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2. I t~t I 

Peat expert ... ._. cl•rly ._ tllat nral lllduatrlall•tl• 

l• aot •tdlll -. luge lllllund.•• la zwal ..... lt la ... ~ 

full uploltnl• of zsal neauroe .. putialarly the aplmltmal 

•-••· ID foed cnpa. the .pzoponi• of agrlcultmal red.._• 

to the food obtalaed t• aa..,. .-1 I U• la eppndaWy 1 .5 to t 

for roots and tuMras 2 to t for cenel ~IMS 2 t. t Is oil ...aa ..s 

10 to 1 for ...- CftP9• Tbl• ltl-• ·--lei M Yl...a· •• • a~ ... 

nlllaad •ffecUft'ly. Tide •IP"t' a.a Dot ...Swd ._ .a"9att.• -..t 
lt cle.-wea. A - cwept of •l•f to not" uttUaaU• :baa to be 

dweloped •d d•wtnw. 

lbe - ,,. -1~ Al--· (CM) .... - --Ullg I 
that ..-y part of a agricultural plaat wt beca• a ~ •tllrial for 

tDduatrlea. For e-.ple, •••al incluatriea ..,. lie •t ap ...... a 

paddy plaatetlon. Straw •Y H •eel for •IEi11g ~ wnWIN 

.,.,_, roof t11eto1a. bed t• .......... .,..., tna •s•~ t'cddfts pedllf 

buek .•Y lte ued •• fuel .- '1le n•ltaat •• for pnd-.181 eocll• 

nlloate, eo1u gncle •llica, dllca gel, cenatc •Hrial .... ntnc

wri•• •Ill ~t-llk• proclllct• It ca• aleo be .- for •ldDI pert!• 

cl• board• actlnted cast»aa, furfural. ft11••• •d estcmder•, fla 

n1l1taDt C011PO•ltion1, paddy buak nt~k•, for llUlclabf. 9011 ncl-

Uon Md •• • filler ln fertiliser lnd•trle• and aal•l feed. ~Ile• 

bran extncted for 011, for ecllbl• and non-edible PUl"PO•• Ille• eoep1, 

detftgent1, paint• etc. Tbe deolled rice blan oontalna 20 to 2' per oen 

protela and ued •• ulml fodder. Rice l• u .... apart tnm food •d 

I 
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seYeral products, for use in beer, wine a.'ld several atartch-baaed 

industries, lllte adhesivea, chemicals. etc. 

If syate•~- studies are conducted, it is easy to prove 

which agricul tu.ral crops a tar.er •Y grmr taking into account not 

only for ••lling agricultural produce but also converting other 

residues into induatrlal products. Setting up •veral industries 

centred arow-.t! each plant, ualag every pert of the plant from leaf 

to root, wauld lead to a large number of decer,tralieed industriea 

in rv:ra 1 area a where the bulk produce fetcbea better return• to the 

farllU'; bis earnings reinvested in the inchastries right in front of 

hia; additional gainful employment to rural people; and bringing city 

comforts to the villagers. 

lo understand the validity of this concept and it~ suitability 

for act1oo, a etudy baa been undertaken ln a district ln Taail Nadu 

state for Paddy crop. The study 1• devided into three aspects. 

a) A survey of the poasible industriee which could be esta
blished around a Paddy crop anj preparation of an inven
tory of each induatriea. 

b) A atudy of the present utUiNtion pettem and available 
potential. 

c) The possibilities for setting up additional industries and 
a plan of action. 
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3. CHOICE OF PROJECT AREA & METR>DOLOGY : 
-----------------·----------------

Based on an initial survey of the stat• reso\IZ'Cea aid possible 

utilisation patterns, it was decided to confine the pzeMDt st\lly 

to Marth Arcot district and to Rice cultivation. Fig. 1 and 2 

illustrate the reasons behind sucb a choice. As a continuation of 

such a auney, •• propo• to study a dry crop like groundnut in ~• 

.... district. Our inl tis l attempt has been to look for possible 

impl•entatioa of the suggestions coming oat of this report. To 

achieve this, • had involved officials of tbe Goverraent of T-11 

Nadu and prepresentativea of several banks who could later finance 

the working of a project. 

The report has been prepared in three distinct parts. Th• 

first part represents an outcome of a survey conducted in "the district 
. 

by a team of officer• based OD individual interview• w1 th the far•ra. 

The .. cond part projects a product technology profile and gives detail• 

abaut the poasible industries which can be ·e1Ubli9hed around paddy 

plantation. The third part deals wit!"t why an individual farmer baa 

not been able to establish 91.lCh industries and propose• a collective 

action which will hoswfully provide for a better utilisation of a 

paddy crop through a number of ir;dustrles centered around the basic 

crop. 



4. BACKGROUND DATA ON NORTH ARCOT DISTRICT a 

Frc:. a preliminary atudy, an area where sufficient Paddy 

is being grown but \llhere a feasible number of rice mills, furfural 

plants and brm oil processing uni ts are not functional has been 

selected. North Arcot district which ia not necessarily the best 

Paddy growl ng area but wh1 ch represents an area where concerted 

agro-iDClustrial plan can be implemented has been ct¥> sen for such 

a atudy. North Arcot District with an area of 12,268 sq.km. 

accounts for 9.43% of the state total area, and w1 th 4.4 million 

hU11an population account for 9.1% of the state total population. 

The district wt~ 77% of the people living in rural areas is mainly 

depending on agriculture. The density o! hW11an population of ~9 

persons per sq.lea. in the district is slightly less compared to the 

state average figure of 371 per sq. lea. 

The diat1ict is surrounded by Chingleput in the east, South 

Arcot in south, Dharaapuri in West and Andhra P:--adeah in Mortia. 

The district head-quarters, Vellore is about 135 lane. from Madras 

city. 

2 

Among the major food crops grown in Tail Nadu, it has been 

decided to caver paddy (in the fi~st instance) and groundnut - one 

purely irri9ated and another rainfed-crops in this study. Districts 

are arranged in order (among these two crops) baaed on 1979-SO crop 

production statistics. North Arcot, with the production of 7.3 

la~ tonnes of rice which accounts for 13 % of the •tate production 

occupies third position next to Thanjavur and South Arcot. In caee 

j 
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of groundnut production, out of 10.6 lakh tonnea of state total 

production, North Arcot alone produces 2.23 lakh tonnes (which 

account for 21%) and occupies first rank in t.he state. Thus the 

district has a proainent place in the state both in nee and 

ground-nut production, hence North Arcot has been chosen for this 

study. further, the government officials who participated in th~ 

initial discussions felt that this area would be auitabl• for 

followup implementation as well. The information regarding various 

crops grovial in various districts is shown in Table 1. 

The district has a fairly good annual rain tall wblch ranges 

froa 1014 DID to 1284 mm except in 1978-79 am 1980-81 which have 

recorded very low rain fall. 

Annual Rain fall (June - May) (in ma.) (actual) 

1976 - 77 •• 1166.6 

1977 - 78 •• 1283.8 

1978 - 79 •• 933.3 

1979 - 80 1013. 7 

1980 - 81 608.4 

1981 - 82 1064.7 

The district has thr•• medium and minor irrigation projecta, 

w1th a total ayacut area of 448!> hectarea. lt hes 748 canals with 

a total length of 1909 kms. 

Area Under Irrigation 

(1979-80) 
Projeot 

Sathanur 
Thandrai 
Polar 

(Under Medium and Small ~rojects) 

Total 

Ayaeut 
Area) 

2782 
1017 

686 ---
4485 -

-l 
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TM district has large number of wells (279.961) which account 

for 1~ of th• total number of wells in the state. These are the 

major source of irrigation in the di strict. fo llo•d by 3189 tanks. 

The table below shows the sources of irrigation in 'the district. 

~!~ area Irri9!,ted by Oiff!!!!!!~urce! 

1977-78 (in hectares) 

Goverl'lnent Canals . 19,648 . 
Tanks s 123.945 

Tube W9lls z 1,332 

Well• sole irrigated . 138,276 . 
Wells supplements other sources 
of irrigation z 34,772 

Other sources i.e. Sprints, 
Channels . 3,659 . 

Total . 321,632 . 
Source: Annual statistical abstract for Tamil Nadu 1978-79 

Department of Statistics, Madras. 

Area & Production : 

In North ucot district almost all the tam-.r• gz"OW paCldy 

depending on the availability of irrigational facilities. The 111tall 

arr:l marginal tamers cultivate paddy mainly to meet their domestic 

demand while big farmrs grow for commercial purpose. In places where 

irrigational facilities are assurea, farmers grow three crops in a 

year without much gap between one crop and the o'ther. The three crops 

and total area cu1~ivated under paddy during 1981-8'.l in the district 

are presen~ed below: 
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Hectares ! to total 

I Crop t ..Tul y to Oct. } 104.000 60 

II Crop (Nov. to Feb.) 63.000 36 

III Crop (March to June) 1.000 4 

Total 174,000 100 

The first crop (July to Oct.) is grown on large•t area {60%) 

followed by 2nd crop (36%). The third crop is g::-oi:m in a sraall dr~a 

(4%). Thus the paddy i• grown mainly in two seaaona aa indicated 

above. 

The coD1Don varietLs of paddy cultivated in the district are 

Kichide; IR 20, IR 8 and Masuri - the latter three are HYV. Th• dura

tion of the crop renges 120 to 160 days. 

In the district paddy it cultivated in tot.al area ranging from 

1,35,~ ~ectares lin 1980-81) to 318,707 hec. (in 1978-79). The 

average area for the last 5 years is worked out at 264,000 hectares. 

Due to unprecedented draught situation lduring the last 3 year•) in 

the state aa a whole the area under paddy crop has decreased (since 

1980-81 ). In the dist~ict, Arakonaa taluk has grown paddy (during 

1980-81) in large•t area with ~3,973 acres followed by Cheyyar 

~47.036}, Polur (40,114), Arni (39,127), Wandavaai (26,652). Tiruvanna

mala i l 21 , 778) and Arcot (20, ~5). 

The average yeild of rice per hP.ctare varies from 1704 kg to 234 

during the last 5 years and the average is worked out as 2140 kgs. whic 

is higher than the stete average cf 2050 kgs. In terms ?f paddy, it 

works-out to 44 bags ~75 kg. each} per hectare. Due to unprecedented 

draught conditions ch.Iring last three years, the total area under paddy 
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cultivation, an:l production figur• are .. on the lower side. In the 

normal monsoon year the production of rice in the district would be 

aore than 6.5 lakh tonnes. 

