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1. INTRODUCTION 

1.1 The India country programme on phas~ out of ozone depl£ti~~ 

s.ubstance~ unoe-t the Mor.tree..] Protocc-1 WZ:.': fc·r·nrulctEO lr1 reo•.:: 

The- natioP.al prograrr.n1E: fot 0(>~. pha'!:.c ot•t 1~ pr·E.~•.2..rec tc· En~.,_,,£ 

the phase out of ODS accordin9 to national industrial dEvElopment 

st rateg:,.. The Indian ele:ctronic.~ indu<:triE~ producE" anc l'S< ~ 

the r: • .ar.vt'ac.:turing proce.s~ .. -:~;-; . .:: of wt-.ich f.:.ll und£r the c·;c.r,r 

the Montreal Protocol. 

Zc .t·'. ir orw te-r11~. 

~ 

J, •• 

-: .-. ~ :.1 t ~· t ·=- "( (" .. Cl•r1!rc};~ 

Solvents is one of t.hf n1<>.jor usEr s<ctr·r 

i ._ . r '. 1. 

scie:ntific 5ociety under Department of El*=ctronic~. Go\'t. c.t 

Indic., c-nd is engagPd ir1 R~f· in electronicc r.;e.teric,J~ ;,n:: r£lct.fd 

product~. C-MET is recognised as nationa1 consultant for 

forrr.ulation of projects for OL1!", r•has£ 0ut i11 $C•lvent s.Ec l<·: u. 

India b~ the coordinhting agenc~. namely, Ministry of fnvi10nm~n1 

and Fore~t (MOEf). Th£ llnitrd N.:itjon!' Induc.trial r>evcolop111cnt 

Organisation (UNIDO) and C-Mfl ha,1e ent.ere-d into .:. contract ir, 

Decembf'r, t<~94 for formulation o1 4 project!:. for t.hr- conver!;.ion 

of ele-c-tronic cleanin9 proce.sse.~ fron CH-113/ alcohol blended 

solvrnt• rtnd 1,1,J trirhlorof-lhe.nf t<• non-CFC cleaning ir, lndi<. 



1.3 The scope c·f ..,;ort-.. under tt-.i~ contract cover~ ~-<:.rr.plin;: 

process. data collection.analysi~ and proj~ct formulation. 

involve the followinQ activities in detail 

I de n t i f i c c- t i o n o f t h r e- £ n, e d i u r. t ; ! c r 9 £ - ~ C <- } ( 

:. ; . l f 

enterprise~ using or·s based c-lt=.&.ninf tec.hn:iqu£-:. c-'1( 

solvent~ in their processe~. 

r·,~ ~ -- ~ •. _. , \:'.I~ .- 1 (.:: r: -· t_ 

fror.. selectc:c enterp!iS-L':. c.n.:; e:n.:iiy~ing t.he ds.L.: 1c·r 

t E c h no 1 o ~- i c c. l f E a s i t' :i l i t y , c o s t e f f e c t i v f- r. f ~ '.: _ 

formulating 4 project doculJlents in cooperation with 

c oml=' r i s i ng of selection of su:i tahlE enterprises intFrestE:-d ir. 

el i mj nc.tior. of Q[1~ wa~ achi evFc' _ Three mediun• tC\ lc.r Ql -sc.:.if 

:industries were identified for collection of details as per 

questionnaire evolved throug~. discussion~ with th£- user 

i ndust r ie~ _ ThF at•ovf- activity wa~ detailed in thE- First Interir. 

Report subn:i t l£-o to UIHDO a~ part of the cor1t r .:i.c t. 

1 - 5 The Second Interim Report wa~ provided at the end of 

compilatio~ and analysis of the data collected on selected 

e n t P r ~ r i s e ~, . Thf t.hre~ rriediuri· to largf'-~.cale industrie:~ .. 

nan1ely, M/s Indian Telephone Industrie~. L imi tc1, Bangalore:, M/s 

Electronic Research limited and M/s Indian Telephone Industries 

f'<dgra-'tl Wf.lf approar·hf=:<i wit.h thf de~.igmd que-:.t.innnairF an<~ th! 



- " I .:.. .l - r ( l t:- v ,:. r, t 

lnterirr. Report ...:a£. submitted to Ut.;J[l(I C"ln l'ic--rch IC•tt.. !o-:.~ 

abov£- mentionEd lc.r9P scale indu£t r it:-'. 

Report l":r. $hatravi-.o visitEc' lndi~. o:. l~/t_.fc: tc- firi.·1i~c th. 

i: . 

Fin.cl report contain~ thE. finc.i r•ropo~.:-lc :~, 1£·~:( 

2. DAT~ COMPILATION 

~ . I 

rE:O~•E~t C•f th~- ~f)f::t<---.-

) nd J~ t r j E '- . fife. I r(or.j( . - . ' .. l . ,, ~ ~ ' :: .-. , ·~ . 1 ( .. ( 

M/s Indian Tele:i:-hone lndustrie~. Lirr.it.£o-d. b.?inge.lor£. ;:.no f-'1h 

Annexure 1, 2 and 3 respectively to this report. 

B a s e. d o n C• u r E a r 1 i E. r exp E r i e n c F o n intere:ctiori e:nc 

prer:i.?.ratior. of £.)n.ilar project ~:-ropo£.c;l~ for Iv./~ Jndir.r, Tcler·honr 

I n du s t r i F.. ~. , M <'· n k a ~· u r w h i c t. ha ~ ~ i n c E b E £ n ei ~· ~' r C> v c d f n , 

implementation, tht:· exerci~.e wa-:-. undertakPn ir1 a similar manne-r 

to preparE. the draft. proposal~. for the interacting 

organi sat.ion'.: as above . Accordingly, th~ draft pr opo£.al ~ i r1 

favour of J ndian 1 el ephone- Industries Li mi t~d. b.:tngal Ort and Mh: 

Electronic Rese.:-rch Limit ~d, Bangalore and ITJ, P.:d lakkad. Wf'rf 



lhereafter Mr. ShatravJ.e>. Ur;JPC CC·t1~ultar.t visitPc 

mentioned organi~.ation~. r.nd h.~c de t2-iled discussion w1tt. 

respective industrie~ and hasec on the inputs pr·ovidcc t·y th!. 

UNIC'lO consultant and J..eer·ing in vicL-. thre-.~he>ld lin:it~ s£'t t-"· 

MontrEal Protocal. final i:-ropo~ . .:-.1~ wE-rf' r:~repc.reci. 

Q.ijy .. f\t;AL)~Sl ~ 

3.1 Bc.sed on the de.ta rol lectec dur·ins- the quest i onn,:, i r£ zn0 

anc.lysi~ of the ~.ame. fin.::l project proposals entitjec "'Conver~:ior. 

l .• •. :..:~•J\/t.f1~' l\ \,-.: '•L--~.:• 

Blasting and Serr.i-aqueou~ Cjeaning and Nc-Cle.:-i.r1 technc..Jo9iec-' err 

formulated. lhF analys:i~ c·f thE- dale: received fro'. .. l''"h !ll. 

annual consumption of 17.42 n1etr:ic tone~ of 1,1.l Trichloroet.hanE 

and 0.06C l"i. T of Hzlon~ l.'-01 a11c 0. 7f·O t': . T • of 1 21 J th.-=. t l c 

tote! Ctf lt.:.,~!·.1. o~,~-, (•f .t .. (·L·: or1~ tn~l'.:-::,t.(L t- .. ~ .:: • I~· i ~-.. • 1 • 

l'i.T. of lrichlorc·-Tr:iflouroethanf: c..r1d 4.3.50 M.l. c•f 1,1.l 

Tr ichloroet.hanf. which amount~ to a total of gg.fv M. 1. CJ[•~ c.1r 

17.5~ nnr WFiQhtF~ M.T. ~:jrril::-r!y thF ana}y~ic 0f d.;:.t.= in 

respect of M/s I.T.I Pala~kad shows that si~ilar project ha~ 

r:a~at- i lit y of pha~ i ng out of a nnues l con~un1pt i or·, of 17 Ml of ere -

l 12- and ~O Ml of 1, l, l tr ichlo1 oe-thanF which amount~. to c- totc;i 

of 42 MT ODS or 13.44 ODP weighted MT. 

The at•ove projects each with a project economie: life of ten 

year~ and estimat~d ~reject duration of 18 months envisage total 

~·rojec.t outlay of lJ.S.$ 456,542, U.S.! 

respectively for M/!:. ERL,Elangalore,M/s 

599.366 and U$ $389,592 

T hf· 

I T I , b a nga 1 ore and 

j It r p ":_; .') f' C: t 0 f t h (' 

Ill. 



project report-;:. i~ enclosed in the df"tail~ r-rovidic.~ pr, tt1' fir::t 

pag~ of Annexure I.~ and 3. 

4 . CONCLUSION 

~.I The data collecti0n a~ pFr thF 

three mediur" 

completed. The dEto.il~ thu~ received c.rr fc·rr!;. 0.tt.td ~uitat.}y ."-.r .. .-

! I..: 
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Project Proposal for the i\lultilateral Fund for the Implementation of the 
Montreal Protocol Financing 

<..'OU~Y India 

PROJECT TITLE Conversion of clectronic c1C31ling processes from ODS sol\-ents to 110<lean aod 
h~·drocsbon clc:aning ta:hnologies at ERL, Bangalore 

-
SFLTORS CO\'"ERED Solvents 

ODS USE IN SECTOR 4,876 Mf (ODP- wcigbted) of ODS solvents in 1991 

PROJECT L\IPACT Phased~annualcoosumptiooofl5.0 MT ofCFC-113 and43.5 Mfofl,l.l 
trichloroethane (total 17. 52 ODP-wcighted Mf) 

PROJECT DURATION IS months 

PRQJE(.T ECONOMIC LIFE 10 years 

lnH."Stnk..'1lt (c.ipital) costs, USS 709,500 
TOTAL PROJECT CO~"T 

Incremental operating co:.1slsa"ings, USS 252,958 

Total Projc:ct Costs, USS ~56,S-U 

OWNERSHIP SfRL"CTCRE I 00 per cent lndian 

PROPOSED '.\IF t1S,\."t<1~G USS456,S-U 

CO!tT F.FF.C.Tl\'"L'i'ESS t ISS 26.0 ~ ODP kg 

l~IT .\8.\ff.'.\IF.'."iT <:o:-.1 I iS~ :!.O r.:r !...:: , •t pb.~d- • >ut 1 )f)Ss ---
(XRRJo:.,<:\" CO:'li\ t:RSIO:'<i 1;ss 1.w = lnJ1an Rs. Ju.w 

C."OU:i-&ER E."ll"TF.RPRISF. Ek'\:tronics Rc:sc:arch Ltd, Bangalore 

l'.\IPLUIF .. "ll"TISG AGL"iCY TJN100 

COORDISATl'."iG '.\ll:'il:-.-rRY ~tinistry ofEnworunt."fll and Forc:.1 -
Proj~d sunu.-tary 

l11is rr1>j1.."CI will pha:;c-out the IL'iC of 15.0 ~ff of CFC - 11) anJ -BS MT of I, I.; -!Jichl·m1cthanc (MCF) in 
;;lc.:anini; 11p..:ratiorL'> at the Elcctmmc Research Ltd. t.FRLI. lhngalorc: in !he llll'\ rcmuval fr•im da:tronic assc:mblic:s 
ii"!er the .;,.1IJ..:nng opcnll•'ns. pr .. "\:i . .;um ck:anin!! ••flli..: ,.,mp.m.:nt,; 11fr1\h:1.:k tr:mfonncrs. ckctn,ruc rur.1.-r 
assc:mblic:s and cleaning of pipings of the three potting units. The: phasing-out of ozon.~ Jc:pk• mg substances ( OI>Ss) 
will ~ accomplished by repla<..;ng !he currently used solv1.'11t-based cleaning methods with a low 5<>lid fluxln<Klcan 
5<>ldering technology for manufacture of elcctroni~ tuner as.iaDblies, preci:1ion cleaning of C(."famic substra!cs, 
tcnnina: boards and coils of llyhack transformers and deaning of piping of the potting plants with new non-ODS 
:;olR"flli. The project will employ commercially :wailahk tt.-clmolotzi1.~ in one of India's largest ODS consuming 
sector~. The India Country Programme for the Flimmat111n nfODS hai also id~tilicd the ,;c,.-ctor ~.,a high prionty 
lfCJ. 



India: E.RlrBangalore Solvent Cleaning I 

I. Projttt objective 

The objective of this project is to phase-out the use of CFC- 113 (TMS fomula) and methyl 
chloroform (MCF) in elc~tronics 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 electr:>nics clP.aning 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 tbcal point which will (also see Exhibit I). Pg 3. 

• help to increase a~ in the selected el.:ctronics 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, materials compatibility testing. reliability 
testing, cost-effectiveness analysis, techno!"szy- selection and drawing-up of 
equipment specifications: and 

• acl.wnulate adequate problem solving know-how during the implementation 
phase of this project so that projects of a similar nature can be implemented 
: n qt h!!r !0·:·1fio11-; 

In cooperation \\ith the Ministry ofEn"vironment and Forest, the Center for Materials for Electronics 
Technology (C-MET) of the Department of Electronics (DOE) has been identified as the focal point1

• 

The Center for Materials for Electronics Technology (C-MET) is operating as a registered scientific 
;-;ccicty under the Department of Electronics with the main objective to establish technology strenb>th 
in Electronics materials for the present and future industrial requirements. 

lhe cla.1ronic industry in India is unique. that is, a sibrniticant an1ount of production is distributed in 
nnll Jnd ml!dium SL1le industrv :md it is distributed over throughout the country. 

! 11 in.: 1 ·,-11.:r l•>r \l.1f,T1.ll• lo't" l·.k,1r<>Ol•-S f ,-.;l\nol<'1:y ,(.'..\ff.n <io!I up hy l"C )f, h.u C~ rn th.: \;anotas llUh:n.&IS u»Cllill'l lhc c1Q.1rr.ru.:S 
.r.b•.irv .-o-.Ttni: d1,-m1,·.11, 1101\11i..-n .Vl<I ..rhc:r rdJl.:J prt"olu.1s "111.:h u "1hmts • .:kamn~ ••~"""' <1.: .. tnd 1n m.11erials ~cl•,....,,al mJ 
• • mrf'k:f\'t.1h1.1t1<1n ''' !h~ ~&I> rt.~uh.; 
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India: ERl.rBangalore Solvent Oeaniog 2 

2. Sector hackground 

India became a signatory to Montreal Protocol in l 992 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 ofODSs has been prepared to ensure the 
Phase-out ofODSs 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, J. 

sectoral report was also develo~ 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 studies2. According to most recent 
information presented at the Solvents Workshop ~onvened in June 1993 and re\-ised in the first draft 
of the India Country Programme in August 1993. in 1991. the solvent sector consumed JOO MT of 
CFC-12, 300 MT of CFC-113. 4,000 MT of carbon tetrachloride and 550 ~ff of 1,1,l
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 
.:onsumption in the solvents indumy is split between electronics, metal cleaning and other processes 
;uch :lS textiles, phannaceuticals. pesticides. chlorinated rubber, etc. 

(ll!aning processes used in the electronics industry co1i:!.lmed in 1991, 150 MT of CFC-113, 75 MT 
of CTC and 55 MT ofMCF (all ODP-weighted) and included flux removal (printed-circuit cards and 
hybrid circuits), semiconductor manufacturing, microelectronic component cleaning. metal and plastic 
plrt deaning. and photoresist development ~nd stripping. The use of ODSs in electronics cleaning 
:n India has been incre:ising as a result of the development of electronics industry. 

• ~I 1) H~p 'ft ,,f the I" i:;k hic-.:c: '"' S.lli•>tW Slt31._.IW .,( l'h.L\ing ,1ut < n"nc: l.>..1'!,1inK S11l~.m.:o. \hm"'1)' <'I lndu .• 11\', \fJrch 1 •rn (upd.llcd 
\far"b l?'H). 

h) Cumpilc:d CIJ'1IWTIPlion ~ Muhil*'111 fund S«marlill, MMdl l'J'H 
.i S..lvenla Wotfuhop, Councry l'rngrunlne Pn:JW81ory Meetings Series, 21 ·2~ June I ?'JJ, Sew l>.:lh1. 
0 1) ln·li~ Co.intry l'n>P,nmme, S~cmb« 1?93. 



