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.:\. CO~TFXT 

~.l. Dc:-sf'ription of t~~e suhsr·et.or 

Cryngenirs is th~ science and technology fnr very !ow 
t.emperatnrc~. Spt:·c:ific-.:.d l~· it is C(:nc:-i::r1·:·1i witl: !h1' J i:1uif.lcti.1:-:n. 
separation, purification and applicati0n of gases bniling below ninus 
150 C, n.·;ncly :-:f .-1ir, nitrogr>n, oxy90n :inil .·;!1 :-:thr~t· gasec)tJS 
~lemcnts ~~i~h ar0 present in air in small quantities (P.g. argnn, 
he 1 i un l • Tt i s the bas i s <:1 f ,1 L-n--:;:-- i !ld us t t·y J');-1 :·::! f.·1 :'.'tl! ~- ~ ;; ':.; •''~ii! i ['fflt;•r. t 
to liquify air and to s~parate into its ~onpcnents, rrinarily nitrogen 
and'c~- :1xy9•~n in Iiq:tiid f.-:rm at: vari•n1s r-:1:-~ty :3r.:i:l1'~. ~-h·r"::-ndin1 nn 
tn2 sr~cific application. The sizes of such plan~s ~ary fron 5 tons 
of nxyg~n'nitro~0 n per day all th~ ~ay t.-: tnnn tn~~ ~nd eve~ 
l.)rg::-t· H~ .:;::nr' ir.st.1::c·<:·-";. The snall1:-1· u:1it.s ,,,.,-. :-1.:il.nly ased ti~ 

prcdu:~.-. ''XY'Jr.'n fc:t· \,·c:ldin•;; .1r1d c·l!tt}r:'J .1r;d fGr n1:·d:i·:·.11 purpcses an.: 
nitrog~r1 for food precessing Ceg.fast free?ing, preser~ationl and 
"bla"ll::i;-•g" in c-t,.:,nic~.-J} plants. 'rhc larg..-~ size cxyger./nitrog::·;~ 

producing units arc used in steel nakin; Coxyg0n "lancin3"), petro
ch~nica! pl~nts c~xidaticnl and fertilizer pr~ducti~n Ca~ncn;a). Sur~ 
pl~nts ~~~ usually J~l~v~r0d as "stan~~rd" ~~~ka~e~ c~.g. desis~. 
c:p<?rati:")~c;} c:::stins fn~n $ 2 r.1il1ic:n t::: $ fit~ ri~11:i:·::~:; l~ fl-.. -. 

industrializ~1 c~untrics. Overall ~orldwid0 &ales of such cryogenic 
pl.~nts, \.-"!'IUe d1ffi:·:d!". tr-, dr··finc:· c~xactJ~·.h;1s a -...-;tlue cf at least S :2 
billion pr:-r :z·ear, practic.1.llr all manufactu:·.-•:1 i:-: thr:· industriali.zcd 
countrit=>s. l\s a natter of fact, the )nc~1:stry i~ c::r:(·1:"'ntr.3tcd in a fe\o\ 
large corporations ~nd specialized conpanies and is not a "diffused" 
sect.er, whjch ir1plir·:-; th;1t a~cess tc' t!:::· t,-·ch:-:::-:lrn~; in an integrat.t=>d 
manner is ~ifficult. Goin3 th~ licensing or "cn-:::p0ration" route is 
costly, as the Indi~n Pxarnple denonstratcs. And even under such 
co-operation agreenents there are limitatin~s ~s tn ~h~t degree the 
licensnr is ~illing to transfer the tPchn0logy and int~rnal knn\o\
how -- as ag~in the Indian experience shows. While the developing 
r-01mtri<?s .)re nuch in need c:f mastc:-in·J (·:-~·CHJ··:d~· tc.·:··hnr::logirs jnst t.o 
~over th~ir nwn internal requirements, th0 te~hnology r~mains to this 
d.-.te .-dr.inst •'!ntir~ly in t·hr• d::imain of the:- ind11:-;ld.-dized count.rics. 
The result is ~ ~onsider~hle outflow of forPign ex~h~nge fron the 
nevr·lnp1.ng c··;nntri<:-!'; to buy essentia! ,-.quipr:;rnt, alth.-:ugh jn a nurih«":-
:)f develnpin•:; countries, among them Tncha, th,-~ industrL=d h,"1se exists 
to ahso1·h and nt.iliH· thr· t(·chnolo'Jr· 

Industrial-scale air liquifaction st~rt0~ ~uring the 1920's 
to l'!upply high pnr~ty oxygen fo1' welding .1nd r:lt:·t,11 c-1Jttin9 .:lnd !'i0Cn 

aft~r th~t the process was rapidly scaled-up tn produce large 
quantities of nitrogen needed for annonia synthesis, the lattPr 
required fnr frrtilizer nanufarturing. ThP sc-aling-up of air 
liq11if.3c~j...,n pl.Hits :··c:r1tinu(•c; to thj~ cl.:it0. Rc·r:.1usr· :·if t.hc high energy 
requirements of th0 process to produce hi<Jh purity oxygen solely 
t.hn:tHJh air lic11Jif.;1r·!·j(:n /frac-tir:n:il rlisti]l.-itin:'I Ci.r·. 1.-12 Kh''K'J of 
liquid nxy~v~n) r.i nP.w process was put int.n in,.lustrioil pni:iuction cluring 
the I.1st 10-1'.i y<·:irs n;1r.1r-.]y thP Sf"]Petiv.-· ~1dsi::1:pti:,n nf nitrogf~n, ~1t. 

basi~~lly ~mbicnt pr0~~ures ~nd temperatures, hy synthetic inorganic-

l 



maf·,··r·i;ds ( i .f·. z,-.• -:1 it..,,~.;l. P.y usirt•] t!ir- .11h:::--1:t ;11~1 p:·.-:.-···s~-; ;if th··· 
front end of l i 11u i f.:H't ion .:i preenn::-(·nt_ r.1t ion of c::x:;;-g••n lll;-• to .'\ht~t:t 90": 
C.-is C'•..,np.-:ired to ::!1~~ in air) h:·c~tr1c• possihle, r:utt.in9 cn::-1-:3~· 
r·onsumptinn hy nnr{· tlvtn 75'!,. Ci.e. 0.~::! f\~-i.'Kg 1.1f li•]iltd oxp]~n). t\°her: 
·h,-. nain prc,du•:-t 1-.-.quired is nitrn91-"n, !~1•· s;:ir:•· pr<:i:"r"SS is .-:ilsr. 
~pplieJ. Another nPw devPlopment no~ h~ing utilis~d on industrial 
sc-,··dc· is mr:-nhr:1.H~ sep<tr.'ltion tf:.1:-hnr.logy, alc;o u:=;(·d nninly in 
combination with other technologj~s. in~luding rryngenics. Such 
conhih.-:itions work synet·gestic-ally: the final S•'p:~r."ltinns arc• mere? 
c-onplete, production costs are lower, and overall efficiencies high0r 
by ;is nu·~·h as 10-50 ~. cc>mp;;rr•d ,..-ith thnsr~ •)f .'1nr sin•Jlr" r1ethr:•d .1lnn.-·. 
An •':.'Xanplc js th.-. pro::ht:'tinn •:if tigh-purity '.)Xygen or nitrogen fran 
a i r-, b·lw r.---l:y r1em!-: r it n'· !';• T·-"' r .-ft :i :.n , -. in ! w .) t. the f rc:n t or at the ta i l 
end nf the process. 

Fjn::il!y, in an integrated :·r-y••'J•"-.ir R.<::D c.-1pability th7' 
.ihility l.-: pt·:·:d:i::·e lir.·.i;1j1i h1:-l"iur. i!=i <·s~•·;1t'i;d .i:1 ,··i-:J1•r· !·:·: :·.-·.;;·!1 1'-·" 

::-~yr·:'j(':'"':l«:dl!y Jnwest pOSSlhlt"' tF:·nper.'lt11t·~c; nr:·r:~·i.:-r1 F,_,,. l'liirtj:" f'Ut"f•<":Sr-.~., 
in:·llldinc.J 11•-::::if::·in•J ·~!"hc·1· \'(•ry !rn\ l:.:!1 ;n·J '):1c.,~s, n.i~<·ly rwr-n ar:d 
p.-:irticn1arly ti:_:·dr·c.•y'n jn o:·d:·r t:, l:::• .'!~:!,:.ti·· ;.,h1,ly tl1•·rno-p~y~..;i1'.·1: 
r:rnpt:- rt j es n f •J.~1 s n i :-:tn ri:-~ f •:r ,fr,ve J ,.pi nr:; !".(-r.-n-;< t. i en t c:· ~~n :i q1::·~:; 
t0sting of properties of engin~erin3 ndtPr~~ls ~t very Jo~ 
t(,r.~r~c·1·.-tt-n~·~·~; inst runr·nt ::·.-11 i~1r(1tic)fl, ---~~-. 

The inportant ro]~ nf cryog~nir te~hnolngy was rr:-~ogniR~~ h~ 
th·:· c;.-;,·:--cnr·;r::if :~ur·1ng t!:( J9FO's \•-~•·'rt .1:?· l·i·:iui.f.-t.-:!·i:-.11.'s•'p.1:·;,~ion 
unit:s \\(•c•~ imp:)t·ted in in:·r1·~asing r::1n~::1'r r:' ,~,-,\·r-r +-h,~ n::-.-:~cis nf ~h.:· 
::·,·,nnt:·y'!": h.--isir· ir.dust.t·)r:•!-. (st.:-•d, fe-1·tiI::z.:·r~;, \\ro·Jc!ing n~:ygr:·n .:·tc:-l. 
For this reason the Government assigned t~~ r~sponsibility to Bh~rat 
Heavy Plate & Vessels Li~itcd CBHPVl tn take th0 Jrad and hcromP ~ 
fully-versed producer of cryogenic p]ants, systcns and components. 
Since the in(ligenn1;s t<.•xpertise r·:r knm,-hc\·i ~5d rl')t 1:·~.cjst .-it +:hat. tin•· 
in tndi.:1, BHPV r·onr::lud::-d in 1971 .) :·8-:)pr·1·:1tinn .:•')rr-ertPnt \•ith L'.'\1!· 
Liquic"!!·, •J \\e:rld !•·:1•i···r- in this f·i,·~J, f':,1· rro\-i<li:-19 f};;-· jnit1.·1 1 

dl"sign .:ind f.-ibric-'ltic',n t.~:::-hnoL•·]y fnr nanufartudng air· 
1 j •]ll i f;wf j c:n , s<>p;11·.:1 ti on p 1.-nit· s. T :-1iti;11 ! y: :1 1 Mr"::-; I. 1n0~; f1f t !-;,-. 

cquipn0nt ~-ls sur•pli.cd hy T.'Air Liquid1:., hnt 3HPV succeedPd over t·he 
yr.-1rs •.: n.'tr1!1f.-1r·t-i1rr• ,-i considPr.::.hl·~ p.11·t ,·;f t.h.,, corapon!"r.t-.s. The-.'"'
:-;pr·r.:it1or: .-1')r0er1ent was suhsequ .. !ntly 1-.'·rt(!\.,:r:·.-l in 198::!. ':'hf'.' (;0vernrie-nt 

' h,)<., fn:ird, !i;-,\_.,. . ._-,.'.1·, tJ~;,t t 11.-· t.·:·rnr:!,-1s;.· :·:-.:;:;'-;f1·r did not h.-1\·..-.· t·J,,. 
r1~::pth -:1'.";::i brr-:-.:i:-lth t-:·, .111:1~..: ;1..-.hi1-•\·tn•J full ~;r:~lf-snffi,'icncy in this 
fi(·lr!. r,.,,. !!.>~ 1·r·:1'.~•·:·: d !1:;c.: t:i:·::i·:! ':: !!.r· '.":1i!r·:~ ':.-.rjr:•n'-; Syc;h··n L·: 
hr·lp :1!"f.-1i:-: s•·lf-s11ffi:;i~r1.:·y .=:i:; sric::-. .-is p0ssibl0 in r1r-d1"r to r-t:·flii:"r"· 
the c:c:;nt·ir:?lin~! cutflo~ of foi-c·ign c:.;r·h:1n·y· :·;i?i:::;r·r! !·y ir1rni-t:1tion r,f 

conponPnts and co-operation p~ynrnt~. Furth~rnnr•!, thr Governnrnt 
\\i:-,h..-'.S •·..-: r::-;t;1b!i!-.L :1 r·.-.p;;?-d.l!ty 111·hi«h v;5JI cn.:ib]r BHP\' h> fui-lh1·1· 
r1r-.v~ I np ·Hid inprnve ,. ,-y.-,gt:·n ir: rn·r;c:·rss !- ·-!ch no logy, systems :rnd 
:1 f' l' ~ i ca t i (: n ..., • 

~.3. Prior or on-going assistanc0 

'.'\n t0r:hnir.~l asc..i~t.-1r.(:P, r,·ith,-.r rnult.iL-:iteral or bilatf~ral, 
h;H; br~rr: prn\'id..-.rJ lo Intii.-, -t~' ;·1f now in this field. 



