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Country.

Praject Title,

PROJECT COVER SHEET

The Islamic Republic of Iran

Phasing out CFC 11 through conversion of tigid PU-foam
manufactured with the technique of continucus lamination

Sectors Covered: Foam

ODS Use in Sector: 2400 MT of CFC 11

Project Impaet: Phase out of annual consumption of 1200 MT CFC 11, (Total ODP =
1200 MT)

Praject Duration: 24 months

Project Economic Life: 10 years

Total Project Cost USS 5,825,690 (Total of capital cost)

Capital Cost. LS8 5.068.350

Incremental Operating Cost.

Implementing Agency's US$ 757,340

Overheads (13%):

Proposed MF Financing: USSE 5,825,690

Cost Effectiveness: US$422/0DSkg

Counterpart Enierprise Imnian ngid polyurethane foam manufacturers: Fabis Industries Co,
Iran Steel Parts Industial Co. Lid. (L8 P). Urethane Systems Company
Mammoth Teheran Industrial Complex, and F M Company.

Implementing Agency: United Nations Industrial Development Organization (UNIDO)

Cowrdinaﬁng Ministry: Department of the Environment (D0OE)

PROJECT SUMMARY

This project will phase out 100 perceat of the use of CFC-11 for the production of rigid
polyurethane foam sandwich and insulation panels manufactured by the technique of continuous
lamination. The chosen replacemient alternative is n-pentane as a foam blowing agent. The conversion
to pentane of double band lamination {DBL) production lines covers instailing discharge equipment for
pentane from drums inte accumulation tank, feeding pentane to metering system, safe veatilation and
pentane cmission monitoring gystem at pentanc dom handling and tank aren and at liquid polyurethang
lay-down section as well as at sawing station and on both side’s of the double band conveyor. The fire
proteetion and fighting is o relovant part of the conversion process.

POTN
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1 BACKGROUND

A, Sector Backgreund

The foam sector in the Islamic Republic of Iran consists of both flexible and rigid PU-foams. These
foams are manufactured by both continuous and discontinuous processes, The estimated total CFC-11
conswmption is about 2400 MT/a of which 1580 MT is used in the rigid PU industry and 755 MT in the

flexible foam industry. The remainder 70 MT is used in the System House Operation, which is serving small
scale industry.

Due to the fact that the Islamic Republic of Iran has a very diversified and large PU industry
and some of the companies in the foam sector have both rigid and flexible foam production and also
rigid foams are produced in the same company by both discontinuous and continuous processes, it was
decided to proceed with CFC phase-out in the foam sector in several distinet stages. In order to rapidly
reduce the country’s large CFC consumption the priority is given to the continuous lamination industry
of rigid foams (Construction - Boardstock / Flexible - Faced Lamination, Sandwich panels). The sub-

sector, consisting five major companiss, consumes 50 % (1200 MT/a} of the CFC consumption in the
foam sector.

The companies, Fabis Industries Co, Iran Steel Parts Industrial Co. Ltd. (LS.P), Mammoth

Teheran Industrial Complex, F.M Company and Urethane Systems Company were selected by 1he
Istamic Republic of Tran for conversion from CFC11 to pentane,

The primary products produced, rigid polyurethane foam cored sandwich panels and insulation
boards, are consumed mainly in the homz market with some export to neighboring countries. The

product 15 mainty used for roofing, cladding, insulated doors, insulated shutters. cold store construction
and cold room construction,

Company Products | End use Workers jODS | Line origin
MT/z

Fabis Industoes Co Wall Cladding |70 390 | Elastogran GmbH,
Ceiling Cold Germany
Roof Stores

Iran Steel Parts Industrial Wall Cladding |74 320 | Metecno, Haly
Ceiling Cold
Roof Stores

Urethane Systerns Company * | Insulation { Roofing 78 150 | Viking, UK
boards Insulation

Mammoti Tcheran Industrial | Wall Cladding | 350 240 LUK /USA

Group ¥ Ceiling Cold
Roof Stores

F. M Company # Wall Celd 177 100 | Henaccke, Germany
Ceiling Stores
[nsulation
pancls

Note * Censumption of CFC-11 refiected in the table includes CFC-11 consumed only in the
continuous rigid PU-foam manufacturing process.

MONTREAL PROTOCO!. - Rigid PUR-foams DBL ~ Fhe Islamic Republic of lran
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The Istamme Republic of Tran does not produce any ODS. Al ODS used wm the country arc
directly imported by the users. In 1990 the total consumption was circa 3,784 MT of ODS.  Although
Iran hias a large oil production capacity, nonc of the oil produced is used in the manufacture of base
polyols: therefore, all raw materials are imported. Primary chunical companics importing polyurcthanc
chenucals to lran for the rgid foam market are: Dow Chemicals - Netherlands: Enichem - ltaly, Bayer
Ag - Germany, Basf Ap - Germany and [C1 - Italy.

The total mstalled production capacity for rigid PUR-foams manufactured by the techmgue of
continuous lamination is about 6.100.000 m? per year, the present production is approximately

5.000.000 m? per year. The manufacturers expect market growth to increase about five to ten per cent
per year,

The selected companies covered by the project are prepared to phase out QDS as soon as the

new technologies have been acquired, the necessary machinery and equipment installed and the
technical staff trained.

Among the technolopical options currently available on o commereial basis and in line with the
cstablished policy of the [slamic Republic of Iran 1o phase cut the use of ODS. 2ll companies have
chosen to replace CFC-11 with n-pentane sysioms.

As a blowing agent for rigid polyurethane foam, the companies deaided to avoid the use of any
transitional substances and to introduce n-pentane as an ultimate solution.

B. Companics’ Backeround

B I Fabis Industries Co, {trade name: Fabis) s a private company. and it is one of the largest sondwich

panel manufacturers in the foam sector of the Istamic Republic of Iran. Fabis polvurcthane sandwich panels
are used in a large vanety of construction systems, such as:

= Large warchouses

= Cold rooms for storage of coreals & vegctables

¢ (old storage for meat | fruits and dairics

= Walls and roofs of medium and farge scale industral buildings
« Indeor swimming pools and gymnasiums

= Mobile camping housos

o Residential houses and willas

= Administeative bulidings

= TFalse celing and room partitions

¢ Luhty rooms

Fabis Indusines Co. omploys 70 people. and the installed annual preduction capacity 15 abowt
ERO0.000 m® Dunng March 1994 - March 1995, the actual production 1s 1,300,000 m? of pancls.