Marketable Surplus : 

As per the marketing committee \Vellore) estimates, the marketa

ble surplua of rice in the district is about b5% of the total produc

tion in 1981-82. Tbe marketable surplus for 1980-81 1s :>O,. and 1979~0 

11 ~ indicating the average for the last three years is ~2%. lt is 

estimated (based on the average production of rice for the last five 

yeara of 5,65,000 toMes per annum) the marketable surplus it about 

2.94 lakh tonnes of rice in the district. 

- -i 
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5. PRODUCTION AND UTILISATICN OF BYPRODUCTS : 
~-----.... ---------- ---

Based on the average annual production of rice and area 

under p~ddy crop for the last five years, the availability of 

byproducts such as hay, bran and husk are estimated. 

Hay : The first byproduct from the paddy crop available to the 

farmer is hay. The information collected frcm farmers reveals that 

the production of hay per hectare is about ~ tonnes. At this rate 

1 t is estimated that the di strict procl.tces about 13.2 lakh tonnes 

of hay per annum. 

Hay is stored and utlised for feeding cattle straight without 

any treatment. It i:~ reported, that in many cases, the hay is not 

aold to others but utlised for feeding their 09TI ~ettle as each 

farmer haa, few dry as well as ail ch animals. .Sut few big farmers 

sell hay to others when there is surplus. Hay is of very poor value 

if not chemically treated. At present farmers are not aware of straw 

treatment. The use of urea spray on straw is e..-ntiel to improve 

Nutti tional value. Straw treatment holds considerable potential for 

increasing livestock productivity hence extensive field testing and 

demonstration of this technology is advocated. 

In the district mainly boiled and par boiled rice are prepa-

red. The places like Arni and Polur are well known throughout the state 

for production of good quality rice (cleaned rice, free from stones). 

Packed, in 25 kg. cloth bag with trade mark, ie a speciality in some 

Arni mills. 
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The marketable surplus of rice from this district mainly 

goes to places like Salem, Coimbatore, Madras, Tirupur etc. and 

sometimes to Kera la aleo. 

Rice Mills and Milling Technigles 

The district has about 2000 ordinary rice mills \1980-81 data) 

located throughout the district end 4 modern rice mills sittBted in 

Tiruvannamalai (2) Arni (1) and Cheyyar (1). (Details in Table ). 

The major cocentrated centres for rice~illa in the district are Arni, 

Vellore, Arcot, Tiruvannamalai, Gudiyathaa, Thirupathur, Va~iyambadi, 

Arkonam, Kaveripakkam, Vanadavasi, Polur and Cheyyar. Among the 

four modern rice mills in the district, three are under private manage- I 
ment and one is under the management of civil supplie8 department 

(Cheyyar). 

This unit is hulling paddy procured through compulsory levy 

from the private millers, both within and outside the district. 

During normal monsoon years only paddy procured from within the distric 

is milled but due to shortage this ayear paddy is coming here from 

Thanjavur also. Annually, about 16,000 tonnes of paddy are milled. 

The unit is working in three shifts even in tbe lean period. 

Procurement price of Paddy 

Superfine Rs. 129 per quintal 

Fine Rs. 126 per quint.al 

Coarse/common Rs. 123 per quintal 

Due to wide mar gin between the prevailing market prl ce for 

paddy lwhich is about Rs.200/-) and the Government procurement price, 



the millers are trying to evade the levy. After hulling. rice is 

taken over by the Department and the bran is sold on tender basis. 

At present bran is disposed to rice bran oil extracting unit at 

Savur (near Arni) at the rate of Rs.1200/- per tonne. 30-4~ 

of the total production of h'1sk is used for par boiling paddy in the 

same aill and the rest is disposed to o'ther private millers for fuel 

purpose at the rate of Rs.30/- par tonne. The ash (burnt out husk) 

11 sold as manure at the rate of Rs.25/- per tonne. 

Yield f~bm Paddy at this Mill 

Rice par boiled 

1aw Rice 

Bran 

Husk 

= 68% 
= 66% 
= 12% 
= 19 to 20% 

The ordinary rice mills on the other hand can be classified 

into three categories: 

1) Private owned: The mille~s buy paddy from fa:r::iers. local 

mandies and in regulated markets. After par boiling and drying, 

paddy is milled and the rice is sold both within and out side the 

state. Similarly bran is also sold out. The majority of the mills 

in the district are in this group. 

2) Private owned-serving units: Under this category mille.s 

9 

only provide fa~ilities for par-boiling and hulling paddy for which the 

levy 1 service charge. Sometimes, the bran is retained by the miller 

as a service chisrge for paddy hulling. Ver1 few mills are providing 

these facilities to local farmers who mainly bring paddy for their 

domestic consumption purpose. 
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3) Cooperative z Thereis only one unit at Vellore functioning under 

the cooperative system Which is mainly hulling paddy for civil supplies 

department and collecting service charges. 

Bran Oil extractions Unit, Savu-r: 

Nation4l Extraction Industries, Savur. Arni was established 

during 1976 at a total investment of Re.30 lakh (under partnership 

management}. The daily capacity of the unit is to process 25 tonnes 

of bran in 3 ahifta (1.e. 7500 tonnes/annta). The uait is working at i 

full capeci ty by eaploying 20 workers per shift. The bran required 

for this unit is procured from different places like Nellore, Adoni, 

Vijaya•da in Andhra Pradesh and Chintamani in Karnataka states aDd 

also from the m.?dem rice mills at Cheyyar and lladns. Small quantity 

of bran ~s also purchased fl'Olll local mills. The price of bran varies 

from Ra.650/- to Rs.1600/- per tonne baaed on the yield of oil and 

qudtty etc. The average price is about 1200/- per tonne. 

Percentage of oil xeidl from Bran \Modern MillsJ 

Raw Rice bran \cone polished) 

Par boiled 

Sheller-cum-Huller 

Local hullers (ordinary mill) 

: 

. . 

The oil extracted from this mill is sold at Rs.7500/- per tonne. 

to TATA's and Hindustran Lever Ltd., for soap manufacturing. 

The cake ii sold to EID Parry Ltd. and Tamil Nadu Milk Coopera-

tive producers' t'nion for Manufacturing Cattle Feed. The selling rate 

of deoiled cake varies from Rs.500/- to 875/- tonne depending on 
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protein and sand content. The Deoiled Cake is sold at Rs. 875/- per 

tonne and has 16% protein 5 to 8% sand or at Rs.500-525/- if it has 

14% protein a-12% sand. 

The unit is running with profits even though the raw material 

(bran) la procured from far off places which not only lnvoleve heavy 

transport cost, and causes quality deterio~ation of bran d"L.e to time 

involved. The same group is establishing another unit near vellore. 

If all the rice mills in the District are established with huller

cum-aheller then there will not be any dearth for raw material and 

few more oil extracting units can be started in the district. 

Due to traditional hulling techniques adopted in the district 

the bran is not completely separated with husk. Only a snall percen

tage (7.') of husk is .-eperated which is used for par boiling paddy in 

in the ~me mill. It is considered as the cheapest fuel available 

locally. Husk is supplemented by ground.nut shell. This mixture of 

bran and husk though not suitable for extracting oil \it contains 

4 to 6% oil) is at present uaed for feeding cattle both w1 thin the 

district and sold to outside places like Erode, Salem, Coimbatore and 

Tirupur. However, the state government now insista·that the millers 

must modernise their units by establishing hullers-cum-ahellers so tha1 

theyield of rice will increase by about 2' (i.e. which works out to 

loss of 16866 tonnes of rice per annum) in the preeent system and bran 

from modern rice mill is suitable for extracting oil which contains 

10 to 12% of oil instead of 4-6% oil content in the bJ'&n available now. 
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After extracting oil the deoiled cake can be used for feeding c2ttle 

without effecting any nutrients in it. 

It is estim: ted that the di strict produces amually abC1Jt 

2.19 lakh tonnes of rice bran and husk mixture valu~d at 109:> lakh 

Rs.~00/tonne) which is at present mostly fed to cattle directly. If 

all the mills were to establish huller-cm-sheller the pure bran 

availability within the district would be of the order of 1.6 lakh 

tonnes annually valued at Ra.1920 lakhs that is an additional value 

of Rs.825/-lakhs is available fran bran alone which can be utilised 

for extracting oil. Even if the 60% of the total bran available in ttu 

district (i.e. 0.96 lakh tonnes) is utilised for extracting (oil yield 

12% average) oil the district can produce 11,500 tonnes of oil worth 

Rs.862.5 lakhs ann~ally at Rs. 7500 per tonne. 

COMPARITIVE VIELD OF BYPRCDUCTS FROM PADDY (843,284 tonnes} 

Rice 

Bran 

Husk 

% Yield 
(%) 

Total yield 
(tonnes) 

Preseni syst9!l'~!!.!.!!:l_. 
% Yield 

l%) 
Total Yield 

(tonnes) 

-------------------~--------
69 581,866 

19 160,224 

12 101, 194 

67 

26 

7 

~65,000 

219,254 

59,030 

-------------·----------------------------·-------------------------



,-, Hay 13.20,000 1 
I ---- ---------------~ 

I 
~ 5,65,000 Rice 

8,43.204 tonnes of --+ 2 , 19.ooo Bran 
unhusked rice 

:..--4 !>9, 030 Husk 

Each Bren oil mill would use 7500 tonnes of Bran per year 

and there is a scope to establish atleast 20 Bran oil unite in the 

13 

district while only three are operational at the present time. Even amon 

these three only one is successfully running. Improper management. lack 

of timely raw ro:iaterial arising from improper location of the rice mills 

vis-e~is the Bran oil units contribute to thi~ situatian. The 

suggested location end a plan of action is indicated in the map in 

the following page. 
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NORTH ARGOT DISTRICT 

Area 
Yield : 

Production 

Hectares 
Kg./hectare 
Tonnes 

ESTIMATED ARE.\ AND PRODUCTION OF PADDY CROP 1975-76 to 1981-82 --------------------- ----~ 

----·-------------------..,---------------·---
YEAR 

.PADDY 

-----------------------------------------------~---------Production 
(Rice) Area Yield ___________________________________________ .___. __ 

1975-76 2,so,000 2,100 5,88,000 

1976-77 2,75,767 2,073 5,71,680 

1977-78 2,75,767 2,073 5,71,680 

1978-79 3. i 8, 707 2,335 7,37,390 

1979-80 2,94,840 2, 179 6,42,660 

1980-81 1 ,35,564 1,793 2,31,000 

1981-82 ... 1,74,000 2,345 4,08,000 

Average 
for prece- 2,64,000 2, 140 5,6r:.,ooo 
ding five 
years 

_______________________________ ,__ __ _,_,.._ - ----------

.... 
Forecast 

Source: Office of the Assistant Director of Statistics, 
North Arcot District, Vellore. 

