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I StneiARY 

A. Background 

The present investigation of potato processing opportunities in India 

is focused on Uttar Pradesh State. which is the most important potato 

producing State in India. According to the Commodity Bulletin "Potato" 

published in March. 1983 by the National Agricultural Co-operative Mar­

keting Federation of India Ltd. (N~FED) Uttar Pradesh Sta~e •Lene accoW'­

t·~d during ~h~ 1981 - 82 season for about 45.6% (4,900,000tons) of the 

total potato producLion (10.075,000 tons) in India. 

nae Farulthabad District of Uttar Pradesh State accounted for approxi­

mately 20% of the potato production in U.P. State or for the 1981 - 82 

season about 920,000 tons. The Farukhabad district is thus the most im­

portant potato grO¥it .. g District in U. P. and the entire Indi :.. The present 

potato production in the Farukhabad District is estimated to be between 

1 and 1.1 million tons annually and that of the entire U.P. State to be 

between 5 and 6 million tons annually. nae total Indian potato produc­

tion has increa~ed significantly since the 1981 - 82 season and is esti­

mated to be between 110 and 130 million tons an~u2· 1 v or about 17 - 1~ 

kg per capita. lbe actual net consumption per cap: ~ will be considerably 

less considering the loss during handling and distribution. Allthough 

potatoes are not consid~red one of the stable food items of India it is 

still one of the most important vegetables consumed in India. 

The Farukhabad District ·is considered an under developed rural area and 

receives as such special attention by the Indian Government. Since the 

climatic and soil conditions in the Farukhabad District are particula-

rely suitable for potato production and the farmers are very skilled in 

thi~ type of crop production the Indian Government has decid~d to focus 

on assisting this industry. It is thought this can best be done by hel-

ping to develop s potato based ag~o industry in the Farukhabad District 

and thereby create an additional outlet for potatoes during periods where 

there are surplus of pot~toes on the market. It is thought this will improve 

the presently low farm gate price for potatoes. Tilere is at present a lack 

of a well formulated potato mar~eting policy by which. particularely du-



• 

ring the potato harvest periods. th~ grovers have no paver to regula­

te the flow of potatoes entering the consumer marketand thus prevent 

gluts with resulting low prices. Also the potatoes entering the market 

appears poorly. if at all. graded and are not marke~ed in attractive 

net bags or like. but presented in bulk. 

At present Farukhabad District has a cold storage capacity of approxi­

mately 400.000tons thus leaving 600 to 700;000 tons without. These 600 -

700,000 tons potatoes must be marketed during the 80 tQ 100 days they 

can be kept in non refrigerated storag~ without excess decay. The ai~ 

is thus to divert the proportion of these 600 to 700 thousand tons of 

potatoes considered surplus into processing. Since this period consti­

tutes appro~imately 90 days or one fourth of the yearthe actual pre­

sent surplus is thus one fourth of l - 1.2 million tons or 250 to 300 
thousand tons • 

• 
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B. Purpose an~ Scope 

the purpose of the project is to assist the Government of India in as­

sessing the opportwtities to develop economically viable potato based 

agro industry. 'Dle initial focus is on the Farukhabad District in the 

Uttar Pradesh State because it has the most intensive potato product~­

on in India. Further more the Farukhabad District is considered a under 

developped rural area in need of further economic development. Tilis Di­

strict has particularely favorable climatic and soil conditions for po­

tato production and farmers highly skilled in potato groving. 

At present Farukhabad ~istrict and U.P. State as a whole lacks a firm, 

well established potat~ marketing policy which has resulted in very poor 

farm gate potato prices. It is felt, that establishment of a potato ba­

sed agro industry in the Farukhabad District, by creating an outlet for 

surplus potatoes, w~ll create a more stable and higher farm gate pota­

to price. It is further1110re thought this vill stimulate the growers to 

improve their potato production through such measures as introduction 

and/or propagation_of more suitable potato varieties for table as well 

as industrial uses and iJtproved methods of cultivation.· 

There is need to introduce effective grading, packaging and marketing 

methods for table _potatoes for the consumer market. It is thought, that 

a more presentable packaging of well graded potatoes iil such as 1 - 5 

kg net webb bags would create a increased volume potato market at in­

creased prices. Off grades from such a grading and marketing systea 

may serve •~ a cheaper source of rav material for basic potato proces­

sing such as the production of starch and ethyl alcohol. At present the 

socalled culls, i.e. bruised and oddly shaped but otherwise sound of 

flesh potatoes are marketed in the con,umer earket, which appears to 

create an· adverse consumer appreciation of table potatoes. 

Allthough the Farukhaba3 District is chosen as the focal point for this 

investigation and the primary area for establishment of a potato based 

agro industry, it is planned to form a design pattern for India as a 
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vhole. An·initial potato processing plant will serV"! as a training 

ground for potato proce3sing technologies and producer of potato 

products for marketing trials. It will also provide opportunities 

to test out new varieties for their suitability for processing. It 

might in this respect cooperate with the Central Potato Research In­

stitute in Shimla, vhich is developing numerable new potato varieties 

better adapted to Indian climatic conditions than varietie~ formerly 

imported from abroad. 

'nle potato processing plant may also serve as a testing ground for 

improved cold storage methology, of vhich there appears to be a need. 
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C. Conclusions 

The present potato production situation in the Uttar Pradesh State 

including the Farukhabad district suffers from a lack of a firm and 

well established potato marketing policy. It only possesses cold sto­

rage for a small proportion of its annual potato production of approx­

imately 41 6 aillion tons. The U.P. district Farukhabad which is the fo­

cal point for this investigation, has a cold storage capacity of 400,000 

tons of potatoes out of an annual potato production of 1
1
0 to 1,2 mil­

lion tons. This limited cold storage capacity gives rise to glut~ of 

potatoes on the market and particularely during the early part of the 

potato season. Potatoes may be stored 80 - 100 days during this period 

or up to about one fourth of the year. 

It is estimaLed, that the annual potato surplus is between 250,000 and 
300 1 000 tons. 

The potatoes are not properly graded and packed before shipped to the 

consumer market but mostly marketed as a bulk item. It is estimated, 

that the Farukhabad potatoes contain between 15 and 20 percent culls, 

i.e. bruised, cut and odd shaped potatoesof otherwise sound fl'esh. If 

properly graded this would yield a total of about 150,000 to 200,000 

tons of potatoes suitable for processing into such products as potato 

starch and ethyl alcohol which p~ocesses utilize the whole unpe~led 

but cleaned potato. It would appear, that grading and packing of the 

potatoes in suitable 1 to 5 kg mess bags would enhance their consumer 

appeal and thus help to boll. their price up. At present the potatoes 

marketed are mainly of poor appearance. 'Dley are mainly marketed by tra­

ders, who buy the potatoes at the auction in Farukhabad
1 

where the gro­

vers exhibit the potatoes in bulk for the potential buyers to inspect 

them prior to bidding. It would also appear advantageous to grade the 

potatoes t' be stored in cold storaae so as to save the high cost of 

storage (which amounts to ls.20 to 25 per Hk per season of about 5 to 

6 aonths) of the inferior 1rade potatoes. For the Farukhabad district 

alone with its annual potato production of 1 to 11 2 million tons the 

UO to 200 :thoound ·tons ef .. potentlat ~cull ·potataes· thus ·consticoce·· 

a •isnificant source of cheap raw material for an alcohol or starch 

production of sianificant 1ize. 
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The better grade of the potatoes considered surplus potatoes may be 

utilized into production of more refined products such as·"Vbole-potato 

flour, potato chips, shoe string potatoet or frozen french fries. 

To siphon off surpluses in the beginning of the potato season vould 

diminish marketing gluts and thus help keeping the price up and as­

suring the &r~wer a more favorable farm gate price. 

An integration of grading, packing 1nd marketing of table potatoes 

might be beneficial provided it could be properly managed and such 

integrated ventures doe exist ia sollll! of the most advanced potato pro­

cessing countries such as U.S.A •• In Denuaark potato processing has main­

ly been undertaken by grover cooperatives, but also the private sec-

tor such as the Danish Alcohol Factories, Inc. is producing alcohol, 

variously flavored potato chips, shoe string potatoes and instant mas­

hed potatoes and has its ovn potato research center in Jutland. 

During the expert's field trip to the Farukhabad district and meetings 

vith numerable State and District officials and Farukhabad District grovers 

in depth information ab~ut the potato growing and marketing situation 

vas collected. The potato planting time is between September and No-

vember and the harvesting?eriod tetveen Xovember and February The major 

potato varieties grown are according to the Farukhabad District potato 
development officer; 

A. White Skinned (white fleshed) 

1. Kufri Badshah 

2. Kufri Bahal 

B. Red Ski~ned 

1. Kufri Salima 

2. Kufri Sindhuri 

Kufri B~dshah is a recent introduction from the Central Potato Research 

Institute in Shimla, India and possesses a very smooth appearance and 

suitably 13r&e tuber sizes, well suited for processing into more refi­

ned potato products, where peeling i~ a must. The red skinned potatoes 
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are smaller, irregular aized vith dee? eyes and thus not s~itablefor 

Frocessing where peeling and triaaing is a must. they aay, ho~ver, 

be used for processihg into ethyl alcohol and starch, vnere peeling 

and triaaing is not called for. 

'nlus initiall~the less ~esirahle potatoes can be used in the latter 

processes until /and if more suitable industrial varieties are introduced. 

'lbe Farakhabad district potato srovers have allready declared ~heir 

villingness to adopt to such varieties. 

'nle present marketing systea, the grovers selling their potatoes through 

the Farukhabad potato auction is also not used in procuring potatoes 

for llX>de?'D potato processing. Potato processors co&m0nly contract directly 

with the grovers and supply inputs such as seed potatoes and fertili· 

zer on a credit schelCll!. thry ;lso coaaonly insist on a specific insect 

and fungizide spray sched .le. Introduction of such a radically diffe-

rent potato procurement system viii take time, but in the meantime it 

is possible to introduce a smaller scale multiproduct potato proces-

sing enterprise based on the existing rav material supply situation 

and at best purchasing the potatoes directly from the grovers at ag-

greed prices. 

Initially a product mix of potato starch, alcohol and potato chips 

appears beneficial. Smaller trial units for potato chips and frozen frcncb 

fries may be included~ Farukhabad possesses an important essential oil 

industry producing essential oils for use in perfume production where 

potato ethyl alcohol is considered a highly beneficial solvent or car­

rier in perfume product sold in the consumer market. Potato alcohol 

is considered purer than alcohols produced fro• for instance grain or 

.olas•es in the •ense of being lover in unde1irable impurities. There 

is allready in Farukhabad a party with inrere•t in establishment of 

production of Vodka based on potato alcohol and aimed at the export 

market. 

Potato based starch and ethyl alcohol do have competition from maize 
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and mclasses based starch and ethyl alcohol production. By using 

potato culls in these processes the price of the potatoes vill be 

very much lover than for graded potatoes and render the processing 

more competitive. Potatoes contain 72-80 percent vater, vhile maize 

contain only approximately 10 percent vater .:md thus is far cheaper 

to transport in relationship to its drymatter than potatoes. It also 

possesses a f~r moce stable storage life. However, by locating the 

potato processing plant centrally near the potato production sites 

the cost of transportation can be kept dovn. When producing starch 

from maize the process is different from that of using potatoes in 

the sense, that the maize germ must be removed prior to extracting 

the starch, vhich is a process in addition to that used in starch 

production from potato.In the second step, maize must,like potatoes, 

be finely ground and diluted vith water p~ior to separating out the 

starch by elaborate centrifugal procedures. Thus production of potato 

star~h is somewhat less complicated, starting out vith the disintegra­

tion of the potato to free the starch ~rains from. inside the cells •• 

furthermore potato starch differs in its properties from that of mai­

ze starch and has been considered superior in certain uses such as 

sizing of textile :·ams ana finishing of textile materials. 