Durng, March 1993 - March 1994 Fabis used about 390 MT of CFC-H in the production process.
The company manufnctures sandwich pancls in 46, GO, 180, and 130 num thicknesses all in 1000

punt wrddn and 1 vartable length, in g vancty of colours and covering materid? such as galvanized iron sheet
with 0.5 s thick and 275 ¢/ m? of zine on both sides, alurunna 48 mm thick, pohyestor painted eadvantzed

MONTFREAL PROTOCQL - Rigid PUR-foawms DRLL - The tstamic Republic of fran
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sheet and specially designed trapezoidal profile for more mechanical strength of moof covers, all with core
foam density of 40 kg/m *

Fabis covers a share of some 435 % of the Jocal sandwich panel market, and its main export market is

1o the countries: Georgia, Russia, Qatar and the United Arab Emirates. Export is some 13 % of production
volume

Fabis Industries Co. established its continuous double belt line from the company Elastogran GmbH
in 1976, In 1978, in one working shift company all ready produced 600,000 m? of sandwich panels. The
production line is kept in good technical condition and has at least fifteen years bifetime after adapting the
pentane dosing system.

The line is constituted of theee muin sections: Inlet section {(unceiling stations and profiling
machinesy, middle section (foaming and press facility)and outlet section {cutter and cooling section}

Inlet section consists of:
» Pwin uncoiling section for lower and upper facing.

« Profiling machines to shape surfaces and edges of the wal, ceiling and roof elements.

Middle section consists of

» Preheaiing facility for passing metal sheets.
-Infrared heating eloments give basic warming
- Fan type gas bumer gives the adjusting temperature
» Foaming portaf to apply the rew material mixture by means of oscillating mixhead.

» Casting mixhead with casting rake to apply the reactive PUR raw material mixture to the lower
metal width.

e ffigh pressure reaction casting machine with premixing station for the mmin and additional
components.

« Iemperature conirol equipment (heat exchangers, temperature control units. water chiller) to
condition the main components.

» Storage and day tank facility 1o store row materials.
= Reaeilon zection 1o guids and position the metal widths and calibrate the continuous clement hank.

« Double plate conveyor as continuous press sectton to permit foaming pressures and produce
evenness and paraliclism of upper and lower facing,

s Side sealing o puide the facings and absorb the lateral foaming pressure.

MONTREAL PROTOQCOL, - Rigid PUR-foams DBRL. . The islamic Republic of Tean
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Outlet section consists of
= Cutter to cut the continuous clement hank to required lengths. -
» Stacking with automatic vacuum lifter

» Afier polymerization ard cooling inside the factory during cold season.

MONTREAL PROTGCOL - Rigid PUR-foams DBL - The Tslamic Republic of ran
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2.2 tran Steel Parts Industrial Coo Lid, (15,8}, (iran Steel Parts)is a private company, and it is one of the
fargest sandwich pancl manufacturcrs in the foam sector of the Islamic Republic of ran. Iran Steel Parts”
polyurcthane sandwich pancls arc used in a large variety of construction systems, such as:

» PLarge warchouses
e (old rooms for storage of corcals & vegetables
« Cold storage for meat | fruits and dairy products
=  Walls and roofS of medium and large scale industnal buildings
» Indoor swimming pocls and gymnasiums
« Mobile camping houses
» Residential housss and willas
Administrative buildings
= False ceiling and room partitions
« Utility rooms

Sandwich Panel Workshop of Iran Steel Parts emplovs 74 people and the installed annual production

capacity is about 1,500.000 m*. Dunng March 1994 - March 1995, the actual production is 1,300,000 m? of
panels.

iran Steel Parts ODS (CFC-11) usage in their production process is as follows:

Time CFC 11 consumpiion MT
March 1992- March 1993 180
March 1993~ March 1994 250
March 1994- March 1995 320

The company manufactures sandwich panels in 30 1o 100 myn thicknesses, al! tn 730 mm width and
varable lengths, 1 a vaniety of colours and covering material such as galvanized iron sheet with 0,5 mm thick
and 275 ¢/ m? of zinc on both sides, aluminium 0.8 mm thick. polvester painted galvanized sheet and
specially designed trapezoidal profile for more mechanical strength of roof covers, all with o core foam

density of 40 kg/m* . The company also has elements for renovation purposes; these have, as facing materiald,
steed on one side and Al-foil or paper on the other side,

Tran Steel Parts Industrial Co. Lid. (1.5.P). covers a share of 35 9% of the local sandwich panel

market and 1t's main export market is to the countries: Qatar, Kuwait, the United Arab Enurates and Georgia.
Export 1s some 15 9% of production volume.

Iran Steel Parts Industrial Co. Lid. (1.S.P). established its continuous double belt line from the
company Meteeno in 1991, In 1993 it allready produced 900,000 m? of sandwich pansls. The production line

is Lkept m good technical condition and has at least fifteen vears lfotime after adopting, the pentane dosing
SVEiem.

The hne 15 constituted of three main sections: Inlet section (uncoiling stations and profiling
machines), middie section (foariag and press factliteyand outlet section (cutier and cooling section)

MONTREAL PROTOCOL, - Rigid PUR<foams DRI - The 1stamic Republic of Iran
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Inlet section consists of:
» Twin uncoiling section for lower and upper facing,

« Profiling machines to s surfaces and of the wall, ceiling and roof elements.
g 24

Middle section consists of
» Preheating facility for passing metal sheets. Heating with help of open fire gas bumer,
« Foaming portal to apply the raw matenial mixture by means of oscillating mixhead.

» Casting mixhead with casting tube to apply the reactive PUR raw material mixture to the lower
metal width.

» Low pressure reaction casting machine with mixing for the main and additional components at
mixinghead,

e Temperature control equipment (heat exchangers, temperature controf units, water chiller) to
condition the main components.

s Storage and day tank facility to store raw materials.
« Reaction section to guide and position the metal widths and calibrate the continuous element hank.

» Double plate comveyor as continuous press section to permit foaning pressures and producing
ovenness and pacallelism of upper and lower facing. '

» Side sealing to guide the facings and absorb the lateral foaming pressure.

Qutlet section consists of

« Cretter to cut the continuous element hank to required lengths.

« Stacking with astomatic vacuum lifter.

e After polymerization and cooling inside the factory duning cold season.

MONTREAL PROTOCOL - Rigid PUR-foams DBL - The tstamic Republic of Tran
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B.3 Uretharee Systems Compeanry {U.5.Clis a private company, founded in 1977, U.S.C. has three activities;

1 Flexible foam md conversioe plant i 5000 1e? fhetory aren odginally sor up under fochaical
agresment of British Vitn UK consisting of Laader Berg, Norway 250 kg/min foaring plant vertical
and horizonal utting cquipment from Hyma of Depmark and Bayoer/Wapora of Geosany.

