
recipient companies. 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
consuitants 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 technical 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”?.

Y For negotiations to act as General Contractor, UNIDO has already established contacts
with Messrs. POLYFA Trading A.S., DK-2650 Copenhagen-Hvidrove, Denmark.
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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 the recipient plants. The plants 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,
the companies will be committed {o 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 and paid for by the
respective plants 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 H.
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vi. P T COSTS
L INCREMENTAL OPERATING COSTS

The currently produced models will require modifications exhibited plant by plant in
Annexes C, D and E based on an average European price level.

The figures in the Anngxes C, D and E 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:

- B % 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 voltage
fluctuations), totalling to an average of about US$ 5.0 per compressor);

- capillary tube average 1 m longer;
- evaporator/condenser 2 m longer;
- HFC-134a filling average about 10 % less compared with CFC-12;

- cyclopentane at US$ 1.55/kg will be used in a lower quantity as CFC-11 resulting in
savings;

- 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 alse Annex G: "Technical Information Sheet of
BASF"). This resuits in incremental cost for the foam system;

- 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 foams as
well. Thus, ther are no incremental costs for this.

Based on calculations shown in the Annexes C, D and E the total incremental operating
costs for all six companies for one year of operation will be as follows:

US$ 1,067,012
For six months of operation the total incremental operating cost will amount to:

US$ 1,067,012 x 0.5 = US§ 53
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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 staff are
calculated separately.

II. ENCY FUN
A contingency fund (10 percent of the total investment cost) was calculated. The MFMP

is proposed to cover unforeseen expenses which might be incu rred during the project

implementation, e.g. purchase of small testing instruments, which might be required during the

conversion process, miscellaneous expenses, price escalation, etc.

1.  TOTAL COSTS

- Investment costs will cover capital investment costs (at CIF basis) for modification of
manufacturing facilities, materials, new machinery, testing equipment (see Annex A:
"Equipment Specification and Cost Breakdown"), consultancy services for modifications
(see Annex E: "Project Budget").

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

- Implementing Agency’s overhead costs are 13 percent.

- For the complete costs breakdown see Annex E: "Project Budget”.

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

- Requested funding by the MEMP: 1JS$ 6,211,352
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Annex H. Implementation Schedule

}MILESTONESIMONTH 172134151617 {8]|9}110j11112113114{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. Drafe of plant lavouts
FOAM

b, Setectian of equipment, bidding

8. Training
7. Rebuild jigs + plugs
8. Purchase, installation, commissioning
9, Prototyping and testing
10, Start production with cyclopentane
REFRIGERANT
11. Redesign of models, training

12, Sefection of equipment, bidding
13. Purchase, installation and commissioning

14, Prototyping and testing
15. Start production with HFC 134a
REFRIGERATION SERVICE

16. Selection of equipment, bidding

17. Purchase and training '
e e T
It is estimated that after 18 months the compiete conversion will have been carried out.

|
|
|
|
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Annex I: Preliminary Specification of Refrigeration Test Equipment
A, To be supplie 1 OmpAny.

1 pc. 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 b ME

»

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, efc.
. input card STBTC for measuring temperatures
software Labtech notebook for analyzing signals
A/D 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.
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 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
1 set Software for testing according to ISO 5155.2

¥

A8REERYE

54 -+

¥ s
£ =

ZRBRRERET

7

RRRRBBRERRBRBRRBYR
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SUMMARY
Main plant data
b e
ELVme ALASKA | HELWAN { IBERNA | PHILIPS SILTAL { Super Bosh Total
mployees 250 200 35 240 274 20 1019
crual 52,000 9,000 16,000 15,500 22,000 16,000 124,500
roduction ‘
igerator 4 2 3 4 9 4 26
odels
reezer -3 2 7 2 2 10 31
Is
![wcr«u, t 44 5 14 i8 20 10 111
“CFC—I.?, ¢ i1 2.5 5 4 6 3 32
roposed  |cyclopentanejcyclopentane|cyclopentane| cyclopentane|cyclopentane eyclopentanejcyclopentane
ofrigerant
roposed HFC-134a | HFC-134a | HFC-134s | HFC-134a | HFC-134a | HFC-134a | HFC-134a
ropellent _
neremental | 220,767 37,945 67,928 68,377 93,495 44,994 533,506
perating
st, LSS
nvestment 1,662,063 742,820 1,029,468 § 1,101,541 940,003 764,627 | 6,240,522
st, US%
batement 8.01 2117 12.39 11.00 9.48 13,03 10,83
t, US$/kg
s i e e —1
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SUMMAR
Annex E: Project Budget
(SUMMARY)
Budget line Duration, | Cost, US$
o tw{)rk months
11-01__ Chief technical advisor T 30 T 3000
11-50 International Consultants 12.0 150,000
21-01 _ Subcontract 4,323,06{}“
51-00 Miscellaneous:
10% contingency fund on capital cost 451,206}
| Incremental operating cost 533,506
i Total miscellaneous cost 984,72 1*
199-99 Subtotal 5,496,772
Implementing Agency Overhead, 13% 714,580}
PROJECT TOTAL _ 1 ]s2,35
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SUMMARY
Annex F: Calculation of Unit Abatement Cost
{(SUMMARY)
A |ODS Phase out Unit Total Project R
Al |Average use of CFC 11 per year mt 111 |
A2 |ODP of CFC 11 1 ﬁ
A3 JODP-weighted CFC 11 phase out (A1*A2) mt 111
| A4 [Average use of CFC 12 per year mt 32
AS |ODP of CFC 12 1 g
{I A6 {ODP-weighted CFC 12 phase out (A4*A5) mt 32
| A7 |Total ODP weighted phase out (A3+A6) mt 143
ﬁ B |Annualized capital cost Unit Total Project
B Bl |Total investment cost
(model redefinition -+ production conversion) US$ 4,963,266
i B2 |Equipment life year 10 i
E B3 |{Discount rate % 10 “
B4 |Annualized capital cost (B1*0.1627) US$ 807,523
| |
i C |Annual incremental operating cost US$ 533,506 ﬂ
|
D Unit abatement cost Unit Total Praject g
D1 |Annualized capital cost per kg ODS phased out
(B4/A7/1000) USS$/kg 5.65
D2 |Annual incremental operating cost per kg ODS
phased out (C/A7/1000) US$/kg 3.73 i!
D3 g&t abatenmgnt cost (I)1+D§w _ US$rkg | 9,38
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ALASKA
Annex A; ipmen ification and Cost Breakdown
Quantity Unit cost, T'otal cost,
Usy Us$

Refrigeration system
Charging boards for production 2 31,300 62,600
Vacuym pumps 16 166 2,560
HFC 134a leak detectors 2 9,000 18,000
HFC 134a leak detector, back-up 1 1,000 1,000
Testing equipment 1 50,000 50,000
Foaming system
High pressure foaming machine, 2 heads 2 160,000 320,000
Mixing station 2 60,000 120,000
Water heater system 2 15,000 30,000
Gas detecting system 2 50,000 100,000
Exhaust and ventilation 2 45,000 90,000
Foaming jigs, rebuild. (530% cost sharing) 20 5,000 50,000
Foaming plugs, rebuild. (50% cost sharing) 20 5,000 50,000
Antistatic floor 5,000
Pipe installation 2 15,000 30,000
Cyclopentane tank, pumps, detectors i 30,000 30,000
Fire protection system 2 30,000 60,000
Pumps and pipes from tank to mixer 1 45,000 45,000
Water chiller 1 11,000 11,000
Refrigeration service
Evacuation and charging board 3 3,000 9,000
CFC-12 recovery unit for service cars 6 30 180
CFC-12 collection station 1 2,500 2,500
Leak detector for HFC 134a 4 160 640

54,374
Commissioning/start-up services
:g__gmtgl . . 1,141,854

MONTREAL PROTOCOL - DOMESTIC REFRIGERATION PLANTS - EGYPT



18 November 1994

page 22

ALAS

Annex B: Refrigerant cost increase

{lRefrigemnt Filling average |Price, Cost, jIncremental cost,
kg US$/kg | US$ Us$
CFC 12 0.2 1.88 |0.376

!HFC 134a 0.18 7.07 | 1.273 0.90 !}

Annex C: Feoam cost increase

———

W I R-11 system Cyclopentane system
Chemical wt-% | Price $tkg | Cost § | wi-% | Price $/kg| Cost $
Polyol + MDI 86 1.60 138 | 94 1.70 1.60
R 11/Cyclopentane 14 3.30 0.46 | 6 1.73 [ 0.0 §
PU-cost | 1.84 1.70 |

|Consumption kg/unit 6.00 6.90 |

[ Total cost, US$/unit 11.03 11.74 |

ﬂlncggmgntg! cost difference, US$/unit 0.71

Annex D: Increme operating cost

Modification Incremental operating cost
HEC 134a compressor 5.00

Capillary tube 0,20 H
| Evaporator/Condenser ~ 1.65

Drier 3AA 0.03

HFC 134a refrigerant 0.90

Foam 0.71
{Total 8.49 ;
{ Annual Production in 1993 52,000

6 month production rate 26,000 i
16 _month reimbursement 220,767 |
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ALASKA
Annex E: Project Budget
| Budget line Duration, Cost, USS
11-01 Chief technical advisor 1.0 13,000
11-50 International Consultants 2.0 25,000
21-01 Subcontract 1,141,854!;
51-00 Miscellaneous:
10% contingency fund on capital cost 117,985}
Incremental operating cost 220,767}
Total miscellaneous cost 338,752
99-99  Subtotal 1,518,606
Implementing Agency Overhead, 13% _ 197 419
PROJECT TOTAL i,’?lﬁ&
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ALASKA
Annex F: Calculation of Unit Abatement Cost
A 1ODS Phase out Unit Total Project ||
Al |Average use of CFC 11 per year mt 44
A2 |ODP of CFC 11 1 I
A3 [ODP-weighted CFC 11 phase out (A1*A2) mt
| A4 [Average use of CFC 12 per year mt 11
A5 |ODP of CFC 12
g A6 |ODP-weighted CFC 12 phase out (A4*AS) mt 11
i A7 |Total ODP weighted phase out (A3+A6) m¢ 55 |
“ B |Annualized capital cost Unit Total Project ll
“ Bl |Total investment cost
(model redefinition + production conversion) US$ 1,297,839 “
i B2 |Equipment life year 10 f
I B3 |Discount rate % 10 i
I B4 lAnnualized capital cost (B1*0.1627) Uss$ 211,158 4
| i
” C |Annual incremental operating cost US$ 220,767 i(
u D |Unit abatement cost Unit Total Project ii
D1 |Annualized capital cost per kg ODS phased out
(B4/A7/1000) US$/kg 3.87
D2 {Annual incremental operating cost per kg ODS
phased out (C/A7/1000) USS%/kg 4.05
&.._P.E Unit abatement cost (D1+D2) | US$/kg 7.93 ]}
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HELWAN
Annex A:  Equipmen ification and Cost Breakdown