In the production of ethyl alcohol from potatoes and molasses the 

processea are identical apart from theinitial steps of cookirg the 

potatoes and treating the cooked potatoes with enzymes to convert the 

starch to fermentable sugars. 1ne ensuing fermentation and distilla­

lion steps are identical so one could theoretically operate a distille-
• ry with different raw materials such as r.otatces, cassava, ~rains 

and r.iolasses, 

The material left after distillation is valuable as a feed ingredient, 

since it is high in protein partly from the yeast used in the fermen­

tation process. As a matter of fact potatoes are considered an excellent 

substrate for the production of various microorganisms used in industry. 
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As regards the actual properties of the potatoes 1rovn in the Farukha­

bad District. there is only limited inforaation available about this. 

sin'e potato processing activities likewise have been very liaited. 

So11e information is available froa the Central Potato Research Insti­

tute at Shiala and in the lfAFED eo..odity Bulletin. "Potato" of Kl'rch. 

1983. Ibese sources give a wide range of solids percentages coaaonly 

ranging between 22 and 25 percent for aature potatoes. Apparently 

the solids content is determined by use of vacuua drying and not co!re­

lated with specific gravity. which is .ost COlmlOD in the leading potato 

processing countries such as U.S.A.• Denaark. V. Cenuny ad Rollmd. 

It appears. that the grOil'ers in the Farukhabad District are apt to har­

vest the potatoes iaaature early in the season to get in on the aore 

lucrative early season potato market. 

Considering 22 to 25 percent solids being a normal range 75 percent of 

which nonnally may be considered starch. the starch content va~ies be­

tween 16.5 and 18.8 percent. In ethyl alcohol production from potatoes 

each kg. starch equivalent about o.65 liter ethyl alcohol. Ibus one 

ton of potatoes produces between 100 and 120 liter alcohol. Ibe antici­

pated net starch production is about 80 percent of the gross starch 

content or betveen 132 and 150 kg, Ton of ?Otatoes. 

>.s regards the location ~f a potato processing plant in the Farukhabad 

area the folloving locations were given by U.P. Government officials 

in nrler of preference; 

1. Chebramau, Tehsil 

2. Fatehgash, Sadar 

3. Kannauj 

11\e expert has, hcwever, not had the opportunity to visit these poten­

tial sites and reserves his opinion until and/if he has visited thea. 
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D. leco..endations 

the recommendations presented here are aimed at establishing a sound 

base for potato processina in Farukhabad District. this aay serve as 

the nucleus for establishment of further processing-~ntures in the 

Farukhabad District and U.P. State as a whole. It aay furthenDC?re 

provide a pattern for nationwide potato processing ~ntures. 

It is recommended initially to establish a SllBl.l Scale multiproduct 

potato processing plant in the Farukhabad District of U.P. State for 

processing of approximately 15.000 tons of potatoes per season. The 

15.000 tens of potat~es vill be processed as follovs: 

Amount of 
tons of potatoes 

Produet* 
a. Alcohol 7,500 750,000 li~ers 

b. Potato <."lips 2,500 TOO 1.'ons 

c. Starch 5,000 900 'l'ons 

*Estimated y~elds per tor. of potatoes are based 

on the solids percent of the potatoes. 

The poT.ato chi!' processing vill operate 250 days a year, three shirts. 

the main processing period is estimated as 100 days. this could be ~x­

tended bi using potatoes out of cold storage. Use of cold storage is, 

hovever,not considered economically viable in the production of starch 

and alcoho'i, since it vill add too much extra cost to a lov cost pro­

duct. Use of cold storage is 110re appropriate in the production of mo-

re refined products suet as vhole potato flour, instant mashed potato, 

potato chips, shoe string potatoes and frozen french fries. Year round 

production is a must for products such as potato chips and shoe string 

potatoes, since thes .. products must be available in the market year round 

to keep the ~rand name in the consumers' mind. 

A turnkey proposition for the entire plant is a must and the expert vill 

contact the appropriate machine companies in Western Europe to attain 

this provided he is 1iven sufficient time. this viJl include some trai­

nina of the personnel to run the plant in Farukhabar r.istrict. 

It is also recoaaended to send the future mana1er and chief quality con· 

troller for in plant trainina in a Vest European multiproduct potato 

processina plant, which the expert also can arranae 1iven time. 



• 

- 11 -

tbe plant vill serve as a training ground for potato processing tech­

nicians and provide pota'o products for test marketing. It vill also 

have laboratory facilities for testing of nev potato varieties for 

their suitability for processing. 

1-rthermore there is a need to establish- a>re suitable potato cold sto­

rage technology and the processing plant would provide the setting for 

t:his. 
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II PR~ENT SITUATIO:I 

A Potato Production 

Al.ltho~h in India t'Otatoes are not considered the mcst i~-

1>0rtant stap!e rood, it is or.-: of' the ll!Ost im.~rtant "Pcretal-­

les consUll!ed and thus serves as a sucnlementary sta~le t'ood. 

The !ndian ootato nroduction trend has l:een increuinP: stea­

Jily for a:any years. From a 1950-51 nroduction or 1. T r:tillion 

ton£, it reached sli~htly ~ore than 10 million tcr.s in 1981-

82. The 'l"resent ??er canita consUlllntion is about 12 Jr--r Tier an-

no. 

Uttar ?radesh State :· : the most imrortant tiotato r.roduction 

~tate in India. Durin~ the 1931-82 season it nroduced ~,590 

thousand tons out or a total Indian nroduction or 10,075,COO 

tens of' TW>tatoes or about46 nercent or the Indian nrodl!Ction. 

The ~arukhabad District, vhich accordirur to the e:irrert's ter:-:s 

or re!"erence is his nrime concem, ~roduces about 25 nercent 

or the Uttar Pradesh State notato T'rod~ction or l:etveen or.e 

and 1.1 million tons annually. 

As vell acre8-e v.rovn as yield ner hectare has increased 

!"l'O!ll 6.9 tons/ha in 1950-51 to 13 tons/ha in 1981-82. These 

increases are caused by ionroved cult1Jral practices, il!l'!\ro-

ved seed notatoes ar.d introduction or some nev varieties 

givin~ hi~her yields and shovinv. higher solids content. ':'he 

Central Potato Pesearch ~tation near ~i?lll.a in the ~~ountains 

llbout 350 m. north ellst o!" rrev Delhi contri'hutes to U:ese 

i~r:"".>ve::ents. ~e s~.all si~e v.rovers vrovir.' less t~an cne 

hectare to a rev hectares each %akes it hard to e!"!"ectively 

reach the individual v.rover to assist them in adar.tin~ nev 

and i~rroved c1tl.tur~l rr~ctices and vet nev ~~ i~rroved ro­

tato varieties. ?ubltc ~eetinvs betveen vrovers and svricul­

ture orrici&ls do, hovever, take rlace, vhere cultur~l rr~c­

tices are taken un 'lnd discussed includ"inv. ::!&rketir.~ asrects. 

T~e r.ractice or nroducin'. industrial t)'T'e rotatoes under rir.n 

contr~ct, like in Northern ~urone, ror use in rotato rroces­

sinw, does not exist in Indift. This is ~l~ost a must ror ~o­

dern ~otato rrocessin~ in order to ml'lke it viable and ~ay be 

sc~evhat dirricult to introduce in India, allthou,h the ~revers 

declares their villin~ness to enter such a system, rrovided 

the economic return is s~tisractory. 
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B Potato !•arketirur and ?rice Structure 

According to NAFEI> {!lational -Vricultural Co-onerative !-'arke'tinv 

Federation of India Ltd., P and D Division) it is estimated, that 

18 - 20 percent of the ?10tatoes are retained by the lrJ'()vers ror 

seed and ~rtly for sales locally. It is estimated, t~at 25 ~er­

cent or the ~reduction is ve.sted at different sta~es of :arke­

tirur due to the T'IOtatoes nerishable nature ar.d the often ~c­

verse handlirur and stora.ve conditions vith very- hiv.h te:::reratu­

res the ~reater ~rtion of the year. Less th'lll 0.5 ~ercen~ is 

exnortc:d. 

'nle i=a.rketinv or 'OOtatoes a!J:lost exclusively takes rlace t~rcU-'"'~ 

~rivRte trRders. In Farukhabad the 'N>tatoes are bro~ht in tulk 

to a public auction vr.ere they are ~uctior.ed avay to rrivate tra­

ders, vho serve as middlei::en tetveen the 'P'QYerG and the retailers. 

'!'he ~rovers only realize a very Sl!!al.l r.art or the retail t:rice 

and orten less than the rroduction ~rice. ~o~e !lOtatoes are sto­

red in cold storave f'or later :ie.rketirw, but the nresent cold 

storave ca~~cit7 is only a~out ~00,000 tons in the Faruk~P-bai 

district. Due to hi~h te:irneratures ~Ost of the 7e~r, rotatoes 

ce.n only be stored ror a short ti!!!e vitt>ou't refriv.eration de­

rendinP, on the location or the stora~e area. In shady areas no­

tatoes cay still be stored a counle or Months vithout re~ri~e­

retion accordin~ to t~e arricul.tural of!icer in Farukharad, i. 

e. a!"ter harvest and bet"ore the hottest neriod starts in ~-~rch­

Arril. !>:us the ~rovers are often times forced to flood the :nar­

ket vith resul.tinr drastic drons in nrice. To ~ake the uresent 

situ~tion vorse, the electric surrly in the rarukhabad District 

is unreliable creatin~ nurrterable ?'Over shorta~es ~ith rcsultinr 

fluctuation in the cold stor!ll'e te?":pt!rature. This affects the 

rotato ouality adversely and hrin~s ar~ut nre:-uLture s~routinw 

or the ~otatoes. The cold stora~e onerators claim, it is too 

exrensi ve to have f'ull load coverage ~Y back un electric 1Yene­

rators. The nresent. cost ror cold stor&v,e is Rs.20-25/HK ner 

stor~e se&son or about 5 months. (P.Y.•F.ecto Y.ilo~ram • 100 ~g.) 

The rrice ran'e !~r the notatoes at the Farulchabad auction va­

ries 'reatly. For the 1~~4/85 season the follovin~ ran,e vas 

.riven: 

Period 

.Tanuanr - June 

June - Se"tl!!:l~er 

'Price/RY. in Ps. 

30 - 80 
ao - 120 
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It is tbo""'t, that establis~.!'lent or a J'IOtat~ nrocessinr ven­

ture in the Faruk.~ahad District vill hel~ brin« about a hiYh-

er and lllOre stable rann ~ate nrice ror the notatoes and thus 

secure a much needed hi~her income ror the small scale vrovers. 

This is the l!t&..!or bacr.JrrOund for the ~at interest in imr.l~en­

tin~ an econOl!lically via~le notate rrocessinv. industry in the 

Farukr.abad District. 

C ?resent ?'Otato ?rocessin~ 

Ver:'T little !l<>tato ~rocessinr is taki~ olace in India, includir.p; 

the ~arukhatad District, at nresent. There are a rev "OOtato chin 

factories in the big cit:es such as nev Delhi and BoMba7. 

SOl!le cott~e tyne ~tato dehydration is tllking pl~ce in tte 

~ttar Pradesh ~tate. 

!t is onl7 very recently t~e ir.terest in notato ~rocessir.y ~as 

CO!'le to li~ht. A ca.•nr re!lSon ror this lack of interest is tte 

very lov ner cauita inco~e in India. This limits the market ror 

snack ite?'!s includin« r.otato chi~s, shoe strin« potatoes, potato 

ru~rs ~nd also for nrer.ared ~roducts such as dried instant ~o­

tato and rrozen rrench fries. There is a need to save the sc~rce 

incoMe ~Or ~.ore basic rood nroducts. 

~till t~ere is ~ v.rovin~ ~.arket for r.otato chins in tr.e ~i~rer 

cities and r.ot least in lev Delhi vith its i:t0re international 

outlook. 

