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1.  INTRODUCTION

1.1 The India country programme on phase out of ozone depletinc
substances unaetr the Montrezl Frotoccl was formulates in 1952

-

india’c acce-<ion te the Fontrez) Frotocel ir 1¢%

concequent to
The nationral programme for 0ODS phace out s prenared to ensure

the phace out of 0ODS according to nationzl inductrial development

n

trateoy . The Indian electronics 1ndustries produce anc use ¢

—
o

1o varlely of clecning “oivents 0 cthi s ehed s o -
the ranvfacturing process, <cac of which fall under theo orow
cerletine subetances caucine enviroer ent pollution. LN ST

ptodices end uses about 7 ¢t otte 0 eutvtleincer controlie s un
the Montreal Protocol. Solventc i< one of the major user sector

ir. €Yectronice Industiry arcountine for zhout 474 ir O00F tern< &iT

e .e\ i ODE terme .

—

5.7 tertre tor Materaele foa bescnachite technllos (-t

scientific society under Department of Electronicse, Govt. ot
Indiz, &nd i< engaged in R&D in electronice natericlse and relzted
producte. C-MET is recognised a2a< national consultant for
formulation of projects for ODS phase out 1n solvent <ecte: ar
India by the coordinazting agency., namely, Ministry of Enviionmen:t
and Forest (MOEF). The United Nations Industria) Development
Organisation (UNIDO) and C-MET have entered into & contract in
December, 1994 for formulation ot « projects for the conversion
of electronic cleanino procescece fron C(FC(-1123/ alcohol blended

colvents and 1,1.,1 trichloroethane to non-CFL cleanina in Indie,




1.3 The scope cf workh under thic contreact covers samplinc
process, data collection,analysics and project formulaticn. The<e

involve the following activities in detai;

- Identification of three mediun t: leroe-scalrc
€lectronice Inductries and « clucte: ©f <r il e« t¢

enterprisecs using OI'S baced cleaninc technicues :zrnc

solvents 1n their procecces

fron selectec enterprise:r &ans analysinge the date for
techneologicel feasibility, coct effectivenesc

Capbizsly L erlerprase €1t ..

- Formulatino 4 project documents in cooperation with
UNIDGO and modifvinge z< per the reocviremente of MOAFF ir

the forrzt spetitaee by nmultilatera; fung.n. aoenc. .

i 4 The primory or Jective i1 the firet phece of o1y

re

comprising of selection of suitable enterprises interected in
elimination of ODRC wz< achiever. Three mediunm to laroe-sczle
industries were identified for collection of detaile as per
Questionnaire evolved through discuscione with the use:
industries. The zbove activity wac detziled in the Firset Interir

Report submittec to UNIDO as part of the contract.

1.8 The Second Interim Report was provided at the end of
compilation and analyesis of the data collected on seclected
enterprises. The three mediun to large-ccale industriec.
namnely, M/s Indian Telephone Industries Limited, Bangalore, M/<
Electronic Research Limited and M/s Indian Telephone Inductriec

Palanal were approarhed with the decigned queztionnaire and the




cdatz on usage of ODC was collectes zlonge wit? 21! televent

infermation ac per the questienncire developec. The <cecats
Interim Report was submitted to UKIDO on Matchk JOth. 310xs
enclosing the filled quectionnaire and dreft rropoczalc of  the
above mentioned laroe scale inductrier .

After the cubrnission ¢f the zbove mentioned Secons Inter o
Report Mr. Shatravikce visited Indi. o 14/¢/7¢¢ to {finslice th.

above menticned proposal &nd hes deteiled Ciecum<cicr wit', 151,

Pune. BbBasec on the zbove Iwsutl:e ftinzl proposeals ware jre,  re-
Finzl report containe the final proposzle 0 recie i f 3.,

bangalore, EFRL, bziaicre anc 331, Faizzbtie. .

2. DATA COMPILATION

activity 1c to prerzre final propozel in techert of the cclecten
indastries . namely M/c Flectrordc FeTes oty ip e Eomre e
M/< 1Indian Telephone Inductrie< Limited. Banaalore . &nc M/s<
Indian Telephone Industriec Felohet heve beern includec --

Annexure 1, 2 and 3 respectively to this report.

2.2 Based on out earlier experience on interaction anc

preparation of <inilar project propocalse for M/c Indisr Telephone
Industries, Méenkeazpur which has <ince been approved for
implementation, the exercise was undertaken in a <imilar manner
to prepare the draft propocsale for the interacting
organisationz a< above. Accordinaly, the draft proposals in
favour of Indian Telephone Industriec Limited, Bangalore and M/ =
Electronic Resezrch Limit:d, Bangalore and ITI, Pallakkad. were

prepared in concultation with the concerned ol aanicetions .




Thereafter Mr . Shatravke. UKNIDG ceonsultant wvisitec above
mentioned organicsations. &nd hac detziled discuscsion with
respective industries and based on the inputs providec by the
UNIDC consultant and keerinag 1n vier threcheld limite <etv Lt

tMontrezl Protocal, final propossle were preparec.

I DATA ANALYSIC

I.1 Based on thz datz collectec durinc the que<stionnzire anc
anzlysic of the <ame, finzl prcject proposals entitlec "Convercior.
7 Liectronic Cleanzne Proces<6 11 W Savenis To v o el
BElastine and Semi-aqueous Cleaning and Nc-Clean technoclooier’ :re
formulated. The znalysic c¢f the dateé received fro:. M/ 111,
Bangzlcre show: thot this predest hes an imract of plaarns oot
annual consumption of 17.42 metric tones of 1,1.1 Trichloroethane
and 0.06C M. T of Hzlon: 130! anc 0.7¢0 M. T. of 1211 that ¢

totel of le .4 7. 008 o <. 0L 0D wiiohleo B0 Db

\
1)

cf deate in respect M/c (FRi. EBanoelore shcowe thet & <irijied
project has capabitity ¢f phaacin, ovr &nneéd consungtscr,  of gt
M. T. of Trichlore-Triflouroethane and 42.50 M.1. of 1,1.1
Trichloroethane which amounts to & total of 9850 M.1. ODS or
17.87 0ONP wrighted M. T. Simil rly the analvesic of deat: in
recspect of M/s 1.T7.1 Palakkad shows that similar project has
capet:ility of phacing out of annual consumption of 12 M1 of CFC-
112 and 30 MT of 1.1,1 trichloicethane which amounts to & total

of 42 MT ODS or 12.44 ODP weighted MT.

The above projects each with a project economic life of ten
years and estimated project duration of 18 monthe envisage total
project outlay of U.S5.$% 456,542, U.S.¥ 599.366 and US $389,592
respectively for M/< ERL,kBangalore,M/s 171, Bangalore and ITI,.

Falaklbad. The cumnariced detazile 10 respect of the above




project reports ic enclosed in the detaile provides on the first

page of Annexure 1, 7 and 2.

4. CONCLUSION

«.1 The data ccilection as per the decianec questionnzire frer

three medium t.

(™)
[\1}

roe scale enterpricsecs celected hat bee

completed. The detailse thus received ate formatted cuitabiy ane

baced on QDL and OLf conswumplion weichitao:  tine) preros
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UNIT ABATEMENT COST

1S3 2.9 per kg of phased- out ODSs

CURRENCY CONVERSION

1;5% 1.uV = [npdian Rs. 30.00

COUNTER ENTERPRISE

Electronics Research Ltd, Bangalore

IMPLEMENTING AGENCY

UNIDO

COORDINATING MINISTRY

Ministry of Egvironment and Forest

Project susruaary

T'his project will phase-out the nse of 130 MT of CFC - 113 and 43.3 MT of 1, i.; -trichtoroethane (MCF) in
cleaning operations at the Electronie Research Ltd. (ERL), Bangalore in the fiux removal from clectronic assemblies
iter the soldenng operabions, prectsion cleaning of the components of flvhack tranfonners, clectronie funer
assemblies and cleaning of pipings of the three potting units. The phasing-out of vzone deplennyg substances (O1)Ss)
will be accomplished by replacing the currently used solvent-based cleaning methods with a low solid flu/no-clean
soldering technology for manufacture of electroni~ tuner assemblies, precision cleaning of ceramic substrates,
terminai boards and coils of tlyback transformers and clcaning of piping of the potting plants with new non-ODS
solvents. The project will employ commercially available technologies in one of India’s largest ODS consuming
sectors. The India Country Programme for the Elimination of ODS has also identified the sector ~s a high pronty

inrea.

NIV Ex =

UNIDO project Proposal for the Multilateral Fund for the Implementation of the
Montreal Protocol Financing

COUNTRY India

PROJECT TITLE Conversion of electronic cleaning processes from ODS solvents to no-clean and
hvdrocarbon cleaning technologies at ERL, Bangalore

SECTORS COVERED Solvents

ODS USE IN SECTOR 4,876 MT (ODP- weighted) of ODS solvents m 1991

PROJECT IMPACT Phased-out annual consumption of 15.0 MT of CFC-113 and 43.5 MT of 11,1
trichloroethane (total 17.52 ODP-weighted MT)

PROJECT DURATION 18 months

PROJECT ECONOMICLIFE | 10 years
Investment (capital) costs, USS 709,300

TOTAL PROJECT COST
Incremental operating costs/savings, US$ 252,958
Total Project Costs, US$ 156,542

OWNERSHIP STRUCTURE 100 per cent Indian

PROPOSED MFFINANCING | U/SS 456,542

COST EFECTIVENESS USS$ 26.0 per ODP kg
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1. Project objective

The objective of this project is to phase-out the use of CFC- 113 (TMS formula) and methyl
chloroform (MCF) in electronics cleaning operations at the Elctronic Research Ltd. (ERL). The
processes in which ODSs are utilized, for example MCF in the electronic tuner unit will be replaced
with a no-clean soldering process.

As one of the first projects formulated in the solvent-based electronics cleaning sector in India, this
project has additional targets.Considering the structure of the Indian electronics industry and the
required steps to phase out ODSs in electronics cleaning, it is expected that this project will
additionally identify and strengthen a focal point which will (also see Exhibit1), Pg 3.

* help to increase awareness in the selected electronics industries regarding need
for phasing out ODSs and, for this purpose, collection and compilation
of technical and technological information:

. generate information and provide technical support regarding the problems
associated with phasing-out of ODSs by the electronics industry, which
includes process development, matenals compatibility testing, reliability
testing, cost-effectiveness analysis, technol~gy selection and drawing-up of
equipment specifications; and

® accumulate adequate problem solving know-how during the implementation
phase of this project so that projects of a similar nature can be implemented
‘n other locanions

Ia cooperation with the Ministry of Environment and Forest, the Center for Materials for Electronics
Technology (C-MET) of the Department of Electronics (DOE) has been identified as the focal point'.
The Center for Materials for Electronics Technology (C-MET) is operating as a registered scientific
society under the Department of Electronics with the main objective to establish technology strength
in Electronics materials for the present and future industnial requirements.

The electronic industry in India is unique. that is, a signiticant amount of production is distributed in
mall and medium scale industry and it is distributed over throughout the country.

{1 The Center tor Matenals tor Electronns Fochaolony (C-MET) et up hy IYOF has experts m the sanous matcrials used m the electronics
raditdry covenng chemicals, polvmars and other related products such 4 solvonts, cleaning agents efe. and in materials develiprnent and
comrnenerilization of the R&DD results.
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2, Sector background

India became a signatory to Montreal Protocol in 1992 and as a part of subsequent exercise, a
Country Programme document was prepared by the Government with the assistance of UNDP. This
document has assessed the Ozone Depleting Substance (ODS) consumption in the country and on
the basis of this, a National Programme for the Phase-out of ODSs has been prepared to ensure the
Phase-out of ODSs according to the national industrial development strategy, without undoe burden
to consumers and industry.

Solvents is one of the major consumption sectors. Before finalizing the Country Programme, a
sectoral report was also developed out in consultation with the industry-users and manufacturers of’
ODS substances . This report developed the basis for Country Programme preparation.

The amount of consumption has been investigated in a number of studies®. According to most recent
information presented at the Solvenis Workshop convened in June 1993 and revised in the first draft
of the India Country Programme in August 1993, in 1991, the solvent sector consumed 100 MT of
CFC-12, 300 MT of CFC-113, 4,000 MT of carbon tetrachlonide and 550 MT of 1,1,1-
trichloroethane (MCF), i.e., a total of 4,876 MT of ODP (ozone depletion potential)-weighted
consumption, that is 36.9 per cent of total ODP-weighted consumption in India.

The solvent consumption in India in 1991 is given in Exhibit 2 (table) and Exhibit 3 (chart). ODS
consumption in the solvents industry is split between electronics, metal cleaning and other processes
such as textiles, pharmaceuticals, pesticides, chlorinated rubber, etc.

“leaning processes used in the electronics industry conzumed in 1991, 156 MT ot CFC-113, 75 MT
of CTC and 55 MT of MCF (all ODP-weighted) and included flux removal (printed-circuit cards and
hybrid circuits), semiconductor manufacturing, microelectronic component cleaning, metal and plastic
part cleaning. and photoresist development and stripping. The use of ODSs in electronics cleaning
'n India has been increasing as a result of the development of electronics industry.

) Repatofthe ik Force on National Strategy of Phasing out O7one Deplating Substances, Ministry of Industry, March 1992 (updated
March 1993).
b)  Compiled consumption data, Multilateral Fund Secretanat, March 193,
<Y Solvents Warkshop, Country Prgranune Preparstory Meetings Series, 21-25 June 1993, New Delhs.
1) India Country Programme, Soptember 1993,
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Exhibit 1
Phasing out of ODSs in Indian Electronics industry
The role of a focal point of know-how
? [ Phashc ok O0Ss |
' B
| Technologicai data base |
1
| Awaieness mtheseclor |
N |
I —
Large enterprise 1 [ SmallHo-medium enterprise |
| Reliability testing — Reliabiltty testing
L Process —— Process development
—— Technology selection —— Technology selection
L Equipment selection | Equipment sefection
| Site preparation - Site preparation
L Installation - — Installation
t—— Operator training — Operator training
— ODS-free cleaning - ODS-free leaning
‘wtel  Gonerally, activities written in italic require external technical assistance and will be

camried out by the focal poirt of the seclor.

Exhibit 2. ODS consumption in India
(ODP-weighted figures)

1991 Consumption
Types of ODS All sectors : Solvents .
ODP-weighted ODP-weighted
Actual, MT Actual, MT

MT % MT %%
CFC-11 1,900} 1,900.000 14.385 0 0.000 0.000
CFC-12 2.850| 2,850.000 21.577 100 100.000 2.051
CFC-113 320 342.400 2.592 300 321.000 6.583
Sub-Totaf ! 5,070.000] 5,092.400] ~ 38.554] 400.000] - 421.000 8.634
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1991 Consumption
Types of ODS All sectors : Solvents .
Actual, MT ODP-weighted Actual, MT ODP-vcighted
MT % MT %
Halon-1211 5501 1,650.000 12.492 0 0.000 0.000
Halon-1301 200} 2,000.000 15.142 0 0.000 0.000
Sub-Total 750.000} 3,650.000} ~ 27.634 0.000 0.000 0.000
CTC 4000| 4,400.000 33.312 4000| 4,400.000 90.238
MCF 550 66.000 0.500 550 55.000 1.128
TOTAL 10,370.000} 13,208.400] 100.000} 4,950.000| 4,876.000{ 100.000
Sectoral
distribution
Aerosols 1,100 1,100 8.328
Foams 1,580 1,580 11.962
Refrigeration 1,990 1,990 15.067
Solvents 4,950 4876 36917
Halons 750 3,662 27.726
TOTAL 10,370.000} 13,208.000 1090.000

IS hra T3 Nan Tan T

3 .2euntry Frogramme, Frst Orat, 3 August 1993,

3'm,2 Squras 3s 2iscussed at the “Scherts WWerkshep. Caurtry Pragrarmme V2etirgs S2rs
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Exhibit 3

w

ODS consumption in India

1991 fgures i GDR weighted MT

e L~ SSMT, 1 1%

cic
Solvents
4876 MT, 36.9% 4400 MT.90.2%

CFRC-113
321 MT, 66%

CrC-12
100 MT, 2.1%

Pefngeration fqure incudes aerasots,

3. Enterprise background

Electronic Research Ltd. (ERL) is a 100% Indian limited company incorporated in 1968. The
corporation is a part of the BPL Group. The tumnover for this unit for the year 1993-94 was Rs.660
million and projected tumover for 1994-95 is Rs.800 million. The total manpower employed is 650.
The company has technical collaboration with Sanyo Electric Co. of Japan for the manufacture of
deflectios: and RF components for TVs and VCRs. The company exports about 3% of the total
preduction. Electronic Research Ltd. is mainly concentrating on the product mix described below

Installed No. Production
Product Capacity of (Nos)

(Nos) Shits 1994-95
Electronic Tuner 700.000* | 525,718
Flyback Transformer 700,000* ] 656,042
Deflection Yoke 700,000* | 659,513
Monitors 25,000 l 16,206
Satellite Receiver 12,000 l 343

* Installed capacity of products 1,2, and 3 will be increased to 1,000,000 by June 1995
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trichloroethane to remove soldering flux and other impurities. Subsequently, after the second
soldering phase of assembled tuners on automatic soldering machine, the assembly is thoroughly
cleaned with 1,1,1 trichloroethane to remove traces of soldering flux and other impunties.