India: ERlrBangalore Solvent Oeaaing 

Exhibit l 

Phasing out of OOSs in Indian Electronics Industry 

The role of a focal point of know-how 

T echnologicai dala base 

Large enterprise 

Reliabiflly testing 
Process developmert 
Technology selection 
Equipment selection 
Site preparation 
Installation 
Operator training 
ODS-free cleaning 

s um enterprise 

ReliabiMy testing 
Process developmert 
Technology seleclion 
Equipmert selection 
Site preparation 
Installation 
Operator training 
ODS-free deaning 

·.de: 'J~nera1/y, activities written in italic require external technical assistance and will be 
carried ad by the focal poiri of the seclor. 

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

All sectors 

1991 Consumption 

Solvents 

3 

Types of ODS 
ODP-weighted ODP-weighted 

Actual, MT Actual, MT --
MT % MT II' ·0 

CFC-I I 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-I 13 320 342.400 2.592 300 321.000 6.583 

Sub;. total s.010.000 s.o92.400 ·· ... .·· 38~S4 :· 400.ooo , 421.000 8.634 



India: ERL-Banplore Solvent Oeaning 

1991 C onsumpcion 

All sectors Solvc:nts 
Types of ODS 

ODP-weighted ODP-wtighted 
.-\ctual, MT Actual, MT 

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 

Silb-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 l.128 

TOTAL 10,370.000 13.208.400 . 100.000 4,950.000 4.&76.000 100.000 

Sectoral 
distribution 

.-\erosols I.IOO 1,100 8.328 

Foams 1.580 1,580 11.962 

Refiigeration 1,990 J,990 15.067 

Solvents .t.950 4,876 36.917 

Halons 150 3,662 27.726 

TOTAL J0,370.00U 13,208.000 100.000 

' 
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Exhibit J 

Hatins 
3662MT, 27.7°4 

Aerosol 
1100MI', ~ 

J. Enterprise background 

ODS consumption in India 

1991 SO,.es In ~welrjltled MT 

-·----------
CFC-113 

321 MT,6.R 

CFC-12 
100!\IT,2.1"' 

Electronic Research Ltd. (ERL) is a I 00% rndian limited company incorporated in J 968 The 
corporation is a part of the BPL Group. The turnover for this unit for the year J 993-94 was Rs.660 
million and projected turnover for 1994-95 is Rs.800 million. The total manpower employed is 650. 
The company has technical collaboration Vtith Sanyo Electric Co. of Japan for the manufacture of 
deflection and RF components for TVs and VCRs. The company exports about 3% of the total 
prcduction. Electronic Research Ltd. is mainly concentrating on the product mix described below : 

InstaUed No. Production Product Capacity Of (Nos) 
(Nos) Shits 1994-95 

Electronic · funer 700.000* I 525,718 
Flyback Transformer 700,000* I 656,042 
Dctlcl:tion Yok~ 100,000• I 659,513 
Monitors 25,000 I 16,206 
Satellite Receiver 12,000 I 343 

• frL,tallcd capacity of products 1.2. and 3 w;u he increased to 1,000,000 by June 1995 

s 
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f"hc areas where ozone depleting substan~cs are used include manufacture of tuners and tlyback 
transfonners. In the case of electronic tuner manufacture. after first soldering of tuner PCBs on the 
automatic soldering machine. the leads ilfe cut and the PCB is thoroughly cleaned ~ith 1.1.1 
trichloroethane to remove soldering tlux and other impurities. Subsequently, after the second 
soldering phase of assembled tuners on automatic soldering machine, the assembly is thoroughly 
cleaned \'v ith I, I, I trichloroethane to remove traces of soldering flux and other impurities. 

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

a) .-\fter HV and L V coils are assembled. the assembly is thoroughly cleaned with CFC-113 in 
rhe ultrasonic cleaner to remove traces of soldering flux and other impurities. 

b) The tennina! board assembly of FBT is also cleaned thoroughly with I, I, I trichloroethane. 

c) . \Iler 1-?ach day's utilisation of the three potting plants the pipings which transpon the epoxy 
for dispensing are cleaned with I, I, I-trichloroethane using a flushing device. Also the vacuum 
chamber is cle<'lned manually to remove the traces of epoxy spilled-out during vacuum 
foaming. 

d) I. I. I-trichloroethane-based ultrasonic cleaning is llso used for cleaning substrates in the 
,:!J.nufacture of focus resistor p:icks. v."hich is a sub-assembly of the tlyback trJIJsfonner 

li1e major manufacturing di"isions of ERL are 1s follo•.vs: 

:_:,'i'll"1ilic i r111a .\Janufodure 

-Tuner Assembly Division 

Flyb;tck Transformer .\l:mufacture 

- FBT Assembly Divison 
- Focus Resistor Pack Assembly Division 
- Potting Division 

i h~ \ :iriu11 . ..; di.:anrng machines used for ODS handling along with their production capacities are 
.;hO\rn on the following page. Exhibit 4 



India: ERlrBangalore Solvent Oeaning 

Exhibit 4. ODS Solvent Using Equipment at Electronic Research Ltd 

Activity Production Capacity Purpose Cleaning Cost 
Process 

I. Elecironic Ttmer 700.000 Nos/year-1994-95 Cleaning of solder fluxes Dip Cleaning Assembly 1.000.000 Noslyear- from PCBs in two stages and (simple tanks) Rs_ 1995-96 (projected) also cleaning of jigs used to I0,000 
handle rcns 

2. Flybxk 700,000 Nos/year-1994-95 
transti:>rnk!r 1.000,000 Nos/yc:ar-
:t.'\..~bly 1995-96 (projl:':Cted) • 

.1) HV & LV Ctlils 
l"'..:.mir.~ olf '4.l!J.:r r!t:x ... -:; CFC-I 13 JY Jo 
from the coil assembly afta deaning in Mio 
assembling and soldc..'ring of ultrasonic 
r!'te coil machine 

h) Tcrmuul ooard 
Cl<!aning of tl1LX1."S atkr 1,1.I- Rs. a..'"'-'fllhly 
sold1.'ling uf diodes and trichlometfune 15.000 c.ipJ.:Hurs .!ip deanin~ 

•mks 
..:; C.:r.um.: 

Suostr.!!.: .:1..-a:im;? 1.1.1-
R.s 

S•Jhsln!e 
~~h!1 ·n·~[!:.!!:.: 

Sr 1.: ··,I 1 

.. 
m ultra.. .... 1ruc 

I ·. -.... r·. 

deaning 

d) Polling Plant-; 
Cleaning of lhe piping..-; after Flu.'ihing JY .:!00 J Nos. 
pollm!! • •pcralu •a ~~·s1cm ~fio ~ r:.r Hn 

I ;:.r FR 

O:C-113 ~md \fCF .1re th!.! t\'.O 0zonc depleting substmces used at ERL. rh~ cost incurred in the 
ozone depleting substances is indicated in Exhibit 5. 

7 
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Exhibit S. ODS Solnnt Costs of Electronic ResHtth, Ltd. 

ODS amount Unit Price Annual ODS ODP 
Di"b-ionlPurposc kgslday USSlkg cost 3IJ10GIJl w\:ighted 

USS MT/year amount 
MT.')·ear 

A. Electronic Tunen (Flax removal) 

I. Cleaning ofFr:unc. 500 
2. Cleaning of Jigs I0.00 
J. Cleaning of Tuner ~bly 30.00 

Total solvent used - I. I.I - -t5J)0 1.5 47.250 13 50 I -., r,_ 

trichlor(l('thanc 

B. Flybadc Traasformen(Flu..' 
removan 

.to_()(} 

I. Cl\!:llling of soil assembly 
40.00 -t.52 54.240 1200 ni 

Total ;of\·1..'TII •L"<..'\i- CFC -I 13 
6'}.!JO 

2. Clc:ming of ceramic ,,11bs1ratc I0.00 
l Ckaiting of terminal board JOOO 
J F!u;;hmg nf jldtin I! ph.~r" 

r I f utal °'°f\"'-'Tlt u...;..:d- 1.1.1 · I00.1J<> 15 105,000 3000 36 I trichloroethane 

... Project description 

4.1. Sector-wise ap;irnach 

rhe electronics industry uses a variety of chemical substances in the manufacturing processes and 
!' .ickJging 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 alternatives for replacing/phasing out of such 
substances etc., is being pursued under the ac~ivities of the Centre for Materials for Electronics 
TechnolOb'Y (C-MET) of the Department of Electronics.This would be a part of the overall 
imigr:unmc \\ ithin the Goverrunc.'Tlt of India that is being implemented by the Ministry of En~ironment 
.ind Forest. 

The replacement of ODSs in electronics industry applications with aqueous processes and no clean 
technologies will requiri» extensive engineering know-how to carry out the tasks such as: 
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Reliability testing 
Material compatibility testing and process development 
Technology selection 
Equipment selection/modification of existing equipment 
Purchase of aqueous cleaning machines and systems 
Site preparation 
lnstallation of machinery 
Operator training 

9 

Therefore. the overall programme conceived for implement:ition 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 wcll as taking up demonstration 
projects v.ith 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 che section above. the replacement of ODSs in electronics industry applications \i.ith 
aqueous/semi-aqueous processes and no-dean technologies require extensive engineering know-how 
to nerform a number of t1skc; 

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 
:;raphs, charts, and data showing that the ERL-Bangalore project has determined that the cleaning 
or no-clean processe5 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. 

tJ Tl•chnolozy and l'quipment sdection 

ERL, Bangalore v.ill phase-out the use of CFC-I I J in ~oil assembly cleaning and MCF in dectronic 
cleaning of tuner and tlyback transformer components by selecting and utilizing the appropriate non
ODS processes.ERL currently uses seven cleaning stations (simple tanks without heating and 
:.iltrasonics are only used for cleaning of coils and ceramic substrates of the t1yback transformers). 
At the end of the project implementation. all the ODS solvents (CFC-113, methyl chloroform) will 
he eliminated 

In the solvents sector, especially in the case of electronics cleaning, there are many options to the use 
of owne depleting solvents. Usually the choice of the alternative cleaning process is depenc!ent upon 
the type of market served by the solvent user. Most commercial applications have more flexibility 
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in the use of new technology, ~>cause of the inherent need of maintaining their ~ompetitiveness in the 
world market_ However, many organiz.ations build products known for their high degree of reliability 
for use in military aircraft, satellites or other difficult professional (industnal and commercial) 
operations. Thes~ organizations spare no cost to ensure that products made by their organiz.ations 
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 chloride), aqueous and semi-aqueous cleaning, and cleaning with petroleum solvents, 
ketones, and alcohols are to be viewed as acceptable_ 

S\~itching to one uf 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 U!lder 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 sdected Egyptian companies are dealing with the production of military equipment. which 
requires :t good deaning strength, the aqueous solution seems not to be optimal_ 

The semi-aqueous cleaning systems are using terpenes, dibasic esters, glycol esters. or other 
'.1ydrocarbons, generally in combination \i.ith surfactants_ These cleaners can be considered for 
deaning of PC Bs. These solvents exhibit varying degrees of flammability, and generally require that 
.:ertain precautions be taken, especially if used in spray cleaning applications_ AIJ these solvents have 
!ow pressures.but arc 'itill considered photochemic::il!v rc~acfr:e. The '' !:',equ~nt ·· .. :r-:r tr>?ltIT!l!nt 
· · '..' -·· :ng: :- .: i ;,_,ir~:;, 'f~r 1rion v .. iil 1c4uire a \\Jter creatment plant which would increase the projC\.-t 
cost. 

Petroleum solvents. alcohols, and ketones are presently used in some sectors of manufacturing and 
r~pair industries ti.>r cold cleaning applications. Petroleum solvents (mineral spirits. 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 
Jetluxing operations in the electronics industry. These solvents, however. have several limitations. 
rheir flammability restricts their use in enclosed -;ystcms :md in vapor degreasing op;!rJtions 

: ll»~e\cr, n.!w mixed b)drocarbon cleaning agents (AJ-group) based on these c!c.uters have 
lppeared on the market, e g. PX l 6S \\ith a flash point of 79° C (propylene gl~ col) from Dow 
Chemical, XZ 96000 with a tlash 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 
tlammability have opened new perspectives for these solvents_ 

!k-cause rhc P<'rls :ire imml!rscd in 1 'olwnt. rhe -:olwnt m11·;t he n1:1intair..:d 1-l fr.:.: 11f .:"rir.imination 
h pu.~sii>le. I h\!reri.>rc, rhc Jist1llation process should be used to clean the solvents during the 
-::caning operations. One of the disadvantages of hydrocarbons is that they exhibit slower drying times 
than halogenated sol,,·ents. To solve this problem, the PCBs are nonnally vacuum dried. This would 
diminatc the need for any water rinse and simplify any waste treatment operations. 
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rhc new principles presently dc\'clopcd arc based on \\;aterlcss deaning \\lith A3 cleaners in a closed 
single chamber utilizing the advantages of the old rechrjques. like vapor degreasing and ultrasonics_ 
.-\ vapor consisting of A3 cleaning agent is normally produced at approximately 80°C in a vacuum still 
and then is pumped into the treatment chamber. The vapor condenses on the components to be 
deaned and removes all adhering contaminants, such as tlux residues, oil, grease, emulsion and dust 
Precleaning ~ be undertaken by means of high-pressure spraying or immersion. The rotation of the 
basket \\'ith components may be required a~ well as ultrasonic agitation. After the completion of 
vapor rinsing the parts are then to ~ vacuwn 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 collect1'v in the vacuum still and can be eas!ly disposed of without 
any waste treatment. The folio-wing cleanifl•! agents .:an be easily adopted for use: PX16S from Dow 
Chemicals, Axarel from Petroferm, Prozc ~ from BP, Purasolv from Purac, Zestron from Dr Wack. 
Careclean from Castrol and others. 

~o-clean technolo!,iies with or \\;ithout nitrogen atmosphere, using low solid fluxes are ~pining 
!mponance and the quality is \\d; .. !'~iw·J for \\ide rJ.nge of applications This is one of the very cost 
eftective technologies available and widely used by industry. For high quality requirements use oflow 
solid fluxes follov.-ed by semi-aqueous cleaning would be an effective :dtemative. 

Technology and equipment selection 

ERL-Bangalore \\ill phase '-1ut the use of CFC-113 ( trichlorotrit1uoroeth:me) Jnd methyl chlorofonn 
( l, l. l-crichloroethane) in the tlll"< removal from the tuner assemblies, deaning of the potting systems 
Jnd precision clearing of the flyback transformer components in the tlyback transfonner 
1'1Jnufacturin~ divi~iPn !iv mod;!\ ir'! t'11?ir nr~c''"~~'- .~' :!:,··;_ '1 t..;; 1 r~··. · .1 F\!:ih;, \ 

Exhibit 6. Selection of .-\temate Technology 

I Process Fxi'\tin~ Proposed \fcthod ! 
I 
' Eledninic Tuner Vnit 

I t 'k 1~11ng • ·f ! l?r ..:tc.1111ng :rnn~ Fn\;nmmcn!Jlly ..:• •mr.111hlc F•ilh: 1utnmat1c dcaning 
1:r.ir:i.: ! 1.1 -•r...:hf. ·r• -cth.111..: .:!i.::111111µ ,-,,·,r.:m \\1th :\ l - m:1..:hmi: \\tlh 11ltr:t'it>111..:.;; 

I 
_:;.1•!p •1:;:.!s •• tr"r rms111g, \ .ic1mm .!:Y:-:.: 

I 
·!;,! . .il \ 1 .. :nr .. !: "f:~!.1~H ·n : l ' -

2. t l:.1:1111~ .. r J1.~ .. , ; J1p di.:anmg 1i:;in!? ~~. , .. ,f~:1nin~ Chan!ZiO!? the: prnc"-""" lw 
! .1.1 :r:..:h!1·r·-c:!:.u:c ,.·w1r..:hmg o\ t..T to r.u-dc.Ul 

["'\:hnoloizy 

l Ck.1rnn!! 1•! I >1p d..:amng IL'lllJ.! :'-111-dc;1mn~ .\pphca1111n nf no-dc;in tk'<. 
!"1:n..:r .\-,.;.:mblv 1.1.l tm:hlcin'<-·1h me 0.:POVL"NIOO to ll<Klc:m 

••hknnJ.! pr•>c<-".;;-.c:~ I 
!·I> h.id, fr.in,form~r l nil 

F-•lllllf! ,.fc·«If ('.,ir:,; 11hr;1;;.•m..: l~n\·1ronm.:nr.1lly ..:ornr.1r:hli: Fully mtomar1c deaning 

I , ., r::1d11nc: mdl'H'-111 ..:l.:.inmg sy,;tcm with :\.l- machine with ultra.'I001c . 
o.'T•Htp ll1J1,Js \ .1p.•r rin.,mg, vacuum drym!( 

.inJ :;i.1IVt..'TII J1st1llation 
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!.Cl~gof Utr3.-;onic deaning AJ-group "°'"'-"flt da'ling Cleaning machmc 'nib 
'-"'--ramie substnl<! using 1,1, l - ultrasooic, \"3par rinsing. 