. --



NORTH ARCOT DISTRICT 

ESTIMATED AREA AND PRODUCTION BY SEASON 
--------------------------------------- Area: Hectares 

Production:Tonnes 

----------------~-----------------------------------------
Paddy ------------=-------------

1980-Si 
Area 

1981-82 
Production 

1 980-81 1 981 -82 

--------------------------------- ---------------------·---
I Crop 

( •.• July - October) 75,000 1'04,000 1,37 ,ooo 2,27,000 

II Crop 
( ••• Nov. - March) 45,000 63,000 85,000 1,65,000 

III Crop 

( ••• Feb. - June) 5,000 7,000 9,000 , 6,000 

-----~----.--.-.-------------------

Total 1,25,000 , '74,000 2,31,000 4,0a,ooo 

-------------------------------·~---------------·----~~--·~--~~ 

G. Nut 1st Crop a Winter (Rainfed) 

2nd Crop Summer (Irrigated) 

Source: Office of Asstt. Director of Statistics, Vellore. 



NORTH ARCJT DISTRICT 

(in acres) 

Name of the Taluk ~2l ---------
1 • Vellore 17 ,561 

2. Ar cot 20,755 

3. Walajah 12,036 

4. Tirupattur 11 ,037 

5. Vaniyambadi 9,096 

6. Gudyatham 18,545 

7. Cheyyar 47,036 

a. Arni 39, 127 

9. 'r'fandavash 26,652 

1 o. Tiruvannamalai 21,778 

11 • Chengam 17,923 

12. Arakonam 53,973 

1 3. PoltU" 40,112 

~---~--

Total 3,35,631 _______ .,_ 

Source Office of Asst. Director of Statistics, Vellore. 



NORTH ARCOT DI~.>TR.ICT 

AREA UNDER TOTAL PRODUC..llON MARKETABLE SURPLUS, PADDY IN NORTH ARCOT DISTRICT 

Year 

1981-82 

1980-81 

1979-80 

Name of the 
produce 

Paddy 
(Hectare) 

Paddy 
(Acre) 

Paddy 
(Acres) 

Acrage 
Hectare 

1,~5,380 

5,01,500 

7,59,089 

Yield/ 
Hectare 
Kg. 

2,500 

2,000 

2,500 

Total 
Production 
MT 

3,38,450 

4,01,200 

7,59,489 

Source 1 Marketing Comrnitteee) Vellore. 

Marketable 
surplus 
(in MT •. ) 

2,19,790 

2,01,200 

3,00,000 

,, of Marketable 
surplus (~) 

65 

50 

40 



NO~TH ARCOT DISTRICT 

NUMBER OF RICE MILLS DURING 1980-81. 

Area 

Arakonam 

Vellore 

Panapakkam 

Kelpennathur 

Tiruvannamalai 

Vandavasi 

Chetpet 

Polur 

Vetavalam 

Kaveripakkam 

Ar cot 

Kalavai 

Thellar 

Pernama ll ur 

M<.:nglamanandur 

Pudupalam 

Ammur 
Kelvaithnakuppam 

Arni 

Vaniyambadi 

Therkolam 

Dusi 

Gudiyatham 

Chengam 

Thandrampet 

Thirupathur 

Cheyyar 

Desur 

Katpadi 

Total 

Rice Mills ----------------------------
Ordinary 

116 

182 

8 

6 

139 

97 

70 

96 

4 

107 

144 

41 

3 

5 

2 

37 

12 

7 

221 

136 

52 

52 

139 

45 

40 

135 

93 

5 

3 

Modern 

2 

, 

1 

--------------~----------
1997 4 

Source: Mar;,eting Commi~.tee, Vellore. 
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6. TECiNOLOGICAL POSSIBILITIES ---
Paddy being an agricultural raw material, both the technology 

and product spectrum will be of wide range and variety. These are shown 

Figs. 3-11 and Table 1 respectively. The technology spectrwn varies 

from simple mechanical processing thro combustion, hydrolysis, gassifica 

tion, pyrolysis and fusion. The product spectrum varies fromlarge 

deman, high volume lOIJI cost consumbales such as Food and processed 

foods, paper, cement thro fine chemicals to low volume high cost 

items such as silicon. The published information is very large, in 

view of the national and international awareness and high priority .... 
accorded to application of science and technology to development of 

rural areas in developping countries. Three maJ or sources and some 

private collections are used in writing this note. 

Hoth in preparing Figs. 3-11 and Table 1, the technology and 

products are arran2ed in a systematic way from the simple to the complex 

With such an arrangment one can apply SYSTBIS METHODOLOGY for providing 

answers raised in developmental planning studies. 

The fi rat technology shom in Fig. 3 is the agriculture with the 

two products - Paddy and Hay. The possibility of Algae growth exista 

and this could be an import product, if scientific studies are conduc 

ted. Hay, the stalk portion is an important raw material for paper and 

paper baeed products. The technology is well established. Its present u 

as a fodder and composting the waste as organic manure could be improvis, 

and if planned well, this ~ew material could be a valuable cell\l:>sic 
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TABLE - 1 PRODUCT SPECTRUM 
,.. ., 
.;:>.!'.;O • PRODUCT TECHNOLOGY ROUTE IDE.\ITIFXCfilON 

1 • PADDY 1 
,., HAY I - 2 
~-. 

3. BRO~.'N P.ICE I - 1 II - 1 

4. HUSKED RICE 1 . . II - 2 

5. RICE I - 1 II - 3 

6. BR.CKE NS I - 1 II - 4 

7. 3?~·~, GEP.W. I - 1 II - 5 

e. HUSK I - 1 II - 6 

9. READY TO EAT, LITTLE 
OR ~io COOKING I - 1 II - 3 .. III - 1 • 

1 o. MrxruaEs WITH BLACK 
GRAM TO 3;: FER.:.SNTED ... - 1 IJ: - 3 • Ill 2 ..L . -

11. N.IXTJ?.ES WI Tri BL.ACK 
GRMl TO a=. DEEP ?RIED I - 1 . II - 3 . l!I - 3 . . 

12. CURED RICE I - 1 . II - 3 : ITT - 4 . ..L~ 

13. FORTIFIED ?.ICE I - 1 II - 3 . III - 5 . 
14. BROKEi<S FOR HOUSEHOLD USE I - 1 . II - 4 : DI - 1 . 
15. ST ARC!-{ I - 1 II - 4 . . IV - 2 

16. EDIBLE RICE 3RAi~ c:L I - 1 II - 5 . v- 1 .. 
f 

17. P.ICE 3?..A.\J OIL·: 
SOAP r.\AKHJG I - 1 II - 5 . v - 2 . 

18. CATTLE 1:~J PO:.iLTRY FEED J. - 1 II - 5 . v- 3 • 
19. RICE G!::?J.', OIL I - 1 . II 5 . V-4 . . 
20. DIETi..RY FCR.WuLATIO~S I - 1 . II - 5 . v - 5 . . 
21. :.aNL~·.J..L TREA.TMENT 

PRODVCTS o:= RICE H:.JSK ... - 1 II - t.. VIA - 1 J. v 

"· PA.qTICLE aoAADS F?.C:.'i HUSK I -· 1 . Il - 6 • VI A - 2 • • 

23. COMBUSTION GF lfJSK-ENEHGY ... 'I II - 6 . VI B - 1 .... I . 
2t,. RICE HUSK ASH I - 1 . • II - 6 . • VI B - 2 

25. PRODUCE?. G/..S - HUSK -
ENERGY l - 1 II - 6 • VI c - 1 • 

25. TAR I - 1 II - 6 . VI ,.. - 2 • ... 
27. ACTIVE CiiU30~; - HUSK I - 1 • II - t., . VI D - 1 • • 

28. LOW CALURI?IC VALVE G..15 

- ENERGY 
... - i ' l.l - 6 . VI E 1 J. • 

29. METHANOL I·- , 
' II - 6 • VI • E - 2 



-

30. ACETIC ACID I - 1 I II - 6 t VI E - 3 

31. .hCET0NE I - 1 • II - 6 VI E - 4 • 

32. T .n..i I - 1 II - 6 . VI E - 5 . 
33. CHAACOnL I - 1 II - 6 t VI E - 6 

34. LCW CiJ.ORIFIC VhLUE 
G1..S (PYClOLYSIS) I - 1 . II - 6 • VI F - 1 • • 

35. LIQUID (?YrtOLYSIS) I - 1 . II - 6 I VI F - 2 • 

36. SILICON I - . . II - 6 . VI F - 3 . 
~..., SILICO!~ TETRA C!-!LORIDE I - 1 . II - 6 . VI F - 4 
,.) .. . . 
33. TITr.:HU!vi TETRA 

CnLO?.IDE J. - 1 II - 6 I VI F - 5 

39. EDI'3L£ CEL~ULOSE I - 1 s II - 6 I VI G - 1 

40. PA?ER. I - 1 II - 6 . VI G - 1 . 
41. H.ffu·-URAL I - 1 . II - 6 • VI H - 1 . . 
42. Q)0;LIC ri:ID I - 1 II - 6 . VI H - 2 . 
·~3. SUG~.S 

(XYLOSE, SUCROSE) I - , II - 6 . VI H - 3 • 

'~• ML~ livli.L TF.EA. Tt,£NT 
PRO~XJCTS L)f RICE 
:-IU.5K • ("' 1 I - 1 . II - 6 . VI B - 2 . VIIA -1 

'""'r' • . • 
! 