Ozone depleting substances are used in the following four operations in the manufacture of flyback
transformers :

a) After HV and L.V coils are assembled, the assembly is thoroughly cleaned with CFC-] 13in
the ultrasonic cleaner to remove traces of soldering flux and other impurities.

b) The termina! board assembly of FBT is also cleaned thoroughly with 1.1, 1 trichloroethane.

-

<) After cach day's utilisation of the three potting plants the pipings which transport the epoxy
for dispensing are cleaned with L1, 1-trichloroethane using a flushing device. Also the vacuum
chamber is cleaned manually to remove the traces of epoxy spilled-out during vacuum
foaming,

d) I 1. 1-trichloroethane-based ultrasonic cleaning is also used for cleaning substrates in the
s1anutacture of focus resistor packs, which is a sub-assembly of the flyback transformer.

e major manutacturing divisions of ERL are 1s tollows:
Llecwrsiie funer Manufacture

-Tuner Assembly Division
Flyback Transformer Manufacture

- FBT Assembly Divison

- Focus Resistor Pack Assembly Division

- Potting Division

i e various cleaning machines used for ODS handling along with their production capacities are
shown on the following page, Exhibit 4
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Exhibit 4. ODS Solvent Using Equipment at Electronic Research Ltd

TorFBY
Lior R

Activity Production Capacity Purpose Cleaning Cost
Process
1. Electronic Tuner | 700,000 Noslyear-1994-95 Cleaning of solder fluxes Dip Cleaning
Assembly 1,000,000 Nos#year- from PCBs in two stagesand | (simple tanks) | Rs.
1995-96 (projected) also cleaning of Jigs used to 10,000
handle PCBs
2. Flyback 700,000 Noshvear-1994-95
transtormer 1,000,000 Nosfyear-
assembly 1995-96 (projected)

D HV &LV Coils Cleaning of solder fleves CrC-113 1Y 30
trom the coil assembly after cleaning in Mio
assembling and soldering of ultrasonic
the col machine

b) Termunal board Cleaning of fluxes after L1,1- ks.

assembly soldening of diodes and trichloroethane | 15,000
capacttors Jip cleaning
*uks
<) Ceramie Substrate cleaning 111 R
Nubstrate cehloreettane | 7 o
R in ultrasonic o
cleaning
d) Potting Plants Cleaning of the pipings after Flushing JY 200
3 Nos, potling operation svstem Mio

CEC-113 and MCF are the two vzone depleting substances used

ozone depleting substances is indicated in Exhibit 5.

at ERL. T'he cost incurred in the
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Exhibit S. ODS Solvent Costs of Electronic Research, Ltd.

ODS amount Unit Pnice | Annual ODS OoDbP
Division/Purpose kgs/day US¥kg cost amount | wrighted
uss MThear amount
MT5ear

A. Electrounic Tuners (Flux removal)
1. Cleaning of Frame 5.00
2. Cleaning of Jigs 10.00
3. Cleaning of Tuner Assembly 30.00
Total solventused - 1.1,1- 45.00 k) 47250 13 50 152
trichlorocthane
B. Flyback Transformers(Flux
removal)

40.00
1. Cleaning of soil assembiy

40.00 . 452 54240 1200 981
Total solvent nised- CFC-1 13

60,060
2. Cleaning of ceramic substrate 10.00
3. Cleaning of terminal board 000
§. Flushing of potting plants
fotal solvent used- [,1,1- 109.00 i3 105000 | 3000 36
trichloroethane

1 Project description

4.1 Sector-wise apgioach

I'he electronics industry uses a variety of chemical substances in the manufacturing processes and
packaging operations. Some of these include chemicals which pollute the environment, of which a
number of them are classified as ozone depleting substances.

Considering this, a broad-based programme to enhance the awareness about use of such substances
in the electronics industry and the development of altematives for replacing/phasing out of such
substances ctc., is being pursued under the acivities of the Centre for Materials for Electronics
Technology (C-MET) of the Department of Electronics.This would be a part of the overall

programme within the Government of India that is being implemented by the Ministry of Environment
and Forest.

The replacement of ODSs in electronics industry applications with aqueous processes and no clean
technologies will require extensive engineering know-how to carry out the tasks such as:
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- Reliability testing

- Material compatibility testing and process development
- Technolegy selection

- Equipment selection/modification of existing equipment
- Purchase of aqueous cleaning machines and systems

- Site preparation

- [nstallation of machinery

- Operator training

Therefore, the overall programme conceived for implementation here includes awareness of the
industry towards phasing out of these chemicals and taking up activites with the help of industry and
R&D institutions to develop substitutes for the actual usage, as well as taking up demonstration
projects with the help of experts in the field and translating the knowledge and experience gained to
the other enterprises of the electronics industry and to the other sectors.

It is, therefore, decided that C-MET of DOE will take part in the project from its start in order to
accumulate information and experience to assist ERL-Bangalore, as well to other enterprises of the
Indian electronics industry.

4.2 Description of the ERL, Bangalore project

s discussed in the section above, the replacement of ODSs in electronics industry applications with
aqueous/semni-aqueous processes and no-clean technologies require extensive engineering know-how
to nerform a number of tasks

Reliability testing, material compatibility testing and process development will be performed by
C-MET, in close cooperation with ERL, Bangalore, prior to the purchase of the cleaning machines
in order to choose the best equipment. The process development work is to be documented with
asraphs, charts, and data showing that the ERL-Bangalore project has determined that the cleaning
or no-clean processes are a good decision. The process development work, particularly, will be
completed prior to ordering the cleaning machines for the cleaning operations of flyback transformer
components and a soldering machine for tuner manufacture.

1.3  Technology and equipment sclection

ERL, Bangalore will phase-out the use of CFC-113 in coil assembly cleaning and MCF in electronic
cleaning of tuner and flyback transformer components by selecting and utilizing the appropriate non-
ODS processes. ERL currently uses seven cleaning stations (simple tanks without heating and
ultrasonics are only used for cleaning of coils and ceramic substrates of the flyback transformers).
At the end of the project implementation, all the ODS solvents (CFC-113, methyl chloroform) will
he eliminated

In the solvents sector, cspecially in the case of electronics cleaning, there are many options to the use
of ozone depleting solvents. Usually the choice of the alternative cleaning process is dependent upon
the type of market served by the sclvent user. Most commercial applications have more Aexibility
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in the use of new technology, because of the inherent need of maintaining their competitiveness in the
world market. However, many organizations build products known for their high degree of reliability
for use in military aircrafi, satellites or other difficult professional (industnal and commercial)
operations. Thesc organizations spare no cost to ensure that products made by their organizations
are dependable and reliable. Considering the high reliability requirements of the ERL-Bangalore
products, the conversion to non-ODS cleaning will be be planned and evaluated extremely carefully.

US EPA staff have found that the other chlorinated solvents (trichloroethylene, perchloroethylene,
and methylene chlonde), aqueous and semi-aqueous cleaning, and cleaning with petroleum solvents,
ketones, and alcohols are to be viewed as acceptable.

Switching to one of these other halogenated solvents may require companies to apply for a
modification to their existing operating permit. These three solvents are generally subject to relatively
low occupational exposure limits and are regulated under the Indian air toxicity law.

Aqueous cleaning solutions typically are tailored to the requirements of the specific cleaning
application. They require the application of water-soluble fluxes in the production of PCBs. Since the
three selected Egyptian companies are dealing with the production of military equipment. which
requires a good cleaning strength, the aqueous solution seems not to be optimal.

The semi-aqueous cleaning systems are using terpenes, dibasic esters, glycol esters, or other
aydrocarbons, generally in combination with surfactants. These cleaners can be considered for
cleaning of PCBs. These solvents exhibit varying degrees of flammability, and generally require that
certain precautions be taken, especially if used in spray cleaning applications. All these solvents have
fow pressures,but are still considered photochemically reactive. The subsequent w ster treatment
Tloing e insing eperation will iequire a water treatment plant which would increase the project
cost.

Petroleum solvents, alcohols, and ketones are presently used in some sectors of manufacturing and
repair industries tor cold cleaning applications. Petroleum solvents (mineral spints, kerosene,
Stoddard solvent) show good solvency tor most contaminants. Alcohols (e.g. ethanol, isopropanol,
and glycol ethers), have been used in certain applications requiring effective solvent power for
defluxing operations in the electronics industry. These solvents, however, have several limitations.
Their flammability restricts their use in enclosed systems and in vapor degreasing opzrations.

However, new mixed hydrocarbon cleaning agents (A3-group) based on these clcaners have
appeared on the market, e ¢. PX 16S with a flash point of 79° C (propylene gl col) trom Dow
Chemical, XZ 26000 with a flash point of 63°C (butoxyl propanol) from the same company, etc. as
well as new techniques with vapor cleaning under vacuum in a closed chamber to avoid solvents
flammability have opened new perspectives for these solvents.

Because the PCBs are immersed in 1 solvent, the <olvert must be maintained 15 122 of contamination
v possidle. Hieretore, the distiffation process should be used to clean the solvents during the
cicaning operations. One of the disadvantages of hydrocarbons is that they exhibit slower drying times
than halogenated solvents. To solve this problem, the PCBs are normally vacuum dried. This would
climinate the need for any water rinse and simplify any waste treatment operations.
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T'he new pnnciples presently developed are based on waterless cleaning with A3 cleaners in a closed
single chamber utilizing the advantages of the old techniques, like vapor degreasing and ultrasonics.
A vapor consisting of A3 cleaning agent is nommally produced at approximately 80°C in a vacuum still
and then is pumped into the treatment chamber. The vapor condenses on the components to he
cleaned and removes all adhering contaminants, such as flux residues, oil, grease, emulsion and dust.
Precleaning can be undertaken by means ot high-pressure spraying or immersion. The rotation of the
basket with components may be required as well as ultrascnic agitation. After the completion of
vapor rinsing the parts are then to be vacuwin dried. The A3 cleaning agent can be continuously
regenerated by means of distillation and recirculation in the same equipment. The contaminants
dissolved by the cleaning agent are collecteu in the vacuum still and can be easily disposed of without
any waste treatment. The following cleanire agents can be easily adopted for use: PX16S from Dow
Chemicals, Axarel from Petroferm, Prozc . trom BP, Purasolv from Purac, Zestron from Dr. Wack,
Careclean from Castrol and others.

No-clean technologies with or without nitrogen atmosphere, using low solid fluxes are waining
'mportance and the quality is weli . .eeived for wide range of applications. This is one of the very cost
effective technologies available and widely used by industry. For high quality requirements use of low
solid fiuxes followed by semi-aqueous cleaning would be an effective altemative.

Technology and equipment selection

ERL-Bangalore will phase out the use ot CFC-113 (trichlorotrifluoroethane) and methyl chlorotorm
(1,1.1-trnchloroethane) in the tlux removal trom the tuner assemblies, cleaning of the potting systems
and precision clearing of the flyback transformer components in the flyback transformer

manufacturing division by medifiing therr nrocesses, as shos o holars Ta Exhibin o

Exhibit 6. Selection of Aternate Technology

fxisting Proposed Method

,r Process
i

Electronic Tuner Unit

I Cleamng of
rame

ip cleanng using
Y1 b enchloroethane

Frvironmentally compatible
cleamng system with A3 -

sronp oy

Fully automatic cleaning
machine with ultrasomes
wpor omsing, 8 oemem Jdnens
mdolvent distatien

2oCleanmmg ol s

Laip cleaming using
P Eschloraethane

No-cleaning

Changing the process by
switching over to no-clean
technology

T Cleanmng of
Tuner  \ssembly

{hp cleaning using
111 tnchlorecthine

No-cleaning

Appheaton of no~clean tley,
conversion to no<clean
oldenng processes

iy back Fransformer U it

ICleaimyg of conl
s

Ui ubrasonte
machme and CHFC-13

Environmentally compathle
cleaning system with A3-
aroup flunds

Fully automatic cleaning
machine with ultrasonic,
vapor nnsing, vacuum Jrying
and solvent disullation
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2. Cleaning of {trasonic cleaning A3-group solvent cleanmy Cleaning machme with
ceramic substrate | using 1,1,1- ultrasonic, vapoc finsing,
trichlorocthane vacuum drymng and solvent
distillation
3. Clcaning of Dip cleaning, usig A3-group solvent cleaning Cleaning machme with
terminal board 1.1, 1-tnchlomethane ultrasonic, vapor rinsing,
vacuum drying and sulvent
distillation
4. Cleaning of Cleaning using flushing | Cleaning wang dibasic esters | Modification of potting system
potting systems devicesand 1,1,1- to adopt water basad solvent
tnchlorocthane and treating thes solvent prior
to disposal

Operators and maintenance persennel will be trained in the proper operation and maintenance of the
new equipment.Personnel will also be trained to appraise important process changes in the cleaning
effectiveness of the new processes.

ERL has special units for potting components with epoxy resins (2 for FBT & 1 for FR).These units
require cleaning after each operation.For the flylback transformer and focus resistor, it is proposed
to change to an eco-friendly solvent (hydrocarbons) to mantain current cleaning standards. It is
proposed to modify the existing potting systems for both FBT and FR to permit the use of a
hydrocarbon cleaning solvent.

cor the wirers, it is progused 1o avord the pasi cieaning practices by using no-clean flux. It is also
proposed to replace the existing soldering machine with 2 new machine which can use the low-solid
tlux. The cleaning of the tuner assemblies will not be required.

In addition to the potting plants, ERL has the four cleaning stations. One is for ceramic substrate
using ultrasonic cleaning and employing 1,1, 1-tnchloroethane. The second station is used for cleaning
of the terminal boards by dip cleaning. The third one is used for cleaning coil assemblies in ultrasonic
cleaning, and the fourth one is used for cleaning the trames of the electronic tuners.

“When rosin fluxes are used at ERL-Bancalore, cleaning with hvdrocarbons/surfactants or with
saponifiers or mixed hydrocarbons is an effective choice. The alternative technology will be high-
pressure spraying with subsequent vapor rinsing under vacuum and vacuum drying. Considering the
cleaning requirements of the company, a selection has been made in favor of this alternative
technology. The production capacities at this company does not require any in-line cleaning machines.
Batch operation immersion type ultrasonic degreasers will be a good solution. The technology
selected does not require water and in addition the quantity of the cleaning solvent used (closed
chamber with distilfation of cleaner) is verv low The proposed rew cleaning machine uses an
cnironmentaily compatible cleaning concept, whereby Alil luid is utilized for all the three cleaning
processes




India: ERU-Bangalore Sotvent Cleaning 13

Site preparation and installation of machinery

The project includes funding to prepare the sites for the equipment installation. This funding is for
electrical supply and plumbing to ensure safe installation of the equipment. The modifications are
necessary to the cleaning areas and to the soldering area for introduction of new systems. Technical
staff of the equipment manufacturers or their agents in India will help the installation work.

Operator Training

Operators and maintenance personnel will be trained in the proper operation and maintenance of the
new equipment. Personnel will also be trained to appaise and modify important process changes in
the cleaning ctfectiveness of the semi-aqueous cleaning systems. The training programme will be
designed by C-MET in cooperation with the equipment manufacturer and ERL, Bangalore.

S. Project Costs

The project costs refers to all costs, including incremental recurring costs. The costs of utilities and
solvents may differ between project to piojects in the country. Exhibit 7 indicates the :otal project
cost of US $ 456,542 Because there are no non-ODS investment costs associated with this project,
the total project cost equals the ODS reduction portion of the overall project. The total project
incremental cost of US $ 456,542 was calculated as the economic capital cost (US $ 709,5C0) minus
the net incremental operating savings tor 4 years discounted at 10%5 (U'S § 252 958).