L~chlor0t.'fhane \'acmun drying IPlf sol\"mt 
distillation 

J. Ck.-aning of Dip cl~ing, u:.ing AJ-group soh\.'lll cle311i.,g Ckaning madiinc i.ilh 
l\.-nninal board I . I . l -trichlorodhane ultrnsonic.. "3POC riming. 

\·acuum dr}ingand sulvcnt 
distillation 

4. Cleaning of Cle:ining using tlu...tring Cleaning lhlng Jib;b;C esters Modification of potting system 
potting systems dcviocs and I. I.I - to adopt water basai soh'Ctlt 

trichlo."'°"'lhane and treating lhis soh.-ent prior 
to disposal 

Operators and maintenance personnel \\ill be trJined in the proper operatic.n ancl maintenance of the 
new equipment.Personnel will also be trained to appraise imponant process changes in the cleaning 
effectiveness of the new processes. 

ERL has special units for potting components v.-ith epoxy resins (2 for FBT & I for FR). These units 
require cleaning after each operation.For the flylback transformer and focus resistor. it is proposed 
to change to an eco-fiiendly 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. 

:· .~r ~he tur\.:rs. :c i:i ~:-.:.µvs\!J cu a-. 01J the pJ.:it ~:~.ming practices by using no-clean flu.'<. It is also 
propoSl!d to replace the existing soldering machine '>\ith a new machine which can use the low-solid 
tlux. The cleaning of the tuner assemblies will not be required. 

In addition to rhe potting plants, ERL has the four cleaning stations. One is for ceramic substrate 
using ultrasonic cleaning and emplo> ing I, 1, 1-trichloroethane. The second station is used for cleaning 
of the tenninaJ hoards by dip cleaning. The third one is used for cleaning coil assemblies in ultrasonic 
cleaning, and the founh one is used for cleaning the !Tames of the electronic tuners. 

When rosin tluxes Jre 1Jsed at ERl.-B.mgJlor~ . ..:!ewing .... ith hydrocJrbons/surfactants or with 
sJponitii:rs or mixed hydrocarbons is an effective choice. rhe alternative technology will be high
pressure spra}ing 1,1,ith subsequent vapor rinsing under vacuum and vacuum df}ing.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 solurion. The technology 
selected does not require water and in addition the quantity of the cleaning solvent used (closed 
chamber with di~tilfation nf dc:mcr) ;._ \·erv !, 1'.\ r~c pr,iro.;1.'il rcw d~:tning mJ~hinc: usi:s Jn 
;m.ironmt!ntally ~\>111p:111blc d~ing ~onccpt, whereby .\lil tluid is utilized for all the three cleaning 
processes 
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Sitt prtp:aration and installation of machintry 

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 
nee~ to the cleaning are--..s and to the soldering area for introduction of new systems. Technical 
staff ('fthe equipment manufactureis or their agents in India '"ill help the installation work. 

Oper.ator Training 

Operators and maintenance personnel will be trained in the proper operation and maintenance of the 
new equif)ment. Personnel will also be tramed to appaise and modify important process changes in 
the cleaning effectiveness of the semi-aqueous cleaning sy\1ems. The training programme will be 
designed by C-MET in cooperation "ith the equipment manufacturer and ERL, Bangalore. 

5. Projttt Costs 

The project costs refers to all ccsts. including incremental recurring costs. The costs of utilities and 
solvents may differ between p~oject to p1ojects in the country. Exhibit 7 indicates the :otal project 
.:ost of US S -t56,5-i2. Because there ar~ 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 USS 456,542 was calculated as the economic capital cost (USS 709,SCO) minus 
the net incremental operating :'3\ings for 4 years discounted it IOOo <rs~ 252,958). 

Capital lnvestmtnt Cost 

\.~ :)-.. ..:n ,1 . \,-.;;~x I, ;iii! cor.il in\cstm~nc cost 1s LS .S ..J5o,5-Jl. fhe major components of this cost 
include the purchase and installation of four hydrocarbon cleaning machines (US S 360,000) for the 
replacement of the existing systems and a no-clean soldering machine (US SI 00,000). 

Incremental Operatin~ Costs/snings 

If the project was not undenaken, the annual operating cost. exclusive of tax. would be US S 
255,020. If 1he project is implemented the annual operating cost \\-ill be US S I H,520 resulting in 
1n annual incremental oper~ting savings of CS S 30,050. Given an equipment lifotime of IO years 
.rnd a discount rate of I•> per c..:nt. the ~ct pr..:scnt v.1lue 1lf the tirst four ~·ears of ina.:mental 
:pcrating savings is lJS) 252.95~ .\more detai'ed breakdown of operating savings i:; provided at 

:\nnex II. 

Revenues 

This project \\ill not prO\ ide f; JU .-Ban!:!alore with Jnv increment al re\ em1es 

I .oral Owner"ihip Ratio 

Since the total proja.1 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 
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project incremental cost. i_ , US S ·t.S6,5 !2. 

Contingencies 

:\ l 0 perce~t contingency has been pfO'~ided on the overall cost of the project. 

Exhibit 7. Breakdown of total projttt costs 

CXscriptioo of cost IO year period. US$ First fOlU' years, US $ 

ln\·r.:stmcnt (~ap1!3l) u'St:i 709,500 709.500 

~-PV of incremental operating .J91.827 252,958 
I_ S~'l\ ing.~) 

'-:PC • ,f m.:r..:rr. .. 11r.ii • ~T .Hing u C) 

r..:\"<..'!luc; 

r ... -i;1i c.:,,.st' 217.672 -t56,5.J2 

Unit Abatement Cost (UAC} 

.\s ~ho1rn in Annex 3, the UAC for this projer.t is USS 2.0 per OOP weighted kilogram of ODS 
phased-out per year. This number is derived from an annualized incremental ~st of capital of US S 
115.436. first year incremental annual operating "l\ings of US ~8 0.0~0 1nd phasing-out of 58.5 

·;._.,I ! - -2 l)[)f> .... ;;i_::;ht.:d) of ODS pc:r y~ar_ 

Proposed '.\IF Grant 

fhl! prof.>:'c:d \ff grant for the project is USS -J5..>,542 was calculated as follows: first the total 
investment cost of US S709,500 was deducted from the net present value of the incremental 
operating cost over the first four years of the project, which is USS 252,958. This sum wast.hen 
multiplied by the I 00 per cent Indian O\•;nership ratio of ERL-Bangalore to yield the same grant 
1mount of CS S ·t56.5-J2. 

E \hi bit ~i. \J F Grant Calculation 

Total investment cost ,US$ 

Incremental operating o;avings over the first four 
years. l;S 5 

Proj\!~t pr.:p.lration ~osls, liS S 

Proposed ~tF grant, US $ 

709,500 

252,958 

f) 

-i56,542 
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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. Proj~t Implementation 

l\lanagement 

The project \'will be '4fried out at ERL-Bangalore in cooperation \\ith C-MET National Consultant. 
UNiDO will also pro11ide technical assista'lce to the project during the implementation. 

Procurement 

Project procurement will comply with the UNIDO procurement procedures. 

Disburnments 

Fund disbursements will comply with UNIOO financial procedures. T:1e schedule for disbursements 
will be decided upon at the beginning of project implementation. 

Audits 

L 0nccrning .iuJiting, L :\I IJO pruji.:ct c•:.tlu.ui0n .1.:J r..:-.. : ... \.. ,:rnc-:J..ir ~:> ..1nd project iin;.mci.il 
management data will be used. 

Required regulatory actions 

No regulatory 'lctions, other than routine pennitting, are required to implement this project. Lnder 
the existing agreement \\ith the UNIDOtWorld Bank, equipment and machinr.ry imported as pan of 
this project will be exempted from import duties levied by the Government of India. 

Direct Pro_ject Impacts 

The project \\ill diminate annually 58.50 \ff of ODS ( 1752 \ff ODP weighted) at the ERL factory 

Indirect Project Impacts 

:\s far as the indirect effect such as the transfer of technolob'Y to oth~r enterprises 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 successti.JI 
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 perfonnance of 
ERL-Bangalore products will remain unchanged. 
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F.xhibit 9. Schedule of activities ( Projed Roadmap) 

Acth-ity Dnniption Retpoesible Tuain1 

I . Make a lk.-raile:f work phm C-Ml:.l.ERL, IQ 
UNIDO 

2. Prepare tcidmical Di~-uss cleaning t~ogy and C-MET.ERL. IQ 
specifications for equipment equipment specifications with UNIDO 
procurement manufactures 

J. c any out reliability .tllld faalua!e the effecti\~ of the C-MET.ERL IQ 
materials compatibility tcst..-1 .l!~ercnt non-ODS cleaning techniques 

-t. Commercial negotiations I fold commercial ~otiations based oo UNIDO 2Q 
the technologies selected 

5. Pn.-,,areofthe site: and Engineering design of facilities (water. ERL JQ 
f.:JCilities dectricity. and gas ),piping and ci,il 

..:ngina.Ting. construction 

6. rn..,,aration/procuremc:nt of Procure or- make in-house the locally ERL lQ 
!l>eal cquipm\.'lll :mJ .,11ppli..:J \.-quipw.ent and machinery 
mach!nery 

7. lnstallatioo and C-MET.ERL .tQ 
..:0mmis::.ioning of ..:-iuipr.:..:nt. 
1cC\.'Jll:mce tests 

S. Start utili::.ing U\.'\\' deaning ERL H) 
prC'CesS\.'S 

' 

I 
; L·-...iil1h.: the pr..·i"-~c I lJ"NIDO, C-l\.tET. SQ 

ERl 
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Annu I. Brt-.akdown of innstment (capital) costs 

D.:scription of cost it.:m Unit 
Unit cost 

Qty 
T ot:t.1 crur 

US$ USS 

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

LI Material compatibility, process development, m/w 400 20 I0,000 
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 I 100,000 

2.2 Modification of three potting systems to use a new each 100,000 I 100,000 
solvent (dioasic esters) for flushing pipings of potting 
machines 

2.3 Cleaning machine with vapor rinsing • vacuum drying Pach 90,000 4 360,000 
and solvent distillation for cleaning ceramic 
~ubstrate, termina1 board.coil assembly and frame 

2.4 Purchase of PCB preparation jigs and accessori"s each 30,000 I 30,000 
including carriers to eliminate present jigs 

2.5 Installation costs (electrical, piping, etc.) each 20,000 I 20,000 

3 \1iscellaneous 
' . ' r ransportation: shipping and insurance set 20,000 I 20,000 .l. I 

3.2 Contingencies I 0% 64,500 

TOTAL I'.'IVEST\1ENT COSTS 709.500 
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Annex Z. Breakdown of incremental operating costs/savings 

Unit I Pre-poject Dost~-t 

Description of cost item Unit cost. Qty totalcesl !eta! cost. 
US$ USS l.15$ 

A. Solvent/media costs per year 

A1 CFC-11 Wethanol kg 4.520 15,000 67,800 0 

A2. MCF kg 3.500 43,500 152.25G 0 

A3 RMA flux L 4.000 2,000 8,000 

M Low solid flux from lnlt!rftUX. USA L 20.000 2,000 40,000 

AS New solvent PX 16S (total solvent kg 8.000 12.000 96.000 
capacity -150 kg loading + 500 kg/yr-
vapor lm.s +JOO kg/yr-distillation loss+ 
replacernent- 2.0 MT=3.0 MT per a 
cleaning system), 4 machines-12. MT/yr 

A6 New solvent for flushing/ cleaning of kg 1.JOO 9,000 12.000 
piping o! ihe potting machines 

Sub-total 228.050 148.000 

B. Electricity costs per year 

81 Current 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 36.000 1,800 

84 New soldering machine (30 kW/h}, 1 shift k\M1 0.050 72.000 0 3.600 

"35 New A3 hydrocart:on cteanir.q Sy<3tems ' ~·~·1h ' ') 050 . 1 ~4 tCO 3.:'20 
I I 

· ( 14 k\vh. I .;hift . .J macnines.1 

Sub-total 2,970 10.320 

c labor costs 
-

C1 labour costs (processes Lsir.g CDSs), S I ':tim 400 50 24.000 0 
or0 ·ators 

C2 labour costs (non-ODS processes).4 w/m 400 48 19.200 
operators 

I Sub-total 24000 19.200 

TOTAL PRE-PROJECT COSTS/YEAR 255,020 

TOTAL POST-PROJECT COSTS/YEAR 174,520 

I TOTAL INCREMENTAL 3AVINGS1YEAR (30,050) 
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Annex 3. Calculation of unit abatement cost 

i'. ODS phase-out 

A1 Annual consumption CFC-113 based solvent 

A2 ODP of CFC-113 

A3 CDP-weighted CFC-113 pttase out (A 1 • A2) 

A-t Annual consumption of I, I, I-trichloroethane 

AS ODPofMCF 

A6 OOP-weighted MCF phase-out (As· A6) 

A7 Total CDP-weighted phase-out 

'.J. Annualized capital cost 

81 Total !nvestment cost from Annex 1 

s;- Equipment life 

83 Discount rate 
-

84 Annua~ized capital cost (81.0.1627) 

C. Annual incremental operating savings from Annex 2 

D. Unit abatement cost 

D1 Annualized capital cost per kg ODS phased out 

-:2 : .:nr~al ;n~rerr.;;r.tai .;p-::r'!Jr:J 33·.:r:r;;s ;;~r '<g :.::;C3 ;::r3s~·j _,_,r 
(C/Ar1000) 

I 03 Unit abatement cost (01 t02) 

MT 

MT 

\ff 

MT 

USS 

Year 

% 

USS 

USS 

USS1kg I 
' 

USS/kg I 

19 

15.00 

0.82 

12.30 

43.50 

0.12 

5.22 

17.52 

709,500 

10 

10 

115,430 

(80,050) 

5 ~8 -. . - . 
~.:JI 

2.00 
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PROJECT TITLE 

PROJECT IMPACT 

PROJECT DURATION 

PROJECT ECONOMIC 
LIPE 

TOTAL PROJECT COST 
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. . 

. . 

: 

. . 

OWNERSHIP STRUCTURE : 

PROPOSED MF 
FINANCING 

. . 
UNIT ABATEMENT COST : 

COUNTERPART 
ENTERPRISE 

. • 

IMPLEHDITING AGENCY : 

COORDINATING 
MINISTRY 

• . 