A.4. Institutional frame work for the cryogenic equipment 
manufacturing and using sectors. 

Research activities are bei~g undertaken in India at various 
universities and research institutions only related to applications of 
cryogenic temperatures on various materials and substances, such as 
behaviour of engineering materials at low temperatures, super 
conductivity, animal semen preservation, etc. ~o research has bePn 
undertaken on cryogenic process or production technology whatso~ver. 
The nnly institution where such work has been carrird out on a 
relatively small scale and with limited resources during the last 10 
ye~rs is the Rf.n Department of BHPV. Nevertheless due to the 
dedication of the Company and its staff, successful developments have 
been achieved. Among th~~ : 

- nanufacturing technology for trays of ~opper a~d alunniun 
used in medium lnd large air separation plants; 

- cryo-biological containers for storage of bull sen~n; 
- quick freezing units for foo<l processina; 
- super insulated piping; 
- super insulate~ containers of 165,1000 and 3000 liters 

•'.1pae i ty; 
- co~puter programs for design and sinulation of air 

separation units; 
- thermophisical, phase-equilibrium and other properties for 

nitrogen,oxygen,argon gases. 

The new Centre for Cryogenics an<l Gas Separation Technology 
CCC<;S'I'l tn b<' cstahlish1::d thr(:ush the p:-(·s,··nt i:~i··:1jr:·ct wi 11 be ht1i !t r:'n 
the present core grcup of highly trainr:-d Indian spe:-;i.llists and can 
thus be considr-rcci .is inst-.itnt.ion strengthr:·nin·~- lt "i 11 draw policy 
and technical guidence from the ~inistry of Industry.Department of Scie: 
and Tc:chnology, Jndi.3n Inst-.itutr of technology,Madras and B:-mhay, .Z\nna 
Techr1olo9ic.)} Cni..versity, ~.:ldr.1s,.1nd the Confed~r.~it5G!'l (,f Indian 
Engineering Tndustries. The r0~1irem~nts nf ~~jor us~r groups wi11 hr 

, kept in view while fornt1lating detailed work progranncs fnr CC~ST . 

., . 
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B. PROJF.CT JCSTTFTCATIO~ 

R.1. Probh:!n to be addressed ..!.. the present situatio11 

Cryogenic techn~logy in In~ia is presently restricted tc th~ 
manufacture of air liquifaction.!separation U!'"lits and related 
components h~scd en technology a~q11ircd through li~encing, but a 
considerable aMount of ~onponents still ~av~ to be iMported. Therf' is 
no ~apability ~hatsoevrr to prnduce adsorption and menbrane separation 
~quip~c-nt .-ind s:rst::-nc. wh_i···~-, in c·:·,!-ibin.1ti::::n with ::·:·:z:·:~:']•='njc· pn"):~ur:.-tion 

units, ~;:iuld rr·sult in ir.rrnvcd tc:~'!--:r::-:!:~:gy. Ir. .-;!J t.hcs::- thr•:·e .:\rf',)S 
(i.r,. t'"'.'ryo1:;p:-nics, .~ds::rp~i_:ln, n.::nbt-."lnes) a !·:.u;:ic, suppn::-tive 
tcchPclc:1Jic:al capahi.litr ~s L:-ldng. 

Present nanufa~turing 

cryogenic-technology only and, as 
picture is as follows:-

~J~\hilities arr r~stricte~ 
regards equiprn~nt manufacturing, 

tn 
th·~ 

- multi-st."lge tr conpressors c~n be manufactured only in 

- al! he~t exchangers have t~ be inport~d because vacuu~ 
hr~?ing rap~hility is net existing in the country, although the 
naterial (i.e. corrou3~tcd alluminiun ("lad sheet) cou1~ be produ~~a in 
Tndi.:1. The inpcrt.lt:i.on ::f th· h,-..1t c·x<:hangers is cxtrer:iely c:·i::stly, 
running nn tb"! .::1ver-.3g0 $ ::? nil l ion3 f:-_,r ea::·h liquifaction/sep.1r.it :_,...,r. 
unit; 

"-~' 11 :: :'par. s ;.:·in 

ch.:.n•Jf· :n t h1: nc?.-; r f i:h:~= · 
tt:!·bin0s ::iu8t h0 irnpoi:-ted (this 
!·:.-·:~· ..... ! •-, (~ (; f t r·i··· •v·c~ r~.. ,) :i , ... 1 nc (_.d 

'""ill r.ot 
t er:· h n:-: 1.-;gy 

- the- st.)inlcss stc.-~·. ft·.:,:-:·ti::;n._-;t ir.'] :·:_,lur n!-> .::11·:"' r.:-:\\.C pr:)dt:r.r:d 
at BHPV usin1 irnpcrtcd stainless steel and the cap~hility r~ist~ tn 
f~hri~~tc th~s0 in ~ny ~~sired sizP. 

- !'>t.)r.:ig1:- :-:·ont.)inr·r,.;, L;nk:; .:1:1CI syst0ns f•)r liquid (."ryogens 
.:1 rr· nm.,: rrn:-1:!(•(•J in T nd i ;; I fi~I inly hr P.Hrv; 

- .-'Ill liq11i:1 nitro<Jr~n v.:ipori::;c-:.-s arc prndur:cd by BHPV. 

nr--yonrl thr· r·:in;1f;1:~t11rin') ;1spr~ct.s however, the- .-·.-1p;1hilt_r t..-; 
st:JC1_r prr)t:-ess p.1r.1nr_~tt-,rc. n.·,··dr·n fnr ~·ptimising plant ::k·sign is lac:kin'J 
·•S wr·1 l ;;r., ~~I•=' r·.1p.lbj 1 itr f:-ir· pro•·r·s!;; cnnt.rrd, instrun<:>nt:1tin:-i for 
tr•sting -:ps ::·nrnpr;;=;i.ti:-Jn ;;;/purity, 1-rr)nbl,-. ~hoot.ini:; r-aj;~•bilty such a5 
lf'.)k d::·t·r·c-ti:·1n, 1·t.c. F1i1·th,-.rmcr(', fh(·::-r· is no c-.1p.-1bilt.y to c-,1rry out 
r:-ryogcnir'. l"'csc.u"C'h anrl d0vr·lopnr-nt W(Jrk lwlow th~ normal boiling point 
t.f:'rnpr"'rat!Jn.· of liquid nit.nigc~n, although c-arryi.ng out. f'Xpedrnr·ntation 
.it such 1·xtn~r:ic low h::-ni1ar.-1tnres b~c:oml'.'s vf'ry impod..:int· for ')·~adng up 
to prru·1twr· ":i:·nn, tn i i'j:: i fy hyrlr·rllJ••!1 ;111d t.o dl".'t.rrni nr· r:ryngr-ni:-· .·inrl 
othr·r thr"·r·nn-1•hysi1-.-d prn~11~rt ics nf g.1s nixt.11rc!=; for Sf'par.1tion 
p1n·p11!'H'~. ,\nrl, .ir~ r.·11'11t·. i.:in•·<l 1~;1rl ir·1·, :in :::.:1p.1hj 1 it~· 1~:.:ist.!'; tn ra1·ry nut 
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development work related to adsorption and membrane tec-hnologies. 
Furthernore, the capability for computerized modelling and simulation, 
critical for opt.iJtlising plant and equipment tlesign ·ls well as for 
process optimisation, is lacking. 

The relevance nf the entire cryogenic/gas separation 
technology support need of India can be defined in economic terns : 

- it is projected that total sales of cryogenic process 
cquipMent of 3HPV dnring ~he next decade will be in the order of rs $ 
on~ billion; 

- if r.o furth0r tldvancements are made in the manufacturing 
tcchnoln~y of ~n~pcn0~ts these will hav0 tn hp inport~d to the tune of 
rs $ 300 nillion during the same tine period; 

- :·-::::-Gp•':'Y-.-1t.i0n-'1iC!=:"nsing roy;dit\es will .)J:-t::;tIOt to abo::t rs 
$ 50 nillion at the same time. 

In ease of adsorption technology the nechanical elen0nts 
pos~ t:1 he less uf a difficulty. The prcblen lies n~inly in precess 
control and related instrumentation, in defining optfrmm desigr. 
par~ncters and in the production of the adsorbents thcrnsclv~s. Th0 
latter ~ewer, is not a ~ritical issue in case of oxygen/nitrogen 
plants bccausP the adsorbents havr a long process life if suffi~iect 
care is tak2n to remove adsorber "poisons" (e.g. chlorinel. Th~ sa~e 
considcr~ticns ~pply tc "~~branr technology as well, ~her~ d~si~n and 
instrumentation parameters, however, can be mere conplicated. Finally, 
an i ntegrah:·d c q·o·3cni c R&O capabi Ii ty rcqui res thf" ability to produce 
liquid helium in order to reach the cryogenically lowest possible 
ter1per.:1ttn·es n(·edcd fnr M<lnr puposes, jnc-l11din9 : liq:1if:rir:9 nthi:-r, 
vPry lo~ hci 1 ing J.::ss.~s, nameJy neon and p.3r·tic:·1:l.:1i:-ly hyrlrogf'"n _tn 
:1:--r11'r t··· hr· ••hl{:· t::: study the:-r1•1-physi.---.-1l pr(:pcrtics of gas nixtures 
f:1r :·1::-\.·eloping rr-sp?cti·.:·~ seperation tceh1r.1.qu:=:-s; h~st-i;;g of 
[-•i:ipr'rt -j,-.::; :-if r•::·;;i:1h'ring natc-ri.)lS at Vf'ry lc:w t(•np;1r-.--iturr··s; 
i ni:;t rni,c·nt cal ;_hr.)t ion etc-. 