Capital Investment Cost

Soosivedt b anex b e total ivestment cost s US 3 436,342, The major components of this cost
include the purchase and installation of four hydrocarbon cleaning machines (US $ 360,000) for the
replacement of the existing systems and a no-clean soldering machine (US $100,000).

Incremental Operating Costs/savings

If the project was not undertaken, the annual operating cost, exclusive of tax, would be US $
255,020. If the project is implemented the annual operating cost will be US $ 174,520 resulting in
an annual incremental operating savings of US $ 80,050. Given an equipment lifetime of 10 years
and a discount rate of 10 per cent, the net present value of the first four years cf incremental
;perating savings 1s US $ 232 958 .\ more detai'ed breakdown of operating savings is provided at
Annex i1.

Revenues

This project will not provide £ RI.-Bangalore with any incremental revenues

Local Ownership Ratio

Since the total project incremental cost should be muitiplied by the traction of local ownership to
determine the proposed grant amount, total proposed multilateral fund financing is equal to total
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project incremental cost, 1., US $ 456,512,

Contingencies

A 10 percent contingency has been provided on the overall cost of the project.

Exhibit 7. Breakdown of total project costs

Description of cost 10 year period, US $ First four years, US §
Investment (capital) costs 709,500 709,500

NPV of incremental operating 491 827 252958

(savings)

NPC of incrementai eperating 0 0

revenues

Fon costs 217,672 436,542

Unit Abatement Cost (UAC)

-\s sho'wn in Annex 3, the UAC tor this projert is US $ 2.0 per ODP weighied kilogram of ODS
phased-out per year. This number is derived from an annualized incremental cost of capital of US $
115 436, tirst vear incremental annual operating <avings of US $8 0.050 and phasing-out of 53.5
s T 2 0DPeveighied) of ODS per year.

Proposed MF Grant

The proposed MF grant for the project is US $ 459,542 was calculated as follows: First the total
investment cost of US $709,500 was deducted from the net present value of the incremental
operating cost over the first four years of the project, which is US $ 252,958. This sum was then
multiplied by the 100 per cent Indian ownership ratio of ERL-Bangalore to yield the same grant

imount of 'S $ $56.512.

xhibit 3. MF Grant Calculation

Total investment cost ,\US §

years, US 3
Project preparation costs, US S

Proposed MF grant, US $

Incremental operating savings over the first four

702,500

352,958

)

456,542
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Financing Plan

MF funding is a grant and is limited to the capital and incremental costs as calculated above. Any
costs not covered by the MF funding as calculated above must be financed by other sources.

6. Project Implementation
Management

The project will be carried out at ERL-Bangalore in cooperation with C-MET National Consultant.
UNIDO will also provide technical assistance to the project during the implementation.

Procurement
Project procurement will comply with the UNIDO procurement procedures.
Disbursements

Fund disbursements will comply with UNIDO financial procedures. The schedule for disbursements
will be decided upon at the beginning of project implementation.

Audits

Cencerming auditing, LNIDO project evaluation aind iesiow grocedures and project iinancial
management data will be used.

Required regulatory actions

No regulatory actions, other than routine permitting, are required to implement this project. Under
the existing agreement with the UNIDO/World Bank, equipment and machinery imported as part of
this project will be exempted from import duties levied by the Government of India.

Direct Project Impacts
The project will eliminate annually 58.50 MT of ODS (17 32 MT ODP weighted) at the ERL factory.
Indirect Project Impacts

As far as the indirect etfect such as the transfer of technology to other enterpnises in following
projects is concerned, this project will have a large impact. The project design has been made to
maximise this impact. Particularly, the involvement of C-MET of DOE will ensure the successtul
repetition of phasing-out projects in the Indian electronics industry. Otherwise, assuming a successful
transition to the new cleaning processes at ERL-Bangalore, the quality and performance of
ERL-Bangalore products will remain unchanged.
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Exhibit 9. Schedule of activities (Project Roadmap)

ERL

Actlvity Description Respoasible Timing
1. Make a detailed work plan C-MET, ERL, 1Q
UNIDO
2. Prepare technical Discuss cleaning technology and C-MET.ERL, 1Q
specifications for equipment equipment specifications with UNIDO
procurement manufactures
3. Carry out refiability and Evaluate the effectiveness of the C-MET. ERL 1Q
materials compatibility tests | s Ferent non-ODS cleaning techniques
4. Commeercial negotations Hold commercial negoliations basedon | UNIDO 2Q
the technologies selected
5. Prepare of the site and Engineering design of facilities (water, ERL 3Q
facilities clectnicity, and gas ),piping and civil
chgineering, coastruction
6. Preparation/procurement of | Procure or make in-house the locally ERL 3Q
tocal equipment and supplied equipment and machinery
machinery
7. Installation and C-MET, ERL 10
commisstoning of cquipment.
cceptance tosts
3. Start utilising new cleaning ERL 10
processes
4 Aaiute B¢ projedt UNIDO, C-MET, 5Q
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Annex 1. Breakdown of investment (capital) costs

. | . . Unit cost Total cost
Description of cost item Unit Us s Qy uUss

I | Project monitoring missions m/w 5,000 1 5,000

1.1 | Matenal compatibility, process development, m/w 4001 20 10,000

equipment selection and reliability testing (local),
expences relating to sending samples to
manufactures, analysis of the results

2 | Equipment

2.1 | No-clean soldering machine using no-clean flux each | 100,000 1{ 100,000

2.2 | Modification of three potting systems to use a new each | 100,000 1{ 100,000
solvent (dibasic esters) for flushing pipings of potting
machines

2.3 | Cleaning machine with vapor rinsing , vacuum drying | erach | 90,000} 4] 360,000
and solvent distillation for cleaning ceramic
substrate, terminal board,coil assembly and frame

2.4 | Purchase of PCB preparation jigs and accessorics each | 30,000 I 30,000
including carriers to eliminate present jigs

2.5 | Installation costs (electrical, piping,etc.) each 20,000 1 20,000
E Miscellaneous !
. 5.1 | Transportation: shipping and insurance set 20,000 1 20,000
3.2 | Contingencies 10% 64,500

TOTAL INVESTMENT COSTS 709,500
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Annex 2. Breakdown of incremental operating costs/savings

Unit Pre-groject Oost-project
Description of cost item Unit cost, Qty total cost. *ctal cost,
uss uss uss
A. | Solvent/media costs per year
A1 | CFC-113Methanol kg 4.520 15,000 67,800 4]
A2 | MCF kg 3500 ] 43,500 152,25G 0
Al | RMA flux L 4.000 2,000 8,000
A4 | Low solid flux from Interflux, USA L 20.000 2,000 40,000
A5 | New solvent PX 16S (total solvent kg 8.000 12,000 96,000
capacity -150 kg loading + 500 kg/yr-
vapor loss + 300 kg/yr-distillation loss +
replacement- 2.0 MT=3.0 MT per a
cleaning system), 4 machines-:2. MT/yr
A6 | New solvent for flushing/ cleaning of kg 1.300 9,000 12,000
piping of the potting machines
Sub-total 228,050 148,000
B. | Electricty costs per year
Bt | Curment cleaning systems (78 kW/day, kWh 0.050 | 23,400 1,170 0
300 days/year, 1 shifts)
83 | Old soldering machine (15 kWh) kWh 0.050 35,000 1,890
B4 | New soldering machine (30 kW/hj, 1 shit | kWh 0.050 72,000 0 3.600
! 35 | New A3 hydrocarton cleaning systems “Wh 7080 1 124 ¢CO 3.720
' (14 kwh, t shift, 4 machines)
Sub-total 2,970 10,320
Labor costs
C1 | Labour costs (grecesses using CDSs), = wim 400 30 24.0C0 ]
op=-ators
C2 | Labour costs (non-ODS processes),4 wim 400 48 19.200
operators
! Sub-total 24.6CO 19.200
TOTAL PRE-PROJECT COSTS/YEAR 255,020
TOTAL POST-PROJECT COSTS/YEAR 174,520
TOTAL INCREMENTAL SAVINGS,YEAR (30,050)
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Annex 3. Calculation of unit abatement cost

iy 0ODS phase-out

[_A1 Annual consumption CFC-113 based solvent MT 15.00
A2 | ODP of CFC-113 0.82
A3 ODP-weighted CFC-113 phase out (A1°A2) MT 12.30
A4 1 Annual consumption of 1,1, 1-trichloroethane MT 43.50
AS | ODP of MCF 0.12
A6 | ODP-weighted MCF phase-out (A5*A6) MT 522
A7 | Total ODP-weighted phase-out 17.52
3 Annualized capital cost
B1 Taotal :nvestment cost from Annex 1 uss 709,500
Bz Equipment life Year 10
B3 | Discount rate % 10
B4 | Annualized capital cost (B1°0.1627) UsS 115435
C. Annual incremental operating savings from Annex 2 Uss$ (80.050)
D. Unit abatement ccost
D1 | Annualized capital cost per kg ODS phased out USSkg 5:8
72 0 Cnonualincramantal oparadryg savings er < SC3 cnas2d ot 23313 437

‘3 (C/A7*1000)

| D2 | Unit abatement cost (D1+D2) USS/kg 2.00
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MINISTRY




PROJECT SUMMARY

This project will phase out the use of methyl
chloroform in the flux removal, and precision cleaning
operations at the Bangalore Factory of Indian Telephone

Industries Ltd. (ITI).

The phasing out of ozone depleting substances (ODSs)
will be accomplished by replacing the currently used
solvent-based cleaning methods with water-based
processes,i.e. batch semi agqueous process for flux

removal and no clean technologies using LS Fluxes.

The project will employ commercially available
technologies. Previous country studies and the Country
Programme prepared during 1992 have identified the

sector as a high priority area.




CHAPTER = 1
PROJECTY OBJECTIVE:

The objective of this project is to phase out the use of
methyl chloroform (MCF) in elaectronics cleaning operatioms. The
processes in which ODSs are utilized, will be replaced with
aqueous cleaning processes and nc clean technologies. In addition
to this Halon Cylinders containing halons 1301and 1211 would be
replaced with ABC powders.

India became a signatory to Montreal Protocol in 1992 and as
a part of subsequent exercise, a Country Programme document was
prepared by the Government. This document has assessed the Ozone
Depleting Substance (ODS) consumption by various factories in the
country and on the basis of this, has worked out detailed
activities under this Programme. Electronics is one of the major
sectors consuming large quantities of Ozone Depleting Substance.
Before finalising the Country Programme report, a sectoral report
was also worked out in consultation with the industry - users and
manufacturers of ODS substances which has formed the basis for
Country Programme preparation.

BElectronics industry has a special feature that its
significant production is distributed in small and medium scale
industry and it is spread over throughout the country. The
discussion was then started for implementation of the programme
and as a test case in the first instance, it has been realised
that there would be individual projects for larger consumers and
for smaller consumers a cluster type of approach could be taken
up. One of the major recommendations provided in the document
was to involve a nodal agency to assist the industry by
increasing awareness and helping them in preparation of projects
for ODS phase-out. This activity is being looked after by Centre
for Materials for Electronics Technology (C-MET) of Department of
Electronics

subsequent to the finalisation of India Country Programme,
and taking into comnsideration the structure and distribution of
Indian electronics industries and lack of awvareness, UNIDO took
initiative and formulated a programme under which a few solvent
phase out proposals can be worked out with the help of a national
consultant and approached Multilateral Fund for financial
assistance and finalised a project proposal for the preparation
of four projects aiming at ODS phase-out by electronics
industries. Considering the expertise and the infrastructure
available at the Centre for Materials for Electronics Technology
(C-MET) /Department of Electronics (DOE), Ministry of Environment
& Forests as also UNIDO approved C-MET as the National Consultant
in this project. As a result UNIDO appointed C-MET as a National
Consultant to work on this project for solvent sector.

A brief background of the focal point (C-MET) is given
below:

The Centre for Materials for Blectronics Technology (C-MET)
is operating as a registered scientific society under the
Department of Electronics, Government of 1India with the main
objective to establish technology strength in Electronics




materials for the present and future industrial requirements.
C-MET has been operating in a project mode for both short and
long duration projects and a very few of longer duration
projects. During the last four years of its existence, C-MET has
already achieved the following:

(i) Has been operating in innovation/diffusion interface segment
of the "invention - innovation and Qdiffusion chain" of
industrial R&D.

(ii) Has established the formal and informal 1linkages with all
stake-holders, i.e., R&D user industry and manufacturing
industry. It has also signed several technology transfer
and collaboration agreements with R&D institutions.

(iii)Has undertaken several projects with financial participatiorn
from industry. Already C-MET has successfully completed a
few such projects which have given significant econoric
benefits to then.

(iv) Has established itself as an organisation with effective and
efficient management for undertaking projects, completing
the tasks and transfer the technology to industry. It has
also developed a system engineering and networking
capability to deliver acceptable products with optimum
resources.

(v) The "Solvent Sector" report for India Country Programme for
ODS phase out was prepared under the leadership of Dr.f£.G.
Patil, Sr.Director, Department of Electronics and Executive
Director, C-MET.

(vi) Participated in the formulation of project for ODS phase out
with ODS free technology for Indian Telephone Industries
Ltd., Bangalore.

This is the second project formulated by C-MET /DOE in the
solvent-based electronics cleaning sector in India. Considering
the structure of the Indian electronics industry and required
steps to phase out ODSs in electronics cleaning, it is expected
that this project will additionally identify and strengthen a
focal point which will

* Help to increase avareness in the selected electronics
industries regarding need for phasing out ODSs and, for
this purpose, collect and compile technical and
technclogical information.

. Generate information and provide technical support
regarding problems associated with phasing out of ODSs
by the electronics industry, which include process
development, materials compatibilfty testing, cost-
effectiveness analysis, technology selection ana
drawing up of equipment specifications.

. Accumulate adequate problem solving know-how during the
implementation phase of this project so that the

projects of a similar nature can be implemented in
other 1locations.




rh0~;ctivitics to be carried out at focal point level are
descridbed in the following Exhibit - 1.

EXHIBIT = X
PHASING OUT OF ODSs IN INDIAN ELECTYRONICS INDUSTRY

The role of a focal point of know-how

[= =-===\
| Phasing out oODSs |
\ | /
[m==—emereemcc e \
| Technological data base |
\“""""‘i """"""""" /
[====mmemmmrcc e \
| Awareness in the sector |
ettt Dty /
|
[==== e e St \
; | |
Large enterprise | Small-to-medium enterprise|
""""""""""" / i ittt bttt

Reliability testing*
Process developments#
Technology selection#
Equipment selection#
S8ite preparpation
Installation

- Operator training

- ODS-free cleaning

Reliability testings
Process development#
Technology selection#
Equipment selectiont#
Site preparation
Installation
Operator training
oDs-free cleaning

Note: Generally, the activities indicated against * require
technical assistance and will be carried out by the focal point
of the sector.




CHAPTER - 2
BECTOR BACEGROUND

The solvents sector is the largest user of ozone depleting
substances (ODSs) in India. The size of consumption has been
investigated in a number of studies. According to India Country
Programme: August 1993, the total consumption of ODS in the
country by 1991 was 10,370 tonnes egquivalent to 13,111 tonnes
ODP. Out of which, the solvent sector consumed 100 MT of CFC-12,
300 MT of CFC-113, 4,000 MT of carbontetrachloride and 550 MT of
i,1,1-trichloroethane (MCF), i.e. a total of 4,876 MT of ODP
(ozone depletion potential)-weighted consumption, that is 36.¢
per cent of total ODP-weighted consumption in India. The total
ODS consumption as solvent in India in 1991 is given at Table-1.

Table-1
OoDS ¥MT ODP Equivalent
¥T
Electronics CFC-113 150 120
CTC 80 8¢
MCF 30 3
Textile cleaning CIC 600 660
Pharmaceuticals CTC 10€C 11¢€¢
Pesticides CTC 800 - 880
Rubber industry CTC 320 352
Chemicals & Laboratory CTC 70 77
MCF Y] 5
Sterlization CFC-113 10 8
CFC-12 100 100
Metal and precision CFC-113 130 104
cleaning MCF 40 4
Miscellaneous uses CFC-113 10 8
CTC 1070 1177
MCF 430 42
Subtotal CFC-12 100 100
CFC~-113 300 240
CcTC 4000 4400
MCF 550 13-4

ODS consumption in the solvents industry is split between
elcctronics, metal clearing and other processes such as textiles,
pharmaceuticals, pesticides, chlorinated rubber, etc. Cleaning
processes used in the electronics industry consumed in 1992, 150
MT CFC-113, 75 MT CTC and 30 MT of MFC and included flux removal




(printed circuit cards and hydbrid circuits), semiconducto:x
manufacturing, microelectronic component cleaning, metal anad
plastic part cleaning and photoresist development and stripping.
The use of ODSs in electronics cleaning in India has Dbeen
increasing as a result of the development of the electronics
industry.