Quantity Unit _cost, Total cost,
[TAN Usy

Refrigeration system
Charging boards for production 1 31,300 31,300
Charging boards for production 1 20,000 20,000
Vacuum pumps 10 2,000 20,000
HF(C 134a leak detectors 1 9,000 9,000
HFC 134a leak detectors, back-up 4 1,000 4,000
Test equipment, 1 50,000 50,000
Foaming system
High pressure foaming machine 1 50,000 50,000
modification
Mixing station 1 60,000 60,000
Water heater system 1 15,000 15,000
Gas detecting system 1 50,000 50,000
Exhaust and ventilation i 45,000 45,000
Foaming jigs, rebuild. (50% cost sharing) 10 5,000 25,000
Foaming plugs, rebuild. (50% cost sharing) 4 5,000 10,000
Antistatic floor 3,000
Pipe installation i 15,000 15,000
Cyclopentane tank, pumps, detectors 1 10,000 10,000
Fire protection system 1 30,000 30,000
Pumps and pipes from tank to mixer 1 45,000 45,000
Refrigeration service )
Evacuation and charging board 2 3,000 6,000
CFC-12 collection station 1 2,500 2,500
Leak detector for HFC 134a 2 160 320
Commissioning/start-up services 25,056
Total 526,176
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HELWAN
Annex B: Refrigerant cost increase
E‘Refrigerant ?iiiizzg average  |Price, C::::st',"mm Incremental cost, ||
fl US$/kg US$ I
CFC 12 . 1.88 0.45
HFC 134a 0.216 7.07 1.53

“ R-11 system ﬁapent:;—; system
Chemical wt-% | Price $/kg | Cost $| wi-% | Price $/kg|{ Cost §
nl’olyol + MDI 86 1.60 138 | 94 1.60
R 11/Cyclopentane 14 3.30 046 ] 6 0.10
gp -cost 1.84 1.'79
Consumption kg/unit 4.00

ﬂTotal cast, US$iumt 7.35 7.83

Annex D: Incremental operating cost

HModiﬁcatz‘of:

Incremental operating cost j}

[HFC 134a compressor 5.00
Capillary tube 0.20
Evaporator/Condenser 1.65
Drier 3AA 0.03
HFC 134a refrigerant 1.08
[ Foam 0.48 |
[Total 8.43 i
!IAnnuai Production in 1993 9,000 |
6 month production rate 4,500 i
ké month reimbursement 1 37,945 H
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HELWAN

s

———

Duration, mCos{, USs
work months

11-50 International Consultants 2.0 25,000|
21-01 Subcontract 526,176]
51-00 Miscellaneous: i
10% contingency fund on capital cost 55,118]

i Incremental operating cost 37,945
ﬁ Total miscellaneous cost 93,063
99-99  Subtotal 644,239
{Implementing Agency Overhead, 13% 83,751
|PROJECT TOTAL 727,990]
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HEL. WAN
Annex F: Calculation of Unit Abatement Cost
A {ODS Phase out Unit Toral Project
| Al [Average use of CFC 11 per year mt 5
A2 [ODP of CFC 11 1
A3 |ODP-weighted CFC 11 phase out (A1*A2) mt 3
A4 |Average use of CFC 12 per year mt 2.5
f A5 JODP of CFC 12 1
H A6 |ODP-weighted CFC 12 phase out (A4*AS) mt 2.5
A7 {Total ODP weighted phase out (A3+A6) mi 1.5
B |Annualized capital cost Unit Total Project g
Bl |[Total investment cost
{model redefinition + production conversion) US$ 606 294
B2 |Equipment life year
g B3 |Discount rate %
| B4 |Annualized capital cost (B1*0.1627) USS 98 644
u C |Annual incremental operating cost USs$ 37,945 “
D |Unit abatement cost Unit Toral Project
D1 jAnnualized capital cost per kg ODS phased out
(B4/A7/1000) USS$/kg 13.15
D2 |Annual incremental operating cost per kg ODS
phased out (C/A7/1000) US$/kg 5.06
I D3 |Unit abatement cost (i)l +D2) US$Z§§W 18.21
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IBERNA
Annex A:  Equipmen ification and Cost Breakdown
Quantity Unit cost, Total cost,
USS Uss

Refrigeration system
Charging boards for production 1 31,300 31,300
Charging boards for production 1 20,000 20,000
Vacuum pumps 16 160 2,560
HFC 134a leak detectors 2 9,000 18,000
Test equipment, extension I 40,000 40,000
Foaming system
High pressure foaming machine, 2 heads 1 160,000 160,000
Mixing station 1 60,000 60,000
Water heater system 1 15,000 15,000
Gas detecting system 1 50,000 50,000
Exhaust and ventilation 1 45,000 45,000
Foaming jigs, rebuild. (50% cost 17 5,000 42,500
sharing)
Foaming plugs, rebuild. (50% cost 18 5,000 45,000
sharing)
Antistatic floor 3,000
Pipe installation 1 15,000 15,000
Cyclopentane tank, pumps, detectors 1 10,000 10,000
Fire protection system 1 30,000 - 30,000
Pumps and pipes from tank to mixer 1 45,000 45,000
Water chiller | 11,000 11,000
Refrigeration service
Evacuation and charging board 3 3,000 9,000
CFC-12 recovery unit for service cars 6 30 180
CFC-12 collection station 1 2,500 2,500
Leak detector for HFC 134a 4 160 640
Commissioning/start-up services 32,784
Total 688,464
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IBERNA
Annex B: Refrigerant cost increase

i]Refri??znt T Filling average Price, C(;st, - Incremental cost, ﬁ
f kg US$/kg USs$ US$ b
CFC 12 0.2 1.88 0.38

HFC 134a 0.18 - 7.07 1.27 0.90
l! - — R-11 system Cyclopentane system ﬂ
Chemical wi-% | Price 3/kg | Cost §|wi-% | Price $tkg Cost $
Polyol + MDI 86 1.60 1.38 {94.00f 1.70

IR 11 14 330 | 046 | 600 L.73

PU-cost 1.84 1..'?{)
Consumption kg/unit 6.00 6.90
]ITotai cast, USS$/unit 11.03 11.74

al cost differe 0.71

nex D: 1 mental operati st
Modification 1 Incremental operating
ﬂ cost
{HFC 134a compressor 5.00
ﬂ(lapillary tube 0.20 I
Evaporator/Condenser 1.65 1
i Drier 3AA 0.03 H
HFC 134a refrigerant 0.90
{ Foam 0.71
“Total 8.49
Annual Production in 16,000
1993
6 month production rate 8,000 “
6 month relmbﬁrsament _ 67,928 J
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IBERNA

iBudget line

Duration, Cost, US$

work months

[21-01 Subcontract 688,464]
51-00 Miscellaneous; |

f 10% contingency fund on capital cost 71,346
Incremental operating cost 67,928

Total miscellaneous cost 139,275

99-99  Subtotal 852,739

{Implementing Agency Overhead, 13% 110,856
PROJECT TOTAL 963,595

MONTREAL PROTOCOL -~ DOMESTIC REFRIGERATION PLANTS - EGYPT



18 November 1594 page 32
IBERNA
Anpex_F: _Calculation of Unit ment
[ A [0DS Phase out ~ | Unit | Zotal Project |
Al JAverage use of CF I year mt
! g f CEC 11 per y 14
| A2 {ODP of CFC 11 1
I A3 |ODP-weighted CFC 11 phase out (A1*A2) mt 14
| A4 |Average use of CFC 12 per year mt 5
A5 1ODP of CFC 12 1 ‘
A6 10ODP-weighted CFC 12 phase out (A4*AS5) mt 5
I A7 |Total ODP weighted phase out (A3+A6) mt 19
| |
B |Annualized capital cost Unit Total Project ﬂ
Bl {Total investment cost
l {model redefinition + production conversion) US$ 784,810
B2 |Equipment life year 10
B3 |Discount rate %o 10
B4 |Annualized capital cost (B1*0.1627) US$ 127,689 |
C |Annual incremental operating cost US$ 67,928 i
“ D |Unit abatement cost Unit Total Project 1’
1 D1 {Annualized capital cost per kg ODS phased out
(B4/A7/1000) US$/kg 6,72
D2 |Annual incremental operating cost per kg ODS
phased out (C/A7/1000) US$/kg 3.58
|_D3_[Unit abatement cost (D1+D2) US$/kg 10.30 |
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EL NASR

Annex A:

Refrigeration system

Charging boards for production 1 31,300 31,300
Charging boards for production 1 20,000 20,000
Vacuum pumps 8 160 1,280
HEFC 134a leak detectors, back-up 8 1,000 8,000
HFC 134a leak detectors 2 9,000 18,000
Test equipment, extension I 25,000 25,000

Foaming system

High pressure foaming machine, 2 heads
Mixing station

Water heater system

Gas detecting system

166,000 160,000
60,000 60,000
15,000 15,000
50,000 50,000

fan Bl e AR L ]
o
2

Exhaust and ventilation 45,000
Foaming jigs, rebuild. (50% cost sharing) 1 5,000 40,000
Foaming plugs, rebuild. (50% cost sharing) 1 5,000 25,000

Antistatic floor 3,000

Pipe installation 1 15,000 15,000
Cyclopentane tank, pumps, detectors 1 10,000 10,000
Fire protection system 1 30,000 30,000
Pumps and pipes from tank to mixer 1 45,000 45,000
Water chiller 1 11,000 11,000
Refrigeration service

Evacuation and charging board 9 3,000 - 27,000
CFC-12 recovery unit for service cars 20 30 600
CFC-12 collection station 1 2,500 2,500
Leak detector for HFC 134a 12 160 1,920
Commissioning /start-up services 32,230
Total 676,830
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Annex B: Refrigerant cost increase
i{mﬁt?rigemnt Filling average Price, Cost, Incremental cost, ﬂ
i kg US$/kg US$ Us$ |
iCFC 12 0.22 1.88 0.41
HHFC 134a 0.198 7.07 1.40 0.99

Annex C: Foam cost increase

“ R-11 system Cclopezztane sytem
{ Chemical wt-% | Price $/kg| Cost §|wr-% | Price $/kg]Cost 5}
fPolyol + MDI 86 | 160 1138194 | 170 | 1.60
R 11/Cyclopentane 14 3.30 0.46 | 6 1.73 0.10 {I
ﬁPU-cest 1.84 1.70 |
ﬂConsumptien kg/unit 8.00 9.20 |
Total cost, US$/unit 14,70 15.66
Incremental cost difference, US$/unit 0.95