~e market !'!Otential ror r.otato oroducts is not vell kno•.m ror 

vhich reason, it is felt ~est nrudent to start vith a s~aller 

~cale nrocessin~ ar.d thus to test the !llllrket out te!ore and/i! 

ex~11.ndir.Y tte r?"'Jcessin~. 
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!!I Potential Potato Processinl" 

It is ~comr:ended to i~nleo'!!ent an interrated 'N>t~to nrocessin~ 

ve~ture in the ~arukhabad area intially co~~risinP rroduction o~ 

notato ~tarch, alcohol and chi~s. Potato starch an~ alcohol is 

reeo~ende~ in o:-Cer to find a suitable outlet for t~e le.rre a­

rtou."lt o~ cull T'Otatoes, vhich in the F°'lruld:abad aree. is esti:::~­

tei to cO!!t~rise atout 20 ~ercent o~ t~e cron or 250 to 30~ t~ou­

S!lrld tons ner year. It a~~ears, it vould ~e ~eneri~ial ir.itiallY 

as the notatoes are harvested and ce~ore they are nlaced in ex­

T'er.si ve cold storave to take out the culls t?:rouvh a l"eneral ;=-re.­

din"" or the rotatoes. The culls, vhich are rotatoes vith J?:inor 

cuts and blemishes but riostl~ sound o~ fles~ vill at this ee.rly 

staPe be healthier cllld thus «ive a a better yield or finisted nro­

duct (stare~ and alcoh~l). !n the Farukha~ad ~istrict, ~e.rvestin~ 

tates ~!Ree ~.ov.-Dec. vhile r.le.ntinr takes nlace fe""t.-Cct. on 

tte nlains of Ut~r ?radesh ~t~te. 

O! ~otato r.roducts, vhich dersm.d hi~h ou~lity, ~1easant tP-stin~ 

e.nd re~sonarly ii~h solid content N)tatoes ""Ot?.to chi~s Rre cr~-

5en initial!••. A."loi,,,. the reasons ~or chn~ir.~ T"Ot~to chi~ ':'1::.-oduc­

tion is, t~at is has SJ.!!rea.dy ro~nd so~e ~ar~et ~ccertar.ce in In­

dia e.nd narticul'trely in the h.rirer cities ·'lnd not lP.itst in !:!ev 

De!~i. ~ith de~endAble vell or~anized ~old storR~e and con~itio­

nin~ facilities (conditioninr serves to trin~ the reducir.~ s~l"ars 

created durin~ the cold stora~e ~eriod do~-n. so the cti~s do not 

CO!"P. out very dark hrovn) this activit:r can be c!lrried out thrC~l"h­

o~t the year, i.e. three shi!ts 250 days a year. This ~~11 ~aY.e it 

rossible to rrovide ye-.r ro~nd em~loyr.ient !or r.ost o! the vorr.ers 

in the inte~rated ~otato rrocessin' venture. ~otato chi~ ~anufac­

tur~ can be carried out at di~!erent levels o! so~histication P.n~ 

Auto~ation. ~ere it vill he recor.r.1ended to use a technolo~~·. that 

e!'l~lo7es the orti~UM nu.~her o! vorkers tut still ~aintains the 

hiet.est derree or SIU!itation, i.e. t~e ~roduct enters the racY.a­

ves vi th r.dnirn.l?!'I h"ndlinP" t:r the vorkers. 
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A Starch Production from ~tatoes 

Starch is found in ootatoes as intercellular ltl"&nules. The con-

tent Of StArch in notatoes increases vith 111&turity Of the n<>tatoes 

and varies betveen 12 IUld 18 nercent in :nature 1:>0tatoes. !n 

northern Eurone the stare~ content in tl:.e tyt.'e of {industrial} 

rotatoes ~ovn for starch nroduction aver~es to about lT r.ercent. 

!•anufacturirut or '!'Otato starch is carried out by ~leaninv an~ crush­

i~ the rotatoes t'olloved by refinin"' of the !'ltarch and dryirur it 

to about 20 percent aoisture content. 

Fi~e I and II shovs a notato starclo. oroduction nov sheet and 

illustrates a modern ~tato starch factory respectively. Present 

notato starch "!)roduction is mainly carried out in modern facto­

ries usin« continuous nov methods. A brief d£scrintion or ~odern 

!'Qtato starch nroduction aethods follovs. 

The t"Otatoes are received in bulk by trucks or tractor trailers, 

vhich are veigl:.ed in and out. Saml'les are tak.en of the ~tatoes to 

measure content of iapurities and starch, vhich !o?":!!s the tftsis 

for calculation of hov much to ~ay the ~rover. Usually the notatoes 

are d'!ll!!ned into ~etr.ent lined ~renches from vl:.ere they are nu::ied 

into the vasher by ~eans of a ra~id vater flov in the narrov bottos ot' 

the trench. '!'his vater is ~a!nly recirculated to save on vater con­

sumntion. A very imrortant ~art of this initial oneration is to se­

narate out stones and other hard items, since these othervise ~ight 

duue tl:.e crushina; e~uircent. TI.e clean rotatoes are then crushed 

to a fine nuln by various ~illin~ ~rocedures. Tl:e starch is then 

serarated out by various centrifural and sieve methods and ble~c~ed 

by means or sulnhor dioxide (~02 ). '!'he Sull'hor Dioxide ~ay be made 

by the factory by controlled l:..arnin.r; of sulrhor or it ir:r..y "be nurchased 

in steel bottles !'rom a r..anuracturer. Tt:e latter is nov tht ~ost 

c<"i:r.10n in the !fortt:ern F.urorean l'Otato starch f'lants. The nuri fied 

starch "milk" is finllll~ devlltered by rassing it over a continuous 

rotating vacuUlll ~ilter and finally into a dryer vhich may be a nnei:zr.atic 

hot air dryer vith cyclones. Usually the starch is stored in ~'alk 

It is sold either ba~v~d or in bulk accordin" to the vish or the 

buyer. 
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'l'be yu:.l~ J>rodu<"ed is usuall)· ttaSEed thrr.>Ul'h a continuous screv 

press conYe70P and 8el.iY~r~d into a sil~ at 8 to 10 percent solids 

content. The t10tato v.rovers usual 1.y takes this bact .:"or cattle 

reed • 

The fruit vater from the ~ulttiny. and cleaninv. onerations or the 

potato starch is usu.Ul~ "'assed out on leachinP" beds to disTIOse 

of the hirhly poluti~ contents of the fruit vater vitbout t>elutin~ 

streams or grolDld vater. There are expensiYe vays or seT'larati~ out 

proteins fl"Olll the fruit vater, but this vill not be reco~ended :for 

the initial ::>neration of this potato i>rocessi!lfr ~lan':., but may be ad­

ded later if needed. It must, hOVP.ver, be stressed that the fruit 

water under no circU111Stances must be !Janed out into streU!s or rivers 

since it vill adversely affect ~he biolo,ical life in the water 

throw.h ut1take of oxygen and ,reneral. 'DOlution of the vater. 

The tyne of potato starch plant recommended in this rerort 

has the essential r\Dlctions described above, but emphasis is ti-

ven to use or machinery vhich is less sensitive and easy to 111aintain and 

renair. The process is such, that it can be sto1>oed and restarted without 

major loss or oroduct and t>roduct quality. Also a majo1 portion 

or the equipment such as boiler, storap,e tanks and sheet 111etal 

vork can be done in India by Indians. It is, hovever felt, that 

it is essential to establish this t>lant under a tarn key contract, 

i.e. the factory is ~uaranteed to function normally vhen instal­

led by the contractor. This involves that the contractor t>rovides 

an e~ineer for about one month to assist in the start-un or the 

nlant, the cost of vhich is incalculated in the contract. 

A detailed descrintion or the recommended plant, its requirements 

and costs tollovs. 
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a.1 Plllltlt Caracitv 

In choosi~ the nlant ca~acity consideration is given to 

the !act. thht India so far has had little exnerience with 

not'lto T'rocessing as a vhole a .. d non with notato starch 

nroduction usinv erodern ~ethods. Thus it has been decided 

to r.ake the initial canacity of the TIOtato starch nle.nt 

rather small and use it as a traininv. centre for t'Otato 

nrocessinv. technicians and ~anl!R'er:ect aside fro~ beinv a 

cot:::'!ercial T"l!l?lt. This T'llant is also intended to l:e !'&rt o!' 

a aulti notato ~roduct manufacturin« nlant vith initial 

starch and alcohol ~roduction but ~ssi~ilities to extend 

into the manufacture of other notato nroducts such as ro­

tate chi'ns. frozen ~enc~ fries, vt:ole rotato flour. etc •• 

This vill allov tiae to more close!~ investivate the ~arr.et 

for such ~roducts in order l:ettP.r to SP.cure the econo~ic 

feasi~ility Of the venture. The BT'~arent lar~e VOlU!!:e or 
culls suitable for starch and ethyl alcohol ~reduction 

• 
vhich·in t~e ~~rukhab~d District alone is esti~ated to be 

betveen 150 'lnd 200, ('00 tons rer season ( a"nroxi!'!atel~' 

15 tn 20 rercent of the row.hl·r one r:illion ton r-er ar:r..o 

notato cron) nakes these nroductions favorable nrovidinv. 

an econo~ic source o! not~toes. 

The reco~ended r-lant cal"acit~r is 50 tons of rav ?'Ot.atoes 

ner dey o~ 3 eivht hour shifts or about 2 tons T'er ~c~r 

vith an estinated 100 day nrocessinv season or 5000 tor.s o~ 

:-otatoes fler season. In :!orthern !:urot'e the averaP"e ~rie:tl 

of stare!': is a~out l~~ which results in e yield of finished 

starch cont~ininP" 2r T'ercent ~oisture or a~out 20 ~ercent. 

F.ovever. tased on inrorration collected in !ndia durin£ t~e 

exnert ·~ mission in :-~ay/June/ec, it is esti:nated, the yield c~ 

!inisl':ed rOtato st'lrch vill r-e less and this yield is esti!!!a~ed 

~s lf nercent or 900 tons T'er season. AllthouFh vorY. has 

teen and is bein~ carried out to develop notato variet.i.es 

vith °!"li&"her solids !l.nd starch content, '!'roduction o" ir:d·;st:-i­

al -:-otatoes is not ~ret CO!'!'l.~on in !ndia, b\1t th.·? ~ro\.·ers are 

open and intP.re~tP.d in this to create nev 0·1tle~s ror :-otatoP.s. 
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In Denmark the notato stlll"Ch ~~ants ~ave a canacity ~e­

tveen 15 and ho tons ner hour. The car-acity or the recor.!­

mended nlant c!Ul rP.l'ldel:v- be eX"anded as tile need l!!'l:r oc­

cur as it ~as taken nlace ~t t~e Danish rlants throuv~ t~e 

years. 

A.2 E~ui~~ent and Buildinv.s 

Accordin~ to his terms of rererence. the l11fIDO exr-ert con­

sulted various rood nrocessinv. ~achinery ~anu~acturers to 

obtain "rice esti:nates for the desired 11rocessinv ca':'acit:r 

initially for nroduction or starch and ethyl alcohol ~rom 

notatoes. Re has amon~ others obtained very detailed tech­

nical and cost esti!!tates on eth:rl alcoho!. and starch t>ro­

duction !ro~ ':'Otatoes vith cat'acities, vhich fall vithin 

a reasonable initial size. This STAPCO~A turn-key rro"osal 

vill ~e nresented in the follovinv. ':'he actual..~otato starch 

nlant la~out is shovn in Fiin:re II! • The cost esti~ates 

~re t'resented cy r.rocessin~ sections indicated in rable 1. 