2 Rigid Foam Division set up under feeace of ICI UK consisting of imverse Lanator for panel
productian with capacity of over 300.000 nf per shift fiom Cannon Viking Lid UK and two
separate dispensing nmchines MAXIM RS and 8P 27 for discontimuons block/pipe section/ cold
cure cushicn aie. production also ex Viking.

3 A Systenss Honse operation set up under liconse of Up Joha Polymer Eovope AG (sold 10 DOW
Europe a few years age). Systen House Is wetkng for intemal consmngtion.

US.C will paoricipate alse nxi tiwo other project, which will be sobumirted i the Jater stage 1o the
MEMP:

“Phasing out CFU 11 through corversion of fedble PUsfoam mangictured by continuous
techmique”.

"Phasing out CFC 11 through corersion of System FHowuse Operation”.

U.8.C. conplorys 78 people, of which 18 are working In the Rigld Foam Divisicn The tostalled ammal
production capacity is about 300.000 reY8 hrs shift. Thnring March 1994 - March 1995 the actoal production
is 300.000 m® of pancls.

Uretizme Systems Company™s ODS (CFC-11) ushge in their rigid foam prodnetion process is as follows:

Time CFCILMT
March 1992~ March 1993 157
March 1993~ March 1994 144
March 1994- March. 1995 150

T1.8.C covers 3 share of 50.%.¥ fhe local insulation market,

The mverse laminatdon process is a development of horizontal Jamination process. It is acourate
boards sutable for use in many building applications (as well as in other indnstries).

The special features of this proesss facilitate mandacturing rigid ficed insulating pancls, while still
pormitting the mamdactre of "Hlexible™faced pancls for which the horizomal lamination process has been
designed,

The Lamiation process consists off

nlet section

" At the upper machine fevel the fexible facing (aydown paper) is unreeled contmugusly at
mansfactiring line speod.

» The two preblended components of the chermical system are mixed and dispensed through a
MWIWWWMMM“T& spraying uozgle, giving a "emed”
pattern on the Ixydown paper.

) This facing carrying the liquid chemical mixtime as it fiows ont, passes over a heated plazen
to coutral the rate of rise as the foaming reaction wkes place, This platen is curved in the
vertical plane 5o that the foam is imverted vl it is expanding Jowmsvards from laydown

MONTREAL PROTOCOL - Righd PUR-foams DBL - The Iskunic Republic of Tran
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paper. Darmg thas stage the toam may be cooled to controf the condition of its exposed

surface.
. With the foam gelled and risen but stil tacky, its exposed (now the lower ) surface contacts

the second facing which may be a diserete rigid shoet or a seoond flexible reelstock material,

Middle section

The sandwich so formed passes beneath an upper conveyor, set at the required clearance.
While within the conveyor | a low fixed pressure is applied to lanunate to ensure uniform
contact and good adbeston of fom to facings,

. Unlike “fixed cap” processes, this feature ensures that the foam cures under very low stress,
Consequently the foam structure is undistorted and has the best possible properties.

Outlet seetion

. On emerging from the conveyor the edges can be trimmed continuously relative to the edges
of the rigid sheet { or at preset width when both facings are flexible).

. The board 15 then automatically cut to the length, aither a preset length or to match the

length of the discrete rigid sheets, Where both facings are flexible, a centre saw is used often
to slit the board o half -width.

. The boards are then stacked to allow them to cool ready for storage and degpatch.

. After poiymerization and cooling inside the factory during cold seas

=
(840
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B.4 Mammoth Teliran Induserial Group, (trade name; Mammoth) is a private company and 1s one of the
biggest sandwich panel, trailer, refrigerated trucks amd prefabricated houses manufacturess in the Middie
East. Mammoth has also discontinuous PU-cored sandwich panel production, which is under the project

"Phasing out CIC 1 through conversion of rigid PUfoam manufactured by discontinuous. fechnigue”,
which will be submitted to the MFMP i the {ater stage.

Mamnouth panels manufactured in continuous method are used in a large variety of areas:

» Large warchouses

+ Cold rooms for storage of cereals & vegetables
Cold storage for meat | fruits and dairy products
Walls and roofs of medium and large scale indostrial buildings
Indoor swimming pools and gymnagiums
Mobile carnping houses

Residential houses and villas

Administrative buildings

False ceiling and room partitions

Utility rooms

s Refrigerated Trucks

s  Dry fruit containers

o 20" and 40’ containers

¢ Prefabricated houses

&« % & ¥ & =

»

Mammoth Tehran Industrial Group employs 350 people and the instalied annual production capacity
is about 1.500.0600 m* During March 1994-March 1995 the actual production will be 1.500.000 m? of
panels.

Mammoth Tehrar Industrial Group ODS (CFC-11T)usage in their production process as follows:

Time CFC 11 consumption | CFC 11 consumption
Continuous Discontinuous
March 1992- March 1993 80 80
March 1993- March 1994 120 120
March 1994- March 1995 240 164

The company manufacturss sandwich panels from 30 to 200 mm thickness, most of them in 900 run
width and variable length, in a variety of colours and covering matenal such as galvanized iron sheet from
0.5-0.8 muw thick and 275 g/ w?® of zine on both sides, alununium 0,8 mm thick, polyvester painted galvanized
shest and spectally designed trapezoidal profile for more mechanical strength of roof covers, all with core
foam density of 35-80 kg/m® They also manufacture panels in a variety of widths from 500 mm to 3000 mm

with discontinugus system.

Mammoth covers a share of some 30-50 % of all the sandwich panel market (roofs, walls, special
clements cte.), and #s main export market is to the countries; Genmany, laly. Russia, Qatar and United Arab
Enirates, Export is some 15 % of production volume.

Masampth established its continuous double belt line from UK at the end of 1989, The production

linc is kopt in good technical condition and has at least fiflecn years Life time after adapting the pentane dosing
sysient,

MONTREAL PROTOCOL - Rigid PUR-foams DBL - The Islamic Republic of tran
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The hine is constituted of three main scctions: lnlet section (uncoiling stations and profiting
machines), middle section (foaming and press facility) and outlet section {cutter and cooling section).

Indet sevtion consists of

Twin uncoiling section for lower and upper facing. The lower profiling section is done in
advance in order to give an overlap to the panel.

- Profiling machines 10 shape surfaces and edges of the wall, ceiling and roof elements.