Modificarion ) Immfzi operating cost
HFC 134a compressor 5.00 f
{{Capillary tube 0.20 i
HEvaperatGrf Condenser 1.65

[Drier 3AA 0.03

F[m:c 134a refrigerant 0.99 |
Foam 0.95 |
I Total 8.82

i Annual Production in 1993 15,507

6 month production rate 7,754

u§ month reimbursement 68,377 H
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EL. NASR
Annex E: Project Budget

Duration,

lwork months

Cost, US$

11-01 Chief technical advisor 1.0 13,000}
J11-50 International Consultants 2.0 25,000
i121-01 Subcontract 676,830

51-00 Miscellaneous:

10% contingency fund on capital cost 71,483
Incremental operating cost 68,3?‘?“
Total miscellaneous cost 139,860

199-99  Subtotal 854,690
Implementing Agency Overhead, 13% 111,110
PROJECT ;&QHTAL _ _ | 965,799
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Annex F: Calculation of Unit Abatement Cost
A |ODS Phase out Unit Total Project
[ At {Average use of CEC 11 per year mt 18 i
g A2 |ODP of CFC 11 | 1 B
A3 10ODP-weighted CFC 11 phase out (A1*A2) mt 18
“ A4 |Average use of CFC 12 per year mt 4.5
A5 |ODP of CEC 12 1 i
A6 |ODP-weighted CFC 12 phase out (A4*AS5) mt 4.5
A7 [Total ODP weighted phase out (A3+ A6) mt 22.5
H B |Annualized capital cost Unit Total Project |
Bl |Total investment cost “
(model redefinition + production conversion) US$ 786,313
B2 |Equipment life year 10
B3 [Discount rate % 10
i B4 jAnnualized capital cost (B1*0.1627) US$ 127,933
C _|Annual incremental operating cost USs$ 68,377
D \Unit abatement cost Unit Total Project
D1 JAnnualized capital cost per kg ODS phased out
(B4/A7/1000) US$/kg 5.69
D2 |Annual incremental operating cost per kg ODS
phased out (C/A7/1000) US§/kg 3.04
|LD3_|Unit abatement cost (D1+D2) _ US$/kg 8.72
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Refrigeration system

Charging boards for production
Charging boards for production
Vacuum pumps

HFC 134a leak detectors

Extention of existing testing equipment

Foaming system

High pressure foaming machine, 3 heads
for doors and cabinets

Mixing station

Water heater system

Gas detecting system

Exhaust and ventilation

Foaming jigs, rebuild, (50% cost sharing)
Foaming plugs, rebuild, (50% cost sharing)
Antistatic floor

Pipe installation

Cyclopentane station, pumps, detectors
Fire protection system

Pumps and pipes from tank to mixer
Water chiller

Refrigeration service

Evacuation and charging board

CFEC 12 recovery unit for service cars
R12 collection station

Leak detector for HFC 134a

Commissioning/start-up services
Total

S

e e

20

.ttt bmemb

LSt A (TS

Unit cost,
Uss$

31,300
20,000
160
9,000
25,000

180,000

60,000
153,000
50,000
45,000
5,000
5,000

15,000
10,000
30,000
45,000
11,000

3,000
30
2,500
160

Total cost,
US$

31,300
20,000

1,600
18,000
25,000

180,000

60,000
15,000
50,000
45,000
10,000
50,000

3,000
25,000
10,000
30,000
45,000
11,000

2,000

180
2,500
1,440

112,636
664,671
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SILTAI,

Annex B: fri nt cost_incr

[Refrigemnt Filling average|Price Cost Incremental cost

kg US$/kg | USS Us$
BCFC 12 0.20 1.88 | 0.376
HFC 134a 0.18 7.07 ___1__&_;?26 0.90

An . i e

Irm R-11 system Cyclo—pemanea;ystem 7{
i Chemical wt-% | Price $/kg] Cost $ | wr-% | Price $/kg| Cost 8|
BPoiysi + MDI 86 1.60 138 [94.00] 170 | 1.60
R 11/Cyclopentane 14 3.30 0.46 6.00 1.73 0.10
[ PU-cost 1.84 1 ?a
!lConsampﬁon kg/unit 6.00
Total cost, US$/unit 11.03 11 74 |
Incremental cost _ difference, 0.71 “
US$/unit ]

Annex D: Incremental operating cost

liModiﬁcation Incremental operanngH
COst
“HFC 134a compressor 5.00 “
Capillary tube 0.20
|| Evaporator/Condenser 1.65 p
| Drier 3AA 0.03
[HEC 134a refrigerant 0.90
Foam 0.71
Total 8.49
Annual Production in 1993 22,022
6 month production rate 11,011
“6 month reimbursement__| 93,495 ___|

e ame—"
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SILTAL

Annex E: Project Budget

Budget line Duration, Cost, US$
work months
Chief technical advisor .
11-50 International Consultants 2.0 25,00{}g
21-01 Subcontract 664,671
51-00 Miscellaneous: f
ﬁ 15% contingency fund on capital cost 70,26‘?H
Incremental operating cost 93,493
ﬂ | Total miscellancous cost 163,762
99-99  Subtotal 866,433}
Implementing Agency Overhead, 13% 112,636
PROJECT TOTAL 979,069
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SILTAL
Anmnex F: Calculation of Unit Abatement Cost

4 [oDS Phase omt — Unit | Total Project

Al Average use of CFC 11 per year mt 20 n
ﬁ A2 {ODP of CFC 11 1

A3 |ODP-weighted CFC 11 phase out (A1*A2) mt 20 ||
| A4 |Average use of CFC 12 per year mt

A5 JODP of CFC 12 1

A6 |ODP-weighted CFC 12 phase out (A4*A5) mt

A7 |[Total ODP weighted phase out (A3+A6) mt 26

B |Annualized capital cost Unit Total Project

Bl {Total investment cost n
ﬁ (model redefinition + production conversion) USs 772,938 “
g B2 |EBquipment life year 10

B3 |Discount rate % 10
i B4 |Annualized capital cost (B1*0.1627) US$ 125,757
ll C |Annual incremental operating cost Us$ 93,495

D |Unit abatement cost Unit Total Project

D1 jAnnualized capital cost per kg ODS phased out

(B4/AT7/1000) US$/kg 4.84 I
D2 |Annual incremental operating cost per kg ODS
phased out (C/A7/1000) US$/kg 3.60

D3 |Unit abatement cost (D1 +Dz)m.....

e S T

US$/kg 8.43

Ko

e —————
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SUPER BOSH
Annex A: _Eguipment Specification and Cost Breakdown
Quantity Unit cost, Total cost,
Uss Uss$

Refrigeration system

Charging boards for production 1 31,300 31,300
Vacuum pumps 2 2,000 4,000
HFC 134a leak detector, back-up 1 1,000 1,000
HFC 134a leak detectors { 9,000 9,000
Test equipment | 50,000 50,000
Foaming system

High pressure foaming machine, 2 heads 1 160,000 160,000
Mixing station | 60,000 60,000
Water heater sysiem 1 15,000 15,000
Gas detecting system 1 50,000 50,000
Exhaust and ventilation 1 45,000 45,000
Foaming jigs, rebuild. (50% cost sharing) 10 5,000 25,000
Foaming plugs, rebuild. (50% cost sharing) 10 5,000 25,000
Antistatic floor 3,000
Pipe installation 1 15,000 15,000
Cyclopentane tank, pumps, detectors i 10,000 10,000
Fire protection system i 30,000 30,000
Pumps and pipes from tank to mixer 1 45,000 45,000
Water chiller 1 11,000 11,000
Refrigeration service

Evacuation and charging hoard 1 3,000 . 3,000
CFC 12 recovery unit for service cars 6 30 180
R12 collection station 1 2,500 2,500
Leak detector for HFC 134a 2 160 320
Commissining/start-up services 29,765
Total 625,065
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SUPER BOSH

Annex B: Refrigerant cost increase

e

e

Refrigerant Filling average Pricem:m Cost, Incremental cesﬂ
B kg US$/kg US$ US$ |
ICEC 12 0.3 1.88 0.56 i
{HFC 134a 0.27 7.07 1.91 134 |

Annex C: Foam cost increase

r - R-11 system Cyclopentane system “
 Chemical wi-% | Price $/kg Cost § | wt-% | Price $/kg | Cost $ |
Polyol + MDI 86 1.60 1.38 94 1.70 1.60
ﬂR 11/Cyclopentane 14 3.30 0.46 6 1.73 0.10
[{PU-cost 1.84 1.70
Consumption kg/unit 6.50 7.48 |
Hmax cost, US$/unit 11.95 12.72 |
I 1 0877 g
x D: Incremental operating cost

Modification Vincremental {;}g‘atin;osf ﬁl
HFC 134a compressor 5.00 I
Capillary tube 0.20 i
ﬂEvapsratorfCondcnser 1.65 “
I Drier 3AA 0.03 |
HFC 134a refrigerant 1.34 |
ﬂFoam 0.77 B
Total 9.00 ‘
Annual Production in 1993 10,000
6 month production rate 5,000 |
“6 month reimbursement N 44,994
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SUPER BOSH

x E; i ef

Budget line

e

e ——— s ——— |
Duration, Cost, US$

work months

[11-50 International Consultants 2.0 25,000
121-01 Subcontract 625,065”
151-00 Miscellaneous:
f 10% contingency fund on capital cost 65,007]
Incremental operating cost 44,994§
Total miscellaneous cost 110,001
99-99  Subtotal 760,066
Implementing Agency Overhead, 13% 98,809}
PROJECT TOTAL 858,874
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SUPER BOSH
Annex F: Calculation of Unit Abatement Cost
Fr—— e
A 10DS Phase out Unit Total ijeﬁ:
Al |Average use of CFC 11 per year mt ‘
A2 |ODP of CFC 11 1 K
A3 |ODP-weighted CFC 11 phase out (A1*A2) mt 10
{1 A4 |Average use of CFC 12 per year mt 3 ﬂ
H A5 |ODP of CFC 12 1 “
A6 [ODP-weighted CFC 12 phase out (A4*AS) mt 3
A7 |Total ODP weighted phase out (A3+A6) mt 13 1
B |Annualized capital cost Unit Total Project
Bl {Total investment cost
ﬂ {model redefinition + production conversion) Us$ 715,072
B2 |Equipment life year 10 n
B3 |Discount rate %
u B4 |Annualized capital cost (B1*0.1627) uss §16 342 “
i
" C \Annual incremental operating cost US$ 44,994 “
|
D |Unit abatement cost Unit Total Project
D1 ]JAnnualized capital cost per kg QDS phased out n
(B4/A7/1000) US$/kg
D2 |Annual incremental operating cost per kg ODS
phased out (C/A7/1000) US$/kg 3.46 u
D3 |Unit abatement cost (D1 +{?;2) 3 U$$fkg 12.41 j
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WS Alldns Consultaars Limited
“Paehnical Hevicw ~ Foam Praject

1. Country of Origin . Eeypt

2. Projoct Title : Phasing out ODS at the ALASKA, Helwan Company
foc menallic Appliances, IBERNA, 1. Nasr Company
for Blactrical and Electronic Apparatus, SILTAL and
SUPER BOSH domestic refrigerator plants,

3. Sector { sul-stetor Domestic Refrigeration / Rigid Foam

4. Relutionstip to Country Programime
&) The Couatry Programme has not been seen.

()] It is not clear if this projoct is pant of a sectoral/sub-sectoral strategy.