1.ocatioa• h. DHCri!tilltl 'lat.erial 
A,l T Pimp y;---
A,2 l Vukr . 
A,3 l Screw Caaft7er • 
A,• 1 ftoae ~'ll 

. 
A15 1 TaU 5. 
Total Section A, Potato Vuhilqt 

1,1 1 Yariable Fn4 .. 
1,2 1 Pot.at.o aill 

1 Spare Dna 
5000 Spare Blade• 

1,3 1 Plalp Silo c-t ••• 1 Caatrit'lip SS 
1,5 1 Separator SS 
1,6 1 Chute 0.5 • 3 SS 
l.T 1 Moao PulT> SS 
1,11 1 Moao 'P>ap SS 
1,9 1 Snarator SS 
1,10 l Clnat.e 0.5 a 3 SS 
1,1.l 1 Mollo Pimp SS 
1,12 1 MoDo Pimp SS 
1,13 1 Sepvator SS 
1.1• 1 Mono,..,, SS 
Total Section II, 1'.illia,,ud 
Se,iarat.i- ud puri ficat.i-

c.1 1 -Silo+APt.ator SS 
c.:? 1 Moao Pimp SS 
C,3 1 Separator SS c.• 1 Mi>DO Pimp SS 
C,5 1 Sine SS 
c.6 1 Mono Pimp SS 
C,7 1 llloDo Pimp SS 
c.11 l -Silo+Agit.ator SS 
C,9 1 Mollo Pimp SS 
C.10 1 I~ Cyeloau SS 
C.11 1 95 +~it.at.or SS 
c.12 1 Maao ,_, SS 
c.11 1 SiCYC SS 
c.1• 1 Moao Pimp SS 
c 115 1 MDao 1'l8ID SS 
Tot.al Sect ion C, St.arch 
l'\1rir\cat.ioa 
••• 
D,l 1 Vacll!• Filter SS 
D12 1 Coawcyor SS 
Tot.al • Sect.ion D P'il teri111r 

E,l 1 Det7dr&t.or SS 
E,2 1 CoDT.,Ur S3 
E,3 1 SiCTe re z.• 1 EleTDtor .. 
E,5 1 Silo, 10 •3 
E,6 1 Col'Teyor 
E.7 1 Scalt>• 
E18 1 S~irur Machine 
Starch DJ'l'ing and Si "till( 

r.1 1 Vaterpwar 
so2 Addition to the at.arch •lurrJ' 

r.,1 1 Connyor re 
Puln tr&n•i'Ort syn• ia plant 

ft,l Oualit.J' Control Sett-llJI 
11,2 Pirtea and Fit.tin,• 
ft,3 Draine 

"·" El. and Li"bt. 
Jl!,5 rour.datioa1 
!!,iii r1olation ~•t•rial• 
II T ~~arenart1 1 2 l••r• 
.-; 1c:cllanvou1 
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!ati-tetl C'o•t. of a l'llrll-':q Wlatioa 
of a Pat.ato Starch n-t. !'roctHi!!f 50 toa9 
or Pat.atoea/2t Ira. Sovce; STA!!COSA A.le 
Jlrauaac"-ir. Vcmt Ce!!!!!,f. Oct. 30. l?it • 

Int.. hliwcretl Price, 
~ r.0.11. 9-'bo"· JP. Sia..atioa; 

22 ]DO 23,000 D.Marl 

5 1000 33,100 Ia•t. iier'iftrc!'d 
1.5 ]DO 10,•oo 

~ !!!· ~ r .o.b.Rubo!:J 

5 1000 '2.ooo 
1500 11.000 A Vuhiar. 33.5 •.100 125,500 

33.5 •100 125.500 I llilli ...... rtaillg 59.9 5.i.10 ••9,100 
c Starch Mill 

2.2 •60 12,200 Jtefiai11g. TT.2 9.250 561,TOO 
15 1200 116,000 D St.arch l'.ilk 

Coaccatrat.ioc 3.7 1.800 152,6o0 
E Starch Dr7i111r 

ud Sit\iag 26.8 8.510 •39.500 
2.2 200 10,8oo 

,. :r Acldit.i- 30 8,9:!0 
T.5 560 n.aoo c "ffudli~ 1.1 300 12,Qt}() 

150 7,200 F. 11.i scellaneca1!'; 2~ • ~20 795 I JOO 
3 16o U,500 ~t.!1 _.Et~2!!--2-~!;320 2. 5~~~~-~-
• 110 13,300 
7.5 5'o n.aoo 

150 7,200 
3 16o 11,500 hut-~ ~ b: ID4i• 

• 110 13,'.'00 
7.5 560 n,aoo 1 "'- a..naior, ,50,00:llt•. Ul:,000 

• l!O 13.300 1 5'.-ii-117 Dinel. U-Caerator, 
a..1Sa1000 1r.1cno 

59.9 ~10 ••9,100 i'btal l'.achiacry allCl rciio:-t. JltlC, 7(15 ,200 

1.5 •30 22,600 
Pnipt. l!Rboq-!!caX7 100,000 

• 170 13,300 
f'tti~ """'kY-ranO.Jlalld 20,000 

30 •aoo 252,000 '!Vt•.l Pn!flat. 12l',OOO 

• 150 13,300 
'ProceHbur area 1.0z20-lloo:a

2 
0.5 lTO ~.200 
3 160 ll,500 each P•.1600-P•.l,28o,~ 196,923 

.. 170 13,300 Store«e are•l5z25•375 • 

1.5 •30 22,600 each Rs.l•OO-P•.525,CIOO 8o 1T6? 
.. 170 13,300 Tot.al Pl"oc:euiiu ud Stora,:e 'bldr. 277 1f:o2 

13~5 1500 93,600 Tot.al Meeldacry •. :oui-t., 

1.5 1130 22.61)() P'rci1ht ud !uildi .. • 1.162 .892 

2.2 150 a.•oo Moftt.an ( Iast.&llatioa Coat.a) 
0.5 110 25.2M 
3 16o r .soo 1 D!PllftT 3 -.-tu each 25 • lTO 13,300 work daJ'• • 15 work da)-• nch Diii 

TT.2 9250 561,.700 
111650 •a.150 

5 local uaiat.aDt..• 3 - -i.u 
each 25 wrk da7• ( 5a3Z25•3TS) 

2.6 1500 137,500 
each ~3l5ll20-Ra1500 each m.6.5 1.151t 

1.1 300 15,100 
3.T 1800 152,600 

Daily .Uowuce for UJ19triate 
Eacianr DM66 per f&7 tor 92 11-.1• 6,012 

19.11 60oo 312,500 
1.1 300 lo,•oo 

TnYcl ia Wia for &lion 

1.5 160 21,600 Ja.1000/veek-11•12,000 1,8"6 

1.1 600 i•,100 
( •FU'uklla'ba4-Dellli WCklJ') 

2.2 900 51,800 
Food • Lodfrilllr for a\loft tor 

1.1 300 10,i.oo 92 4a,,Y• HCh lla500-ll•.•6.ooo T,OTT 

21oo 10,500 Air tic>.et, bu1inee1 cl•••• 

- 10 a,200 1!annoYer-Prtt.-•~ Dcll:i +retun:: L ,';Z2 

26.8 8510 ,39,500 Tot.al Monta,re Coat ls-.121 

30 8.900 

Coimiiationi!YI Cost 

1.1 300 12.000 
1 l':naineer oae ..., contb or 25 

vorll d• • eiach 12 lire •• 

500 l03.70t' COit l)er da7 Jr.?60 1:.1100 

i.aoo 138.ZC.;. DmilJ' allovuce for 31 day• 
720 25,900 nch DM66 2,0loE 

10000 365,800 1ood•LoVlllf P'U'ukha'ba4 31 daJ'• 

50"'0 3£,000 eiach 11!500 15,000 
21ono 17,]0!l local 'l'raftl <• z rarllkJla'bad 
25!>0 108,1.00 \0 •f'V Delhi M4 ret.um eiach 

25920 195,300 111 .10(10-111 .l.000 £1) 

!2!!!.~!!!!2!!!~-~!!-------------~:~! 
• The loc•tion h•r• corre1oond1 to thOae on 1i~ure Irr Land uid Site DeTdonr.nt. 

5 acres each 111.60,00 llJl1~ lkh• 
or lla.r.00,000 ·~ w.6.5/JI•. 
Site Dndoeent 2 lat. 

Tot.•l Co•t of ll!oni.,e, C°"9il• 

61,538 
19.1£2 
22,301 

!!~~!~~l-~~~-!~~-~!!!.~!!!!~~!~! .. !?~.:E~2 
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A. 3 Estil'.'!ated r•anavenent P.enuirements 

Allthou..-h listed under notato starch production t~ese 

costs vill he shared by all three nroduction denart~ents 

(notato starch, alcohol IUld chins) eoually. This in order 

to econonize on the cc~narative er;:-ensive manave~ent costs 

and mflke better use of the rather scarce availability of 

::ianaeement talent. 

Also transnort costs vill be listed to1rether. vith :r.ana,,.e­

~ent costs. since they are to a ~reat extent utilized in 

connection vith the cor.inon ~anav.e!'tent. 

Esti.?llated management and associated costs are listed in 

Tat-le 2 • These and labor costs vere collected by the er.ert 

durin~ his mission to India durin~ June-.Tuly, 19gf. Fa­

rukha.bad, the reco!l!!"enrled area for the plant location is 

a very rural area, so there vill bP. a ~reat need to have 

ovn tra.ns~ort available for the ~ana~e~ent nlus ~a.terial 

transnorts. ~or vhich reason i~ is included here. It is 

listed on an annual cost ta.sis. 

A.4 Estimated Labour Reauirements for Potato Starch ?rodccticn 

Esti~ated la~our reouire~ents are listed in ~able } 

A.5 Estir.:A.ted ?av v'lterial and other Sur-nly Needs. 

In esti~A-tinv the cost of cul~ notatoes delivered to the olant 

1t is considered, that cull note.toes v.enera.ll:r are conside­

red of ~Per less value than vraded, high ouality table ~o­

tatoes af1dcor.:r.only ~re sold to rrocessin~ plants for rro­

duction of such as 11lco~ol or st~rch in !!orthern Eurore 

and U.~.A. for a mini~a.l rrice. It is teneficial to re~ove 

these cull rotatoes in a rreliminsrr vradin~ berore rla-

cinp; the notatoes in cold :;tor11ge to save the stora.re cost. 

Other uses for this inrerior ~rade of notatoes have been 

as feed for nivs bv ste1UT1inv. them, but this is hardly a 

very r.romisin'I' outlet in India vhere the :!!a..1ori ty of the 

norulation are v~P'etarians and N>rk is f11r from ronular. 

rformally l"Otatoes for nrocessinp: are delivered on a con­

tractual basis betveen the p,rovers and the nrocessor at 
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an 8"t"eed nrice. Also U:e type or industrial rotatoes 

grovn toy the ~vers is a.t~ed bet~en the ~\,~rs and 

the ~rocessor. This conce~t is nev to the Farukhatad 

District TX>tato vrovers. but vhen cuestioned. they ex­

nressed interest in such arranc-er.:ents duri?W a ~eetirur 

o!" irrovers. interested rarties and the exrert arranved 

durin~ his field tri~ to Yaruthabad in July 1~3i: 

\lhether the note.to starch st-.all te handled in bulk, l'ls 

is the case in the Korthern ~ta.to starch nroducinp: fac­

tories. is not cormletely clear yet. A storai!e tuildir.v 

is provided. bu~ tte initial vollll".e or nroduct is not lar­

~e enowrh to varrent the hi~hly 1110dern silo stora.Y,e as 

is shovn in AnnendixI +II~It also necessitates bulk car-

riers, vhich the eXt'ert is not sure, India c!lll nrovide e.t 

nresent. In the ~eantiae the notato ste.rch could be nack­

ed into t10lythene cars or k.rart Daner laminates vith hirh 

moisture barrier and tear resistance. P.odent control r-~st 

be foc~sed on in this connection. 

It is consid~red that t~e sur~ly of sulnhor dioxide ~ust 

be su~?lied by th~ ~lant itself, since t~e su~rly of ~0~ 
._ 

(sul~hor dioxide £as in steel cylinders)may cat he avai­

latle or fn case it is. it ~ay be too exnensive. P.ere it 

is calculated. that ~02 i~ sunnlied by burninv suite.ble irra­

de su1rhor. vhich is nrovided for in ~achinery cost calcu-

1'!.tion also. 
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A.6 qreratin~ Costs 

~ .• 6.1 .,l!"ll' ~~terius 

T!:e r.otatoes vill l:e nrocured f':'Ollt the local • mostly 

small scale n"Overs ed ror the notato starch ?roduc~ion 

initially onl~ cull rotatoes vill be used. Cull nota-

toes are riotatoes or odd st-.ace and vith various su"l"'erricia1 

bruices and cuts but othervise healt~ !I.es!!. It is 

estll!ated, that tt:e rot111.toes ~vn in the Faruk!:abad 

district cont~n ·~~rox:imately 20~ culls ~i:ich at t~e 

nresent t'Otato rroduction or ~cnroxiz:lately one ~ill.ion 

tons annuall;ir L"!Ount to rowrhly tvo hund!'ed thouse.n~ 

tons. It is 'enerally considered desirable to sort 

the cull T'Otatoes out at'ter harvest and be!ore the po­

toes enter sto:-e«e to ~v.rade the !>Qtatoes and to sa-

Ye the cost or storirur these en!erior aualit:-r "?Otatoes. 