Middle section consists of.
e Preheating facility for passing metal sheets.
~Infrared heating elements and fan heater gives basic warming
-Gas bumer type gives the adjusting terperature

Fowming portal to apply the v matenal mixture by means of oscillating spray unit and
mixer is constant and not oscillating between facings,

Low-pressure dynamic mixer wath stirrer, to supply the reactive PUR raw material mixture
through plastic tube 1o cast rake and on the lower metal wadth.

s Low-pressure feeding prmps to supply components to mixing head

Temperature control equipment (heat exchangers, temperature control units, water chiller)
to condition the main components. '

* Storage, week and process tanks to store raw matenials,
. Reaction section 10 guide and position the metal widths and calibrate the continuous clement
hank.

Pouble plare corveyor as continuous press section to permit foaming pressures and produce
evenness and paralielism of upper and lower facing,

Sicte seafing to gude the facings and absorb the tateral foaming pressure.

QGutlet section consists of
" Clatfer to cut the contiuous clanent hank to longths,
¢ Stacking s manual,

Aftor palymuerization and cooling inside the factory during cold scason,

MONTREAL PROTOCOL - Rigid PUR-foars DRI - The istamic Republic of tran
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B.5 F. M Company is a privatc company and the first and largest manufacturer of refngerated truck bodies
in the Islamic Republic of lran. Far this production, they use Elastogran low-pressure injection machines and
two 3 x 13 m hydraulic presses; conversion of this production will be under the project “Phasing out CFC 1]
through conversion of rigid PU-foam mannfactured by discontinuous technigue™, which will be
submitted to the MEMPE in the later stage.

The relevant part of their activities is sandwich panel production. They manufacture sandwich panels
with a core thickness range of 60 to 100 mun with steel, aluminium and paper facings, These panels are used
for many insulation needs.

F.M. Company employs 177 people and the installed annual production capacity is about 800.000
m? During March 1994-March 1995, the actual production will be 400.000 m? of sandwich and insulation
panels.

F.M. Company ODS {CFC-11) usage in their production process is as follows:

Time CFC 11 comsumption | CFC 11 consumption
Continuous Disconfinuous
March 1992- March 1993 80 20
March 1993- March 1994 85 35
March 1994~ March 1995 100 30

The company manufactures sandwich and insulation pancls of 30 to 100 mm thickness most of them
in 1200 mm width and variable lengths, in variety of colours and covermg material such as galvanized iron
sheet from 0,5-0,8 mum thick and 275 g/ m®* of zinc on both sides, aluminium 0,8 mm thick, polyester painted
palvanized sheet, all with core foam density of 40 kg/m®. Flexible faced insulation panels are mainly used
under refrigerator and chiller rooms as Soor insulation material.

F.M. Company installed their Hennecke double band continuous Fl-casting hine in 1976 and they
have kept about 50 -75 % market share of the insulation panel market. F.M, Company produces also wall

panels with aluminium and stes! facings and has a present market share of approximately 10 -15 % of this
miarket.

1L PROJECT OBJECTIVE

The objective of this project is to eliminats the use of QDS {(CFC-11) in the production of nigid
polyurethane foam sandwich pancls for walls, roofs, and cold-storage installations at Fabis Industries Co.,
Iran Stee! Parts Indstrial Co. Lid (ISP}, Urethanie Systems Compary., Mammoth Teheran Industrial
Complex and I'\M Company through conversion to the use of n-pentane as a blowing agent.

IHEL PROJECT DESCRIPTION

The selected companies covered by the project are prepared to phase out 0ODS as scon as the

new technologies have been acquired, the necessary machinery and cquipment instalied and technical
staff trained.

MONTREAL PROTQCOL. - Rigid PUR-foams DBL - The Isiamic Repubiic of Iran
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Among the technological options currently available on a commcreial basis and m line with the

established policy of the Government of the [slamic Republic of Iran to phase out the use of ODS, all

companies have chosen to replace CFC 11 as foam blowing agent to avoid the use of any transitional
substance and to introduce n-pentane as the ultimate selution.

Assistance, through the project, is sought for:

(@)

Procurement of new machinery and equipment;

(b} Rebuilding and partially replacing presently used equipment, such as ventilation, PUR machines,

(c)

preheating facilities for passing metal width, ete.

Testing of sandwich panels and insulation foam boards produced with the new technology :

{d) Installation, commissioning, training of national personnel in Europe and on-the-joly trauning, trnial

added:

operation and stut-up etc.

The following machinery and equipment neads to be rebuilt, replaced or new equipment has to be

Storage of flammable blowing agent

in order to achigve vacant circunmistances for foaming operation, the foaming agent s to be kept at a
cotstant temperature or it has to be temperature conditioned. Storing pentane in underground tanks 15
the most economical and safest solution for this; to ensure safe unloading of pentane drums, the
discharge equipment is needed. In faciories where pentance usage is refatively smali and their pentane
is delivered in dnums, it is possible to use this pentane drum undoading unit as @ main process tank..
Tank and pentane drum unloading unit must be designed and constructed in accordance with
recopnized standards of good engineering practice.

Tank and unloading unit will be situated such that suitable access for emergency evacuation
and fire-fighting is ensured.

For tank, the fill pipe will reach to the base of the tank to prevent splashing.

Tank will be adequately earthed and an earthing point provided for bulk delivery vecihles as
electrostatic charges may be generated during handling operations.

Level indicators will be fitted to prevent over-filling,.

Unloading takes place with the help of gravity or inert gas like nitrozen

Tank must be provided with 80 mm diameter vent pipe. which discharge at a mininum height
6f 3,75 m above ground. The vent will be fitted with  flame arrester,
Tank will be contained it a conerete lined pit and back-filled with drv sand.
Tank with double wall 15 to be constructed of steel with an outer fibroglass layer in order to
protect it against corrosion, and pipes arc constructed of stainless steet and all joints are to be
welded to avoid any leakage.

To reduce evaporation, the tank will have 2 back pressure svstem (prossure / vacuum valve),

The use of drum supply is not generally rocommended duc to increased handling difficultics,
but tn fran 20 m* bulk contamers arc not available at the moment: therefore. the usape of the
drum unloading system is recommended.

Foarm System

MONTREAL PROTOCOL - Rigid PURfeanis DR - The istamic Republic of fran
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ln arder to achieve a reliable and safe cleaning, of mixing head and an acceptable fonm quality
andd 1osulation value al the fowest price. high pressure dispensing units wath bigh pressure
inipingemant maxing need o be introduced. The polvol parts of the machines have to be made
explosion proof after static mixer. It s also necessary to rephace the electneal components of the
palyurethane foam laydown area, and it 1s to be encapsulated.