5. Technology

ay Cyclopentane foaming is inhcrently more hazandous than other available
aliomatives, The project document makes reference 10 some felevant safety
features unc&cr the heading 11t lr'rqim Description, H foam System o pages
8,9 and 10. The following points should also be included.

cyclapentane will be stored outside the factary building
local safety regulations should be cited.
D) The technology involved is not transitional cyclapentane has a z¢r0 ODER,
<) @ Technalogy transfer will come from POLYFA Trediog AS, who are
. designated as the main contractor Copenhagen but no formal agrecment

is reforenced. Some description of this relationship in terms of
techaology transfer should be included.

@)  All of the compaaies involved in this project have licensing agreements
with European or Amcrican companics.

(i}  Alternative foaming technology using HCPC i4lb and other
transitiomal solutions was considered.

(iv) The technology selectod is the most cost effective available non-
transitional solutios,

p—
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6. Environmental fmpact

) Cyclopentane has a zero ODDP

b) The proposal details some measures to minimize health and safety impact, this
should be expanded as reconmuuended.

7. ¥roject Costs

) The ooyt slomsids Jatailal in e Ludget sppea W Lo uaumaary i the

conversion. Moare detail should be addod to support end justify the cost
clements in Ancex A,

The particlpating companies are contributing 50% of the cost of modification
of jigs and pligs, )

) Tho principal cost elements detalled would not be expected (o be present prior
to the conversion of the plant.

Cost of Equipment
) Tie oadaliog CFC L foanduyg oquijnuont s lew prossucs mechinery and must

be replaced in § of the 6 factories. One company will be able to convert

existing equipment. Mo referénce is made 10 the baseline cost of existing
gquipment. ‘

The fate of scrapped equipment has boen 2ddressed, The equipment has no
residus) value,

A production increase Is planned at enly one site, IBERNA, where production
of an ¥sobutane refrigerator is being considered. Tt should be made ¢clear that

the coat of thia will ot form part of tha inarcmontal cooto which conatituts the
grant application,

d} Training and technology familiarisation is gssential particularly safery training.

Technology training costs are indicated i Annex F as study tours. Fusther *
detall should be given, probably in Anncxcs B and F, for on site technology
training, pacticularly safety training .

There will be some redundant production costs but these have not been
included.

o} (i) The Incremental oporatiop coa xam oppropriatc. A figure of 1§%

increase in PU is given due to density changes, although 10% is more

aormal this figure does not seem unreasonablie. Savings occur through
the cast differential betweea cyclopentane and CRC-11.

@1oa%
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(i} Mo transitional period is required.

COther Cosis

f. Consultancy costs, and Implementing Agency Overhead costs are reasonable

A cootinganoy of 15% has been included to ensure adequate funding of projoct
capital costs, this is appropeiate but should be reviewed once equipment costs
have been finalised.

Cost Eifectiveness

£) The unit abatement ¢cost for the aydopentane foaming part of the overall

project is 7,85 S/kg includiag contingency on capital, this indicatss a good
{evet Of COSt emSouvYRNeSS,

The ratio of net incrementsl costs to knmediate ODP phase out is 44,1 $/kg
based on the level of funding requested

The project Is enviranmentlly cast effoctive

Imptementation Time

k) The propased implementation time fraroe Is feasible.

1

o————"
s S ————— . o
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f) Approval after modification as follows ;

More detail should be added 1o support and justify the cost elements in

Annex A. The capital cost elements ace squal for all sites regardless of
producnon size, 1§ vus really (he appropoiste.

More detail is needed to describe how the layout and process design of
the plant will ensure maximum gafety, for example the Cyolopenmne
tank should be located outside and remote from the main working area.

A safety annex should be added to detali how safety will be ensurcd
and maintained, this should include a mechanizm for safoty andits of

the plant oace it It in operaton and describe the rols of the technology
parmers.,

Training and technology famiharisation ¥s essential parficularly safety
training. Technuology training costs are indicated In Annex ¥ as study
tours. Further detsil should be given, probably in Annexes B and F,
for on site technology training, particularly safety training .

il Other comments ;

Prefilling of foam cavities with nitrogea is mot commonly donc
although it is an addidonal safery feature, .




PROJECT COVER SHEET

COUNTRY Egypt

PROJECT TITLE Elimination of CFUs in the manufacture of
Commercial Refrigeration Equipment {(tw)
enterprises)

SECTOR COVERED Refrigeration and Foams

QDS USE IN SECTORS Refrig: 1,040 t CFCs (870t 0ODS) 1891
Foamg: 722t CFCs (722¢ 0DS)
1991

PROJECT IMPACT Phaseout of 28.2 tons/year CFC-11, 3.1

t/y CPC-12 and 1.1 t/y R-502 (base 1993}
(32.3 t/y ODS)

PROJECT DURATION One year

PROJECT ECONOMIC LIFE 10 years

TOTAL PROJECT COST USD1, 023,000 Incremental Capital Cost
PROPOSED MLF GRANT Uspi, 023,000

COST EFFECTIVENESS USDS.15 kg/vyvr {(Unit Abatement Cost)
COORDINATING Egyptian Environmental Affairs Agency
NATIONAL BAODY (EEAA}

IMPLEMENTING AGENCY UNDP

APPRAISAL DATE Agril/&una/October 1994

PROJECT SUMMBRY

This project is the second group of manufacturers of commercial refrigeration
eguipment in Egypt. There are two more companies identified that will bacome the
core of a third project group that should complete the 0DS phaseocut plan in the
commercial refrigeration portion of the foam sector. This project includesg the
replacement of CFC-11 in the production of rigid PUF insulation {commercial and
ingtitutional refrigerators, freezers, and cold storage panels), and the charging
of CPC-12 and R-502 in refrigeration units in the assembly operacions. Many of
the remore pervicing operations are independently owned so they are not included.

There will be a group project prepared for the reclaim/recycling of CFC-12/R-502
from servicing operations.

Prepared by: Jerrxry $5. Pool, Stuart ¥W. Kelly, UNDP Consultants
Reviewed by: Bert Veenendaal, UNDP Foam Sector Expert



PROJECT OF THE GOVERNMENT OF EGYPT

ELIMINATION OF CFCs IN THE MANUFACTURE OF
COMMERCTIAL REFRIGERATION EQUIPMENT

1. PROJECT OBJECTIVE

The objective of this project is to eliminate CFCs used by Port
Said Metal Work Co. and Royal Engineering Co., manufacturers of
unitary and non-unitary commercial refrigeration equipment.

2. SECTOR BACRGROUND

The CFC congumption in 1991 in the Egyptian refrigeration sector --
including foams for domestic and commercial appliances -- has been
established at 1,045 tons, with an annual growth rate of 6%
{Egyptian Country Program}. Uninhibited growth would lead to an
estimated CFC consumption of 1,210 tons in 1994 and 1,621 tons in
the year 2000. EEAA, with assistance of UNDP has designed a
gtrategy for this sector, targeting annual consumption reductions
beginning 1%94. Finalization of the projects submitted so far to
the MLF would bring the actual implementation of thig strategy well

in line with the target. Because of the long 1life of
refrigerators, there will be a residual demand for servicing beyond
the year 2000. The Country Program assumes any CFC-12 based

compressors would become obsolete by 2010. A complete phaseout of

the ugse of CFC=s in the commercial insulation foam gector could be
reached in 18956.

3. ENTERPRISE BACKGROUND
3.1 PORT SAID METAL WORK CO.

Port Said Metal Work Co. {MOG) is a 100% Egyptian, privately owned
enterprise. The production facilities are located in 10th, Ramadan
City, with a showroom in Nasr City. The enterprise started
operations in sheet metal fabrication and expanded to include
refrigeration equipment. MOG manufactures currently a wide range
of catering equipment for the commercial and institutional sector,
including refrigerated food storage and display systems. The
refrigeration products include wunitary chiller and £reezer
cabinets, as well as *"walk-in" cold roomg. The company also has a
service net that includes five regional service centres. In 1993
all production was sold in the Egyptian market.

CFC-11 is used as a blowing agent in the manufacture of rigid PUR
insulation foam. CFC-12 and R-502 are used in both eguipment

manufacturing and in servicing operations. In 1993, ODS
consumption was as follows:



CPC-11 for insulation foam : 10.20 tons
CFC-12 for new egquipment : 1.30 tons
CFC-12 for servicing : 0.30 tons
R-502 for new equipment : 0.20 tons
R-502 for servicing : 0.05 tons

The ODS consumption for manufacturing operations served the
production of 500 refrigeraticn cabinets, 50 chiller rooms, 50
cabinet freezers and 5 freezer rooms. The consumption of ODS
through MOG's service net in 18%3 was as follows:

SERVICE CENTER LOCATION ODS CONSUMPTION (1993; kg)
CFC-12 R-502
1. Nasr City 30.0 15.0
2. 10th of Ramadan 75.0 12.5
3. Alexandria 30.0 5.0
4. Tanta 30.0 5.0
5. El Kardaka 75.0 12.5
Totals 300.0 50.0

All major refrigeration egquipment components are imported. Small,
hermetic compressors are sourced from Danfosg and Tecumseh, whilst
the larger semi-hermetic compressors used for the "walk-in" chiller
and £reezer rooms are obtained from Copeland. All wunitary
equipment is manufactured on the same production line and existing
refrigerant charging equipment consists solely of vacuum pumps (2),
manifold gauge setes (2) and a hand-held refrigerant leak detector.

Insulation foams are produced on a low pressure OMS dispenser with
an output of up to 60 kg/min. The usage of foam chemicals in 1993
was about 70t, from which about 10t CPC-11.

3.2 ROYAL ENGINEERING COQ.

Royal FHngineering Co. ("Royal”) 1is a fully Egyptian owned
enterprige with production facilities in Giza. It manufactures a
range of unitary and non-unitary commercial refrigeration eguipment
congisting of 14 different models of both chillers and freezers.
The company also operates a service gystem with centres in Cairo
and Alexandria. In addition, Royal represents the Swiss compressor
manufacturer Sulzer and installs and services Sulzer based
commercial and industrial air-conditioning eguipment. In 1993,
about $%0% of the production was sold in the Egyptian market, with
the balance exported to cother Middle East markets.

