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ALTERNATIVE FOOD PROCESSI~G EQUIP~ENT STUDY FOR THE IeDS PROJECT
CODHRA GUJARAT ST~TE, INDIA

JANUARY, 1989

BY Ronald E Trlbelhorn

SUMMARY

ObJ ectl 'e

OffiCials with LS·\ID and GOI concluded that little hope eXisted in

resolving how to handle an importation tax assessed to e~trusion equipment

whiCh they wish to import into India for the Integrated Child Development

Services (ICDS) project USAID was unable to pay the tax because of

internal regulations and the Government of India did not have sufficient

funds to pay the tax Because of an importance to maintain proJ ect

momentum, they deSired to know what alternatlve(s) might be available to

replace the previously recommended Insta-Pro extruders and still achieve

the goal to produce a supplementary weaning food in Godhra A request was

made for technical assistance to assist in solving the current problems

with an Objective of providing the USAID and the GOI with a series of

processing alternatives that could replace the Insta Pro extruders

specified for the Panchamahals District supplementary food processing

plant These alternatives would provide a basis for the selection of a

new process and provide a planning document for the project

Procedures

Reports and documents supplied by USAID were read during the aSSistance

period to gain an understanding of the project and inSight into the extent

to WhiCh the eXisting problem had been addressed Briefings at the USAID

office and Ministry of Human Resource Development (MOHRD) were held to

further define the problem from an administrative level Site ViSitS to

Godhra, Baroda, Ahmedabad and Bhopol vere made to ViSit the plant Site

manufacturers of extruder eqUipment state government offiCials and an

operating eAtrusion processing plant respectively Information was
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col_ected dur1ng these V1S1ts to develop and SUppolt the COPC1US10PS ,pd

recommendat10ns of the study

Process1ng Alternat1ves Cons1dered

Pr1mary emphas1s of the study was placed on find1ng e~trusion processing

technolog\ within India to maintain an obJecti,e for the Godhra plant of

producing wean1ng foods, snacks and flngel foods Since the Godhra plant

bUlldirg had been completed with the e,ceptlon of t~e plocesslng area and

because most of the equipment had been ordeled Substitute plocesses fOl

the extruders had to fit w1th1n the eXisting process design and bUilding

Other factors used to evaluate alternatives 1ncluded capital cost time

requ1red to 1mplement an alternat1ve, operat1ng cost capab1l1tles and

llm1tations to make products, and comple~lty of operat1on

~lternatives considered sUitable for use 1n the Godhra plant and WhlCh met

the evaluation criteria 1ncluded

1 Insta-Pro Extruders - The original equipment selected for the plant

was included in the alternatives analyzed as a baS1S for compar1son

and because some possibillties eXisted to resolve the 1mportation

tax issues and proceed w1th the or1g1nal project plan

2 Ind1genously Made E~truders - A manufacturer of e~truslon equ1pwent

and anCillary equ1pment to support the extruder \las located in

I n d1a The company had background 1n fabr1cation of e'truder parts

and dec1ded to bUlld the1r own verS10n of a r.;renger t,pe extruder

Two models having a capaclty of e1 ther 250 or 800 kg/hr ... ere

available from the company An extruder w1th the lower capac1tv was

being used to make TVP 1n Ind1a Reports from the users indlcated

that the extruder was making sat1sfactory product, but experle~clng

some mechanical problems

The two d1fferently slzed extrudels gave fle~lb111ty in selecting

opt1ons to replace the Insta-Pro e~truders and m-eet production

rqu1rements for the Godhra plant One option ~ ould be the selection
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of ope large capaclty e~truder and the second would be to ins~ull

from one to four of the smaller e'truders ~dvantages of uSlng thiS

equlpment lncluded local avallabllltl of parts and technlcal bacKup

processlng fleAlblllty ln fOlmulatlons and hlgh quallty products

A prlmary dlsadvantage for these options was the additional capl~al

requlred to implement them in the plant

3 ~oastlng/Grlndlng/Ml~lng - ThiS technolog} ~as developed in Ipdla

and currentl, used ln se\eral plants throughout the couptrv

lncludlng a plant ln Chandrapur ~hlCh lS part of the IeDS project

The large base of eAperience wlth thiS technology coupled with the

cost to lmplement lt made lt a vlable alternative to consider ln the

study The prlmary dlsadvantage for thiS alterpatlve was the

lnablllty to manufacture textured and shaped snack or flnger foods

4 Brady Extruders - The Brady extruder has been used extenslvelv to

manufacture weanlng foods ln other countries plus lt is currently

used ln Indla to heat stablllze rlce bran Ad\ antages for

conslderlng the Brady as an alternative lncluded the capital cost

ease with WhlCh lt could be lnstalled ln the plant process llne and

a potential for the unlt to be made in India ln the future Prlmary

disadvantage for the unlt was the lnability to make anythlng other

than a ground weaning food and some concern about recent changes to

lts deslgn and the effect on operatlon uSing cereal based

formulatlons

Conclusions

It was concluded that a method to pay the taxes for lmportlng the

extruders has delayed the implementation of the Godhra plant USAID lS

unable to pay the duty and the Gor has no funds avallable and wlll not

walve the import tax for the project Therefore, it was necessary to

explore other processlng alternatlves to enable the project to contlnue

There was no clear understanding of what the tariff for an extruder should

be Slnce rates were reported dlfferent dependlng on the source
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Both lmported and lndlgenous e ..... truslOn equlpment was found sUltable to use

In manufacturlng weanlng food, snacks, and finger foods Impol ted

extruders such as the Insta-Pro have the advantage of m~n~m~z~ng the

amount of mod~f~cat~on requ~led to the plant desIgn They reduce the

uncerta~nty of produc~ng a satlsfactory product cont~nuously, are the

cho~ce of process by proJ ect pelsonnel staff and off~c~als ~n the

project and they are low cost TheIr ma~n dIsadvantage IS the

requIrement of ~l!'portatlon ta:xes Techn~cal bad.. -up and replacement p3rts

are not readllv access~ble w~thout ~mportat~on

Ind~genously made extruders requ~re some mod~flcat~on to the ex~st~ng

plant layout ~n order to ~ncorporate them ~nto the plant H~gh qual~ty

products can be made w~th these e"\.truders at hIgh mo~sture contents

necess~tat~ng some dry~ng of the products Costs for the local extruders

are h~gh due to the need for anc~llary equ~pment such as steam generators,

dryers, add~tlonal con'Teyors, and upglades for other equ~pment to support

the extruders ~d_antages ~nclude the ab~llty to make all types of foods

spec~f~ed for the plant SInce the extruders are made ~n Ind~a access

to parts and techn~cal backstopp~ng are ava~lable

Roast~ng/gr~ndlng/mlxlPgwas also a technology that could be used In the

Godhra plant To Implement the technology only roastIng and heatIng

equ~pment would ha_e to be added All other anc~llary equIpment such as

m~xers etc IS ava~lable to support the roaster Advantages of us~ng

the roastIng process Include lower capItal cost, It IS made ~n Ind~a and

a large amount of experience eXIst to support the technology The ma1n

disadvantage of thIS process ~s a llm~tat~on ~n flex~blllty of products

other than a cooked relatIvely ~nsoluble flour whIch hydrates only w~th

some bo~llng In water

The analys~s of alternat~ves Ind~cated that the most attract~ve

alternat~ve {ould be the roast~ng process Th1S alternatIve mInIm1zes

capItal cost and l1'aXIl1'IZeS the use of 1ndlgenous technology The premIum

pa~d for USIng thIS technology 1S the Inab1lIty to make snack and flnger
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foods and the process1.ng of a weaning food with llm1.ted functional

propert1.es The second most attractive alternative requiies PUic~lse of

the Insta-Pro extruders The premium paid for this opt1.on is the cost of

duty (Rs 938,000) S1.nce USAID w1.ll buy the equ1.pment cons1.derat1.on

m1.ght be g1.ven to wa1.v1.ng the duty 1.n wh1.ch case no prem1.um 1.5 pa1.d for

th1.S opt1.on

The prem1.urn pa1.d 1n uS1.ng aT' 1nd1.genously made e'\{truder wh1ch enables

teach1ng product1.on goals was found to be an add1t1.onal Rs 2 200 000 when

compared to the Insta-Pro e~trudels and the uncerta1.nty assoclated w1.th

select1.ng equ1.pment that has 11.ttle track record

Recommendat1.ons

It was recommended that the project cont1.nue to work towards an

operat1.onal plant 1.n Godhra and to resolve the current importat1.on

problem The need eX1.sts 1.n the Panchmahals d1.str1.ct for a product1.on

fac1.l1.ty to support the food component of the IeDS project Abandon1.ng

the 1.nvestment 1.n the plant of up to Rs 3,000,000 would not be pract1.cal

Abandon~ng the project would also stra1.n relat1.ons between groups

part1.c1.pat1.ng 1.n the project

It was recommended that the duty be pa1.d or a method found to wa1.'e the

duty for the purchase of the Insta Pro extruders The uncerta1.nt I on what

the actual assessment m1.ght be compl1.cated resolut1.on of the 1.ssue

El1.m1.nat1.ng the tax requ1.rements from the proJ ect would resul t 1.n the

least cost for the Government of Ind1.a, State Government of GUJarat, and

USAID It would permlt the purchase of the Insta Pro e'\{truders g1. T1.ng the

qU1.ckest and most sat1.sfactory method of ach1.ev1.ng project goals for the

plant

In the absence of a resolut1.on on the 1.mportat1.on ta'\{ issue 1. twas

recommended that the least cost 1.nd1.genous technology wh1.ch 1.S loastlng
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be 1nstalled 1n the plant It Nas also recommended that cons1delatlon be

glven to the 1nd1genous extrus10n technology eqUIpment 1f and only If the

project 1S unable to Implement eIther of the Insta-Pro or roast1ng

technology alternatIves

It was recommended that a f01mulation for the wean1ng food be establ1shed

to enable a rapid start up of the plant once eqUIpment were ln place

There had not been any fIrm decIs10n on the formulatIon that would be used

1n the plant The lack of a formulation complIcated the evaluation In

selectlng a SUItable alternatIve process IdentIfIcatIon of a formulat1on

In the near future would permIt some prelIminary testIng prIor to start­

up of the plant regardless of the process selected It was also

recommended that a study be carried out to determIne how an optional

roasted weaning food could be made ThiS recommendatIon was also made In

the Harper Jansen report and repeated In thIS report to reInforce the

Importance of these tests Changes to operatIng parameters or the

formulatIon may have to be made to achIeve satIsfactory results
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ALTERNATIVE FOOD PROCESSING EQUIPMENT STUDY FOR THE IeDS PROJECT