Adaptation of the currently used fow pressure foanung machines for pentane would require
substantial modifications to be carried out af the machine supplice's premiscs. Apart from the
substantial adaptation costs, a further burden would be the several weeks intermuption of production
for deconwmissioning, rebuilding, transporiation and recommissioning of the machinery. Thus, the

only economically viabie solution is to replace the low pressure foanung machines with suitable high
PICKRUTE ONCS.

According to our information collected 1 Iran, there is no domestic market for the second
hand low pressure foaming machines. Therfore, once the machine is converied to a high-pressure
dispensing system, the Jow-pressure system will not have any industrial use or value, But many
comparues tend fo change their low-pressure dispensing units to high-pressure dispensing umits.
Therefore, as previously approved by the MFMP for foam sector projects, the conversion to high
pressure machines s budgeted at their fult cost.

Since continuous panel production requites constant changes in foam formulations. it will be
necessary to provide a separate in-line mixing wit for the pentane to be adapted into the polvol high
pressure hne and a dynamic mixer for activator tnto the polvol’s suction linz.

Ventilation, gas detection aad monitoring system

When using pentane as a blowing agent in the manufacture of rigid polyurethane foams,
pentane omission ocours duning the process. Adequate ventilation in combination with o
peatane detection and monitoning system is needed to dilute the pantane concentration, and
maontter the concentration of pentane to meet health and safery requirements. It is also

important to classify areas of risk o that the appropriate health and safety measures can be
taken.

Iy order 1o to maintamn the local safety and health standards when using the hughly flammable
and explosive pentane a gas dotesting systen as well as a fire protection system should be nstalfed.
Pontane enussion will be monitored at the foliowing arcas:

= Foaming statwon {several points, top and botiom)
In the ventilation exhaust pipz from the foaming sialion

+ At both sides of the double band conveyor

e Al the saving station

In the veatilation exhaust pipe from the sawing station

= In the storage aren for packed clements and at pobmenzation arca

=t the pentane daum unloading arca

s i the enclosure of mctoring unit for pentasg

= Avound the pentanc tatk arca
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The provision and installation of an exhaust and veatilation system in the foaming section is

necessary n order (o achiove compliance with cstablished safety rules for the machinery and the
plant,

All machinery and equipment which may come in contact with pentane or the mix of polyol
and pentanc must be monitored.

To make the foaming section explosion-proof, it is necessary to replace the infrared electric
heating elements and gas bumer type heating units by aluminium block/electnic air heating units. All
the electric valves and microswitches, which are used in connection with the foaming porial and
head, need to be explosion-proof.

All paris at the foaming area must be equipped with a good carth connection to avoid the
appearance of static clectricity.

The workers' clothes and shoes have to be made of antistatic matenial (cotton and the floor
needs to be covered with an antistatiz paint. '

To keep control over the quality of the foam, it is recommended to mntroduce a munimum
specification of test equipment.

MONTREAL PROTGCOL - Rigid PUR-foams DBL - The Istamic Republic of fran
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D. Justification for Sclection of Alternative Technology

The same mechanical propertics can be achieved with pentane blown foam as wath foams blown
using other blowing agents. These mechanical propertics are achieved using both n-pentane and cyclo-
pentane. With cyclo-pentane however an improved A-value is attainable. In the Islamic Republic of lran n-
pentane is commercially available, and in construction clements the advantage of better A-value of cyclo-
pentane is not possible to utilize. Although the A-values obtained when using n-pentane are somewhat higher
than those achieved using CFCs as the blowing agent, they are similar to those possible with HCFCs and
HFCs. Normal-pentane is therefore chosen as a new blowing agent for the rigid polyurethane foaom by the
miajor manufacturers of the polyurcthane panel manufactunng industry as replacement for CFC 11,

Some manufacturers use:

Blawing agent oppP
100 % CO2 (water - isocvanate reaction) 0
HCFC [41b 0.11
HCFC 22 0.065
HCFC 142b + HCFC 22 0.06
HFC 134a 0
Cyelo-pentane 0
N-pentane 0
HF(C-356 0

The major advantages and disadvantages of the vanous aliematives are as follows:

100 % COn

«  Advantages
Environmentally attractive

» Disadvantages

Poorer physical properties

Poorer foam adhesion

20-25 % wncreasc in mitial A-factor (theninal
conductivity)

Fast foam ageing, duc to gas diffssion, if
foam not protected

Higher exothenn limuts production of thick
clements

Significant cost increase (+30%)

Polyo!l viscosity limitations

HCEC-141b

s Advantages
Low flammability impact
i0 % wore ecfficient blowing apgent than
CFC-11
A-factor comparable to CFC L], when good
foam guality is achicved
Good foam ageing characteristics
Cost effective
No plant modifications required  {f high
oressure foaming s already used)

Disadvantages
Transitional substance
Higher solvency effect
Foam cunng problems with thicker pancls
{atter cxpansion)

MONTREAL PROTOCOL. - Rigid PUR-foams DR - The Islamic Republic of fran
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HCF(C-22

» Advantages
Lower ODP than HCFC-141b
Non-Aammable
Low cost

« Disadvantages
Lower beifing point requires  significant

changes to  processing  and  handling
expapment

Frothing effect at igher levels

Higher initial A-factor

Without tmpermeable facers A-factor will
increase rapidly due to gas diffusion
Foant curing problems with thicker panels

{afler expansion)
HCFC-22/HCFC-142b blends
s Advantapes +  Disadvantages
Low QDP Low boiling point
Non-{lanunabie Higher cost than HCFC-22 alone
Frothing offcet less than HCFC-22

Stower rate of gas ditfuston than HCFC-22

Pentane

«  Advaniages »  Disadvaniapes
Zero QDP Highly flammable
Halogen frce Plant modifications required
Low cost

Liquid at room tempersture
Good foam ageing characteristics

Low solubility in most of the polyols
20 % increase in mmital A-factor (ovelo-
pentane) and 27 % increase n initial A-factor

Foam propertics acceptable {a-pentanc)
HFC-134a
«  Advantages + Disadvantages
Zero ODP Expensive
No-toxcity Higher initial 2-factor

MNon-flanymable

Lower solubility i polyols

Frothing effect worse than HCFC-22
Requires significant changes 1o procgssing
and handling equipment

HFC-356

+  Advantages
Enveomnmcaially attractive

Botling point 24 °C

Non flanimable

Relatively  soluble in standard  PU-raw
naerialy

A-tactor sitdlar to CFC-11
Good fonm ageing characteristics

e Digadvantapes
Toxicity unknewn
Cost urknown
Avafabthity uncertan
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Although 100 % CO2 15 a very allractive solution from an cnvirommcntal point of view_ 1l caniot be
sclected as an aceeptable echwotogy for the production of sandwich pancls due to the poor lnsulating

proportics and dunensional stabiity problems as woll as adhesion reliability between foam and facing
miaterials,

Application of HCFC-356 and other new (oaming agents are nol mature techmolopics as vt

The use of HFC- | 344 is incompatible with existing processes, The other drawback of this propeliant
15 its higher cost.