45. P.Er?.;\CTORY BRICKS I - 1 II - 6 . VI B - 2 • VIIB -1 • • 

.. :o. CERJ-.idCS I - 1 II - 6 . VI 8 - 2 • VIIB -2 . • 

·~7. RICE HuSK ,..sH BRICKS I - 1 II - 6 : VI B - 2 VIIS -3 

t,S. SILICm~ I - , II 6 VI B - 2 . VIIC -1 • 

49. sooru ... ·1 SILICATE I - 1 II - 6 : VI a - 2 . VIIC -2 . 
50. sr,;r.::RED GLr.SS 

T - 1 .. II 6 . VI B - 2 ·;;:c -3 ... . . 
~i. DETE;1GENTS r 1 II - 6 . VI B - 2 VIIC -4 .... • 

s~. 9UIL::.ING :3RICKS FOR 
?RE F~?.I.C,_TEG HOUSES I - 1 • II 6 . VI B - 2 I VIIO -1 

I . • 
~3. :-1''·--,n,-,...-. tr-. .. , ~ C;J.CIUM • ...,nv ~ n-n.JtJ'J,..,. 

SILICATE I - i : II - 6 • VI B - 2 I VIID -2 • 

:)4. CE:te'.':T II - 6 . VII o- 3 • 

( On } 

I - 1 II - 6 . VI B - 2 VIID -3. • 
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source, with possibilities for developments involving bio-chemical 

or pyrolytic degradation. Paddy which constitutes the main raw ~lterial 

is discussed in the rest of the note. Agricultural technology changing 

from rain fed irrigation and from natural to artificial fertilizers, 

determines the relative yield of hay and paddy. An average value of 1 tc 

1.5 oc weight basis is assumed. 

The second technology shown in Fig. 4 involves ailling of Paddy. 

Paddy consists of Hull and ~ernel. The Kernel consists of Peri carp 

(outer bran), seed (inner bran endospers and gen). Removal of hull 

leaving the kernel involves hullers and t8.e kernel is called brown 

rice. Separation of the endosperm from the rest involves polishing and 

gives headrice, brokens, bran and gem. lhe brokens are &e%eened to 

get various fractions - secorxl head, screenings and Brewers rice. 

Parboiling ie an alternative route involving semicooking of paddy and 

then milling. The milling technology is simple ik'olving mechanical 

operations. However, most of the mills in India do not produce all 

the intermediates and are mainly aimed at producing polished rice with 

minilllUlll amo11nt of aaachinezy. There is a lot of scope of development 

in having a aodern milling industry to produce the intermediates to 

serve as feed stocks for a modern agro baaed industrial society. Deve

lopment paper no. 27 of Food and Agricultural Organisation of United 

Nations, Rome, 1953 gives a comprehensive model'n set up for milling 

of paddy. Govt.. of Inoia had constituted a committee in 1964 to study 

and evaluate overall performance of seven modern rice mills set up 

arouno that time, in relation to the traoitional mills. for the 

present note, it suffices to state that a modern milling practice is 

essential for the development of agroba1ed industries discussed here 

in a~ that such possibility is straight rorward and highly feasible, 

economically. 

1 
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The third technology shown in fig. ~ is with regard to 

proces&ing brokens. As food shortages become past history this 

technology will generate the modern ~ndustrial activity to produce 

starth and brewary products. Such production systems are of capital 

intensive nature and require indigenization, adaption/transfer of 

technology activities. 

16 

The fifth technology shown in Fig. 7 is with regard to utili

zation of Rice Bran and Germ. The preliminary steps-serving d 

prenmatic density separation are simple mechanical processing steps. 

The fatter steps of solvent extraction and auto claving involve higher 

capital inputs. The dietazy formulations is a labour intensive step. 

Some scientific problems such as degradation of oil quality, if solvent 

extraction is not done iamediately after the bran is produced. exist, 

and these have to be circumvented by developing miniextractars to be 

used in rural areas or a centralised facility with adequate collection 

capabilities located in semi-urban area1. A base exists and the 

technology can be used straight away for commercial exploitation. 

The sixth technology is with regard to utilisation of husk. 

Eight alternative technologies exist as shown in Fig. 8 with increasing 

degrees of complexity and about 19 products can be made. The simplest 

technology involves, minimal treatment_and minimal additives. The next 

five involves - bombustion, gassification, carbonisation, destructive 

distillation and pyrolysis. The next two involve chemical degradation 

processes. Figs. 9 and 10 give details. 

The seventh technology is with regard to utilisati.on of rice 

husk ash, as shown in Fig. 11. Four technological options producing 

about seven products are indicated. 
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8. ECONOMIC FEASIBILITY : ..._._.__._._ ___ ,_,__, 

Traditional project planning studies involve, market survey, 

assessment of techno!ogy available, capital - labour in?uts needed, 

economy of scale of production, break-even analysis, pay out time and 

dividends, with regard to any given raw~aterial product combination. 

The raw material product price differential is used as a basi~ for 

defining break up of manufacturing cost into labour cost, recurring 

cost, working cas:-i.tal and capital cost. The concept of net value 

ad9ed is also us~d to choose amongst product variation ~~ ~w material 

variation. Many a time since the total perspective of an agro-based 

industry is not taken into ac~ou.nt an existing technology of an agro-

based industry gets the lowest rank compared to a mineral based or petro 

based raw material and hence put off for a latter day use. However, 

even by the traditional method some products such as -Rice bran oil, 

furfural, cement from husk have received passing grades. A list of 

feasible technologies developed by CSIR are given in a report dated 

1976. The references are given at the and. 

In the pre1ent report, the first question attempted to be answere 

i~, with the existing knowledge of science and technology what would be 

the expected returns for the output from an acre of land under paddy 

cultivation. Secondly, the status of the technology is examined. Proces 

which can straight away be adopted for commercialisation and those which 

require R & D inputs are identified. The capital-labour inputs needed 

are also examined. In this section, the first issue will be analy .. d. 
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First for each technology step, the input-output ratios, input

output cost differencials are used to calculate: the cumulative values. 

In cases ¥here are alternatives in a technology, average is calculated 

for the options. These are given in Tables ~ to B. Asstmptions, 

wherever made are stated table-wise. A summary is given in Table 9 

which indicates the difference between INPUf-ouTPUf value differences 

for each technology. This can be taken as a net development potential 

inoex (NDPI). This data is basic to the economic feasibility analysis• 

and also answers the first ttUesti on raised. 

As indicated in the su1D1Dary, Table 9, the average per acre value 

or ~'e agriculture technology is Rs.1800/- which at present accrues to 

the farmer and Rs.1319/- per acre value of the milling accrues to the 

miller. With the existing knov:ledge of science and technology, the 

maximum average returns could be as high as Rs. 5000/- per acre. This 

figure could be bettered by choosing an optional plan of the system 

graph at best by another Rs.1000/- per acre. 

Table 10 gives the assessment of technologies, an essential 

step in traditional project feasiblity studies and incidentally is 

also the second question raised. To answer the third set of questions, 

certain problems such as an optional scheDB, location, restrictions -

imposed such as capital intensive - labour intensive options are to be 

specified. Even though some cursory analysis can be made in a rudimen

tary fashion, it is felt, that after some more discussions, this could 

be attempted. It is also desirable for employing professional help in 

making a feasibility analysis, On the other hand, technological improve 

-j 
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I 
' I 

t..i'NI7 COST 
PER JON 

IN RS. 

t 

INRJT 

• r 
I .. J 

1 

OUT ?UT 

I 

Rs. 500 

i 

1000 

300 

Rs. 1800 

TA3LE-3 
TEC~NOLOGY-II 

5000 

(MILLING INPUT 1.5 TONS Pl\DDY) 

PRODUCT CJ..,. N f~ TY I~· Tl.INS UNIT COST 
PER TON 

l.N RS. I 
I I 

I 

BF .... : i 
RICE 1 

i 

Hi.J.SKiD 1 

RICE j 

RICE I 
HUSK I 

INPUT 

0.244 

0.244 

0.487 

0.34~ 

0.045 

OUT.r,UT 

Rs.1500 

3000 

3000 

2000 

100 

200 

200 

NET VALUE 
IN RS. 

I 

1500 

300 

1500 

NEi VALUE IN 
RS. 

732 

732 

974 

35 

9 

27 



IA~LE-4 

TECHNl1LOGY-Ill 

(PROCE.:>SED ~OOIE 0.05 TON RICE) 

{ ._ _I_t\_'PU_T __ i __ R_s_. 1 00 1 

OUTPUT 1 Rs. 250 I 
TABLE-5 

TECHNOLOOY-IY 
(PROCESSING OF BROl<ENS : Ii~?UT 0.045 TON) 

I !NWT 
. • Rs. 9 I 

[ OUTPuT : Rs. 90 f 
TABLE-6 

.IE_CHNOLOGY-V 

(PROCESSING OF BRAN AND GERM : INPUI-0.135 'J'ON) , 
UNIT COST NET V J.J..UE. 

PRODUCT <iJ~HITY IN TONS PEil TON IN ,ftS. 

! 
IN KS. 

-- -
1 
I 

{ !N.?0T . rts. 'J.7 . 
I e O:::D!3i..2 BRAN I 

I I OIL 6.0135 6000 81 

I 2 • d1\A.;\J OIL FOH 
so;:u)s ETC 0.0135 ~ 4500 61 

~ 

C,\T7L.£ & ,j. ~ 

.PCt.:LTRY FEC:O 0. \ i ~00 50 

4. r.rc.c: GERM OIL 0.0043 10000 43 

5. l:JIE TAAY I I 
I FURMUL"710NS o.ood4 I 25000 10 
I 

' 
- ... --- -

-t- OUT.PUT 245 
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TECHNO!~JG'!-VI 

1 • 

~-

.., . 

... 

(S"JS:·: LTII..ISATION 

P?.OCuCT 

I 
I 

;:;..; ....... '~TI TY 
IN TONS 

INP0T 

~vi:>:!!/....U. IiEAT-
t.E~T l.f:I I '-l II• trU. 
hCJIT:v=:s 1 
(VI-A) 
CQ,\'IB\J5 TIQN (VI-8)-

(a) E~~ERGY 

(b) hICE !fJSK 
,:.SH c .1 

P?.ODUCE?. :u;s 
(Vl)-C) 
( ~ ) a, Ci\.~flGY 

(b) TAR 

.~·::7I'/E CARBO~ 
(\'!-~) 0.1 

.,.,. ~; :.?L.:: j:S TIL~ATIO'.'! , , . - - .. 
\ ·--.::) 
( - )lww" . r "'.: , C: 

C V•<I• \,;.("'\..,.) 