India 

conversion of electronic cleaninq 
processes froa ODS solvents to Wet-•edia 
blasting & seai aqueous cleaning and Bo 
clean technologies at Indian 'l'elephone 
solvents in 1993-94 

Phase out annual consumption of 17.42 MT 
of 1,1,1,trichloroethane and 0.060 MT of 
Balons 1301 and 0.760 HT of 1211 (total 
18.24 HT ODS or 4.602 ODP weighted MT) 

18 Months 

10 Years 

Investment(Capital)costs, us $ 481,055 
Increaental operatinq ~osts/savinqs,US 
$ 118,311 
Total Project costs, us $ 599,366 

100 per cent Indian 

us $ 599,366 

us $ 6.34 per Kg ODS or 
vs $ 25.11 per Kg ODP 

Indian Telephone Industries Ltd., 
Banqalore 

UNI DO 

Ministry of Environment & Forasts 

-------------------~---------------------------------------------
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This project vill phase out the use of aetbyl 

chloroform in the flux reaoval, and precision cleaning 

operations at the Banqalore Factory of Indian Telephone 

Industries Ltd. (ITI). 

The phasing out of ozone depleting substances (ODSs) 

vill be accomplished by replacing the currently used 

solvent-based cleaning methods vith water-based 

processes,i.e. batch semi aqueous process for flux 

removal and no clean technologies usinq 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. 
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The objective of thi• project is to phase out the use of 
aethyl chlorofora (KCF) in electronics cleaning operations. The 
procasae• in which ODS• are utilised, will be replaced with 
aqueous cleaninq processes and no clean technologies. In ~ddition 
to this Balon Cylinder& containing halons 1301and 1211 would be 
replaced with ABC powders. 

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

Electronics industry has a special feature that its 
significant production is distributed in small and aedium scale 
industry and it is spread over throughout the country. The 
discussion was then started for impleaentatlon 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 aajor 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 consideration the structure and distribution of 
Indian electronics industries and lack of awareness, 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 aiminq at ODS phase-out by electronics 
industries. considering the expertise and the infrastructure 
available at the Centre for Materials for Electronics Technology 
(C-KET)/Department of Electronics (DOE), Ministry of Environment 
' Forests as also UNIDO approved c-KET as the •ational 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 backqround of the focal point (C-KET) is qiven 
below: 

The centre for Materials for Electronics Technology (C-MET) 
is operatinq as a reqistered scientific society under the 
Department of Electronics, Government of India with the main 
objective to establish technology strength in Electronics 
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material• for the preaent and future industrial requir .. enta. 
c-m ha• been operatinq in a project aode for both •hort and 
lonq duration project• and a very few of lonqer duration 
project.. Durinq the last four years of its existence, c-KET bas 
already achieved the following: 

(i) Baa been operating in innovation/diffusion interface aeqment 
of the "invention - innovation and diffusion chain" of 
industrial RlD. 

(ii) Bas established the formal and informal linkages with all 
stake-holders, i.e., R•D user industry and aanufacturinq 
industry. It has also signed several technology transfer 
and collaboration agreeaenta with R•D institutions. 

(iii)Bas undertaken several projects with financial participatioL 
fro• industry. Already C-MET has successfully completed a 
fev such projects which have given significant econo1dc 
benefits to them. 

(iv) Bas established itself as an organisation with effective and 
efficient aanaqement for undertaking projects, completing 
the tasks and transfer the technology to industry. It has 
also developed a system engineering and networkinq 
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.S.G. 
Patil, Sr.Director, Department of Electronics and Executiv~ 
Director, c-MET. 

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

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

• Help to increase awareness in the selected electronics 
industries regarding need for phasing out ODSs and, for 
this purpose, collect and compile technical and 
technological information. 

• Generate information and provide technical support 
regarding problems associated with phasing out of ODSs 
by the electronics industry, vbich include process 
development, materials compatibili'\y testing, coat
effectivenesa analysis, technology selection and 
drawing up of equipment specifications. 

• Accumulate adequate problem solving know-bow during the 
implementation phase of this project ao that the 
projects of a similar nature can be implemented in 
other locations. 

4 
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. 
Tba· activitiea to be carried out at focal point level are 

4eacribe4 in the following Bzhibit - 1. 

1••11u = J 

Tile role of a focal point or bcnr-laow 

/------------------\ I Phasing out ODSs I 
\------------------/ 

I 
/-------------------------\ I Technological data base I 
\-------------------------/ 

I 
/-------------------------\ I Awareness in the sector I 
\-------------------------/ 

I 
/-------------------------------------------------\ I I 

/-----------------~\ /---------------------------\ Larqe enterprise I Small-to-aediwa enterprise! 
------------------/ ---------------------------/ - Reliability testinq• Reliability testing• 
- Process developaent• Process development• 
- Technology selection• Technology selection• 
- Equipment selection• Equipment selection• 
- Site preparpation Site preparation 
- Installation Installation 
- Operator training Operator training 
- ODS-free cleanin~ ODS-free cleaning 

Hote: Generally, the activities indicated against • require 
technical assistance and vill be carried out by the focal point 
of tbe sector. 
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The solvents sector is the larqest user of ozone depletinq 
substances (ODSs) in India. The aise of consumption has been 
investiqated in a number of studies. According to India Country 
Progr&lllle: August 1993, the total consumption of ODS in the 
country by 1991 vas 10,370 tonnes equivalent 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 
1,1,1-trichloroethane (MCF), i.e. a total of 4,876 MT of ODP 
(ozone depletion potential)-veighted consumption, that is 36.6 
per cent of total ODP-veighted consumption in India. The total 
ODS consumption as solvent in India in 1991 is qiven at Table-1. 

Table-1 

ODS l!T ODP Equivalent 
MT 

------------------------ ------------ -------- ---------------Electronics CFC-113 150 120 
CTC 80 8£ 
MCF 30 3 

Textile cleaning CTC 600 660 

Phan:aceutical5 CTC 106C 11££ ' I I 

Pesticides CTC 800 I 880 

Rubber industry CTC 320 352 

Chemicals ' Laboratory CTC 70 77 
MCF 50 5 

sterlization CFC-113 10 8 
CFC-12 100 100 

Metal and precision CFC-113 130 104 
cleaninq MCF 40 4 

Miscellaneous uses CFC-113 10 8 
CTC 1070 1177 
MCF 430 41 

------------ -------- ---------------Subtotal CFC-12 100 100 
CFC-113 300 240 
CTC 4000 4400 
MCF 550 55 

. 
ODS consumption in the solvents industry is split between 

elGctronics, metal cleaning and other processes such as textiles, 
pharmaceuticals, pesticides, chlorinated rubber, etc. Cleaning 
processes used in the electronics industry consumed in 199!, 150 
MT CFC-113, 75 MT CTC and 30 MT of MFC and included flux removal 
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(printed circuit cards and hybrid circuits), aeaicon4uctox 
aanufacturing, aicroelectronic component cleaning, aetal and 
plastic part cleaning and photoresist developaent and stripping. 
Tb• use of ODSs in electronic• cleaning in ~ndia bas been 
increasing as a result of the development of the electronics 
industry. 

ODS consUJRption in India: As per the India country Programme the 
ODS l ODP f iqures for the year 1991 and unconstrained scenario by 
2010 is given in the following Table-2, Exhibit-2 and Table-3, 
respectively. 

Tahle-2 
1991 consumption 

Types of All Sectors Solvents 
ODS ------- ------------------------------------------Actual ODP-Weiqbted Actual ODP-Weiqhted 

MT --------------- MT ------------------
MT ' MT \ 

----------- ------- ------- ------- ------- -------- ---------CFC-11 1900 1900 14.4 0 0 o.o 

CFC-12 2850 2850 21.6 100 100 2.1 

CFC-113 320 342 2.6 300 321 6.6 

----------- ------- ------- ------- ------- -------- ---------Sub-total 5070 5092 36.£ 4(\(l 42l E. 7 

Balon-1211 550 1650 12.5 0 0 o.o 

Balon-1301 200 2000 15.1 0 0 o.o 
----------- ------- ------- ------- ------- -------- ---------Sub-total 750 3650 27.6 0 0 o.o 

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-- ~fto.o 

Sectoral 
Distribution 

Aerosols 1100 1100 8.3 

Foams 1580 1580 12.0 

Refrigeration 1990 1990 15.1 

Solvents 4950 4876 36.9 

Balons 750 3662 27.7 

-------------------------------------TOTAL 10370 13208 100.0 

-------------------------------------
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CBAPTBR-3 

Indian Telephone industries Ltd. (ITI) is a 100\ Government 
of India owned company incorporated in 1948. ITI has six units 
all over India and manufactures the entire range of 
teleco-unication. equipment and accessories such as telephones, 
switching, transmission., satellite and fibre optic equipments, 
etc. Annual production of ITI exceeds Indian Rs .14 billions 
(about us$ 494 aillion). 

!TI-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-Bangalor£> range~ ir ~iY 
categories such as: 

i) Transmission System Division 
ii) Electronic switching Division 
iii) SATCOM Division 
iv) Defence Production 
v) Telephones 
vi) control Systems 

Electronic switching equipments manufactured by ITI
Bangalore are based on indigenous technology developed in.house. 
The exchanges manufactured include XD-9C, Y.!L~, IL~-s12, IL~ Y-~~} 
II and MILT-64 using non-conventional source of energy. 

Transmission equipments production started by ITI-Banqalore 
way back in 1950. The main products include DAMA for DOT, 140 Y..£ 
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 (XFJ) required for ElOB exchanges 
are also manufactured as well as RLUS for ElOB exchanges and c
DOT 512 exchanges. 

A wide variety of telephones are being manufactured by ITI
Bangalore. The product-mix include Ele~tronic switching Push 
Button Telephones (EPBT), Executive Secretary systems (ESS-89) 
and electronic pulse/tone switchable telephone EPT-9 o. In 
addition, the manufacturing activity also includes head gear sets 
for various applications. ILT-512/2Jt also developed inhouse,. 
mediu• size diqital switch of 2000 lines capacity unexpandable in 
steps ~f 8 s11bscriber lines a;id 4 trunk lines, employinq TDM-PCM 
tecbniqla~~. 128-RAX is 128 port digital rural automatic exchange 
of c-DOT technoloqy specially designed to meet the requiremeLts 
of rural networks. MILT-64 is a small size digital switch of 
inhouse design to cater to 56 subscribers an~ 8 trunks. 

Transmission equipment covers a range of applications such 
as fibr• optic, diqital mux, digital microwave (6-13 GHz), 30 
channel digital UHF and MARR. 
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Under the cateqory of aubacriber •n4 equipaent, the iteas of 
aanufacture include awitchabl• telephone•, cor4l••• and aaqneto. 

Defence equipaent include subscriber apparatus and 
transaission equipments. 

In order to cater to the needs of communication equipments 
of bulk users such as railways, an4 electricity boards, the 
aanufacturinq activity on data switching activity is alsc covered 
by ITI. 

The aanufacturinq division of ITI, Bangalore are shown in 
Exhibit - 3 below alonqwith the broa4 product-aiz. 

Exbibit 3 llallufacturillq Divisions or I'l'I, Bangalore 

/-----------------\ 
IManagin3 Director! 

\-----------------/ 
I 

/-----------·-------------------------------------------------\ 
I I I I I I 

/-------\ /----------\ /-------\ !----------\ /---------\!----------\ 

:::~:n :!~:::~:~c 1:~~ I ::::! :::::~~ t~~~~~~~~~~~ 
srstea I Division \-------/ Division tion Div. 
Div. \----------/ I \----------/ \---------/ 

\-------1 I I I 

• DAMA • J:D-90 • SAT COM 

• UO MB • MILT Eqpt. 
Digital • ILT-512 • LCT 
MUI • ILT Mark • LNA 

• Digital II 
Microwave• MILT-64 
Srsteas • Strowger spares 

• ADPCM • Electronic 
Trans- Switching Equpt. 
coder • Line Cards tor 

• IDR ElOB exchange 
aod .. s • RLUS for ElOB exch. 

• Digital ' c-DOT 512 excb. 
distribu-• co .. unication equpt. 
tion f raae for bulk users 

• SPC Telex 
• ITEJ: 75 

• MARR Systeas • Subscri- • EPBT 
• UBF/VBF sys- ber • EPT-90 

t.ems 
• O/W Carrier 

Eqpt. 
• Fibre opt.ic 

Eqpt. 

apparatus• ESE-89 
l Eqpt.. • Special 

it••• 
for Mines 
' Navr 

The capacity of individual products in the divisions is 
indic:ate4 below. 

I. Blectronic switching: 

a) Electronic switching 
b) Nev Products 
c) SPC Telexes 
4) Model Plant 

1aoo car4s/4ay 
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II. Trtp•la1iop 

a) Transaission 
b) PCK 
c) Multiplexing Voicefrequency Terminal 

III. Defence ProcJuction 

&)Defence eq~ipaents 

IV. Telepbones 

Telephone instruments 

V. 8ATC())I 

a) LCT/SJX!PC/CCE/SBRIN 

b) LNA 
c) HPA 

VI. CtM'i'kOL SYSTEllS 

cooo Nos/year 

500,000 Nos/year 

610 terminals/ 
year 
40 Nos/year 

1050 Nos/year 

The Transmission division of ITI-Bangalore bas a product-mix 
of various transmission equipments and assemblies such as 
microwave systeas, co-axial line equipments, multiplexing 
equipments, channels (Bays), etc. It has a production capacity 
of aoo T/Rs microwave radio equipments, 2000 rout km co-axial 
line equipments, 5000 terminals, multiplexing equipments, 35C 
Nos. interstice equipments and 250 Bays VFT channels, etc. The 
Electronic switching Division is manufacturing different kind of 
switching assemblies including manufactur~ 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 ElOB exchanges, 
RLUS, telexes, etc. The electronic switching activity is managed 
by sep~rate sub-divisions, i.e., electronic switching division, 
new products division and SPC telexes. 'l'he capacity of 
electronic switching division and new products division is of the 
order of 5 lakh line3 per year whereas SPC telexes is capable of 
producing 12,000 equivalent lines per year based on two shifts 
per day. SATCOM Division of I'l'I-Bangalore is dedicated for the 
manufacture of satellite communication equipments such as LCT and 
LNA. Th~ manufacturing capacity for LCT and LNA is of the order 
of 60 terminals and 40 Nos per year, respe~tively. 'l'he control 
system division of I'l'I-Bangalore has a product-mix of MARR 
systems (100 Nos), VBF /VBF sy:~tems (2900 terminals), OYW carrier 
equipment (2000 terminals), fibre optic equipments ~5000 
terminals). The requirttment of defence in t~rms of subscriber 
apparatus and transmission equipment i11 aanuf actured under 
Defenca Equipment division and has a capacity of 4000 Noa per 
year for ADM channels. Production of telephone equipment is one 
of the major activity of I'l'I-Banqalore wherein an installed 
capacity of 5 lakh telephone instruments has been created. The 
telephone instruments manufactured by this Division include EPBT, 
EPT-toa ESC-89and special items for mines and navy. 
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Th• PCB Divi•ion of ITI-Bangalore ha• already avitcha4 over 
froa aolvant processable proc••• to aquao~• proceaaabl• proceaa 
and, therefore, is not uainq any CFC• or ozone d•pletinq 
substances in the PCB aanufacture. The use of ODS solvent at 
ITI-Banqalore in various operations is presented in the following 
tables that is Exhibits 4 and s. 