To overcone the above described technologic~l difficulties 
in or~c:- tn dinin1sh th0 n~g~tiv~ Pcnnornic aspc~ts of the preRrnt 
state nf r.v1n11f.~r:-turing prnducts by substantL-:ll:r in:-:r0.-1sing local 
C'Ontrnt_, •"V(·:1h2.-11ly 1r--.'iding t.o f'Xpr;rt_s ann, ,)!" thi-· s,-1r:ie ti:vie prcivicling 
.issist:lnC'."t:' t:1 nth .. r i-l::vP.l:·:pi.ng ('()Untries facing thr· sar.ie pr:)h]eri, is 
U1 (· n t hr j 11 ~-- t i f 1 r- .1 ! i •"") r. for th<> pr~ s c n t p :- .-: j ,-. c· t • 

8.2. Expertrd rnd-of-project situation 

Tt is expected th~t by the Pnd nf th~ projrrt ~ full 
institntinnal c.1pabilit_y will havf' b"?,··n f•st.1blish.:·d in t1_·1·ns i"•f 
f;lcilitir.:~ and trained personnel to carry out. tJ·chnol<::gy d<>vi:>lnpncnt 
in the following fields: 

(a} air liquifaction/separation technology d~v~lnprnent for rq11ip~~nt 
c;~sir:.1n 1 ['t"OCPSS optimis.1t.inn ,1nd control Llt pi.Jot_ pLrnt s.-.:ilr·l; 

~ 
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(bl adsorption separation ~~echnology, process design and control (at 
pilot plant SC3le>; 

(cl membrane separation technology <at the laboratory scale); 

(d) extreme low temperature cryogenic R&D capability (at the 
laboratory scale>; 

( e) l.:ihoratory technical suppot"t capability as regards process 
instrumentation, •-;iu<ility control and compositional analysis, trouble 
shooting (e.g. leak detection) and others; 

(f) Compt1ter-based process and design simulation and 
optimisation, including a corresponding data bank established. 

It is furthermore expected, that practical accomplishments 
wi 11 result in the n.3:'\-:Jfacture of addition-3 l process equipr.:ient 
presently being imported, im~rovements in process control and 
productivity of cryogenic plants, resulting in higher purity products. 
Relevant process imprm;enents will have been transferred to companies 
operating air liquifaction/separation plants and uset"s of cryogens. 

B.3. Target B~ncficiaries 

The target beneficiaries of the project fall under two main 
categories. !n the first group ~re the enterprises manufacturing 
cryogenic and other gas-separation-related equipment, primarily BHPV. 
The second group are enterprises operating cryogenic and other gas 
separation equipment and production units. In addition, enterprises 
using pure and/or liquified gases will benefit from the project as 
well as institutions involved in cryogenic and very low te~perature 
research ..lnd dA"v~lopr:\ent activities. Other developing countries will 
also derive benefits through TCDC activities CSe~ 8.6). 

Thr nv~rall project strategy is tn establish an integrated 
national capability in the field of cryogenic and other gas separation 
technologies at BHPV, but operating as an autononn11s institution und~r 
the policy guidance of an ~~ecutive Committee ~omposed of 
represcntativPs from concrrned bodies Ci.e. ninistriesl an~ other 
national yovernr:\ental and non-governmental institutions. A Technical 
Advisory Connittee will be invnlv~d in rRtahlishing and reviewing th~ 
work pro~r~~n~ of the CC'GST. Its m~mbcrship will include the Chairman 
of BHPV, th•-:- Oirect:)r cf t·ht'! C'l"nt:n", .1 ri:·pres•~:'lt.1t.ivt=: C)f thr· 
Confederation of Indi~n Fngineering Industries and a representative of 
cryogenic user industries among others, tD P.n~ure th.-lt the work 
carried out at the Centre will be in line with national priorities. 

Needc~ inputs will be in the form of f~llnwship tr~ining and 
expert advisory service~ combined with the provision of essential 
equipment.· rc-q1dred for th~ practi~al inpl,·m~ntat.inn c)f t.hc new 
technologies to hP. introduced. Since some of th~ specific 
technol(')gif'!'-l i1.volvi:·r1 .1rc- rather <:omplicatf:'d, equipm,.,.nt w:i 11 h<! 
purch?s~d ~s a p~c~ag~ under ~ubcontracting arrang<!mcrts together with 



the provision of expertise for installation, start-up and operation of 
such equipment in order to gain and transfer operational know-how over 
and above the theor~tical knowledge provided by the experts. 

An alternate project strategy could be to establish a 
national centre completely outside BHPV as an independent institution, 
since being located at and to so~e degree dependent on BHPV will 
undoubtly favor developr.tent activities of interest to BHPV. But 
experience shows that a fully independent institution might become 
overly rcsearch-for-th~-sake-of-research oriented and become too 
detached from industry's needs. Economic payback at the national 
level, however, will very much depend on how IT\uch industry can benefit 
from CCGST's work. Hence the presently forseen institutional 
arrangements within BHPV's environment, which is by far the largest 
cryogenic equipment manufacturer in India, will nore than compensate 
eccno~ically for any <pcrcievedl priority distortions. 

B.5. Reasons for assistance fro~ UNDP and UNIDO 

As described in the beginning, it is difficult to get access 
to all ~spects of up-to-date cryogenic and other g~s sep~raticn 

technologies in the light of the industry being in the hands of 
relatively few enterprises in the industrialised countries. Access to 
elenents of the respective technologies will be necessary to ensure 
that all the requested technnlogy can he made available. This is o~ly 
possible through multi-lateral assistance. Because the technology is 
also needed in nany ether developing countries, the ass~stance 
provided through UNDP/C~IDO will ensure access to the technologies 
through TCDC <see B.6 below). 

B.6. Special considerations 

Cryogenic and other state-of-the-art gas separation 
technologiQs are almost exclusively in the hands of industri~lised 
count~iuq, ~lthough th~se technologies ~re ~uch needed by nany 
developing countries as well. Tht:' Gov~rnment of India is fully aware 
of the situation and it was one of the main reasons for requesting 
assistan:-:e t.hr:;lHJh the- rnitcd ~at ions S~£stc:rn. It is the Government's 
st~ted intention to share the results of the project with other 
~le·:r·lopin•J =:·r:untrir-:s ty any ,.l..1bl·~ means, be it thrnugh training, 
de~anstr~tions,advisory scrviccs,infornation or otherwise. 

8.7. Co-nrdination ~rrangeM~nts 

Dur.· t.::> t"he v:-~ry specific t~('hnolo•Jical n.1tur~ nf th0 
prc1jcct, suL..,~· .. -.r.t i\-:· «::·;:~r·i'J\pat.ion wit.h nthf!r on-going project: wil 1 hi:.· 
mtnim~l. ~o-ordin.)tinn within BHPV will be, however, critical during 
t.ht:- r.·unstruc-tion phils(.· ::f t·hr~ nc·i.; f.)c·i lity .1s well as during ,-,~·3ular 
dev~lopmcnt activiti~s, when various manufacturing divisions of BHPV 
will h.1ve to provide ~ssr::ntial fahdcating support to make prot.nt}•pe 
equipment and access::>rics. When development work commences on 
Lldsc:r-pt.ion ancl Mf·rnhr.1ne tr:·::-hnologics, support. from various re!'i~arch 
in!=ititutir11·:s .:-ind/or nni.v~rsity resean:h labcH·atnrif~S will he f?!:;Sl'.'r.tial 
to help <kvclop .1dsodwnts .1nd rn•:mbrclnf?s from incHgr-:nous raw 
matrrial~ tn ~chi~v~ self-~ufficirn~y. 

7 



B.8. Counterpart of support capacity 

As indicated in paragraph A-4, there is a core unit within 
BHPV's R&D organisation dedicated to developmP.nt work in the field of 
cryogenic technolcgy, comprised of 6 professionals and 10 technicians 
out of a total R&D staff of 17 professionals and 20 technicians. The 
Government has instructed BHPV to incre~se dramiticallv its 
capabilities in the field of c~yogenic ~nd gas separation resea;ch and 
development and thus bcco~e the national ~encrc in this field to 
service not only BHPV's needs but also those of the country as a whole 
in the field of cq·cgenic technelcgy. BHPV wil I receive from the 
Government an additional nassive allocaticn of resources for the 
establishment of laboratory facilities as ~ell as for its operating 
budget and staff resources. Initially the facility newly built for 
this purpose ~ill cover a total arrca of 4000 Square ~eters and have a 
total personnel consisting of 48 professionals, 60 technicians and 4 
office staff. BHPV itself is a l~rge, diversified, well organised, 
prof it-making government entP.rprise with considerable technological 
and ~anufacturing capability, able to provide essential services and 
support to the new Centr:~ in a! 1 respects. Considering that on~ of 
its main profit-~aking business is the production cf cryogenic plants 
and equipment, estimated at $ 160 Million and expected to increase 
considerably in the future, the resulting.synergism between BHPV and 
CCGST wi 11 be highly h•~r::~f i~ia 1. 

C. DEVELOP~E~T ORJECTIVE 

C.!. The eighth Five Year Development Plan (1990-94) of the 
Government gives clear directiv~s to continue expanding the productive 
sectnrs of the econony and to improve productivity of installed 
capacities. This includ~s ~11 rnanufacturing industries, in this case 
these ..:hic:h :-C'qui re J.-1::-g:) qu.:i:-;ti ti::'.s of purified oxygen and/er 
nitrogen such as steel, petroche~icals, f2rtilizers and those which 
produce the cquipnent for air liq11ifacticn/separation. Just as 
inportantly, the Government stresses the need to broaden the country's 
ir.dustdal technology base and inprove, through ir.1port substitutions 
and exports of industrial products, the balance of payment of the 
eonntry and to generate foreign cxchang·~- This project is designed to 
contribut~ to the achievencnt of these overall objectives. 

D. IMMEDIETE OBJ~C'TIVES, OUTP'C.:TS AND ACTIVITTES 

D. l. The inn1cdi.1te ('hjr-ct· i 1.-e cf the~ pr:-ijcct is to r:-i:;tahl ish an 
integr~ted technological capability at Bh,)rat Heavy Plate and Vessels 
T.trl. in the fir~ld of cryn<:;i:·r.1;·: .lir liquifac:tir:n <lnd sep,)1-.1ti<::ri and 
oth0r gas separation processes in order to be able to generate the 
technical inf0rm~tion and d~t~ base needed for the : 

a. optimum design of production c11its, components and complete 
pl.rnts; 

h. 0~t~blishncnt of process param~ters tn achieve optinum 
npcr:'lt.ing cffjcicncj(!s of .:iii· ~t··p.H.1t:ion pl,·rnts; tin:l 



c. to have the means for carrying out cryogenic and other types 
of gas ~eparation development in its broadest sense, 
supportive to other institutions in India involved in this 
field. -

This will include the capability for the provision of 
required t~chnical support, advisoq•, testing, training and other 
services to manufacture of cryogenic equipment and components as well 
as tn industrial facilities and institutic~B using and operating 
cryogenic facilities and production units. 

o.1.L OUTPUT 1 

Technological capability in terms of Manpower trained and 
<~•iuipnent .1vailahle to study all aspects of cryogenic gas liquifaction 
and sc::-par.lt ion tech no 103y .1nd related equipr.tent and inst rumen tat ion 
development \,;ith spe~if1.c emphasis on air liquif.3ction and 
oxygen/nitrogen separation. This will include a pilot unit for 
distillation studies and a laboratory facility fer heat transfer 
investigations. The facility will be completed and fully operational 
18 nonths before the project ends. 

Aetivitie!'> 

1.1.1 Preparation of subcontract terms of 
reference, equipment specifications 
and design for the new laboratory 

1.1.2 Ccnstr:?d-:i:::n nf th1::> building 

1.1.J International bidding & selection 
of subcontractors/suppliers 

1.1.4 10 engineers of BHPV/CCGST 
undergoing fellowship training 
:::f :? l"IG:-1tl1s' durat. ion eaeh in 
speci.fi:· .;.c;pe~ts of r:ryngr:r.i.c 
tt::·r·hnol0gy. 