GODHRA, G~JARAT STATE, INDIA

JANUARY, 1989

BY Ronald E Tr~belhorn(l)

1 0 BACKGROUND

In 1975, the Government of Ind~a (GOI) launched a p~lot program to meet

the health, nutr~t~on, soc~al, and educat~onal needs of pre-school

ch~ldren (1) The goals for th~s program were

1 Improv~ng the nutr~tlonal and health status of chlldren 0-6 years

of age

2 Laylng foundat~ons for proper psycholog~cal, phys~cal, and soclal

development of ch~ldren

3 Reduc~ng lnc~dence of mortall ty, morb~d~ty, malnutr~tlon, and school

drop-outs

4 Improvlng unl ty among var~ous government departments to promote

ch~ld development

5 Enhanclng capab~llt~es of mothers to look after normal health and

nutrltlonal needs of ch~ldren

Through efforts by the GOI and State Governments, this program, known as

the Integrated Chlld Development Serv~ces (ICDS) has ~ncreased ~ts

(1) Author ~s a Research Assoclate, Department of Agr~cultural and

Chemical Engineer~ng, Colorado State Un~verslty, Fort Coll~ns, Colorado

80523
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benef~c~ary levels dur~ng the past 13 years and now serves appro~lmately

1 952 blocks of populat~on w~th each block conta~ning 100,000 people

The project was des~gned with elements of supplementary feeding, pre

school educat~on, ~mmun~zat~on, health check-ups, referral serVlces

nutr~t~on and health educat~on and non-formal educat~on of women

The Un~ted States Agency for International Development (USAID) ~n an

effort to assist the ICDS proJ ect granted funds of $10,000 000 and

guaranteed loans up to $7,000,000 to develop a comprehensive approach to

alleviate ch~ld malnutr~t~on through supplementary feeding programs

nutr~t~on educat~on, and health serv~ces Funds were specif~cally

earmarked for techn~cal ass~stance, tra~n~ng research food processing

plants, project mon~tor~ng and evaluat~on Some funds were also

comm~tted to use for furn~ture, equ~pment, staff and operating expenses

Two d~str~cts served by the ICDS proJect, Chandrapur ~n Maharashtra State

and Panchmahals in GUJarat State were selected as locat~ons to implement

the USAlD funded project By l~m~t~ng the populat~on served by the

proJ ect to the above locat~ons prov~ded food and serv~ces could be

properly suppl~ed

1SAlD ass~stance to the lCDS project allocated funds to set up Ready-to­

eat (RTE) food processing plants in each of the benef~ciary districts

To ass~st in the select~on of an appropriate technology for these plants

Drs Judson Harper and G Richard Jansen from Colorado State University

provided techn~cal assistance ~n July/August 1985 The result of their

efforts was a feas~b~l~ty study (2) wh~ch recommended spec~f~c processlng

technolog~es for each plant locat~on The se1ect~on was based on a

rev~e'W of ava~lable technolog~es ~n Ind~a and on the specific food

requ~rements ~n each d~str~ct

The study showed that both roast~ng/grinding/mixingand extrusion were

appropriate technologles for use In the ICDS project scheme Advantages

and disadvantages of each technology were described in the report and no
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clear advantage was seen for one system o,er the other Both were low

cost from an ~n~t~al ~n,estment standpolnt and prOCE'SSlng costs were

found to be s~m~lar Interest ~n both technolog~es was eVldenced by

d~fferent groups ~nvolved w~th the project therefore a recommendatlon

was made to ~nstall both systems In Indla It was recommended that a

roastlng/grlnd~ng/m~xlng process would be utll~zed In Chandrapur

Maharastra State and that extrus~on would be appropr~ate for a plant In

Godhra CUJarat State

2 0 BACKGROL~D FOR SELECTION OF I~STA-PRO EXTRUDER

The problems addressed ~n th~s study center around the extrus~on process

selected for the Godhra slte Background lnformat~on on extruslon and

the clrcumstances that led to the selectlon of th~s technology lS glven

at th~s t~me for reVlew Harper and Jansen descr~bed the advantages of

extrus~on as

1 Capable of produc~ng a pre-cooked cereal type product that makes

smooth " 1nstant" gruels su~table for feed~ng lnfants

2 Requlrlng m~nlmal handl~ng of materlals from raw lngred~ents through

packaglng, thus produclng a hyglen~c product

3 Capable of produclng RTE snacks and f~nger foods w~th a var~ety of

shapes, Slzes tastes and textures

D~sadvantages also descr~bed ~ncluded

1 Extruders requlred lmportatlon In the absence of ~ndlgenous sources

for thlS type of equ~pment

2 Susceptlb~llty to plugs dur~ng t~me of power fa~lures necess~tatlng

down tlmes to clean machlnes

The Kalra Dlstrlct Cooperatlve Mllk Producers Unlon, Ltd had proposed

a Low-cost Extruslon Cooker (LEC) based process to produce RTE foods at
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the Godhra Sl te The proposal was a result of th1S group's pre\ lOUS

lnvolvement wlth LEC machlnery and specifically the lnsta-Pro extruders

Because of the experience With LEC and lnsta-Pro extruders along wlth

certaln capabliltles of the lnsta-Pro to make shaped flnger foods a

recommendatlon was made to use thlS technology ln Godhra

3 0 CURRENT PROJECT STATUS

In 1987 the roastlng/grlndlng/mlxlng plant began operatlon mostly

produclng Sukhada, a sweetened cereal legume blend The plant has been

operatlng successfully Slnce thlS tlme wlth only mlnor problems due to

equlpment breakdown The slte was not vlslted

Progress towards the establlshment of an extruslon processlng plant ln

Godhra has not been successful Procedural problems ln procurlng the

spec1f1ed Insta-Pro extruders have arlsen due to a need to be imported

from the Unlted States GOl regulatlons for lmportatlon of foreign

equlpment speclfy that an lmportatlon tax of 140% be assessed

Responslblilty for the payment of thlS lmportatlon tax has not been

resolved USAID has money avallable to purchase the equlpment, however,

lS unable to expend money for lmportatlon duty or other taxes due to

agency regulatlons Slnce USAID cannot pay the tax the burden falls

upon the State Government of GUJarat and/or the GOI, nelther group having

sufflclent funds to make the tax payment A substantial amount of time

has passed durlng WhlCh efforts have been contlnuously made to find ways

of paYlng the tax or galnlng a walver of taxes To date, no resolution

of the problem has been achleved

Requests to resolve the problem have also been made by the Panchmahals

Dlstrlct Cooperatlve Milk Producels Unlon, Ltd ThlS group has agreed

to erect a bUlldlng to house the extruslon plant, operate the plant and

serve as the admlnlstrators for the selectlon and purchase of local

equlpment To date the bUlldlng has been flnanced and erected and the
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maJor1ty of equ1pment ordered An 1nvestment of Rs 30 lakhs (Rs 15=$1)

has been reported as e~pended for the bU1ld1ng plus Rs 10-12 1akhs for

equ1pment, the latter be1ng te1mbursable from USAID

The large investment and erection of the bU1lding reptesents a firm

comm1tment to the project by the Panchmaha1s M1lk Producers Un10n They

feel that unnecessary expense 1S be1ng 1ncurred by the1r company due to

1nvestment costs and non-use of the bU1ld1ng The result has been a

wan1ng interest in the project

Officials with USAlD and GOl do not see any immediate Solut1on to the

current extruder purchase and importation tax problems and conclude that

little hope eXists for the importation tax to be either waived or funded

by the Government Because 1t 1S 1mportant to ma1nta1n the current

relat10nship w1th the da1ry group and the momentum of the proJect, they

now deSire to know what alternat1ve(s) might be available to replace the

Insta Pro and st1ll achieve the goal to produce a supplementary weaning

food in Godhra A request was made for technical assistance to evaluate

variOUS alternat1ves The following summarl.zes activit1es of this

assistance

4 0 STUDY OBJECTIVES

The obJect1ve of th1S study 1S to provide the USAID and the GOI wtth a

series of processing alternat1ves for the Panchamahals D1strlct

Supplementary food process1ng plant that m1ght be used in place of the

Insta-Pro extruders These alternat1ves would prov1de a bas1s for the

select10n of the process and prov1de a planning document for the project

To meet these obJect1ves, several tasks were assigned by USAlD
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1 Study supporting teports of the project to become famillar with the

project and ratlonale for the plant deslgn and potentlal solutlons

for the Godhra plant

2 D1SCUSS wlth USAID and Gal offlclals the problems associated wlth

plant constructlon and completlon

3 ReVlew the avallablilty and sUltablllty of lndlgenous technology for

produclng local weanlng foods to determlne the best alternatlve(s)