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 
vas given to the restricted use and aanufacture of ODS substances 
vhich depletes the ozone layer. Subsequently, it was proposed to 
phase-out all ozone depleting aul>stancea by the Member-countries. 
It vas also highlighted to aeet the financial requirement of the 
developinq countries for ODS phase-out by providing financial 
assistance by multi-lateral funds. lt.eeping in mind that the 
:iinancial assistance vould nov be available as India has signed 
the Protocol, while Country Programme report preparation was on, 
parallely, ITI took initiative to phase-out the ozone depleting 
substances in a phased manner. As a result, during 1992 and in 
their aodel plant, the CFC (1,1,1 trichloroethane) cleaning was 
replaced with aqueous cleaning by installation of Boli's model 
Holi clean 16 polypropylene aqueous system using aqueous metals. 
The system costed a total of Rs.30 lalths. In addition, as a 
trial to start vith 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 bas been taken into 
account in this proposal as it was presumed that th£ phase-out 
cost would be reimbursable in total. 
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!Division/Purpose I bount I Unit Price I Annual I CIOP Veithtecl 
I I Ill/Yr. I US S I Cost US SI aaount U/yearf 
1---·······················l·-·······l···------------1----------1---------------
I•- Electronic Svi tch· I I I I 
I int/flua r-v•l I I I I 
I •> Electronic Swi· I I S 8/litre I I 
I tclline: 1, 1, 1· I I or I I 
I tricllloroethane I I S 1/1.3 ltg I I 
I (Cl3Ctl3, llCF) I I I I 
1--------------------------1---------1---------------1----------1---------------
1 b) •- Products: I I S 1/1 .3 ltg I I 
I 1,t,1-trichloro· I I I I 
I ethane (CM3Ctl3,lllCF) I I I I 
1---···············---·····l·········l···············l·········-1---------··-··· 
I c) SPC Telexes: I I S 1/1.3 ltg I I 
I 1, 1, 1·trichlorc· I I I i 
I ethane (CH3CCl3,MCF) I I I I 
l····-·-····---------------1----·····l·······-·····-·1·····-·--·1······-·······-
I dJ Model Plant:1, 1, 1· I I S 8/1.3 kg I I 
I trichloroethane I I I I 
I (Cl3CCl3, llCF) I I I I 
l·---------------··········1·········1···············1··········1-·············· 
fl I. TRAISMISSIOll/ I I i I 
I Flua IHIOval I I I I 
l·------------········-----1---------1--------------·l········-·I······-····-··· 
I a) Trans•ission:1,1,1 I S b/!.3 Ir.; I I 
I trichloroethane ! 
I (Cll3CCl3, MC:f) I I I I 
1----------------··········l····-····l··············-1··········1··············· 
I b) PC111:1, 1, t·trichloro· I 1.80 I S 8/1.3 ltg I I 
I ethane (CH3CCl3, lllCf) I I I I 
l··-·······················l·········l···········-···l··········l···············I 
I c) lllultiplexing:1,t,1 I I S 1/1.3 kg I I 
I trichloroethane I I I I 
I (CH3CCl3, MCF) I I I I 
l························-·l····-····1·······-·······l·········-1··············· 
f 111.Defence Production I I S 8/1.3 kg I I 
I flu• re110val f I I I 
I 1,1,1-trichlor~ethane I I I I 
I (CK3CC13, lllCF) I I I I 
l···············-··········l····-····1···············1··········1··············· 
!IV. Telephones/flu). I I S 8/1.3 Ir.; I I 
I removal 1,1,1·\richlo·I I I I 
I roethane (CH3CCl3,lllCF>f I I I 
l··························l·········l···············l··········I··············· 
IV. SATCOM/flux re•oval I I S 1/1.3 kg I I 
I 1, t, t·trichloro· I I I I 
I ethane (CH3CCl3,,.CF) I I I I 
l··························l·········l···············i··········I··············· 
fVI. Fire fighting I I I I 
I Halon 1301 I 60 kgs IS 100/cyl lnder I I 
I Halon 1211 1760 kgs fS 100/cylinder I I 
l··························l·········l···············l··········I··············· 
I Total cons11111ption of MCF f 17,420 kglS 8/1.30kg fS 1,07,2001 
I I I I _I ___ _ 
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&aW.l .:. 1 tm lliDn1 l£iDI Ewll!WDI at JI1.. .... lore 

!Activity f Production I P~rpose I Equipment I Tear of I Cost (h. I 
I tr'f)acity I I I Purchan I tlilllon S>I 
t···········-··-1----------·l················t···················l··········l············I 
p. &l!£tronic l 1 l l l l 
l iwitchin11 I I 
I I I 
la> Electronic 1200.000 ClHning of I 1.1.1 tri · 1990 
I Switching ll ines/ solder fluxes I chloroethane 

I !yr or frOll populated cleaning aachine 

I 1- ••••• PCBs. supplied by 

I !cards/day 111/s l:anagawa 

I l/8 hrs 

I I 
b) •ew Pro· 1300,000 Cleaning of Compatible with 1990 

ducts & I lines/yr solder fluJl(es KOKI us i ng 1 • 1 • 1 
SPC telues lor from populated trichloroethanE , ....... PC6s as solvent. 

!cards/day ultrasonic spray 
It& hr.> flux unit has 

I now been 

I install ed. Sys terr 

I co111pat ible with 
SEHO Model 8000. 
(Cost of the 
•odel is OM 
25124/·.0nly hand 
c!eariinf i!: n::. 

practised for 
final cleaning. 

I 
le> Model I······· Cleaning of Holi clean 16 1992 S 22,23S 
I Plant I solder fluJl(es polypropylene 

I I frotr. populated aqueous system 
Ill.Transmission! 

I I 
I•> TranS11i· 130,000 Cleaning of Attached to 1990 
I ssion lsq.•. solder fluxes l:risten .let 
I I Solder/ frOlll populated l111111ersion bath 

I I cleaning PCBs followed by hard 
I !area or cleaning with 
I I······· 1,1,1,trichloro· 
I lc11rds/day ethane 

I I 
lb> PCM 130,000 Cleaning of Kerry cleaning 1987 
I lsq.•. solder fluus ••chine r011pati· 
I !Solder/ fr211 populated ble with SEMO 
I I cleaning PCBs •odel 110.aooo 
I jarea or 

I ( ....... 
I I cards/day 

I I 
le> Multiplu· 15,000 sqm Cleaning of Kerry cleaning 1987 
I ing I aolder fluxu machine compatible! I 

I I frOlll pe>pulated with SEHO Model I 
I I PCBs llo.8040C I 
I I I 
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I 
I 11 I. R!f~e 14000 lo. Cleanint of Econopat cleanine 

I tL~ I solder fluaes .. chine used with 

I li~ I froa populated Electrovert solder 

I I PCls unit. Solvent is 

I I 1.1.1 trichloro-

I i ethane. 

I I 
IV. Telel!!!one I 

I 
Telephone 1400.000 Cleaning of a) Attached to 1986 

l•os fluxes fromi Sold-tic 
<2 lines) populated Immersion tanks 

PtBs follow~ by hand 
cleaning 11i th 
1.1,1 trichloro-
etham:. 

b) Attached to 1988 
Mall ies. 1-ersion 
tanks followed by 

hard cleaning 
1,1,1 trichloro-
ethane. 

1v.~ 

I 
I LCT /SCPC/ 1601(' Cleanin!: cf AttachEd tc ,~., i 

I CCE and 1Ter111inal s fluxes from Aries Italia. 

I LMA, MPA poo llos populated 1-ersion tanks 

I I PC6s hand cleaning 

I I 11ith 1,1,1 

I I trichloroethane. 

I I 
1v1. Control !Solder Cleaning of Clear.Ing 1982 

I SXStHIS !area solder fluxes attached to 
I 130,000 L/ frOll populated Electrovert 

I jhr PCBs soldering 

I I ••chine. 
I I 
I I 
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PllOjJICT DISCUft'IO• 

4.1 8ector-wi4e approach 

The electronics in4ustry uses a variety of chemical 
substances in the aanufacturinq processes and packaqinq 
operations. some of these include cheaicals which are pollutinq 
the environaent, out of which a nUllber of them are classified as 
osone 4epletinq substances. 

Consi4erinq this, a broad based proqr&llllle to enhance the 
awareness about use of such substances in the electronics 
ind~stry, developaent of alternatives for replacing/phasing out 
of such substances etc., is being pursued under the activities cf 
the centre for Materials for Electronics Technology (C-HET) of 
the Department of Electronics, GoverDllent of India. This would 
be a part of the overall progrUU1e of the Governaent of India 
which is being implemented under the overall coordination of the 
Ministry of Environaent 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 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 translatinq the knowledge 
and experience qained 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-Banqalore as well as to other 
enterprises of the Indian electronics industry. 

4.2 Description of the ITI-Bangalore project 

As discussed in the •ection above, the replacement of ODSa 
in electronics industry applications vith aqueous process•• and 
no clean technoloqies requires ext~nsive engineerinq knov-hov to 
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perfora a n\lllber of tasks. Each of th••• tasks, or project 
•l-enta, is explained and shown in bhibit - 6. 

Jeliahillty testing Mt:erial coapatibility testing ~ 
rrocess Deyelomept 

Reliability testing, aaterial compatibility testing and 
process developaent vill be performed by c-KET, in close 
cooperation with ITI-Bangalore, prior to the purchase of the 
aqueous cleaning aachines or no cleaning systems in order to 
choose the best equipment and to decide if vater additives are 
necessary to achieve the desired cleaning results. The process 
developaent work is to be documented with graphs, charts, and 
data shoving that the ITI-Banqalore project has deterained that 
the aqueous cleaning process or no clean process is a good 
decision. The process development work particularly will be 
coapleted prior to ordering the aqueous cleaning machines for the 
Svitchinq Exchange Assembly Division ' multiplexinq iL 
transaission Division, and no clean systems for transmission 
equipaent assembly ( Hew Products) ,Transmission including pulse 
code aodulat~r , Defence production and control systems. 

C-KET is required to complete and document reliability 
testinq of aqueous cleaninq systems for the Transmission, 
and switching Exchanqe Assembly prior to orderinq the five 
systems, mostly illllersion tank type with adequate number of 
coapartaents for cleaning with alternate solvent and rinsinq by 
deionised water followed by hot air drying. The reliability 
tests should evaluate the lonq term effects of increased moisture 
inside the electronic assec:.bli~s, parts and co~ponents that cay 
be attributed to the use of the aqueous cleaning process. 
Parallely C-MET vould also complete the documentation with regard 
to the five no clean systems. 

Technology selection, equioaent selection and purchase of 
aqueous cleaniraq machines and no clean systeas. 

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

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 technologies and equipment available in 
the aarket, and it depends to a qreat extent on the type of 
process and technoloqy chosen for cleaning. For the la~qe scale, 
high production applications, there is continuous, conveyor
operated equipment which has a ranqe of controls vhich can be 
included, dependinq on the amount of labour availa?>le for 
monitoring operations, and the quality requireme11ts. Thia 
applies to both the aqueous and the semi-aqueous (such as solvent 
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wasb/vater rinae) equipaaDt. &queoua •yat ... 9enerally uae water 
filtration ancl purification to enable water recyclinq and to 
capture vast• atreaa contaainanta. s .. i-aqueou• •rat ... noraally 
use carbon absorption or •••brane ••paration tecb~iques to 
recycle both th• water an4 th• solvent •tr•aas if the electronic 
circuit assemblies have high quality requireaents, and/or are 
cliff icult to clean due to complex qeoaetries ot desiqn, then 
aech~nical assistance tbrouqb the use of atronq, directed sprays 
aay be required. Ho clekn tecbnoloqiea with or without nitrogen 
ataosphere, usinq lov solid fluxes are gaining iaportance and the 
quality is well received for wide ranqe of applications. This is 
one of the very cost •ff ective technologies availal»le 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 syste:ns are included, the 
cleaninq system has to be designed and built individually. 
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 /manaqers of 
ITI-Banqalore and c-MET is proposed to be a't'ranqed to visit nc 
clean, aqueous and semi-aqueous equipaent and system 
manufacturers and electronic industry enterprises which have 
phased out the ODS' s using these systems. It is desirable to 
arranqe the timing of the study·· tour to coincide vi tb a 
technical/industrial fair as far as possible which would giv£ '! 

across-the-board comparison/evaluation possibility. 

Purchase of aqueous cleaning aacbines and no clean systems 

Batch operation aqueous cleaning systems 

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

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

b) The water filtration •nd 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 aqueous cleaner• to replace the present ultrasonic 
and otber batch ayateas will be aaaller than th£ 
continious ayst- and will be desi9ne4 to suit thE 
existinq systeaa. The fol loving table sbovs the 
capacities and functions of tbe batch operation aqueou~ 
cleaners. As it ia aeen from Exhibit - B, tbe non ODf 
systems do not aia at any capacity increase but 
reprpesent an one-to-one replacement scbece. 

/-------------------------------------------------------\ I mxau - 7 BATCH &QOEOUs wou PIECE TRDSPORT sYsTn: I 
\-------------------------------------------------------/ /------------\ 

WORK PIECE 
TO BE 
CLD..NED 

/--------------------\ I ~ORK PIECE CLEANEL l 
\------------/ . \--------------------! 

i 
/-----------\ 

CLEANING 
WITH -> 
ORGANIC 
SOLVE:t-."i I 

\-----------/ 
I I 

/--------\ 
I FILTEh I 

1. -------- / 

/----------\ 
RINSING 
WITH -> 
WATER 
AGITATION 

\----------/ 
I I 

/-----------\ 
l ~~~:;1.N~~~ I 
\-----------/ 

I 

/----------\ 
RINSING 
WITH -> 
DI WATER 

\----------/ 

I I 
/-----------\ 
I MIXED BED I 
: I"YCH.U:GF : 

\--··------ - - I 

I 
/-----------------------------------\ I l\ATEP. TREATY.ENT AND REGENEUTIOl; I 
\-----------------------------------/ 

• Mannual Cleaning System~ 

/---------\ 
DRYING I 
~ITH I 
HO'!' AIF. I 

\---------/ 

The environmental quality and safety considera~ions 
mentioned above are still required, however, equipment design 
must include these components as needed. There are range~ o! 
quality and construction materials in this equipment category, 
for this project, it is estimated that each cleaner vill cost in 
the region of US$ 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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Exbibit ~ co•tparison 2{ present and proposed batcb 
operation J\gUeous cleaning pyste.s 

Location 

Transai.ssio1: 
Systea: Di•. 

Satcos. Di't". 

DefE:nce pro
duction 

TElephone£ 
<' Lin~~, 

Electronic 
Switching 
Di.Yi.sion 

Cont: rel 
Syste..s 

capacity of the present capacity of the 
Ho ultrasonic aystea using proposed aqueous/ 

ons•s aysteas Ko clean aysteas 

2+1• ~ery cleaning M/c 325 z '50 z 350-.:. 

1 

cC.16 sq.at./hr) 

Band cleaning 

Econopak cleaning 
(3 .1 sq.at../hr) 

Ear.cl clear.in~ 

PCB cleaning ~/c 
(S .62 sq.at ./hr-) 

325 J ,50 J 350i:: 

The project includes funding to prepare th£ sites for the 
equipment installation. This fundinc; is for electricc.l suppl} 
and plumbing to ensure saf£ install' tier, of the equip~er1t. 'It.c 
modifications are necessary to the cleaninq areas or to th£ 
soldering area for introduction of spray modules, so that the 
process flow of the new equipment is uninterrupted in terms of 
high volume cleaning. Technical stat f 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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CDPTER-5 

JUSTRICATIOB POR SELECTIOlf OF ALTERKATYVE TECBlfOLOGY 

In the solvent sector, especially in the case of electronic~ 
cleaninq, there are many options to the use of ozone depletin~ 
solvents. Usually the choice of the alternative cleaning 
process is dependent upon the type ot market served by ttE 
solvent user. Host commercial applications have more flexibility 
in the use of nev technoloqy, because of the inherent nee~ fer 
coJllJlercial entities to maintain their competitiveness i~ th£ 
world market by maintaininq biqh q11ali ty standards. Howeve:r, 
many orqanizations build products known for their high degree of 
reliability for use in military aircraft, satellites or other 
difficult professional (industrial and commercial) operation!'. 
These organizations spare no cost to ensure that products made by 
their organizations are dependable and reliable. Considerin~ t~r 
reliabilit}· requirements of ITI-bar.gc. loe~ alsc r£q\:irt.~ t.t.<- ._ tt '
materials used in the producLiot of th£ product arE ~ct d~~~g~~ 
by water or aqueous based residues. No-clean technoloqi~~ 
employing Low residue fluxes have proved a success ir1 number cf 
applications and, therefore, wherever possible attempts are being 
made to implement this technology in ITI-Bangalore. Ir- tl:! ! 
project, the use of no-clean technologies bas been chose~ 'i~i~~ 
at maintaining the quality standards as before using ere~ ant 
also this would require minimum investment. 