Cull ~tatoes are venerally nrocessed into starch and/or 

alcohol, since in these nrodt.:etions the ao~earance or 

tt-.e notatoes does not :!!&tter as lor-~ !lS t!:.e n.esh is rea­

sonably sound. !his is 'l"'r&cticed in countries such as 

U.S.A. ll?ld Cen:!'..ark. The cull rotatoes only col:!!!'..and 

a ~dest nriee on the r!larket and tt:.e eltl"ert is ~ro~sin~ 

a ~rice or ~s.20n/ton as reasonable !or the ~rove~ as 

vell as the ~rocessor. 

It is er.visa~ed. that there throwrh the oresent er~oi::-t 

o~ ir.trod~inr r.ev ~otato varieties !:'.Ore suita~le !or 

nrocessinr vrsduallv vill te such hi~h yieldir.~, hivh 

$Olids ~otatoes available ror rrocessiruf. !t vould te 

desirable i~ t~e v.rovers entered into rir:i contrscts 

vi~h the nrocessors. nrice as vell as nuantity vise to 

~ore securely establish notato nrocessin«. ~e ~roces­

sors o~ten ti~es sunrly soce or the ~ro~er in~uts such 

as seed not111.toes, fertilizer and s~ra:rimr. !!:aterials on 

a credit basis to be naid throuvh the ~otato deli7eries. 
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Sul~hor is needed in the ~rocess as sulnhor dioxide 

to bleach tl:e starch and the e!:".ount and cost is accor.iir.~ 

to in~o?'!!l&tion fl'Ol'l the eoui~ent sun~lier. 

Due to the initial 2all voltne -;>roduction is is con­

sidered. t~..at the ractorf initially P.ust store ~-nd 

market the finished ~tato starch in nolyt.hene bl!U"S 

as indicated in Table 4 • ~e cost of these and their 

size ~as been obtained rroa a nroducer of such ~Rterials. 

~tinated Cost o! Utilities 

These are shovn in Tal:le 5. The~ are bas~d on info~­

tion viven fro~ the e~ui!"l:!ent manu!acturer &bout ou11nti­

ties needed and the cost n-ices vere collected ~Y the ex­

nert duri~ his visit to India ~a7....:rune/l986. 

It is recO!!!!!lended usir1 coal rather than fuel oil tecause 

coal are much cheaner ~r B":HU in India than fuel oil. 

Esti~ated ~Rne~e!l!ent Costs 

11\ese are shovn in !ab!e 2. They are cl!tlcul~ted acccrdir.v to 

information collected by the exnert durin~ his mission 

to India ~-'ay-June/1986. 

Estirated Labour Costs 

These are shovn in Table 1. They are likevise calculated 

accordin~ to info?"!!!ation collected durinv t~e ex~ert's 

mission to India ~ay-June/1986. 

Esti~ate~ Prorertv and Inventorv !nsurance 

These are shovn in Table 6. The cost or this insurance is 

accordin~ to the exnert's inforn:ation from !ndia 

Su:imary or Esti~ated Annual Oneration and A~~inistration Costs 

These costs are 'iven in Table 7. 

Estimated Workin~ Canital Reouirements 

Estimated vorkinv. ca~ital requirer.ents are calculated acrnr­

din~ to the exnert's nrevious exnerience vith various 

nrojects doin~ f'ro.1ec:ted nroritability and cash rl.o•J cal­

culations. ~able 9. 
EGtimated ~~les ?e~ 

This is sho\ID in Table ~. 
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Olll '9taton. 5000 ~ -- r..200 .• 000.000 
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b-1-.t 
•uili,.. 

::r:tlor~ 
~ llaterial.8. 50I or ~ 

m.ooo 
.... eoo 

a..m.eoo • 111.116.585 

2.m.200 
m.690 

ftai .... ~. 50I or a..i <no.~J 

2T .]DO 
21.950 

155.261 

... 1Cderial8 
UtcUidH 
Coe.l 
2lecuicit7 

5!m1U7 or ?Rt.at• a.an.i. OMl'atioe 

... ~strdioe Co.ca la lllC •• 

161.M 

Pio cat•""" l~f'!' IMvwe ---· ' I.&llcNr 
Dnnciatiom 

hildi111rS. ' ' or m ,692 
rq,o-c. lOS or 2,951.210 
*iatnw• or !g11i-t. "' 

Table II 
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ror a lOMer ""1.,., 111'11'1iC .. llOta&ou tun Ht of coH 

non.tr• .,. "'°""1" ,.,..cec. 
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a Ft;,v1 Alcohol ~reduction rron Potatoes 

Production of eth~l alcohol Cc2F.
5
0E) !rom cotatoes essenti­

ally is done b~ methods Ter:!f' much similar to those used ~or 

other starch containin~ olant 1!12.terials such as grains, 

cassava. and suva.r beets. It is a well estatlished industr:~ 

and traditiocal in Yorthern Eurot>e. Here et~yl alcohol !':ave 

a tradition&J. use in production of alcoholic beverBR:es such 

as YOdka and sna'l'!s containing 40 to 50 nercent alcohol l:T 

volm1e. The essential t'arts or the rrocess is to .-el9.tinize 

the starch 1::y cookin~. brake the ~elatinized starch do~'ll into 

fe!'!!:entable suvars throW!'h enzytr:atic reactions and convert 

the fel'l!tentable suv,a.rs (mostly glucc~e) into ethyl alcohol, 

distill the ehyl alcohol or! and nurit'y the crude alcohol 

throu,,h !urther distillation to take out socalled ··rusel oil" 

i.e. non ethyl alco~ol comt!Onents. This is called ''rir:e alco­

hol'' ll?ld contains abcut h l'ercent water. This can further be 

dehydrated to produce socalled "absolute alcohol" or 100 r.er­

cent ethyl alchol. Absolute alcohol is amon.- others suital·le 

as a fuel in cars or an additive to unleaded vasoline to in­

crease the octane (makin2 hivh test) and also serves as e...~ 

anti ~.nock in~redient in v,asoline. Vith the increased tJOlution 

avarenes~ e~hyl alcohol &s admix to unleaded ~asolines nlays 

an increasinv. i?!'!rortant role. Thus the ~rocessin~ technolozy 

is varied ac~ordinv to the end use or the ethyl alcohol. It 

should be t10inted out, t~at ethyl alcohol is by no ~eans or.ly 

imnortant in the alcoholic beyer~e industry but is of the ~rea­

test irnrortance in Medicine IUld industry. as an antise~tic, sol­

vent, ruel,etc •• '!'he basic flov sheet for ethyl alcohol nrodu~­

tion from flOtatoes is shovn in Figure IV. 

The nresent industri~l methods for ethyl alcohol ~roduction 

from starch containinv. nlant ~aterials includin.- ~otatoes vary 

fro~ more basic. batch tyne ~rocesses to hi~hly &J)Tlhisticated, 

automated. continuous ~rocesses. The canital investment increa­

ses ~reatly vith the dev.ree or sonhistication of the ~rocess. 

There is also ,.reat variation in the de,ree or refinin,. or the 
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crude alcohol fl'Olll the initial distillation nrocess from 

the yeast fermentation nrocess. This vill de~end on the in­

terded end use or the ethyl alcohol. 

The tyce o:f t-rocess recoll!l!lended in this ret'l()rt is the ~atch 

process, often referrec>. to as the "Ge~an Batch Process••, 

because it obtained vide use in Germany. The intended end 

product is "fine alcohol", highly purified ethyl alcohol vith 

about 4 '!)ercent veter. This type of process can readil~r be 

e~anded for greater volume of T"roduction and the technology 

can also be u~graded if desired. It is common for such T"lants 

to undergo ~adual exnansion and sonhistification vith increa­

sed fatliliarity vith the nrocess. 

The adva:1t~e of ~roducin~ ethyl alcohol from notatoes is, that 

sec?ndary ouality, but othervise sound notatoes, havin~ odd sha­

nes and cracks, deen eyes and irre~ar surface, are T"er!ectly 

suitable, since it i~ only the starch content, vhich is of in­

terest and the vhole t'otato enters the rrocess. This is thus 

an excellent outlet for cull notatoes from the initial, l::efore 

stora£e and final ~radin£ ot'eration cull potatoes, vhich nor­

mally only cor.imands a very small ~rice. P.emovirui; the c1uls 

be~ore ~arketin~ and t~us ur~adin~ their annearance vill 

usually tend to i~crease their ~arket nrice and consur:e~ ar­

real. F~r Fan:khabad and Uttar Pradesh State as a vhole this 

'!"Oses as a hiP'hl~r desi:o·able ~rocedure to introduce in a concer­

ted '!"Otato ~arketin~ effort. This could be ~omhined vith mar­

ketin~ of the v.raded rota.toes in S?'!all net or other ba~s such 

as 1 k~ •• 2 k~. and 5 k«. net for the consur::er ~arket in the tiF. 

cities. 

On a lonv.er ran~e, one may introduce vrovin~ or ~articularely 
suited, hi~h 3tarch content, industrial T)Otatoes as used in 

northern Europe for ~otato starch and al~ohol ~roduction. 

The ulteriornu~ose ror introduction or potato nrocessinv. in 

the Farukhatad rlis~rict and Uttar Pradesh State as a vhole is 

to secure an•outlet for the notatoes produced and thus an income 

for the ~rovers, vto are in '-reat need or increased cash income. 
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B,l ?lant Canacitv 

The chosen olmt ;..ar.acit;r is ratt:er St!tall, nm::ely ~or 

the ~roduction of about 2,500 liter of fine 11.cohol ~er 

ei~ht hour shi~t. ~or.:!ally T'Otatoes contain betveen 15 

and 20 ne:-cent sta::-ch. "ten 1:%!ltu..-e. One !!v. s~arch :rield.s 

a't:out o.65 liter alcohol &nd consideri~v the rotatoes 

~vn in Uttar ?radesh, Far-.ikha~ad district are not de­

veloned snecifically for hiv.h starch content but ~or ea­

tin~ notatoes it is esti~ated the starch content vill te 

auite lcv n~el7 ~tout 16 cercent as is couu::on !'or nor­

!ll&l. eatirur ?'Otatoes (cooking not l:akirur ootatces). Thus 

it is estimated the yield of fine alcotol vill re ar.n::-o­

ximately lCO liter ner ton or rav ~otatoes. ~is means 

anproximately 25 tons rav notatoes/8 hour or 75 tons ner 

day or three shirts or for a 100 vork day season 7,500 

tous. The t~e of nlant recollll!!ended ca:i, hovever, utilize 

other starch containin~ ~lant ~~terials such as grains 

and could thus vork thro~out the year or about 250 

vork days or three shifts. It can also readily l:e eXt:an­

ded if desired. 

!'urthemore it may serve as an outlet f'or sound vaste ro­

tato flesh from other notato proc~ssin« such as nroduction 

of ~otato chi~s. frozen trench !'ries, vhole cotato t'lour, 

and instant dried r~tato, etc •• These ~roductions can take 

~lace throtu1;hout the year, ~rovided de~endatle cold sto­

rlllle and conditionin' st~rage is available. As a matter of 

fact this alcohol nlant ~ay be hir,hly useful as an outlet 

for re~entable vaste liouids !'ro~ other potato nrocesses 

vithin the comnlex. The solids left after the alcohol fer­

mentation and alcohol distillation is hiv.hly valuable as 

anbal reed and is as such .a. source of income !'or the al­

cohol plants. 

F'i~re V shovs the nrorosed nlant layout. 
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3.2 Eauil'!!!ent and Buildin~s 

Accordinv. to his teft!s of rererence the TI':IIIX> eXt:"ert con­

sulted various !ood ~rocessinv aaehiner:r ~anufactures ex­

~erienced in ?'roduction or et~vl alcohol ~rom '!"!()tatoes 9.rtd 

other starch containinR; ~lant ~.aterials. ~e obtained tech­

nical and cost esti'l'!ates rron 1'./3 Jl~a La-ral. '!'cmba ne11r 

Stock.'tcl.fll, Sveden and ~APCCS~~ Braunschvei1t, V. ~-enr.any. 