for the plant

4 V1Slt the plant slte at Godhra, to survey the status of the plant

and equipment lnstallatlon and dlSCUSS with officlals potential

changes to the plant

5 0 APPROACH TO WORK ASSIGNMENT

The study was completed in several phases (1) report reView, (2) slte

V1Sits, and (3) analysls and report writlng

5 1 Report Review

Reports and documents supplled by USAID were read during the asslstance

period These lncluded the USAID Project Paper (1), the report by Drs

Harper and Jansen (2) and several flles of correspondence and reports

durlng the last few years whlch addressed the eXlstlng problem Thls

lnformation was useful ln understandlng the project and galning Lnslght

Lnto the extent to whlch the eXlstlng problem was addressed

5 2 Site ViSitS

The study perlod began with a brleflng at the USAID offlce conducted by

Mr Samaresh Sengupta Also attendlng were Mr Spencer Sllbersteln and

Mr Y P Kumar Followlng thlS brieflng a meetlng was held with Mr

Ashok Slnha, Deputy Secretary of the Ministry of Human Resource

Development (MOHRD), Gal Also present were Mr Suman Nayar and ~r K L

Gupta, both Under Secretarles, MOHRD
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S~te v~s~ts to Godhra Baroda Ahmedabad and Bhopol were made to ViSit

the plant s~te, manufacturers of extruder equipment, state government

offlc~als and extruslon processlng plant respectlvely Informatlon ~as

collected durlng these V1Slts to develop and support the findings

presented ~n thlS report

) 3 Analysls and Report Wrltlng

The report ~as completed ln New DeIhl All data collected were analyzed

and approprlate concluslons a"1d recolIunendatlons were made

6 0 GODHRA SITE VISIT

A trlp was made to Godhra to reVlew the status of project actlvltles

there and to dlSCUSS with Panchmahals Distrlct Cooperative Mllk Producers

Unlon personnel, reasons for the evaluatlon addressed ln thlS document

lts obJectl es and potentlal solut~ons for solvlng the extruder

lmportatlon problem

Personnel from the Mllk Producers Union expressed concern about any

bUlldlng modlflcatlons WhlCh may be requlred to acconunodate changes

necessltated by lnstallatlon of alternatlve processlng equlpment to the

Insta-Pro extruders The crlterla that was belng used to determlne lf

an alternatlve lS sUltable were explained enabllng personnel to see that

any selectlon would not requlre bUlldlng structure modlflcatlon Only

reposltlonlng of equlpment would be required to accommodate any

alternatlve Any concerns about thls and other lssues were resolved by

the end of the V1Slt

The bUlldlng was lnspected durlng the V1Sit

my observatlons of the facll~ty

The following sununar~zes

1 The bUildlng was appro"-imately 90% complete

processing area was left to complete

The floor in the
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2 Overall, constructlon and the flnlshed surface appeared to be

sU1table for a food processlng plant

3 There appeared to be no w1ndow screens on the bUlldlng openlngs,

however, these can be 1nstalled later

4 Some of the storage area was belng used to warehouse materlals for

other processes at the slte

5 Only a small amount of equlpment was avallab1e at the slte Major

pleces of equ1pment were not avallable for lnspectlon

In summary, the Mllk Producers Unlon has done a good Job to date of

ensur1ng the a sUltable enclosure for the food factory 1S ln place

7 0 ALTERNATIVES CONSIDERED

Drs Harper and Jansen studled and reported on a number of technolog1es

cons1dered sUltable for processlng RTE foods 1n the ICDS project The1r

analys1s narrowed the selectlon, leadlng to a recommendatlon to use both

technologles as a means of maklng RTE foods and enabllng an evaluatlon

of the most appropr1ate process1ng technology to prollferate ln Indla

In keep1ng wlth the Harper and Jansen recommendatlon of placlng an

extrus10n process ln Godhra, prlmary emphasls was placed on flndlng thlS

type of process1ng technology wlthln Indla as a Solut1on to the current

problem It was assumed that extruslon would be the only sUltable

processlng equ1pment that would enable the manufacture of a weanlng food,

snacks, and flnger foods and thus, meet obJect1ves for the Godhra plant

Only as a fall back sltuatlon would other processlng technlques be

considered

Slnce the bUlld1ng has been completed wlth the exceptlon of the

processlng area and because most of the equlpment has been ordered any

Substltute process for the extruders must flt wlthln the eXlstlng process
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design and bUilding Processes that would require eAceSS1ve mod1ficatJOn

to the equipment layout or to the bUilding were considered inappropriate

Other factors such as capital cost, tlme requlred to lmplement, operat1ng

cost capabilitles and limitations to make products, and complexity of

operatlon were also used to evaluate alternatives

~lternative A - Insta-Pro Extruders

Descrlptlve Information

The Insta-Pro extruder lS a dry type extruder operatlng optlmallv 1n the

mOlsture range of 12-18% (wb) The extruder accepts dry granular

materlals and wlthout the addltlon of steam or heatlng Jackets 1S able

to produce expanded, cooked, and shaped pleces Generally, no drylng 1S

requlred subsequent to extruslon, however a1r cooling 1S necessary to

conditlon the extruded product for grlnding when maklng a wean1ng food

Under certa1n conditlons, some drying may be necessary to make snacks or

finger foods

Rationale for Selection

Reasons for selection of the Insta-Pro as an alternatlve have been

presented by Harper and Jansen Rat10nale for 1nclud1ng the Insta-Pro

ln thiS study include

1 PreVlOUS studles have determined that thls extruder represents the

optimum equ1pment selectlon to satisfy processlng requlrements 1n

the Godhra plant

2 No modificatlon to the orlginal plant deslgn or equlpment flow would

be required

3 The cost for the Insta-Pro alternative gives a bas1s to compare

other alternatlves

4 Offlclals and project personnel stlll feel the Insta-Pro extruder

1S the optimum Solut1on to the1r process needs
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7 1 3 Implementatlon of Alternatlve

The purchase of lnsta-Pro extruders represents the least amount of

modlflcatlon work and the shortest tlme perlod between now and plant

start-up of any alternatlve Slnce the deslgn was based on the lnsta­

Pro extruder, no modlflcat1on to the process deslgn would be requlred to

1mplement the alternatlve

7 1 4 EconomlCS of Alternatlve

The last lnformatlon lndlcatlng the cost for two Insta-Pro Model 2000

extruders was a quotatlon dated July 29, 1986 At that tlme, the cost

for each extruder wlthout duty and 1ncluslve of cost, lnsurance and

fre1ght (ClF) , Bombay was U S $54,200 or a total of U S $108,400

Addlng a 15% lncrease for 1nflatlon would make the current est1mated cost

for the two mach1nes approxlmate1y U S $125,000 (Rs 18 75 1akhs)

USAID has funds to cover the cost of purchaslng the two mach1nes As

ment10ned ear1ler, an est1mated duty of 140% was antlclpated for thlS

equlpment It should be noted that dur1ng the consultancy Vlslt, the

F1fth Internatlona1 Food EXposlt1on - AHARA/ INDIA PACK 1989 was v1slted

One of the exh1b1tors, showlng lmported extruslon equlpment, Indlcated

that a varlatlon of the lmportatlon tax eX1sted that speclf1ed a speclal

tarlff rate for certaln Imported food processlng equlpment of 35%

Extruders of cereal products fall wlth In thlS category and therefore,

lf th1s varlatlon lS valld, the antlclpated cost for lmportatlon of the

Insta-Pro extruders would be conslderably less than orIgInally

antlclpated

Efforts were made to determlne the actual duty rate by readlng government

regulat10n books on lmport tarlffs The deta1ls ln these books were not

speclf1c enough to 1dentIfy a classlf1cat1on for extrusIon equ1pment

lead1ng one to bel1eve that any deC1S1on on tar1ff charged 1S dependent

on the customs off1c1al consulted An approxlmat10n of 50% for the

tarlff was estImated from Interpretatlon of Informat1on ava1lable In

these books Because of the uncertalnty 1n select1ng a clasSlflcatlon
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and in understanding if there were any special rulings, additional

clarification needs to be made to ascertain the exact tariff for the

extruders

Based on a 50% importation tax, the cost for the Insta-Pro extruders

would be as follows

1 2 Insta-Pro 2000 extruders Rs 1 875 000

2 Importation ta},. at 50% 937,500

3 Total Equipment Cost 2,812,500

4 Installation 10,000

5 Total Alternat~ve Cost Rs 2,822,500

7 2 Alternat1ve B - Spectoms Eng1neering, Ltd Extruders

- 2 1 Descript1ve Information

Spec toms Engineer~ng, Ltd, Purshottam Estate, BahucharJ1 Road, Baroda,

GUJarat State has recently (w1th1n the last two years) begun fabr1cation

of an extruder and supporting anclilary equlpment The deslgn lS based

on a Wenger X-25 extruder Certaln ancillary equ1pment, such as a dryer

des1gned to be compat1ble w1th the extruder, 1S also manufactured by the

company

ThlS company has been maklng replacement parts for the AInul Dairy

extruder for the past eight years They have been fabrlcat1ng mostly

wearable parts such as the screw and barrels for the extruder as well as

other parts as requ1red ThiS work helped them to gain experlence and

knowledge in extruder parts manufacturlng Based on thlS exper1ence the

company has deslgned, fabrlcated and sold an extruder to a prlvate food

process1ng company to make textured vegetable prote1n (TVP) Th1S

extruder has been 1n operat1on for one year Data were not ava1lable from

the extruder manufacturer on 1tS operat1ng performance
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A l~mlted number of test runs have been made on the above mach~ne uSl~g

cereals blended w~th legumes as raw mater~als Samples from these r'ms

were ava~lable for exam~natlon and were found to be un~form ~n expans~on

degree of cook and s~ze The te,ture of the extrudate was s~m1lar to

most cereal products extruded at hlgh mo~sture and moderate temperatures

Spec toms ~nd~cated that the mater~als were extruded wlth1n the mo~sture

range of 28 - 32%, but the d~scharge temperatures were not known To

ut111ze the extruder for cereal process~ng further testlng and

opt~m~z~ng of extruslon cond~t10ns would be requlred to assure des1rable

product characterlst1cs The operat~onal mo~sture range of the extruder

appears to be large enough to permlt a drler extrus~on and h~gher

expanSlon, but tests would be requ1red to conflrm thlS fact and the role

these changes would play on physlcal nature of the f1n1shed product

Spectoms 1S now worklng on a des1gn slm1lar to a Wenger X-175 plus

anclilary equ~pment to support the extruder 1n an effort to prov1de a

range of extruder capac1t1es A un~t 1S currently be1ng bU1lt for Nobel

Soya House 1n Bhopol who also own and operate the small extruder

mentloned earl1er for mak1ng TVP

Spectoms sells the extruders complete w1th feeder, precond1t~oner

cutter, and dr1ve AnC11lary equlpment such as steam generator un1ts

must be user purchased, however Spec toms w~ll ass~st ~n thelr selectlon

Add~t~onally, the company offers a llne of dryers to watch the capaclty

of thelr extruders These dryers use a system heat exchanger (Steam

tubes) and are conf1gured for three pass operatlon, the th1rd pass be1ng

a cooler

The company also makes a 11ne of an1mal feed mllls, pellet m1lls

cont~nuous bak1ng plants for cook1es and blscu1ts, corrugated storage

tanks, salt 10d1zat10n plants, as well as other spec~al1zed equ1pment

upon request
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Table I g~ves more spec~f~c ~nformat~on on the extruders and anclllarv

equ~pment

Table I Informatlon on Spec toms Extruslon Equlpment

,
Lnlt Slze Des~gnat~on Small Largel.