For high reliability applications the use of ser::.i aquecu~ 
h'!'ec proct;~~ i~ ct.c·ser t·cci:.tl!"! t:< c~~:ic-5€.r.t t'~· c: t·.'.r 

solveLt. •ill not ciamag~ tbE. E::I.virc.ru:.e:nt. anti. .bEocc.c~£ \.:i tc :..: 
plentiful and inexpensive resource in BangalorE::. 
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PllOJBCT COSTS 

The project costs refers to all costs in this ~ection arc 
econoaic rather than financial costs. The incremental recurring 
costs are included in this project. Incremental costs are off set 
by the reduction in cost for the ODS solve~ts and cost of waste 
disposal. 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 tbc 
project. 

Total Project costs: 

Arulexure-I indicates the total project cost of us $ 599,3EC. 
Because there are no non-ODS investment cost~ associate.:: •ill. 
this project, the total prcject cost equals the ODS 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 operatinq costs for 4 years discounted 
at 10%. 

capital Investaent Cost 

As qiven in Annex-I, the total investment cost is us $ 
4£1,055. The inzjor co::-.poner.t~ cf ttii~ co~t ir.clucc tr.• r~rct.; ! • 

and installation of three batch operatio~ se~i aqueous clea~ing 
machines (US $ 1,72,255), eiqht ultrasonic spray flux units for 
introducing no-clean tecbnoloqies 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 tbc 
order of US $ 38,700. 

Since 150 cylinders of f ire-f iqhtinq applications containing 
balons 1301 and 1211 are also proposed to be replaced with ABC 
powders. The cost of replacement (US $ 33,300) bas also been 
included in this project. 

Incremental Operating Costs/savinqs 

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 operatinq cost will be US $ 77, 774 
resultinq 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 operatinq costs is us $ 118,311. A more detailed 
breakdoVD of operatinq costs is provided in Annex-II. 

Revenues 

This project will not irovide !TI-Bangalore with any 
incremental revenues. 
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Local onenllip aatio 

Local ownership fraction of 100 per cent was considered to 
4eteraine the aaount of eliqible MF qrant financinq. Since the 
total project incremental cost should be multiplied by the 
fraction of local ownership to 4eteraine the proposed qrant 
aaount, total proposed multilateral fun4 financinq is equal to 
total project incremental cost, i.e. us $ 599,366. 

Contingencies 

A 10 per cent continqency bas been provided on the overall 
cost of the project. 

Exhibit L. Breakdown of total project costs 

! full·lif£ cf prcje:t I Fir!t fc~r T~c'~ 

1-----------------------1-----------------------1 
1~escrip!io~ cf cost I Local uss1 Foreign uss1 Local uss1 foreign ussi 
1-----------------------------1----------1------------1----------1------------1 

I I I I I I 
jlnvrst.,u.t (capital)cnsts I I l,fl,OS~ I I 4Ei,ll5~ I 

INPV of incr.t11ental operating 
l<savins~l 

I 
1..,:: c~ Jr-.-:"'E.~-·~:;· r:c·;~;. 

jre.t~ ... <: 

!Total costs 

I I I I I 
I I I I I 
I I I I I 
I I I I I 

71C,401 599,366 

1 __________ ---- ----- ---- ----

Unit Abatement Cost (tJAC) 

As shown in Annex-III,the UAC for this project is us $ 6.34 
per ODS-weighted kilogra~ or us $ 25.11 per ODP weiqhted kiloqra~ 
of ODS phased out per year. This number is derived from an 
annualized incremental cost of capital of us $ 78,268, first year 
incremental annual operatinq cost of US$ 37.324 and phasinq out 
of 12.24 tonnes (4.6023 CDP-weighted) tonnes of ODS per year. 

Proposed Ill Grant 

The proposed HF qrant for the project is us $ 599, 366 and 
vas calculated as follows; First the total ivestment cost of us $ 
481, 055 vas added to the net present value of tbe incremental 
operatinq, cost over the first four years of the project, which 
is us $ 118,311. This sum vas then multiplied by the 100 per cent 
Indian ownership ratio of ITI-Banqalore to yield the same qrant 
amount of us $ 599,366. 
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b)!U,it = IL Bl crant calcalatiop 

Total investment cost, US$ 

Incremental operating savings 
over the first four year, us $ 

Project preparation costs US$ 

Proposed MF qrant, US$ 

l'inancing Plan 

481,055 

116,311 

599,366 

MF funding is a qrant and is li~ite6 to th~ incre~ent~l c~~~ 
as calculated above. Any costs not covered by the Y.F fundinq £! 

calculated above must be financed by other sources. 

Project Tmpleaentation 

llallagement 

The Ministry of Environemnt and Forest (KOEF) will oversee 
the successful implementation of this project. The project will 
be carried out at the ITI-Bangalore in cooperation with c-KET 
National Consultant of the Department of Electronic~. UN!D0 ~il] 
also provide technical assistance to the project during thE 
implementation. The expenses related with international expert 
services have been provided in the project cost. 

Procureaent 

Project procurement will comply with the UNIDO procurement 
procedures. 

Disbarseaents 

Fund disbursements will comply with World Bank financial 
procedures. The sche~ule 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. 

25 



,tROJBCT ROADMAP> 

I Activity I D lespons ibl t 

··--·---------------------- l···········-
1. Sign the project. 

receive funding 
2. Make a detailed 

p~oject work pla~ 

3. Arrange the 
study-tour 

4. Technical discussion 

5. Carry out reliability 
and ltoterials coir.;iet i
bility te5ts 

6. Select technology 

7. C0111111ercial 
negotiations 

l_ ~Esig~ ~~ait1cat1cn: 

of the site and 
facilities 

9. Prepar~ facilitie~ 

1 
I 

I 
I 
I 
14. Discuss cleaning technology & 
I equipment specifications with 
I aanufactures & other end·user 
I as per the technical prcposal 
I besed on the study tour 

I 
15. Evaluate the effectiveness of 
I th£ different nc~-c~~ clto~in5 1 
I techniquH 
16. Finalize the opti•uir. cleaning 
I technology & prepare the list 
I & specifications & equipaient 
I & •aterials 

I 
17. Hold co11.-r·Ercial negotiation 
I based on the selected techno· 
I logy & equipment & sign the 
I contract 

I 

1. MOEF, UNIDO, Maltila· 
teral Fund 

2. C·MET, Ill, langalore, 
UlilDO 

3. UldDO 

4. C·MET, Ill, Banoalcrt, 
UlilDC 

5. C·MET, Ill, Bangalore, 
u~ !: , 

~- C·MEI, Ill. &angclore 

7. Ill, &angclOrE, UlilDC 

IC.. i r.; 1 nE Erin~ cit,. 1 s · ct u t i l I - t. i 1. , I> c ,,,. <. '::: t 

I ties (water electricity, and 
I gas)piping & civil engineerins 
19. Construction 9. !Tl, 6angalort 

10. Preparation/procurementj1C.Procure or ~akt in·hcusf the 1C. Ill, 6angal~r< 
of local equipment and locally supplied equipment & 
•achinery 

11.Technical training 

12.Acceptance test, 
installation and 
c:111111issioning of 
equi pinel"lt 

13.Start utilising new 
cleaning processes 

14.Evaluate the ?races~ 
15.CvaluRte the project 

16.PrOlllotion of phasing 
out of ODSs in the 
Indian electronics 
industry 

•achinery 

11.Send staff abroad for techni· 11. ITI, Bangalore,UlilDO 
ca1 training/design & run 
local training progra111111e 

112. C·MET, Ill, BangalorE 

I 
I 
I 
113. 
I 
114. 
115. 
I 
j16. 

I 
I 
I 

Ill, Bangalore 

C·MET, IT l, Bangalore 
t·MET, IT I, Bangalore, 
UlllDO 

MOEF, t·~ET, UlllDO 

I Ti•in; 1 
········--! 

c I 
I 

ci I 
I 

1 c 1 

2 t 

3 ' 

4 ' 
4 t 

5 Q 

5 t 

5 Cl 

s Q 

6 Q 

6 Q 

I 

- -'----------- -----
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•ecnaire4 regulatory actions 

Bo regulatory actions, ot~er than routine permitting, are 
required to illlpleaent 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 levied by the 
Governaent of India. 

Results 

Direct Project :Illpacts 

The projec·- will eliminate annually 2. 606 ¥.T of ODSs (ODP
weiqhted) at the ITI-Bangalore Factory. 

Ill4irect Project ~cts 

As far as the indirect effect such as the tra.nsfer c! 
technology to other enterprises in following projects i~ 
concerned, this project will have a biq impact. The project 
design has been made to maximize this impact. Particularly, the 
involvement of C-KET of DOE wi•l ensure the successful repetitiob 
of phasing out projects in the Indian electronics industry. 

Otherwise, assuming a successful transition to aqueous 
cleaning in ITI-Banqalore, the quality and peprformance of ITI
Bangalore products will remain unchanged. Assuming that a qrant 
is provided to cover the incremental costs, there is unlikely to 
be any impact o:r. product price. J.bser:t c change ir: qui.1 it y c 
price, consumer demand and production levels are expected tc be 
unaffected by the project. The environment~! impacts associated 
with this project are discussed in Annex-4. 
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•nnez .L. Breu4owp ~ hveataent lapitall costs 

I 
Du:ription of cost itell' I Unit 

I I 
1------------------------------------- --------
1 
11. Batch Process aqueous cleeninp 
I syste•s 
11.1 Aqueous cleaning •achines llos. 
I process developnent (LOCAL) 
11.2 Installation costs (pipins llos. 
I electricals, etc.) 
11.3 Wat~r Filtration and recyclins llos. 
I equipment 
IL. A~ueo~s syste~! 

j2.1 Aqueous cleanins 11cc~inl 
j3. llo clean systems 
13.l Ultrasonic spray flux unit 
13.2 Installation costs 
j4. Ground water treat~ent plant 
j5. Waste treat11ent 
16. Engineering and training 
16.1 Material COtnpatibility, 
I reliability testing 
16.2 Study tour 
:{ .:! fq..!iP~·tnt O~crctc .. trcir.lr.; 

tt.4 Lon~ultant chargt~ OJrinE 
I project i11ple111e11tatior. 

I 
I TOU.•: 

1105 -

lies. 
llos. 
Ser 
Set 

Week 

Week 
Wed 

Fi Jee 

I 
Unit cost I City Toul costl 

I USS I I USS I 
----····-·--1------1-----------1 

I I I 
I I 
I I 

60,000 I 2 1,20,00C 

I 
s,ooo I 2 10,000 

I 
20,000 I 20.000 

2L,255 

15,600 
5,000 
l!,700 

30,000 

400 

4,000 
.c. ,C< '. 

lt,Ov~ 

I 
I 

I 
I 
I 
I 
I 

I! 124.l!OO 
I! 40,00C 

I!, 7Cf· 
30,00( 

20 l!,000 

e 32,000 
1'. c.:' 

14,47,75~ 

I 
17. Replace111ent of fire fighting llos 150 1222 f 33,300 
I cylinders (Halons) with ABC I I 
I powders I I 
I I 1--------
I GRAND TOTAL: I 14,81,055 

I I l···-·---
1 _____________ --- _____ 1 __ , ___ _ 
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•pa L. lrak40!!P !!I iacr-.ental operat:inq cost:s/saviDgs 

I 
Descr._,tion I Unit Unit co5t Oty f Pre-project I Post-

1 USS f total cost, I project 

I I USS I total 

I I I cost 

I I i I I I USS I 
!-------------------------- -----------1-----------1--------. -1------------1----------- ! 
I I I I I I 
IA Solnnt Cost per I I I I I 
I year I I I I I 
fA1 1,1,1 trichloroethane Litres I 2.00 I 13,40C I 26,800 I 0 I 
fA2 Alternative solvfnt/ loards I 0.103 I 144,000 I I 14,832 I 
I chemicals I I I I I 
IA3 flWl cast I 
I Rosin flu• litre~ I 3.3~ 
I LS Fl~ Litres 18.25 

1, 5c: 

75C 
r 

13,6E7 
f A4 Weter treetMnt Cu •etr 5.0C! 2,000 10,oor 
I end 801 recylcing cost 

I 
I Sub-total 31,82~ 3f,51~ 

I 
IB Electricity cost per kWh 

I year 

IB1 Current systems kWh 0.0806 26,400 2, 12E 0 
I cs.s kl.', u t:r~. 

I 300 diiJS) I 
IB2 Proposed new syste11s kwh 0.0806 3,45,600 I 27,85~ 

I <n kw, 16 hrs, I 
I 300 ctavs> I I 
I !----------·-i-----------
1 Sub-total I 2, 128 I 27 ,85!: 

I I I 
It Water treete111ent costs I I 
I per year I I 
jc1 lecycling costs 5,000 1 I I 5,000 

IC2 labour costsCOOS 400 16 I 6,4001 O 

I Systea> w/111 I I 
IC3 labour costs(non·OOS 400 16 I I 6,400 

I systni)w/111 I- ------· · · · · I········· - -

I I I 
I Sub-total: I 6,4001 11,400 

I I I 
I lOTAl PRE-PROJECT I I 
I COSTS/YEAR: I 40,4501 77, 774 

'---------- ----- ----- ----'-----'-----

An.Dez.3 Break4own .2f incremental benefits 

Por this project, there is no incremental benefit. 
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I I 
IA 005 i'hese out I 
f A1 Averege use of "CF based solvent per yei• I MT 17 .42 

IA2 OOP of "CF I C .1C-

IH OOP·wei9hted "CF ptlese out(At•A2) I "~ t. 742 
jA4 Avere9e use of llalons t!O~ J)«'r yecr I 91; l!.Ot 

IA'S OOP of Kelons-1301 I 1C .OC: 

IA6 OOP-wei9hted K•lons-13-t (A4•A5) I It: () .6~ 

IA7 Averege use of llelons·1211 per yea• I 111: 0. 7t 

IAB OOP of llelon-1211 I 3.0t 

IA9 OOP·weighted llelons-1211 (A7•Af) I •• 2.26 

IA10 Totel OOP·weighted phese out I 4.6G2 

I I 
I& Arv1ualized capital cost 

IE : Tct;;t i nvi- 5 t•·r .... : cc,' f. ('" -.-.-.,' l. ! • • E', C:.' 

I&~ E qui p11ent life l (; - , H 

IB3 Discount rete 1 1C 

164 Annualized capital cost(fit•Ci.16~7> lJ~ s 7E,2t7 

I 
IC Annual inc retl!ente l operatin;- cost5 f!"or-

I An•1ex 2 ·;~ s 37 ,3,1. 

