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. UNITED XATTOXS DEVELOPMEXNT PROCRAMME
. Projrct of the Goverament of
INDIA

PRCJECT DOCUMENT

Xumber & Title : DP/IND/90/ . Centre for- Cryogenic and Gas
Saparation Technolagy (CCGST).

Duration : 4 years

Froject site : Visakhapatnam

ACC/UNDP Sector & Subsector : (053) Industry, (0512) Industrial

Suppnrt Sorvices
Government Sactor & Subsector @ (3520) Heavy Industry, Industrial
Services and Irstitutions
Host Countrv implementating agency : Bharat Heavy Plate and
Vessels Ltd.,on behalf of the
Ministry 0Of Industry

Fxecuting agency  : United Nations UXDP and cest-sharing financing
Industris1 Develaprnent Organisation LXDP/IPE v8 § 3,252,500
(UNIDO)

Othars S —-———
Estimated Starting date @ July 1990

Cast Sharing S ———-
Govermnent Inputs : Rupees UNDPE & Ccst-
(in kind) 120,336,100 Sharing Total S 2,252,500
Brief description : The project aims tc  strengthen the gpresent

deve lopnent capacity of BHPV in the field of gas separtion
techrologies to become a fully integrated "Centre for Cryogenics and
Gas Separation Technology”,able to carry out development work in air
liquifaction and separation by digstillation as well as separation by
adsorption and nmembrane technology. Presently air liguifaction/
separation plants are being nanufactured by BHPV under licensing, but
the capacity to rsarry out development work, essential for achieving
techneclogical self-sufficiency as regards process optimisaticn, plant
design and support services to user industries, is lacking.
Adsorption  and merbrane separation have net vet heen  introduced in
India at all., While the project is of institution building nature,the
develepnent  work embarked upon will immediately result in  industrial
applications. Since the technologies are at present almost entirely
in the demain ¢of the industrialized countries, TCDC for transferring
the technoiogies to other developing countries, which is the stated
intention of the Government, will make a major impact.
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A. CONTEXT

A.1. Description of the subsector

Cryogeniecs 1s  the science ard technalogy ar very low
temperatures. Specifically it is cancernsd with  the ,‘1u1fact1ﬂn.
separation, purifization and application of gases bniling helow ninus
130 C, nancly «f air, nitrogen, oxygen 3nd 3!1 =other gaseous
2lements  which are present in ailr in small guantities (e.yg. argon,
helivnmd. Tt is the bkasis of a izvge industry mamfactering cguipment
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to liquify air and to separate into its conpenents, primarily nitrogen
and‘or  oxygen in ligoeid form at vavious parity gradee,  dopending oan
tne speeiFlu application. The sizes of such plants vary fram 5 tons
cf gon ‘nitragon per  2ay all the way te 10080 fans An“ even
largar in  sone instances. The smaller units aee ﬂ:tﬂ nsed  te
preduece axyvaen for welding and cetting and for nedieas 'UFDPSLS an.d
nitrogen  for ‘cod precessing (ey.fast frecring, p.PSH vation) and
"Blanking™ in  chemical  plants. The large sire oxvgen/nitrogepr
producing units are used in steal making (axygen .q.,xng") petro-
i sy :

chemical p]ants (~2xijdatien) and fertilizer praduct Surh
ally dnlivered as "stand.rd” ;nvka

sperations) «::_:S!‘ ng fren S 2 millien vt & 80 rniill;
industrializ:sd untries. Overall warldwide sales of -urh cryogenic
plants, while < xf‘ =1t teo define exactly, has a value of at least § 2
billion per year, practiecally all manufactured 3a the industrialized
countries. As a matter af fact, the industry 1s concentrated in a few
large corporaticns and specialized companies and is not a "diffused”
secter, which implics  that access to the techanlngy in an integrated
manner is difficult, Goaing the licensing or "Lo-bpcration" route is
costly, as the 1Indian exanple demonstrates. And even under such

plants are usus

co-operation agreements there are limitatisns as to what degree the

Jicenser is u1l‘1ﬁg to transfer the technolaogy and internal  know-
how -- 4s again the Indian experience shows. While the developing
reuntries are rach in need of mastering crvogenic tecshnoclogies just te
~over their own internal requirements, the terbnolagy remains te this
date  almest entirely in the domain of the industriaiized countries.
The result is 2 ronsiderable cutflow of foreigrn exchange from the
developing countries to buy essential cguipment, altheugh in a  nunhoer
»f developing countries, among them Tndia, the industrial base exists
to absork and utilize the technelogy.

Industrial-scale air liquifacticn started during the 1920°'s
to supply high purity oxygen for welding anrd metal cotting and  snon
after that the precess was rapidly szaled-up to  produce large
quantities of nitraegen needed for ammonia  synthesis, the latter
required for fertilizer manufacturing. The scaling-up of air
liquifaction plants centinues to this date. Because of the high energy
requirements of the process to produce high purity oxygen solely
through air liegnifacrtion /fracticnal distillation (i.e. 1.32 KW/Kg of
ligquid oxygen) 3 new process was put into irdustriasal production during
the last 10-15 years namely the selective adscrption of nitrogen, at
basically ambient pressures and temperatures, by synthetic inorganice




naterials (i.e. Zealites). By using the . sdsscpt tan proceoss gt the
front cnd of llqulfaotlon a precansentration of axygen up to about 907

(as conmpared to 21% in  air) hecame  possihle, cutting cnargy
<nn$umpt1ﬂn by more than 75% (i.e. 0.22 KW/Kg of ligaid oxvgen). TWher
‘he main prndvﬁt required is nitrogen, the sane process  is alse
applied. Another new development now being utilised on  industrial
scale 1s  menbraase  separaticn  technalogy, also uzsed mainly in
combination with other technologies, in~luding cryngenics. Such

combibations work synevgestically: the final separations arc mare
conplete, production costs are lower, and overall efficiencies higher
by as much as 10-30 % compared with these of any single methad alane.
An  exanple is the preduction of high-purity a2Xygen or nitrogen fron
air, wherehy nenb:rane separation can be 3t the frent or at the tail
end of the process.