Royal uses CFC-11 as bilowing agency in the manufacture of rigid PUR
insulation foam. CFC-12 and R-502 is used in the manufacture of



refrigeration egquipment as well in the servicing of such egquipment.
T 1993, OD8 consumption was as follows:

CFC-11 for insulation foam : 18.00 tons
CPC-12 for new eguipment 1.%6 tons
CEC-12 for servicing .48 tons
R-502 for new equipment 0.84 tons
R-502 for servicing .26 tons

All major refrigeraticn equipment components are imported. Small,
hermetic compressors are sourced from Danfosgs, whilst the larger
semi-hermetic compressors used for non-unitary supermarket storage
and display systems are obtained from Copeland. All unitary
equipment 18 manufactured on the same production line. Royal uses
Galileo refrigerant charging equipment for both CFC-12 and R-502 as
well as wvacuum pumps and leak detection egquipment. More
information on existing equipment is provided in para 5.2.3.

Ingulation foams are produced on a low pressure foam dispenser with
an output of up to 80 kg/min. The usage of foam chemicals in 1993
was about 120t, from which about 18t CFC-11.

4. PROJECT DESCRIPTION

Under this project, MOG and Royal will phase out the use of ozone
depleting substances in their manufacturing operations through the
uge of cyclopentane to replace CFC-11, HFC-134a to replace CFC-12
and S02R to replace R-502. In addition, the proiject includes the
recyecle/reuse of ODSs that otherwise would be emitted at the
service operations. Based on 1993 operations, the amount of 0DS
eliminated appears in the following table:

ENTERPRISE CFC-11 CFC-12 R-502 TOTAL ODP (TONS)
{tons) {tons) {tons) BLIMINATED
MOG 10.2 1.40 0.20 11.67
ROYAL 18.0 2.29 1.02 20.63
TOTAL 28,2 3.69 1.22 32.30
Notes: - ODP of R-502; 0.334.

- MOG will eliminate 100 kg/y CFC-11
by recovery/recycling. Quantities
recovered from R-502 are minor and
not included.

- Royal will eliminate an estimated
330kg/y CFC-12and 180kg/y R-502
through recovery and recycling.

i The designation 502K refers to zero OIP replacements for
R-502, such as E-404h, R-4074, ete. The actual choice
of replacement will bhe made in cooperation with and
depending on the compressor supplier.



The project includes incremental capital costs to cover equipment
gubstitution, safety devices, technology transfer, trials and
training. The companies do not reguest digshursement of incremental
recurrent costsg.

5. TECHNOLOGY
5.1 INSULATION FOAM
5.1.1 OVERVIEW

There are currently three main directions in the development of
CFC-free systems for thermoset insulation foams:

° CFC-11 > partial water/HCFC-1411b>%
N CFC-11 » partial water/HCFC-22, 142b» HFC-134a, 152a

In addition, compounds such as perfluorcalkanes, HCFC 123,
flucorinated ethers and Z-chloropropane have been suggested, but are
immature in technology, limited available or toxicologically
suspect.

The tirst sclution -- also called the "ligquid solution® -- employs
technology that is closely related to the existing one. The final
step in this process is not yet decided. A potential solution is
the use of liguid HFCs currently under development (HFC-356 and -
245 isomers), but full water blown foam with improved cell
gtructure remainsg an option, specifically in "lesser demanding®
systems such as water heaters, pipe insulation and spray foams
whers insulation values are less critical or where dimensional
changes are possible.

The second one -- also called the Ygas® solution -- utilizes a
gaseous mixture of physical blowing agents, regulires always high
preggure egquipment, and extensive adjustments to avoid -- or to
deal with -- frothing. The final step in this process is seen as
the introduction ©f {(gaseous) HFC’'s such as HEC-134a.

{(Cyclo)pentane technology is being used commercially in Europe.
Its flammable character requires safety considerations and limits
its use to facteries that can be adapted to meet those reguirements
and can be trusted to maintain the operation in a safe way.

5.1.2 SELECTION

The company has selected the use of cyclopentane to replace CFC-11.
Cyclopentane has no 0ODP and a very low GWP. HCFCs have been
considered but comstitute transitional technologies. The company
has decided to usge directly non-0D8 technology in analogy to its
neighbouring markets in Europe.



5.1.3 REQUIRED MODIFICATIONS

The use of cyclopentane (CP) will require substantial changes in
the production and storage facilities based on the highly
flammable/explesive character of the substance. The adherence to
the strictegt safety standards available, such as EN, NFPA or other
internationally recognized standards is required for UNDP
implemented projects. Thase standards classify explosive zones
("EX areas") generally in three categories:

Zone 0 Where a constant amount of highly flammable/exploaive
liguids or gases can be expected., Areas inaside CP pipes
and tanks are Zone 0 (level, pressure and temperature
contreols). Materials used have to be explosion proof
{EX) and grounded.

Zone 1 Where £rom time to time highly flammable liquids or gases
can be expected; Areas in and around molds and fixturesg
are Zone 1. and grounded. Zone-1 can generally be

reclassified to Zene 2 by applying sufficient
ventilation.

2one 2 Where only by accident or scheduled maintenance highly
flammable/explosive gases can be expected. Tank storage
areas, premix stations and foam dispensers are generally
Zone 2. Materials required are Ex-n or with IPS54
sealing. Grounding to avoid spark building triggered by
differences in electrical potential, is required.

Other requirements related to the use of CP are:

The installation of containment around (P storage tanks:;
Installation of premix equipment -- CP cannot be purchased
pre-blended;

Antistatic clething and shoes in Zone 0/1 areas;
Installation of CP gas sensors in all EX areas, connected to
a central panel and an automatic recorder/printer;

9 A portable gas detector to monitor CP concentrations
throughout the plant according to an approved monitoring plan;
An approved preventive maintenance sgystem and emergency
response plan;

Training for production and maintenance personnel in the safe
handling of CP;

Process Safety Audits (PSAs) by a UNDP appointed independent
contractor prioxr, during and after implementation.

In line with the above-mentioned modifications on equipment and
safety requirements, process adjustments are required to cope with
the lower insulation value, higher core temperatures and longer
aging times related to the use of CP.



THE USE OF CYCLOPENTANE MUST CONFORM TO THE SAFETY REQUIREMENTS
OF RELEVANT LOCAL AND STATE AUTHORITIES

5.2 REFRIGERANT
5.2.1 OVERVIEW

HFC-134A is universally accepted as a replacement for CFC-12 in the
manufacture o©f domestic and commercial refrigeration equipment
using both hermetic¢ and semi-hermetic compressors. HFC-134A is
widely available and the technology is mature, having already been
introduced in many of the Developed countries.

A number of zero-ODP replacements £for R-502 are commercially
available from refrigerant suppliers, including R-404A and R-407A.
Different compressor manufactursrs have tested and adapted to
different alternatives and thus have specific recommendations for
their own compressor.

While hydrocarbon refrigerants are being used on a limited base in
at least one developed country. The use of a flammable substance
triggers safety issues that have to be dealt with on manufactures
level as well on users level. No transfer of this technology to a
developing country has been taken place so far,

HFC-12a might be considered as another candidate for CFC-12
replacement in unitary commercial refrigeration equipment. The
substance is alsco flammable, is not yvet commercially offered and
some guestions around the stability in refrigerator systems remain.

5.2.2. SELECTION

The zselected technoiogy for (CFC-12 replacement is HFC-134a. The
selection of a replacement for R-502 will be decided in
consultation with the compressor supplier(s). The CFC-12/R-502
technology used by both MOG and Royal was developed "in house" with
support of refrigerant, compressor and lubricant suppliers. The

replacement technology will in analogy be developed with assistance
of compregsor manufacturers,

5.2.3 REQUIREDRD MODIFICATIONS

Commercially available R-502 rreplacements are based on HFC-134a
blended with other components to give the regquired lower
temperature performance. These blends are non-flammable and have
very low toxicity. For the purpose of this project proposal,
therefore, the following comments relating to HFC-134a can also

generally be ascribed to the commercially available R-502
replacements.



HFC-134a, like CFC-12, is non flammable. HFC-134a has also been
the subject of extensive toxicoleogical testing and is considered
safe in industrial applications provided the suppliers recommended

occupational exposure limits ars not exceeded. At the present
time, this means ensuring that exposure levels do not exceed 1,000
ppm on an 8&-hour time weighted average basis {TWA). This is

identical to the allowed threshold limits for CFC-1Z and thus no
changes from current practices are required.

There will be an approximately 10% reduction in the mass charge of
HFC-134a compared with CFC-12 for a refrigerator system of the same
capacity.

It is well understood that the chemical stability of HFC-
134a/synthetic lubricant mixtures in hermetic refrigeration
systems, and hence the long term performance of the sguipment, is
sensitive to moisture content and certain chlorinated impurities.
This requires that CCFC-12 and HFC-134a handling eguipment be
carefully segregated and it calls for better evacuation of the
gsystem prior to refrigerant charging.

Because system cleanliness and moisture content are paramount to
the succesgful manufacture of hermetic compregsor based HFC-134a
refrigeration systems, both MOG and Royal will nesed to carefully
re-assess production procedures and re-train production personnel .

The conversion from CFC-12 to HFC-134a will take place on a model
by model basis, so that the enterprises will be producing both CFC-
12 and HFC-134a equipment during the implementation phase of the
project. This 1is feasible, given the configuration of the
production facilities. This means that there is a reguirement for
new gystem evacuabtion equipment and refrigerant charging equipment
at both enterprises.

Leak detection of the refrigeration system is an integral part of
the manufacturing process and the use of HF(C-134a regquires that new
leak detection equipment be employed.

The relevant existing equipment that will be impacted by the change
in technology is as follows:

MOG - Ritchie model 2302 wvacuum pump (7.5 cofm capacity)
~ FagtVac dual stage vacuum pump (2.5 cfm capacity)
- GE H-10B hand-held electronic leak detector
ROYAL- Galilec R-12 refrigerant charging unic

Galileo R502 refrigerant charging unit

Galileo vacuum pumg (8 m/hr capacity)

Galileo vacuum pump (3 m/hr capacity!}

Yokogawa hand-held halogen refrigerant leak detectors

R



All the vacuum pumps are in operation. Retrofit of the existing
vacuum pumps 18 not considered feasible given the phased nature of
the change from CFU-12 to HPC-134a technology.