I 
ID Unit ebate•ent cost 

101 Annualized unit abatement cost per kg of US S/ 6.34 

I ODS phase out kg 
! r ~ -~-..... ;; i ~f·("· u-:' c~ .• ( - -. re '. r - . . : (I l'~ ! _· 2: .. r 

I u-.;.~ ft\O~l "-: ... 
ID3 Benchmark unit ebate .. er.t cost per kg of US S/ 5.77-7.47 

I O::>S ;:>hase out ·• 
I 

Annex h Bnvironaental Assessaent 

In the proposed aqueous cleaning systems, deionized water 
will be used to clean electronic parts vi thout the aid of 
additional cleaninq aqents. Therefore, this method of cleaninq 
does not pose an environmental hazard. The waste water effluent 
from botb tbe aqueous system and the vet-media blasting system 
will be filtered and deionized by a waste water recycling system. 
The solid waste qenerated 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-Banqalore will have to obtain permits 
from the necessary authorities prior to installation of the 
cleaning. 
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'111/fLA ) 

Project Proposal for the l\1ultilateral Fund for the Implementation of the 
Montreal Protocol Financing 

COlJ:-O"TRY ladia 

PROJl'.l. 'T TITLE Con\'Cl"SiOO of dc:ctronic claning processc:s from OOS sol\"cnts to no-demi and 
3QUeOUS pbotorcsist dc\·elopirag and stripping technologies al ITl-Pabkbd 

SECTORS CO\'EREI> SoM:nls 

ODS CSE IN SECTOR 4,876 MT (OOP- weighted) of ODS solvaits in 1991 

PROJECT L'\fPACT Pbascd-oot aonual ccwumption of 12MT ofCFC-113 and 30 MT of I.I.I 
trichJoroethane (lotaJ 13.44 ODP-wcigbled MT) 

PROJECT DUllATION 18mooths 

PROJECT ECO.'IOMIC UR IOycars 

TOT.'\I. PROJEC.'T COST 
Investment (capital) costs. 'JSS 528,000 

lncu:mcntal operating co:.1Sl'sa\mgs. USS lJS,..tOO 

Total Project Costs. USS 319.592 

0\\":"ERSHIP STRt:'CITRE I 00 per cent lnJian 

PROPOSED~ flNA.~"«: USS389.591 

C~'T F.FEC:flVE."'ESS USS 28.9 per ODP kg 

t::'iIT . .\BATE.\IL''T C<»-Y USS 3 .14 per kg of phas.:d-oot ODSs 

I .. , It Rt:'<~· ( O"\YF.R:-IO:-t USS l.00 = !ndim R.-; 30 r;o 

COl':\IER El'.-TERPRISE Indian Telephone Industries, Pllakkad 

l'.\IPLL\IL'"TffiG ACE.'iCY UNIDO 

UM>RDl:"i.\Tl:"G '.\ll:'tl~IRY Mini:.1ry ofEn\iroruncnt :md for~ 

Ptoj~d summary 

i: . .; projc.-cl will phase-out the use of CFC - 113, and l, 1, l trichloroethane: tMCF) in deaning opcr:itions at the 
l'l!:ikk.iJ factory <lf lnJian T dephone industries Ltd The phasing-out of ozone depicting ::.-ubsran«s (ODSs) \"ill be 
X\'.1 • .'mphshcJ by rc.l'l::tcing the cum.'Tltly u:>c:d soh-t.'1lt-bascd cleaning methods \\ith low solid tlLLxes .llld no-elem 
~ ·IJ ... -r.ng k.-chnnh ~~·.Th\! printed circuit board umt will n .. -placc: methyl chloroform with aqlli:ou.-; ba.~ 5'·stc:m..-; 

.:mploying wati..-r pr~ble photorc::.;sts. The phasing-out of ozone depicting subsUn~ l ODSs) wtll bi: 
1.:.:umplishc:J by r ... -placing the currently used solvent-based cleaning methods with lhrcc different types of walc:r-
ba.~ processes: no-dean soldcrin~ and water-based photoresist development and saipping. The projcd will employ 
comm'"-rcially available technologies in one of India's largest ODS conswning sectors. The India Coonrry Programme 
fi>r !he Elimil\Jtion of ODS has al:io identified the sector as a high priority area. 



INDIA: ITl-PALAKKAD SOLVENT Cl..£ANJNG l 

I. Projttt objtttivc 

The objective of this project is to phase out the use of CFC- ll3 (TMS formula) and methyl 
chlorofonn (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 deaning processes_ 

As one of the first projects fonnulated 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 e."'Cpected that this project will 
additionally identify and strengthen a focal point which will (also see Exlu'bitl ): 

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

• generate infonnation 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 

• • -·um !Jt"' 1 ' ..,,£ 'r·.')I 'n1 · ,;. · ..... ~,' ,, .. \._·,. '' :l''";!1" t'n >;mp'·)...,., ~nr1r; 'n ··'-"" u 1:::.luc4u .. ep ut.1,; :-.ui.L,:;-''·' .. ,,1.;\. ·······=- -=·····'-'"c ••. L 

phase of this project so that projects of a similar nature can be implemented 
in other locations. 

In cooperation \\tth the Ministry ofEmironment :ind Forest, the Center for '.\faterials for Electronics 
r l!Chnology (C-MET) of the Department of Electronics (DOE) has been identified as the focal point1

. 

The Center for Materials for Electronics Technology (C-MET) is operating as a registered scientiCc 
'•-1ciety under the Department of Electronics \•ith the main objective to establish technology strength 
:n Electronics materials for the present and future industrial requirements. The electronics industry 
:n India is unique. that is. J significant part of its production is distributed in small- md medium-scale 
industry and is Jistnbutcd throughout che country. 

111 Inc Cooler for \IJlcrials for F.k .. 1roni.:s r «hnology (C-\tf..-0 set up hy DI IF. lus C"P'-'ftS IR 1hc ... .111 .. >US rrulc1uls wal 1.n lhc: d.:..unm~-s 
:n.h1·.tr; .:o'"""lt, ~.:als. pol)mcn And ·>Cher rd.11cd procb.-ts <u.:h »'IOI. cnts. ~lunin~ J~.:nu .:le .. ind in m.aJcri.Jls dcvclnpmcnl and 
,. nm1cr.:1.1IV..&1h\fl of the R&I> re.11IL,. 
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?. Sedor 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 Govenunent with the assistance ofUNDP_ 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 Counuy Programme preparation. 

The amount of consumption has been investigated in a number of studies2
• According to most recent 

information presented at the Solvents 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 350 ~ff of 1,1,l
trichloroethane (MCF), i.e., P 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 
conswnption in the solvents industry is split between electronics. metal cleaning and other processes 
;uch .is textiles. pharmJceuticals, pesticides. chlorinated rubber. etc. 

Cleaning processes used in the electronics industry consumed in 1991, 150 MT of CFC-113, 7 5 MT 
of CTC and 55 MT ofMCF (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 lndia has been increasing as a result of the development of electronics industry. 

121 .1) R '-'f'OJl nf the fa.J< l'•>rCC nn S.Uional Slr.U~O of Plwing out 01ooe l)cplcting Su~ :l.firusuy of Industry, \fNCh I ??2 \ upJatcd 
\1.11.il \•)')J) 

h) l\•mpil.:d .:Of111UnP11on data, :l.luhil:alo:ni fund Sca-danal., Mardi I ?'Jl. 
c) ~·l~enU Wnrl<shop. <:ounrry Programme l'rqmalory MMinp Series, ll·lS June l'J'>l, Sew Delhi . 
. I) In.ha C.><1n«ty Prn!;J'&mnle:, .>;qilmibcr \?91 
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Exhibit I 

Phasing out of ODSs in Indian Electronics Industry 

The role of a focal point of know-how 

l.aJge enterprise 

Reliability testing 
Process developmeri 
Technology selection 
Equipmert seter.tion 
Site preparation 
Installation 
Operator training 
ODS-free cleaning 

~<Hnedum enterprise 

ReHability testing 
Process developmed 
Technology seledion 
Equq:mert seledion 
Sire prepaatic.n 
Installation 
Operaor training 
ODS-free cleaning 

:'lcte: Generally, activities written in italic require external technical assistance and will be 
·..:rried oi;t by :l:e foc3/ r:virt d tre .o::dor. 

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

I 
:\ll sl!ctors 

1991 Consumption 

~olvents 

l 

Types of ODS 
ODP-weighted ODP-weighted 

Actual, 1\H Actual, MT 
MT % MT % 

lo------· ·-- -- -- .. ·-

CFC-11 1,900 1,900.000 14.385 0 0.000 0.000 

CFC-12 2,850 2,850.000 f.1.577 100 100.000 2.051 

CFC-113 320 342.400 2.592 300 321.000 6.583 

Sub-Total 5,070.000 5,092.400 38.SS4 400.000 421.000 8.634 



INDIA: m-PALAKKAD SOLVENI' CLEANING 

1991 Consumption 

All sectors Solvents 
Types of ODS 

ODP-weighted ODP-weigbted 
Actual. MT Actual. MT 

Halon-1211 

Halon-1301 

Sub-Total 
CTC 

MCF 
TOTAL. 

Sectoral 
distnl>ution 

Aerosols 

Foams 

Refrigeration 

Solvents 

Halons 

,TOTAL 

MT % MT 

550 1,650_000 12-492 0 Q_()()() 

200 2,000_000 15_142 0 OJ)OO 

750.000 l.6SO.OOO .· 27.634 
.. 0.000 <~9.dlo .. 

4000 4,400_000 33.312 4000 4,400_000 

550 66.000 0.500 550 55.000 

10,.370.000 . 13,2os.400 . 100.000 ·.·.· .(950000 
_:.... : . .• . :;': ... ,J7fUDJ 

1,100 l, 100 8.328 

1,580 ~.580 1 l.962 

1,990 1,990 15.067 

4,950 4,8!6 36.917 

750 3,662 27.726 -
10,370.000 13 .208.000 IOC'·-•.11·0 . 

r.·nL&tn:" ligureo a.s ~ .Jl the 'SolvcnlS W orUhop. C<>Ulllry ~ M.:ctinp Seri.:s, 
.Zl-25 June 1993, S..w O.:lhi.· 

h) India Counll)' Programme. First Dr.aft., 9 .\Ugwt 1'.)93. 

% 
o_ooo 
o_ooo 

. ·. · OOoo .. . 
90.238 

l.128 

>. ioo~ooo 

J. Enterprise background 

I Tl Palakkad was established during 197 4-75 to manufacture electronic P ABXs, integrated 
\1cal-cum-transit exchanges, electronic digital exchanges, wich are in-house-design. 

fhe [;nit has grown in four phasl!s: 

Phase Year Investment Installed Product 
Rsinlakhs Capacity (lines) 

1976 26 10,500 Small Exchanges of In-house Design 

II 1980 98 60,000 '.'.ficroprocessor Controlled PAM Exchanges 

Ill 1985 5900 2,060,000 DT AX of Alcatel Design. IL T & EP ABSx 
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IV 1992 4445 

(•After phasing out OT AX) 

10,000,000(•) OCB 283 of Alcatel Design 
(Under project 
Stage) 

s 

In 1985 an agreement ~CIS signed. with CIT Alcatel. France to manufacture Digital Trunk Automatic 
Exchanges with an im'CStment of USS 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 2 of finished PCBs. The PCB plant is a modem 
one with an investment ofUS S 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 ITI Palakkad unit for the year 1993-94 was Rs. 1,6 
'M.io. and the total manpower employed is 877. lTI-Palakkad is not manufacturing for c;q>orts. 

Performance figures 

1992-93 1993-94 

Lines produced 185 kl 302kl 

Production value (Rs in crores) 105 165 

·l() 163 

Profit (Rs in crores) :!.24 33.29 

Production per employee (Rs in lakh$) 164 17.89 

Value added per employee (Rs in lakhs) -U8 7.92 

Inventory turnover ratio 1. 84 3.40 

\ laterial consumption ('1 o) 6-l -t4 

Profit to turnover ratio ( % ) 2.26 20.38 

Return on capital(%) 3.1 29.IO 

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 OT AX Products. The unit has earned the prestigious ISO 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 International Quality Standard Organization_ 

Production and servic:e f :ac:ilities 

Eltttronic: Assembly Plant: 

Extending to 7000 square meters. this fuliy air conditioned plant is the hean of ess ~
State-of-art electronic assembly equipments such as semi- automatic component forming machines, 
semi-automatic light beam guided assembly machires, wave soldering station, semi-automatic wiring 
machines, sophisticated pc board test station comprising microprocessor-based :Ip. 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 pi-:k and place facility. 

PCB plant: 

A modem 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 
l!quipment like a laser plotter, CNC drilling/routi11g/plating machines and various 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 capacity of 14,400 
.n!/:i.anum in collaboration \\lth Akatel, France. Thi! plant is intending 1fter 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: 

_.\ R&D Center with an investment of US $ 1.0 Mio. is equipped with a CAD facility. 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 Mainframe 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 lTI. Palakkad. Methylene 
chloride as a halogenated solvent is also used for photoresist stripping. The following three 
manufacturing proces.5CS use considerable amount. of ODSs in cleaning and in photoresist developing 
and stripping. 

-



INDIA: m-PALAKKAD SOLV£Nf CLEANING 7 

Process - I: L'sage of CFC-113 (Freon TMS) 

CFC -1 l 3 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 l 994 
was 12.0 Mf. The number of cards assembled per day is 300 pcslshift. The maximum size of cards 
produced is 660*300 mm. 

Process - D: Usage of 1,1,l-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 
ii) Alignment timing - 20 meters for a standard pcb 
iii) Exposure timing - 0.3 meters for a standard pcb 
iv) Developing timing - 1. 2 meters/minute 

fhe solvent process has many process conveniences, like high speed process, high contra.st, less 
r~jection and high yield. 1. 1. I-trichloroethane is used for developing inner and outer layers of PCBs 
·::J PIS\f. r::\! :..'·1i ~-.':::-u<npt:on ,)r' \{Cf;~ !')()..f ·s]s 30 0 \ff 

Process - Ill: Usage of Methylene Chloride 

mis :)()(vent, \\hich is not controlled by th~ \fontreal Protocol, is used to strip the pol}merized dry 
film after the plating process Presently, the solvent '\tripper is same for both double sided PCBs and 
inner layers of PCBs. 

l'he various deaning machines used for ODS h~;..1dling along with their production capacity is given 
Lt Table l 
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Table 4. Solvent Using Equipment at m, Palakkad 

Activity Production Purpose Cleaning Cost 
Capacity Machine 

1. Component As per Table 3 Cleaning of PCBs Freon cleaning USS0.2Mio 
assembly machine 

2. PCBs 14,400 sq.meters Dry film developing Developer USS0.2Mio 

3. PCBs 14,000 sq.meters Dry film stripping Stripping MIC USS0.2Mio 

Name of equipment Year Solvent Energy Cost of Water Cost of 
used kWh/day kWh.USS m3/day m3,USS 

Cleaning System for Flux 1985 Freon 70 0.04 Nil 
Removal from OSL, UK ThfS 
(max. size of PCBs- I~ \tr:y 
660*300 mm) 

Inner Layer and PISM 1985 MCF 64 0.04 20 0.10 
C2 Processes Developer 30 MT/y 
from Du Pont, USA 
(max. Size oflamination 
660*400mm) 

Inner Layer Stripping 1985 Methyle 64 0.04 Nil 
System ne 

Chloride 
17 MT/y 

The amount of cost incurred for solvent ODSs is indicated in Table 5 the following page, 
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Table 5. ODS Solvent Costs of ITl, Pala.kkad 

Division/Purpose/ Type of Amount Unit Price Amount ODS ODP-
Solvent MTN ear USS/Kg Cost amount weighted 

USS MTN ear amount 
Mt/Year 

Assembly/ Cleaning of PCBs/ 12.00 10.00 120,000 12.00 9.84 
CFC-113 

PCBs/ Dry film developing/ MCF 30.00 LS 375,000 30.00 3.6 

PCBs/ Dry film strippng/ 17.00 1.0 17.000 - -
Methylene Chloride {Not 
identified as ODS) 

.t Project description 

4.1 Sector-wise approach 

The electronics industry USl!S a variety of chi:mical substances in the manufacturing processes :ind 
packaging operations. Some of these include chemicals which polluting the environment. t of which 
a number of them are classified as ozone depleting substances. 

Considering this. a broad-based progranune to ~nhance the awareness about use 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-~IET) of the Deparw.ent of Electronics, Government oflndia. This would be a part 
of the overall programme by the Govemment 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 ofindustry 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 srart in order to 
accumulate information and experience to assi:;t 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 electronics industry applications with 
aqueous/semi-aqueous processes and no clean teclmologies requires extensive engineering know-how 
to perform a number of tasks. Reliability testing. material compau"bility testing and process 
development will be performed by C-MET. in close cooperation with ITL 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 detennined that the no-dean 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 for the various PCBs, dry film developing and dry film 
;tripping operations. The reli:lhility testing should ev1lute the lo11g tenn effects of remaining residues 
inside the electronics assemblies. parts and components. 

-'.l Technology and equipment selection 

ITI. Palakkad will phase-out the use of CFC- I I J methyl chloroform aod methylene chloride in the 
PCB cleaning. dry film 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 clea:ning. C-ll 
processor and stripping machine. All these three systems could be replaced using non-ODS 
mbstances . 