Finall
ability te pro

cryugonlnally

., in an integrated rr"ﬂgﬂriv RED  capability the
ure ligaid helium is esasentisl in o corder Fo ovenc 1 he

! st possible temperatures needed for nany purpeses,
1tncluding Tiaaifying  other very Tew beiling gaces, nanely  neon and
particularly Yhydrogen  in arder to ke alile to study  thermo-physieas
properties of gas nivtores for  develeping  separation teshnigues;
testing of properties of enginserirg naterials ot very low
tenperatnres; gnstyrument calihration, «tc,
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A.2. Host countrv strateoy

T304

The important role of cryogenic technnlogy was recognissd by
the  Governrent Furing the 1960°'s wheen air 13 quifaction‘senarat jon
units  were imported in increasing pumber o saver the noeds  of  She

ry's basic industries (steoe], fertilizors, wvelding axygen ete.).
For this reason the Government assigned tho responsibility to Bharat
Heavy Plate & Vessels Limitcd (BHPV) ta take the lead and  become -
fully-versed producer of cryogenic plants, systems and  components.
Since the indigenous expertise or know-how d3id not exist at +hat time
in India, BHPV concluded in 1971 & co-operationg s2qreempent with L'ATr

oennnt v

Ligquide, a4 werld leader in this f:0013, foop providing the  anitia?
desigygn and fabrication technology for manufacturing air
ligmifaction‘separation plants., Tnitially. sloest 100% of  the
2quipnent was supplied by L'Air Liquide, bhnt BHPY succeeded over the
years  to manufacture a considershle part of the components. The o=
operation agreenent was subsequent ly renewed in 1982, The Government

has fennd, however, that the t.o-Fnel oy transfer did net have  the
depth and breadth ro 51low ackieving  full solf-sufficriency in this
.rr]u. For th 1o veaann it hog turned fo the "nited Natinng Systen to
help attain self-sufficiency as snan as pessible in order to  reduce
the contiruing cutflow of fouoxgn exchangr cansed by inportation of
conpenents  and  co-aperation paynents.  Furthormor:, the Government
wizhes  to ostablich o capashility which will cnable BHPV o forther
develop  and  improve  cryogenic  process te2chnology, svstems and
appricatians.

A.3. Prior or on-going assistance

Xo  technical assistance, either multilateral or bilateral,
has been provided to India as of now in this field.




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

Research activities are being 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. No research has been
undertaken on cryogenic process or proaduction technology whatsoever.
The only instituticn where such work has been carried ocut on a
relatively small scale and with limited resources during the last 10
vyears is the RE&D Department of BHPV. Nevertheless due to  the
dedication of the Company and its staff, successful developments have
been achieved. Among ther :

- manufacturing technology for trays of ~opper ard alumniun
used in medium ind large air separatien plants;

- cryo-biological containers for storage of bull semen;

-~ quick freezing units for food processing;

- super insulated piping;

- super insulated containers of 165,1000 and 3000 liters
capacity;

- computer programs for design and simulation <«f air
separation units;

- thermophisical, phase-equilibrium and other properties for
nitrogen,oxygen,argon gases.

The new Centre for Crvagenics and Gas Separation Technoiogy
{CceaST)Y ta be established through the prosent project will be bailt on
the present core greup of highly trained Indian specialists and can
thus be censidered as institntion strengthening. Tt will draw policy
and technical guidence from the Ministry of Industry,Department of Scie:
and Technology, Tndian Institute of techneolegy,Madras and Bombay, Anna
Technological University, Madras,and the Confederaticn of TIndian
Engineering Industries. The resquirements of major user groups will bhe
kept in view while formulating detailed work programmes for CCGST.




B. PROJECT JUSTTYFICATIONXN

B.1. Precblen tc be addressed ; the present situation

Cryagenic technslagy in India is presently restricted to the
manufacture of air liquifaction/separation wunits and related
comrponents  hased on technolegy arguired through  licencing, but a
considerable amount of corponents still have to be imported. Theve is
ne capability whatsoever to produce adsarption and membrane separaticn
equipment and systens whisbh, in combination with orysgenic production
units, waould result in inproved technslogy. In a1l these three areas
{(i.c. cryogenics, adsarption, nembranes)  a basic, supportive
technclaogical capability s lacking.

Present nmanufasturing sapatiilities are restricted ta
crycgenic” technology only and, as regards eguipment manufacturing, the
picture is as follows:-

- pulti-stage 1 conpressors can be manufactured only in
small sires; large units have to bhe inpocted

- all heat exchangers have ta be imported because wvacuurm
braring capakility 13 nat existing in the country, although  the
naterial (i.e. corrvougated alluminium £lad sheet) could be produced in
India. The iImpartation of thke heat ~xchangers is  extrenmely coshly,
running on tha average § 2 nillions for ecach liquifaction/separating
unit;

h

- all expansinn terbines mest be imported (this will not
change  in the near fotors heosase of the very advanced  techaslogy
involved o manufacturing);

the stainless stan. fractionat ing coluras aro now prodeced
at  BHDPV using imported stainless steel and tho capahility exists to
fakricate these in any d2sired size

- the fracticnation trays ave produced ontirely at BHPV;

- atorage containers, tanks and systems for liguid cryogens
are now produced in India, mainly by PHDPV;

- all lignid nitroagen vaporisers are produced hy BHDPV,

Peyvaond  the panufacturing asprects however, the capahilty to
stndy pracess parancters needed for aptimising plant design is lacking
as well aa the capakility for process control, instrumentation  for
testing gas composition and purity, tronbtle shooting capaibilty such as
leak dntection, ote. Furthermore, there is no capabilty to carry out
cryogenic research and development work beleow the normal beoiling point
temperature of ligunid nitvogen, althecugh carrying out experimentation
at such extrene low temparatures becomes very important for gearing up
to produce Necon, to Jigquify hydrogen and to determine cryogenic  and
other therno-physical  propertics of  gas nixtures  for separvation
purposes. And, as mentioncd carlicer, ne capability exists to carry out




development work related to adsorption and membrane technologies.
Furthernore, the capability for computerized modelling and simulation,
critical for optimising plant and equipment design as well as for
process optimisation, is lacking.

The relevance of the entire cryogenic/gas separation
technology support need of India can be defined in eccnomic terms :

- 1t 1is projected that total sales of c¢ryogenic process
equipment of 2HPV during the next decade will be in the order of U8 §
one hillion;

- 1f rno further advancements are made in the manufacturing
technelagy of samponents these will have to be imported to the tune of
'S § 300 million during the same time period;

- ro-cperation/licensing rovalities will amcunt te about US
S SC million at the same time.

In case of adsorption technology the mechanical elements
pose te ke less of a difficulty. The preblem lies mainly in process
control and related instrumentation, in defining optimum design
parancters  and in the precduction of the adsorbents themselves.  The
lattor hower, 1s not a oritical issue in case of oxygen/nitrogen
plants because the adsorbents have a leng precess life 1f sufficient
care 1s taken to remsve adscrber "poisons” (e.g. chlorina). The same
consideraticons apply to membrane technelogy as well, whers design and
instrumentation parameters, however, can be mcre complicated. Finally,
an integrated crvogenic R&D capability requires the ability to produce
Iiquid helium in order to reach the cryogenically lowest possible
temperatures needed for many puposes, including @ ligaifying  other,
very low  heiling gasses, namely neon and particularly hydrogen  in
arder  tr he abhle to study thermo-physical prepertics of gas nixtures

For Adaveloping respective seperation techiniguas; Fogt ing of
propert ies of  cngincering matertals  atbt very  low temparatures;
instrument calibration eto,

To overcomne the above described technnlogical difficulties
in order tes  diminish the negative economic aspests of the present
state of mnanufacturing products by substantislly increasing local
content, cventnally leading to expsris and, at the same time providing
assistance tn aothsr daveloping countries facing the same problem, is
then the justification faor the prescnt project.