1.1.5 Delivery, installation of and 
operat.ion<tl tr.-dnjng on r::quiprnent. 
hy subcont r,1r..:tor /supplier. 

1.1.6 On-thc-joh t.r.aini.ng, l~~turing 
and demonstration by international 
experts and carrying out of 
pl~nncd, specific development work 

Responsible 
+- -par.~1es 

BHPV/ 
CCGST/ 
u:noo 

RHPV 

U~IDO/ 
BH1lV/ 
ccr.sT 

UXIDO 

SU"BCONTRA 
CTORS/ 
SUPPLIERS/ 
C'C'GST/l!NTDO 

UNIDO/CCGST 

Started/end 
~lonths 

3 - 6 

6 - 13 

6 - 12 

8 - 24 

lP. - 28 

30 - 48 



D.1.2. OUTPUT 2 

Technological capability in terms of manpower trained an~ 
equipment available to study all aspects of gas separation by 
adsorption technology and related equipment and instrumentation 
development with specific emphasis on precess characteristics such as 
pressure swing adsorption, desigr. of adsorption systems and related 
eq11iprnent, process control and instrumentation, operating cycles, life 
time of adsorbents, and development. !-,f j ~di.genous adsorbents based on 
locally available raw nat~rials. The facility will be completPd ~nd 
fully operational 18 months before the project ends. 

----------------------------------------------------------------------
Started/end 
Months 

A.ctivities Responsible 
parties 

----------------------------------------------------------------------
3 - 6 1.2.1 Preparation of subcontract terms of 

reference, equipment specifications 
and design for the new laboratory 

1.2.2 Construction of the building 

1.2.3 International bidding & selection 
of subcontractors/suppliers 

J.2.4 4 engineer~ of BHPV/CCGST 
nndergoing fellnwshi.p training 
of 2 months' dur,'ttion •"'.".1:"".h in 
specific aspects of adsorption 
technology. 

1.2.5 Delivery, installation of and 
op•~ r.lt. i.on.l I t. r.1 :l :-1 i_ n'] on equipment 
by suhcontracto~/supplier. 

1.'.2.G On-the-joh tr.-dning, lt~c-tm·ing 
and demonstration by internation~l 
cxp·~rts ..-1n:~ c:.-n·rying 011t. of 
pl.lnned, specific developn~nt work 

1 0 

BHPV/ 
CCGST/ 
UNI DO 

BHPV 

U~IDO/ 
BHPV.' 
CCGST 

UNI DO 

SUBCO~'l'Ri\ 

CTORS/ 
SUPPLIERS/ 
CCCST/UNJDO 

!!NTDO/CC:GST 

6 - 18 

6 - 12 

8 - 24 

13 - 28 

30 - 4B 



o.i.3. . OUTPUT 3 

Technological capability in terms of manpower trained and 
equipment available to study all aspects of gas separation by membrane 
technology and related equipment and instrumentation development with 
specific emphasis on physico-chemical aspects of gas transmission 
through membranes, process and operating conditions, membrane 
configur~tions, development of membranes from indigenous materials.The 
facility will be completed and fully operational 18 months before the 
project ends. 

----------------------------------------------------------------------Started/end 
Months Activities Responsible 

parties 
----------------------------------------------------------------------3 - 6 1.3.1 Preparation of equipment specifica

tions and design for the new 
laboratory 

1.3.2 Construction of the building 

1.3.3 International bidding & selection 
suppliers for equipment 

1.3.4 4 engineers of BHPV/CCGST 
undergoing fellowship training 
of 2 rnonthst duration each in 
spccif ic aspects of nembrane 
gas separation technology. 

1.3.5 Delivery, installation of the 
equipnent 

1.3.6 On-the-job training, lecturing 
and demonstration by international 
experts and carrying out of 
pl~nned, spP.cific developnent work 

11 

BHPV/ 
CCGST/ 
UNI DO 

BHPV 

UNI DO/ 
BHPV/ 
CCGST 

UNI DO 

SUPPLIERS 
CCGST/CNIDO 

CNIDO/CCGST 

6 - 18 

6 - 12 

8 - 24 

18 - 23 

30 - 48 



D.1.4. OUTPUT 4 

Technological capability in terms of manpower trained and 
equipment available to carry out research and development work at very 
low cryogenic temperatures (down to helium) and to provide laboratory 
backup support for all technological areas related to instrumentation, 
trouble-shooting, gas analysi.s, quality control and certification. The 
facility will be completed and fully operational 18 months before the 
project ends. 

Activities 

1.4.1 Preparation of subcontract terms of 
reference, equipment specifications 
and design for the new laboratory 

1. 4. 2 Const ruction of the building 

1.4.3 International bidding & selection 
suppliers for equipment 

1.4.4 2 engineers of BHPV/CCGST 
undergoing fellowship training 
of 1 month duration each in 
the operation and maintenance 
of the helium liquifying related 
equipments <at the supplier's 
facilitr> 

1.4.5 Delivery, installation of the 
equipr.-ient 

D.1.5. OUTPeT 5 

Responsible 
parties 

BHPV/ 
CCGST/ 
UNI DO 

BHPV 

UNI DO/ 
BHPV/ 
CCGST 

UNI DO 

SUPPLIERS 
CCGST/UNIDO 

Started/end 
Months 

3 - 6 

6 - 18 

6 - 12 

12 - 24 

18 - 28 

A computer capability in terms of man-power tr~ined and 
rquipment ~v~ilahle to perform all the specialized computational tasks 
needed for process Podelling, simulation, control, design and 
optimis~tion, equipment design, computerised process control and 
~xpert systcn development. The facility will be conpl~ted and fully 
operational 24 months before the prnject ends. 

Activi t ic~i:. 

1.5.1 Pr0paration of computer hardware 
~nd ~oftware spccific~tions. 

1.5.2 Corist:niction of the building 

12 

Responsible 
parties 

BHPV/ 
CCGST/ 
UNI DO 

BHPV 

Started/end 
Months 

3 - 6 

6 - 18 



1.5.3 International bidding & selection 
suppliers for equipment 

1.5.4 4 engineers of BHPV/CCGST 
undergoing fellowship training 
of 4 months' duration each in 
computer based process modelling, 
simulation and optimisaticn, expert 
system development, computer based 
plant and equip~ent design and 
process control 

1.5.5 Delivery of computer hardware 
and software 

1.5.6 On-the-j~b training, lecturin3 
and demonstration by international 
experts and carrying out of 

UNI DO/ 
BHPV/ 
CCGST 

C!'HDO 

SUPPLIERS 
CCGST/t:::NIDO 

t~~IDO/CCGST 

6 - 12 

8 - 16 

14 - 18 

24 - 48 

planned, specific development work 
-----------------------------------------------------------------------
o.1.6. OUT.PUT 6 

At least eight technological development projects completed 
in cc-operation with international experts and respective reports 
issued in various aspects of cryogenics, adsorption and membrane 

separation technology. 

----------------------------------------------------------------------
Started/end 
Months 

Activities Responsible 
parties 

----------------------------------------------------------------------
30 - 48 1.6.1 Carrying out developmental 

project activities 

CCGST staff/ 
Intl. Expt::rts 

CCGST staff 36 - 48 1.6.2 Preparation of reports 
----------------------------------------------------------------------
n.1.7. OVTPUT 7 

At least 30 industry staff trained in various aspects of 
cryogenj~ air liquifacticn/separation such as process control, process 
optinisation, trouble shooting, 0peration and maintenance. 

----------------------------------------------------------------------Started/end 
Months 

Activities Re:=;ponsible 
pnrt.ics 

----------------------------------------------------------------------
CCCST staff I 
Tnt. l . F.xpc rt. s 

36 - 48 1.7.1 Training and demonstration of 
i n(lust ry ~:t..1 f_f hy r?XpPrts. 

-----------------------------------------------------------------------

J.1 



E. INPUTS 

1. Government inputs 

1.1 Personnel 

The following are the national personnel who will be engaged 
i.i~ the ir.lpl er:ientat ion of th~ project. Moreover, BHPV wi 11 provide the 
logistic support services required by international consultants 
assigned to the project. 

1 Director 

..., Deputy Di r::.·ctcrs 

Departnental ~anagers 

- 40 Professionals 

- 60 Technicians 

Offi:~e Staff 

TOTAL 

1. 2 Tra ininq 

In-plant training /demonstration for 
industry personnel in cryogenic 
technologJ:·. 

1. ~ Equipment., buildiw.1 :rnd consunable materi:ds 

48 man-nonths 

96 man/months 

252 man/months 

1820 man/nonths 

2380 man/months 

192 man/months 
------------------

47G8 r:ian/months 
------------------

Rs 150,000 

The following are the inputs to 
specific purp~ses of this project. News 
cq11iprru'_·nt/1 nsl". n1ment s and pi l (':t plant 
avail.:lble. 

be procured by BHPV for the 
buildings, and laboratories 
f~cilities will be r:iade 

- P.11i ldir.g c:onstn1t::-bcr. and cthr-·r 
civil ~ngineering ~orks 

- Equipment 

- M."l!-.PrLilH for c~;p•:-rin1:-ntation, 
other ~nnsum~bles and off ice 
equ ipr.w~nt 

- Maintenance and miscellaneous 

Rs in Lakhs 

207.5 

657.0 

91 • 2 

27.8 

Capprx. USS 
equivalent) 

Cl,200,000) 

C3,870,000) 

(550,1)00) 

<160,000) 

expenses ------------------------------------
Tot.a} (~,7fl0,000) 
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2. UNDP Inputs 

2.1 Personnel 

The following consultants will be recruited for assignments 
to BHPV/CCGST. Specific areas of their experties and qualifications 
are summarised in Annex V, Job descrptions, of this document. 
---------------------------------------------------------------------
Post No. Title m/m 

---------------------------------------------------------------------
For a 11 Out.puts 

11-01 

11-54 

Chief Technical Advisor - Expert In 
Cryogenic Technology 

Consultant in Techno-Economic 
_Evaluation of Chenical Processes 

For Output ! <Cryogenics) 

11-02 

11-03 . 

11-04 

11-05 

11-06 

Expert in He~t Transfer 
Cryogenic Processes 

Expert in Mass Transfer 
Cryogenic Processes 

in 

in 

Expert in Process Control and 
Optimisation in Cryogenic Processes 

Expert in Process Instrumentation 
in Cryogenic Processes 

Expert in Process Design of Air 
I.iqnifnction/Separation Equipment 
and Plants 

For Output 1 CAdsorption Separation) 

11-07 

11-51 

Expert in 
Con tr(>! 
Separation 

Pr:-cc;ess Design 
in Adsorption 

and 
Gas 

Consultant in Zeolite Chemistry and 
Production 

For Output l (Membrane Separation> 

11-08 

11-52 

11-53 

E:<pr:rt in Membr.:in'~ G.'\s Separation 
Tee hno logy 

Consultan~ in Inorganic Membrane 
Chemistry and Production 

Consultant in Organic Membrane 
Chrmislry and Production 

15 

12 

., 
J 

8 

8 

8 

8 

8 

3 

8 

3 

3 



For Output .! (Helium cryogenics/support Laboratory) 

Mainly 11-01/11-02/11-03 

For Output 2 (Conputt"'r Support Capahil ity> 

11-09 

11-!0 

Expert in Computer-based '.'1odelling 
of Chenical Proces~es 

Expert 
Centro I 

in Computer-based Process 
in ChC'r.1~-.:i1 Processes 

For Outout ~ (Development Projects/Reports) 

~11 e-xperts/consu l t~"lnt s 

f•)r Output· ]_ <Train-:-d Tndust.rr Pi=·rs:~nnel) 

All experts/consultants 

6 

6 

Total 92 

2.2.1 

2.2.2 

"'I 'l 1 
- • _, • .I,, 

<See Annex VI fnr details> 

Subcontract for Cryogenic Air 
Liquifaction/Separation Pilot Plant 

Subcontract for Adsorption Pilot 
Plant 

Traininq 

Fellowships 

CSPc Annex ITT for details> 
Output l CCryogenicsJ 
10 fr·llnws/2 t .• or.ths e.:ich/in 5 specifi::: f.ir:-lds 

O::tput 2 C.Z\dsorpticn S('.par.=it.ic:nJ 
4 fellows/2 months each/in 2 specific fields 

Output ~ ( Mt-"rnhrane S<:-p.:i r.~ t ic:n l 
4 f~llows/2 months earh/in 2 sp~cific fields 

$ 550,000 

$ 180,000 

20 min 

8 nlr.l 

8 rn/r:l 

011 t.put 4 C Hr: 1 i urri .-: ryo•Ji~·n i c·s / suppn rt L.1 b.-;r a to ry J 
2 fellnws/l month each/in the fi~ld of h~lium 
liqnifactinn 

Output 5 (Computer Support Cap~bilityJ 
4 fr>Jlnws/4 mnnths r.•ach/in 2 $[n•r:ifl.:· fi!"'lds 

Tr:t'a J : 

l(i 

"> m/ITI 

1 f) rn/m 



2.4 Equipment 

2.4.1 

2.4.2 

Expendable equipment 

Standard Gases; adsorbents; 
membranes; documentation/dato 
acquisition 

Non-Expendable equipment 

<See Annex IV for details) 

F. RISKS 

$ 80,000 

$ 990,000 

---------------------------------------------------------------------
Measures envisaqed to deal 
with risks 

Risk Facturs: nature and level 
of risks and possible impact 
---------------------------------------------------------------------
1. Factors which couid affect the immediate project objective 

ThP nost critical issue for 
suceeding in transferring 
the desired technologies is 
to obtain access to these 
in the industrialised 
countries, where the 
technology is "controlled" 
by relatively few 
enterprises, which can be 
expected to be reluctant to 
divulge internal know-how 
and proprietary 
information, be it in th~ 
form of ~aking dVailable 
expertise, accept fellows 
for training or be willing 
to bid for subcontracts. 