ODS consumption in India: As per the India Country Programme the
ODS & ODP figures for the year 1991 and unconstrained scenario by
2010 is given in the following Table-2, Exhibit-2 and Table-3,
respectively.

Table-2
1991 Consumption
Types of All Sectors Solvents
ODS = |-==-ee-|mmmmrccmrcc e
Actual ODP-Weighted| Actuzl ODP-Weighted
MT -—- -- 2o I B
MT  ; MT X

CFC-11 1900 1900 14.4 0 0 0.0
CFC-12 2850 2850 21.6€ 100 100 2.1
CFC-113 320 342 2.6 300 321 6.6
Sub-total 5070 5092 3ge.€ 1 400 421 £€.7
Balon-1211 $50 1650 12.5 0 0 0.0
Halon-1301 200 2000 15.1 0 0 0.0
Sub-total 750 3650 27.6 0 (4] 0.0

CTC 4000 4400 33.3 4000 4400 90.2

MCF 550 66 0.5 550 55 1.1

TOTAL 10370 13208 100.0 4950 4876 ~—=4160.0
Sectoral

Distribution
Aerosols 1100 1100 8.3
Foams 1580 1580 12.0
Refrigeration 1990 1990 15.1
Bolvents 4950 4876 36.9
Halons 750 3662 27.7
TOTAL 10370 13208 100.0
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ENTERPRIEE BACKGROUN.

Indian Telephone industries Ltd. (ITI) is a 100% Government
of India owvned company incorporated in 1948. ITI has six units
all over India and manufactures the entire range of
telecommunication equipment and accessories such as telephones,
switching, transmissicn, satellite and fibre optic equipments,
etc. Annual production of ITI exceeds Indian Rs.14 billions
(about Us § 494 million).

ITI-Bangalore complex is one of the largest units of ITI
employing a work force of around 13,000. The investment in the
Bangalore complex as on 1994 was Rs.1037 million including model
plant. The major producticn of ITI-Bangalore ranges ir siy
categories such as:

i) Transmission System Division
ii) Electronic Switching Division
iii) SATCOM Division

iv) Defence Production

v) Telephones

vi) Control Systems

BElectronic switching equipments manufactured by ITI-
Bangalore are based on indigenous technology developed inhouse.
The exchanges manufactured include XD-9¢, MILT, ILT~512, JIL? Mcr}
II and KILT-64 using non-conventional source of energy.

Transmission equipments production started by ITI-Bangalore
way back in 1950. The main products include DAMA for DOT, 140 ME
digital mux, digital microwave system, ADPCM transcoder, IDR
modems and digitial distribution frame.

Under new products category, the manufacturing activity
include electronic switching equipments in addition to strowger
spares. Subscriber line cards (XFPJ) required for E10B exchanges
are also manufactured as well as RLUS for E10B exchanges and C-
DOT 512 exchanges.

A wide variety of telephones are being manufactured by ITI-
Bangalore. The product-mix include Eleccronic 8witching Push
Button Telephones (EPBT), Executive Secretary Systems (ESS-89)
and electronic pulse/tone switchable telephone EPT-90. In
addition, the manufacturing activity also includes head gear sets
for various applications. ILT-512/2K also developed inhouse,
medivm size digital switch of 2000 lines capacity unexpandable in
steps ¢f 8 subscriber lines and 4 trunk lines, employing TDM-PCM
techniqucs. 128-RAX is 128 port digital rural automatic exchange
of C-DOT technology specially designed to meet the requiremerts
of rural networks. MILT-64 is a small sjize digital switch of
inhouse design to cater to 56 subscribers and 8 trunks.

Transmission equipment covers a range of applications such
as fibre optic, digital mux, digital microwave (6-13 GHz), 30
channel digital UHF and MARR.




Under the category of subscriber end equipment, the items of
manufacture include switchable telephones, cordless and magneto.

Defence eguipment include subscriber apparatus and
transmission equipments.

In order to cater to the needs of communication equipments
of bulk users such as railways, and electricity boards, the
manufacturing activity on data switching activity is alsc covered
by ITI.

The manufacturing division of ITI, Bangalore are shown ir
Exhibit - 3 below alongwith the broad product-mix.

Exhibit - 3 Manufacturing Divisions of ITI, Bangalore

/ \
|Managing Director|
\- /
i | i i i ?

/ \/ -\/ \ \ / \/ \
Trans- Electronic SATCOM Control Defence IIelephonesl
mission Switching Div. Systems Produc- \mm—m————— /
System Division \romm——— / |Division tion Div.

O / I\ /
\------- / I | l !
* DAMA * XD-90 * SATCOM * MARR Systems * Subscri-~ * EPBT
* 140 MB  * MILT Eqpt. * UHF/VHF sys- ber * EPT-90
Digital * ILT-512 * LCT texs apparatus* ESE-89
MUX * ILT Mark * LNA * O/wW Carrier & Eqpt. * Special

* Digital 1I Eqpt. iteas
Microwave* MILT-64 * Pibre optic for Mines
Systems * Strowger spares Eqpt. & Navy

* ADPCM * Electronic
Trans- Switching Equpt.
coder * Line Cards for

* IDR E10B exchange

modens * RLUS for E10B exch.
* Digital & C-DOT 512 exch.
distribu-* communication equpt.
tion frame for bulk users
* SPC Telex
* ITEX 75

The capacity of individual products in the divisions is
indicated below.

I. Blectronic Switching: 1800 cards/day

a) Electronic switching
b) New Products

c) BPC Telexes

d) Model Plant
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Txansaissjon

a) Transmission
b) PCM
c) Muitiplexing Voicefrequency Terminal

Defence Production

a)Defence equipments 4000 Nos/year

Telephones
Telephone instruments 500,000 Nos/year

SATCONM

a) LCT/SDCPC/CCE/SBRIN 610 terminals/
year

b) LNA 40 Nos/yeazar

c) HPA 1050 Nos/year

VI. CONTROL SYSTEME

The Transmission division of ITI-Bangalore has a product-mix
of various transmission equipments and assemblies such as
microvave systems, co-axial 1line equipments, multiplexing
equipments, channels (Bays), etc. It has a production capacity
of 800 T/Rs microwave radio equipments, 2000 rout km co-axial
line equipments, 5000 terminals, multiplexing egquipments, 35¢
Nos. interstice equipments and 250 Bays VFT channels, etc. The
Electronic Switching Division is manufacturing different kind of
switching assemblies including manufacture of sub-racks, racks
and rack assemblies, Bay assemblies, automatic exchange
assemblies, etc. In addition, this division is also capable of
manufacturing spares (Strowger), line cards for E10B exchanges,
RLUS, telexes, etc. The electronic switching activity is managed
by separate sub-divisions, i.e., electronic switching division,
nev products division and S8PC telexes. The capacity of
electronic switching division and new products division is of the
order of S lakh lines per year whereas SPC telexes is capable of
producing 12,000 eguivalent lines per year based on two shifts
per day. SATCOM Division of ITI-Bangalore is dedicated for the
manufacture of satellite communication equipments such as LCT and
LNA. Th2 manufacturing capacity for LCT and LNA is of the order
of 60 terminals and 40 Nos per year, respectively. The Control
S8ystem division of ITI-Bangalore has a product-mix of MARR
systems (100 Nos), UHF/VHF sy:tems (2900 terminals), OYW carrier
equipment (2000 terminals), fibre optic equipments 5000
terminals). The requirement of defence in terms of subscribder
apparatus and transmission equipment is manufactured under
Defence Equipment division and has a capacity of 4000 Nos per
year for ADM channels. Production of telephone equipment is one
of tke major activity of ITI-Bangalore wherein an installed
capacity of 5 lakh telephone instruments has been created. The
telephone instruments manufactured by this Division include EPBT,
EPT-90m ESC-89and special items for mines and navy.
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The PCB Division of ITI-Bangalore has already switched over
from solvent processable process to aquecus processable process
and, therefore, is not using any CFCs or ozone dspleting
substances in the PCB manufacture. The use of ODS solvent at
ITI-Bangalore in various operations is presented in the following
tables that is Exhibits 4 and 5.

India became a party to the Vienna Convention on June 19,
1991 and the Montreal Protocol on substances that depleted the
ozone layer on September 17, 1992. In the protocol, the emphasis
wvas given to the restricted use and manufacture of ODS substances
vhich depletes the ozone layer. Subsequently, it was proposed to
phase-out all ogzone depleting substances by the Member-countries.
It was also highlighted to meet the financial requirement of the
developing countries fcr ODS phase-out by providing financial
assistance by multi-lateral funds. Keeping in mind that the
rinancial assistance would now be available as India has signed
the Protocol, while Country Programme report preparation was on,
parallely, ITI took imitiative to phase-out the ozone depleting
substances in a phased manner. As a result, during 1992 and in
their model plant, the CFC (1,1,1 trichlorcethane) cleaning was
replaced with aqueous cleaning by installation of Holi’s model
Holi clean 16 polypropylene aqueous system using aqueous metals.
The system costed a total of Rs.30 lakhs. In addition, as a
trial to start with in the new products division, ultrasonic flux
unit using no clean fluxes was introduced in Scho model 8000
recently in 1994. The cost of the Spray model was of the order
of US $ 20,600. The cost of both these units has been taken into
account in this proposal as it was presumed that the phase-out
cost would be reimbursable in total.
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Exhibit - & oD8 solvent - Cost of ITI. Bapngalore

|[pivision/Purpose | Amount | Unit Price | Annual | ODP weighted |
| | misve. | uss | Cost US $] smount WT/year|
Joees e Joeeesees R |-eee e Jesseeaneneees !
1. Electronic Switch- ] | } | |
| ing/flux removatl i I | | |
| @) Electronic Swi- | | 8 8/titre | | !
| tching: 1,1,%- | } or | | |
| trichloroethane | | s813kg | | I
| (CH3CCL3, WCF) | ] | | |
J--meemne e |-omeeeeee J-osremeeneaneee f-oeeeee oo |
| b) New Products: | | s 8/1.3 kg | i .
| 1,1,1-trichloro- | | | ] |
| ethane (CH3CCL3,NCF) | | | | |
R Jooeee e R |- oeeeeeees R |
| ©) SPC Telexes: | | $81.3%kg | i |
i 1,1,1-trichlorc- | | | i i
| ethane (CH3CC{3,MCF) | | | | |
e Jooeeeeeee |-omeerenenene R R |
| d) model Plant:1,1,1- | | $8/1.3kg | I |
i trichloroethane | | | | |
| (CH3CCE3, mCF) i | | | |
|--eneeee e J-eeeeeees R R [-oeeeeees oo !
[11. TRANSMISSION/ | i i | i
| Flux Removal | | | | I
J-reemnaeee e Jo-eeees [-oeoeeeeneenas oo R |
| ) Transmission:1,1,1 i | $u1.3ks | | ]
| trichloroethant ] ! ! | !
| (Cu3CcCi3, MCF) | ] } i i
J-oeenennen s |-oeeeeee R |--eeeeeee |-oeeeneeneees |
| b) PCM:1,1,9-trichioro- | 1.80 | s 8/1.3 kg | | |
! ethane (CH3CCL3, MCF) | ] | | |
Joomeemee e [ooneeenes R |-=eeeeeee oo !
| €) multiplexing:1,1,1 | | $8/1.3kg | i ]
I trichloroethane | | | | ]
| (CH3CCL3, MCF) | i ] | i
|-omemeenenee e |o-eeeeee f--momeeeaeeanes f-oeeeeeees foooeeeeenees |
|111.Defence Production | | s8/13kg | ] |
| flux removal ] | | | |
i 1,1,1-trichiorcethane | ] J i |
| (CH3CCI3, NWCF) | ] | | i
Joeeemene e |-eeeeeeee J-eoeeeeeeaee [oemeeeeee [=eeemee e |
J1V. Telephones/flux | | $8/13 kg | ] |
| removal 1,1,1-trichio-| I I | |
|  roethane (CH3CCI3,MCF)| | | | |
Jooeeeen e J--ee oo Joeeeeneneeneas J-oeeeeeeee fooeenaneaeannes I
Jv. SATCOM/flux removal ] | $8/1.3%kg | | |
] 1,1,1-trichloro- | | | i |
| ethane (CK3CCI3, wCF) | | ] | |
|omenoeen |-ooeeeees |ooeeeeneeennes jooeeeeees |-oeeeeeeeeees |
|Vi. Fire Fighting | | | | |
] Halon 1301 | 60 kgs |$ 100/cylinder | | |
i Halon 1211 |760 kgs |$ 100/cylinder | | ]
RIS |-eeeeees |-roeereeneeaes |--eeeeees Jooeeeeeenanens n
| Totsl consumption of MCF |17,420 kg|$ 8/1.30kg Is$ 1,07,200]| ]
| I ! | I I
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Exbibit - 3 QDS Solyent ¥sing Eguippent at IVI. Bensalore

|Activity jproduction | Purpose Equipment | Year of | cost (Rs. |
| jCopacity | | Purchase | million 8)|
e R ] T TET) EEDRI [ !

1. Electronic |
1 switching |
| |

solder fluxes
from populsted
PCBs

ing | machine compatible
with SENO Model

No.8040C

|
|

| i | |

i 1 1 1 i

| | | | |

| | | | |
|#) Etectronic 200,000 | Cleaning of | 1.1,1 tri- | 1990 I - ]
| Switching |lines/ | solder fluxes | chioroethsne | | |
| jyr or | trom populated | clesning machine | | |
I | pces. | supplied by | | |
| |cords/dey | | W/s Kansgawe | | |
| /8 nrs | | | | |
| | | | | | |
|b) New Pro- j300,000 | Cteaning of | Compatible with | 1990 | - |
| ducts ¢ [tines/yr | solder fluxes | KOKI using 1,1,1 | ] |
| SPC telexes |or | from poputated | trichloroethane | | i
| feeene.. | pces | as sotvent. | | i
| |cards/day | | ultrasonic spray | ] |
| |78 hrs | | ftux unit has | | i
| | | | now been | | |
| | | | installed.Syster | | |
| | | | compatible with | | l
J i ] | SEHO Modei 8000. | | i
| | } | ¢cost of the | ! |
| i | | model is DM | | i
| | | | 25124/-.0nly hand | | |
] | i | cteaning is nee | !
| | | | practised for ] | i
| ! | | final cleaning. | | i
I | ] | I | !
|€) Model | | Cleaning of | Holi clean 16 | 1992 | $ 22,235 |
| Plant | | sotder fluxes | polypropylene | ] ]
[ | from populated | squeous system i | |
J11.Iransmission] | | ] | |
I I | | | | |
|8) Transmi- }30,000 | Cleaning of | Attached to | 1990 | - |
| ssion sq.m. | solder fluxes | Kristen Jet | | I
| {Solder/ | from popuisted | Immersion bath } ] |
| |cleaning | PCBs | followed by herd | | |
| |area or | | cleaning with | | |
| | ] ] 1.1, 1, trichioro- | | |
| Jesrds/day | | ethane | | |
| I | | | | |
|b) Pcm (30,900 | Cleaning of | Kerry cleaning | 1987 | - |
| |sq.m. | solder fiuxes | machine compati- | | |
i |solder/ | from populsted | ble with SENO | | |
| jeleaning | pcBs | model No.B00O | | |
I jarea or | | | | I
| leeeeeee ] | | | |
| jcerds/dey | | | | ]
I I | I I I |
Je) Multiplex- |5,000 sqn | Cleaning of | Kerry cleaning | 1987 | - ]
| I | I | I
I | I | | |
| | | | | I
| I I | I |
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LC1/sCpcy/
CCE and
LMA, HPA

V1. Control

|
|
|
|
|
|
|
I
J1v
I
|
I
|
|
|
I
|
|
|
|
|
|
I
|
|
v.
|
I
I
I
I
i
|
I
|
|  Systems
|

I

|

|

I

j400,000
jdos
[(2 tines)

j60ic
|Terminals
[100 Nos

|sotder
|erea
|30,000 L/
|br

|

|

|

Cleaning of
solder fluxes |
from populated |
PCBs

Cleaning of
fluxes from
populsted
PCBs

Cleaninc cf
fluxes from
populated
PCEBs

Cleaning of
solder fluxes
from populated
PCBs

| Econopsk cleaning |

sschine used with |
Electrovert solder|

unit. Solvent is
1,1,1 trichloro-
ethane.

a) Attached to
Soldamatic
Immersion tanks
followed by hand
cleaning with
1,1,1 trichloro-
ethane.

b) Attached to

Hallies. Immersion]
tanks followed by |

hard cleaning
1,1,1 trichloro-
ethane.