R.2. Expected end-of-projest situation

Tt is expected that by the end of the project o full
institutiocnal «capability will have been established in terns  of
facilities and trained personnel to carry out technolegy develospment
in the fallowing fields:

(a) air liguifaction/separation technology d~velopment for equipment
design, process optimisation and control (at pilot plant seale);

(9))




(b) adsorption separation ‘echnology, process design and control (at
pilot plant scale);

(c) membrane separation technology (at the laboratory scale);

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

(e) lahoratery technical support capability as regards process
instrumentation, qguality contrcl and compositional analysis, trouble
shooting (e.g. leak detection) and others;

(£) Conmputer-based prccess and design simulation and
optimisation, including a corresponding data bank established.

It 1is furthermore expected, that practical accomplishments
will result in the mnanufacture of additional process equipment
presently being imported, improvements in process control and
productivity of cryogenic plants, resulting in higher purity products.
Relevant process improevensnts will have been transferred to companies
operating air liquifaction/separation plants and users of cryogens.

B.2. Target Benaficiaries

The target beneficiaries of the project fall under two main
categories. In the first group are the enterprises nanufacturing
cryogenic and other gas-separation-related equipment, primarily BHPV.
The second group are enterprises operating cryogenic and other gas
separation equipment and production units. 1In addition, enterprises
using pure and/or liquified gases will Lkenefit from the project as
well as institutions involved in cryogenic and very low temperature
research and development activities. Other developing countries will
also derive benefits throagh TCDC astivities (See R.6).

B.4. Praject strateqy and instituticnal arrangements

The overall project strateqy is to establish an  integrated
national capakility in the field of cryvogenic and other gas separation
technolcgies at BHPV, kut operating as an autononous institution under
the policy guidance of an  Executive Committee composed of
represcrtatives from concerned bodies (i.e. mninistcries) and otherv
naktional governmental and non-governmental institutions. A Technical
Adviscry Comnittee will be invalved in establishing and reviewing the
work programme of the CCGST. 1ts membership will include the Chairman
of BHPV, the Mrectar c¢f the Centre, a representative of the
Confederation of Indian Engineering Industries and a representative of
cryogenic user industries among others, to ensure that the work
carried out at the Centre will be in line with national priorities.

Needed inputs will be in the form of fellowship training and
expert advisory services combined with the provision of essential
equipment. required for the practical implementation of  the new
technologies to be introduced. Since some of the specific
technolngirs iivolved arve rather complicated, equipment will be
purchased as a package under subcontracting arrangemerts 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 theoretical kncwledge 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 some degree dependent on BHPV will
undoubtly favor development activities of interest to BHPV. But
experience shows that a fully independent institution might become
overly research-for-the-sake-of-research oriented and become too
detached from 1industry's needs. Economic payback at the national
level, however, will very much depend on how much industry can benefit
from CCGST's work. Hence the presently forseen institutional
arrangements within BHPV's envircnment, which is by far the largest
cryngenic egquipment marnufacturer in India, will more than compensate
eccnonically for any (porcieved) pricrity distorticns.

B.5. Reasons for assistance from UNDP and UNIDO

As described in the beginning, it is difficult to get access
to all aspects of up-to-date cryogenic and other gas separaticn
technologies ia the 1light of the industry being in the hands of
relatively few enterprises in the industrialised countries. Access to
elemnents of the respective techanlogies will be necessary to ensure
that all the requested technaloay can be made available. This is orly
possible through multi-lateral assistance. Becausa the technolegy 1is
also needed in many cther developing countries, the assiIstance
provided through UNDP/CNIDO will ensure access to the technologies
through TCDC (see B.6 below).

R.6. Special considerations

Crvaogenic and other state-of-the-art gas separation
technelogies are almest exclusively in the hands of 1industrioelised
countrics, although thess  technologies are nmuch needed by many

developing countries as well. The Government of India is fully aware
of the situaticn and it was one of the main reasons for requesting
assistanse through the United Nations System. It is the Government's
stated intention to share the results of the project with other
developing  oscuntries by any viable means, be it  through tratining,
demonstraticons,advisory services,information or otherwise.

R.7. Co-crdination arvangenrents

Durr to the vaery specific technological nature of  the
project,  substantive conrdivation with other on-going project will be
minimal. Co-ordination within BHPV will be, however, critical daring
the cunstructicn phase of the new facility as well as during  regular

development  activities, when various manufacturing divisions of BHPV
will thave to provide essential fabricating support to make prototype
equipment and accessarics. When development work commonces  on
adsarption and membrane technologies, support from various research
institutions and/or university research laboratories will be essential
to help develop adsorbents  and membranes  from  indigenous raw
materials to achieve self-sufficiency. :




B.8. Counterpart of support capacity

As indicated in paragragh A-4, there is a core unit within
BHPV's R&D organisation dedicated to development work in the field of
cryogenic technolecqy, comprised of 6 prafessionals and 10 technicians
out of a total R&D staff of 17 professionals and 20 technicians. The
Governnent has instructed BHPV tc 1increase dramitically its
capabilities in the field of cryogenic and gas separation research and
develcpment and thus become the national centre in this field to
service not only BHPV's nceds but also those of the country as a whole
in the field of crycgenic technalegy. BHPV will receive from the
Government an additional massive allocation of resources for the
establishment of laboratcory facilities as well as for its cperating
budget and staff resources. Initially the facility newly built for
this purpose will cever a total arreca ¢f 4000 Square Meters and have a
total personn=2l consisting of 48 professionals, 60 technicians and 4
office staff. BHPV itself is a large, diversified, well organised,
profit-making government enterprise with considerable technological
and manufacturing capability, atle to provide essential services and
support to the new Centre in all respects. Considering that one of
its main profit-making business is the production cf cryogenic plants
and equipment, estimated at $ 160 nmillion and expected to increase
considerably in the future, the resulting. synergism between BHPV and
CCGST will be highly bernafisial.

C. DEVELOPMENT CRJECTIVE

c.1l. The eighth Five Year Development Plan (1990-94) of the
Government gives clear direstives to continue expanding the productive
sectors of the economy and to improve preductivity of installed
capacities. This includ2s all manufacturing industries, in this case
these which reguire large gquantitics of purified oxygen and/or
nitrogen such as steel, petrochemicals, fertilizers and those which
produce  the cqguipnent for air liguifaction/separation. Just as
inportantly, the Government strasses the need to broaden the country’'s
irdustrial tcchnology basc and improve, through import substitutions
an? exports of industrial products, the balance of payment <f the
ccuntry and to generate foreign exchange. This project is designed to
contribute to the achievenecnt of these wverall objectives.

D. IMMEDIETE OBJECTIVES, OUTPUTS AND ACTIVITTIES

D.1. The immediate ohbiective c¢f the praject 1s to estaklish  an
integrated technological capability at Bharat Heavy Plate and Vessels
Itd. in the field of cryogernic air liquifaction and separaticn  and

cther gas separation processes in order to be able tc generate the
technical informaticn and data base neceded for the

a. optimum design of production units, components and complete
plants;

b. cstablishment of process parameters to achieve optimum
operating cfficicncies of air separation plants; and




c. to have the means for carrying out cryogenic and other types
of gas separation 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 technical support, advisory, testing, training and other
services to manufacture of oryogenic eguipment and components as well
as to industrial facilities and instituticns using and operating
cryogenic facilities and praduction units.