.-\t the end of the project implementation all the ODS solvents (CFC-113, methyl chloroform) will be 
eliminated. 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 bown for their 
high degree of reliability for use in military aircraft. satellites or other difficult professional (industrial 
and commercial) operations. The.c;e organizations spare no cost to ensure that products made by their 
organizations are dependable and reliable. Considering the high reliability requirements of 
lTl-Palakkad products, the migration to non-ODS cleaning should be planned and evaluated 
cxtremdy carefully. 
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US EPA staff have found that the other chlorinated 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 aoditives such as bilders. pH buffers. inlul>itors, 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 c3.11 be dfectively removed by aqueous chemistry. 
Ultrasonics are mucl: more effective in water-based solvents than in I, I, I-Trichloroethane. 

Semi-aqueous cleaning uses hydrocarbon/surfactant cleaners which are emulsion cleaners that can 
be substitutes for CFC-113 in electronic applicatjons. Hydrocarbon/surfactant have been included in 
many different cleaners formulated for different purposes. Hydrocarbons/surfactants are used in 
deaning 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 'oncentrated form and then rinsed with 
water. Semi-aqueous cleaning systems can use terpene-;, dibasic esters, glycol esters. or other 
hydrocarbons, generally in combination \\ith surfactants. These cleaners can be considered for 
deaning of PCBs. 

These solvents exhibit VaJ)ing degrees oftlammability, and generally require that certain precautions 
·.I! ::iken. ·2~f:'1...X:i~utv if u:;l!d in ~pray deaning Jpplications .. -\II rhese solvents have low pressures, but 
.ue still considered photochemically reactive. The subsequent water treatment after the rinsing 
operation will require a water treatment plant which woulc! increase t!1 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 spirits, kerosene, 
Stoddard solvent) show good solvency for most contaminants. Alcohols (e.g. ethanol, isopropanol, 
rnd glycol ethers). ha-.,e been used in certain applications requiring effective solvent power for 
ktluxing operations in engineering industry. These solvents, however have several limitations. Their 
tlammability restricts their use in enclosed systems and in vapor degreasing operations. The common 
alcohols arid ketones have flash points that are quite low and are considered flamma!;!e. Also, 
alcohols as well as ketones are not compatible with mllly polymeric and -::lasi:ameri.: materials. In 
addition, these solvents are photochemically reactive. 

When rosin t1uxes are used, cleaning with hydrocarbons/surfactants or v.ith saponifiers may be 
necessary. With water soluble tlux/paste, plain water cleaning is preferred although aq ... eous 
.;;aponified 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-clear ; the classification given to fluxes whose residues are benign and 
may be left on a printed circuit tu~r" after the soldering operation is completed. Thus, no post-solder 
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cleaning operation is rettuired and the use of CFC-113 or MCF is eliminated. 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 USS:;:'.) pei liter), and a new type of 
soldering machines with a spray fluxer and a dual wave soldering system. 

There are several technologies and equipment available in the market. et.nd it depends to a great extent 
on the type of process and technology chosen for cle.ming. For the large scale. high production 
applications. there is continuous, conveyor-operated equipment which has a range of controls which 
can be induded, depending o~ the amount of labor available for monitoring operations, and the 
quality requirements. This applies to both the aqueous and thP. 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 conumina.'lts. Semi-aqueous systems normally 
use carbon absorption or membrane separation techniques to '"C\.-ycle both the water and the solvent 
streams if the electronic circuit cwemblies have high quality requi:-ements. and/or are difficult to clean 
due to complex geometries of design, then mechanical assistance tilfG1lgh 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. Tltis is one of the very cost 
effective technologies available and widely used by industry. For high quality requirements nse, of 
low solid tluxes followed by semi-aqueous c!eaning would be an effective alt~manve. 

l.' .J ustific:Uion for wlt>ction of :1lternative technolo!ey 

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 pro"iding a new soldering machine without post-soldering cleaning. This will eliminate the use of 
15 MT of CFC-113 at ITl-Palakkad. 

An alternate technology proposed for dry film photoresist developing at lTI-Palakkad to elimir.ai:e 
30 MT of 1.1. I -trichloroethane consists of the operations like aqueuus dry film lamination, alignment, 
1.:xposure and developing.The aqueous process proposed is complex in nature, that is, it bas a very 
n:irrow process latitude like low contrast. lc.w speed and thereby low ~ield. ln this process the solder 
masking developing operation cannot be carried out in the same machine. However, this technology 
completely elin-jr.ates the usage of30 MT of I, 1, 1- trichloroethane for dry film developing and PISM 
developing. The solvents used for this process are as follows: 

I ) Dry film developing - Potassium carbonate or sodium carbonate solution 
2) PISM developing- sodium carbonate solution v.ith additives 

f he various proce!:s parameters are: 

I) 
2) 

Laminating speed 
Alignment timing 

-0.8 meters/minutes 
-35 minutes for a standard PCB 

---------·----------------------
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3) 

4) 
Expcsure speed 
Developing spet.-d 

-0.6 minutes for a standard ?CB 
-0.6 meters/minute 

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

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

ll 

The pro,osed aqueous DFPR is less efficient than the present solvent system. Hence in switching 
over to aqueous technology 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 jusrification for the 
new systems is given below: 

I. Special aqueous dry mm bminator 

The speed of the laminating with solvent film is more considerable. On the other hand when lhe 
technology is converted to use aqueous the speed is considerably reduced. as mentioned earlier. Due 
t<' capacity limitation, ITI Palakkad would be able to implement the ODS phase-out programme if 
one aqueous dry fihn lamination is provided. This aqueous dry film laminator need to have a heating 
source with pneumatic pressure. The finished PCBs '"ill emerge with both sides laminated . 

., 
.\uto~lass 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 han<L for the aqueous film. the contract is very narrow and hence manual alignment 
is difficult. This necessitates the use of the self aligrunent autoglass table. Once in the fixture the 
laminated PCBs are positioned with respect to the location holes ·md then exposure takes place. 

J. - High power exposing system 

The solvent-based dry fihn is more susceptible to UV light and hence the exposure time required will 
be :it 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 I, I, I -trichloroethane exclusively for developing double-sided photo-printed 
PCB~. Thi.> machine has to be replaced to take up the aqueous dry film. The aqueous develop~ will 
handle 1% sodmm carbonate at 50°C. The size of the PCBs handled will be 660 x 400 (bland size). 
This equipment should be provided to lTI Palakkad for ODS phase out. 
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5& 6. Double chamber PISM developer & baking oven 

The solvent PlSM developing is exclusively done by I. I. I-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 prowred to this project. 

Table 6. Proposed non ODS systems 

ODS Process 

Cleaning of assembled PCBs using Freon 
IMS 

Developing solvent based dry film laminated 
PCBs and PISM using I .1.1-trichloroethane 

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

Purchase of no clean system 

Alternate Process 

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

Aqueous processing method 
1. Aqueous dry film larninator 
2.Self alignment glass device 
3. SPL high power exposing system 
4. Double chamber developer (augmentation) 
5 Double chamber Pf SM developer 
6. Curingtbaking oven 

I. Low speed/low temp. double chamber 
stripping machine 
2.High speed/high temp./high pressure SS 
bodied stripping machine for inner layers 

Considering the strict quality control maintained at the lTI-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 S 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 - 300/o reduction 
in productjvity. Considering the actual annual production output of 14,400 sq.meters, an additional 

-----------------------~----
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DFPR e.~sure.. 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 
S 250,0000 as per the break-do\\--n given below. 

Bearing in mind the cost-effectiveness threshold for the elimination of l, l, l-trichlorodhane (i.e. US 
S 38.50 per one ODP -weighted kg of 1, 1, I-trichloroethane. by the MP Executive Committee) and 
the necessity of procuring 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. 

~ame of equipment 

Special aqueous dry film laminator 

Auto glass self alignment device 

PC 130 SPL high power exposing system 

Double chamber developing machine \\,ich dryer 
for double sided PCBs (augmentation) 

Double chamber exclusive .1qucous PIS\I 
developer with dryer 

Curing i baking oven 

Cost 

us s 30,000 

us) 30,000 

l.iS $ 30,000 

liS S 50,000 

us $100,000 

lJS $ 10,000 

l'otal us $ :!50,000 

rhc ~stimatcd cost nf :rn .qul!nih ~trippin~ mai..:hinc is LS~ 135,000.Since the solvent used for 
stripping is methylene chloride, \l.hich is not concrolled by the Montreal Protocol, the machine is to 
be procured against the funds allotted by the ITl-Palakkad for this project. 

Water treatment 

In this project, the use of aqueous hascd processes (dry lilm developing and stripping) is chosen 
because the efficient use of water as a solvent Vt ill not damage the environ1nent and because water 
is a plentiful and inexpensive resource in Palakkad. The use of dry film development and stripping 
process will require treatment of waste stream. The water filtration and recycling, sub-system (waste 
water treatment system) can be integrated into the main sub-system and it costs about USS 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. T echr.ical staff of the 
equipment manufacturer or their agents in lndi~ wi'I help the installation work. 

Operat11r Training 

Operators and maintenance per:iOnnel 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 progranune will be designed by C-MET in 
cooperation with the equipment manufacturer and m-Palakkad. 

S. Project Costs 

The project costs in referance to all costs in this section are economic rather than finaoc:ial costs. The 
incremental recurring costs are included 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 ~nvironmental permits is included as part of 
the project. 

T1,t:ll 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. :he 
total project incremental cost of US S 389,592 was calculated as the economic capital cost (US 
5528,000) minus the net incremental operati'lg sa...,ings for 3 years discounted at 10% (US $ 
138,400). 

Capital Investment Cost 

.\,:; sri\·c.:n in Annex, I, the total investment cost is USS 389,592. The major components of this cost 
include the purchase and installation of a low solid tlux soldering machine (US S l 50,000) and 
aqueous cleaning developing machines (USS 250.600) for the replacement of the existing systems. 
The stripping machine will be purchased by ITJ-Palakkad. 

Incremental Operating Costs/savings 

If the project was not undertaken. the annual operating cost. exclusive of tax, would be US S 
121,680. If the project is implemented the annual operating co~t w :.il be US S 77,880 re3Ulting in 
an annual incremental operating savings of U~ ~ 43,800. Given an equipment lifetime oflO years 
and a discount rate of IO per cent. the net present value of the first three yean of incremental 
operating savings is US S 138,592. A more detaile.d breakdown of operating savings is provided at 
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Annex IL 

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 detennine the proposed grant amotL"l, total proposed multilateral fund financing is equal 
to total project incremental cost. i.e., USS 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 USS 3.14 per ODS-weighted kilogram per 
year. This number is derived from an annualized incremental cost of capital of USS 85,905, first year 
incremental annual operating savings of US $ 43,800 and phasing out of 42 tones (13.44 ODP 
·.•. ~i ghted tones) of ODSs per vear 

Proposed MF Grant 

The proposed MF grant for the project is US $ 389,592 was calculated as follows: first the total 
investment cost of US S 528,000 was deducttd from the net present value of the incremental 
operating cost Ctver the first three years of the project. which is US$ 138,592. This sum was then 
multiplied by the 100 per cent Indian ownership ratio oflTl-Palakkad to yield the same grant amount 
of US $389,592 

Financing Pl:ln 

~1F 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. lJNIDO 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. 

Disbunements 

Fund disbursements will comply with UNIDO financial procedures. The schedule for disbursements 
\\ill 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/W orld 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 

lbe project \\ill eliminate annually42.0 MT of ODS (13.44 MT ODP weighted) at the ITI Palakkad 
factory. 

lmlirect Project Impacts 

As far as the indirect effect such as the tran~fer of technology to oth~r 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 invnlvement of C-MET of DOE will ensure the successful 
repetition of phasing out projects in the Indian electronics industry. 

Otherwise, assuming a successful transition to aqueous cleaning in lTl-Palakkad, the quality and 
perfonnance 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) 

N A1:lI'Vity lkscriptioo Responsible firn. 

l PrepMation of a Jctailoo project ITl,UNIDO IQ 
wor\ plan 

2 Cany oul reliability and faaluatc the dfccti\"t.'1lcs:> of the different ITI,C-MET, IQ 
materials compatibility tests nomH>DS tcdmiqeus UNIDO 

3 Select technology Prepare lhc list and specification.~ of rn.UNIDO IQ 
equipment and mataials 

.t Procurement of equipment Canying oo1 an international bidding and UNIDO 2Q 
sign the contract 

5 Design modification." on the :.;te Engineering design of utilities (water ITI 2Q 
and facilities ckctricity, piping .cit'il engineering) 

6 Preparation of facilities Construction work IT! 3Q 

7 Preparation/ procurement of Procure or in-house make the locally ITI,C-MET 3Q 
local c "'llipment and machinery supplied equipment and machinery 

~ Acet.-ptancc test, installation and Install and commission the equipment and UNIDOJTI .fQ 
commi:;sioning of equipment run training programme for ~ators. 

carrying out acceptance tests 

9 Start utilising m:w non-ODS Evaluation of the rrocesSc!S UNIDO,C-MET -lQ 

I 
k'<.:hr.:o!t )!,_'\' 
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Annex I. Brukdown of investment (capital) costs 

Unit Q Total 
Desaiption of cost item Unit cost. oost. 

US$ 
ty 

US$ 

1 Project monitoring missions week 5,000 1 5,000 

2 Equipnent 

2 No-clean soldering machine each 150,000 1 150,000 

2.2 Special aqueous dry film laminator each 30,000 l 30,000 

2 Auto glass self alignment device each 30,000 1 30,000 

2 PC 130 SPL high power exposing system each 30,000 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 I baking oven each 10,000 1 10,000 

2.8 Water filtration and recycling costs (DI plant) each 20,000 1 20,000 

2.9 Installation costs (electrical, piping.etc.) each 20,000 1 20,000 

3 Miscellaneous 

3 Waste treatment Si~t 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. BreakdGwn of incremental operating costs/savings 

-
Unit Pl'e-fll'Oied Post-fl"liect 

Desaiption of cost item Unit cost, Qty talalcost, l!Jtalmst. 
US$ US$ USS 

A.. Solvent/media costs per year 

A1 CFC-113'Methanol kg 3.500 12,000 42,000 0 

A2 MCF kg 1.500 30,000 45,000 0 

A3 RMAftux L 4.000 2,000 8,000 

M Low sorld ftux from lnterftux, USA L 20.000 2,000 40,000 

AS Regeneration of carbon (4pcs) and each 300.000 8 2,400 
deionising (4pcs} <.-ylinders for 01 plant 

A6 Water@ 80% recycling m3 0.100 5,000 0 500 

Sub-total 95,000 42,800 

B. Electricity costs per year 

B1 Current systems (224 kW/day, 300 kWh 0.040 30,000 2,688 0 
days/year, 1 shifts) 

B2 New soldering machine (30 kWJh), 1 shift kWh 0.040 64,800 0 2,880 

83 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 OOSs), 5 w/m 400 60 24,000 0 
operators 

C3 Labour costs (non-ODS processes).4 w/m 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 

A1 Average use of CFC-113 based SGlvent per year MT 12.00 

A2. ODP ofCFC-113 0.82 

A3 CDP-weighted CFC-113 phase out (A 1 *A2) MT 9.84 

A4 Average use of I. I , I-trichloroethane MT 30.00 

A5 ODPofMCF 0.12 

A6 ODP-weighted MCF phase out (A5*A6) MT 3.60 

A7 Total ODP-weighted phase out 13.44 

8. Annualized capital cost 

B1 Total investment cost from Annex 1 USS 528,300 

B2 Equipment life Year 10 

B3 Discount rate % 10 

84 Annualized capital cost (81 *0.1627) US$ 85,905 

C. Annual incremental operating savings from Annex 2 USS (43,800) 

0. Unit abatement cost 

01 Annualized capital cost per kg ODS phased out US$ncg 6.40 

02 Annual incremental operating savings per kg ODS phased out US$1kg -3.26 
(C/A7*1000) 

03 Unit abatement cost (01 +02) US$1kg 3.14 