I --· ·-v) \ ~ ... .::. .............. 
(~) lf.: 7"rlh·~CL 

(c) ;:..c::::-rs 
(c..) J..CETO>:c 

J.0045 

O.JC9 
0.003 

) T..:..?. . 
(~) C~r.RCO;..L '. C.27 

6. .?'!HOL·~·srr~ r\:rT._i:, 
• -- \ ~ • I 

( ,j) LQ,-, c. v. ~.....s -
(:J) 

I - ) ,_ 
LI~ID-PYrt0~Y$1~ 

SILICO:\ Pr<.OD..,c:s 

7. COOKING WI Tri f..LI<Ai.. r::.s 
(VI-G) 
(a) ~DIJLc CcLLULO~i 
(b) fAPck 

• . 

I:,?'.JT-0.345 TOJ~ HUSK) 

Ui\I7 COST 
Pr::;. rm.: 
It~ .:;$. 

·. Rs.35 

600 

6000 

5000 ·. 

sooo ~ 
10000 ) 

2000 

NET VALUE. 
IN RS. 

800 

1 co l 
100 

100 .. 
j 
I 

't 
50 j 

600 

50 

85 

540 

50 
100 

2000 

i 
1 

CUY-i:JLANTS 
FOR cACH 
IECHNOLOG) 

800 

2.oc 

150 

600 

675 

2150 

2000 



r::cr.~;o:..oGY vr (Contd. } 

3. niDRCLYSIS (VI-E) 
(a) Fu:-.FU:t.~ 

(h) ox.:iLIC ,...SID 

(c) SUGA?..S 

[ OUTPUT n.s. 1 <J70 

Tt\3LE-8 

TECHNOLOGY-VII 

2000 

I 

(?.ICE HUSK ASH PROCESSI~G . . Ir~PUT - 0.1 TON SLACK ASH) 

Q'JA.'\TITY 
IN !O'.'~S 

U\IT COST 
PcR TJ:·~ I>; 

?.S. ! 
r 
t 

Vhl.UE IN 
?S. 

r--~~~~,;_..~~~~~~-----------., 

\ I.i~P'JT Hs. 1 00 t 

::;;~O:J'.JCTS (VII-A) 

' 
2 · '!!Ti"'.::~:ChTIO!{ 

('JII-3) ; 

a. ne::=ac tort, 
B=icks I 

~. Ce=.::.rr.:.c s 1 

\,, • ?.i.c~. H\Jsk 
ZL!.Ck$ 

~. rlJSIJ>~ (VII-C) 

"'>. s:.1 :.co;. 
b. s--'· -· ... .. ,,,, __ ""-•·' ""':. ... :..ca .._e 

I 

.; • Crl_f"' .,. ~ ' .,. • "": I 1 ' 1 I r-, ' -.1.··-··- ,.r -..,; 
2 • ?:~-?a~~icated 

8ui~::i:iq Blocks 
0

• H·1ci:o~~er1..al 
C~lciu~ .. Cil~~-~n • v-----~-

C. C~~~~t ~.-~ 

2uo 

500 1 '10 

i 
I 
\ ., 
I 

J I 

----~----
' . ~ 

CUM'dLA.>.JT 
FO?.. Ei.cH 
TECHNOLOGY 

200 

I 

1000 

1500 

600 

I ' ,, 

.: .:.. ... J 
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TABLE - 9 

SUMMARY 

TECHNOLOGY DESCRIPTION INPUT OUTPUT NET DEVELOPMENT 
Rs. Rs. POTENTIAL INDEX 

I AGRICULTURE 5UO* 1800 1300 

II MILLING 1500 2509 1009 

III PROCESSED 
FOCDS 100 250 150 

IV BROKE NS 
PROCESS I!~ 9 90 81 

v PRuCESS!t~ OF 
BRA & GER!.( 27 245 218 

VI PROCESSING OF 
HUSK 35 1070 1035 

VII PROCESSING CF 
ASH 100 825 725 

4518 

*PAPER 300 1500 1200 



TABLE - 10 

1. TECHNOLOGY-I 
(AGRICULTURE; 

2. TECH!;;GLOGY-II 
(HILLI:~G) 

3. TECHHOLOGY-III 
(PROCESSED FCCDS) 

4. TECHtWLC.X;Y- rv 
(FROCESSI~G OF BROKENS) 

5. TECh'?JOLOGY-V 
(PROCESSING OF BR.AI~ A:m 

GERN) 

6. TEC'rlNOLOGY-VI (HUS!<) 

A. 1".INIMAL 
TREATME:~T 

B. COE.BUST Im,; 

C. GASSIFICATION 

D. CARBONISATION 

E. DESTRUCTIVE 
DISTILLATIO~ 

F. PYROLYSIS 

G. COOKIHG WITH 
ALKALIES 

H. HYDROLYSIS 

7. TECHNOLOGY-VII (ASH) 

t;;. VIT.KIFICATION 

?:SION 

i) sr1r:o:,; 

ii) SODIUE 
SILICATE 

T;-rn E?FOR'rS FOR IR..qIGATIOl~ WATER 
K~'.:AGEJ-1.ENT I SOIL BUFFETING I SEEDS 
I!·:FrlOVEt-'£l~T ARE EEI~l3 TRIED A:,:n 
'.1'01' rmICATED. 

·"" 

A 

A 

A 

SCO:t=E FOR R & D WORK FCR MINI
UNITS IF DISPERSAL IS PREFE~ 

A SCOPE FOR R & D IN CATERI~ TO 
HIGH QUALITY SPECIAL GRADES 

A 

B MATERIALS PROBLEMS; REQUIRE 
R & D 

C REQUIRES R & D 

A 

V.h TE RIALS PRDBLE!~S; 
REQUIRES SPECIAL ST~DIES 
FCR PURIFICATION TO HIG!-!ER 
GRADES 

I 



TABLE-10 (Contd.) -----------------

iii) SINTERED GLASS B SPECIAL '!'ECH!-JIQUES TO BE 
PERFECTED 

iv) DETERGE:,l"TS 

D. CALCINING 

NOTATION 

A 

B 

c 

A 

A 

NO PROBLEHS ENV'ISAGED 

ADAPI'ATIO~/TRANSFER OF TECHNOLOGY 
AD:'ITIONAL PROBLE~.S STATED rn RE!-1ARKS 

NOT SATISFACTORY; REQUIRES FURTHER 
R & D EFFORTS. 
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ments to answer the need of fitting the range of developnent potential 

with any additional restrictions imposed can also be posed by R & D 

efforts. 

The following three specific questions are of importance in 

this context. 

i) What are the expected returns per acre of irrigated land holding 
if the total development potential is realized at the existing 
level of science & technology? 

ii) What is the status of existing technology vis-avis its potential 
for commercialization? 

iii)For realisin? the tout development potential, what are the addi
tional cepi,tal - labour inputs needed? 

In the following sections, these questions will be analysed. 

THE TECHNOLOGY SPECTRlM has the followng seven coaponents. 

1 ) Agriculture 

2) Milling 

3) Processed Foods 

4) Processing of Bro kens 

5) Processing of Bran and Gel"ID 

6) Processing of Husk 

7) Processing of Husk Ash 

A total of 54 products (some closely bunched) of c0111111ercial 

value constitute the product spectrum. Each technology has sub-systems 

and alternatives. 

For each technology based on the input-output materials and unit 

costs the value accumulated is calculated. Without going into the 

question of optimal allocations, averages are calculated for sub-systems 

I 



and alternatives. Such grossly simplified calculations indicate 

that per acre the value differential is Rs. 5000/- compared to 

Rs.1300/- and Rs.2300/-, stooping short of agriculture and milling 

respectively. The estimate is on the conservative side. 
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The technology assessment indicates that out of the 19 exist-

ing technologies examined, 14 can be commercialised with minimal risk, 

4 have special materials and other problems and 1 requiring R & 0 

efforts. To start with, the methodology used in generating •rntergated 

development plan• will be outlined and this will be followed by presen-

tation of estimates to answer the third question. The last part 

presents the analysis of the above mentioned points (1) to (iv). 

The input, output values of the raw materials and products for 

each technology are p:esented to arrive at the value differential 

available for development activities. To calculate the financial and 

labour inputs needed for realisation, and in particular to calculate 

the net value added two points needed to be conceptualized: 

i) What is the minimum, break-even starting size? (Of for instance, 
the starting average, the produce from which is utilised for 
maximum returns, envisaged in the development plan?) 

11) What is an acceptable norm of wor~ing the cost structure for 
each of the technology components? 

Consider for example, a product like Furfural, to be made from 

rice husk by hydrolysis (Technology VI-H). What should be the minimlUJI 

economic size of the production system to be profitable? Similar 

question can and need be asked for the net-work, called •1ntegrat•d 
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Dvvelopment of Paddy Cropn consisting of the six major technologies 

and the sub-systems. This is in essense the first point/ (i) given above 

The second point/ (ii) above concerns certain "traditional value 

judgements• about cost structure in adjudging profitability of a given 

technology. 

These two questions are inter-related. In fact any answer to 

the second question predetermines the answer to the first. In a way 

some value judgement {of expectation) of the former is implied in 

answering the latter. Let this loop be examplified. Let the following 

nomenclature be used for brevity: 

RMC Raw Material cost per unit product 

PC - Unit product cost 

MC - Manufacturing cost per unit product 

The difference between PC and RMC is defined earlier as Development 

Potential (DP) without reference to the technology involved. by 

assuming stochiomet~ic conversions. The 'DP' can be realised by a 

manufacturing process (or a production system) using a technology, 

which involves the manufacturing cost 'MC'. The first question asks, 

when is a technology considered feasible? In fact the question is asked 

in a more precise form - what is the SCALt OF PRO~CTION when a given 

technology is considered feasible financially? The second question 

asks what are the NORMS used in arriving at a given 'MC' for a given 

TECHNOL03Y. The following is the break up of 'MC' the manufacturing 

cost: 



FCC Fi%ed capital costs per unit of product consisting of: 

PSC - Production system cost 

FAG - <.;ost of tixed assets such as lana, buildings and 
other such solvent assets. 

Pl(X; working capital costs per unit of product consisting of: 

RMC - Raw Material Costs 

UC - Cost of Utilities 

LC - Lab8ur c.;osts 

OHC - Over Head Costs (Recurting) 

Let the fixed costs lFCC) include depreciation {Property tax, insu

rance, rent etc.) and working costs (wee) include interest charges sucn 

that the normal returns on capital are accounted for, theD one can expre~ 

following relationships. 