D.1.1. OUTPUT 1
Technological capability in terms of manpower trained and

equipnent svailable to study all aspects of crvogenic gas liguifacticn

and separation technology and related equipnent and  instrumentation
development with specific emphasis on air ligquifaction and
oxygen/nitrogen separation. This will include a pilet unit for
distillation studies and a laberatoery facility for heat transfer

investigations. The facility will be completed and fully
18 nonths hefore the preiect ends.

operatisnal

Activities Responsible Stairted/end
parties Months
1.1.1 Preparation of subcontract terms of BHPV/ 3 -6
reference, equiprent specifications CCGST/
and design for the new laboratory CNIDO
1.1.2 Censtrarticon of the building BHPV € - 18
1.1.2 International bidding & selection UNIDO/ 6 - 12
of subcontractors/suppliers BHPV/
CCGST
1.1.4 10 engineers of BHPV/CCGST UXIDO 8 - 214
undergoing fellowship training
of 2 menths' duration each in
specifis aspects of cryogenic
technelogy.
1.1.5% Delivery, installation of and SUBCONTRA 18 - 28
operational training on equipment CTORS/
by subcontractor/supplier. SUPPLIERS/
CCGST/UNIDO
1.1.6 On-the-job training, lecturing UNIDO/CCGST 30 - 48

and demonstration by international
experts and carrying out of
planned, specific development work




D.1.2. OUTPUT 2

Technological capability in terms of manpower trained and
equipment available to study all aspects of gas separation by
adsorption technology and related equipment and instrumentation
development with specific emphasis on process characteristics such as
pressure swing adsorption, design of adsorption systems and

equipment, process control and i
time of adsorbents,
locally
fully operational 18 mont

available raw materials.

Responsible
parties

related

nstrumentation, operating cycles, life
and development of indigenous adsorbents based on
The facility will be completed and
hs before the project ends.

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

Construction cf the building

International bidding & selection
of subcontractors/suppliers

4 engineer~ of BHPV/CCGST
undergoing fellowship training
of 2 menths' duration 2ach in
specific aspects of adsorption
technology .

Delivery, installation of and
speraticnal training on equipment
by subcontractor/supplier.

On-the-job training, lecturing

and demonstration by international
exparts and carrying cut of
planned, specific development work

10

CCGST/
UNIDO

BHPV
UNIDO/
BHPV/
CCGST

CNIDO

SUBCONTRA
CTORS/
SUPPLIERS/
CCGST/CNIDO

UNTDO/CCGST

Started/end
Months

3 -6

6 - 18

6 - 12

8 - 24

13 - 28

3¢ - 48




pD.1.3. ~oLTPUT 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, menbrane
configurations, development of membranes from indigenous materials.The
facility will be completed and fully operational 18 months before the
project ends.

_-_—_—__..—______-_____...__—_____._____.__..-____________._.__.______«___—__—_—

Activities Responsible Started/end
parties Months
1.3.1 Preparation of equipment specifica- BHPV/ 3 -6
tions and design for the new CCGST/
laboratory UNIDO
1.3.2 Constructicn of the building BHPV 6 - 18
1.3.3 International bidding & selection UNIDO/ 6 - 12
suppliers for equipment BHPV/
CCGST
1.3.4 4 engineers of BHPV/CCGST UNIDO 8 - 24

undergoing fellowship training
of 2 months® duration each in
specific aspects of menmbrane
gas separation technclogy.

1.3.5 Delivery, installation of the SUPPLIERS 18 - 28
equipnent CCGST/UNIDO
1.3.6 On-the-jcb training, lecturing UNIDO/CCGST 30 - 48

and dencnstration by international
experts and carrying out of
planned, specific developnent work

11




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
backur support for all technological areas related to instrumentation,
trouble-shooting, gas analysis, quality control and certification. The
facility will be completed and fully operational 18 months before the
project ends.

Activities Responsible Started/end

parties Months

1.4.1 Preparation of subcontract terms of BHPV/ 3 -6
reference, equipment specifications CCGST/
and design for the new laboratory CNIDO

1.4.2 Construction of the building BHPV 6 - 18

1.4.2 International bidding & selection CNIDO/ 6 - 12
suppliers for equipment BHPV/
CCGST

1.4.4 2 engineers of BHPV/CCGST UNIDO 12 - 24

undergoing fellowship training
of 1 month duration each in
the operation and maintenance

of the helium liquifving related
equipnents (at the supplier’s
facility)

1.4.5 Delivery, installation of the SUPPLIERS 18 - 28
equipment CCGST/UNIDO
D.1.5. OQUTPLT 3

A computer capability in terms of man-power trained and
equipment available to perform all the specialized computational tasks
needed  for process nodelling, simulation, control, design and
optimisation, equipment dJdesign, computerised process control  and
expart  system development. The facility will be completed and fully
cperational 24 months before the project ends.

Activities Regponsible Started./end
parties Months
1.5.1 Preparation of computer hardware BHPV/ 3 -6
and software specifications. CCGST/
UNIDO
1.5.2 Construction of the building BHPV 6 - 18




1.5.3 International bidding & selection UNIDO/ 6 - 12

suppliers for equipment BHPV/
CCGST
1.5.4 4 engineers of BHPV/CCGST UNIDO g8 - 16

undergoing fellowship training

of 4 months' duration each in
computer based process modelling,
simulation and optimisaticn, expert
system development, computer based
plant and eguipment design and
process control

1.5.5 Delivery of computer hardware SUPPLIERS 14 - 18
and software CCGST/UNIDO
1.5.6 On-the-job training, lecturingj UNIDO/CCGST 24 - 18

and demcnstration by internaticnal
experts and carrying out of
planned, specific development work

D.1.6. OUTPUT 6

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

Activities Responsible Started/end
parties Months
1.6.1 Carrying out developmental CCGST staff/ 30 - 48
project activities Intl. Experts
1.6.2 Preparation of reports CCGST staff 3¢ - 48
D.1.7. OUTPUT 7

At least 230 industry staff trained in various aspects of
cryogenic air liquifacticon/separation such as process control, process
optimisation, trouble shooting, operation and maintenance.

Activities Responsible Started/end
parties Months
1.7.1 Training and demonstration of CCGST staff/ 36 - 48
industry ztaff by experts. Tntl. Fxperts

____._____—_-_.-_-_-__.—_—___.—.__-_-—_._.._..-___.__-___—_—--—-——-—_—_.—_—_—.————_
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E. INPUTS

1. Government inputs

1.1 Personnel

The following are the national personnel who will be engaged
in the implementation of the project. Maoreover, BHPV will provide the
logistic support services required by international consultants
assigned to the project.

- 1 Director 48 man-nmonths

- 2 Deputy Diresctors 96 man/months

- % Departmental Managers 252 man/months

- 40 pProfessicnals 1820 man/months

- 60 Technicians 2380 man/months

- 1 office Staff 192 man/months
TOTAL "1768 man/months

1.2 Training
In-plant training /demonstration for Rs 150,000
industry personnel in cryogenic
technology.

1.2 Eguipment, building and consunable materials

The following are the inputs to be procured by BHPV for the
specific  purpeses of this precject. News buildings, and laboratories
equipment/inskrumnents and pilet plant facilities will be made
available.