BHPV/CCGST already has 
considerable in-house expertise 
and specific elements of the 
technology can be obtained from 
sources other than the 
respective enterprises. This is 
the reason for utilising the 
services of individual, 
specialised expert instead of 
including expertise and 
training as integral part of 
the subcontracts. It is very 
likely that under the "worst 
case scenario" atleast 30% of 
the requested technology will 
be possible to transfer through 
the project. 

2. f;,1ctors which cou Id af feet the achievement of the deve 1opmcnt 

obier:tive 

No risk factor ~xists in this regard in the light of th~ already 
dcvPloped state of th~ technology at BHPV. 

G. PRIOR OBLIGATIONS AND PREREQUISITE~ 

It is critical to the succ0.ssful implementation of the 
Project that the Government (BHPV - CCGST) pr6vide the forseen inputs 
intime, namely construction and completion of the new 
buildings/facilities, provision of thf-:- equipment, hiring the personnel 
for CCGST and providing the necessary operating budget ( See AnnPces 
VIT,a,h,c and d). 
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H. PROJECT REVIEW, REPORTING AND EVAI.U~'l'ION 

(a) ThP. project will be subject to tripartite review (joint review by 
representatives of the Government, UNIDO and UNDP) at least once 
every l~ months, the first such neeting to be held within the 
first 24 nonths of the start of full implementation. The ~ational 
Project Director shall prepar~ and submit to each tripartit~ 
n~v i<~'-' ncet iw:} a Project Performance Evaluation Report < PPER}. 
Acditic:-;.·;l PPERs n."1y be required, if necessar~-. :~nring the 

pt·oject. 

(bl ~ p~oject te~rninal report will be prepared for consideration at 
t-.hc· ~:'?·:';°ia.1~ tr1p.:-1r!-.it.:" n-:•:i.e\..: tn:"c:tin'J· It. shall be prepared in 
~r~ft suffici~nt.1y in ad~an~r to allow review and technical 
cl~~r~n~e by the Covcrnne~t executing a9ency and the CK 
~sso~i3tin~ agen=y <UNIDO) at least four months prior to the 
terminal tripartite review. 

(c) The prcject shall be subject to raidterm technical and monitoring 
evaluation 18 months after the start of full implementation and 
to end evaluation 3 nonths before termination. The organization, 
te~ms of reference and final timing will be decided after 
consultation between the parties to the project document. 

I. LEGAL CONTEXT 

This project document shall be thP instru~ent referred to as such 
in Article 1 of the Stand~rd Basic Assistance Agreement between the 
Gov~rnncnt of In~i~, and thP Cnited Xations Development Program~e 
si~ned by the p~~ties on :oth o~tob~~ 1959. The host country 
irnpl~n~n~in~ ag~~~y sh~!l, fnr ~he purpose of the Stand~rd Basic 
Assistance ~grc2nent, ~efer to the Grivern~ent cooperating agency 

describ~d in that Agreem0nt. 

The follo~in~ types uf r~visinn~ rnay b~ ~ade to this p~oject 
rk::::nment ~ith th;:· si')n-:itur::- of th:;- t!NDP resjdent repr-csc·'1t.Jtiv.-:· only, 
provi~~~ l:~ n~ qhe is assurrd that the other signatories of tha 
pre: j i:-:·: t :J (::.:·:~;;:(':) !:: h.:-1 "\."r· ;::-; ::: b j c-r: ti ;~n '.'; t.c:: th."' p r·(ip<1 sea c h.'l nge s: 

Cal Rc~~sicns in, er ~ddition of, any of the annexes of the 

pre: j (_•rt d :'::~· \)f'."1('0 t . 

(b) Revisions which dn nnt involvr significant changes 
i:rirner1i:"lte nhjer·tives, outpnts ,-,~· a:~~i_vitif.'s of the prnjc·ct, 
:c.::iuscd hy thr~ ri~.11·r<1ngem~nt nf inp11ts .-lln~ady agreed to or 
incn'.'.1~-;('.S d~:<' to infl.1tinn; .:ind 

in the 
hut arc 

by cost 

(c) ~and~tory annual revisions which rephase the delivery of 
.11JrccC! prl"ljcct inputs or incre;jsed expert or other costs duP. t.o 
inflation or take into account ~gency expcnditt1rc flexibility. 



. . 
: ril 
--~~ --

: " I 

'~ -.. 
' 

"~ 
1':I" 
a-_.__. ----·-"." --·- -----·· ----- -t t<\ re> IV\ Nl N\. It\ ~ I") <'( <'{ 

- -·· ------ t-----

-- --- --- ----~ -- ------ --- ---1----·l----f----
O> l'l) t<) - ·-
rt r4\ 

·-· -- -· -- --t- -·· 

f"( 

- --- _____ .,... __ , ___ _ 

~ 

l'( 
-lf--1---------- ·- -·-- - --- --·· -·- ·----- ----- ---=--=-+----1-----

4§ § 0 
o· 
\.) 

-1-i.--N------~---------~-

-f 

0 
0 
Q {;f 0-

- \.I) 

~-- ---·- - - - ----t--t--t----li---1----
1'(\ M ~ ;{) ,._ ___ ....__ ________________ -- -· 

··- --- -----I-- --------t--i----1---+----

0 ... 
II" 

~ 
a
rt 

a-- -.1.-------- ·-- ---·····- ·--- ·--- - ·-·. -- -
1{ 

. - - -·-- -<'(-- -;;{-- -----

() - -;.,) N) rl\ ~- -;j. 
ex:; -

--
- r-1 r-n-r-· ~ 
"' "' ll\ ll\ 0-1 I I I I 
-::::.::::::.=. --' . 

0 
8 

·, .. r --- -~- ---- ------
,~ «" 

.1.. :t. -s· 1, 
~ -~· ' -:- .t ! 
"' ~ '-J 

~ ~ 

c-- -I , I 

==· =: 
cs-_- 'C - ~ ·r< C'( ~' 



1 
---· .... ·. ·- ·-· 

: () 
: ' 

§ () '> (JC) () : 

r.> Q~C) ~ ~ 0 C> Q 
Q- '1,- ... - ... i ··-

a - - ~ ... r( ct 
t" ' <"( : - ---- -·--- ----
~ 
E : ; ! 

~; g 0 ~ 0 {) ; 

·o. 8 ~ 
: 

a a. () 
: 

! ' ' Q ·O (:)_. i 
;~ . \r\ - ~-
~ '5 o- - -~ .... i ; ~ 

! 

-~ SC\ I'\) - i - ------- -- -- --- -----
E 
£ : 

g ~ o~ 0 0 Q 

8 a o~ () 

~ 
0 

ri ~ Q ()~ c 0 C) 

~ .. ~ tf (:)- - '"'(-
-Q" \,)" - "-,. ...., ~~ C1 (?; 

'f" - -· ('( -------· i-- -- E \!) 

'° £ 
: : 

l"{ C'f 
; 

; .. 

0 
<,:) ca 0 ~ - 8 8- 0 R ' -~ o- o-

; 

eic.- 0.0- r 
~ -.£) -.£) ~ ~ ('(_ .... - - -- '--· 1- ------

E Cl() 00 
1" "( I'( 

oc 
--·-

: 

~-~ - --
~ <'( 
s-- f 

--- -
' I 

: 

0 ~-
Oc. 0 0 00 () Q 

c~ OQ 0 o~o 
~ ~-c 0 OQ 0 0 II\ 0 

.J ~ ~ ...;/'- (\ ... c.- ~ 
\0 --~ - ~ .... 

~ "' ~g- - -
(' 

'° 0 C'\ 

f.. 
'3- tc)--

Q ... "'t-... ~ ~ ..... -
E ~ 

- .. .. - -:.==~....:..:....::.-:.; 
. -

.-

1 I 'l _g. 

II ~ ~ 

:\ ~ ~ 
11 1 l ""i'-

"-~ " .I - ~ ~ y 
~ ' -~~ G' 

:l - x-1! - i J 

~ ~...Q .( - ~ 
.11' t "'\ -t .:I" 

~ .lt{ ~ ~ r\ ;s -.. ~ - 1 \- ~ t ~ 
() ~" 

~ 
~ Cl " ~ 13 ~ -~ .l ""~~ l l t ~c I ~ ~~ -~ ~ ~-~ ..., ~ .. 1{ i j :I • t; I ; \t\ ~ 

J s & } f ~ 1 t J: ~ ~ 

'"' 
\k\ 'J\ ~ ~ ~ ~~l ~ 

' ' 

0 - C(" c - r-4 It"" Q 
- "' r') \\- ~ ' 

I'{\ M rf) ..::r .:r .T .:r ~ "' 1,, "" \n ~ 



A.1Jµt;.x_I. 

f~'p;.,,..,.,''t/&' f,AJoU('LJVJ -A~-r;vl-rie.,5 ~CNf!?l/IJ - . 
I ! I_ ; ; l _t -·.I - -· .o 

' -~~- ! -· ... }. 

.. ; '.:_!:· !H..lttn~ /~TA 
~f irio~'4ils ·: : . 

~ ·~· ·• 
: J.1 .. I 
i 
i ' ; t I 

; ; p~s:,;..;~t al uw f;u.i."I.~, 
pne~ -'"'J:lo~-l ron 

·! : .. . : 0$/tf')'"1!'¥~ ~~ 
1.1. 2... • tA ... ~nN~liol.4 "J_k,/,Jre.s 

; Jlfl,,/, ~,.,,, /fdeeJ,'o~ ~ J 
·~~~'"',..Y!"P,11e-"'..s. 

-'. ~· 11 . . 1elhrl!t~i? -taJ..;,,,-,,, 
:r. 1. s d~/i~M"P llfl..,p1-. 

:1-1.,3 

. .• I: . ? • ' I • • • • e ,• . 

. _1i·,.;.,, ;a; ~~ 4~ ~J ~ tlt:,k cf r-oJ#d.: . 
- . ~ 12 '18 : .l'r ·; .. 30 3~ 't2. : 

-
l41- H ~- - ., ..___.:. 