2 Capac~ty kg/hr 150 - 250 650 - 800

3 Rp\l 360 360

.... LID 12 12

5 PO,oler supphed, kW 50 Unknown

6 Extruder Cost(l), Rs 800,000 1,800,000

7 Dryer 450,000 1,600,000

8 Steam generator 200,000 550,000

9 Ipsta11at~on 150,000 300,000

(1) Extruder, feeder, precond1t~oner, cutter, dr1ves

Unhke the Insta-Pro, Wh1Ch ~s a dry type extruder (12-18% wb) the

Spec toms extruder operates wlth1n a h~gher m01sture range (18-35%) The

h~gher mo~stures necess~tate prOV1S1on for m01sture removal after

extrus~on to assure dry product S~nce the extruder operates l~ke a

Wenger, steam lS requ~red to ass~st ~n cook1.ng and control of the

extruder The net result ~s a more compl~cated yet more versat~le

process than the Insta-Pro extruders

In order to more fully understand the operat~on of the Spec toms extruder

~n actual cond~t1ons,

House, Ltd They

a tr~p was made to Bhopol, to V1.S~t Nobel Soya

have been operat1.ng the small extruder for

approx~mately one year, generally 8-10 hours/day, to make a TVP product

wh~ch ~s sold to the GOI for use ~n m~lltary foods Also they have made

shaped foods for use as pet foods and a few products for human use wh1.ch

were made from cereals ~n comblnatlon wlth legwnes Informatlon on
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product~on of the cereal based ptoducts was not ava1lable Slnce data were

not recorded dur~ng the tr1als

TVP 1S extruded at a rate of 150 kg/nr and a temperature of 90 lloac

Expans10n and te... tur1zat1on of the product was good Nobel Soya

personnel Judged e"\.truder made TVP product as nonun1form Ploduct made

~n the extruder and e'..am1ned dUllng the V1S1t did not ha_e a suffiCient

amount of unlform1ty variation to be of concern It is pocmal to

e'\.perlence var~atlon in the extruded TVP p1eces even when uS1ng the best

of equ~pment, therefore the degree of nonun~form~ty exper1enced in TVP

production should not be a concern for either Nobel Soya or for cereal

based products to be made 1n the Godhra plant Plant staff 1nd1cated

that the extruder could produce very cons~stent products from the same

lot of soy flour, however, var~atlons in product qual~ty were common when

uSing d~fferent lots of the raw material Cons~stency e_aluat1ons were

based on results from m01sture, bulk density, NSI, water absorption and

m~crob~olog~cal plate count determ~nat~ons

~a~ntenance of the Nobel Soya extruder has been done on a routine bas~s

however, the frequency of repa~r and extent of parts replacement was not

known The screw was replace once s~nce start-up ind~cating a falrlv low

wear resistance of the metallurgy The "worn" screw ..,hen exam~ned did

not appear to be worn sufficiently to mer~t replacement The e cept10n

'Nas the conical screw section at the end of the screw The con1cal

section showed Significant wear and ..,as reported to be replace after 200

tons of production

Some mechanical problems were also be1ng exper~enced with the extruder

The primary problem was a need to frequently serv1ce the bearings

supporting the extruder screw It was reported that the rear bear1ng

becomes loose with operat1on causing the screw to have an eccentrlc1ty

Lpon 1nspect~on, 1t appeared the problem was due to a lack of exact

tolerances for the bear1ng f1t Solut1ons to the problems were
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dlscussed Other TUlnor problems ha'\ e been e" perlenced but could be

sol~ed without major cost or down tlme to the plant

Overall, ~obel Soya House was pleased with the extruder, its operation

and ablllty to make theu TVP product The company confirmed theu

lntent to purchase a larger unit from Spec toms in the f'tture

Ratlonale for Selection

Indigenously made equipment has been a primary requlrement for most

projects in India Given the deSire to have extrusion in the Godhra

plant coupled with the indigenous fabrication requirement make thiS

alternative worth strong consideration Upon closer analysis, several

advantages can be identified including

1 Hlgh quality extruded products can be manufactured Better control

of the product quality with regards to solubility and dlsperslbillty

for a weaning food, and texture, shape, and Size for finger foods

can be achieved than with the Insta-Pro

2 Flexibility in formulation eXists The nature of the extruder

permits cooling and heating as required, making it posslble to

extrude a number of products not possible with extruders that

operate under drier conditions

3 Locally made in Indla The extruder lS made locally mak1ng access

to replacement parts and technlcal backup read1ly accesslble (d1thln

75 km of the Godhra plant)

Dlsadvantages of this alternative may be summarized as follows

1 It needs to be demonstrated that the Spec toms extruder w1ll

sat1sfactor1ly process raw materlals selected for the wean1ng food

Slnce only TVP has been made on the extruder cont1nuously

Therefore, there 1S a certaln r1sk 1nvolved w1th thls alternatlve

by assumlng a sat1sfactory product can be made
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2 The hlgher mOlsture extruslon necessltates the purchase of

addltlonal equlpment such as a bOller, dryer, etc whlch lncreases

the lnlt1al investment and to a mlnor extent operatlng costs

3 Some mod1f1cat1on to the eX1sting process layout would be required

to ut1llze thlS mach1nery

4 Upgrad1ng of some equlpment already In place or ordeled mav be

required to be compatlble wlth e~truder requirements

There appears to be two optlons with1n thiS alternative WhiCh may be

sUitable for replaclng the two Insta-Pro extruders As prescribed by

Harper and Jansen, the Godhra plant would requ1re a capaclty of 6,600

MT/year Based on the manufacturer claims, the larger Spectoms extruder

would provide enough capacity to meet the anticipated production goals

of the project If the larger machine lS capable of 800 kg/hr, then 344

days of continuous production would be requlred at 100% efflciency to

reach the productlon target The above efflclency may be unreallstlc and

an 80% efflclency could be assumed WhiCh would allow productlon of 5 300

MT for the year The additional quantlty of food (1300 MT) mlght be

achieved by adding milk powder, sugar, or other preprocessed foods after

extrusion

It should be noted that the capaclty for the Spec toms extruders was based

on TVP productlon Typlcally, extruders have lower capacl ties tolhen

making TVP then making cereal/legume blends It can be antlclpated that

the actual production from the extruder mlght be higher for the weanlng

food product than 800 kg/hr Th1S fact would have to be determlned

through addit10nal test1ng

The large extruder would permit productlon from one machlne Whlle one

machine makes the operatlon more sens1tive to down tlme of the extruder,

it lS no more sensltlve than down tlme caused by any other plece of

equ1pment 1n the extruslon llne Advantages of one extruder over

multlple unlts include fewer malntenance problems, less lnventory of

parts and unlformlty of product It 1S posslble to have considerably
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d~fferent products from two e,truders running side by side uSing the same

raw mater~als unless careful attent~on is pa~d to the~r operation

D~fferences can be attributed to operator error and/or improper

ma~ntenance to name a few causes A s~ngle extruder operat~on mln~m~zes

these problems

A second opt~on ~s multiple Spectoms small extruders It is estimated

that fOUL small e,truders would be requ1red to meet the capac1ty of the

plant Cost for th~s opt1on can be m1nim1zed through purchase of the

larger dryer and bo~ler un1t ava1lable as opposed to several small units

7 2 3 Implementat~on of Al~ernat1ve

Implementat10n w~ll be d1scussed w1th respect to the two opt1ons w~thln

th1s alternative Slnce each has spec1al requ1rements

Opt1on I - Large Extruder

Installat10n of the larger extruder would be relat1vely slmple s~nce it

could be 1nstalled ~n the same locat~on as that planned for the Insta­

Pro extruders ~n the plant PrOV~Slon would have to be made ~n the

des1gn to accommodate the dryer and bo~ler un1ts A sketch of the

process1ng area as or~glnally des1gned is shown in F1gure I Figure 2

g~ves poss1ble changes for the plant layout 1f the larger Spectoms

extruder 1S selected

~TIile Figures I or 2 are not deta~led draw1ngs, effort was made to block

in processing sect~ons of the plant as noted (to scale of I cm = 1 m)