Rs in Lakhs (apprx. USS
cgquivalent)
- Building constructicon and cther 207.5 (1,200,000)
~ivil engineering works
- Equipment 657.0 (3,870,000)
- Materials for experimentation, 91.2 (550,000)
other consumables and office
equipment
- Maintenance and miscellaneous 27.8 (160,000)
expenses
Total 983.5 (5,780,000)

14




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.

For all Outputs

11-01 Chief Techknical Advisor - Expert In
Cryogenic Technology

11-53 Consultant in Techno-Economnic
_Evaluatien of Chemical Processes

For Output 1 (Cryogenics)

11-02 Expert in Heat Transfer in
Crycgenic Processes

11-03 . Expert in Mass Transfer in
Crvogenic Processes

11-04 Expert in Process Control and
Optimisation in Cryogenic Processes

11-05 Expert 1in Process Instrumentation
in Cryogenic Processes

11-06 Expert in Process Design of Air
Lignifaction/Separation Equipment
and Plants

For Output 2 (Adsorption Separation)

11-07 Expert in Prccess Design and
Contro! in Adsorption Gas
Separation

11-51 Consultant in Zeolite Chemistry and
Production

For Output 3 (Membrane Separation)

11-08 Expert in Membrane Gas Separation
Technolegy
11-52 Consultant in Inorganic Membrane

Chemistry and Production

11-53 Consultant in Organic Membrane
Chemistry and Production

(X8

co




For Output 4 (Helium cryogenics/support Laboratory)
Mainly 11-01/11-02/11-03
For Output 5 (Computer Support Capability)

) 11-09 Expert in Computer-based Modelling 6
of Chemical Processes

11-10 Expert in Computer-basad Process 6
Central in Chemical Processes

For Output 6 (Development Projects/Reports)
All experts/consuitants
For Output 7 (Trained Industry Persannel)

All experts/consultants

Total : 92
2.2 Suakoontracts o
{See Annex VI fer de=tails)
2.2.1 Subcontract for Cryvogenic Air $ 350,000

Liquifaction/Separation Pilot Plant

2.2.2 Subcontract for Adsorption Pilct $ 180,000
Plant
2.3 Training

2.2.1 Fellowships

(See Annex TIT for details)
Output 1 (Cryogenics)
10 f£211ows/2 nonths each/in 3 specific fields 20 m/m

Output 2 (Adsorpticen Scparation)

4 fellows/2 months each/in 2 specific fields 8 n/n

Output 2 (Membrane Separaticen)

4 fellows/2 months earh/in 2 specific fields & m/m

output 4 (Helium eryvogenics/support Laboratory)

2 fellows/1 month each/in the field of helium 2 m/m

liquifaction

Output 5 (Computer Support Capability)

4 fellows/4 months ecach/in 2 specific fields 16 m/m
Te:tal: %4 n/m
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2.4 Equipment

2.4.1 Expendable equipment $ 80,000

standard Gases; adsorbents:;
membranes; documentation/data
acquisition

2.4.2 Non-Expendable equipment $ 990,000

(See Annex IV for details)

F. RISKS

Risk Factors: nature and level Measures envisaged to deal

of risks and possible impact with risks

1. Factors which coulid affect the immediate project objective
The most critical issune for BHPV/CCGST already has
suceeding in transferring considerable in-house expertise
the desired technclogies 1is and specific elements of the
to obtain access to these technology can be obtained from
in the industrialised sources other than the
countries, where the respective enterprises. This is
technology 1is "contrclled” the reason for utilising the
by relatively few services of individual,
enterprises, which can be specialised expert instead of
expected to be reluctant to including expertise and
divulge internal know-how training as integral part of
and proprietory the subcontracts. It is very
information, be it in the likely that under the Tworst
form of making available case scenario” atleast 39% of
expertise, accept frllows the requested technclegy will
for training or be willing be possible to transfer through
te Eid for subcontracts. : the project.

2. Factors which could affect the achievement of the develcpment

ohijective

No risk factor exists in this regard in the light of the already
developed state of the technology at BHPV.

G. PRIOR OBLIGATIONS AND PREREQUISITES

It is ecritical to the successful implementation of the
Projcct that the Government (BHPV - CCGST) prévide the forseen inputs
intime, namely construction and completion of the new
buildings/facilities, provision of the cquipment, hiring the personncl
for CCGST and providing the necessary operating budget ( See Anneces
ViTl,a,b,c and d4).
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H. PROJECT REVIEW, REPORTING AND EVALUATION

(a) The project will be subject to tripartite review (joint review by
representatives of the Government, UNIDO and UNDP) at least once
every 12 menths, the first such meeting to be held within the
first 24 months of the start of full implementation. The National
Praject Director shall prepare and submit to each tripartite
review neeting a Project Performance Evaluation Report (PPER) .
Additionz! PPERs nay be required, f necessary, auring the
project.

(b) A praject ternminal repcert will be orepared for sonsideration at
the rorminal tripartite roview mecting. Tt shall be prepared in
Arvsfh sufficiently in  advance to sllew  review and  technical
clearance by the Governnent exocuting  agency aand  the CN
associating  agency (UNIDO) at least four months prior to the
terminal tripartite review.

(¢) The prcject shall bhe subicct to midtern technical and monitoring

evalunaticn 18 months after the start of full implementation and
to end esvaluation 3 months Lefore termination. The organization,
terms 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 the instrument referred to as such
in Article 1 of the standard Basic Assistance Agreement between the
Government  of India, and the United Naticns Development Programme
signed by the parties  On 306th  Ostobeor 1959, The host country
implonenting 3g00TY s%all, for the purpese of the Standard Basic
Assistance Agreement, refer ts the Government cooperatling agency
doscribed in that Agreement.

The following types of revisions may bz made to  this proisct
darument with the signatare of ths UNDP resident represcibative only,
A

provided i or she  is assured that the other signatories of tha
prejost Jecumant have oo shicctians te the proposed changes:

(a) Revizicns in,  or addition of, any of thc annexes of the
project document.

(b) yavisions whick do not involve significant changes in the
immediate  ahjectives, outputs or antivities of the project, bhut arc
caused by  the rearrangement of inputs already agreed to ov by c¢ost
increases due te inflation; and

() Mandatory annual revisions which rephase the delivery of

agreed project inputs or increased expert or other costs due to
inflation or take into account agency exprnditure flexibility.

18
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ANNEX II

Schedule of project reviews, reporting and evaluation

The project will be subject to periodic tripartite reviews,
evaluation and performance repcrting in accordance with the policies
and procedures established by UNDP for monitoring and evaluation of
project and programme implementation.