•' CD I.TA ' - CTA .. C.TA 

' " 
r. 

·-~-~--- I ...._ ,-; 

. I 

.'· ~· ' . : ~,,,~J.1.(-eo,,~JM,,~.5> ~-~ -- r-+ -1--1-

I 

. I• 2.. ' A" s,;,,p>;o.-, ~,.,~no ... 
(r. z:1/~/3 s:o...e ~utJ.e..r 1.1.1/;¥3) , 
•. -~.lt ! :fellow-sJ..;p -1.~; ... ;.,lJ I- - - -~- - -- I -

_).2. S" - ; .. ~~;,·,,~~JN,,/~.,,.,t. 

.• 

_; 

_f,2·' : b]#r1J~/t:>l!tf.'1/.l.a.,J!1 . ; ·,' ·: . . : . . . -
~- ,_ -- -:_l-' --__ , -~ - -1--t- .'• 

• ~ : J ; I o 

. l.3 ' Jle,.,h·rrore 5ej7Af1AJ.o.,, 
(1,3.i/2/3. ~e.qs.. ·""c/f'..r /.f.1/2/.3 ) 

i ·~~ .. 4 -: ' ~:. ~~~-!~~"a-

. I 

t-- -- ----_-__ -.___·~; I : 1.;. 5'· : :_ :··· ~1.~1'!/J~~~/*1.v/~p '?"· 
: 1.3.' ~1'!"'fl.J./tp14U,/N.wJ.s. 

' ~ ; : 

'. \.Lt : uet;1<,:. C-t1u~; 11tu~lit-»-'J lqJ,n>rlcuY 

(1,3.1/~/3 ~ ... ,&!/.. ~e-r; 1.1.1/2/3} 

t- ·---
+- -- -r- - l--1- -

•. ,, • i, ' : jeJl~J,,~ ,/r-P.1ff/i.o· ,,,,,s- I f'''r'(itfJ,J.,o,/fW~p~HV,~ 
. . . ; 

: i. s ; eo.;,,Mk .... be~ 1--""1,;1if/ 
(~.S.J/.J./3 ~All4°£' ~f. Hlfd'V·l,/,1/.%/.J) 
; f;5",!j . f!!v~,'p -h?1~1i,-y 
: 1;~.5' · "tkl1~7ji'1tU11,/1-P,. ~,,,,,Ju 
: t. s., . "'11-i~/""°"1~.,J,JQ,,J~ 

. ' 
' I~~ ~l~~..,-1; 'ho~ /tzop.YJ. 5 

---~ _ _;_ 

t- _..__, 
1---

: 

- - -"---l 

-~-

I 

-H-

l,,: I ! ~1ojr,..;'4 w~ . · - .- ;1--1:---t---+---I ! i 
; 

, 1:,,:2... : -,,.,.~~ oJ ..e~J.5 
: ' I I f ! t ; i I ' : I 

' : , I I • : ! . . : 
1. +: :'(.,.R•e el 'f11't:b1~ff/ Per11"11>1el 

( i 
: i 

: 
: 

I 

' 
I ' 

'. ; 
! 1r1-.;r -:: ·+-~~;~i~a::~-·~~µ~~ 

I ~ : • ' ~ ' • J ? ' : ! • 

... __ ...._ . ........... ;..-.,.. ..... -···"-·· ........ ~·~,_j.._.: 

'1 
... 
I 

... 
! 

.J ..• -· 

::><: ;~·tA..J~_!, ~: t("°ltt.$: ' . 

, · ~ ~"'e .fo-r t:ft. ~-4J.td : · : : 1 '. 

:- .:.-'-- ()11/~'Qle µ~),°'" ~,'.,e: -(0>1 :"tJ,·.n ~·e_s. 
I ' r l I r 

. 
. : . I 

. ! 
' i 

'i 

- -1--, -, -+---X~ 
; 

..... - ·- i-- ---__ _._: ....... .. ···-·· 

' I ·1 ' . 
i 

.! ! . 

I ., i 

!· i' 

\ ' 

' ·' 

/ 



ANNEX II 

Schedule of project reviews, reporting and evaluation 

The project will be subject to periodic tripartite reviews, 
evaluation and perforr:iance reporting in accordance with the policies 
and procedures established by UNDP for nonitoring and evaluation of 
project and programme implementation. 

The following is the tentative ~chedule for tripartite and 
terminal tripJrtite reviews, project r:-~rforr:iance reporting and 
evaluation: 

Type of reviews Dates of reviews 

1st Project Performance evaluation report ~ay 1992 

-
1st Tripartite revjew meeting June 1992 

2nd Project Performance evaluation report January 1993 

Mid-terrn technical and monitoring evaluation February 1993 

2nd Tripartite review meeting October 1993 

Draft project terminal report ~ovel!'lber 1993 

Terr:iinal tripartite review neeting/evaluation '.'-larch 1994 

Project terminal report June 1994 



ANNEX III 

Training programme 

----------------------------------------------------------------------
Post title/duration 
~umber of fellows 

Areas of training 

----------------------------------------------------------------------
A. Individual fellc~ships for BHPV staff in the following fie:ds 

---------------------------------------------------------··---
1.1.4 Heat transfer/Cryogenics 

- 2 fellows, 2 months each 

Mass transfer/Cryogenics 
- 2~fellows, 2 months each 

Process control/cryogenics 
- 2 fellows, 2 months ea~h 

Process instrurnentstion/ 
Cryogenics 
- 2 fellows, 2 months each 

Process design/cryogenics 
2 fellows, 2 months each 

1.2.4 Mass treansfer/adsorption 
- 2 fellows ,2 months each 

Proc_ess design, control and 
instrumentation/adsorption 
- 2 fellows ,2 months each 

1.3.4 Physico chemistry of menbrane 
gas transiroission. 
- 2 fellows ,2 months each 

Process design,c~ntrol and 
instrum~ntAtion/JT\e~brane gas 
t r.:ins ird ssion. 
- 2 fellows, 2 ~onths e~ch 

1.4.4 Helium liquifaction operation 
- 2 fellows ,1 month each 

l.5.4 Computer based process nodelling, 
simulation and opt iroi z . .lt ion 
and expert system development 
- 2 f0.llows, 4 months each 

Each fellow will acquaint him 
or herself of the various 
topics/aspects related to th~ 
specific technology of his/her 
field of specialization as re
flected in their respective 
fellowship titles. The follow
ing are examples of topics of 
training, as appl icah le t') th•"" 
respective fields of speciali
zation: 
- theoretical aspects of the 

technology or techniques in
volved 

- practical/experimental as
pects of laboratory and 
pilot plant work 

- practical aspects of the 
technology at the production 
level 

- theory and practical aspects 
of applications technology 
testing and quality control 

- overview of world-wide deve
lopJT\ent tr0nds 

Computer based plant and equipment 
design and process control 
- 2 fellows, 4 months each 



ANNEX IV 

Equipment requirements 

Equipment will be purchased individually in addition to that 
provided through the subcontracts (see Annex VI ), needed for 
establishing a full developmental capability at CCGST in the fields of 
cryogenics, air separation by liquifaction/distillation, adsorption 
and membrane separation, including an ability to carry out 
investigations at the lowest possible cryogenic temperatures and to 
~arryout comfuter basec Modelling for plant and process design and 

scale-up. 

bl 

Mer.1brane technoloav: 
1. Hydrogen compressor 
2. Flow regulators 

Heat transfer laboratory 
3. Pressure and differential tranducers 
4. 12 Channel dip ~easuring system 

with chart recorder 
5. Data acquisition system with software 

Estimated cost 
(US$) 

---------------------
40,000 
15,000 

20,000 
15,000 

25,000 

c· l ~ I ew t.eF.1J:Wrat.11rc :::r\•:)qenic: laboratory 

dl 

6. Helium liquifier 
7. Helium gas bag purification system 
B. Helium leak det.ect.0r 
9. Residual gas analyser 

300,000 
30,000 
50,000 
70,000 
50,000 10. Storage/transpnrtat.io~ vessel fer 

liquid helium. 
11. Gas chromato9raph-r;licroprocessor coupled 25,000 

Co~outer Hardware!softw~re 
:'-ti.nicc.1r.1puter-rnulti station; ·~raphi:-; 
termin~l, AO siz~ plotter, data 
logger system, cowput.cr-instrt:nentation 
interface, system software, etc. 
( VAX 6210 or equivalent) 

')'I 

'350,000 

-------------------------
990,000 

-------------------------



ANNEX V 

Job descriptions 

A non-resident CTA will be assigned to the project, whose 
duties will be broader then that of the experts/consultants, and is 
described in some detail. The duties of the consultants/experts will 
be essentially identical within the parameters of their respectiv~ 
fields of specialisations. The differences will be only in their 
qualifications and duration of assignments. These are separately 
described belo~. As regards their duties, these can be formulated as 
follows: 

"The consultant will be assigned to BHPV/CCGST where under 
the guidance of the National Proje(t Director, will b~ 
expected to perform the following task in his/her field of 

-- specialisation: 

1. Advise CCGST staff in all theoretical and practical aspects 
of the technology, methodologies and practises involved; 

2. Conduct information/training seminars on the subject of a 
specific aspect thereof, as appropriate and requested; 

3. Provide essential documentation (such as reports, 

4. 

publications, data, etc.) relevent to the field which are in 
his/her possession (and involve no added costs for the 
consultant); 

Assist in experimental work and demonstrate 
techniques, thus providing on-the-job training 
national staff. 

relevant 
for the 

The consultant will also be expected to prepare a technical 
report setting out his/her findings and reconmendatinns on 
further actions which might be taken." 

The specialist c;0n:-.11lt.3nts required by the project jn .. ~Juding 
their respective qualifications and forseen duration of their 
~~signMrnts iR ~Ps~rihe<l in thP following. For all expertslcons11ltants 
gnod command of English is mandatory. 

23 



I • 
11-01 

1.1-0~ 

u-cn 

Chief Technical Advisor-Expert in 
Cryogenic Technology 

Duties --Advise en: Preparation of 
subcontracts TORs ; equipment 
specifications; design/layout of 
the new facilities; selection of 
experts; development of programmes 
to be carried ::mt; co-ordination of 
experts' activit~es-- in addition 

- perforn the duties above as expert 
in his field of specialisation. 

Qualifi~ations: rnive~sity degree 
in chemical or mechanical 
engineering, with extensivz 
experience in industrial air 
separation plants and other 
cryogenic fields. R&D experience in 
cryogenic technology development, 
particularly at pilnt plant level 
highly desirable. 

Expert 
Cryoqcnic 

Tr.:1nsfer 

Qualifications: University degree 
in chemistry or chemical engi
neering; 8xtensive research/deve
lopment experience in cryo3enic 
heat transfer ph0nomena. 

Expert in M.J.ss Tr.:lnsf Pr in Cryo
genic processr::s 

Qualifications: University degree 
in chenistry or chemical engi
ne~ring; exten~i~e rese~rch/dev~
lopinent experience in cryogP.nic 
mass tr~nsfcr phenom~na. 

24 

Duration 
m/m 

12 

s 

Number 
of Split 
missions 

5 

., 

.. • 

., 
·' 



11-04 

11-05 

11-06 

11-07 

ll-08 

Expert in Process Control and 
Optinization in Cryogenic processes 

Qualifications: :niversity degree 
in chemical er mechanical engi
neering, with extensive experience 
in process control in air liqui
faction plants; R&D experience 
highly desirable. 

Expert in Process Instrumentation 
in Cryogenic processes 

Qualifications: Cniversity d~gree 
in chenical or nechanical or 
elcctrical/clectronici engineering; 
extensive experience in process 
control inR~rumentaticn in air 
liquifaction plants; R&D experience 
highly desir~hlc. 