Attached tc
Aries Italia.
lemersion tanks
hand cleaning
with 1,1,9
trichloroethane.

Cleaning
attached to
Electrovert
soldering
machine.

1986

1988

16¢4

1982
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PROJECY DESCRIPTION

4.1 B8ector-wide approach

The electronics industry uses a variety of chemical
substances in the manufacturing processes and packaging
operations. Some of these include chemicals which are polluting
the environment, out of which a number of them are classified as
ozone depleting substances.

Considering this, a broad based programme to enhance the
avareness about use of such substances in the electronics
industry, development of alternatives for replacing/phasing out
of such substances etc., is being pursued under the activities of
the Centre for Materials for Electronics Technology (C-MET) of
the Department of Electronics, Government of Imndia. This would
be a part of the overall programme of the Government of India2
vhich is being implemented under the overall coordination of the
Ministry of Environment and Forest.

The replacement of ODSs in electronics industry applications
with aqueous processes and no clean technologies will require
extensive engineering know-how to carry out tasks such as:

- Reliability testing

- Material compatibility testing and process development
- Technology selection

- Equipment selection

- Purchase of aqueous cleaning machines and systems

- Site preparation

- Installation of machinery

- Operator training

Therefore, the overall programme cocnceived for
implementation here includes awareness of the industry towards
phasing out of these chemicals and taking up activites with the
help of industry and R&D institutions to develop substitutes for
the actual usage as well as taking up demonstration projects with
the help of experts in the field and translating the knowledge
and experience gained to the other enterprises of the electronics
industry and to the other sectors.

It is, therefore, decided that C-MET of DOE will take part
in the project from its start in order to accumulate information
and experience to assist ITI-Bangalore as well as to other
enterprises of the Indian electronics industry.

4.2 Description of the ITI-Bangalore project

As discussed in the section above, the replacement of ODSs
in electronics industry applications with agueous processes and
no clean technologies requires extecnsive engineering know-how to




perfora a number of tasks. Bach of these tasks, or project
elements, is explained and shown in Exhibit - 6.

Reljabiljty testing materia)l compatibility testing and
Process Development

Reliability testing, material compatibility testing anad
process development will be performed by C-MET, in close
cooperation with ITI-Bangalore, prior to the purchase of the
agqueous cleaning machines or mno cleaning systems in order to
choose the best equipment and to decide if water additives are
necessary to achieve the desired cleaning results. The process
development work is to be documented with graphs, charts, and
data shoving that the ITI-Bangalore project has determined that
the aqueous cleaning process or no clean process is a good
decision. The process development work particularly will be
completed prior to ordering the aqueous cleaning machines for the
Switching Exchange Assembly Division & multiplexing ir
transmission Division, and no clean systems for transmission
equipment assembly ( New Products) ,Transmission including pulse
code modulatcr , Defence production and Control systenms.

C-MET is required to complete and document reliability
testing of aqueous cleaning systems for the Transmission,
and Switching Exchange Assembly prior to ordering the five
systems, mostly immersion tark type with adequate number of
compartments for cleaning with alternate solvent and rimsing by
deionised water followed by hot air drying. The reliability
tests should evaluate the long term effects of increased moisture
inside the electronic assemblies, parts ané corponents that rey
be attributed to the use of the aqueous cleaning process.
Parallely C-MET would also complete the documentation with regard
to the five no clean systems.

Technology selection, ipment selection and purchase of
agueous cleanirg machines and no clean systems.

ITI-Bangalore will phase out the use of methyl chloroform
(1,1,1-trichloroethane) in the flux removal and precision
cleaning in its six manufacturing divisions by selecting and
utilizing the appropriate agqueous and no clean processes. ITI-
Bangalore currently uses five multi stage batch operations
vapor degreasers, and five batch operation immersion type
ultrasonic degreasers/manually operated systems, which are to be
replacead.

At the end of the project implementation, all solvents with
a ODP will be eliminated. It is planned that, all fully
chlorinated solvents will be eliminated before the year 2000.

There are several technclogies and equipment available in
the market, and it depends to a great extent on the type of
process and technology chosen for cleaning. For the lavge scale,
high production applications, there is continuous, conveyor-
operated equipment which has a range of controls which can be
included, depending on the amount of labour available for
monitoring operations, and the quality requirements. This
applies to both the aqueous and the semi-aqueous (such as solvent

17
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wash/vater rinse) equipaent. Aqueocus systems generally use water
filtration and purification to enable water recycling and to
capture vaste stream contaminants. Seni-agqueous systems normally
use carbon absorption or meabrane separation tech-igues to
recycle both the water and the solvent straams if the electronic
circuit assemblies have high quality requirements, and/or are
difficult to clean due to conmplex geometries of design, then
mechanical assistance through the use of strong, 4directed sprays
may be reguired. No clean technologies with or without nitrogen
atmosphere, using low solid fluxes are gaining importance and the
quality is well received for wide range of applications. This is
one of the very cost effective technologies available and widely
used by industry.

ODS-free cleaning technologies are implemented by different
suppliers using fairly different hardware and software components
and widely varying system integration philosophies. Particularly
when the automatic workpiece transport systems are included, the
cleaning system has to be designed and built imndividually.
Capabilities of the suppliers and those of their products and
systems should be evaluated in situ before the final decision.

Therefore, a study-tour for the technical staff/managers of
ITI-Bangalore and C-MET is proposed to be arranged to visit no
clean, aqueous and semi-agqueous equipment and system
manufacturers and electronic industry enterprises which have
phased out the ODS’s using these systems. It is desirable to
arrange the timing of the study~tour to coincide with a
technical/industrial fair as far as possible which wouléd give !
across-the~board comparison/evaluation possibility.

Purchase of agqueous cleaning machines and mno clean systees
Batch operation aqueous cleaning systems

A typical Batch operation aqueous cleaning system is shown
in the schematic diagram given in the following Exhibit =-7. This
system includes the following components:

a) Main sub-system includes cleaning, rimsing, drying and
deionizer units. 1Its cost can be in the range of US$
100,000 to 150,000 depending upon the automation and
control requirements. For semi aqueous technology,
submerged sprays or inert blanketed sprays are often
included in the design, normally as part of the quote.

b) The water filtration and recycling, sub-system (waste
water treatment system) can be integrated into the main
sub-system and costs about US $ 50,000 extra.

c) Computerized work piece transport system which has to
be custom built to match the other system components
and the cost has been duly considered.
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d) The agqueous cleaners to replace the present ultrasonic
and other batch systems will be smaller than tke
continious systems and will be designed to suit the
existing systems. The following table shows the
capacities and functions of the batch operation aqueous
cleaners. As it is seen from Exhibit - 8, the non ODS
systems do not aim at any capacity increase but
reprpesent an one-to-one replacement schene.

- - - s - ——-——-—-- .- \

| Sttt ittt ittt it /
/ -\
WORK PIECE
TO BE [=====—meeeccceccn- \
CLERNED | WORK PIECE CLERKEL
\-omoommome- / \m-mmommr e m e ’
l '
[===mm=m———e \ [ \ [ \ [ \
CLEANING RINSING RINSING DRYING |
WITH -> | WITH -> | WITH ->| WITH |
ORGANIC WATER DI WATER EOT AIF ‘!
SOLVENT | AGITATIOK \=mmmm—m——e /| \=———m—--- /
\=-==mmmmmee A / | l
I .
[ \ [ommm——m——- \  [emmmmmmme-
| FILTER | | MIXED BED | MIXED BED |
Looemoom- ! ! EXCEZNGET ! EYCERXGE?
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| S ittt /

* Mannual Cleaning Systems

The environmental quality and safety considerations
mentioned above are still required, however, equipment desigp
must include these components as needed. There are ranges of
quality and coastruction materials in this equipment category,
for this project, it is estimated that each cleaner will cost in
the region of US$S 60,000. Water recycling systems will be
installed; for these manufacturing units. The total cost of the
systems is estimated at US$ 40,000.
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Exhibit

14
(ad

1]
»

8. Co rison of present and proposed batck
operation Aqueous cleaning systeas

Capacity of the present Capacity of the
Location No ultrasonic systea using proposed aqueous/
ODS’s systeas No clean systeas
Transaissior 2+1» Kery cleaning M/c 325 x 450 x 350mc
Systex Div. (4.1 sg.=mt./br)
Satcox Div. 1 Band cleaninc
Defence pro- 1 Econopak cleaning
duction (3.1 sq.=ut./kr)
Telephones 1° ! Eand clearinc

(+ Lines)

i
Electronic < PCB cleaning ¥/c 325 X €50 X 350cr
Switching (8.852 sq.mt./hr)
Division
Contrcl 1 Eand cleacinc
Systexs

£ite preparatiorL ané ipstasllatior of Eechinery

The project includes funding to prepare the sites for the
equipment installation. This fundinc is for electriczl supply
and plumbing to ensure safe installztion of the equipment. Tke
modifications are necessary to the cleaning areas or to the
soldering arez for introduction of spray modules, so that the
process flow of the new equipment is uninterrupted irn terms of
high volume cleaning. Technical staff of the equipment

manufacturer or their agents in India will help the installation
work.

Operator Training

Operators and maintenance personnel will be trained in the
proper operation and maintenance of the new equipment. Personnel
will also be trained to measure important process changes in the
cleaning effectiveness of the aqueous clean or the ultrasonic
spray fluxers. The training programme will be designed by C-MET
in cooperation with the equipment manufacturer and ITI-Bangalore.
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CHAPTER-S

JUSTIPICATIOR FOR SELECTION OF ALTERNATIVE TECHNOLOGY

In the solvent sector, especially in the case of electronics
cleaning, there are many options to the use of ozone depletinc
solvents. Usually the choice of the altermative cleaninc
process is dependent upon the type of market served by tle
solvent user. Most commercial applications have more flexibility
in the use of new technology, because of the inherent need feor
commercial entities to maintain their competitiveness ir the
world market by maintaining high guality standards. Rowvever,
many organizations build products known for their high degree of
reliability for use in military aircraft, satellites or other
difficult professional (industrial and commercial) operations.
These organizations spare no cost to ensure that products made by
their organizations are dependable and reliable. Considerinc the
reliability requirements of ITi-bangecloes &alsc reguires theti tlro
materials used in the productior of the product are nct darage:l
by water or aqueous based residues. No-clean technologies
employing Low residue fluxes have proved a success in number cf
applications and, therefore, wherever possible attempts are beinc
made to implement this technology in ITI-Bangzlore. Ir tris
project, the use of no-clean technologies has been chose:rn zirir:
at maintaining the quality standards as before using CFC: &nc
also this would require minimum investment.

For high reliability applications the use of seri aguecus
hesed process ic cheser leczure tre efficient vee ¢ viteo oo
solvernt will not damage the environneni 2ané becetcsc wite:r 2:
plentiful and inexpensive resource ir Bangalore.




PROJECT COSTS

The project costs refers to all costs in this section are
economic rather than financial costs. The incremental recurring
costs are included in this project. Incremental costs are offset
by the reduction im cost for the ODS solverts and cost of waste
disposal. The costs of utilities and of solvents may differ
between project to projects in the country. Cost of acgquirinc
the necessary environmental permits is included as part of the
project.

Total Project costs:

Annexure-I indicates the total project cost of US § 599,3¢€¢.
Because there are no non-ODS investment costs associated witl
this project, the total prcject cost equals the ODSE reductic:.
portion of the overall project. The total project incremental
cost of US § 599,366 was calculated as the economic capital cost
plus the net incremental operating costs for 4 years discounted
at 10%.

Capital Investment Cost

As given in Annex-I, the total investment cost is Us §
481,055, The mzjor corponents cof this cost include tre purchees
and installation of three batch operation seri agueous clearning
machines (US $ 1,72,255), eight ultrasonic spray flux units for
introducing no-clean technologies in the existing systems (US §
1,64,800). Ground water treatment plant and waste treatment
facilities have also been included under this which are of the
order of US § 38,700.

Since 150 cylinders of fire-fighting applications containing
halons 31301 and 1211 are also proposed to be replaced with ABC
powders. The cost of replacement (US § 33,300) has also been
included in this project.

Incremental Operating Costs/savings

If the project was not undertaken, the annual operating
cost, exclusive of tax, would be US$ 40,450. If the project is
implemented the annual operating cost will be US $§ 77,774
resulting in an annual incremental operating costs of US$ 37,324.
Given an equipment lifetime of 10 years and a discount. rate of 10
per cent, the net present value of the first four years of
incremental operating costs is US $§ 118,311. A more detailed
breakdown of operating costs is provided in Annex-II.

Revenues

This project will not Provide ITI-Bangalore with any
incremental revenues.
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Local Owpership Ratio

Local ownership fraction of 100 per cent was considered to
determine the amount of eligible MF grant financing. &ince the
total project incremental cost should be multiplied by the
fraction of local ownership to determine the proposed grant
amount, total proposed multilateral fund financing is equal to
total project incremental cost, i.e. US § 599,366.

Contingencies

A 10 per cent contingency has been provided on the overall
cost of the project.

Exhibit 9. Breakdown of total project costs

] I Futt-life cf project | First four Year:s

|Pescripzion cf cost

|

!

I I I i I
|investmers (capitaldensts | | 481,055 | | 47,055 i
| | | | | |
|NPV of incremental operating | Io--- | | - ]
J¢savings) | | | | |
! ! | I | I
INDZ cf drcrervmte cremetinc | et 3. £ 2 .
|revenae: H i ! 1
| l | i I l
|Total costs i | 710,401 ] | 599,366 i

| ! |

Unit Abatement Cost {UAC)

As shown in Annex-III,the UAC for this project is US § 6.34
per ODS-weighted kilogram or US § 25.11 per ODP weighted kilograc
of ODS phased out per Yyear. This number is derived from an
annualized incremental cost of capital of Us § 78,268, first year
incremental annual operating cost of US$ 37.324 and phasing out
of 1£.24 tonnes (4.6023 ODP-weighted) tonnes of ODS per year.

Proposed MF Grant

The proposed MF grant for the project is US § 599,366 and
wvas calculated as follows; First the total ivestment cost of US §
481,055 was added to the net present value of the incremental
operating, cost over the first four years of the project, which
is Us § 118,311. This sum was then multiplied by the 100 per cent
Indian ownership ratio of ITI-Bangalore to yield the same grant
amount of US $§ 599,366.

24




Exhibit - 0. MF Grant Calculatjop

Total investment cost, USS 481,055
Incremental operating savings

over the first four year, US § 116,311
Project preparatior costs US$ -—-
Proposed MF grant, US$ 599,366

Financing Plan

KF funding is a grant and is limiteé toc the incrementel ccst
as calculated above. Any costs not covered by the MF funding es
calculated above must be financed by other sources.

Proj Implementation
Management

The Ministry of Environemnt and Porest (MOEF) will oversee
the successful implementation of this project. The project will
be carried out at the ITI-Bangalore in cooperation with C-MET
National Consultant of the Department of Electronics. UNIDC will
also provide technical assistance to the project during the
implementation. The expenses related with international expert
services have been provided in the project cost.

Procurement

Project procurement will comply with the UNIDO procurement
procedures.

Disbursements

FPund disbursements will comply with World Bank financial
procedures. The schedule for disbursements will be decided upon
at the beginning of project implementation.

Audits

For auditing, World Bank project evaluation and review
procedues and project financial management data will be used.
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=11. Schedule of actjvi*?