Headloom ~n the plant ava1lable for ~nstall~ng the extruder 1S 4 meters

and therefore does not present a problem With plant layout changes due

to equ1pment changes The spec~f1ed surge tank above the extruder could

be used to feed the large extruder and one down spout could be

el1m~nated A means of convey~ng the extrudate to the dryer would have

to be prov1ded A belt conveyor would be the best choice for thiS

process step F~nally the dryer could be ~nstalled as shown w~th some

means prov~ded to move the cooled matelial to the grinding/blending area

~lore study and plann~ng of the plant layout w1th respect to required



26

char>ges to accornmodate the Spec toms equlpment m1ght 1esult 1n 1. rrore

efflClent use of eXlstlng space ln the process area than that proposed

ln the accompanYlng drawlngs

Option 2 - ~ Small Extruders

Flgure 3 glves an ldea of how the four e~truders mlght be placed ln the

processlng area Agaln, Slze and floor area requlrements for the

machlnery were estlmated and more efflclent use of floor area mlght be

found through careful plannlng The prlmary changes requlred for thlS

conflguratlon are

1 Indlvldual surge tanks for each extruder wlll be requlred and must

be purchased

2 A means to convey and dlstrlbute raw materlal to each surge tank 1S

requlred

3 A conveyor to move the product from the extruders to the dryer would

be requlred Preferably, a belt conveyor would be used for thlS

appllcatlon

4 A dryer/cooler unlt would be necessary

For both optlons, the horlzontal pellet cooler and posslbly the pneumatiC

COnVeYlng equlpment between the cooler and the extruder would become

unnecessary and could be sold or used for some other applicatlon in the

plant

7 2 4 Economlcs of Alternatlve

Costs for the equlpment as est1mated by Spec toms Englneerlng are llsted

in Table I The estlmated cost for equlpment and changes requlred to

implement the two optlons of th1S alternatlve are summarlzed ln Table II

Costs for conveyors, surges etc were

avallable on the Godhra plant equlprrent

added to the to tal to lnsure funds are

estlmated from lnformatlon

A contlngency cost of 5% was

avallable for upgradlng or
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modlfylng e'Clstlng equlpment to ,uab..e It compatlblE. ,nth the E''l.truder

Input or output requlrements Installatlon cost Has based on estlmates

glven by Spectoms plus addltlonal amounts were added to cover une~pected

costs The estImate for Installatlon was consldered to be hlgher for

the small e'l.truder due to the mult~ple Installatlon of utllltv llnes ~nd

equlpment fOl t~e plant

Table II - Estlma~ed Cost of T~o Optlons In Altervatlve B

4 Small E'l.tludersItem

1 E'Ctruder

2 Dryer

3 BOller

4- E'l.truder/Dryer Conveyor

5 ';'ddltlonal Surge Tanks

6 'llscellaneous Conveyors

Electrlcal

g Contlngency (5%)

Q Total Equlpment Cost

10 InstallatIon Cost

11 Total Option Cost

Large E'Ctruder

Rs 1,800 000

1,600,000

600,000

60,000

100,000

208 000

4,368 000

350,000

4,718,000

Rs 3,200 000

1,600,000

600,000

180,000

120 000

30 000

225,000

297 000

6 253 000

500 000

6 753,000

'3 AlternatIve C - One Spec toms Small E'l.truder

- 3 1 Descrlptive InformatIon

~nlle AlternatIve B proposed two vlable optlons for the plant the cost

to Implement them was found to be hlgh Alternatlve C examlnes what can

be purchased from Spec toms Engineerlng assumlng that the budget IS

llmlted to the sum requlred to purchase the Insta-Pro e'l.truders before

Importatlon tax For a technIcal descrlptlon on thls alternatlve see

Alternatlve B, SectIon 7 2 1
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7 3 2 Rationale for Selection

The extruslon equlpment manufactured by Spec toms Englneerlng meets

crlterla for belng sUltable for lnstallatlon ln the plant and is made in

Indla Slnce the econom1C analys1s 1n section 7 2 4 resulted in high

costs there may not be suff1c1ent funds ln the project to purchase one

of these alternat1ves Another approach would be to determ1ne what

allocated funds could buy

A m1nlmal system for the plant that could be purchased from Spec tOIT'S

would be an extrus10n line uS1ng only one small extruder The advantages

for select1ng one small extruder are

1 Malnta1n the obJect1ve of uS1ng extrus10n ln the plant

2 Stlll prov1des an optlon to buy local equ1pment if lmportatlon 1S

found unsultable

3 Locally avallable parts and technlcal back-up

4 The purchase cost would stay w1thln budget

The prlmary dlsadvantage of thlS alternatlve would be a reductlon to

about one-fourth that of the deslgn capaclty speclf1ed by Harper and

Jansen US1ng a throughput of 250 kg/hr and 80% eff1c1ency over 344

days, only 1,650 MT of processed materlal would be produced It might

be poss1ble to formulate the product so that the extruder production

would represent, for example, 50% of the product1on ThlS productlon

could be supplemented by addlng elther preprocessed food 1tems to bring

the capac1ty of the plant to approx1mately 3,300 MT per year Wh1le thiS

1S not 1deal capacity, lt stlll enables productlon to begin 1n the plant

7 3 3 Implementatlon of Alternatlve

Assumlng that the small extruder and anc1llary equ1pment would be

purchased for the proJect, the mod1flcatlons requlred for lnstaillng thiS

equlpment would be no dlfferent from those requ1red ln Alternatlve B for

the slngle large extruder The only dlfference would be ln the floor

space requlred to accommodate the machlnery
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- 3 4 Econom~cs of Alternat~ve

Cost for t~~s altelnat~ve lS estlmated below

lower due to smaller scale equ~pment

In general the cost ~s

1 E...... truder

2 Dner

3 Steam Bo~ler

4 E......truder/dr~Ter Conveyor

5 Adalt~onal Surge

6 "1~scellaneous Conveyors

7 Electrlcal

8 Contlngency (5%)

9 Total Equ~pment Cost

10 Installat~on

11 Total ~lternat~ve Cost

Rs 800,000

450,000

200,000

60 000

75,000

1,585,500

150,000

1,735,500

- 3 5 D1Scusslon

It should be pOlnted out that ~f the project ant~clpates fundlng

add~t~onal equipment for future expansion it may be worthwhile to

cons~der some long term plans WhiCh would govern purchase of certaln

equlpment at th~s t~me Options for consideration m~ght be

1 Systematlc add~tlon of new small extruders to lncrease capaclty

PrO~ls~on should be made to accommodate these purchases by

lnstalllng larger conveyors, dryers, etc durlng the ~n~t~al stage

of the project rather than addlt~ons ln the future Conslderable

sav~ngs would be realized over the long term

2 Replacement of the small extruder with the larger extruder Agaln,

it may be appropriate to purchase a larger dryer, bOller, and

conveyors during the initial stage rather than in the future
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Alternatlve D - Roastlng/Grlndlng/'1l'\.lng

Descrlptlve Informatlon

Drs Harper and Jansen determlned that the roastlng/grlndlng/ml'\.lng

process was sUltable for use in making RTE food products They also

determlned that the addition of cleanlng, destonlng and grlndlng

equlpment would enable the process to accept whole grains for roastlng

The current process flow for the e~truslon plant pro'ldes ~ultable front

end equlpment to clean, destone dehull, grlnd, and mlX raw materlals to

feed to a roaster Addltlonally, a number of process steps e'\.lst ln the

deslgned extrusion process llne such as contlnuous coollng further

mililng for Slze reduction, and blendlng WhiCh would be complementary to

the roasting process

7 4 2 Ratlonale for Selection

Attempts have been made to flnd alternat1ves that would replace the

Insta-Pro extruders w1th other extruslon equipment The extruslon

optlons avallable are llmlted so other types of processlng need to be

considered The most sUltable is the roastlng/grlndlng/mlxlng

alternative Advantages for thiS process include

1 The technology is indigenous making parts and technical back up

available

2 The project personnel lS familiar wlth the technology and products

lt can make

3 A mlnlmal amount of modlflcatlon would be requlred to lnstall and

use the roastlng technology

4 The cost for th1s alternatlve 1S low

There are some dlsadvantages ln selectlon of th1s alternatlve

lncludlng

1 It needs to be demonstrated that the roastlng/grlndlng/ml'\.lng

technology can make a sUltable weanlng food wlth good solublilty and
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dispers1bil1ty Some risk 1S taken 1n assuming that the technology

can make these foods satisfactorily

2 Foods such as snacks and hnger foods can not be made with the

process

3 Roast1ng typically makes a product with lim1ted solubility and

conta1ning gr1tty particles when hydrated 1n water The gritty

nature of the product may llmit the use of the product to older

ch1ldren

7 4 3 Implementation of Alternative

Sufficient room eX1sts in the bU1lding ~o accommodate the roasting

process The roaster could be installed in place of the extruders at an

appropriate height so that the d1scharge from the roaster could be eaSily

conveyed to the cooler The process flow for the extruder 11ne 1S shown

1n F1gure 4 and the line w1th the roaster 1S shown in F1gure 5

Spec1f1c modif1cations required to implement thiS change 1nclude

1 A means of distributing the raw flour to the two roaster units

2 A heating system to supply energy for cooking to the roasters

3 Transitions and miscellaneous items to aSSist in the collection and

removal of the cooked products from the roasters

4 An upgrade for the horizontal cooler would be necessary to

accommodate the finer particles required for the process

7 4 4 Economics of Alternative

Based on the deSign of the Chandrapur plant and the estimated

reqUirements to install the unit in the extrusion line, an estimate of

the costs for implementing this alternative ln the Godhra plant can be

made

1

2

3

Stainless steel roaster

011 fired heatlng system

Distributlon system for raw materlal

Rs 300 000

380,000

45 000



32

4 Trans~t~on and M~scellaneous 105,000

5 Cooler upgrade 250 000

6 Cont~ngency (5%) 49,000

7 Total equ~pment cost 1,029,000

8 Installat~on 90 000

9 Total Alternat~ve Cost 1,119 000

7 5 Other Alternat~ves

Two other alternat~ves were pursued dur~ng the ~nvest~gat~on wh~ch

potent~ally meet the spec~f1c cr1ter1a used to def~ne those mentioned

above

7 5 1 Brady Extruders

Brady Extruder Corporat~on has a large project ~n the Punjab State ~n

wh~ch the~r extruders are be1ng used to heat stab~l~ze r~ce bran

Brady's manag~ng group ~n Ind~a Food Technology Inc (FTI) franch~ses

extruders for use ~n stab~l~z~ng bran, but does not sell mach1nes for

th~s use

Some effort has been made by personnel ~n the project to contact FTI, but

only a l~m~ted amount of correspondence could be found No clear

ev~dence ex~sted ~n ava~lable documentat~on to ~nd~cate that FTI would

sell ehtruders or was mak~ng the extruders locally Attempts were made

to contact FTI however, the Manag1ng D~rector had left Ind1a and no

other ~nd~v~dual could respond to 1nqu~r~es Therefore, ~ t ~yas not

poss~ble to determ~ne 1f th~s alternat~ve had any mer~t f01 cons1derat1on

~n the f~nal analys~s

The Brady extruder represents a su~table alternat~ve, ~f ava~lable, as

a replacement for the Insta-Pro extruders Reasons for th~s fact

1nclude

1 It ~s capable of process~ng cereal/legl~e comblnat~ons for use in

wean~ng foods
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2 It has a capac~ty s~m~lar to that of the Insta Pro extruders