Exnert in Precess Desiqr.. of Air 
Liauif ication/Sparation Equipments 
and !:)}ants. 

Qualifications: University degree 
in chemical and mechnical 
engineering; extensive experience 
in the design of air liquification 
and s0paration equipment and 
plants; R&D experience highly 
d1~S! !"<tl::l C! .. 

Exo~rt 

Con-::~·ol 

in Process Design 
in Adsorption 

Separation. 

and 
Gas 

Qualific~tion: rnvcrsity d2grce in 
chenical engineering; extensive 
l'~xpr·ri.f~n1~P. i.n ridsorption gas 
sep~ration technology ~t ~h~ R~D 

and.-'01· product.ion lt"vrl. 

Expert. in Mel".lbrane C.1s Sepuration 
Technoloqy. 

Qualification: rnvcrsity a~gr~e in 
chenistry or chemic~! ~ngine~ring; 
ext~nsivc exp~rience in memhr~ne 
gas separation technology at the 
R&O 1 rvcl. 
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11-09 

11-10 

11-51 

11-52 

11=53 

11-54 

Expert in Computer-based modelling 
of Chemical Processes 

Qualification: Unversity degree in 
mathematics or physics or physical 
chemistry or chemical engineering; 
extensive experience in 
mathematical modelling of chemical 
processes; experience in modelling 
of cryogenic processes highly 
d~sirable. 

Expert in Conputer-based Process 
Contrnl in Chenical Processes 

Qualifi~~tion: CnvPrsity degree in 
physics or physical ch~rnistry or 
chenical engin~ering; extensiv~ 
experience in process control 
instrunentat.ic:n in chenical 
processes including instrument
computer interfacing; experience in 
air liquifaction!separation 
processes highly desirable. 

Consultant in Zeolite Chemistry and 
Production 

Consnltatnt in Tnorqanic Membranes 
Chemistrv and Production 

Consultatnt in Organi~ Membranes 
Chenistrv and-Product.ion 

Consultdtnt 
Evaluatj:)n of 

in Techno-Economic 
c}l;;~icdl Processes 
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ANNEX VI 

Terms of Reference (TOR) for subcontracts 

There are twc separate subcontracts fc·rseen under the 
project document. The conplete Terms of Reference (TOR) for each will 
be drawn up by the Government Executing Agency (BHPV/CCGST> in 
consultation with the Chief Technical Advisor and the Executing Agency 
CUNTDO). The for~at and content of the TORs will be in compliance 
with UNDP policies and procedures to enable equitable international 
bidding. The TORs should spell out: adequate specifications of the 
equipment/instruments to be supplied and installed by the 
subcontractor; the p .. ~rformance standards to be met by the equipment; 
the conditions of guarantee of performance and workmanship; the 
training support to be provided by the subcontractor; and other 
relevant_ legal clauses to ensure as far as possible the delivery of 
expected performance by the subcontractor. Each subcontract will be 
one single contract with a well recognised foreign firm with proven 
experience and capacity to provide the required equipment and services 
for installation, start-u2, demonstration and training in operations. 
The following highlight cnly the main items cf services and goods to 
be provided by the subcontractor. The cost estimates are given for 
perusal to the parties of this project document exclusively and n-...,t to 
be communicated to the bidders. 

A. Subcontract for cryogenic air liquifaction/separation pilot plant 

1. Object of subcontract 

Tn establish a complete self-contained pilot plant facility 
for st.udying air separatic:n teehnology, inelucHng all th~ required 
instru1~~ntation ~nd peripheral hardware , according to the following 
spec:ificathms: 

al suitable for the production of ~ither high 
and/or nitrns~n in any combination of 
products C02/N2 = GI~, G/L,L/G,L/Ll; 

purity cxygen 
liquid/gaseous 

b> a rnin:inurn capacit}· of :200 Kg/hour of q9 ~ .. purity oxygen 
<liquid or gaseous) under continuous operaticg conditio~s; 

~l the desired i~ternal diameter Ctray diameter) is 1 metre 
and a column height to hold upto 50 trays; 

dl the r:-olumn should h,·we visual c)bserv.lt.ion pl)rts on at least 
3 locations Chottorn, middle, top) and be equipped to fix 
ternprratur~!prcssurP g~uges on sufficient locations needed 
for dev"!loprnent of work. SaMpling !=>hould he possible at 
every fifth tray; 

~7 



e> provision should be made to insert or remove trays at any 
location of the column. 

2. Provisions ~ the Government of India 

The Government will provide the air compressor required for 
the liquifaction of air and will fabricate the column accordi~g tn the 
subcont i:-a,:tnr' s drawings, spec if icatio:1s, and manufacturing 
instructions. 

3. Goods to be supplied ~ the subcontractor 

The subcontractor wi 11 supply a 11 equipment such .).s heat 
exchangers, top condenser, expansion h!rhines, CO:! .)nal:rzer fittings 
and control mechanisns not available in India, ~equired for the 
successful operation cf the facility, as specified in th~ 

sub~ontractor's engineering and installation desig~ and 
specifications. This should include essential spare parts fnr 2 ye~r~ 
of operation and specialized tools needed for maintenance. 

4. Know-how and docuMentatic:n 

The contractor shall provide technical documentation as 
follows: 

a) material, dimensional, fabrication and all other required 
spccifi~ations and dccunentaticns for the fabrication and 
assembly of th~ distillation column; 

bl 

c) 

:~et.~~ lc·d layout 
instal!~tio~ ~~d 

and e~·;nst-n1ctic:n spe::i fi.::-.3tions 
2quipr.ent/in!=>trumcr:ts; 

dct~ile<l &p~~ifi~ations ~nd layout fer 
facilities r~quired ir. the operation 
i::qu ipr:lent Ii nst r.unent.s <e.g. cl ec::tric.:d supply 
routing, lighting and 0arthing, starting from 
swit~h point;~t~.\; 

th~ 

service 
th~ 

c:abll' 
of 

.3 nd 
thr: 

~) operational ~nd ~~i~trnance manuals for. all 
r ·qu j pnr:·n t ! hist n:r.'lr:nt i:; c:;ur'P 1 i NJ, j nc- l ud i ng f c-.i:· s t.,-t t· t -up, 
r:::int inuot:s ~·r-~rat ions, prcv(~r:t i vc m.:iintenan:::c .1nd 
' · .-. l i h r· :1 t i ::; n . 



5. Services to b<! nrovided _Ey the subcontractor 

The subcontractor will be responsible _for the packaging and 
shipping all the equipment supplied to ensure damage free 
transportation and delivery. Furthermore, the subcontractor will 
provide the services of experienced specialist to perform the 
following: 

6. 

a) assistance during the fabrication of the distillation column; 

cl start-up· operations; 

d) deno~stration runs and training of national staff in 
operations,maintenance and related calibrating procedures; 

training in any techniques required for 
operation and use of equipment/instruments. 

trouble-free 

Cost ~st~nates (for internal use only> Estimated Cost 
CUS $) 

- Equipment and spa. n· parts for .., years 

- Shipping and handling 

- Documentation and engineering services 
< 1 person for 2 months> 

- Assistance during the fabrication of the colunn 

- Installation and training nf personnel 
(:2 per~ons for one ~onthl 

T0T.'.\L: 

450,000 

10,000 

50,000 

20,000 

:20,GOO 

550,000 

!. • Objr~ct of subcontr.3;~·t 

To establish a cnnplct~, self-contained pilot plant faci!ity 
including ,-,11 t.h(· required i.nstn!mentatinn ;in:l p0riph1:-ral h.1rdw.)rC, 
for studying riir separation technol::>gy by .'\dsorption pr:::c:ess, 
~c~ording to the following spccific~tions: 

a) 4 .3dsorption vessels interlinked in such manner. that air or 
nth<~r g.1scs C<•n br: put t.h:-(Jll')h in any desir~'>d SC'qur:·nr·r-. 

h> vessel dimensions ~hould b~: 

- hright 3 m0tc::rs 
- diameter l m~ter. 



cl visual observation port should be located at 3 places on 
each vessel (bottom, middle and top} 

d) instrumentation 
measurement and 
specified by the 

ports for temperature and pressure 
for sampling of gas should be provided as 
subcoontractor. 

2. Provision E_y the Government of India 

The c~vernment will provide the air ccmpresscr and will 
fabricate the adsorption vessels according to the subcontractor's 
dra~inJs, specifications and manufacturing instructions. 

~. Go:)<fa to be suppl. ied ~ the subcontractor 

~The subcontractor will supply all equip~ent and control 
!1echanisr.ls n;~t a'-'"'c.1 ilab!e in Inciia, recjt: ired for the succ'r~ss f't11 
operation of the facililty, as specified in the engineering and 
installation design and specifications. This sho1:ld include all the 
required pcr~anently installed as well as portable control, neasuring 
instru~cnts an~ h~rdware, such as control valves, ~ass flo~ netcrs, 
oxygen, CO and C02 analysers, oil content meters, l~ak detectors etc. 
This should a!~o include essential spare parts fer ~ years of 
opertation and sp2cialised tools needed for maintenance. 

4. Know-how and do~urnentaticn 

The contractor shall provide technical and scientific 
docnr.i.-:nt.-it.ion .1s fol lows: 

al n~tcrial, dimensional, fabrir~tion ar.d ~11 c~h~r require~ 
spc·~ifi:·:ati:)ns and d:x·nr:.:·nt..1ticn~ for· the fah1·i::~atjc:n ,1nd 
assenbly of the adsorption pilot plant; 

bl dr:·t.;;;.l(·J lay out and c:c;nstnictic·r. !'>pr:-<:ific;}ti:::ns f:)1· thr~: 

i~sta!l~tion of the equipment/instrumc~ts; 

~·l detai.L::d sp:~cifi:-:.1t:i.c:ns and 1a~·out f,·:: .111 sr=·1·1.·ic·~ 
f~ci!itic~ required in the np0ration nf th2 
~··:.::::r;:".::·r:t 'ins~·.nlrK·r.tc:; C::·.9. r··lc: .. tr:i:-:.:il snppl:£ ..-.n~ cab!c 
routing. lighting and e.)rthing, st~rting fro~ the ~ain 
~-•\>i~:··~ pnint; :-:nnpr(·!;sed <lir ~11pplics; running r;r chilled 
w~1tcr <>:tpply; ::-t.r.:.) 

:1) c:pc~·.ltion.'.\l .:-ind maintcn.:-inc:-: r.1.1nuals for ~-ill 
rqu5.~:r:ir:·nts/in8trumc~nts st:pp1:ir:·d, inclndin•J f::-.r st.1r:t-up, 
~nntjr.uous operations, prcv~ntivc _ maintcnanc~ and 
r: .--. 1 i b r .1 t i ,..in • 

10 



S. Services to be providee ~ t:he subcontractor 

The subcontractor will be responsible fer the packaging 
shipping all the equipnent supplied to ensurre damage 
transportation and delivery~ Furthermore, the subcontractor 
provide the services of experienced specialist to perform 

following: 

al installation of the equipment; 

hl start-up operatinns; 

and 
free 
wi 11 

the 

cl demonstration runs and training 0f national staff in 
oper."ltions, maintenance ·and related calihr.1t.)n9 procc ... dur~s; 

6. 

dl ~raining in any techniques required for 
operation and use of equipment/instru~cnts 

tr-onbl('-free 

~ estinates (for int~rnal use onlyl 

-Equipment and spare parts for ::? years 

-Shipping and handlir.g 

-Documentation and engineering services 

-Installation and training of personnel 
C2 persons forr 1 month) 

Estimated cost 
CUS$l 

l::?0,000 

5,000 

35,000 

20,000 

180,000 



ANNEX VII a ---
COST ESTIMATE FOR 

CENTRE FOR CRYOGENICS AND GAS SEPARATION TECHNOLOGY 
IN PREMISES OF BHPV 

--------------------------------------------------------------
Total 

<Rs.in 
Lakhs) 

S.NO. Particulars Are.l 
C sq. rn I 

Unit 
Rate 

<Rs/sq .m) 

----------------------------------------------------------------
1. Administrative Building 

(Ground floor.First Floer) 
2. Dchu~idified Building. Ale 
3. Instrumentation Room. Ale 
4. Cryo lab (without EOT 

crane) 'A.fr: shed 
5. Pilot Plant Cwith 3T EOT 

crane> 
6. Work Shop 
7. Distillation Pilot Plant 

<civil works onlyl 
8. Ancillary buildings like 

security cffice, parking 
sheds etc. 