~ile A1!a Laval is l'l&inly vorkin"' vith the continuous ?>ro­

cess, ~APCO~A ~resented a conventional sr.all scale, batch 

tyne( socalled .. Ger.:ian Batch '!>rocess") nro?!Osal, ':..ilich the 

eXl'!ert feels is ve17 arcro!>riate for the situation delt vith 

in this re~ort. The oneration or this type of plant is 

less critical than ror a nlant usin« the continuous nrocess. 

It is easy to exrand its canacity and strea.."'ll.ine the ~rocess 

it desired. The recor.ur.ended end product is fine alcohol, con­

taininr. 4 "Dercent vat er,, 'but it can te modified to produce 

100 ~ercent atsolute lll.co~ol suitable tor addition to lead ~e ga­

soline t'uel to increase the octane ratin« and act as an ar.-

ti knock a.vent. Yith the increased polutiO!l conce::-n it is beco­

~irur coir.mon ~ractice to substitute the lead based anti knock 

~ent vith absolute ethyl alcohol usin~ atout 10 nercent by 

VOlUll!e. 

The ~ro'OOsed nlant can also utilize other starch containi~ 

r.iaterials such as r.rain and cassava as a rav material for its 

ethyl alcohol ~reduction. It is ~hus ~ossible to nrolorur its 

nrocessin~ season to all ~ear ~rocessin« and thus heln !!take 

the r-ro.1ect 11'.ore nroritable. Various Indian officials nointed 

out, that there is a preference to~ uain~ ~tato based ethyl· 

alcohol as carrier for essential oils in the oerfume industry 

of vhich there is a ~reat deal in the Farukhabad District or 

Uttar Pradesh Province. They claim it contains less skin irl"i­

tants than ethvl alcohol based on other rav materials. There 

is also a nlan to nroduce Vodka from the notat~ based ethyl 

alco~ol ror vhich it is claimed to be parti~ularel~ suitable. 

The estiMated cost or the !>ronosed turn-key olant is sbovn 

in Table to. 
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'l'llble 10 Es--..t.ed Cost. tor a Turn-ltev Installation 
or a Ethyl Ucobol Plant bas~d on Potatoes 
vit.h a Canacit.y of' about. 75 Tons/24 Hrs. _ 
nroducinv about. 7,500 Liters Fth,vl Alcohol 
per 2Ja Hours. (Source STARCOSA, Brauns~hveiy) 

Decri'l'\t.ion 
Mate- Inst. 
ti.!! K\". 

~tato ~ashi?ll" ~ection Fe 33.5 

Pressure Cookers Fe 

Fementer (15_,P'.3) vith 
CoolinF. (ko m~) + &Y.i-
tator SS 

Mono-Puir.:n 2-8 m3,vari-
able speed SS 

Still tor ~roduction 
or crude ethyl alcohol 
consistin,r cf; 
Mash Col1J111.n SS 
Condenser SS 
Cooler SS 
Pipes, etc.. SS 

Y.ono Puinn 3-6 m 3 , vari-
able speed SS 
Still for nroduction 
of Fine Alcohol (100% 
pure alcohol} consistinf 
of; 
Column SS 
Condenser SS 
Cooler SS 
Pines, etc. 

Circulation ~ump 

Control and testin~ 
equipment, pipes 

SS 

SS 

Steam Boiler, Rs.600,000 Fe 
f per.8HoUt" 20t(8 bai-1 steam) 
Drawings ror tanks to 
be m~de in India; 
4o m tanks each 
Rs260,000=Rs.780,000 
Yeast contain~r vith 
ap:itator, 4 m Rs 

~~7~~o~~k vith 4 

Fe 

SS 

denartments, Rs.260,000 Fe 

Freigh~ itembo:rg - Bombay 
FreiGht For.ta~ - YoTVkb~\ad 
Mnnta~e and Commissioning 

~:rcent Contingenaea 
~ot&l ~uirment 2 'Ruil.Unrf'. ~ x 15 • 1~050 m 

7.5 

2.2 

2.8 

3.3 

2.2 

51.5 

Delivered Price 
f .c;.i_~b. P.et-o.r.f", W 

125,0JO 

136,ooo 

130,000 

10,000 

124,ooo 

8,000 

1'19,000 

12,900 

90,000 
123,077 

120,000 

35,000 

40 000 
1,373,077 

.50,0uv 
10,COO 
66,ooo 

1,499,077 
ll.9,~00 

-1 ;648 ,985 

each R1.1.600 • Rs.1.680.000 DM.--258.462 
------------------------------------------------------
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B.3 Estiaated ~an8'ement P~uirem.ents 

The three notate flrocessir.,; orentions are under coC?:X>n 

~ement and the cost is divided evenly 8DOrut them and 

shovn in Table 2. 

:S.4 Esti:iated Labour Peouirerents are shovn i?l Table !.l.Alco­

hol nroduction is not very labour intensive, but it needs 

skilled nersonnel to O-::?erate the eouianent and not least 

the distilling eouitiment, vhich is ouite sensitive. Also 

the fermentation "?rocesses must be otserved c~_osel:r to 

obtain the optimum 7ield or alcohol. 

B.5 Estimated P.av ~~terial and other Need~ 

Tablel2 shovs the es~U!ated rav materia.J. and other needs. 

The amount of cull r.otatoes needed is calculated t'rom their 

estimated starc!'l content or 16 percent and assumi~, as is 

common, that l ~ starch produces about 0.65 liter etl:-fl al­

cohol or ro~hly 100 liter r.er ton of notatoe3. 

The amount or enzYMe solution used is based on in!ol'1!lation 

from STAP.COSA in Braunschveig and NOVO near Co~enh&a'en, Den­

mark. 

!n calculatin~ amount of yeast to ~urchase it is assumed, 

the nlant vill be able to T'lroduce lllOSt or its needs from 

the initial ~urehased yeast and only occasionally vill need 

nev sup~lies to assure the yeast "milk" remains reasonatly 

nure vithout foreign infection. The plans provide for a 

a vessel to ~rov the yeast in. 

There vill be a need or r.urchasin~ cleanin~ arents and t~is 

has not been estimated here, but vill not be a very costly 

i tm. 
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B.6 Oneratinv Costs 

B.6.1 Pav ~Rterials 

The notato nrocurement vill be undertaken the sa."'te 

vay, as it is done for the starch ~roduction usirw 

t:?Ostly or exclusively cu.i.l N>tatoes. It can r.atu:-al­

ly also tske in rev.u111.r Surt"lus 't'Ctatoes~ if there 

should be a need to ~ind outlet for surnlus rotato­

es. It could also use other starch containinv ?::ate­

rials such as v.rains and cassa~"a if they ~hould be 

available at a sufficient:y lov ~rice. !t vill ~e a 

~reat adV1Ultave to have the alchol ~lant OT"eratinv 

year round. 

EnzY=te solutions must be ~rocured frmc outside India 

and the ones mentioned in this re~ort are ~rocured 

fron Derr.ark from tiO'!O Industries, near CoT"enhuen. 

It vould also be "OOssitle to use ~alt r.ade from snrou­

ted Barley, tut this is !!!Ore involved than usin~ the 

ready made enz:r.r.e solutions and the enzY'!lles in malt 

Rre also said to be more sensitive to rrocessinv con­

ditions, i.e. teMnerature and nH (acidity). There is, 

hovever, a ver·y hiv.h, 12J uercent duty on these enzyv:e 

solutions, vhich does render them ouite exnensive. 

!east is manufactured in India and is readily avai­

lable. 

There ~ay be a need to use sul~horic acid in s~all 

~ount!! to adJust the acidity { nH). Hso various t::­

rP.s or clennin~ ~Pents vill be needed. Jceordinv. to 

the r.ae~ine Manu~acturer, the COSt Of these ~ateriRlS 

vill only be very sMall ~r.d they have thus not ceen 

listed in the tRble shovinv estimated cost o! rev ~a­

terials. ~able l?.. 



'J'_~l~l.P.. )l: ~~.t. .~!"!' .. ~-"~ .~C\.h.!?,'!,.1' __ n.!!,ri~1_i .r.emen t• . .!!>..r._!!;.!!Y.!..&£.o.h~ .. I '.r!l~.11~ .!J !?.'~ 
r.hirtfl Mnnthit Han Mnnth11 Cn1t r•ftr Co11t 

C~te~ "·'~~nr !'!'.!: ~v ~l!_r_!fl~.r P.!.t...l!!r _. '~'' . .'1.11.2!1.th 1'!.r •. Y.ct.AJ' 
Fore11um l 3 l~ 36 1000 ~r..nno 
rot~to Pr.cr.ivinr l l ,, 36 rioo ?l ,Cno 
F.1111i Nllf!nt 01'f!rAtor11 ,, 

" 
,, lt8 800 38. !too 

f.tnrtu•e Wnrkf!rn ") 

" h 21t tioo l It ,Aton .. 
r.tora,.e \lnrt.f'r 1 \ l~ 12 ftnn ·r, wn 
ntot:r.r l "i " 12 ti on ·r ,:mn 
nweerer ? 'i ,, 

21t f.oo l It ,lion 
f.vee"er l ' 12 36 Goo 21,Goo -- ---·- ·----- ..... -~---· --····· ·-··-------·-·· ----···· - -·' ..... 

'J'nt"1 Ra .1'io, lion • l>M. &?5, 52if • g 
-------;---- -----::: .. -_-:.-.-. ~~· .. -· ':"'.-.-:.-.-:.-:.-:--.-.:-=.- • 

• l f>t.t • Pri • (j • 5 



- 41 -

T11.blel2 F.sti!'!eted ~11.v !-~terials 11.nd other !feeds 

Cull ~otatoes. 7,500 tons each ~s.2~0 = Ps.l,5CO.~~,o 
F.nz'."'l'!e C:Olut!ons assU!!!inY 1,201 tens starc~/anno 
A!-!C=0.87 L/ton stareh=0.87 x 1200=1.0h4 L, 
DICr.66/L c.i.~. Farut.habad=l,044x6£= Dr-r.E8,90l• 
Ter.ita..~Yl 0.3f k~/ton starch=O.~f.x~.2hC=432 It« 
c.i.r. Farukba?:ad DY.r.52/K~.=52xl~2= l'~:r.22 1ltfk 

~u~ Total tKr.91,3(8 
+ 120~ iaT"Ort dutv " lC9.6h2 

Total D!Cr.201,010 

Veast ~-~e-l"T",six tons/a."lno each n~~.l.316 7 ,f'l5 

To!!!:_~-------------------------E:~~?l~5t! 

Table 13 Estir.ated Co~t or ~tilities 

Coal ~00 tons each Ps.OlC=?s.319.0C~ 12€,ooo 
Electricity 123 160C each P.s.1/!'f•=P.s.123,ECO 19.015 

Total 1~5.~15 ---------------------------------
'!'a~le ll ~o;ti!":ated 0 rorert·r end !nver.torv !r.surar:.ce 

Prol"erty VRlu~s 
Eouirnent 
'9uildin~s 
Inventory 
Coal. 10~ or annual 
Finished ~roduct, 50~ or annual 
~Z"'?!:e ~olut ions, 50- Of annuel 

1,513,600 
2sa,L.62 

12,6"~ 
29~.t.(;2 
2( .1.1,15 

Total 2,099.572 

!~!~~~=!~-~~!~2_:~~=!~;-=----~~~~~ 

Tatle 15 SU!!lll!arv or Isti~11.ted Annu11.l Oreration 
and A~~ir:.!st~etion Costs ir. DM. 

Pav Materials 
Utilities 
Coal 
nectricity 

r.• 'lll&P.'e!!len t 
L11.bour 
Insurance 
DeT'reciation 
Euildin~s. 4~ or 258,4€2 
~~uinr.ient, 10~ of l,64H,9H5 
~aintenance or Ettui~ment. 4% 

Total 

12t,OCO 
19,015 

23,221 
25,524 
2,~24 

10,338 
164,899 
Ei,959 

m.f.129 ,ilfl 
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~.6.2 Esti~ated Cost ur r•tilities 

Th.ese are shovn in ~able 13. They are based on i::­

for.:!ation .Tiven by the eoui;'lllent r-..anu!'acturer. '!llis 

~rocess does renuire a considerable a....."'Ount or ruel 

crost o!' ':'hich is s~ent in t~e distillation rroces­

ses. Also la.rve ~uantities or ~-ater is needed ar.c! not 

leut for cooliftlf. It is estll:a.ted 250 ~ 3 vater at 

2'J°C is needed T'er 8 hour shirt. !t is not anticba­

ted. there vill be any nroblm rroridin~ this amount 

or vat er. rroh.bly rroar ovn bore hole. The FarulcJta?::ad 

area ?t.as seYeral riYers vit!t th~ :;anp;es river l:eiu 

the lanrest. The cost or vater ':n.ll:!n(s) is conside:-ec! 

covered under the 10 cercent conti~eneies. 