MC = FCC+ wee 
• {PSC + ~AC) + {RMC + UC+ LC + OHC) ( 1J 

I'he word PROFITABILITY is used only when there is a margin between PC 

and MC. Let this be indicated by •pR•. 

PR = SP - MC SP - SALES PRICE (2) 

PROFITABILITY as defined above is the minimum bound to be assured like 

the development potential "DP". It is called minimum bound aince if 

it is ju&~ zero, only the capital costs, interests on wee and gainful 

employment of labour are guaranteed and nothing else accrues. So far 

any viarle venture then: 

PR~ 0 - (3) 

Tradition (tradition of industrailised society) demands. a few other 

benefits such as : 

DIVIDEND BONUS NET VALUE ADDED 

The first is a demand from capital, the second from labour and the 



third from economists (in the name of societal good). If one lakes 

such as overview then one should write equations \3) as : 

PR = D + B + NVA -- (4) 

where D = \FCC + wo:;) d 

B • \FCC - WCC) b 

NVA = Net value added for mi t product 

d,b, = rates of dividend and bonus per unit product. The 
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•NET VALUE ADDED" as defined above, is defi~ed as something besides 

what has been accounted for. The reason for such a choice is that the 

word literally as it stands is incomplete in the absense of stating 

net value added to whom and how. 

The entire cost structure presented above, now brings into focus, 

the role of SCALE OF PROOOCTION. For a gh•en TECHNOLOGY one would 

argue whether there is a scale of production, above which 1t is PROFI

TABLE OR feasible (commercially and or economically). Hence tradition 

plays a large role 1n deciding what should be the MINIMUM SCALE OF 

PRODUCT!~ beyond which a TECHNOLOGY is profitable. This tradition 

is reflected in placing a va!ue judgement on each 1tem appearing ~n 

the cost structure. For instance, one may leave the return on capital 

in computing manufacturing costs ana let it show up in aividend. one 

may argue that NET VALUE AODCD is reflectea in the gainfui employmem~ of 

capital of capital and labour and no specific item as such need be left. 

One may bloat up "overheads" end make good in a overall inter dependent 

and interlinked business units. 

To make the "NET VALUE ADDED", a rational concept, one could ask 

for, the net value added for unit capital or unit of labour employment 
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created, over a base and link it up in arriving at a meaningful 

SCALE Of PRODUCTION. However. for the purpose of the present study 

report it would be left as defined in equation (4). The NET VALUE 

ADDED then will be implied in the retuins on CAPITAL and the GAINFUL 

EMPLOYMENT GENERATED for the LABOUR. 

None of the "FEASIBILITY", judgements passed on. in this country. 

to the knowledge of the author, can be subjected to a~least a verbal 

analysis. The scientists and technologists are simply told, a particu

lar TECHNOLOGY IS NOT FEASIBLE and there ends the matter. 

NOTIONALLY then, let it be assumed, that there exists a SCALE 

OF PRODUCTIOO for any given TECHNOLOGY and let the analysis be •de 

to understand the role of economies of scale. Basically all costs 

involved in manufacture can be put into two categories - i) those that 

increase with SCALE OF PRODU=:TI~ and (ii) those that decrease with 

SCALE OF PRODUCTICN. Let the SCALE OF PRODUCTICIV denoted as S uni ts 

per year. A very general relationship of costs of either type will huve 

arrymptotic ends insensitive to S. 

One can consider three zones on Fig. 12. In zone 1, • coat (ii) 

dominate end charges in S are ineffective. In zone II, the rate of var 

of both the type of costs effect choice of S. In zone III, cost (1) 

dominates and changes in S are ineffective. Assume for an instance 

that the cost curves present such a neat compatible zonal present such 

a neat. compatible zonal existance. The total cost function Vs S will 

look like as shown in Fig. 13. 

The total cost will show a minimum as depicted. Under such ideal 

circumstances, one can define a UNIQUE VALUE FOR CHOICE OF "S". Yet 
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it is not the minimum S, we are seeking, beyo~d which the technology 

is profitable. Let eg. (2), which is an indication of PROFITABILITY 

be also plotted as a function of s. This is shown in Fig. 14. 

It is possible to visualize, how profitability is related to 

scale of production •s 11
• Three possibilities show up which are shwwn 

in Fig. 15 along with the concommitant profitability - scale of produc-

tion relationships. 

Under the ideal sitJation of watching cost curve•, then. one can 

quantitatively fix the parameter "5" for maximisation of profit for a 

given technology or on the otherhand pass unambiguous value judgements, 

whether a given technology is profitable or not. (The word feasible is 

not used, because a societal decision can call for solutions which are 

not motivated by profit alone). 

The analysis presented, then makes two points - (i) some tradition 

is always involved in cost analysis. (ii) Even within the ambit of any 

specifiable tradition, feasibility or otherwise can be quantitative, onl) 

when a rigorous scanning is possible. The main import of this analysis 

is that tradition of first kind is unavoidable and that of the second 

kind is not only avoidable, but has to be avoided for progress or for 

giving lines to define technological goals clearly. 

Let some attention be paid to non·~eal (extra modellistic) real 

situations. The TECHNOLOGY, feasibility/profitability of which is being 

analysed may be trusted within a given span of S. This limits the range 

of s. A second thing that can happen is that the cost curves may not fal: 

in the same range of C or s. For example, see a non-ideal situation 

depicted in FJg. 16. 

-
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One could still logically proceed in constructing meaningful 

profitability vs S relationships. However, this point requires mo~e 

careful attention. Consider for instance &>..CALL.ED LABOJR It.'TENSIVE 

TEQiNOLOGIES. (OR EV~ LABOUR INTENSIVE AND LESS CAPIT Al. INT~SIVE), 

wt*:h are often mistaken as small "S" (SCALE) and hence appropriate 

for som& speei fied purpose. It is necessary to indicate an example 

of type (i) curve PSC which may be recalled as production system 

cost. An example of type (ii) cost is labour cost. Th~•e two typify 

labour-capital, intensive-extensive dichotomy. Referring to Figs. 14 

and 15 within bounds, a reduction in S can always achieve this result 

without a technological change, without even pushing product cost and 

within the margins of traditional profitability. Without &DY techno

logical change, suppose we push this argument further, a decrease in S 

unprofitable, as i• evidenced in many 8111811 scale industries. The 

analysis presented in this article can be carefully used to define 

the technological goals quantitatively, for generating new technologies 

either tor small S range or for high S range. 

As a passing reference, it may be pointed out that aasymptotes 

of the cost curves (1) and (ii) type at low S range occur in la .. 

industrilized or u'ban technologies and high S range in highly aophi

stica ted (saturated, Lacking any more potential for exploitation) te~b-

nologies. 

In summary then, the methodology adopteo in the present study 

report in working out the cost structure, the traditional unavoidable 

part is explicitly specifed, and every effort made (and explained at 

aopropriate places), to avoid the avoidable part of tradition in passin1 
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value judgements. The example chosen is •furfural from husk•. l'he 

question for which an answer that is being sought are - (i) what 
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are bounds of S and (ii) what are the profitability relationship to S. 

~ral Fr2.!_~ : 

This technology was designated VI-H category in the earlier part 

of the report. A typical feasibility report, for a fixed annual produc· 

tion capacity is given for purposes of comparison in Appendix I. Fixir.; 

up of this capacity is supposed to have been by market survey of supply 

and demand, and levels of profitability acceptable to prospective 

financial agencies (The latter is hopefully reflected in the conclusion 

statements of the report given in Appe~dix - I). 

The reason for choosing furfural will be evident from Table 11, 

where in the actual contents of exploitable raw materials per Kg of 

paddy are given. Pentosans are sources for furfural manufacture. 

Pentosans being the lowest in magnitude (after correcting for% furfura 

yeild), study of furfural manufacture is taken up first for study. 

a) f~!!..~=.rie~_and now ·~!!~ s 

Any pentosan on hydrolysis yields pentose which on dehydration 

yields furfural. A v&riety of naturally occuring materials along 

with theoretical yield (%of raw material) is given in Table 12. The 

chemical reactions involved are given belows 
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1. Transformation of pentosans to pentosos (hydrolysis) 

TEt.PERATURE, PRESSURE 
H20 

2. Transformation of pentosos to furfurel (dehydration) 

C H O TEMPERATURE, PRESSURE 
n 5 10 5 TH 

> 
i 

(FURFURAL) 

The actual reaction mechanism (according to Schoneman) is 

Pentosans -----;:,. Pentoses ---
' ' Furfural 

Int.Product--:-- Furfural --:-· 
! 

(Polymeric) (r.ionomeric) Condensation Product 

Furfural is a very useful raw material and its industrial uses are 

listed in Table 13. 

In industrial manufacture, theoretical yields cannot be 

attained. 72. 7% of the theoretical yields, 1f referred to pentasan 

content or 1/~ of the pentoaans contained in case of agricultural 

raw materials are considered safe estimates. The followtng are the 

typical variations in the technology. 

, ) Temperature range for digestion 

2) Liquid/ solid ratio 

3) Catalyst 

4) Reaction 

5) Removal of furfural from digester 

6) Operattm 

100-290°c 

, o-o.:l5 

Non-oxidising mineral acid 
or strong organic acid or 
salts. 

2 or 1 

Continuous blowing of 
steam or extraction wi1 
water 

Continuous or batch. 