Activity

1. Sign the project,
receive funding

2. Make g detailed
project work plan

3. Arrenge the
study-tour

4. Technical discussion

5. Carry out reliability

and materisls compzti-

bility tests
6. Select technology

7. Commercisl
negotiations

€. Design mogiticelicn:
of the site and
facilities

9. Prepara facilities

equipment specificetions with |
manufactures & other end-user |
as per the technical prcoposal |

besed on the study tour

5. Evaluate the effectiveness of | §.

the different ncn-C¢ clezning]

techniques

|
|
|
i
!
|
|
|
|]¢. Discuss cleaning technology & } <.
|
I
|
|
|
I
l
i
I

6. Finalize the optimum cleaning | &.
technology & prepare the list |

|7. Hold comvercial negotiation
based on the selected techno-
logy & equipment L sign the

!
fe.
|

9.
110. Preparation/precurement [1C.Procure or make in-house the

of local equipment and |

machinery
11.Technical training

12.Acceptance test,
installstion and
commissioning of
equipment

13.Start utilising new
cleaning processes

146 .Evaluate the process

15.Evaluate the project

16.Promotion of phasing
out of 00Ss in the
Indian electronics
industry

|11.Send staff abroad for techni-
cal training/design & run

4 specifications ¢ equipment |

i1 materisls

contract

tnsineering cerign ¢t

I
ties (water eleciricity, and |

utive-

t.

gas)piping & civil engineering

Construction

tocally supplied equipment & |

machinery

local training programme

|14.
I1s.
I

J16.

. C-MET,

teral Fund
C-MET,
UNIDO
UNIDO

IT1, Bengalore

C-meT,
UKIDC

171, Banasicre

C-MEY, IT]1, Bangalore,
Unil,

C-MET, iT71, Bangzlore

Bangalore, UNIDC

v, bengaore

Bangalore
Bangalore

Bangalore,UKIDO

171, Bangalore

171, Bangalore

C-MET, ITl, Bangalore
C-MET, 171, Bangalore,
UNIDO

MOEF, C-MET, UNIDO
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Reguired regulatory actions

No regulatory actions, otrer than routire permitting, are
required to implement this project. Under the existing agreement
with the World Bank, equipment and machinery imported as part of
this project will be exempt from import duties levieéd by the
Government of India.
Results
Direct Project Impacts

The projec'. will eliminate annually 2.606 XT of ODSs (ODP-
weighted) at the ITI-Bangalore Factory.

Indirect Project Impacts

As far as the indirect effect such as the transfer cof
technology to other enterprises in following projects is
concerned, this project will have a big impact. The project
design has been made to maximize this impact. Particularly, the
involvement of C-MET of DOE wiil ensure the successful repetition
of phasing out projects in the Indian electronics industry.

Otherwise, assuming a successful transition to agueous
cleaning in ITI-Bangalore, the quality and peprformance of ITI-
Bangalore products will remain unchanged. Assuming that a grant
is provided to cover the incremental costs, there is unlikely to
be any impact orn product price. Rbcert & change ir cuzlity ¢
price, consumer demand and production levels are expected tc be
unaffected by the project. The enviromnmentzl impacts associated
with this project are discusseé in Annex-4.




cylinders (Halons) with ABC
powders

GRAKD TOTAL:

| | ! | ! ]
| Des:ription of cost iter | unrit | unit cost | @ty | Total cost|
| | | uss | | uss |
SRR AR L LR LR LR frommee-- frommmeeeee-e foomes frmemmemeee- |
| ! | | I I
[1.  8atch Process agueous clesning | I i | 1
| systems | | i } |
[1.1 Aqueous cleaning machines | Nos. | 60,000 | 2 [1,20,00c |
| process development (LOCAL) ] I | | |
|1.2 Instsllation costs (piping | wes. | 5,000 | 2 | 1,000 |
| electricals, etc.) ] | ] I |
[1.3 warer Filtration and recycling | Nos. | 20,000 | v | 20,000 |
] equipment | | | | ]
le.  Aqueous systens: ] | | | i
2.1 Aqueous cleaning machine | wes. | 2z,25% it} 2e,est |
|3. o clean systems | | | i |
|3.1 Ultrasonic spray fiux unit | w®es. | 15,600 ] & | 124.800 |
3.2 Instellation costs | wos. | 5,000 | 8 | 4o0,00¢ |
[4. Ground water treatment plant | ser | 8,70¢C | v+ | &,7¢0 |
5. Waste treatment | set | 30,000 I v} 30,00c |
|6. Engineering and training | | | ] |
j6.1 ®Waterisl compatibility, | Week | 400 20 | 8,000 |
j reliability testing | | ] ] i
|6.2 Study tour | weex | 4,000 | & | 32,000 !
'€.3 Equiprent Operater treinirng b oWeel | 4,007 I LI T e ,
je .4 Consultant charges Guring | Fixec | 16,000 - 1 1e,c¢
project implementation | | R i |
I I | |
TOTAL: | | ! j6,67,75¢
! | | I
7.  Replacement of fire fighting | Mos | 150 [222  |33,300
| | ! I
I | | |
| | |
| | |
I I |
I I |

I
I
I
1
!
|
l
|
I
|
|
|




Anpex 2. Breakdowp of jncrementa) operating costs/savings

Sub-total : 6,400] 11,400

I
|
40,450] 77,774

I

i

|

| TOTAL PRE-PROJECT
| cosTs/veax:

|

I I | | | I
| Descrtion | uUnit | unit cost | Oty |Pre-project | Post-
| | | uss i [total cost, | project
] | i ] | uss | total
! I l | I | cost
| | i ! I | uss
frommmemmeee e fommmmeees | Ity R froemmemmee-- fommmmemeees
| I I | | |
JA Solvent Cost per i | | i i
| yeer | | | | I
|At 1,1,1 trichloroethane | Litres | 2.00 | 13,600 | 26,80c | ¢
|A2 Alternative solvent/ | Scards | 0.103 | 144,000 | - [ 14,832
| chemicals | | | | J
|A3 Flux cost | | i i .
| Rosin flux | Ulitres | 3.3¢ | 1,5c0 1 5,62¢ ; c
| LS Flw | titres [18.25 | 756 | - | 13,687
|A4 Water treatment | Cu metr | 5.00 | 2,000 | - | 16,00¢
| and 80X recylcing cost | | | ] |
| | i | | e foeeeees
| Sub-total | ] | | 31,82¢ | 3,516
I | | I | |
|B Electricity cost per | kwh | | | ]
| veer | | | I |
81 Current systems | kwh | 0.080¢ | 26,400 | 2,12¢ | ¢
| (5.5 kv, 1€ krs, ] ! ! ' :
| 300 days) i | | i i
|82 Proposed new systems | kwh | 0.0806 3,645,600 | | 27,855
| (72 kM, 16 hrs, | | | | |
| 300 days) | | | ! !
! | | i fooeeeeeeeee oo
| sub-total | I | | 2,128 | 27,85¢
I | | | I |
| Water treatement costs | | | | |
| per year | I | | |
JC1 Recycling costs ] | 5,000 | 1| | 5,009
|€2 Labour costs(0DS | | 400 | 16 | 6,400] 0
| System) w/m i i | | |
|€3 Labour costs(non-0bs | | 400 | 16 | | 6,400
| systemyw/m i | i Jrrmereeenaee | REEEEEEEEEE

| | I I

I I |

| I I

| | |

| | I

| I |

Annex.3 Preakdown of incremental benefits

For this project, there is no incremental benefit.




Annex.4 Calculation of Unit tement Cost

1 00S Phase out

| I !
! ! !
jAt  Average use of MCF based solvent per year | »1 | 17.42 §
|[A2 00P of WCF | | c.1c |
[A3 00P-weiphted MCF phase out(A1+A2) [ ms | 1.742 |
|A4  Average use of Malons 120! per yezr | o l c.0¢ |
|aS 00 of Malons-1301 I ] 1€.0¢ |
|A6  ODP-weighted Malons-13-1 (A&eAS) | »: i C.62 |
|A7  Aversge use of katons-1211 per year | w | 0.7¢ |
|A8  ©00P of Naton-1211 i I 3.0C |
|A¢ ODP-weighted Nalons-1211 (A7+AE) | m° | 2.2¢ |
|a10  Total ODP-weighted phase out ] | 4.602 |
| I | !
|8 Annualized capitel cost ' { i
[ET  Tete! investmen: ccoet fro- Anmes O Lt BTN 2 S
|6z Equipment life PoYes ' 1
[83 Discount rate | % i 16
|64 Annuatized capital cost(B1°0.14c7) | us s | 7€,2¢7 |
| | ! |
jc Annual incrementa! opereting costs fror | | }
} Annex 2 | us s | 37,324 )
| I i ;
{2 Unit sbatement cost i i i
|0t Annualized unit abatement cost per kg of | us 87 6.34 |
} 00S phase out | kg | ]
107 Br-_riisec w-°t gtices -7 ez v poc kg cf Pee g ' FER A
i O7F: Fnase ool | ; i
|03  Benchmark unit abatement cost per kg of | us 8/ | S-77-7.47 |
02$ phase out | -3 i ]
| ! !

Annex 5. Environmental Assessment

In the proposed agqueous cleaning systems, deionized water
will be used to clean electronic parts without the aid of
additional cleaning agents. Therefore, this method of cleaning
does not pose an environmental hazard. The waste water effluent
from both the agueous system and the wet-media blasting syster
will be filtered and deionized by a waste water recycling systen.
The solid waste generated during resin column and filter
maintenance will be or disposed of properly off-site.

It is unlikely that the project will have an adverse
environmental impact. ITI-Bangalore will have to obtain permits

from the necessary authorities prior to installation of the
cleaning.
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UNIDO Project Proposal for the Multilateral Fund for the Implementation of the
w Montreal Protocol Financing

COUNTRY India
PROJECT TITLE Conversion of electronic cleaning processes from ODS svlvents to no-clean and
aqueous photoresist developing and stnpping technologies at ITI-Palakkad
‘ SECTORS COVERED Solvents
i' ODS USE IN SECTOR 4,876 MT (ODP- weighted) of ODS solvents in 1991
PROJECT IMPACT Phased-out annual consumption of 12MT of CFC-113 and 30 MT of 1,1
trichloroethane (total 13.44 ODP-weighted MT)
PROJECT DURATION 18 months

PROJECT ECONOMICLIFE | [0 years

i 1
TOTAL PROJECT COST lnvestment (capital) costs, 1SS 528,000
[ncremental operating costs'savings, US$S 138,400
Total Project Costs, USS 189592
OWNERSHIP STRUCTURE 100 per cent Indian

PROPOSED MF FINANCING USS 389,592

COST EFECTIVENESS USS 28.9 per ODP kg

UNIT ABATEMENT COST USS 3.14 per kg of phased-out ODSs
CURRENCY CONVVERSION 1iISS 1.00 = Indian 5. 3000
COUNYER ENTERPRISE Indian Telephone Industries, Palakkad
IMPLEMENTING AGENCY UNIDO

COORDINATING MINISTRY | Ministry of Environment and Forest

Project summary

i1..5 project will phase-out the use of CFC - 113, and 1,1,1 wichlorocthane (MCF) in cleaning operations at the
Patakhsd tactory of Indian Telephone industries Ltd. The phasing-out of ozone depleting substances (ODSs) will be
accomplishad by replacing the currently used solvent-based cleaning methods with low solid fluxes and no-clean
wlderng techrology. The printed circuit board unit will replace methyl chloroform with aqueous based systems
cmploying water processable photoresists. The phasing-out of ozone depleting substances (ODSs) will be
weomplished by replacing the currently used solvent-based cleaning methods with three different types of water-
based processes:no-clean soldering; and water-based photoresist development and stripping. The project will cmploy
commercially available technologies in one of India’s largest ODS consuming sectors. The India Country Programme
for the Elimination of ODS has also identified the sector as a high prionty area.




INDIA: ITI-PALAKKAD SOLVENT CLEANING 1

L. Project objective

The objective of this project is to phase out the use of CFC- {13 (TMS formula) and methyl
chloroform (MCF) in electronics cleaning operations and photoresist developing and stripping
operations. The processes in which ODSs are utilized will be replaced with no-clean soldering and
aqueous cleaning processes.

As one of the first projects formulated in the solvent-based electronics cleaning sector in India, this
project has additional targets. Considening the structure of the Indian electronics industry and the
required steps to phase-out ODSs in electronics cleaning, it is expected that this project will
additionally identify and strengthen a focal point which will (also see Exhibitl):

] help to increase awareness in the selected electronics industnes regarding the
need for phasing out ODSs and, for this purpose. collect, and compilation of
technical and technological information;

] generate information and provide technical support regarding problems
associated with phasing-out of ODSs by the electronics industry, which
includes process development, materials compatibility testing, reliability
testing, cost-effectiveness analysis, technology selection and drawing-up of
equipment specifications; and

’ rweeumulate adequate prodlem soiving \now-now luring the implementation
phase of this project so that projects of a similar nature can be implemented
in other locations.

In cooperation with the Ministry of Environment and Forest, the Center for Matenals for Electronics
lechnology (C-MET) of the Depariment of Electronics (DOE) has been identified as the focal point'.
The Center for Materials for Electronics Technology (C-MET) is operating as a registered scientif.c
<uciety under the Department of Electronics with the main objective to establish technology strength
‘n Electronics matenials tor the present and future industrial requirements. The electronics industry
n India is unique, that is, a significant part of its production is distributed in small- and medium-scale
industry and ts distnbuted throughout the country.

{1} The Center for Matenials for Elcctronics Technology (C-MET) sct up by DOE has experts in the vanous matenals used i ihe clectsomes
andusatry covening chemucals, polymers and Hther related products such as <ol . ents, cleaning agents cte. and i materials development and
o mmerctalization of the R&DD rewilts.




INDIA: ITI-PALAKKAD SOLVENT CLEANING 2

2. Sector background

India became a signatory to Montreal Protocol in 1992 and as a part of subsequent exercise, a
Country Programme document was prepared by the Governunent with the assistance of UNDP. This
document has assessed the Ozone Depleting Substance (ODS) consumption in the country and on
the basis of this, a National Programme for the Phase-out of ODSs has been prepared to ensure the
Phase-out of ODSs according to the national industrial development strategy, without undoe burden
to consumers and industry.

Solvents is one of the major consumption sectors. Before finalizing the Country Programme, a
sectoral report was also developed out in consultation with the industry-users and manufacturers of
ODS substances . This report developed the basis for Country Programme preparation.

The amount of consumption has been investigated in a number of studies’. According to most recent
information presented at the Solveats Workshop convened in June 1993 and revised in the first draft
of the India Country Programme in August 1993, in 1991, the solvent sector consumed '00 MT of
CFC-12, 300 MT of CFC-113, 4,000 MT of carbon tetrachloride and 550 MT of I,1,1-
trichloroethane (MCF), i.e, a total of 4,876 MT of ODP (ozone depletion potential)-weighted
consumgption, that is 36.9 per cent of total ODP-weighted consumption in India.

The solvent consumption in India in 1991 is given in Exhibit 2 (table) and Exhibit 3 (chart). ODS
consumption in the solvents industry is split between electronics, metal cleaning and other processes
such as textiles, pharmaceuticals, pesticides, chlorinated rubber, =tc.

Cleaning processes used in the electronics industry consumed in 1991, 150 MT of CFC-113, 75 MT
of CTC and 55 MT of MCF (all ODP-weighted) and included flux removal (printed-circuit cards and
hybrid circuits), semiconductor manufacturing, microelectronic component cleaning, metal and plastic
part cleaning, and photoresist development and stripping. The use of ODSs in electronics cleaning
in India has been increasing as a result of the development of electronics industry.