B.6.3 Esti?'lated ~!ln&zl!!:lent Costs 

These are shovn in table 2. One third or this cost 

is attributed to the alcotol nroduc:tion unit. 

8.6.4 Estimated Labour Cost 

This is shovn in Table ll. ';'o onerate a distillery 

is not very labour intensive as shovn in t~is table. 

3.6.5 Estimated ~rorertv and !nventorv Insurance 

These ~re shovn in Table 14. 

B.6.6 Slr.!llarr of !sti~.ated Annual Oneration and Adr.li~istration Cost 

These are shovn in Table 15 for 100 days or ~lant 

OT'eration. 

8.6.7 Esti"ated Vorkinv. Canit~l ?e~uir~ents 

These are shovn in Table 11 
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B.b.8 Estimated f.ales Pevenues ( Tacle 16) 

In estimating sales re-,enues it is kent in ~ind, 

that there is a ?\articular dP.sire to nroduce al­

cohol !r<>l!l notatoes, because it is felt it is tet­

ter suita~le in t~e ~er!U!'!e industry and in nro­

duction of vodka ror exnort. The a.b. ractory r.ri­

ce ror industrial alcohol vas ~iven as Rs.4.€5/L. Jn 

this ret:"Ort the nrice for !ine alcohol (hiehly re­

rir.ed}is estimated as P.s.5.00/L a.b. factory. 

It is, hovever, a~narent, that this rroducticn can­

not be economically viable onl~ Ol'\erati~ 100 days 

~er year, but should otierate close to a co~nle-

te vorkin~ year. '!'he 100 days vere s~~~ested, tecause 

it vould not be re~uired to onerate a cold storave 

in con.1unction 'la"ith the alcohol a:1d starct. rrodt:c­

tion, since the l'\Otatoes can be kent vitbout thif 

for this r.eriod after harvest in Nov.-Dec •• Additio­

nal culls can hovever be l'\rocured rro~ the cold sto­

ra~es as t~ey take out tatle T"Otatoes and F.rade t~er.i 

nrior to marketing. There is a vreat need to i~~ro­

ve the ~radinv of the table notatoes and taki~v. o~t 

cull rotatoes could be ~art or this sche!!!e. Also the 

rotato chin oreration. vhich vill be year round, vill 

T'roduce so~e culls durin~ the vradinv or tte ra~ ~o­

tatoes. 

An additional inco~e from the alcor.ol ~rodt:ction is 

t~e sale o~ the Mash residue ~rom tr.e distillinP c~e­

ration. It is estimated, that lC nercent o~ the solids 

ori~in~lly in the l'\Otatoes vill end UT\ in the mash. 

vhich vill be relatively dr.1 ( arrroxir.ately 30 rercent 

vater). !t is hiY.r.ly suitable as animal !eed and is 

esti~ated to have a value, that is half that or barley 

vhir.h at r.resent sells ror about US$140/Ton. 

Tn some larv.er ethyl alcohol raetories also the carbon 

dioxide ~as from the rerr.ientation is cleaned and sold 

bottled un1er pressure ror such as dry ice ~roduction, 

but this nlant described here is considered too small 

!'or this. 
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T!lble 16 !stiir.ated Sales P.evenues ~or 100 !>a-rs or ?lant ~eration 

750,000 liter :ine ~t~yl Alcohol eac~ ~s.~. 
750,000 x 5 = ~s.3,150,000 

Distilled ~-~ash eaual to 10~ or 1 ,500 tons 
Potatoes = 150 tons Dry ~atter s ~.ash vith 
30~ Vater = 150 x 100 s l,on Tons each 

10 
D!l.11~0 (=halt' the current ~rice or Barley= 
Dr• .280/Ton} s 1,071 x 140 = 149,940 

Total 

Table 17 Estifl!&ted Vortr:fo, Caoital !'t!flui?"el!!er.ts 

Payroll (lOS or Annual Cost or 48,745) 
P.av !'.aterials (50S or annual Cost or 291,561) 
~inished Stock (50~ o~ Annual Cost or 726,863 
~tilities (50~ or Annual Cost o! 145.015) 

C!o!.24, 373 
" lh5,1Bl 
.. 363,432 
.. 72,508 

Total ·-----~606 ,091' 

..... 
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B.T 01'.'eratinv. Costs C':>eratinv 200 Dftvs ner vear 

Due to the the unc·:>nfortable little difference betveen sales 

revenue end estimated annual cperation costs. it is !elt es­

sential to Otlerate the ethanol ~lant at least 200 days Fer 

year. The estieated labour cost f'or year round ot!eration is 

shovn in Table (the labour force vill he ke~t year round all-

thou~h the calculations are only ~or 200 ~!ant vorkin~ days, 

because th.ere vill be periods of clean-un and !)lant bre&L do\.-r:, 

~hich will ~rolorur the ~eriod of oneration. Other costs e~e 

sic~ly doubled. Table 18 shovs s'lr.!!:!er:: of esti~ated ann~al ore­

ration costs. 

Tatle 18 !:stfoated Annual Ore::-ation 

~a,.. !-'Rterials 
Utilities 
Insurance 
~-~ag~ent 

L'ltour 
De~reciation 
Euildinl7s, L~ 
Eoui !'!!'lent. 1 O"'.' 
?~ainter.ar.ce o!' :£11ui r:nent 

end Adr.:inistration Costs in D~. 

593.124 
290,03".l 

3,720 
23,221 
54,277 

10,338 
151,360 

6'1,544 

B.3 Esti~ated ~Illes Pevenue for 2~0 Dev e1ant o~el"liti~n 

An esti~ated sales revenue for 2CO days is taken !~om 

~able 16 by ~ultirlyinv vith 2 and is ~~!!2~~~27g~! 
It must. hovever, be rointed out, that losses do taY.e 

nlace in nrocessinv as vell as in sales. 



'l'ahle 19 

Cat~gory .N~«!_r 

Foreman l 
Potato Receivin~ 3 
F.quiNnent Onerators Ii 
StoraP.e Workers 2 
Stor~e Worker l 
Stoker 1 
Sveef\er 2 
Sveel\er 1 

• 1 Dt-f • Ps.£.5 

rstil!J.8..t~d Labour neguirementa tor F.thll Alc2hol Productio~ 
Plant ~er!,tJ.!!!..!1.Q.0 Daya per Ye.!!:.• ' 
~hi rta Month a Man Months Coat per Coat 
per Day ner Year fl_@r _Y~a_r Man Month per Year 

3 12 36 1000 36,ooo 
l 12 108 Goo 64,800 
l 12 144 800 115 ,200 
l 12 72 600 43,200 
l 12 12 600 7,200 
3 12 36 600 21,600 
3 12 72 600 43,200 
~ 12 36 600 21,600 ----------------------------- I 

~ 

!2~~! ________________ 1~~~~~Q:~-~~~i~~~tl~ ~ 
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C Potato Chi~ ~oduction 

Potato Chins have Fained ~orld vide consumer acceptance and in 

narticular in U.S.A., llhich is nrotably the first country to 

introduce lar«e scale col!'illlercial T'Otato ~hin production. As a mat­

ter of fact, it has a s~ecial institute for this in~ustrial ac­

tivity. called ''The American Potato Chir- Institute''• Cincinnati, 

Ohio. 

'!'he concent to uroduce notato chi~s ~rohacly oriYinated in :~an­

ce. vhere it gained Y10nularity &!:!on~ the veP-lthy as a YO"..!r.::et 

food itel'! in the 19'th Centur:•. 

Essentially, T'Otato chin nroduction is sim~le, ne.nely cle~r.inY, 

~eelin~. slicinv and fryin~ the thin slices in oil or fat, ~is 

can be done virtually by any house vife in an ordinary kitchen 

vith very simnle tools. Hovever, the nicture does chanv.e dr!!r.!a­

tically when ~roducinv to nresent day const.1r.1er ~arket, vte~e a 

unifo?'l!lly li,ht coloured, hi~h auality. crisp !'Otato chin is 

der.tanded. This has created the need for develoTllllent of ~arti­

cularly suitable hiFh solids content, S111ooth surface, liF~t 

skinned hi~h yieldin~ potatoes with rood flavour characteristics. 

r.~odern DOtato breedin~ includfoy v.enetic en,,.ineerir.P' r.ethodS Ma-

kes this ~ossible and is beinv. nracticed at many notato reseRrch 

stations throwrhout the World. Also cultivation, handlin~, stora~e 

and ~rocessin~ conditions must be vell controlled. To secure year 

round sun?'ly or notatoes, they must be stored in cold storave and 

~efore nrocessin~ into ?'otato chins be conditioned for a few veer.s 

at roo~ tem~era~-:.xre (!8 - 20°c) to ~etabolize avay the reducin~ 

suFars develoned durinF the cold storave. Othervise the uotato 

chins vill develo~ a very dark brovn colour, when finished fried, 

which does not meet vith consumer accent~nce. Some recentlv intro­

d•.icel\ ?'Ot&to varieties dP.velon less reducinF suFars durinll cold sto­

rave than other varieties. Also the ouality or the fryin~ oil is 

very imrortant, i.e. it must be hiF.lY resistent to :- .. eak dovn in-

to free ratty acids Rnd turnin~ rancid durin~ storage 01 t~~ ?'ack­

ed notato chins. Addition of anti oxidants does heln delayin~ the 

derradation or the oil or rat. Ve~etable oils, such as soy bean 

or maize oil is commonly used. Salt and f'lavou~ in~redients must 

be uniform hivh ouality and evenly s~rinkled onto the chir.s. 
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C.l Plant Ca~acitv 

~or the initial croduction of notato chins only a St:tal.l 

scale nlant is recommended. This line vill have coc:::on 

~av.ecent •.rith the tvo other ~roduction lines, tl:e et~A.no~ 

and starch line. It is rl!Cor:i:iended initiall~ to ~rocess 

2, 500 tons potatoes per year of 250 working days o!' tl:ree 

ei«ht hour shifts. A yield or 2~ to 30 nercent o! ~otato 

chins containin« JO !)ercent oil or fat is col!'JllOn. '!'bus at 

28 nercent yield the annual nroduction or ~tato chins is 

700 tons. It is a aust, that only hi~h auality, vell ~ra­

ded, ~i~ht coloured, smooth skinned ~otatoes of a pleasant 

flavour is used. Otherwise the yield of rinisl:ed fried ~o­

tato chips vill be far smaller. j.1so oil or fat atsorbtion 

increases vith lover dry matter content, vhich is undesirab­

le in viev of the ~eneral fear of intake or larp:e crounts 

or oil or rat due their ~i~l: calorie content.The ~eelir~ 

loss from smooth skinned ootatoes is also far less than for 

notatoes vith deen eyes. For suitable Dotatoes the neeling 

loss usinv. abra~ive ~eelin~ by such as carborundum coated 

rollers is betveen 5 and 10 !=ercent .ll.y, since it is not 

necessary to r.eel the notatoes verJ deenly. ~~all s~ecs o! 

light coloured skin is hardly visible on the rc'.Ul~ly one mil­

li~eter thick ~otato chio. The nevly introduced Kufri Bad­

shah l"'Ot~to variety from Shimla an~ears to be suitable for 

?"Otato ctin ~roduction vhen nro~erl7 v.raded. 