The following is the tentative schedule for tripartite and
terminal  tripasrtite reviews, project eorformance reporting and
evaluation:

Type of reviews Dates of reviews
1st Project Performance evaluation report May 1992

1st Trip;}tite review meeting June 1992

2nd Project Performance evaluation report SJanuary 1993
Mid-term technical and menitoring evaluation February 1993
2nd Tripartite review meeting October 1993
Draft project terminal report Novenmber 1993
Terminal tripartite review meeting/evaluation March 1994
Project terminal report ' June 1994




ANNEX

IIT

Training programme

Post title/duration

Number of fellcocws

1.1.4 Heat transfer/Cryogenics

1.2.4

1.3.4

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

Process control/cryogenics
- 2 fellows, 2 months each

Process instrumentstion/
Cryagenics
- 2 fellows, 2 months each
Process design/cryogenics
2 fellows, 2 months each

Mass treansfer/adsorption
- 2 fellows ,2 months each

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

Physico chemistry of membrane
gas transimission.
- 2 fellows ,2 menths each

Process design,control and
instrumentation/membrane gas
transimnission.

- 2 fellews, 2 months each

Helium liguifaction operation
- 2 fellows ,1 month cach

Computer based process modelling,

simulation and optimization
and expert system development
- 2 fellows, 4 months each

Computer based plant and equipment

design and process control
- 2 fellows, 4 months each

Each fellow will acquaint him
or herself of the various

topics/aspects related to the
specific technology of his/her
field of specialization as re-
flected in their respactive

fellowship titles. The follow-
ing are examples of topics of

training, as applicable to the

respective fields of speciali-

zation:

- theoretical aspects of the
technology or technigques 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-
lopment trends




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
cryegenics, air separation by 1iquifaction/distillation, adsorption
and membrane separation, including an ability to carry out
investigations at the lowest possible crycgenic temperatures and to
carrysut comgputer based modalling for plant and process design and
scale-up.

Estimated cost

(USS)
al Menbrane technoloav:
1. Hydrogen CORpressor 40,000
2. Flow regulators 15,000
b) Heat transfer laboratory
3. pPressure and differential tranducers 20,000
3. 12 channel dip measuring system 15,060
with chart recorder
5. Data acquisition system with software 25,000
<) Verv low temperature arvagenic laberatory
6. Helium liquifier 300,000
7. Helium gas bag purification systen 30,000
8. Helium leak detector 50,000
9. Residual gas analyser 70,000
10. Storage/transportatiorn vessel for 50,000
liguid helium.
11. Gas chromatograph-microprocessor coupled 25,000
d) commuter Hardware/software 23560,0600
Miniconputer-multi station; graphic
terminal, A0 size plotter, data
logger system, computcr—instrunentation
interface, system software, atc.
( VAX 6210 or equivalent)
Total: 990,000

{9
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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 respective
fields of specialisations. The differences will be only in their
qualifications and Jduration of assignments. These are separately
described below. 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 Project Director, will be

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,
publications, data, etc.) relevent to the field which are in
his/her possession (and 1involve no added costs for the
consultant);

4. Assist in experimental work and demonstrate relevant
technigues, thus providing on-the-job training for the
national staff.

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

The specialist censultants required by the project insluding
their respective qualifications and forszen Jduration of their
assignments is described in the following. For all experts/censultants
good command of English is mandatory.

to
w




Duration Number
m/m of Split
missions

11-01 Chief Technical Advisor-Expert 1in
Cryogenic Technelegy 12 5

Duties --Advise gsn: Preparation of
subcontracts TORs ; equipnent
specifications; design/iayout of
the new facilities; selection of
experts; development of programmes
to be carried out; co-crdination cf
experts' activities-- in addition
pe;forn the duties above as expert
in his field of specialisation.

gualifications: University degrec
in ~hemnical or nechanical
engineering, with extensive
experience in - industrial air
separation plants and other

"fgon1” fields. R&D experience 1in
cryogenic techknology de evelopmernt,
particularly at pilst plant level
highly desirable.

11-02 Expert in Heoat Transfer in
s

o
Cryogenic processes

|
3]

oualificaticas: University degree

in chemistry or chemical engi-

necring; extensive research/deve-

lopment exparience in cryeogenic
. heat transfeor phenomens.

i1-63 Expert 1 Mass Transfer in Cryo-.
ic processes

(W8 ]

Qualifications: Univpvqi*y degren 8
in echemistry or chepical engi-

necring; ,.tcnsivg research/deve-

lopment. experience  in  cryogenic

mass transfer phenomena.




11-04

11-05

11-06

11-07

11-08

Expert in Process Control and
Optinmizaticon in Crvogenic processes

Qualificaticons: Iniversity degree
in chemical c¢r mechanical engi-
neering, with 2xtensive experience
in process control in air liqui-
faction plants; R&D experience
highly desirahle.

Expert 1in Process Instrumentation
in Cryogenic E ocesses

Qualifications: University dagree
in chenical or nechanical oY
electrical/eclestronici engineering;
extensive exparience in process
contro instrumentaticn  in air
liquifaction plants; R&D experienc
highly desira"le.

Expert in P s Desiqgn of Air
n

—_

Ligquificatio
and plants.

Qualifications: University degree
in chemical and mechnical
engineering; extensive experience
in the design of air liquification
and separation equipment and
plants; R&D exparisnce highly
deosirable.

Expart in Process Design and
Control in Adsorption Gas
Sepatration.

Qualification: TUnversity d=zgrce in
chemical engineering; extensive
axperience in adsorption gas

separation technoleoyy ot the RAD
and’/or productiocn level.

Expert in Membrane Gas Separation

Technology.

Oualification: CUnversity dagree in
chemistry or chemical  angineering;
extensive experience  in memhrane
gas separation technology at the
R&D level.

tJ
93

W
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11-09

11-10

11-51

11-52

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 modeliing
of sryvogenic processes highly
dasirable. :

Expert in computer-based Process

Contral in Chenmical Processes

oualification: Unversity degree in
physics or physical ~hemistry or
chenical engineering; extensive
experience 1in process control
instrunentaticn in chenical
processes including instrument-
computer interfacing; experience in
air ligquifaction/separation
processes highly desirable.

Consultant in Zeolite Chemistry and
Production

Consultatnt in Inorganic Membranes
Chemistrv and Production

Consultatnt in Organic Membranes
Chenistrv and Production

Consultatnt in Techno-Economic
Evaluation of Chemical Processes

“d



ANNEX VI

Terms of Reference (TOR) for subcontracts

There are twc separate subcontracts forseen under the
project document. The complete 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
(UNTDO) . The format 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 performance standards to be met by the equipment;
the conditions of guarantee of performance and workmanship; the
training suppcrt 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-up, demonstration and training 1in operations.
The following highlight c¢nly the main items c¢f services and goods to
be provided by the subcontractor. The cost estimates are given for
perusal to the parties of this project dccument exclusively and not to
be communicated to the bidders.