3 It ~s a dry type extruder l~ke the Instd-Pro

4 It ~s low cost

5 It would requ~re a m~n~mum amount of mod~f~cat~on to the process

l~ne to ~mplement

Wh~le the Brady ~s a su~table replacement there are some d~sadvantages

~n ~ts select~on ~nclud~ng

I The plant would be l~m~ted to wean~ng food product~on s~nce ~t ~s

not posslble to produce snacks or f~nger foods w~th the Brady

2 Recent des~gn changes to the extruder ml~ht dlm~n~sh ~ts su~tabll~tv

for use ~n cereal process~ng Changes to the extruder were done to

facliltate r~ce bran stabll~zat~on and not cereal process~ng Of

pr~mary concern would be the change to the adjustment mechan~sm for

the cone/cup clearance w~en process~ng cereals, an ab~llty to make

large adjustments qu~ckly to th~s part of the mach~ne ~s essent~al

when the extruder ~s not operat~ng properly The current deslgn

does not prov~de for rap~d adjustment

3 The new Brady extruder has not been tested w~th cereal blends

Therefore, some r~sk ex~sts ~n us~ng the extruder w~thout data to

support ~s capab~llty to process raw mater~als s~m~lar to those

expected to be used ln products made ~n the Godhra plant (WhlCh were

assumed to be cereal/legume comb~nat~ons)

Implementat~on of the Brady alternat~ve would be fa~rly easy on1\.

requ~r~ng sl~ght mod~f~cat~on to the eXlstlng layout Because of the

lrregular shapes and Slzes of extrudate p~eces from the Brady ~t m~ght

be necessary to replace the pneumatlc conveyor between the extruder and

the cooler wlth a belt conveyor Some sl~ght changes In equ~pment

locatlon would be requ~red also
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The cost to 1mplement th1s alternat1ve can be only approx1mated as

1 2 Brady Extruders Rs 600,000

2 Importat10n Cost (50%) 300,000

3 Belt Conveyor 180 000

4 E1ectr1ca1 60,000

5 Cont1ngency (5%) 57 000

6 Total Equ1pment Cost 1,197 000

7 Installat10n 20,000

8 Total Alternat1ve Cost 1,217 000

7 5 2 Used Equ1pment

It 1S typ1cal 1n many countr1es to f1nd used or unused equ1pment that has

become surplus ma1nly due to project fa1lures or a lack of part

suff1c1ent to repa1r and ma1nta1n the equ1pment It 1S d1ff1cult to

evaluate, dur1ng th1s short term ass1gnment, the extent to wh1ch such

equ1pment m1ght be ava11able 1n Ind1a or the assoc1ated costs for such

equ1pment The 1dea 1S ment10ned 1n th1s report for cons1derat10n should

the other alternat1ves presented be found 1nappropr1ate

The Soybean Research Product1on Assoc1at1on 1n Bare1lly was rumored to

have stopped produc1ng products and the factory decomrn1SS10ned The

equ1pment 1n the plant 1ncluded a Wenger X-25 un1t wh1ch m1ght be

cons1dered as an alternat1ve parallel to Alternat1ve C d1scussed ear11er

B1shop Stanley Downes was contact to determ1ne the current status of the

plant B1shop Downes 1nd1cated that the Wenger had been d1sassembled and

was no longer 1n possess1on of the1r group Had the un1t been ava11able

1t may have been poss1ble to purchase 1t for use 1n Godhra or poss1bly

rece1ve 1t grat1s

8 a D1scuss10n

To evaluate the alternat1ve presented 1n th1s study, an analys1s s1m11ar

to that used by Harper and Jansen 1S presented They used a p01nt by
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pOlnt evaluaclon of ,ar~ous features tatlng each on a scale of I 10 10

belng the hlghest or best ratlng Table III glves a compatlSOn of

alternat1ves w1th rat1ngs on the cl1terla used for selectlon

~lternat1ves B, C and D represent 1ndlgenous technologles meetlng the

cr1ter1a necessary for cons1deratlon 1n thls study No other potent1al

source for cook1ng equlpment was fou~d

The extent of ma1ntenance requlred for the extrus10n equlpment made ln

Ind1a 1S unknown Therefore, a conservatlve ratlng was glven to these

alternat1ves wh1ch may prove to be lower than mer1ted All extruders

w1II requ1re frequent ma1ntenance because of wear and 1n general do not

get the h1ghest rat1ng The roasnng/gr1nd1ng/m1x1ng technology of

Alternat1ve D would require the least malntenance

Capaclty was rated on the baS1S of achlevlng a yearly productlon of 6,600

MT The Spec toms extruders may not be able to ach1e, e the yearly

capaclty v1thout supplementlng w1th preprocessed foods Llttle

lnformatlon was avallable on thelr operatlng capaclty wlth cereal blends

Each process alternatlve must flt lnto the eXlstlng deslgn for the plant

Only the Insta- Pro extruders w1II avold redeslgn of plant flow and

changes ln equlpme~t layout Both the roastlng and Brady opt1ons would

be slmple to lmplement requlrlng llttle addltlonal equlpment and change

to the plant layout Spectoms extruders would requlre more modlflcat1ons

to the deslgn to enable lnstallat10n of the equlpment requlred

T1me for commlss1onlng the extruder alternat1ves are best estimates based

on 1n-country d1Scusslon, prev10us quotatlons on equipment, and knowledge

of the lndustry It could be up to one year before any optlon 1S

comm1SS1oned at the plant should lengthy approvals or clearances be

requlred prlor to purchaslng the equ1pment



Table III Comparison of Alternatives for Replacement of Insta Pro
Extruders in the Codhra Plant

[lOJ - Highest Rating [1) - Lowest Rating

A

Criteria

Indigenous
Equipment

Alternative A

Insta-Pro
Extruders

(6) Available in
India Requires
importation

Alternative B
Option 1

Large Spec toms
Extruder

(10) All equipment
made in India

Alternative B
Option 2

4 Small Spec toms
Extruders

(10) All equipment
made in India

Alternative C

1 Small Spectoms
Extruder System

(10) All equipment
made in India

Alternative 0

Roasting/Grinding!
Hixing

[10] All equipment
made in India

Brady
Extruders

[6) Available in
India Requires
importation

High wear of (5)
certain parts on
extruder Replace
ment of key parts
every 200 HT

High wear of (5)
certain parts on
extruder Replace­
ment of key parts
every 200 MT

B

C

Maintenance

Capacity

(71

(10)

Extruder Suscept
able to wear
Rebuilding parts
after 1000 1500
hours operation

Capable of meet
ing capacity
requirements at
80X efficiency

(5)

(8) Capable of meet
lng capacity
requirements by
adding prepro
cessed foods to
extruded material

(8) Capable of meet
ing capacity

requirement .. by
adding prepro
cessed foods to
extruded material

(3)

High wear of [9)
certain parts on
extruder Replace­
ment of key parts
every 200 HT

Not capable of (10)
capacity require
ments Adding pre
processed foods may
permit SOX of
target production

Maintenance
minimal

Capable of
meeting
capacity
requlrements

[6)

[10)

Extruder susceptable
to wear Replacement
of key parts every
200 hours and screw
every 1000 1500 hours

Capable of
meeting
capacity
requlrements

w
(J'\

D Abtlity to
ht existing
process

[10) No change
requtred

(8) Some modlfication[6) Several modifica
and relocation of tions to plant
equlpment required design required

[81 Some modification [8)
and relocation of
equipment required

Some modifica
tlon and relo
cation of equip

ment required

[9) Minor modification
requlred to plant
layout

E Energy cost (5) All energy from
electncity

(5) All energy from
electrlclty

[4) All energy from (5) All energy from
electrlclty electriclty

[9) Energy from
fuel 011

[7) High power requlrement
from electrlclty

F ltme to
CommlsSton

(9) 4 6 months (7) 4 8 months [5) 8 12 months (6) 6 9 months [lOJ 3 6 months (9) 4 6 months



Tabl~ III (Cont d )

Criteria Alternative A

lnsta Pro
Extruders

Alternative B
Option I

Large Spec toms
Extruder

Alternative II
Option 2

4 Small Spec toms
Extruders

Alternative C

I Small Spec toms
Extruder System

Alternative 0

Roasting/Grinding!
Mixing

Brady
Extruders

G Number of
operators
required

[8] Requires skilled
mechanical elec
trical and

quality control
operators

[8] Requires skilled
mechanical elec
trical and

quality control
operators

[8] Requires skilled
mechanical elec
trical and

quality control
operators

[8] Requires skilled
mechanical elec
trical and

quality control
operators

(8) Requires skilled(8)
mechanical elec
trical and

quality control
operators

Requires skilled
mechanical elec
trical and

quality control
operators

H Personnel
requirements

(8) Constant moni
toring of opera
tions required

(8) Constant moni
toring of opera
tions required

[6] Larger number of (8) Constant moni
operaotors re toring of opera
qui red due to tions required
more extruders

[8] Monitoring
of operations
required

[6] Constant moni
toring ot opera
tions required

Experience in
India

[7] lnsta Pro exper
ience available
but limited

(3) No machine in
operation no
experience

[5J Only one machine (5) Only one machine (9)
in operation in operation
limited experience limited experience