The r.iarY.etin~ asr.ects vere looked into by the eXT"ert, as ~uch 

as his short tel"!!I in~ut ner!!litted. He visited various ~arket ~la­

ces in :.Jev Delhi end ~ad lenrthy discussions vith ~-!inist!"'/' 

of !ndustr.r officials in Uev Delhi. P.e also discussed the ro­

tato sn~ck ~.arketin« nros~ects vith offici11ls in the State 

'"..cverrr.tent o! Uttfl.r "rllldesh. He vas viven 11 ?"Otato nro.Ject 

study by the Consultancy Cell, Deeartment or Food, 'ev Delhi 

tbe data or ~hich fo?'T!ls r.art of his assessment and calculations 

~iv~n in this nart or his re"OOrt. ~e still reels, that it is 

necessarJ to establish a distribution contact for instance in 

:rev Delhi to secure 111.n er~icient and rast :!!&rketinir or the ro-
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tato chiPs, vhich in the hot and humid Indian climate 

have a relatively short shelf life, since elevated tetn­

nerature, hi~h hU?r.idy conditions are adverse to hi~h 

fat content nroducts. It should Ill.so be T'Ointed out, 

that ~t is necessary to use nackin~ materials vith 

~ood hWl'!idity and air nenetration resistance. ~oly. Pro­

~ylene, as recolllll!ended in this re~ort is suitable, but 

l&Minates vith alU1'1inum foil for larper institution size 

nacka~es are ~ven retter, but very costly. Also the ~ester 

cartons in vhich to transnort the na~ked chins fron the fac­

tory to the market must have hivh moisture resistance and 

be tear resistant also,because the chi~s are very fra~ile 

and their consumer ai~centance decreases if they are ~ar­

keted broken into small neaces. The ~ackiutes ~ust re marked 

vith date of manufacture in order to have effective oua­

lit:v control. ~e eXT1ert did contact a ma.1or sr.ecialty food 

nroducer and marketer durin~ his ~ay/June, 1986 India ~is­

sion and discussed distribution of snecialty foods such as 

snack foods, but the T'lanned r.?eetin~ did unf'ortunatel:r not 

take nlace ~ue to the manarement beein~ on leave durin~ the 

very hot season. 

C.2 Enui~~ent and Puildin~s 

There are nllr1erable manufacturtrs of notato chin rroduction 

lines also on a turn key rusis. ~ince this nroduction is not 

co~on nlace in India, it vill te necessary to i~~ort such 

a ~roduction line, ~hich can he done on zhort notice and rnirht 

be combined vith nrocurernent and turn-key installation of the 

notato st~rch and ethanol nroduction nlants. The estimated 

cost is listed in Tatle 20. 

Firure V! sh,vs a notato chin rroduction flov sheet 
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~a'He 20 Esti~ted Cost !o~ a !urn-ke~ Installation 
of a 0 otato Chin ?reduction and ?~cki~ Line 
vith a Cal'acity- of ten ~ons of ?'tv Potatoes 
r.er Day of ttree eil:"ht Hour ~hi !'ts oroducina; 
2.8 Tons of P~tato C?:.ios ~er Day or TOO Tons 
ner Vear of tvo hundred and fift:v vork Da•rs 

l 0 otato Chio and Packi~ Line Dm. 700,IJOO 
FreiF;ht Y . Z:urone - !!o?!lbe.._v 50,COO .. 9oabay - Farukhabad 10,0QO 

l Steam 3oiler. Indian :::ake, 
Ps. 300,000 4f .1;4 

~ub ~otal • f-'achinerf ~: ... 30€.154 
Contingencies, 10~ 80.~15 

Total Me.chinery ~.386,7€') 

Processinv Buildinv, 200 m 2 
• 

each P.s.1400 = Rs.2~0,COO Dr-'. 43.~77 
Cold Storaae eco ~ each 
?.s.2000 = Rs.l,600,0QO ,. 246,154 

Total Buildimrs DM.289,231 

':able 22 Esti~!!.ted P.a•..1 !-!aterial and other ~eec!s* 

Graded ?otatoes, 2,500 ~ons ~ach Ps.750 =Rs.l,S75,COO 
Salt, 3r, of TOO Tons=21 Tons each P.s.6000 
= 21 x ~ooo = 126.coo Rs. i26,occ 
~e~etable Oil = 30~ of TOO tons = 
210Tons l'lus 20% gaste = 252 Tons, 
each ?.s.5 ~00 · ?.s.l,260,000 
?11ckimr ~·ateriels 
0ol~{T.'ro~vlene BB.P's r.ackin~ 100 v.r. 
n~t = 7,700,000 includin~ 10~ waste 
= 4 baars ner ~eter of 14.5 cm vid~ 
tube • 1,925,COO ~eter at Rs.l,500 
r~r 1000 ~eter. ?s.l,500 x l,~25 ~s.2,eST,5CO 
c~rd~oard :oxes (about 46x31x25 c~) 
each ror 5 kg net • 140,IJOO each Rs.7 
• °140,000 x 7 Ps. 980,000 

T.,te.l Ps. 7 .128. 500 • Dr·! .1, 096 ,6~o 

• ':'1-:e ~rice of r~ckin« materials and vegetable oil varies greatl~ vith 
oaantity purchased and ror r.ackina; rr.aterials also vith the t:n:e o! "Drint 
a~d the colour or the ~rinted material. Also the "Drice of salt derends 
en the nurity and 'rade. Aside from salt, one may also use other f'lavour 
~aterials to enhance the taste. 
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0 otato '.\e.s~er 

i Potato ?eeler 

i 
Gradin~ Belt 

"otat}Elioers 

Potatt ~lice 
Wa•r 
Deel" Fat 
Fr..rer 

J, 
Potato Chin 
Oil "' . . _rain Chain 

i 
~~lt and :lavour 
AT'r.licator 

rackin~ ~·achines 
~ 

Warehouse and 
Distribution 



Category 

Foreman 
Potato Receiver 
Potato.Graders 
Eouipment Operators 
Packinp: 
Storape 
Sveeylers 

Total Labour 

!nl~~ ~stimated r..a.bour Require~ents ror I'otato Chip Prod4ction 

Shifts Months Man Months Cost per Cost 
Numher per 011.y J:!er Year [!er Year Man Month per Year 

1 3 l:? "iii 1,000 3G,ooo 
2 3 12 72 600 43,?.00 
11 3 l~ 1411 f'OO )(,,400 
2 3 12 1?. 800 57,Goo 
6 3 12 216 Goo 129,600 
2 3 12 72 600 li3 ,200 
2 3 12 7?. r.oo 43,200 --

Rs.439,~00 • 

-----~~.:~!.!21~- I.II 
N 



, 

- 53 -

c. 3 Estima"'ed ~-·anave?'!ent Rel'luirel!!ents 

The three ~tato i:>rocessing operations are under coi::::on 

manav,ement. and the cost is dh·ided evenly aJ!lonF. them and 

sho~'ll in Table 2. 

C.4 Estimated Labour Penuire~ents 

These are listed in Table 21 

C. 5 Est inated 1>11v !·'aterial ar.':! ot!':.er ?!eeds 

Table 22 shovs theesticated rav ~aterial and o~her needs. 

For this nrocess only high F.rade ~otatoes are used. The 

cost of these naterials fluctuate greatly accordin~ to 

market conditions and a~ocnts of material nurchased. Card coard 

boxes vary in ~rice accordin~ to above and accordin.~ to 

the type of print used. '!'he same annlies to the ~latic used 

for b~s for the notate chirs. The ~rice for ver.etacle oil 

for fryinF is ~enerally much cheaner, vhen nurc~ased cy 

tl:.e ton in tank cars than vhe!'! !'urchased in dru:'ls or ~aller 

containers. ?rices are usually avvreec on throu~h n~votia­

tions accordin~ to ~e::.eral rrcduce !'rices listed or. ~a..~o~ 

international ~arkets. 

C.6 Orer~~inv Costs 

c.€.1 ?.av ~·'lterials 

Tr:ese are sho~-n in Tatle 22 

C.C.2 F.st:~~ted Cost ~~r Ctilities 

7r:ese Are shovn in ~able 23 

C. 6. 3 F.sti~ttted Cost for ~·l\r.111.Fe-."ent 

This cost is shovn in Table 2. One third or this 

cost is attributed to the !'Otato chi~ rlant. 

c.6.4 F.~ti~~ted Labour Cost 

This cost is listed in Table21 

c.6.5 Estimated Pro~erty and Inventory Insurance 

This cost is shovn in ~able 24 
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C.6.6 SW'l:l!al"Y or Esti!:!att!d J~ual. o~e~tion ar.d A~inist~t~on Cost 

These are shovn in Table 25 

C.6. T. Esti.l!:Att!d "iorkin..• Ca:?ital ?t!'?ai~er.ts 

These are shovn in Table 27 

C.6.8 F~ti~ated ~ales Pe~nues 

In estirati~ the sales revenues t~e a.b. ~actory ~sti­

~ated ~rice ~r 100 ~- net rotato chin beJr ~acked 

in cartons containirur 50 ta;.s each. It vill te necess&rj' 

to exnlorea :tanner in ~11ich to distribute the ootato 

chi~s, vhich rossibly l!lildlt t:e done thro~h n~ivate 

food llroduct distri't:uters, l!!ostly in the larrer citi-

es such as lev Delhi, Bomtay, etc •• Ac:tuall:r the chins ::tight 

be marketed in different sizes ror different outlets 

such as l&r1rer sizes ~·or the institution trade ~d s::ialler 

ror tt:.e retail c:arket • 100 na net is a nry ~?'ulsr 

size in Vestern Euro~e includi~ Austria. F.ere also a 

250 !l'Ul net ~ is coczronly :aartceted in the s~er 

markets. There vill be a need to reel ones va~ vith 

this and take a little closer look at the nresent ~ar-

ket cefore !ir:ni~ ~ on decisions OD vtat tyne and 

size °!:a".:s to use. The Indian oftentimes very hot and 

humid cli:ftate is adverse to the shelf life or oroducts 

such as Tl('·tato chins vith their high :'at content! 



r 
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Table 23 Esti~ated Cost or ~tilities 

Coal, LOO Tons each P.s.~10 = Rs.364,000 
Electricity, 50 KV/hour = 300,000 -rer year 
each P.s.1.00 = Ps.300,000 

Total 

T&l:le ~L Esti~..ated ~rore?"ty and !r.ver.torv !nsurar.ce 

?rorerty Vuues 
'E'.'luime::t 
~uildir~s 
Inventorv 
Coal, 10~ or Annual 
Packirur ~··aterials, 5or. of Ann':.llll of m•.505,000 
Finished 'Product, 5~~ of ar.r.ual vith an ab 
!'actory nrice or Ps.3.00 ner 100 vram 

m-~.5l,oco 

D!~. 8Sf. , 7f 'J 
.. 289,2:U 

5.(00 
"297 .. 5CO 

Ket Potato Chi~s BaF. (?.s.21,000.noo = ~.3,230,7(9) 
= n..-.1,€15,385 i,615,385 

Total ™· 1,094 .1ia5 

!~!~~=e·-~~!~~~--------~~1~~~~ 

'!°till-le 25 51.ll!!r":arr o!' F.sti!!!ated A."lnual OT'er~tion 
and Ad::-inistration Cos .. _s in !:>.~-!. 

!fav !-•aterials 
Utilities 
Coal 
nectricit~ 
Pronerty and Inventory Insurance 
~-~U.el!!ent 

Labour 
Der-reciation 
P.uildi:in, 4~ o!' r ... 289,231 
~uir.tnent, 10% of 856,769 
f·~intenance, 4:; " '" 

Total 

Table 2€ Estil"4ted fales 

7,000,000 100 '-Tl'Ull net notato chin b&Rs 
each Rs.3.00 • ?.s.21,000.000 :a m!.3,230,769 
Sales losses throu~h snoilll'.e and breaka,e, 
20% of above 

Net Sales Revenue 

1,096,Eoo 

56,oco 
L6,154 

3,568 
31. 1eo 
67.570 

11, 5(.o 
ae,677 
35,471 

3,230 '760 
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Table 27 Estimated ~orkirur Canital P.e~uireients 

P'TrOll (10~ or Annual Cost o! ~,950) 
P.av r*.aterials ( 50$ o! j.nnwll) 
Finished ~tock (50~ of Annual) 
Utilities (50S of Cost) 

9,~~5 
51&8,~5 

1,615,385 
51,071 

To._tal-------------------~g21& .! 70~ 
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A.DPE!mIX I BULK POTATO STAPCH $TOP.A(;!: 

50CC to 7000 'i'O:t~ CA?ACIT" 

.. 
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AP!>ERDIX !I B~ POTATO STARCK STOP.ACE 

FOR 7000 TC:::S CAPAC!T! A.."ID l.'P 