TABLE 11 ___ _. _____ _ 

RICE 0.6~ 

HUSK 0.23 

BRA~ (>.OS (3) 

BROKE NS 0.03 

GERM 0.01 

MOISTURE 
ASH 
PROTEIN 
WAXES 
LIGNIN 
PENTOSANS 
CELLULOSE 

SlLlCA 

per kg. of 
husk 

0.10 

0.15 
0.04 

0.04 

0.18 

0.24 
o.25 

per kg. of 
ash 

0.9~ 

(2) 

per kg. of 
paddy 

0.023 
0.034 
0.01 

0.01 
0.041 

o.o~~ (1) 

0.0!>8 

per kg. of 
paddy 

0.032 



TABLE 12 --------

RAW MATERIAL MOISTURE THEORETICAL 
(PERCENT) YlELD-FURFURAL 

{PERCENT) 

CLEANED OAT HULLS 6 20 

CORN COBS 20 19 

COTION SEED HULL BRAN 9.5 17.~ 

RICE HULU 10 12 

FLAX SHIVES 10 12 

PEANUT HULLS 7.5 11 

BUCK WHEAT HULLS 11 15 

CORN STALKS 15 16.5 

TAN BARK OAK 3 13 

YELLOW PINE 6 5 

BAGASSE 10 15 

I - .., -~ 



TABLE 13 -------

SOLVSNT FOR RESINS AND WAXES 

EXTRACTrv= ?OR MINERAL OILS 

REFINING OF ANIMAL AND VEGETABLE OILS 

CONCENTRATION OF VITAMINS A & D FROM FISH LIVER OILS 

PRODUCTim• OF PLASTICS 

EXTRACTIOi; OF 1 ·3 Bt:TADENE FROM CRACK GASES 

PLASTIC FIBRE PRODUCTION 

PURIFICATION OF LOW GRADE WOOD RESINES 

QUALITY IMPROVEMENT OF DIESEL OIL 

ADDITIVE FOR MOTOR FUELS 

AROMA AGEUT FOR BRANDY AND PERFUME INDUSTRY 

DISINFECTANT 

HERBICIDE 

ANTIFREEZE 

BASIC SUBSTANCE FOR FURAN CHEMISTRY 



Hitchcock and Duffey reported in 1948 that for extraction of 

furfural from eat hulls by Quicker process, S2 per $1 of annual sales 

are required as investment costs and 15,000,000 lbs. furfural per 

year es minimum economical size plant. 

Krishna and Sethuraman reported a comparitive stu:iy of the 

various tnteTUational technologies available in 1966, and their find-

ings are summerised in Table 14. Thampi and Kuloor reported that 

for rice hulls, dilute sulphuric acid and liquid/solid ratio 4:1, 

50-100 psi and ~:gestion periods of two hours are reeormaended. They 

have also provided some cost &Gtimates. 

Jaeggle describes a continuous process for processing agricul-

tural residues by a Swiss process - Escher. Wyss and also presented 

the relative reactor volumes and typical cost structure as of 1976. 

The reactor volumes data a~lCl cost structu.re are given in Table 15 and 

16 respectively. A minim\111 size of 2000 tons of furfural per ann\ID for 

baggage or corn cob based plants is recommended. 

Panickar gave a comprehensive review of furfural manufacture -

Chemistry, Technology and some pilot plant data. 

Basis of Cost Estimation 
--~--------

Cost estimates can be done to a very great detail depending 

upon intormation available. However, simple preconstructior. cost esti-

mates are used in feasibility studies. rie are mainly concerned with 

cost-capacity relationships for a given techriology. for the costing sub

heads mentioned in equation (1), the following assumptions are made to 

workout manufacturing costs: 
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I FCC PSC Increasing cost curve USE x = 0.6 

FAC n Use cost-ratio 
tac tor = O.ti 

II wee RMC • Linear with capacity 

UC " " 
LC Decreasing cost curve Equation given below 

OHC Increasing cost curve Use cost-ratio 
factor = 0.2 

In assuming linear cost-capacity relationships for RMC and U::, it is 

implied that advantages that accrue due to increasing capacity are not 

expldted in the range under consideration; in other words the flow 

sheet and equipment choices of the technology remain fixed. 

Jelen suggest the normal cost-capacity relation for production 

system costs (PSC) ass 

[S:_ =(~ \XJ 
Cs G.s) PSC 

-(5) 

where is the cost of equipment of capacity ~· the cost of 

equipment of capacity Qs and x is the cost-capacity exponent with 

a range of o.~ L.. x .( 1 for most equipment. An average of 0.6 is 

usually rec0111nended in the absenceof any information. 

Wessel recommends the following cost-capacity relationship 

for labour costs (LC). 

Operating man hours 
& t 

Tons of product 

Number of process steps 
- 0.76 - (6) 

\Capacity in Tons/day) 

The value of 't' depends upon process details such as batch, average 

or well instrumented continuous etc. For the present pUTposes, then, 



one can rearrange the above as 
rl _ L ,, 

l.5 - 1-- - c? as -

(~LYC8] 
,Qs) LC 

- l7J 

The proposed linear relat~onships for RMC and UC can be written as, 

RMC or UC - (8) 
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It is implied in the above two equations that in the r,_nge Q5 <'.:Q< QL 

no changes in technology are incorporated. 

Usually the fixed capital costs (FCC) and overhead costs \OHCJ are 

related to production system costs (PSC). Hence one can write the 

cost-capacity relationships for these items as, 

- (9) 

{CS) FCC s v( (Cs) Psc 

(CL)FCC c: o( (C!.)Psc 

(CL)FCC ( GL)PSC Q 
~-:__)o.6 

= = 
<Gs) FCC ( CS)PSC 

Qs ) 
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Similarly for overhead costs, 

= WCs)psc _,_(c'.s)fAC ..- ( Cs)oHcJ(%;)°'
6 

+~Cs),<Mc +(Cs)uc] (~~yo 

--- {12) 

Let the following cost ratios be defined, 
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(CS)PHC G ( GS)LC 
o( 

( s>R~~c ~f = c A 

<Cs\,sc (Cs)Psc <Cs>Psc 

<Cs)OHC 
=! 

cCs\ic =a - (13) 

( C s>psc ( C S)PSC 

One can write e::;uati ons (11) and (12) as, 

( MC)s ==~l+o<-r .J3 )+{r'.,.. .S) +A] ( c'.s)Psc" ~s --(14) 

(Mc)L =~(i-r<(-r f)(~~)·~ u +{) (~~)+A(~ir,f?J (Cs)~:~1~ 
Hence the overall cost-capacity relationship becomes, 

,. (/', ~-o. e 
( ) 

,G_l-\O·c (.J (')(QL'\. ~ 
Mt L x ~ ( 1 + o<.. -r j) ( Gs) + l y + 6 G$ J-r A Qs 

( M C)s Q.5 (I+ o< -t- J3) -r ( -y + ~) + A 
-416) 

It may be reca:led at this juncture that and are of the order 

of o.a and 0.2 as per tradition of industrial culture; indicates 

the value of material that is being used for development to the 

capital inputs needed for ~~e production system; indicates the 

ENERGY intensiveness of technology; A indicates the labout (or capital 

intensiveness of technology. 
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The cost data for Escher-Wyss Technology (Swiss firm) is 

given in Table 16. The factors and A are computed ~s follows& 

o( = o.a ; J3. 0.2 2PSC = 918 OM . PSC = 459 DM ; • 

1 = 
700 

- 1.5 s 165 0.36 ; A= 160 0.35; ; - = = 
459 459 459 

Using the above. then equation (16) becomes 

QL (MC)L -· 
(-{5 (Mc)

5 

A plot of equation 17 is shown in Fig. 18. The figure indicates that 

the total manufacturing cost inc re as es with capacity, while the unit 

manufacturing costs decrease. This is a natural characteristic one 

expects. Fig. 18 further indicates that reduction in unit manufactur-

ing cost• is prominent in the range of scale up of 2.5 and beyond 5. 

However, to state specifically the economic size for the Escher-Wyss 

technology, it is to be noted that the cost date provided by the manu-

f acture is for 5000 TPA plant. 

Let QL • 5000 TPA ; (MC)L = 2063 OM and Sale price of furfural 

= 3200 OM. The proper question to be asked is, what will be the ~ 

when {MC)
5 

= 3200 OM? Since at that cap3city. there are no profits. 

Fig. 7 indicates ~~g~~ VS ~ relationship. One can read from it, 

th t h f MC~ L 2063 s 0 65 Qi. = .. .... b . THAT a w ~n MC 
5 

• 3200 • , 'a5 ~, ~·•re y meaning 

when Qs = 1000 TPA, there no profits. Hence both the gross indicator 
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2.5 mentioned earlier and the lowest bound of 1000 TPA taken togeth•r 

indicates THAT the economical limit of 2000 TPA r~commended by manu-

facturers are compatible with the analysis presented here. 

It is not possible to assess the various foreign technologies 

reviewed by Krishna and Sethuraman in 1966, given in Table 4, for 

lack of sufficient information. 

The feasibility report prepared by an Indian Consultancy rirm 

during the current year or early last year given in Appendix I, is 

supposed to be based on imported machinery paying a sizable sum of 

consultancy charges for an installed capacity of 6000 TPA, with 

baggage as raw material. Using the unit costs and the values of 

and A (given in the appendix) the cost-capacity relation 

is also shown in Fig. 18. The curves being same, the same remarks 

apply. Some fragmentary information on costs Cb1<1 sizes of furfural 

plants reported in literature is given in Table 17. 

o) Minimum Economical Size : -- --------------
Compar1ng the cost analysis given in the preeeeding section. 

to the methodology given at the beginning or this article. it is found 

that li) the unit product price is high and (ii) cost-capacity relation 

ship constants are such that, the analysis is in the zune where increas 

s~ale ensures higher protits. To realise the full range ?:resented in 

the section on 'Methoaology', is not yet possibl9 with the existing 

cost data. Hence, the cost <:iata was estimated for 1TPU plal'lt, lower 



than existing national and international standards (see table 17). 

These details are given in Appendix II. The saleint conclusion 

drawn (the rest are given in Appendix - II) is that. at existing 

market prices of furfural. even 1TPD plant is also economically 

feasible. The cost estimation provided in ap:·,endix II is cursory. 

Effo::::ts Hi~: be m3d2' to provide a detailed estimate in subsequent 

study reports. 

£QNCb':l510N : 

The National and International standards of a minimum of 

36 

6 to 7 TPD furfural plants are characteristic of capital and energy 

intensiveness of the technology. The existing high market prices of 

furfural makes even 1 TPO plants economically feasible. The parameters 

such plants do not indicate permissiable scaleups for cost reduction 

beyond 5, Even for such small plants the capit.61 investment is in 

the range of 80 lakha amounting to 1.6 lakhs per person employed 

both indicating the inappropriateness to rural development. 

In view of the above, there seems to be three possible solu

tions - ( i) small scale equipment costs should be p~shed down by 

encouraging small scale equipment manufacture or (ii) Digesting and 

producing 10% furfural solution can be done on small scale level 

and purification to industrial grade to be done centrally or (iii) 

New technology to be developed to reduce steam requirement. First 

solution will only minimize the production system costs and not u~ility 



TABLE - 15 

SPECIFIC REACTOR VOLUMES FCR SOME PENTOSAN CONTAINING 

RAW fv'i.ATERIALS (ESCHER-WYSS TECHNOLOGY) . 