6. PROJECT COSTS

6.1 INCREMENTAL CAPITAL COSTS

6.1.1 MOG

INSULATION FOAM

Pentane Poam Dispenser UsDh 160,000
Blowing Agent Blending Machine USD 60,000
Pentane Storages System Ush 30,000
Fire Safety, Exhaust, USD 80,000
Detection, Safe Electricals
Technology, Transfer & Training UsD 15,000
Foam Trials ush 5,000
Contingency UsD 35,000
Subtotal Ush 85,000

REFRIGERATION SYSTEM

CPC-12 manifold gauge set & hoses USD 200
R-502 manifold gauge set & hoses UsD 200
New vacuum pumps usp 3,400
Leak detection egquipment UsD 1,000
Training UsD 5,000
Re-design, prototyping, testing usp 50,000

pilot scale production and reliability
test trials

Technology transfer, technical ) Usp 20,000

assistance

CFC-12 recovery & recycling machine ush 5,000

R-502 rescovery & recycling machine usD 5,000

Contingency UusD 9,200
Subtotal UsDh 23,000

TOTAL INCREMENTAL COSTS MCG UsD 484,000



65.1.2 ROYAL

INSULATION FOAM

Pentane ¥Foam Dispenser

Blowing Agent Blending Machine

Pentane Storage System

Fire Safety, Exhaust, Detection
Safe Electricals

Technology Transfer & Training

Foam Trials

Contingency

Subtotal
REFRIGERATION SYSTEM

Refrigerant charging unit for HFC-134a
Refrigerant charging unit for R-502

New wvacuum pumps

Leak detection egquipment

Training

Re-design, prototyping, testing, pilot scale
Production and reliability test trials
Technology transier, technical assistance
CFPC-12 recovery and recycling machine
R-502 recovery and recycling machine
Contingency

Subtotal
TOTAL INCREMENTAL CAPITAL COSTS ROYAL
6.1.3 SUMMARY

MOG
ROYAL

TOTAL INCREMENTAL CAPITAL COST

6.2 OPERATING COSTS

UsSh
usD
UsSD
usD

usD
usb
Ush

UshD

usD
usp
UsDh
usp
UusD
usD

usp
UsD
Usp
usD
UsD

UsD

ush
ush

UsD

160, 000
60, 000
30,000
80,000

15,000
5,000
35,000

385,000

25, 000
25,000
3,400
1,000
5, 000
50, 000

24,000
5,000
5,000

14,600

154,000

539,000

484,000
539,000

1,023,000

Congistent with previous projects in the commercial refrigeration
sector in Egypt, the companies will not sgeek disbursement of

incremental recurrent Costs.
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6.3 UNIT ABATEMENT COST

C = Project costs for ODS reduction usn o 1,023,000
F = Capital Recovery Factor {(10y; 10%) 0.16275
oC = Increméntal Operating Costs Usp  0.00
O8/R = Incremental Operating Savings/Revenue Ush  0.00
ODP = ODF Reduction in first year, kilograms 32,300
Unit Abatement Costs C{(F) + (0C-0S/R) USD/kg/y

one
7. FINANCING PLAN

The companies request financing in the amount of the full preoject
costs of

UsDl, 023,000

B. PROJECT IMPLEMENTATION

8.1 MANAGEMENT
UNDP will oversee the successful implementation of this project and
provide technical assistance during project execution. The project
will be carried out at the companies facilities in éth of October
and 10th of Ramadan.

8.2 PROCUREMENT

UNDP will coversee the procurement activities under this project and
will provide technical and procedural assistance.

11



8.3 SCHEDULE

TASK

TIME TC COMPLETION

—

Q1

=
Q2 Q3 Q4 Q5

Q6

1. Presentation

MLF Approval

Prcocurement preparation

Vendor selection

i

[!2. Installation

I

" Arrival, customs
f

Machine installation

3. 8tart-up

i Machine start-up

Trials, training

Certification

s s s

9. PROJECT IMPACT

Thig project will eliminate theuse of 32.3 t/y ODP (1993 base).

ANNEX : TECHNICAL REVIEW
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PROJECT COVER SHEET

COUNRTRY:

PROJECT TITLE:

SECTOR COVERED:
ODS USE IN SECTOR:

PROJECT IMPACT:

PROJECT DURATION:
PROJECT ECONOMIC LIFE:
TOTAL PROJECT COST:
PROPOSED MLF GRANT:
COST EFFECTIVENESS:

COORDINATING
NATIONAL BODY:

IMPLEMENTING AGENCY:

Egypt

Conversion to CFC-free Technology in the
Manufacturing of Rigid PU Foam

{seven enterprises)

Foamed Plastics

722 tons CFCs (722 tons ODS) in 1991
Phaseout of the use of 68.8 tons/year CFC-
11 {1993) in the manufacturing of rigid
polvurethane foam for insulation.

One year

10 vyears

UsD 780,000 Incremental Capital Cost

Ush 780,000

UsDh 1.85 /kg/y (Unit Abatement Cost)

Egyptian Environmental Affairs Agency
{ EEAR)

UNDP

APPRAISAL DATE: Oct. 18, 1994
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PROJECT SUMMARY

Under this project, Egypt will substantially complete the phaseout
of CFCs in the manufacture of hot water heaters, solar panels,
thermos bottles, construction panels, and spray applications of
rigid polyurethane foams, leading to an annual reduction of 68.8
tong ODS/year. There are other rigid panel manufacturers who
specialize in cold storage applications. They have selected the
pentane solution and are covered by another project.

Six companies involved will install high pressure foam dispensing
egquipment allowing the use of CFC-free systems. The phaseout
strategy will be water based systems. The project is a
demonstration project for the Global strategy for small ODS-users
in the foam industry, to show the cost savings from the combination

of small users in one project. The seventh company has 2 high
pregsure machines and will need only technical aid.

Preparad by: Mr. Jerry Pool, UNDP Process Consultant
Reviewad by: Mr. Hubert Creyf



PROJECT OF THE GOVERNMENT OF EGYPT

ELIMINATION OF CFCS IN THE MANUFACTURE OF RIGID
POLYURETHANE FOAM AT SEVEN (7) FACTORIES

1. PROJECT OBJECTIVE

The objective of this project is to phaseout the use of CFCs in the
manufacture of rigid polyurethane foam at seven companies in Egypt.
One company (Petrojet} manufacturers insulated pipe for the
transport of hot o0il and chemicals. The other companies produce
hot water heaters, solar energy systems, thermos bottles of various
gizes, limited custom products, or laminated insulation panels for
walls and roofs of industrial and commercial buildings.

2. SECTOR BACKGROUND

The CFC consumption in 1991 in the Egyptian foam sector--excluding
foams for domestic and commercial appliances--hasgs been egstablished
at 722 tons, with an annual growth rate of 15-20% (Egyptian Country
Program) . Uninhibited growth would lead fto an estimated CFC
consumption of 1,000 tons in 1993 and 2,050 tons in the year 2000.
EEAA, with assistance of UNDF has designed a strategy for this
sector, targeting annual consumption reductions beginning 1993.
Finalization of the projects submitted so far to the IMLF would
bring the actual implementation of this strategy well in line with

the target. A complete phaseout of the use of CFCs in the foam
sector could be reached in 1998.

3. ENTERPRISES' BACKGROUND
3.1 GMC, EGYPTIAN SHARING COMPANY

GMC is a privately owned, 100% Egyptian company located in 6th Of
October City. They manufacture and market household appliances,
such as gas c¢oockers, washing machines, dishwashers, electric room
heaters, water heaters, fans, etc. They also import and assemble
domestic refrigerators. (Compressors are all ready installed).

The company, has an invested capital of USD 26,000,000 in a facility
of 76,500 m*. They are presently constructing an addition of 38,000
m*, with plans to add that much more in the next 2 years. Current
employment is 1,500 and current sales are USD 19,6980,000.

The CFC usage is in rigid urethane insulation for the water
heaters. They manufacture 20 to 80 liter units and £fill the cavity
batween the inner and ocuter shell with foam in place urethane using
an OMS Impianti (12 kilo) low pressure foam machine . They
currently use 60 tons of urethane chemicals per year (10 tons of
CFC-11) and expect that to double over the next 3 years.



3.2 PETROJET

Petroiet is a 100% state owned company with branches in Alexandria
{2}, BSuez, Giza, and Cairo. The head office is also in Cairo. There
are approximately 15,000 enployees. Petrojet functions as a general
contractor in large scale marine and industrial construction, Its
pipe factory supplies coated and/or insulated pipse to the petroleum
and chemical industries. There are 120 employees in the factory and
7 to 10 fileld crews with 10 to 12 people in each crew. There are 3
Binks spray foam machinas located on the factory production line
and "about 7 machines 1in the field" at wvarious locations.
Production at the pipe factory varies from vyear to vear as a
functicn of the contracted work. Feoam usage from 1983 through 1993
was 1,500 toms or an average of 150 tons per year. That is an
average of 25.0 tons of CFC per year.

3.3 MODERN PRODUCTS

Modern Products is & 100% Egypiian, privately-owned company that
was founded in 1990 by the family of Dr. Mohamed Tarek Elewa, who
teaches electrical engineering at the university. The company
manufactures 10 liter thermos containers for food and liguids and
assembles plastic end caps and liner to a maetal exterior that are
manufactured by other companies to Modern's design and
specification. Unce assembled, Modern fills the cavity between the
interior liner and the exterior metal shell with rigid urethane
foam for insulation and strength. The completed units are then
packaged and shipped directly to retail stores for sale to the
public. The company directly employs 8 people in the assembly,
foaming, and packaging operation. It has a GRACO foam machine from
France with a fixed 1/1 ratio capable of 14 kilos per minute
throughput. Their 1993 chemical consumption was 25 tons containing
3.8 tons of CFC-11l.

3.4 CAIRO GENERAL CONTRACTORS COMPANY

Cairo General is a 100% state owned company located in Heickstep
outside Cairg, Egypt. It was founded in 1981 and functions as &
general contractor in smaller scsale military ang givilian
construction projects. They employ 75 people o©of which 8 are
inveolved in the rvigid urethane foam production. The production of
foam is connected with the manufacturing of the "W-Panel”, a unigque
laminated foam/concrete construction panel licensed from €5 & M
Incorporated of Chino, California USA. The panel consists of a
three dimensional 14 gauge wire frame. Each surface of the wire
has a 2 inch sqguare welded mesh pattern of longitudinal and
transverse wires., Individually welded spreader wires, designed to
maintain the surfaces wires at the required distance apart, extend
between the two panel faces and hold them approximately 2 inches
apart. The wire frames are placed on a so0lid belt conveyor covered
with 1/2 inch of sand. With the bottom face of the wire grid buried
in the sand, the panel is passed under a traversing spray gun for
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the rigid foam application. The chemical lay-down rate is designed
to produce a foamed laver approxXximately 1 inch thick located in the
center between ithe twe wire grid surfaces. At the end of the
conveyor, the laver of sand drops away for recycling, and the panel
is allowed to cure hefore being shipped to a construction site.