HCFC-141b, HCFC-22 and HCFC-142b+HCFC-22 blend arc transitiona! substances. The latter
two, similarly to HFC-134a, arc incompatible with existing processes.

N-pentane is an excelient solution when producing insulation and sandwich panels in continuous
vasting method and is widely usod in Europe. Currently all major Buropean manufacturers are camying out
tests or have aleeady started using pentanes {n-iso-, cyclo-pentane or thetr mixtures). Therefore, the
Governiment of the Islamic Republic of Iran recommends that rigad foam manufacturers having a continuous

production method should introduce an ultimate solution as blowing agent and should not use any tmnsitional
substanocs.

v, INPUTS
1. Capital Goods Replacement

The following equipinent for the plants needs to be rebuilt or replaced, as well as new cquipment
needs to be provided as speetfied below

List of new equipmant is shown plant by plaot in Aonsx A, dus to differences of production facilities
of each plant.

Al Starage end metering of blowing agent
|3 Peotane unloadimg.
A,

Duscharpe cquipment for pentane from drums ite acoumulation tank feding pentane to
underground slorage tank o direetly to metering unit of bloswng agent.

11 Pentanc tank facilitics, meeting ™ petroleurn stvle, double walt” tuil regulation
A Piping
3 Double wall tank, with fibregluss ining, Volume 30 ot
C. Leakage control unit, based on glveo! filling into double wall space.
0 Tank swill be comtained ina concrete lined pit.
i Meatering unt for pentang
A, Frequency controlled metening unit for n-pentanc. Consisting ane {1) Diaphragm

melening pump with three (3) diaphragm pump heads. Inierconnecting, piping, valves
and wiring are included as well as contact pressure gauges
133 Mass fiow meter

MONTREAL PROTOCOL. - Rigid PUR-foams DB, - The Ielimiz Republic of Tran
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Static mixer, designed for the maxmum polvol stream, nstalled into the polyel's

delivery line. Design is specially made for mixing high viscosity liquid mto very low
viscosy material

Fauam System

Isocyanate Day Tank

Polyol Day Tank

Heat exchanger/chiller for MDI

Heat exchanger/chiller for polyol

Activator Day Tank

Activator Diaphragm pump

Mass flow meter for MD{ polyol and activators

Adr loading unit

High pressure dispensing unit for foaming, POL. MDI1 and including in-line mixer for

activator.

10, Pipe work and electrical controlls

. Traversing unit with mixing head complete with injector cleaning via piston and pressure
adjustment

12 Hot air preheating unit for lower facing

13, Hot air preheating unit for upper facing

14 .Hot air preheating of conveyors

L5 Antistatic floor

16.Fire protection system

R e

YVentilation, gas moritoring and alarm system

(ins monitoring center

Extraction hood and fan for foam lay down area.

A, Mix head and Traverse Unit are enclosed with ventilation box on recls and fitted with
shding doors. Ventilation is arranged with explosion proof metor, with differcntial

prassure switch: to continuoushy menitor the suction efficiency., with sparkle froe fan.
(Gas detectors

Conversion/Training

Within the framework of this project, engmecrs, technicians, muaintenancs peaple and workers from

panct manifacturers will be tramed in the following arcas:

Lk Pod e

Ut:t‘..

manapgemoent and production control;

quality control m relation fo conversion;

operation of the new machinery and cquipment;
maintenance of the new machinery and cquipment,
sow technologics for foa,

MONTREAL PROTOCOL - Rigid PUR-foamis DRL. - The Istamic Roprbiic of fran
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6. specifications for materials;
7. safety regulaions for flammabic/explosive chemicals;

The appointed Generat Contractor will be responsible for gencrating as past of project
implementation, a manual addressing the training and safety issues:

i. Requirements for the company management on how to manage safe foam handling and foaming
operation. :

1. Initia! training and safety instructions to all new operator or management personnel before they
are involved with foam related operations.

I General operator instructions for safe foaming procedure,

4% Cleaning requirements of foam machinery and area, in practical and detailed manner.

V. Periodic sensor testing and other maintenance requirements related to pentane system.

VI Safety drill .

VIL.  Reporting system of training and safety program execution.

¥R
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V. PROJUCT IMPLEMENTATION

The project mmplementation will be carricd out by UNIDO o close cooporation with the
recipiomt company, Nooessary local coordination will be done by the Departiment of the Environment.

Purchasc of know-liow is not considered in the project budget. However, to substantively assist and
supervise the technical aspects of the conversion process, to perform troubloshooting and to provide

assistance in product, redesign work specialized consultants will be appointed and ficlded 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. The
General Contractor will be responsible for the supply of equipment, installation, commissioning and on-the-
job training of local staff. The detailed Terms of Referonce for the services o be provided by the General
Contractor will be elaborated after project approval,

The final equipment specification and the work plan can only be elaborated after approval of the
basic approach for project implementation by the MEMP.

The pernussion from the local avthonties for the introduction of the new echnologies under thug
project will have to be obtained by the recipient companies. They will also be responsible for the compliance
of the new technologies with established nattonal standards.

Having accepted the conversion of s plants to the use of non-0DS under this project, the Fabis
Industries Co, lran Steel Parts Industnal Co. Lid (LS.P), Mammoth Tehran Industrial Complex, F.M
Company and Urethane Systems Company will be committed to provide the following inputs:

All activitics and costs related to the construction work needed (including the provision of technical
infrastructure} to accommodate the new technologies introduced ender this project.  (The relevant
construction work will have to be arranged by Fabis ladustries Co. Iran Steel Parts Industrial Co. Ltd
(1.5.P). Mammoth Tehran Industrial Complex, F.M Company and Urcthane Systers Company under the
supervision of the General Contractor and m hine 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 nceded will be claborated by the General Contractor affer project approval and necessary site
inspection.);

s Technical staff as required by the General Contractor,

e Provision of tools, transportation and hfting cquipment as required,

Local transport, communieation and scoretarial fcilitiss for the General Contractor's and UNIDO's staff
involved in the projoct's implementation.