{2} 3 Repost ol the Task Foree on National Strategy of Phasing out Ozone [epleting Substances, Ministry of Industry, Masch 1992 (updated
\Masch 1993)
) L’umpilcd- plion data, Muftilateral Fund Secretanat, March 1993,

<) Solvents Workshop, Country Programme Preparatory Mectings Series, 2125 June 1993, New 1elhi.
)y India Country Proggramme, September 1993,




INDIA: ITI-PALAKKAD SOLVENT CLEANING 3
Exhibit 1
Phasing out of ODSs in Indian Electronics Industry
The role of a focal point of know-how
[ Phasing ot ODSs |
i
[ Technological data base |
|
{__ Awarenessinthe sector |
1
Largee[nterpﬁse ) Small-to-n;;lum enterprise |
___ Reliability testing | Refiability testing
L Process development : Process development
— Technology selection Technology selection
—— Equipment selection — Equipment selection
—— Site preparation | Sie preparaticn
— Installation — Installation
L—— Operator training — Operator training
—— ODS-free cleaning — ODS-free cleaning
Ncte:  Generally, activities writter: in talic require external technical assistance and will be
~arnted out by the focal poirt of (Fe sactor.
Exhibit 2. ODS consumption in India
(ODP-weighted)
1991 Consumption
. £ ODS All sectors Solvents
es 0 A
YP vouuat, nqp | ODP-weighted [ | ODP-weighted
C Ctual, ¢
D A MT % ‘ MT %
CFC-11 1,900} 1,900.000 14.385 0 0.000 0.000
CFC-12 2,850 2,850.000 21.577 100 100.000 2.051
CFC-113 320 342.400 2.592 300 321.000 6.583
Subt-Total 5,070.000} 5,092,400 38.554] - 400.000 421.000 8.634




INDIA: ITI-PALAKKAD SOLVENT CLEANING _4_
1991 Consumption
Types of ODS All sectors . Solvents :
Actual, MT ODP-weighted Actual, MT ODP-weighted
MT % MT %

Halon-1211 550} 1,650.000 12.492 0 0.000 0.000
Halon-1301 200{ 2,000.000 15.142 0 0.000 0.000
Sub-Total 750.000} 3,650000} 27634} ~ 06000} - 0000 = . 0000
CTC 4000] 4,400.000 33312 4000| 4400000 90238
MCF 550 66.000 0.500 550 55.000 1.128
TOTAL " ' 10,370.000] 13,208.400} .~ 100.000} - 4950000} 4,876.000} . 100.000
Sectoral
distribution
Aerosols 1,100 1,100 8.328
Foams 1,580 1,580 11.962
Refrigeration 1,990 1,990 15.067
Solvents 4,950 1,876 36.917
Halons 750 3,662 27.726
TOTAL 10,370.000} 13.208.000f 10080}

Sourve, 3

21-25 June 1993, New Delhi.”
India Country Programsmne, First Drafl, 9 \ugust (993,

3. Enterprise background

Tentative ligures as discussed at the “Sojvents Workshop, Country Programme Meetings Series,

ITI Palakkad was established during 1974-75 to manufacture electronic PABXs, integrated
"xcal-cum-transit exchanges, electronic digital exchanges, wich are in-house-design.

Fhe Unit has grown in tour phases:

Phase Year Investment Installed Product
Rsin lakhs  Capacity (lines)
[ 1976 26 10,500 Small Exchanges of In-house Design
I 1980 98 60,000 Microprocessor Controlied PAM Exchanges
i 1985 5900 2,060,000 DTAX of Alcatel Design, ILT & EPABSx
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v 1992 4445 10,000,000(*) OCB 283 of Alcatel Design
(Under project
Stage)

(* After phasing out DTAX)

In 1985 an agreement was signed, with CIT Aicatel, France to manufacture Digital Trunk Automatic
Exchanges with an mvestment of US $ 18.0 Mio. and also to set up a state of the art Printed Circuit
Board Plant with an installed capacity of 14,400 m? of finished PCBs. The PCB plant is a modern
one with an investment of US $ 3.0 Mio. The plant is on its expansion programme to go in for multi-
layer PCBs of 4 & 6 layers. The total turnover of IT1 Palakkad unit for the year 1993-94 was Rs. 1,6
Mio. and the total manpower employed is 877. 1TI-Palakkad is not manufacturing for exports.

Performance figures

1992-93 1993-94

Lines produced 185 kl 302K
Production value (Rs in crores) 105 165
Sales v a2 (Rs "n crorss ) 99 163
Profit (Rs in crores ) 224 33.29
Production per employee (Rs in lakhs) 164 17.39
Value added per employee (Rs in lakhs) 1.18 7.92
Inventory turnover ratio 1.84 3.40
Material consumption () o4 44
Profit to turmover ratio (%) 2.26 20.38
Return on capital (%) 31 2910
Quality

The quality obtained in the Plant has constantly met the requirements of international standards. In
recognition of the high quality standards the Department of Telecommunications awarded the unit,
the Self Certification status for DTAX Products. The unit has eamed the prestigious [SO 9002
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Accreditation in Sept. 1993. The Palakkad unit of ITI was the first industry in Kerala to obtain
certification from this Intemational Quality Standard Organization.

Production and service facilities
Electronic Assembly Plant:

Extending to 7000 square meters, this fuliy air conditioned plant is the heart of ess production.
State-of-art electronic assembly equipments such as semi- automatic component forming machmes,
semi-automatic light beam guided assembly machires, wave soldering station, semi-automatic wiring
machines, sophisticated pc board test station comprising microprocessor-based tlp, digital card
testers, analog card testers are some of the key facilities available here. A recent step taken towards
the goal of total automation of the assembly process is the positioning of a fully automatic assembly
line with pick and place facility.

PCB plant:

A modern facility with an investment of Rs 9.5 crores and extending to 480 square meters of air-
conditioned area (a portion of which contains ultra-clean rooms), this plant has sophisticated
equipment like a laser plotter, CNC dnlling/routing/plating machines and vanious other
microprocessor controlled process equipment. The plant is equipped with a SMOBC (solder mask
on bare copper) facility. The PCB plant was set in 1985 with an installed capaaty of 14,400
1’/annum in collaboration with Alcatel, France. The plant is intending after its expansion programme
to produce high tech multi-layered PCBs. A recent development is the expansion of the PCB
processing facility to manufacture PCBs up to 6 layers.

R&d center:

A R&D Center with an investment of US $ 1.0 Mio. is equipped with a CAD faality. A Model
Exchange and Calibration Lab is set up to provide technical support for production and to aid
product evolution.

Computer center

Equipped with a Fourth Generation IBM Maintrame equivalent computer, the computer provides on
line information support for production and other departments.

Chemistry

CFC-113, and MCF are the two ozone depleting substances used at ITI, Palakkad. Methylene
chloride as a halogenated solvent is also used for photoresist stripping. The following three
manufacturing processes use considerable amount of ODSs in cleaning and in photoresist developing
and stripping.
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Process - 1 : Usage of CFC-113 (Freon TMS)

CFC-113 is used in the cleaning of PCBs after wave soldering. Freon TMS is the main ODS solvent
used in the card assembly area for cleaning of assembled PCBs after wave soldering. The cleaning
makes the PCBs free from contaminants and flux. The wave soldering machine is from Electrovert,
USA and a cleaning machine used is from OSL, UK. The total consumption of Freon TMS in 1994
was 12.0 MT. The number of cards assembled per day is 300 pcs/shift. The maximum size of cards
produced is 660*300 mm.

Process - I1 : Usage of 1,1,1-trichloroethane (MCF)

This solvent is used for developing exposed dry film resist laminated PCBs. The development of
exposed photoresists with solvent employs a high speed method with broad process latitude. The
details are as follows:

I) Laminating speed - 0.2 meters/minute
i) Alignment timing - 20 meters for a standard pcb
i) Exposure timing - 0.3 meters for a standard pcb
1iv) Developing timing - 1.2 meters/minute

'he solvent process has many process conveniences, like high speed process, high contrast, less
rejection and high yield. 1.1, 1-trichloroethane is used for developing inner and outer layers of PCBs
d PISML The comal vonsumption of MCF in 1994 wwas 30.0 MT

Process - 111 : Usage of Methylene Chloride
This solvent, which is not controlled by the Montreal Protocol, is used to strip the polymerized dry
film after the plating process. Presently, the solvent stripper is same for both double sided PCBs and

inner layers of PCBs.

I'he various cleaning machines used for ODS hzadling along with their production capacity is given
it Table 4
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Table 4. Solvent Using Equipment at ITI, Palakkad

Activity Production Purpose Cleaning Cost
Capacity Machine
1. Component As per Table 3 | Cleaning of PCBs Freon cleaning | US $ 0.2 Mio
assembly machine
2. PCBs 14,400 sq.meters | Dry film developing | Developer US $0.2 Mio
3. PCBs 14,000 sq.meters | Dry film stripping Stripping M/C | US $ 0.2 Mio
Name of equipment Year | Solvent | Energy Cost of Water | Cost of
used kWh/day | kWhUSS | m3/day | m3,USS
Cleaning System for Flux | 1985 | Freon 70 0.04 Nil
Removal from OSL, UK ™S
(max. size ot PCBs- 12 MTiy
660*300 mm)
Inner Layer and PISM 1985 | MCF 64 0.04 20 0.10
C2 Processes Developer 30 MTly
from Du Pont, USA
(max. Size of lamination
660*400mm)
Inner Layer Stripping 1985 | Methyle o4 0.04 Nil
System ne
Chloride
17 MTly

The amount of cost incurred for solvent ODSs is indicated in Table $ the following page,
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Table 5. ODS Solvent Casts of ITL, Palakkad

Division/Purpose/ Type of Amount | Unit Price } Amount | CDS ODP-
Solvent MT/Year | US¥/Kg | Cost amount | weighted
Uss MT/Year | amount
Mt/Year

Assembly/ Cleaning of PCBs/ 12.00 10.00 120,000 | 12.06 9.84
CFC-113
PCBs/ Dry film developing/ MCF | 30.00 L5 375,000 | 30.00 3.6
PCB¢/ Dry film strippng/ 17.00 1.0 17,000 - -
Methylene Chloride (Not
identified as ODS)

4 Project description

4.1 Sector-wise approach

The electronics industry uses a variety ot chemical substances in the manufacturing processes and
packaging operations. Some of these include chemicals which polluting the environment, t of which
a number of them are classified as ozone depleting substances.

Considenng this, a broad-based programme to ¢nhance the awareness about usc of such = ibstances
in the electronics industry and the development of alternatives for replacing/phasing out of such
substances etc., is being pursued under the activities of the Center for Materials for Electronics
Technology (C-MET) of the Departr-ent of Electronics, Government of India. This would be a part
of the overall programme by the Government of India which is being implemented under the overall
coordination of the Ministry of Environment and Forest.

The replacement of ODSs in electronics industry applications with aqueous processes and no clean
technologies will require extensive engineering know-how to carry out the tasks such as:

- Reliability testing
- Material compatibility testing and process development
- Technology selection
- Equipment selection
- Purchase of aqueous cleaning machines and systems
- Site preparation
- Installation of machinery
Operator training
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Therefore, the overall programme conceived for implementation here includes awareness of the
industry towards phasing-out these chemicals and taking up activities with the help of industry and
R&D institutions to develop substitutes for the actual usage, as well as taking up demonstration
projects with the help of experts in the field and translating the knowledge and expenence gained to
the other enterprises of the electronics industry and to the other sectors.

It is, therefore, decided that C-MET of DOE will take part in the project from its start in order to
accumulate information and experience to assist ITI- Palakkad, as well to other enterprises of the
Indian electronics industry.

4.2 Description of the ITI, Palakkad project

As discussed in the section above, the replacement of ODSs in ¢clectronics industry applications with
aqueous/semi-aqueous processes and no clean technologies requires extensive engineering know-how
to perform a number of tasks. Reliability testing, material compatibility testing and process
development will be performed by C-MET, in close cooperation with ITI, Palakkad, prior to the
purchase of the no-clean technology and aqueous-based developing and stripping machines in order
to choose the best equipment and to decide if water additives are necessary to achieve the desired
results. The process development work is to be documented with graphs, charts, and data showing
that the ITI, Palakkad project has determined that the no-clean technology and aqueous cleaning
processes are a good decision. The process development work, particularly, will be completed prior
to ordering the no-clean soldering equipment tor the various PCBs, dry film developing and dry film
<tripping operations. The reliability testing should evalute the loi.g term effects of remaining residues
inside the electronics assemblies, parts and components.

4.3  Technology and equipment selection

ITI, Palakkad will phase-out the use of CFC-113 methyl chloroform and metnylene chloride in the
PCB cleaning, dry ilm developing and stripping in the manufacture of PCBs by selecting and utilizing
the appropriate aqueous processes. ITI, Palakkad have in all three systems viz Freon cleaning, C-Ii
processor and stripping machine. All these three systems could be replaced using non-ODS
substances.

At the end of the project implementation all the ODS solvents (CFC-113, methyl chloroform) will be
climinated. In the solvents sector, especially in the case of electronics cleaning, there are many options
to the use of ozone depleting solvents. Usually the choice of the alternative cleaning process is
dependent upon the type of market served by the solvent user. Most commercia; applications have
more flexibility in the use of new technology, because of the inherent need of maintaining their
competitiveness in the world market. However, many organizations build products k:1own for their
high degree of reliability for use in military aircraft, satellites or other difficult professional (industrial
and commercial) operations. These organizations spare no cost to ensure that products made by their
organizations are dependable and reliable. Considering the high reliability requirements of
ITI-Palakkad products, the migration to non-ODS cleaning should be planned and evaluated
extremely carefully.
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US EPA staff have found that the other chiorinated solvents (trichloroethylene, perchloroethylene,
and methylene chloride), aqueous and semi-aqueous cleaning, and cleaning with petroleum solvents,
ketones, and alcohols are to be viewed as acceptable for new alternative technologies to phase out
the utilization of ODSs in cleaning processes.

Aqueous cleaning solutions typically are tailored to the requirements of the specific cleaning
application. Aqueous cleaners use water as the primary solvent. Synthetic detergents and surfactants
are combined with special aaditives such as bilders, pH buffers, inhibitors, saponifiers, emulsifiers,
etc. The key stages of an aqueous cleaning process are washing, rinsing and drying. Oils, organic
films, and greases, inorganic or polar soils can be effectively removed by aqueous chemistry.
Ultrasonics are muct. more effective in water-based solvents than in 1,1, 1-Trichloroethane.

Semi-aqueous cleaning uses hydrocarbon/surfactant cleaners which are emulsion cleaners that can
be substitutes for CFC-113 in electronic applications. Hydrocarborn/surfactant have been included in
many different cleaners formulated for different purposes. Hydrocarbons/surfactants are used in
cleaning processes in two ways. They are either emulsified in water solutions and applied in a manner
similar to standard aqueous cleaners or they are applied in concentrated form and then ninsed with
water. Semi-aqueous cleaning systems can use terpenes, dibasic esters, glycol esters, or other
hydrocarbons, generally in combination with surfactants. These cleaners can be considered for
cleaning of PCBs.

These solvents exhibit varying degrees of flammability, and generally require that certain precautions
¢ raken, especiallv ifused in spray cleaning apphications. All these solvents have low pressures, but
are still considered photochemically reactive. The subsequent water treatment after the ninsing
operation will require a water treatment plant which would increase ;i project cost. Semi-aqueous
cleaning solutions have good cleaning ability especially for heavy grease, tar, waxes, and hard to
remove soils.

Petroleum solvents, alcohols, and ketones are presently used in some sectors of manufacturing and
repair industries for cold cleaning applications. Petroleum solvents (mineral spinits, kerosene,
Stoddard solvent) show good solvency for most contaminants. Alcohols (e.g. ethanol, isopropanol,
and glycol ethers), have been used in certain applications requiring effective solvent power for
lefluxing operations in engineening industry. These solvents, however have several limiiations. Their
flammability restricts their use in enclosed systems and in vapor degreasing operations. The comrnon
alcohols and ketones have flash points that are quite low and are considered flammat'e. Also,
alcohols as well as ketones are not compatible with many polymeric and zfasiomer.c materials. In
addition, these solvents are photochemically reactive.

When rosin fluxes are used, cleaning with hydrocarbons/surfactants or with saponifiers may be
necessary. With water soluble flux/paste, plain water cleaning is preferred although aqueous
saponified or semi-aqueous cleaning are also applicable. No-clean processes may be applicable for
rosin-based flux formulations used with through-hole, surface mount and mixed component single-
and double-sided boards. No-cleas ; the classification given to fluxes whose residues are benign and
may be left on a printed circuit board after the soldering operation is completed. Thus, no post-solder
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cleaning operation is required and the use of CFC-113 or MCF is ecliminated. However, the
application of his technology requires low-solids no-clean fluxes, which are comparatively expensive
(the cost of this flux from Interflux, USA in India is about US $ 22 per liter), and a new type of
soldering machines with a spray fluxer and a dual wave solderiiig system.

There are several technologies and equipment available in the market, and it depends to a great extent
on the type of process and technology chosen for cleaning. For the large scale, high production
applications, there is continuous, conveyor-operated equipment wiich has a range of controls which
can be included, depending on the amount of labor available for monitoring operations, and the
quality requirements. This applies to both the aqueous and the semi-aqueous (such as solvent
wash/water rinse) equipment. Aqueous systems generally use water filtration and purification to
enable water recycling and to capture waste stream contiminants. Semi-aqueous systems normally
use carbon absorption or membrane separation techniques to recycle both the water and the solvent
streams if the electronic circuit assemblies have high quality requirements, and/or are difficult to clean
due to complex geometries of design, then mechanical assistance tarcugh the use of strong, directed
sprays may be required.