A. Subcontract for cryvogenic air liquifaction/separation pilot plant

1. Object of subcontract

To establish a complete self-contained pilot plant facility
fer studving air separaticn technology, including all the required
instrumentation and pericheral hardware , according to the following
specifications:

a) suitatle for the production of =2ither high purity cxygen
and/cr nitraogen in any combination of liguid/gaseous
products (02/%X2 = G/5, G/L,L/G,L/L);

b) a mininum capacity of 200 Kg/hour of 99 % purity oxygen
(liguid or gasasus) under continuous oparating conditions;

) the desired internal diameter (tray diameter) is 1 nmetre
and a column height to hold upto 59 trays;

1) the column should have visual cbservation ports on at least '
3 locations (bottom, middle, top) and be equipped to fix
temperature/pressure gauges on sufficient locations needed
for development of work. Sampling should be possible at
every fifth tray;




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

2. Provisions by the Government of India

The Government will provide the air compressor required for
the liquifaction of air and will fakricate the column according to the
subcontractor's drawings, specifications, and manufacturing
instructions.

-
>

3. Geods to be supplied by the subcontractor

The subcontractor will supply all equipment such as heat
exchangers, top condenser, expansisn turkbines, CO2 analyzer fittings
and control mechanisms not available in India, reguired for the
successful cperation cf the facility, as specified in the
subrontractor’'s engineering and installation design and
specifications. This should include esszntial spave parts for 2 vesrs
of operation and specialized tools needed for maintenance.

4. KRnow-how and documentaticn

The contractor shall provide technical documentation as

follows:

a) material, dimensional, fabrication and all other required
specifications and  decumentaticns for the fabrication and
assembly of the distillation column;

) Zetatled  layout  and caonstructicon speaifications for the
installatiorn and 2guipment/instruments;

<) detailed spacifications and layout for all service
facilities reguired in the operation of the
equipment/instruments (e.g. electrical supply and cable
routing, lighting and earthing, starting from the mnain
swit<h point;ete.);

1) operational and maintenance manuals for all
cquipnent Jinstruments supplied, including for  start-up,
continuacus sparations, preventive maintenance and

calibratian.

(]
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5. Services to be provided by the subcontractor

shippin
transpo
provide
fallowi

The subcontractor will be responsible for the packaging and

g all the equipment supplied to ensure damage free
rtation and delivery. Furthermore, the subcontractor will
the services of experienced specialist to perform the

ng:

a) assistance durirg the fabrication of the distillation column;
1) installaticn of the eguipnent;
) start-up operations;
d) demonstration runs and training of natisnal staff in
operations,maintenance and related calibrating procedures;
2) training in any techniques reguired for trocvble-free
eperation and use of equipment/instruments.
6. Cost estimates (for internal use only) Estimoted Cost
(s $)
- Equipment and spare parts for 2 years 459,000
- Shipping and handling 10,000
- Documentation and engineering services 50,000
( 1 person for 2 months)
- Assistance during the fabrication of the colunn 20,090
- Installation and training of personnel 20,650
(2 persons for saz menth) . TTmETEOATT
TOTAL: 550,000

a. Su

Leontract for the Adsorption Piletb Plant

. o]

ject of subcentract

includi

for s
aceordl
a)l
b)

To establish a cemplete, self-contained pilot plant facility
ng all the required inetrumentation and peripheral hardware,
tndying air separation technology by adsorption process,
ng to the follawing specificaticons:

3 adsorption vesscls interlinked in such manner that air or
ather gases can be put through in any desired scquence.

vessel  dimensions should ba:

- height 3 meters
- diameter 1 meter.




c) visual observation port should be located at 3 places on
each vessel (botitom, middle and top)

d) instrumentation ports for temperature and pressure
measurement and for sampling of gas shculd be provided as
specified by the subcoontractor.

2. Provision by the Government of India

The Government will provide the air compresscr and will
fabricate the adsorption vessels according to the subcontractor's
Arawinygs, specifications and manufacturing instructions.

2. Goads to be supplied by the subcontractor

- L

he subeontractor will supply all equipment and <2ontrsl
nechanisms  ao available in 1India, reguired for the successfal
operation cof the facililty, as specified in the engineering and

installation design and specifications. This should include a1l the
required permanently installed as well as portable control, mneasuring
instruments and hardware, such as contrel valves, nass flow meters,
oxygen, CO arnd €02 analysers, 21l centent meters, leak detectors ete.

This should alse includ“ essential spare parts cr 2 vyears of
opertatisn and spacialised tools needed for maintenance.
4. Know-how and documentati

The contractor shall provide technical and scientific
docunentation as follows:

a) matarial, dimensional, E bricatisn and all othar require:d
speaifirzations and documenta tiﬁnq for the fabrication and
assenbly of the aﬂsorptloﬂ pllot plant;

b3 Jetailed  lay  ocut and construction specificaticons f£21r  the
irstallation of the equipment/instruments;

) specificaticns and  laveut  fo: all service

ies required in the speration af tha

2+ Minstruments (c.g. clectrical  supply and cable

suting lighting and earthing, starting from the main

switsh wmoint;  conpressed air supplies;  running or chilled

water supply; =tc.)

A1) cpavational and maintenanca manuals for all

cquipnents/instrunents  supplied,  including for stort-up,

continuous operations, preventive | maintenance and

calibration.




5. Services to be provided by the subcontractor

The subcontractor will be responsible for the packaging and
shipping all the equipnent supplied to ensurre damage free
transportation and delivery. Furthermore, the subcontractor will
provide the services of experienced specialist to perform the
fallowing: .

a) installation of the equipment;
b) start-up coperaticns;
c) Jdemonstration runs and training eof rational staff 1in

operaticns, maintenance and related calibrating procedures;

d) training in any techniques requived for trouble-free
operation and use of equipment/instruments

6. Cost estimates (for intarnal use only) Estimated cast
(uss)

-Equipment and spare parts for 2 vears 120,000

-shipping and handling 5,000

-Documentaticn and engineering services 35,000

-Installation and training of personnel 20,000

(2 persons forr 1 month) mmmmTmoommes




ANNEX VII a

COST ESTIMATE FOR
CEVTRE FOR CRYOGENICS AND GAS SEPARATION TECHNOLOGY
IN PREMISES OF BHPV

(sg.m) Rate (Rs.in

1. Administrative Puilding

(Ground floor,First Flocr) 1568 32730.00 58.80
2. pehumidified Building. A/c 260 2000.00 7.20
2. Instrumentaticn Room. A/fc 388 2000.00 5.76
4. Cryo lab (without EOT
. crane) A/c shed 432 1500.00 £.48
5. Pilot Plant (with 3T EOT

crane) 744 1600.00 26.89
6. Work Shop 744 2600, G0 2¢.80
7. Distillation Pilot Plant

(civil works only) LS 0.50

8. Ancillary buildings like
security cffice, parking

sheds etc. LS 4.00
9. Roads - 730 m LS 3.00
10. Boundary wall - 450 n LS 2.70
11. External water supply

and sewage LS 2.00

12. External electrical

services & internal

power distribution LS 1.50
13. Site leveling,area

development &

Horticulture LS 4.50
14. Air conditioning
Plants 3500 m2 LS 30.00
. 1%. Dehumidification & Ac
, Plants LS 8.C0
16. Interior decoration of
’ computer ,conference room LS ) 5.00
- 17. Street Lighting,telephones
and Public address system LS 2.00
Sub Tctal 207.50




ANNEX VII b

LIST OF MACHINERY AND EQUIPMENT TO BE PROCURED
UNDER GOVERNMENT INPUT FOR
CENTRE FOR CRYOGENICS AND GAS SEPARATION TECHNOLOGY