UNIDO as boplementing Apeney has the neccssary expericnee and capabilities for the successful
tplementation of projects at enterprise level, Upon approval of the project by the MFMP the project's
budgaet will be transferred to UNIDO. The respective project allotment document will then be issucd by

UNIDO's Fiance Scction. 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 m Annex &
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VL FROJECT COSTS
L. INCREMENTAL OPERATING COSTS

N-pentane is lower in price than CFC-11 and the quargity needed i the forpmboion to produce
Foaras of equal density vsing the techniqoe of contimous larmination is mduced by 2 factor of cisca four, This
chazactoristic gives savings 1o the fiam formmlation, However, these savings ars offSet by the higher cost fire
retardant polyol, costs of opemtion and naintenmces, higher density (msulation boards), and ammual safety
training, These costs are difionlt to caloulate I advance as individual formulation changes and opemating

Flowever, expected antual ssvings on napetans aver frur wears will approximately mutch fhat of the
extra opersting and chemical costs, Therefore, 1o recurrent incremental costs will be considered 1 this
project.
I CONTINGENCY FUNP

A comtingeney fand (10 percent of the fota] mvestment cost) was caloulated, The MFMP is proposed

o cover unforeseen axpauscs which might be incurred doring the project Implementztion, &g, purchase of
small wgting instroments, which might be required diring the conversion process, miscallanecus gxpermes,

price ¢scalation, ¢fc.
W TOTALCOSIS

Tnvestment costs will cover Gapital knvestment costs {on CIF basis) for modification of existing
manufachring facilities, purchase of new machinery (ses Table A: "Equipment Specification and Cost
Breakdawn™), training, nstallation and consnltangy servicss for plant and product modifications (Table B:
"Project Budget™).

Imyplensemting Agency’s oveshead costs me 13 perceat,

For the complets costs breakdown see Table Bs; "Project Bugdpet®™.

For the calulation of the cost-effectivensss see Table C on the summmary page: "Cost-cfiectivencss®.
Requested fimding by the MFMP: TIS§ 5825690

LI B S I

All above menticned panel memufacturers bave already recognized the need to ba in complisnce
with the stipulations made in the Montreal Protocol and have agresd 1o participate in the ODS phase-
out prograxome of the Islande Republic of Tran.

MONTREAL PROTOCOL - Rigid PUR-foams UBL - The Islamic Repablic of Tran
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Fabis Industries Co

Table A: Equipment Specification and Cost Breakdown

Hem

Quaniity | Unit costs 31 Total costs §
Pentane processing
Discharpe equipment for drums 1 30,000 30,000
Pentane tank 30 m3 { 30,000 30,000
Pentane delivery pumps and pipes 1 40,000 40,000
Metering unit for pentanc i 130,000 150,000
Safety cabin for metering unit 1 60,000 60,000
Exhaust system for the safety cabin i 40,000 4,000
Foarning portal 1 120,000 120,000
Reaction casting machine
1. metering unit for the main components (MDI and polvel}
2. premixing chamber for activators
3. metenng unit for activator |
4. metring unit for activator 11
5. on-hne gas loading | 33,500 33,3040
&, flow measuring unit for pol, MDI and aetivators i 33000 335,000
Hot air preheating unit for upper and lower facing ! 10,000 10,000
Antistatic floor 1 3,000 5,000
Fire protection system 1 30,000 30,000
Ventilation, gas monitoring and alarm system
Gas detector system wath glarm 1 40,000 40 000
Detectors 12 3.000 35,080
Extraction hood and fan for foam lay down arca 1 25 060 25,000
Comissioning and start-up of the plant 30,000
Total 734,500

Table B:Project Budget

Budget fine

Duration, Work months

Cost, US$ |

1§-01 General consultancy services

£

3 38,000
21-01 Subcontracl 734,500
32041 Study tour on pentane conversion, 2 technicians 0.3 10,000
51-00 Miseclinneous:

contingency fund on capital cost 10°%¢ 78,250

incremental operating cost

Preparatory assistance 2,000

Total miscellancous cost 50,230
99.00 Subtotal K62 730
Implenmenting Ageney Overhead 132, 128,917
PROJECT TOTAL 991,667

MONTREAL PROTOCO. - Rigid PUR-faams DI, - The 1slamic Ropnbtic ol fran



9505 page 34

Annex B, Implementation Sehedule

10 |11 [12 13 |14 (15 116 |17 118
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MILESTONES/MONTH T A

1. Sign the project, receive funding

2. Appaintment of General Contractor, site inspection

3. Elaboration of a detailed project workplan

4. Draft of plant lavouts

Conversion

3. Selection of equipment, bidding

6. Overseas training

7. Purchase Equpment

8. Packing/Shipping

9 Installation

10, Comissioning

11. On-site training

It is estimated that after 18 months, the complete conversion will have been carriced out,
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1. Country of Origin:

2. Project Title:
3. Sub Sector:

4. Relationship with
country program:

5. Technology

Technical Review

Prepared by: Kimmo J. Sahramaa
PUR-Technology Consultant
Date: May 24, 1985

The Islamic Republic of lIran

Phasing out CFC 11 through conversion of rigid PU-foam
manufactured with the technigue of continuous lamination.

Rigid Foamed Plastics

Country's program calls for fast reduction of 50% CFC-11
consumption in the foam sector and is focusing on
continuous lamination industry where five companies
consume that very amount. The foam sector's total

consumption is confirmed by the Government to be 2400
MT per annum.

The project represents, based on data given by Ministry
and confirmed by the Govermnmaent, an alimination of appr.

50% of the ODP used in foams in the couniry, representing
1200 MT.

The Government has chosen to consolidate alt laminator
projects under the same project umbrella. The companies
involved are Fabis Industries Co, lran Steel Parts Iindustri-
al Co. Utd. (1. 8.P), Mammoth Teheran industrial Complex,
F.M. Company, and Urethane Systems Company. The
total instatled capacity is 8.1 milt m2 per annum and actual
production ufilized, about 5.0 mill m2.

The primary products the patticipating companies prodtce

are rigid core PU-foam core composite panels and foam in-
sulation boards.

All the participating cempanies seam 0 be viable organiza-

tions and operating skilifully high capacity continuous pro-

duction lines and most of them export 159% of their produc-
Hon.

Fabis operales an Elastogran line, ISP a Metecno line,
USC a Viking Invered line, Mammoth a U K. modified
Kormnvyiack {(US) line and - M. Co. a Hannecke line.