At the site the panels are wired together to form walls, ceilings,
beams, eic¢. as required to frame the building. The panels are then
coated with a 7/8 inch layer of cement by variovs means
{plastering, spraying, etc.) and when cured, offer a strong,
lighter weight, insulated, water resistant means of rapid
construction., The rigid foam spray egquipment is a Binks, model 101
that came as part of the foam panel line when it was purchased in
1981 &t the time the company was founded. It operates at a capacity
of 2.25 kilos per minute. Since Cairc General works on a contract
basis, production will vary considerably. However, over the last 13
vears, they have used 1,000 metric tons of chemicals containing 1%0
tons of CFC-11 for an average usage of 11.5 tons per year.

3.5 EGYPTIAN SOLAR ENERGY COMPANY

Egyptian Solar is a 100% Egyptian, privately owned company, founded
in 1988, located in 6th of October City. The company manufactures
solar panels and hot water storage tanks, The panels are in sizes
up to 2.5 meters long and 0.9 meters wide, The hot water tanks are
in sizes of 180, 360, 500, and up to 5,000 liters capacity. The
company employs 25 people of which % are in the rigid foam
operation. The foam is used as insulation around the sides and
hbottom of the seclar panels and on the hot water tanks. For the
water tanks, a metal shell is fabricated to cover the water tank,
leaving a 75 to 80 mm thick cavity between the tank and the outer
shell. Rigid urethane foam is used to fill the cavity and provides
insulation to keep the water hot. Egyptian Solar has & Cannon focam
machine (60 kg) manufactured in 1988. In 1993, its C(CFC-11
consumption was 4.5 tons. In 1994, the company has switched tc a
50% reduced CFC-11 formulation which they import from Italy.

3.6 TAWFIKIA

Tawfikia Products is a 100% Egyptian, privately cowned company that
was founded in 1984. The company weaves brightly colored area rugs
from polypropylene fiber that is extruded on sites, and uses the
reground for producing strapping bands for commercial/industrial
packaging. In 1987, Tawfikia began producing 600 c¢ and 1,000 cc
thermos bottles insulated with rigid urethane. The polyethylens
inner bottie and polypropylene exteriors are produced by another
company in Tawfikia's molds. The thermoses are assembled, foamed,
and packaged for distribution at the Tawfikia plant. In 1993, the
company did contract filling of 10 liter thermoses for another
company and is currently obtaining its own moldes for 8 and 10 liter
units to add to their product line.



Tawfikia employs 150 people, of which 1% are involved in the
thermos manufacturing., Three of those operate the foam machine. The
company has a low pressure Cannon machine, model C7 (7 kilo), In
1992, 30 tons of rigid foam chemicals were consumed. The 1994
contract for 10 liter thermoses, increased the usage to 50 tons
which contained 7.5 tons of CFC-11.

3.7 HELWAN FOR DEVELOPED INDUSTRIES

Helwan is a 100% government owned company located in the district
of Helwan outside Cairo. The company works by contract with both
military and civilian agencies and has excellent engineering staff
and good equipment. The company tends to do work that is
specialized, complexz, and of limited production. Among the
military projects have been target drone planes of foam filled
fiber glass and molded foam packaging for ordinance. (Civilian
projects have been foam filled fiber glass laboratory tables for

educational institutions and prototyvpe microcellular and RIM parts
for the auvtomotive industry

Because much of the work i1s military, projects and employment
figures were not available. In the foam department, the company has
15 people and 2 engineers, although others are available as
required. Future projects in the civilian area are integral skin,
enexqgy absorbing back filled pads for transportation vehicles, RIM,
and possibly, flexible molded bus seats.

Helwan has 2 foam machines. The small one is a high pressure
Cannon, model H-40 (24 kilo) and the large one is a piston type,
high pressure Cannon, model HE-360 (210 kilo) capable of RIM
production. It will not Tequire machine replacements for the
elimination of CFCs, but will need technical assistance in
formulation and processing of the replacement chemical systems. If
high insulation properties are needed in a future application, it
would need to add a pentane blender and the associated safety
equipment, but past production has not had "thermal insulation" as
a criterion.

In 1993, 40 tons of rigid urethane chemicals containing & tons of
CFC~-11 were used. This is expected to increase in the 1994/95
pericd because of extension of some existing contracts and the
pending contracts.

4. PROJECT DESBCRIPTION

The seven participating companies in this project will phaseout the
use of CFCs in their operations. Most of the companies involved
qualify as "small" users and would not bhe able to propose an
individual, cost-effective project.

By combination of procurement, technical support and training, the
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original costs of USD 1,049,500 could be reduced to USD 780,000,
i.2., more than 25%! The project serves as an example how
"upscaling” of project size, as mentioned as one of the impossible
options in the Global FProject to determine strategies for cost-~
effective phaseout strategies for small ODS users, can help to
redure project costs.

5. TECHNOLOGY
5.1 OPTIONS

There are currently three main directions in the development of
C¥C-free systems for thermoset insulation foams:

o CFC-11 » partial water/HCFC-141b > 100% water blown
o CFC~11 > partial water/ HCFC-22, 142b > HFC-134a, 152a
o CFC~11 > Pentane

In addition, compounds such as perfluorvalkanes, HCFC 123,
fluorinated ethers and 2Z-chloropropane have been suggested, but
are immature in ifechnology, have limited availability or are
toxicologically suspect.

The first solution--the "liguid" solution-- employs technology that
is closely related to the existing cone. The final step in this
process is not vet decided. One potential solution is HFC~356, but
full water bklown foam with improved c¢ell structure remains an
option, specifically in "lesser demanding” systems such as water
heaters, where dimensional changes are possible. Also, the
differences in "K" Factors observed in "cold® applications
(refrigerator/freezer) tend to digsappear in "hot" applications.

The second one--the "gas® solution-~-utilizes a gaseous mixture of
physical blowing agents, reguires always new eguipment, and
extensive adjustments. The final step in this process is seen as
the introduction of (gaseous) HFC's.

The third solution is used in Europe in domestic refrigeration. The
pentane is flammable and requires extensive safety considerations.

5.2 SELECTION

The full water blown foams would be the best choice for all the
applications. In all cases, the "contained" product is hot, so the
"k factor differences are of less concern and in the case of the
spray foams, a flammable blowing agent would be hazardous in field
applications where the working environment cannot be easily
controlled,



5.3 PROCESS MODIFICATIONS

The existing equipment at six factories is based on low pressure
metering of the material components. It is not suited for the
higher viscosities that are regquired for systems with maximized
water content. Replacement of the spray units and the low pressure
foam machines currently in place is reguired.

At Petroijet, because seven (7) spray units were scatiered all over
Egypt and could not be physically identified, it will be necessary
to include in the implementation, a plan to replace and destroy the
obgolete machines on a one by one basis. To that end, a
supplementary transportation allowance is included in the budget
for bringing each field based machine to a central location and
returning a new machine to the field site.

6. PROJECT COBTH
6.1 TOTAL PROJECT COSTS

The following is a summary of the expected costs 0f investment and
related activities:

QUANTITY DESCRIPTION TOTAL
{(USD)

3 High pressure foaming unit @ USD 80,000 240,000
1 High pressure foaming unit. (Egypt. Solar) 100,000
10 Spray machine, . {Petro-Jet) @ USD 27,800 278,000
1 High pressure spray machine {(Cairo General) 32,000
- Process adjustment and trials 20,000
- Technology transfer 40,000
- Contingency 80,000
GRAND TOTAL 780, 000
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6.2 OPERATIKG COSTS

The elimination of CFCs will be coffset by increased density of the
foam to obtain the same physical properties. The increase in cost
of raw materials will be bhalanced against elimination of solvents
used in flushing and improved yields due to better cell structure
control. Incremental operating costs are not to be considered.



6.3 UNIT ABATEMENT COST

C = 0DS Reduction Project Costs UsD 780,000
P = Capital Recovery Factor 0.16275
oC e Annual Incremental Operating Costs Ush 0.00
O5/R = Annual Incremental Savings or Revenue USSP 0.00
ODE = ODP Reduction in first year, kilograms 68,800

Unit Abatement Costs Usd/kg/y 1.85

{discount rate: 10% per year over 10 year life)

A = C{F) + (OC/R}
CDP

7. FINANCING PLAN

The companies are requesting reimbursement tTo the amount ©f the
full project costs of USD 780,000

8. PROJECT IMPLEMERTATION
8.1 MANAGEMENT

UNDP~0OPS will oversee the successful implementation of this
project. The projects will be carried out at each facility on an
individual basis and at the Petrojet pipe insulation facility near
Suez. Representatives from Petrojet's field teams will come to the
pipe insulation facility tec train on the machines set up there.
Training at the facilities by supplier technicians will be included
in the bhid reguests. UNDP-MPU will provide technical assistance
during project execution.

8.2 PROCUREMENT

UNDP Qffice for Project Services (UNDP/OPS) will procure all the
reguired equipment under bulk purchasing sysitem and implement the
gsub~projects in tandem. The OPS policies on bidding procedures,
contractor selection, disbursement progcadures and proiject
certification will apply, assuring fair bidding and accountable
financial management.



8.3 SCHEDULE

TIME TG COMPLETION
TASK

Q1 Q2 Q3 Q4 Qs 06

l. Preparation
MLF Approval X
Procurement preparation b 8’4
Vendor selection X

2. Installation
Arrival, Customs X
Machine installation X

3. Btart-Up

Machine start-up ®
Trials, training x
Certification %

g. PROJECT IMPACT

This preoject will eliminate the use of 8.8 tons of CFCs (1993 base) in
the first year of implementation.

10. ANNEXES

ANNEX A: CAPITAL COSTS
ANNEX B: TECHNICAL ASSESSMENT



ANNEX A (1)

EXPECTED COSTS OF INVESTMENT AND RELATED ACTIVITIES:

EQUIPMENT
COMPANY DESCRIPTION TOTAL (USD)
GMC 1 High Pressure Foaming Unit 80,000
PETROJECT 10 Spray Machine @ USD 27,800/Ea. 278,000
MODERN 1 High Pressure Foaming Unit 80,000
CAIRO GENERAL 1 High Pressure Spray Foaming Unit 32,000
SOLAR 1 High Pressure Foaming Unit 100,000
TAWFIKIA 1 High Pressure Foaming Unit 80,000
Subtotal 650, G600
RELATED ACTIVITIES
GMC, PETROJET, MODERN PRODUCTS, CAIRO GENERAL,
EGYPTIAN SOLAR, TAWFIKIA:
Process Adjustment and Trials 15,000
Technology Transfer 30,000
Contingency 68,000 113,000
HELWAN FOR DEVELOPED INDUSTRIES:
Process Adjustment and Trials 5,000
Technology Transfer 10,000
Contingency 2,000 17,000
Subtotal 130,000
Grand Total 780,000
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TECHNICAL REVIEW

PREPARED BY: Dr. Hubert Creyf
UNDP Foam Sector Project Reviewer !
V B

DATE: 21 October 1994

1. COUNTRY:

2. PROJECT TITLE:

3. (SUB) SECTOR:

4. CP RELATIONSHIP:

5. TECHNOLOGY:

Egypt

Conversion to CFC.free Technology in the
Manufacturing of Rigid PUF (seven enterprises)

Foamed Plastics

In early 1993 EEAA, with technical assistance from
UNDP, prepared a strategy for the foam sector that
aims at reducing CFCs consumption beginning 1993 and
completing the CFC phaseout in 1998. This project
would complete CFC phaseout in the flexible slabstock
sub-sector.