S.NO Specification of oty Approx.
eguipment. cast in
Rs in Lakhs

1. Adsorption pilot plant :
1.1 Fabricated equipment such as

adsorption column,storage LS 10.60

vessels etc.
1.2 Air Compressor 1 5.00
1.3 Vaccun Punps 1 2.00
1.4 Electrical eguipment LS 1.00
1.3 Civil works LS 2.5%0
1.6 Controllars (Microprocessor based) LS 2.60
1.7 Activated Alumina cothers LS 2.00
1.8 Manual valves, fittings LS 1.09
1.8 Pressure switches,pressure

gauges LS .50
1.10 Flcwmeters LS 0.25
1.11 Blowers 2 2.09
1.12 Refrigeration Unit 1 2.50
1.13 Molecular Sieves LS 4.50
1.14 Mercury Perosity mater 1 6.00
1.15 Personal Computer 1 1.50
1.16 Miscellaneous LS 2.7%

sul: Total 45.50

2.0 Membrane separaticn process
2.1 Fabrication equipment such as

columns,piping ete. LS 8.00
2.2 Membranes LS . 4.50
2.2 Zirconium Oxygen Analyser 1 1.50
2.4 Hydrogen Analyser 1 3.00
2.5 Blowers LS 3.00
2.6 Microprocessor contrellers LS 3.00
2.7 Control Valves LS 2.00
2.8 Dressure gauges,thermocouples ete. LS 2.00
2.9 Manual Valves,sample valves etc. LS 1.50

33
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Fiow meters
Electrical equipments
Civil Works

Personal Computer

Sub Total
Beast Transfer

prazed Aluminium Exchanger

Fakrinated equipnments,

Strucrures etc.

Rotary egquipment

Instrumentation & controls
{(oragrammble)

Flaw meters & othors

Flow characterisaticn rig

civil works

Suk Total

Distillaticn Pilct Plant

Oxygen Analyser

Central Valves

Fabricated equipment such as
columns,piping etc.
Electrical eguipment

civil Werks

Pressure gauges

Erection hardware

Pressure switches
Temparature switches
Temparature Thermometers
Pressure Thermometers

Level Indicators/controlleirs
Flew meters

Field instruments

Air Compressor

Misecllaneous itens

sub Total
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5.0

Cryogenic Laboratory

5.1 Diffusion vaccum pumping
system 1 10.50
5.2 Prcision weighing machines &
- Heating ovens LS 3.00
5.3 LPG Supply systen 1 4.00
5.4 Polorograph 2 3.00
- 5.5 Polorometer 1 1.00
5.6 Mcisture Analysers LS 1.00
5.7 Metler balances 2 0.80
5.8 Prcgranmmble temparature
controllers LS 6.00
5.9 Selecter switches LS 0.1%
5.10 Thermostats LS 0.39
5.11 Perscnal Computer 1 1.50
5.12 Vasuum fittings,gauges,
gauge leads filters etc. . LS 4.50
5.13 Cryostats : LS 15.00
5.14 1Infrared Gas Analyser 1 4.50
5.15 Test rig for cryegenic
adsorption and purificatiorn
Columns LS 9.00
.16 Laboratory Distillation unit
with accesories LS 12.00
5.17 Nitrogen Liguifier 1 25.30
5.18 Miscelaneous -- 2.00
Sub Total 103.55
6.0 Computer Facility
6.1 Terminals 3 0.60
6.2 PC's XTs 3 4.50
. 6.3 Furniture LS 0.50
. 6.4 Vacuum cleaner 1 0.10
6.5 Computer stationery LS 2.50
Sub Total 8.20

7.0 Data Centre

Data centre will .ave one file server and a special
purpose PC AT of desk top publishing which will be
housed in the Library.




7.1 File server Pc At with EMB 1 3.0C
memory with 200 MB (formatted)
fixed disk for files,color
monitor with EGA, printer and
facility for 16 users.
- 7.2 pPC AT for desk top publishing 1 4.00
300 dpi 8 ppm laser printer,
microsoft mouse and EGA.
7.3 PC AT for mathmatical modelling 1 3.00
and computational analysis with
300 dpi 8 ppm laser printer,
microsoft mouse and EGA.

7.4 S'ide making attachment te PC. 1 1.50
7.5 overhead prajectcr attachment 1 1.50
for PC.
7.6 Perscnal computers for Director 4 £.00
adminisraticn, data centre and
planning & training.
7.7 Voltage stabilisers,isclaticn LS 2.00
transfermers, floppies, ribbons,
ctce.
Sub Total 22.00

8.0 Library and Technical Services
8.1 Photo Studio equipment 1 set 0.50
2.2 Ampcenia printing machine ! 0.20
2.3 Slide preparatiocn Unit 1 0.50
5.4 Bocks & techmical jacurnals ete. LS 4.00
8.5 Furniture LS 2.00
8.6 Plain Paper Reader Printer,
and micro fiche reader LS 12.00
- , Suh Tatal 17.20
. T
" 9.0 CAPITAL EQUIPMENT FOR WORKSHOP
9.1 EOT Cranes 1 £.00
c. High Precision lathe 1 5.00
J.3 Milling Machine 1 4.00
9.4 Radial drilling Machine 1 2.580
9.5 Power saw 1 1.00
9.5 Shearing Machine 1 3.00
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9.18
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10.1
10.2
10.3
10.4

10.5
10.6
10.7
10.8

Sheet rolling Machine
TIG welding Machines
Rectifiers & Generators

Surface grinding machine
Cvlindrical grinding machine
Pedestal grinders

Battery truck

Welding positicners, rotators,
surface plate, measuring
instruments, yortable grinding
machines, bench vices,hand
shearing machine, portable

drilling machine, toocls such
as hand taps, machine taps,
drills, try squares etc.
Weighing machine

Hydraulic testing machine
Electric furnace

Hydraulic press

Pipe bending, sheet bending
machines

Sub Total

CTILITIES

Project vehicle diesel pick up van
Water coolers

Pedastal fans

Telephcne 20 line exchange

with board

Refrigerator

Intercom 24 lines

Time clocks punching

Generator (30 KW)

Sub Total

Grand Total

37
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1.00
3.00
2.00
2.00
2.00
1.00
1.00

4.00
0.50
2.09
2.69
2.900
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ANNEX VIII

PROJECTED BUISINESS OF CRYOGENIC PLANTS (1990-2000aD)

Rs in crores

L]
s Steel Modernisation 500
- {Tonnage Oxvgen Plants)
Steel Revamping (Tcrnage
Oxygen Plants) 200
Petrochenical (Xitregen,Oxvgen
HPX Plants) 60
) Small Oxygen Plants 10
Fertiliser Plants (Purgs Gas, X2,
Argon Recovery) 80
Space Oriented (Space Chambers) 200
Gas Sales 50
Others Like Transportation
Storage Vessels and CBC etc. 120
Refineries (HPN) 10
01l Exploration 20
PSA & Membrane Plants 209
1450
»
LJ
»
: -
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