Extensive ex
perience and
back up avail
able

[8] Many machlne operators
in Punjab plu~ local
U S counterpdrt
available

W
"-l

J Product
versatlli ty

(8) Weaning foods (9) Apparent versa
snacks and finger tillty similar
foods possible to Wenger

(9) Apparent versa
tility similar
to Wenger

(9) Apparent versa
tility similar
to Wenger

[4J Limited flexi
bUity finger
or snack food!>
cannot be made

(5) Llmlted flexlbillty
only weaning food
can be made

K

L

Alternative
risk

AltLrnatLve
Cost

(9) Processing form
ules with no oil
cesslng formula
tion with no oil

(9) Heets budget
criteria but
duty l~qulred

(4) Higher risk due
to 11mLtLd ex
perience with
machines

(3) High cost com
pared with Alter
native A

[5J Higher risk due
to limited ex

perience with
machnies

(3) Highest cost of
options

(5) Higher risk due
to limited ex

perience With
machines

(81 Meets budget
criteria

(10) Capabilities
known

[9J Meets budget
criteria

(8] Rlsk in processing
if formulatlon con
talns less than 4%
oil

[91 MLets budget
criteria but
duty requued
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Personnel requirements are similar for all alternatl,es wLth the

exceptlon of the second optlon of Alternative B More personnel were

estlmated for monitoring and operatlng the four small Spec toms extruders

It lS estlmated that at least one more, but more likely two addltional

opera~or would be requlred to lnsure contlnuous operatlon of the plant

E'perlence wlth all extruders ln Indla lS very Ilmlted Three Insta Pro

e'truders were reported to have been lmpolted lnto IndLa and wlll be ln

use shortly Personnel uSlng these machlnes mlght be consul ted for

purposes of asslstance when problems arlse Operatlonal lnformatlon on

the Spectoms extruder lS llmlted to Nobel Soya House 1n Bhopol and would

be ava1lable to back-up operatlons Roastlng lS most wldely used and

experlence has been ga1ned ln the proJect, glvlng a f1rm foundatlon ln

lts operatlon and the local availabillty of expertlse to draw upon for

asslstance

The versatlllty of each process was evaluated by each machlne's

capablllty to make different products Extruslon glve the greatest

flexlbillty wlth exceptlon of the Brady The Brady lS only capable of

maklng a randomly shaped ChlP WhlCh would not be sUltable for snack or

flnger foods

There 1S some rlsk wlth every alternatlve Slnce each has dlsadvantages

~ost of the rlsk for each alternatlve centers on ltS ablilty to

manufacture a sUitable food contlnuously If a formulatlon for the

product were ava1lable, evaluatlon on the extent of the rlsk would be

made As such, a general approach to evaluatlng the rlsk was made

assumlng product would be formulated from cereals ln comblnatlon wlth

soybean

The lowest cost alternatlve could be 1n flndlng a used plece of equlpment

that a benefactor would be wllllng to donate Chances are mlnlmal that

a used plece of equlpment lS avallable, so further evaluatlon lS not

merlted
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S 1 Product Manufacturlng Cost Dlfferences

Manufacturlng costs were calculated speclflcally for operatlon of each

alternatlve and dld not lnclude total plant costs It was assumed that

the only change In manufacturlng cost would be due to requlrements

assoclated wlth the dlfferent extruders or roastlng Therefore the cost

calculated and glven In Table IV represent lncremental cost changes

assoclated wlth the dlfferent processlng alternatlves

T~ble IV - Estlmated Operatlng Cost Comparlsons Between Alternatlves

Alternatlve A Bl B2 C D Brady

Capltal Cost 2541 5898 6753 6942 1119 1123

~anufacturlng Cost

A Labor 75 63 150 200 62 75

B Utliltles 225 225 336 120 230 300

C RepaujMaln 75 50 40 160 38 75

D Depreclatlon 35 66 94 24 16 16

Total Cost 410 344 620 504 316 466

r..otes for Table IV

1 Flgures are In OOO/s Rs JMT for capltal cost all others In Rupees

2 Labor requlrements for extruslon are one man per machlne plus one

per two machlne for rellef at a pay scale of Rs 25jhr

3 Roaster labor requlres 2 men plus one rellef

4 Utllltles - Electrlcal costs at Rs 2/KWH Heat energy from steam

or electrlc equal to tWlce e~truder drlve motor power requlrement

for machlnes needlng anclilary heat

5 Repalrs and malntenance - Dry type extruslon = Rs 75jMT wet type

extruslon - Rs 40jMT

6 Depreclatlon - Stralght llne, 10 years, 300 days per year at 24

hours per day
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The costs are merely est1mates of operat1on and do not necessatll v

represent actual f1gures for the plant The f1gures glven for the cost

of manufactun.ng products are est1mated to have an accuracy to ~oJ1th1n 10

15% Thus, there 1S enough enor ln the calculat10n to make the

d1fference between the h1gh and low est1mates 1ns1gn1f1cant and therefore

1t can be concluded there would be no sIgnIfIcant manufacturIng cost

d1fference between the alternat1ves consIdered

Q 0 Other Issues

9 1 Dehulllng

To date, act10n has not been taken to order equIpment necessary to dehull

gra1ns used 1n the plant Effort should be made to order the equ1pment

Slnce 1t 1S recommended for a wean1ng food Pr1mar1ly, dehull1ng w1ll

1 Remove the outs1de layer of seeds, reduc1ng the f1ber level 1n foods

Wh1Ch 1S a requ1rement for 1nfant and young ch1ldren Infants have

a low tolerance to crude f1ber 1n the1r d1ets

2 Reduce the 1nc1dence of bacter1a and molds 1n the product

The technology for dehull1ng 1S currently ava1lable 1n-country Under

11cense to Henry Slmon, England, a local company AUROSIMON Aurov1lle

Ind1a, 1S now manufactur1ng gra1n process1ng equ1pment A un1t sU1table

for dehuil1ng 1S made 1n Ind1a and 1S called a Sentry Impact Asp1rator

~ 4 The un1t has suff1c1ent capac1ty and can prov1de a h1gh qual1ty

dehulled product for use In the plant

9 2 We1gh Blender

The des1gn of the Godhra plant call for a blender to be Installed for

m1x1ng raw 1ngred1ents pr10r to extruslon ~n1le the deslgn concept 1S

good, t 1S necessary that the blender be mounted on a scale to Insure

that the proper quant1t1es of each raw mater1al are added and thus

prov1de a conslstent product to the extruder T'rhout a scale under the

blender 1t 1S dlfflcult to measure th, Int1ty of lngredlents
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dlscharglng from the surge tanks lnto the blender

that a scale mount be purchased for the blender

It is recomme~ded

9 3

10 0

10 1

10 2

BOller Steam Generator

The analvsls for this study did not address the lnstallation of eqUipment

to provide heat or steam to the e~truder, dryer or roaster For those

alternatlves requiring the above equlpment space wlll have to be

allocated in the plant to lnstall the bailer or hear unlt Sufficient

space e~ists in the plant to lnstall the unlt Figure 6 gives a plan of

the bUilding and indicates potentlal locations for the bOiler Ideally

the unit should be installed neal the eqUipment to minlmize heat and

pressure losses in lines

Conclusions

A method for paYing the taxes for lmported ehtruders has delayed the

implementation of the Godhra plant uSAID is unable to pay the duty and

the COl has no funds available and will not waive the import tax for the

proJ ect Therefore, it was necessary to explore other processing

alternatives to enable the proJ ect to continue There is no clear

understanding of what the tariff for an extruder should be Since rates

were reported different depending on the source One could conclude that

the tariff will be dependent on the assessor and the way the request for

evaluation is presented

The bUllding erected for the weaning food plant in Godhra is 90%

complete The bUilding was satlsfactorily designed and had been erected

With care to insure that it met criteria to be used as a food plant The

Slze of the bUilding and especially the process area has suffiCient space

to enable process changes Without any bUilding structure modifications

Both lmported and lndigenous extrusion eqUipment was found sUitable to

use in manufacturing weaning food snacks, and finger foods Imported

e ..... truders such as the Insta-Pro have the advantage of minimizing the
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amount of mod~f~cat~on requ~red to the plant des~gn They reduce the

uncerta~nty of produc~ng a sat~sfactory product cont~nuously, are the

choice of process by proJ ect personnel, staff and off~c~als ~n the

proJect, and they are low cost Their ma1.n disadvantage ~s the

requirement of ~mportat~on taxes Technical back-up and replacement

parts are not read~ly access~ble w~thout ~mportat~on

Indigenous e'trus~on equ~pment made in Ind~a have the advantages of

prov~d~ng the back-up and replaceroent parts from ~nd~genous sources and

prov~de flex~b~l~ty ~n product formulat~ons and processing

D~sadvantages ~nclude low capac1.ty, h~gh cost, and a h~gher level of

uncerta~nty ~n be1.ng able to make a sat~sfactory product cont~nuously

Extruders made by Spec toms Eng1.neer~ng, Ltd have a des~gn s~m~lar to the

Wenger extruders The extruders are bu~lt reasonable well, but have some

mechan~cal problems wh~ch have been reported by equ~pment users The

problems seem to be assoc1.ated w1.th an ~nadequate fabrlcatlon technlques

more so than the deslgn Therefore, It may be concluded that

mechan1.cally, the extruders are deslgned adequately but some reflnlng of

the fabrlcatlon would be requlred to avold slm1.lar problems

H~gh quallty products can be made wlth these extruders us~ng hlgher raw

lngredient mOlstures requlrlng product dry~ng Testlng would be

requlred to reflne operatlons of the equ~pment and to achleve the des~red

product The extent of thls test1.ng would be dependent upon the spec~flc

formulatlons to be used for the project

Costs for the local extruders are hlgh due to the need for anclilary

equ1.pment such as steam generators, dryers, addlt~onal conveyors, and

upgrade of other equ1.pment to support the extruders The h~gher cost may

also be attr~buted to the more compl~cated fabr~cat~on techn~ques used

to make the machlnes compared to extruders l~ke the Insta-Pro
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Roast~ng/gr~nd~ng/m~x~ng~s a technology that can be used ~n the Godhra