9. Roads - 750 m 
10. Boundary wall - 450 rn 
11. External water supply 

and sewage 
12. External electrical 

services & internal 
power distribution 

13. Site leveling,area 
development & 
H0rticulture 

14. Air conditioning 
Plants 3500 m~ 

15. Dehumidification & Ac 
Plants 

156R 
360 
~88 

43~ 

744 
744 

LS 

LS 
LS 
LS 

LS 

LS 

LS 

LS 

LS 
16. Interior decoration of 

co~puter ,conference room LS 
17. Street Lighting,tclephon~s 

and Public address system LS 

Sub Tct.;i l 

32 

3750.00 
2000.00 
:!000.00 

1500.00 

3600.00 
3600.nO 

58.80 
7.20 
5.76 

6.48 

26.80 
~6.RO 

0.50 

4.00 
3.00 
2.70 

2.00 

1.50 

4.50 

30.00 

8.00 

s.oo 

2.00 

207.50 



• 

ANNEX VII !?. 

LIST OF MACHINERY AND EQUIPMENT TO BE PROCURED 
UNDER GOVERNMENT INPUT FOR 

CENTRE FOR CRYOGENICS AND GAS SEPARATION TECHNOLOGY 

--------------------------------------------------------------Approx. 
cost in S.NO Specification of 

equipment. 

Qty 

Rs in Lakhs 

---------------------------------------------------------------
1. Adsorption pilot plant : 

1.1 

1.2 
1.3 
1.4 
l.5 
1.6 
1. 7 
1.8 
1.9 

1 .10 
1.11 
1.12 
1.13 
J .14 
1.15 
1.16 

Fabricated equipment such as 
adsorption column,storage LS 
vessels etc. 
Air Compressor 1 
Vaccuro Pur:1ps l 
Electrical equipment LS 
Civil works LS 
Controllers C~icroprocessor based) LS 
Activated Ahmir:a Gthers LS 
Manual valves,fittings LS 
Pressure switches.pressure 
gauges LS 
Flcwmeters LS 
Blowers ~ 
Refrigeration Unit 1 
~olecular Sieves LS 
Mercury Porosity r:1atcr 1 
Personal Computer 1 
~Hsce.l laneous LS 

2.0 Membrane separation process 

2.1 

2.2 
~ ., - .. .) 
2.4 
~ c; - .... 
2.6 
2.7 
2.8 
2.9 

Fabrication equipment such as 
colur:1ns,piping et~. LS 
~embranes LS 
Zirconium Oxygen Analyser 1 
Hydrogen Analyser 1 
Blowers LS 
Microprocessor controllers LS 
Control Val •~es LS 
Pressure gauges,thcrnocouples etc. LS 
Manual Valvr~s,s.01npl(> valves etc. LS 

11 

10.00 

5.00 
2.00 
1.00 
2.50 
2.00 
2.00 
1.0'.l 

0.50 
0.25 
2.00 
2.50 
4.50 
6.00 
1. 50 
2.75 

45.50 

8.00 
4.50 
1. so 
3.00 
3.00 
3.00 
2.00 
2.00 
1. so 



• 
• 

2.10 
2 .11 
2.12 
2.13 

Flow meters 
Electrical equipments 
Civil Works 
Personal Computer 

Sub Tot;il 

3.0 Heat Transf0r 

3.1 

:L3 
3.4 

-3. 5 
3.G 
") .., 
J •• 

Brazed Aluminium Exchanger 
Fahri~ated equipments, 
St ruc'.rures etc. 
Rc:ta ry <:·quipmcnt 
Instrumentation & controls 

{ !" r::i·~ r· .:;nr:ib 1 c) 
Flow ncters & others 
Flow characterisation rig 
Civil works 

Sub Total 

4.0 Distillation Pilot Plant 

4.1 
4. 2 
4.3 

4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
4.10 
4 .11 
4 .12 
4.13 
4.14 
4.15 
4.16 

Oxygen Analyser 
Cantrel Valves 
Fabricated equipment such as 
columns,piping etc. 
Electrical equipment 
Civil Works 
Pressure gauges 
Erection hardware 
Pressure switches 
Tcmparature switches 
Temparature Thermometers 
Pressnn~ Therr:lomet1~rs 
Level Indicators/controllels 
Flow ni:-tcrs 
Field inRtrurnents 
Air Cc:!!1pn~ssor 

Misecllan~ous items 

Sub Total 

34 

LS 
LS 
LS 
1 

3 

LS 
1 
LS 

LS 
LS 
LS 

1 
LS 

LS 
LS 
LS 
LS 
r.s 
LS 
LS 
LS 
LS 
LS 
r.s 
r:s 
l 
LS 

0.20 
1. 50 
2.50 
1.50 

34.20 

9.00 

5.00 
2.00 

12. 00 

3.00 
2. 00 
0.50 

33.50 

7.50 
36.00 

65.00 
25.00 
25.00 
6.00 
7.00 
1.00 
1.00 

14.00 
21.00 
13.00 

7.00 
27.50 

- 50.00 
35.00 

341. 00 



• 

5.0 Cryogenic Laboratory 

5.1 Diffusion vaccum pumping 

5.2 

5.3 
5.4 
5.5 

5.6 
5.7 
s.s 

5.9 
~.10 
5 .11 
s.12 

5.13 
5.14 
5.15 

5.] 6 

5.17 
5.18 

6.0 

6.1 
6.2 
6.3 
6.4 
6.5 

system 
Prcision weighing machines & 
Heating ovens 
LPG Supply system 
Polorograph 
Polorometer 

Moisture Analysers 
Metler balances 
Prcgrarnmble temparature 
controllers 
Selector switches 
Thermostats 
Personal Computer 
Vaeuum fittings,gauges, 
gauge leads filters etc. 
Cryostats 
Infrared Gas Analyser 
Test rig for cryogenic 
adsorption and purif icatior. 
Columns 
Laboratory Distillation unit 
with accesories 
Nitrogen Liquifier 
!11iscelaneous 

Sub Total 

Computer Facility 

Terminals 
PC's XTs 
Furniture 
Vacuum cleaner 
Computer stationery 

Sub Total 

7.0 Dat~ Centre : 

1 

LS 
1 
2 
1 

LS .., 

LS 
r_.s 
LS 
1 

LS 
LS 
1 

LS 

LS 
1 

3 
3 
LS 
1 
LS 

10.50 

3.00 
4.00 
3.00 
1.00 

1.00 
o.so 

6.00 
0.15 
0.30 
1.50 

4.50 
15.00 

4.50 

9.00 

12.00 
25.30 
2.00 

103.55 

0.60 
4.50 
0.50 
0 .10 
2.50 

8.20 

Data centre will .. <..1ve one file server and a 
purpose PC AT of desk top publishing which 
housed in the Library. 

special 
wi 11 br~ 

35 
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7.1 

7.2 

7.3 

7.4 
7.5 

-7. 6 

7.7 

File server Pc At with BMB 
mer:lory with 200 MB Cforf.'l.-1tted) 
fixed disk for files,color 
monitor with EGA, printer and 
facility for 16 users. 
PC AT for desk top publishing 
300 dpi 8 ppm laser printer, 
microsoft mouse and EGA. 
PC AT for ~athmatical modelling 
and computational analysis with 
300 dpi 8 ppm laser printer, 
microsoft nouse ~nd EGA. 
S!ide making attachment tG PC. 
Overhead projector attachment 
for PC. 
Personal cGmputers for Director 
adminisraticn, data centre and 
planning & training. 

Voltage stabilisers,isc!aticn 
transfcrmers,flop2ies,rihbcns, 
etc. 

8.0 Library and Technical Services 

8.1 
8.::? 
8.3 

8.5 
~.6 

Photo Studio equipMent 
~mrncnia printing ~~~hinr 
Slide preparatinn rnit 
Books & technical JOU~n~ls ~tc. 
Fur.ni.ture 
Plain Paper Reader Printer, 
and micro fiche read2r 

9. 0 CAPITAL EQC!PME!'ZT FOR WORKSHOP 

9.1 
r 

:J. j 

9 .J 
9.5 
9.G 

EOT Crane.·~ 

Hi 13h Precision J.11-.he 
'.11i 11 i ng Machine 
Rad i ,) l dr; J l i n•J M."··hi n(· 
Power saw 
Shearing Machine 

36 

1 

1 

1 

1 
1 

4 

LS 

1 set 
1 

1 
r.s 
LS 

LS 

1 
J 
l 
l 
l 
1 

3.00 

4.00 

3.00 

1.50 
1.50 

5.00 

'.LOO 

:;2.00 

0.50 
0.20 
0.50 
4.00 
:!.00 

10.00 

17.20 

e. on 
5.on 
4.00 
2.50 
J..00 
'.LOO 



• 

9.7 
9.8 
9.9 
9.10 
9.11 
9.12 
9.13 
9.14 

~.15 
q.16 
9.17 
9.18 
9.19 

Sheet rolling Machine 
TIG welding Machines 
Rectifiers & Generators 
Surf ace grinding machine 

Cylindrical grinding machine 
Pedestal grinders 
Batter}· truck 
Welding positicners, rotators, 
surface plate, measuring 
instruments, portable grinding 
machines, bench vices.hand 
shearing machine, portable 
drilling machine, tools such 
as hand taps, nachine taps, 
drills, try squares etc. 
Weighing nachine 
Hydraulic testing machine 
Electric furnace 
Hydraulic press 
Pipe bending, sheet bending 
machines 

Sub Total 

10.0 'CTII.ITTES 

1 
1 
1 
1 
1 
1 
1 

LS 
1 
1 
l 
1 

LS 

10.1 
10.2 
10.3 
10.4 

Project vehicle 
Water coolers 
Pedastal fans 

diesel pick up van 1 

10.5 
10.6 
10.7 
10.8 

Telephone 20 ljne exchange 
with board 
Refrigerator 
Intercom 24 lines 
Time clocks punching 
Generator (30 KW) 

Suh Total 

Grand Total 

37 

4 
10 

1 
2 
1 
1 
1 

1.00 
3.00 
2.00 
2.00 
2.00 
1.00 
1.00 

4.00 
0.50 
2.00 
2.00 
2.00 

1.00 

47.00 

1.00 
0.20 
0.80 

0.70 
0.25 
0.25 
0.15 
1. 50 

4.85 

657.00· 
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ANNEX VIII 

PROJECTED BUISINESS OF CRYOGENIC PLANTS Cl990-2000AO) 

Steel Modernisation 
(Tonnage Oxygen Plants> 

Steel Revamping CTcr.nagc 

Rs in crores 

500 

Oxygen Plants> 200 

Petrochcnical <Nitrogen.oxygen 
HP~ Plants) 60 

Small Oxygen Plants 10 

Fertiliser Plar.ts <Purge Gas, X2, 
Argon Recovery) 80 

Space Oriented (Space Chambers> 200 

Gas Sales 

Others Like Transportation 
Storage Vessels and CBC etc. 

Refineries CHPN) 

Oil Exploration 

PSA & Membrane Plants 

38 

5 !l 

120 

10 

20 

200 

1450 