The aim of the project is to convert all laminator applica-
tions to n-pentane as soon as new {schnoiogies have been

acquired, machines and equipment installed and the oper-
ators trained.

The suggested conversions of the continuous lines are
specified {0 use experienced and established technology.
There is no reason to settle with transitional technology.
We agree with the justification for Alternative Technology.

The technical life time expectancy of all the lines, after the
system has been converted to pentane, is 15 years and ex-
ceads the projected Project Economic Life of 10 years.
Becatse in substance ail the sensitive chemical processing

components need to be replaced, the Projected Economic
Life can be achisved.

All have bulk tanks and tempering systems for main chemi-
cal componenis.

The pentane supply neads 1o meet the requirements of con-
tinuous production system. A bulk storage system is the
only practical way of inventorying the amounts needed. Al-
though the country does not have a buik delivery systems,

it is stilt most probably onty of question of time when this de-
livery form will be available. Meanwhile, the shipment will
be done in drums and drums emptied into the bulk tank

after they arrive at the plant. A 30 m? tank is a feasible size
to accept full container deliveries in the future.

The underground tank is a good and safe technical solu-
tion. Suggested, detailed fealures are appropriate.

Pentane discharge pump feeding the pentane to the di-
aphragm measuring pump assembly are instalied in & sgp-
arale enclosure close to the bulk tank.

A mass flow meier is securing an accurate amount of pan-
tane delivery to the high pressure side of the polyol and

high viscosity pentane is mixed to the low viscosity poly-
preblend with a static, on-line mixer.

All the exisling lines have now a multi-componeant chemical
measuring and mixing approach but three fines are using
fow pressure units and the old Elastogran (Fabis) and Hen-



necke (FM), botiy made in 1976, Wilize the high pressure
system.

We also agree thal conlinuous panel production requires
constant changes in foam formulation and the respective
technology, i.e., multi-component feed is a necessity. Alsg,
a high pressure measuring system with practical auxiliary
modules needs {0 be acquired as suggested for all the lines
to establish safe, reliable operational technology.

All the production lines are integraled double belt lamina-
tors. The facing materials are fed from double rolt forming
units or preformed single skin metal panels are used and
overlapped (or other flexible facings are used for insulation
boards). The foam lay down is conventicnal in all except

at Urethane Systems, which has an inverting foaming appli-
cation. We agree thal this inverted foam processing should
be modified for manageable direct, vertical lay down,

The facings are preheated belore they are fed to the {foam
lay down area where a fpaming portal and casting mixing
head distributes eveniy the reaction mix on top of the lower
facing. The old infrared preheaters need to be replaced
with hot air heating units as suggested and the oscilialing

traverse unit for the high pressure mixing head needs to be
acquired new as well.

The lay down area has t0 be encapsutated and equipped

with an extraction hood and two speed, powered ventila-
tion.

tn order to maintain a sale operation environmeant and com-
ply with regulations related to usage of lammable gases a

gas detection syslem with mulliple sensors and alarm cen-

ter needs to be instalied as suggested.

The double belt laminator (and possible side conveyors)
secures the dimensional stability of the formed composite
panel while the foam cures. The infrared heaters within
the laminator have to be replaced with hot air supply as
suggested. Alter the panel emerges from the rear end of
the double bell laminator, it will be cut with a cross cutter
and panels will be stacked or fransferred to dispatch area.

Antislatic environment is required which is achieved by
proper Hloor application as well as grounding of machine



components, Fite proleclion system is righily suggested o
be included in the installations.

The plan does address the need for operator and mainte-
nance personnel training, We suggest that the training will
be a well structured and prepared process. Aiso, the oper-
ator's and preventative maintenance manual is pari of the
project implementation, which we like very much.

6. Environmenial The project proposes the best present technical solution
impact also in regard to the environmental impact.
7.Project

Al the companies paricipating have shown in the past suc-
implementation cess and technical skills in operating continuous lines.
Thus, commissioning of the Alternative Technology with a
contractual Technical Pariner is not necessary and
UNIDO's suggested implementation using specialty consul-
tants, qualified General Coniractors and supported with
UNIDO's own in-house skills seems feasible {o us.

We assume that the structural concrete pentane tank pitis
included in the construction-related works. Also, all other
listed input requirements are all pakd by the participating
companies, not only the consiruction-related work.

We note that the technical infrastructure referring to ulility
supplies (powsar, shop air, water, drainage) is suggested

1o be supplied by the companies without cost compensa-
tion.

8. Project Cost Curing the review process we discussed with the UNIDO's

technical specialist and some earlier cost items were ad-
justed lower. This had a refiection to the total price of about
11%. Although there has been lots of price fluctuation on
the international market place regarding poiyurethane ma-

chines as well, we feel that the total price recommendaltion
is achievaole.

8.1 Incremental Cost We agree upon the incremental cost substantiation but as-

sume that the companies are able 1o transfer most of the
cosis into the product prices because 95% of product sup-
piiers are part of the project and the cost increase hit all of
them at the same time and with the same magnitude.
8.2 Contingency Fund The U.8. dollar may have hit the bottem and may appreci-
ate dunng the fall of 1995 and easeé the actual cost pres-
sures. The cosi data are reviewed in present U.3. doliars,



and in reflection of aboul 20% devaluation of the dollar
against the major vendor country currencies during the
early spring of 1895,

8.3 itemized Costs Regarding the budgeted, itemized costs, we would like to

make the following observations based on experienced
cost data available:

--the costs of pentane bulk tank, supply pump, and safety
cabin with ventilation were suggested tc be budgeted for no
more than $200,000. This is a cost area where the general

contractor can well manage costs by increasing the local
content.

--the costs of pentane measuring system and complete gas
detection system are costed for market price available from
major vendors.

--the revised cost {or traverse includes & complete oscillati-

ng traverse, and a new mixing head which price is also
available from major vendors.

--commissioning cost is on the high side but the most diffi-
culi to estimate. The budgeted amounts can be accepted,
though. The itemized budget takes into consideration that
the start-up should be substantially easier for Fabis than
with other companies where the iotal chemical system
needs to be changed, tssted, and newly commissioned.

9. Implementation
timeframe: There is no project time frame available.

10. Recommendations: We recommend the project to be approved as revised and
now budgeted.

We recommend the project for approval for a total of
$5,825,690 where actual itemized costs are $$4,358,500,
general consulting and other costs of preparatory sewvices
$250,000, and contingency $459.850, and implementation
agency overhead $757,340.