No clean technologies with or without nitrogen atmosphere, using low solid fluxes are gaining
importance and the quality is well received for wide range of applications. This is one of the very cost
etfective technologies available and widely used by industry. For high quality requirements use, of
low solid tluxes followed by semi-aqueous c'eaning would be an effective alternauve.

i1 Justification for selection of alternative technology

After careful examination of various ODS free alternative technologies and considering the quality
consciousness and reliability aspects of the ITI Palakkad, it is proposed to introduce no clean fluxes
by providing a new soldering machine without post-soldering cleaning. This will eliminate the use of
15 MT of CFC-113 at ITI-Palakkad.

An alternate technology proposed for dry film photoresist developing at ITI-Palakkad to elimiraie
30 MT of 1.1, I-trichloroethane consists of the operations like aquecus dry film lamination, alignment,
exposure and developing. The aqueous process proposed is complex in nature, that is, it bas a very
narrow process latitude like low contrast, low speed and thereby low vield. In this process the solder
masking developing operation cannot be carried out in the same machine. However, this technology
completely elimirates the usage of 30 MT of 1,1,1- trichloroethane for dry film developing and PISM
developing. The solvents used for this process are as follows:

1) Dry film developing - Potassium carbonate or sodium carbonate solution
2) PISM developing - sodium carbonate solution with additives

he various process parameters are:

1) Laminating speed -0.8 meters/minutes
2) Alignment timing -35 minutes for a standard PCB
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3) Expcsure speed -0.6 minutes for a standard PCB
1) Developing speed  -G.6 meters/minute

Presently ODS solvent-based dry film phot resist process is used to:

a) Transfer circuit pattern on to copper clad laminate; and
b) Transfer solder mask image on to the Processed board

The pronosed aqueous DFPR is less efficient than the present solvent system. Hence in switching
over to aqueous tecknology the production output will be reduced by more than 50 units. In order
to balance the capacity and also to phase-out the ODS technology the following justification for the
new systems is given below:

1. Special aqueous dry film laminator

The speed of the laminating with solvent film is more considerable. On the other hand when (he
technology is converted to use aqueous the speed is considerably reduced, as mentioned earlier. Due
to capacity limitation, ITI Palakkad would be able to implement the ODS phase-out programme if
one aqueous dry film lamination is provided. This aqueous dry film laminator need to have a heating
source with pneumatic pressure. The finished PCBs will emerge with both sides laminated.

2 Autoglass self alignment device

In the solvent process, the image is aligned on to the blank prior to exposure by manual
alignment/verification. The solvent film has got a very wide contrast and hence the above is possible.
But on the other hand, for the aqueous film, the contract is very narrow and hence manual alignment
is difficult. This necessitates the use of the self alignment autoglass table. Once in the fixture the
faminated PCBs are positioned with respect to the location holes and then exposure takes place.

3. . ligh power exposing system

The solvent-based dry film is more susceptible to UV light and hence the exposure time required will
be at a minimum. With the aqueous films, the exposure time will be slightly more. This will result
in reduction of output. To compensate the production loss due to this, the requirement of one
number high power exposing system is projected.

4. Double chamber developer

The solvent process uses 1,1,1 -trichioroethane exclusively for developing double-sided photo-printed
PCBs. This machine has to be replaced to take up the aqueous dry film. The aqueous developer will
handle 1% sodium carbonate at 50°C. The size of the PCBs handled will be 660 x 400 (biand size).
This equipment should be provided to ITI Palakkad for ODS phase out.
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5&6. Double chamber PISM developer & baking oven

The solvent PISM developing is exclusively done by 1,1, 1-trichloroethane. This has to be stopped
to phase-out the ODS. The alternate technology aqueous PISM developer will contain coated and
baked solder ink in a media of Sodium carbonate 2% at the temperature of 60°C. The solder mask
ink is being dissolved in the media and the liquid (aqueous) will be changed everyday. Since the
system needs a curing/baking oven, it is also suggested to be procured to this project.

Table 6. Proposed noa ODS systems

ODS Process

Alternate Process

Cleaning of assembled PCBs using Freon
™S

No-clean technology
Low solid flux with a new soldering system

Developing solvent based dry film laminated | Aqueous processing method
PCBs and PISM using 1,1,1-trichloroethane 1. Aqueous dry film laminator
2 Self alignment glass device

3.SPL high power exposing system

4. Double chamber developer (augmentation)
S Double chamber PISM developer
6.Cunng/baking oven

Stripping solvent-based dry film laminated
double-side PCBs and inner layers using
Methylene Chlonide

I.Low speed/low temp. double chamber
stripping machine

2 High speed/high temp./high pressure SS
bodied stripping machine for inner layers

Purchase oi no clean system

Considering the strict quality control maintained at the I TI-Palakkad the introduction of Low Solid
Fluxes has been chosen. The no-clean flux wave soldering machine is to be procured against this
project funds. This would give the same quality as in the case of ODS cleaning. Its cost will be in the
range of US $ 100,000 to US $ 200,000

Purchase of an additional exposure and related processing unit

Presently ODS solvent processed dry film photoresists (DFPR) is used to transfer circuit patterns on
copper clad laminates. The proposed aqueous DFPR is less efficient than the present system. As
shown in the table below, it requires 25 - 30% more time, that is, there will be a 25 - 30% reduction
in productivity. Considering the actual annual production output of 14,400 sq.meters, an additional
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DFPR exposure, developing system, special aqueous dry film laminator, dryer and related accessories
will be required to raise the output capacity of the non-ODS process to that of the present ODS
solvent using process. The estimated cost of developing and stripping machines would be around US
$ 250,0000 as per the break-down given below.

Bearing in mind the cost-effectiveness threshold tor the elimination of 1,1, 1-trichloroethane (i.e. US
$ 38.50 per one ODP -weighted kg of 1,1,1-trichloroethane, by the MP Executive Committee) and
the necessity of nrocuring ihe full set of equipment for this project, while formulating the project, it
was decided, to take into account the cost of equipment available on the Indian market which are
considerably lower then the cost of similar equipment on the international market.

Name of equipment Cost

Special aqueous dry film laminator US $ 30,000
Auto glass self alignment device US $ 30,000
PC 130 SPL high power exposing system US $ 30,000
Double chamber developing machine with drver
for double sided PCBs (augmentation) US $ 50,000
Double chamber exclusive aqueous PISM
developer with dryer US $100,000
Cuning / baking oven US § 10,000

fotal US $ 250,000

e estimated cost of an xquenus stripping machine 15 1S S 133,600 Since the solvent used for
stripping is methylene chloride, which is not controlled by the Montreal Protocol, the machine is to
be procured against the funds allotted by the ITI-Palakkad for this project.

Water treatment

In this project, the use of aqueous based processes (dry tilm developing and stripping) is chosen
because the efficient use of water as a solvent will not damage the environinent and because water
is a plentiful and inexpensive resource in Palakkad. The use of dry film development and stripping
process will require trcatment of waste stream. The water filtration and recycling, sub-system (waste
water treatment systcm) can be integrated into the main sub-system and it costs about US $ 20,000
extra.
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Site preparation and installation of machinery

The project includes funding to prepare the sites for the equipment installation. This funding is for
electrical supply and plumbing to ensure safe installation of the equipment. Technical staff of the
equipment manufacturer or their agents in Indiz wi'l help the installation work.

Operator Training

Operztors and maintenance personnel will be trained in the proper operation and maintenance of the
new equipment. Personnel will also be trained to measure important process changes in the
effectiveness of the no-clean technology . The training programme will be designed by C-MET in
cooperation with the equipment manufacturer and [TI-Palakkad.

S. Project Costs

The project costs in referance to all costs in this section are economic rather than financial costs. The
incremental recurring costs are mcluded in this project. Incremental costs are offset by the reduction
in cost for the ODS solvents. The costs of utilities and of solvents may differ between project to
projects in the country. Cost of acquiring the necessary environmental permits is included as part of
the project.

Total Project Costs

The total project cost is US $ 389,592. Because there are no non-ODS investment costs associated
with this project, the total project cost equals the ODS reduction portion of the overall project. The
total project incremental cost of US $ 389,592 was calculated as the economic capital cost (US
$528,000) minus the net incremental operating savings tor 3 years discounted at 10% (US $
138,400).

Capital Investment Cost

As given in Annex, I, the total investment cost is US $ 389,592, The major components of this cost
include the purchase and installation of a low solid tlux soldering machine (US $§ 150,000) and
aqueous cleaning developing machines (US $ 250,600) for the replacement of the existing systems.
The stripping machine will be purchased by ITI-Palakkad.

Incremental Operating Costs/savings

If the project was not undertaken, the annual operating cost, exclusive of tax, would be US $
121,680. If the project is implemented the annual operating cost w.il be US $ 77,880 resulting in
an annual incremental operating savings of U $ 43,800. Given an equipment lifetime of 10 years
and a discount rate of 10 per cent, the net present value of the first three years of incremental
operating savings is US $ 138,592. A more detailed breakdown of operating savings is provided at
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Annex I!.

Revenues

This project will not provide ITI-Palakkad with any incremental revenues.

Local Ownership Ratio

Local ownership fraction of 100 percent was considered to determine the amount of eligible MF grant
financing. Since the total project incremental cost should be multiplied by the fraction of local
ownership to determine the proposed grant amount, total proposed multilateral fund financing is equal
to total project incremental cost, i.e., US $ 389,592.

Centingencies

A 10 percent contingency has been provided on the overall cost of the project.

Unit Abatement Cost (UAC)

As shown in Annexure-4, the UAC for this project is US $ 3.14 per ODS-weighted kilogram per
year. This number is derived from an annualized incremental cost of capital of US $ 85,905, first year
incremental annual operating savings of US $ 43,800 and phasing out of 42 tones (13.44 ODP
w21chted tones) of ODSs per vear.

Proposed MF Grant

The proposed MF grant tor the project is US $ 389,592 was calculated as follows: first the total
investment cost of US $ 528,000 was deducted trom the net present value of the incremental
operating cost over the first three years of the project, which is US $ 138,592. This sum was thcn
multiplied by the 100 per cent Indian ownership ratio of ITI-Palakkad to yield the same grant amount
of US $389,592.

Financing Plan

MF funding is a grant and is limited to the incremental cost as calculated above. Any costs not
covered by the MF funding as calculated above must be financed by other sources.

6. Project Implementation
Management
The Ministry of Environment and Forest (MOEF) will oversee the successful implementation of this

project. The project will be carried out at ITI-Palakkad in cooperation with C-MET National
Consultant. UNIDO will also provide technical assistance to the project during the implementation.
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Procurement
Project nrocurement will comply with the UNIDO procurement procedures.
Disbursements

Fund disbursements will comply with UNIDO financial procedures. The schedule for disbursements
will be decided upon at the beginning of project implementation.

Audits

For auditing, UNIDO project evaluation and review procedures and project financial management
data will be used.

Required regulatory actions

No regulatory actions, other than routine permitting, are required to implement this project. Under
the existing agreement with the UNIDO/World Bank, equipment and machinery imported as part of
this project will be exempted from import duties levied by the Government of India.

Direct Project Impacts

I'he project will eliminate annually 42.0 MT of ODS (13.44 MT ODP weighted) at the ITI Palakkad
factory.

Indirect Project Impacts

As far as the indirect etfect such as the transfer of technology to othzr enterprises in following
projects is concemned, this project will have a big impact. The project design has been made to
maximize this impact. Particularly, the involvement of C-MET of DOE will ensure the successful
repetition ot phasing out projects in the Indian electronics industry.

Otherwise, assuming a successful transition to aqueous cleaning in ITI-Palakkad, the quality and
performance of ITI-Palakkad products will remain unchanged. Assuming that a grant is provided to
cover the incremental costs, there is unlikely to be any impact on product price. Absent a change in
quality to price, consumer demand and production levels are expected to be unaffected by the project.
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Schedule of activities (Project Road map)

technology

N Activity Descniption Responsible Im.
1 Preparation of a detailed project ITLUNIDO 1Q
work plan
2 Carry out reliability and Evaluate the effectiveness of the different ITI, C-MET, 1Q
matenals compatibility tests nono-0DS technigeus UNIDO
3 Select technology Prepare the list and specifications of ITLUNIDO 1Q
equipment and matenals
4 Procurement of equipment Carrying out an international bidding and UNIDO 2Q
sign the contract
5 Design modifications on the site | Engineering design of utilities (water ITl 2Q
and factlitics clectricity, piping .civil engineering)
6 Preparation of facilities Construction work IT! 3Q
7 Preparation/ procurement of Procure or in-house make the locally ITIL,C-MET 3Q
local ¢ ~uipment and machinery | supplied equipment and machinery
3 Acceptance test, installation and | Install and commission the equipment and UNIDO,IT] 1Q
commissioning of equipment run training programme for operators,
carrying out acceptance tests
9 Start utilising new non-ODS Evaluation of the processes UNIDO,C-MET | 4Q
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Annex 1. Breakdown of investment (capital) costs
o ' _ Unit Q Tantal
Description of cost item Unit cost, cost,
uss |Y| uss
1 | Project monitoring missions week 50001 1 5,000
2 | Equiprment
2 | Noclean soldering machine each 150,000 1| 150,000
2.2 | Special aqueous dry film laminator each 30,000 1} 30,000
2 | Auto glass self alignment device each 30,000 1] 30,000
2 | PC 130 SPL high power expasing system each 30,0001 1{ 30,000
3 | Double chamber developing machine with each 50,000} 1] 50,000
dryer for double sided PCBs (augmentation)
2.6 | Double chamber exclusive aqueous PISM each 100,000 | 1| 100,000
developer with dryer
2.7 | Curing / baking oven each 10,000{ 1} 10,000
2.8 | Water filtration and recycling costs (Dl plant) | each 20,0001 1] 20,000
2.9 | Installation costs (electrical, piping,etc.) each 20,000{ 1| 20,000
3 | Miscellaneous
3 | Waste treatment siat 20,000} 1§ 20,000
3 | Transportation: shipping and insurance set 20,000 1} 20,000
3.3 | Contingencies 10% 48,000
TOTAL INVESTMENT COSTS 528,000
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Annex 2. Breakdcwn of incremental operating costs/savings
Description of cost item Unit cl::tl, Qty m ﬁw
Us$ uss uss
A | SolventVmedia costs per year
Al | CFC-113Methanol kg 3500 12,000 42,000 0
A2 | MCF kg 1.500 | 30,000 45,000 0
A3 | RMA flux L 4.000 2,000 8,000
A4 | Low solid flux from Interflux, USA L 20.000 2,000 40,000
A5 | Regeneration of carbon (4pcs) and each | 300.000 8 2,400
deionising (4pcs) cylinders for DI plant
A6 | Water @ 80% recycling m3 0.100 $,000 0 500
Sub-total 95,000 42,800
B. | Electricity costs per year
B1 | Cument systems (224 kW/day, 300 kWh 0.040 30,000 2,688 0
dayslyear, 1 shifts)
B2 | New soldering machine (30 kW/), 1 shift | kWh 0.040 | 64,800 0 2,880
33 | Aqueous cleaning systems (developper kWh 0.040 43,200 3,000
and stripper), 250 kW/day, 300 days/yr
Sub-total 2,680 5,880
C. | Water treatment costs per year
C1 | Recycling costs 10000 1 0 10,000
C2 | Labour costs (processes using ODSs), 5 wim 400 60 24,000 0
operators
C3 | Labour costs (non-ODS processes).4 wim 400 48 19,200
operators
Sub-total 24,000 29,200
TOTAL PRE-PROJECT COSTS/YEAR 121,680
TOTAL POST-PROJECT COSTS/YEAR 77,880

TOTAL INCREMENTAL SAVINGS/YEAR

(43,800)
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Annex 3. Calculation of unit abatement cost

A ODS phase out
At Average use of CFC-113 based scivent per year MT 12.00
A2 | ODP of CFC-113 082
A3 { ODP-weighted CFC-113 phase out (A1°A2) MT 9.84
A4 | Average use of 1,1,1-trichloroethane MT 30.00
A5 | ODP of MCF 0.12
A6 | ODP-weighted MCF phase out (A5°AB) MT 360
A7 | Total ODP-weighted phase out 13.44
B. Annualized capital cost
81 Total investment cost from Annex 1 uss 528,300
B2 Equipment life Year 10
B3 | Discount rate % 10
B4 | Annualized capital cost (B1°0.1627) Us$ 85,905
C. Annual incremental operating savings from Annex 2 uUss (43,800)
D. Unit abatement cost
D1 ] Annualized capital cost per kg ODS phased out US$Xkg 6.40
D2 | Annual incremental operating savings per kg ODS phased out US$Xg -3.26
(C/A771000)
D3 | Unit abatement cost (D1+D2) US$kg 3.14