All seven enterprises will change from CFC blown foam
to fully water blown formulationS. Since insulating
capacity is not directly related to energy consumption
{e.g. thermos containers for food and liguids), or the
lesser insulating capacity can be compensated by a
thicker layer (spray-foam, pipe insulation...) the nature
of the gas inside the foam celis is of less importance. In
this case water blown formulations resulting in cells
filled with CO,, are the best acceptable solution.



6. ENVIRONMENTAL No particular environmental impact is to be expected
from water blown formulations.

7. PROJECT COST: Costs as presented can be accepted. For Petrojet, it is
important to ensure that the unidentified seven spray
machines are physically destroyed before money is
released for a new one.

The price for ODP-replacement is shown in the next table:
TONS COST USD USD/Ton CFC
1. GMC 10 112,800 11,200
2. PETROJET 25.5 327,500 12,843 |
3. MODERN PRODUCTS 3.8 112,600 29,474
4. CAIRO GEN. CONSTR. 11.8 48,000 4,174
u 5. SOLAR 4.5 157,000 34,889
6. TAWFIKIA 7.5 112,000 14,933
7. HELWAN 6 17,000 2,833
8. IMPLEMENTATION: One year seems adequate.
9. RECOMMENDATION: It is recommended that the project be approved.




PROJECT COVER SHEET

COUNTRY =

PROJECT TITLE:

SECTOR COVERED:
ODS USE 1IN SECTOR:

PROJECT IMPACT:

PROJECT DURATION:
PROJECT ECONOMIC LIFE:

TOTAL PROJECT COST:
PROPOSED MLF GRANT:
COST EFFECTIVENESS:

COORDINATING
HATIONAL BODY:

IMPLEMENTING AGENCY:

APPRAISAL DATE:

T T T T T BN

Egypt

Conversion to CFC-free technology in the
Manufacture of Flexible Slabstock PUF at
El-Tawil Manufacturing Company.

Foamed Plastics

722 tons CFCs (722 tons ODS) in 1991
Phaseout of the use of 36 tons/year CFC-
11 (1993} in the manufacture of flexible
molded polyurethane foams

One year
10 years

USD 121,000 Incremental Capital Cost
UsSDh 121,000
uUsp G.Sﬁfkg/yr_(ﬂnit Abatement Cost)

Egyptian Environment Affairs Agency
{EEAA)

UNDP

Ocrober 1994

B I B I

PROJECT SUMMARY

Under this project Egypt will substantially complete the phaseout
of CFCs in the production of slabstock flexible polyurethane
foams, leading teo a reduction of about 36 tons of ODS per year.

El-Tawil is the remaining company in Egypt that manufactures
flexible slabstock polyurethane foam. They mold single blocks of
slabstock polyvurethane foam that is used in its own manufacturing
of mattresses and furniture. The phaseout strategy will be to
replace the CFC-11 with methylene chloride in the same way that
has been done in the plants producing continuous slabstock foams.

Prepared by: Mr. Jerry Pool, UNDP Process Consultant

Reviewed by:

Mr. Hubert Creyf, UNDP Foam Sector Project Reviewer



PROJECT OF THE GOVERNMENT OF EGYPT

ELIMINATION OF CFRCS IN THE MANUFACTURE OF FLEXIBLE
SLABSTOCK POLYURETHAWNE FOAM AT EL-TAWIL

1. PROJECT OBJECTIVE

The obijective of this project is to phaseout the use of CFCs in

the manufacture of flexible slabstock polyurethane foam at El-
Tawil Manufacturing.

2. SECTOR BACKGROUHD

The CFC consumption in 1991 in the Egyptian foam sector--
excluding foams for domestic and commercial appliances--was
established at 722 tons, with an annual growth rate of 15-20%
{(Egyptian Country Program). It was also estimated that with
uninhibited growth, CFC consumption would be 1,000 tons in 19893
and 2,050 tons in the year 2000. EBAA, with the assistance of
UNDP hag designed a strategy for this gector, targeting annual
consumption reductions beginning 15993. Finalization of the
projects submitted so far to the IMLF would bring the actual
implementation of this strategy well in line with the target. A

complete phaseout of the use of CFCs in the foam sector could be
reached in 1998.

3. ENTERPRISE BACEGROUND

El-Tawil is a 100% Egyptian, privately owned company located in
Cairo. They are the only manufacturer in Egypt using single block
molding of flexible slabstock urethane. They have been in
business since 1971 and produce foams primarily for their own
fabrication of mattresses and upholstered furniture. They employ
55 people, of which 15 are in the foam pouring and fabrication
operation. Annual company sales are USD 2,000,000. In 1993, they
used 1,000 tons of ¢hemicals including 36 tons of CFC-11. The
foam machine is a model 500, Sistemas De Espumacao by Pampero,
from Brazil. The company will need improved ventilation and a new

transfer pump for the methylene chloride, as well as technical
help on reformulation and pouring.

4. PROJECT DESCRIPTION

The single block molding operation will not need to change their
manufacturing equipment, but will need improved wventilation in
the pouring and curing areas to reduce exposure to the more toxic
methylene chloride. Also, the system for transferring methylene
chloride frodm drumg at ground level to the storage tanks on the
third floor will have to be upgraded to stainless steel. Wall-
mounted fansg for make-up and exhaust air will take care of the
ventilation. A new pump will be needed for transferring the MC.
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5. TECHNOLOGY

5.1 SELECTION

The standard replacement technology for CPCs in slabstock
flexible PUF is the substitution of methylene chioride for the
CFC-11. WVirtually all manufacturers in the USA have made this
shift in previous years and the trend, unless restricted by
gpecific countries, is the same in Europe and Japan. With the
help of the MLF, other Egyptian manufacturers have made the
change or are in the process of doing so.

5.2 PROCESS MODIFICATIONS

The block molding process will require @& new transfer pump for
the methylene chloride and ventilation fans for the foaming and
curing areas. Personnel will have to be trained in the
formulation and procegs technology as well ag safety practices
associated with methylene chloride use.

6. PROJECT COSTS
6.1 TOTAL PROJECT COSTS

The following is a summary of the expected costs of investment
and related activities:

QUANTITY DESCRIPTION SUBTOTAL TOTAL

{gsp) {GSD}
& Exhaust and make-up air fans @ $10, 000 &0, 000
1 Methylene chloride pump and storage system 35,000
- Technology transfer/safety training 10,000
- Trials and process adjustment 5,000
- Contingency and Rounding é,000
GRAND TOTAL 121,000



6.2 OPERATING COSTS

El1-Tawil, in switching from CFC-11 to methylene chloride will
initially experience lower production yvields, but will see a
slight reduction in chemical costs . The methylene chloride foams
are more difficult to process and will reqguire training of the
persomnel. With experience, the yields can reach those obtained
on the CFC blown fecams. It is expected that the poorer yields
will offset the reduced chemical costs and the company will not
seek incremental operating costs.

6.3 TUNIT ABATEMENT COSTS
C = ODS reduction project cogts usD 121,000
B = Capital recovery factor 0.16275
oc = Incremental Operating Costs UsD .00
OS/R = Operating Savings or Revenue UsD 0.00
oDP = ODP reduction in first year, kilograms 36,000
Unit Abatement Costs Usbh/kg/y 0.55

{discount rate: 10% per year over 10 year life) -

A =C(F) + (OC-0S/R)
oDP

7. FINANCING FPLAN

The companies are regquesting full reimbursement of the project
costs of USD 121, 000.

8. PROJECT IMPLEMENTATION

8.1 MANAGEMENT

UNDP-0OPS will oversee the successful implementation of this
project. UNDP-MPU will provide technical assistance during
project execution.

8.2 PROCUREMENT

The procurement activities under the project will be carried out
by UNDP Office for Project Services (UNDP/OPS}. The UNDP/OPS
policies on bidding procedures, contractor selection,
disbursement procedures and project certification will apply,
assuring fair bidding and accountable financial management.
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8.3 SCHEDULE

TARBX

TIME FOR COMPLETION

Q1

Q2

03

Q4

Q5

Qb

Q7

o000

O

Procurement preparations

Project management
Design, specifications
Preparation bid lists
Tenders, selection of
contractors

Purchase order(s)

Arrival equipment, Customs
clearing

Installation of equipment

Training, Certification

9.

PROJECT IMPACT

This project will eliminate the use of 36 tons of CFCs (1993
base) in the first and subsequent years of implementation.

10.

Annex A:

ANNEX

Project Technical Review




TECHNICAL REVIEW

Dr. Hubert Creyf ta 6
UUNDP Foam Sector Project Reviewer

Egypt

EL-TAWIL, MANUFACTURING COMPANY -
Conversian to CFC-free Technology in the Manufacture
of Flexible Slabstock PUF

Foamed Plastics

In early 1993 EEAA, with technical assistance from
UNDP, prepared a strategy for the foam sector that
aims at reducing CFCs consumption beginning 1993 and.
completing the CFC phaseout in 1998. This project

would complete CFC phaseout in the flexible slabstock
sub-sector.

The proposed technology, where by CFC 11 is replaced
by methylene chloride is common. The main difficult
points are

- reformulation is necessary, and sometimes not easy

- the concentration of MC in the work place must be
monitored, and, when the TLV value is not met,
ventilation has to be adapted.

- the emission legislation in Egypt must be checked.

The proposed technology has ne important
environmentzal impact. MC has neither ODP nor GWP,

PREPARED BY:

DATE: 20 Octaber 1994

I. COUNTRY:

2. PROJECT TITLE:

3. (SUB) SECTOR:

g, CP RELATIONSHIP:

5. TECHNOCLOGY:

6. ENVIRONMENTAL
IMPACT:

7. PROJECT COST:

IMPLEMENTATION:

RECOMMENDATION:

No cost for stainless steel storage tanks or tubing is
foreseen (30,000 USD).

The presented period seems right

it is recommended to approve the proiect.