plant To ~mplement the technology only roast~ng and heat~ng equ~pment

would have to be added All other anclilary equ~pment such as m~~ers

etc IS avallable to support the roaster

Advantages of uSIng the roastIng process lnclude lower capltal cost lt

~s made In Ind~a and a large amount of exper~ence ex~st to support the

technology The maIn d~sadvantage of thls process ~s a l~mltat~on ~n

fle~1b111ty of products other than a cooked relatIvely 1nsoluble flour

wh~ch hydrates only w1th some bOll~ng ln water

The Brady extruder may be an alternatlve to conslder Slnce ~t ~s low

cost, would enable the use of extrusIon ln the plant and would eas~ly f~t

~nto the process deslgn L~mltat~ons eXlst ln formulat~ng Slnce a

mln~mum of 4% 011 would be requlred to mln~mlze operat~onal problems

S~nce the extruder cannot manufacture shaped food, productlon would be

l~m~ted to a weanlng food ln dry powder form

Purchase or used or unused ~mported equlpment ln Ind~a represents an

optlon wlth very low probabll1ty It lS d1fflcult to f~nd the equ1pment

and lf found, may not have sufflc1ent capac1ty or useful l~fe to be

cons~dered for the project

The analys~s of alternatlves ~nd~cated that the most attract~,e

alternatlve would be the roastIng process ThIS alternat~ve m~nlmlzes

cap~tal cost and maXlmlzes the use of ~nd1genous technology The prem~um

pa~d for uS1ng th~s technology ~s the ~nab1llty to make snack and f~nger

foods and the processlng of a wean~ng food wlth 1~m1ted funct10nal

propertles

The second most attract1ve alternat1ve requIres purchase of the Insta­

Pro extruders The prem1um pa1d for thlS optlon 1S the cost of duty (Rs

938 000) Slnce USAID wIll buy the equlpment, cons1derat1on m1ght be
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g~ven to wa~v~ng the duty ~n wh~ch case no prem~um ~s pa~d for th1.s

opt~on

If purchas~ng a local extruder ~s des~red, the best alternat~ve 1.S the

purchase of a Spec toms large extruder The prem~um pa~d ~s an addlt1.onal

Rs 2,200,000 requ~red to buy the equ~pment when compared to the Insta­

Pro extruders and the uncerta~nty assoclated w~th selectlng equ~pment

that has llttle track record

The purchase of a small Spec toms extruder was the lowest cost of any

extrus~on equl.pment alternat~ve The prem~um pa~d wl.th th~s optlon would

be a reduct10n 1n des1red capac1ty of 75% and thus a reduct~on ~n the

number of benef1c1ar1es

Recommendat1ons

It 1S recommended that the project cont1nue to wOlk towards an

operat1onal plant 1n Godhra and to resolve the current ~mportat~on

problem The need eX1sts 1n the Panchmahals d~str1ct for a product10n

fac1l1ty to support the food component of the IeDS project Abandon~ng

the 1nvestment 1n the plant of up to Rs 3,000,000 ~s not practlcal

Abandon~ng the proJ ect would also straln relat10ns between groups

part1c1patlng 1n the project

It 1S recommended that the duty be pa1d or a method found to walve the

duty for the purchase of the Insta-Pro extruders There 15 some

uncertainty on what the actual assessment may be WhlCh compllcates

resolut1on of the issue El~m1nat~ng the tax requ~rements from the

proJ ect would result ~n the least cost for the Government of Indla

Government of the State of GUJarat, and USAID It would perm1.t the

purchase of the Insta-Pro extruders glv1ng the qUlckest and most

satlsfactory method of ach1evlng project goals for the plant
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In the absence of a resolut~on on the ~mportat~on tax ~ssue. ~t is

recommended that the least cost ~ndlgenous technology wh~ch ~s roast~ng

be ~nstalled ~n the plant Roast~ng can be ~mplemented eas~ly in the

plant and would enable the product~on of a cooked food product wh~ch has

l~m~ted ut~l~ty ~n wean~ng food appl~cat~ons Installat~on of the

roasters ~n place of the Insta-Pro extruders could be done ~n a manner

wh~ch would el~m~nate the manual operat~ons requ~red in the Chandrapur

plant Less contact w~th the food would mean less chance of

contam~nat~on

It ~s recommended that cons~derat~onbe g~ven to the ~nd~genous extrus~on

technology equ~pment ~f and only ~f the project ~s unable to ~mplement

either of the two prev~ous recommendat~ons The least cost opt~on would

be a small Spectoms extruder system w~th l~m~ted capac~ty (Alternat~ve

C) Opt~ons w~th greater extruder capac~ty (Alternat~ve B) are only

ach~evable through a greater expend~ture of funds wh~ch apparently are

not ava~lable

It ~s recommended that a we~gh~ng scale s~zed for the blender plus we~ght

of mater~al be purchased for the blend~ng of raw ~ngred~ents Under the

current plant des~gn, there ex~st no method for we~gh~ng raw mater~als

for each batch blended Add~t~on of the scale would m~n~m~ze labor

requ~rements for th~s operat~on

It ~s recommended that a formulat~on for the wean~ng food be establ~shed

to enable a rap~d start up of the plant once equ~pment ~s ~n place

There has not been any f~rm decls~on on the formulation that would be

used ~n the plant The lack of a formulat~on compl~cated the evaluation

~n selecting a su~table alternat~ve process Ident~f~catlon of a

formulat~on at th~s t~me would permit some preliminary test~ng pr~or to

start-up of the plant regardless of the process selected At least one

operating unit of each alternative considered ex~sts in India WhiCh could

be used to test and develop products to be produced in the plant as well
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as ~dent~fy the operat~onal parameters necessary to operate the machines

pr~or to startup of the plant

It ~s recommended that a study be carried out to determIne how an

opt~onal roasted weanIng food can be made Th~s recommendat~onwas also

made ~n the Harper Jansen report and repeated ~n th~s report to reInforce

the ~mportance of these tests Changes to operat~ng parameters or the

formulat~on may have to be made to ach~eve sat1sfactory results

It 1S recommended that an organ1zat1on be establ1shed 1n IndIa cons1st1ng

of food processors and manufacturers of food process eqUIpment

Currently, 1t 1S d1ff1cult to 1dent1fy food equ1pment manufacturers

because of the phys1cal Slze of Ind1a, poor communlcat1on capab1lIt1es,

and lack of advertISIng One actIv1ty of th1s group m1ght be a

comprehens1ve survey of manufacturers to develop a data base of thIS

InformatIon
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F1gure 4 - CURRENT EXTRUS!ON PROCESS FLOW
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Flgure 5 - EXTRUSION PROCESSING LINE WITH THE ROASTER
USED IN pLACE OF THE EXTRUDER
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AppendiX I

Schedule for Study on Alternatives for E,trusion in Godhra Plant

January 22

January 23

January 24

January 25

January 26

January 27

January 28

January 29

January 30

January 31

February 1

February 2

11 00 pm

9 - 12 am

2 - 5 pm

8 - 10 pm

8 - 2 pm

2 - 5 pm

5 - 9 pm

8 - 3 pm

3 - 5 pm

6 - 8 pm

8 - 5 pm

8 - 3 pm

8 - 5 pm

Hohday

9 - 11 pm

12 - 3 pm

3 - 5 pm

6 - 9 pm

8 - 5 pm

8 - 3 pm

3 - 5 pm

2 35 am

Arrive Dehh

USAID briefing by Office of Health and

Nutrition

Meeting with Ministry officials at Shastri

Bhavan

Travel to Baroda

Visit Godhra Plant

Visit Spectoms Engr , Baroda

Travel to Ahmedabad

DiScussions and data summarization

Meet with Government of GUJarat officials

in Ghandinagar

Travel to Dehli

Report writing and data analyzing

USAID Briefing and Further exploration of

Alternatives

Work on report

Travel to Bhopol

DiSCUSSion with Nobel Soya House Personnel

ViSit Central Institute of Agricultural

Engineering

Travel to Dehli

USAID Briefing and Report Preparation

USAID Briefing and Report Preparation

Meet with Ministry Officials for Briefing

Leave Dehll
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Append~x II

INDIVIDUALS CONTACTED DURING STUDY

USAID/INDIA
1 Mr
2 Mr
3 Mr

Spencer S~lberste~n, D~rector, Off~ce of Health Serv~ces

Samresh Sengupta, Project Officer, Office of Health Serv~ces

Y P Kumar, PRJ

JOHN S~OW INCORPORATED
1 Ms Sylva Et~an, Ch~ef of Party
2 Mr George James, Adm~nlstrat~ve Off~cer

MINISTRY OF HUMAN RESOURCE DEVELOPMENT
1 Mr Ashok Slnha, Deputy Secretary
2 Mr Suman Nayar, Under Secretary
3 Mr K C Gupta, Under Secretary

PANCHMAHALS DAIRY COOPERATIVE
1 Mr Ravlndra Mathur, General Manager
2 Mr S Sheth, Manager Englneerlng

GANDHINAGAR
1 Dr
2 Mr

BARODA

A A
K V

Contractor, Dlrector of Publlc Health
Vasavada, Fleld Nutrltlon Offlcer, GUJarat

1 Mr Navln Shah, Dlrector, Spectoms Englneerlng (P), Ltd
2 Mr Arvln Shah, Asslstant Dlrector, Spectoms Englneer~ng (P), Ltd

BHOPOL
1 Mr Gopal Sharma, General Manager, Nobel Soya House, Ltd
2 Dr N Ramakrlshnan, Technlcal Servlce Manager, Nobel Soya House,

Ltd
3 Dr Nawab All, Central Instltute of Agrlcultural Eng~neers

4 Mr B S Blsht, Central Instltute of Agrlcultural Eng~neers

5 Mr R T Patel, Central Instltute of Agrlcultural Englneers