Approx. Raw Approx. specific 

Raw Materials 
material reactor volume 
demand t(bd) M3 per tonne of 
per tonne of furfural 
furfural 

CORN COBS 10 50 

BAG AS SE 12.5 170 

BIRCH WOOD 14 105 

OLIVE PRESS CAKE 20 80 

QUEBRACHO WOOD I 18 100 
AFTER TANNIN EXTRACT 

BEACH BARK 20 160 



TABLE - 16 

ECONOZ.:ICS OF A FURFURAL PLANT -,..iIT"rl At-:D WITHOUT INTEGRATED 

ACSTIC ACI!J PRODUCTION - (a) CORK COBS AS RAW MATERIAL 

(b) BAGASS.E (PLANT IL~TEGRATED INTO A SUGAR N.ILL) - CAPACITY 

5000 TONS FURFJRAL PER A!'i"Nill:. 

(ESCHER-~·:YSS TECHNOLOGY - COST ESTH'.ATES, 1976) 

CORN COBS AS RAW ?·1ATERIAL BAG AS SE AS RAW z.~· 

l" 

I I I I I 1 2 3 4 5 6 7 

Raw material 700 34 700 32 875 49.5 875 

Steam 165 8 145 6.6 95 5.4 75 

Hages & Salaries 160 7.e. 160 7.3 45 2.5 45 

Maintenance & 
120 5.8 125 5.7 95 ~5.4 100 

Repairs 

Operating costs 1145 55.6 1130 51.6 1110 62.8 1095 

Amortisation & 918 44.4 1060 48.4 65€ 37.2 791 
Interest 

TOTAL COST 2063 100 2190 100.0 1768 100.0 1886 1 

Assumed receipts 3200 3200 3200 3200 
from sales fur-
fural/T acetic 660 660 660 6 
acid/0.6T 

GROSS P~CFIT 1137 1670 1432 1974 



contd. from table 16. 

1. Costs per ton of furfurc.l in .DM 

2. Percentage 

3. Costs per ton of furfural +0.6 Ton Acetic Acid in DM 

4. Percentage 

5. Costs per ton of furfural in DM 

6. Percentage 

7. costs per ton of furfural +0.6T Acetic Acid in DM 

8. Percentage 

*l kw!-1 = 0.1 DM 

Steam produced from combustion of residue cooling water: 

Assuming the adoption of cooling towers when producing 

acetic acid. 



TABLE 17 

PRICES I PLANT SIZE I CAPITAL I:N.SSTMENTS FOR FURFURAL 

USA - 9.30 

Italy-13.50 

UK - 11.20 
West - 11.60 

Germany 

2. PLANT SIZE A~·:D COST, NATIONAL 

6 TPD Rs.26 Million 

12 TPD Rs.38 ~illion 

20 TPD Rs.42 Million 
(Southern Agrifurane) 

Estimated production costs Rs.7800/- per ton 
of furfural. 

3. PLANT SIZE A!m cosT, r~~TER!JATIOnAL 

Hungary 22TPD $8 million (1978) 

Bulgaria 15TPD SF 7.3 million 

Kenya 15TPD £ 12 million 

J;{Osenlaw Sulzer 
Esche r-Wyes 

Sulzer Escher-Wyss 
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costs. The second solution would involve collection and transporta

tion costs. The third requires technological innovation. 

For purposes of the work scheduled for COA, the minimum size 

of 1 TPD furfural plant will be assumed ani further data collected 

from national furfural industry coming up in rural settings will be 

subjected to analysis. 

l 



-
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8. RICE BRAN PROCESSING INDUSI" RY - A CASE STUDY : ------------- ------------~~~~-

Rice Bran is e by-product of rice rr.illing industry and is a 

good source of edible oil which is not utilised properly in a profitable 

manner so far in the country. When paddy is milled besides 60 to 70% 

rice, 20 to 25% husk and 4 to 8% of jran is also obtained. The oil 

content in the bran varies from 4 to 8% for huller mills to 15% to 28% 

for bran from d modern millG depending upon whether the paddy is milled 

raw or par ~oiled. Oil content in different brans is listed in Table 18. 

Econom) of extraction of oil from bran depPnds upon the type of - bran 

and also the time lag between when bran is removed from the paddy till 

it is processed in a solvent extraction plant. Because of low oil 

content in huller bran and high per cent of silica, huller bran is consi-

dered unsuitable for extraction of oil on economic and quality considera-

tions. It is clear from Table 19 that most of the paddy is milled in 

huller type of mills in the country as well as in Tamil Nadu ~nd hence th 

bran available for oil extraction is only 42.6% of the total bran availa-

ble. Out of the 84,21,600 tons processing capacity rice bran accounts for 

only 20,19,600 tons which is only 24%. In tamilnadu the total processing 

capacity is 2,51,400 tons out of which the cap~city registered for rice 

bran is only 71,400 tons. The reasons for this under otJLisation of bran 

for edible grade may be summerised as follows: 

1) Paddy is•mostly milled in huller types of mills which produce poor 

qu~li ty ,bran and switch over from the older huller type mills to 

sheller type or modern type mills is yet to take place in spite of 

Government's effo=ts. 



TABLE - lE 

OIL CONTENT I~~ DIF?E~E:IT' BRMlS ------------------------------

Sl.No. Method of Hilling Bran Obtained from Oil COnte 
(%) 

1. Huller Raw Paddy 4 - f, 

Parboiled Paddy 4 - 8 

2. Sheller Raw Paddy 12 - 15 

Parboiled Paddy 12 - 20 

3 • Modern Raw Paddy 15 - 20 

Parboiled Paddy 25 - 28 
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2) Solvent extraction plants are concentrated in less paddy growing 

areas. Since the Free Fatty Acid content of rice bran increases 
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with the time. Any delay in processing the bran will result in only n 

edible oils. Table 20 shows the approxim~te rate at which Free Fatty 

acid is developed in rice bran. Thus, longer the distance of the 

solvent extraction plant from the rice mills, more time lapse will be 

there by the time the bran is collected, transported and finally 

processed in t~e plant and as a result, the FFA content in the oil 

will be very high, making it unsuitable for edible purposes. 

3) Rice mills are scattered over e large area and are of small capacity 

and thus for every solvent extraction plant, having a capacity of 

60 TPD will req•Jire a support of atleast 60 to 100 rice mills of 1 to 

2 tons per hour capacity and it is necessary to locate the plant in s 

a way that the bran could bE brought into the plant and processed 

within 24 hours in the absence of stabilisation tacilit,- for the bran 

in the rice mill itself. I 
4) A study of some of the existing methods adopted by solvent extractors 

has revealed that the solvent extractors are not making any efforts 

to collect bran in an organised manner. While some of them by most 

of their requirements through brokers and fix an average percentage c 

oil in bran at 1 (>%. The others ask the rice millers to door del i'fer 

the bran and pay a price according to oil content in bran. In the 

seeJnd case, the baee price for bran is fixed for 16% oil content anc 

for additional percentage increase in oil content proportionate amour 

is paid for low FFA bran, additional incentive prices are also given. 

However, this practi1,. does not guarantee the supply of quality bran 

since bran available pEI' day in a rice mill will be of the order of 

800 to 1200 kgs. and the miller has to wait till he accumulates a 

truck load of bran by which ti~e the FFA content in bran increases 

resulting in financial loss for the milleribr no fault of his as well 

as loss of an essential commodity like/edible oil itself. 

To correct the abo.e situation, the following plan of action is 

proposed: 



TABLE - 20 

RATE OF FFA DEVELOPMENT IN RICE BRAN 

Rice bran type Time after milling 

Raw Rice Bran 4 hrs. 

28 hrs. 

40 hrs. 

60 hrs. 

Parboiled Rice Bran 4 hrs. 

28 hrs. 

40 hrs. 

60 hrs. 

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

FFA (as oleic 
acid) 

1.4% 

4.2% 

14.0% 

21.0% 

2.5% 

2.5% 

3.7% 

6.2% 

- - - - - - -

. -1 

- -
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a) Smaller solvent extraction plants should be encouraged in areas 

where rice mills are concentrated which will ensure timely process

ing ot bran as well as uti li setion of full capacity of the plant. 

b) A minimum base price shoula be fixed for rice bran depending upon 

the oil content and additional increments should be given for 

increase in oil conten~, decrease in silica content and aecrease in 

free ratta Acia content. nhile fixing the minimum base price, a 

minimum oil percentage may be fixed at 16% level. This minimum 

as w1:dl as t.n~ incrcme:-1t.c.1.1..:. 3,q Jt: in a similar fashion followed 

in case of sugarcane {based on average factory yields) or alte:

natively like in the case of milk, the price can be fixed based 

on individual tran sample analysis. 

c) Since it is not possible for the millers to door deliver the bran 

solvent extraction plants should collect the bran on twice a day 

from each mill in their collection role and payments for the bran 

collected in the mornin; may be made in the evening when thefactory 

collects the bran for the second time on that day (This practice is 

followed in case of collection of ~ilk in Amul Dairy). 

The additional cost involved in organising collection of bran and 

payment of price according to quality will be compensated by the 

additonal price which the solvent extractors would be able to get 

for edible oil when compared with a non-edible oil about Rs.3500/

plus the savings from less hexame loss {two to three lit./tons of 

bran) in the plant because of lower husk content in the bran. This 

may also elimin~te the necessary of insta1·1ng a husk separator in ti 

solvent extraction p~ant. 

d) In addition, in order to improve the processable bran potential, it 

is also necessary to replace the existing huller mills into sheller 

mills or sheller-cum-huller mills. The existing Government Legisla

tion enforcing the huller millers to convert their mills into 

l 
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Sheller-cu-Huller or modem mill has already tested in court and it 

has stood the test of law. However, since the convertion involves 

capital investment ?n the part of mill owners, Government can consider 

giving them subsidy and lu,m:al finance so as to speed up the modernisa-

tion of the mills. 

e) Government can attach rice mills in each area to a soJ.vent extrac-

tion plant and make 1t compulsory for them to sell 'the bran to the 

solvent extractors. 

t) DeoileC1 bran/ cattle feed may be made available at the mills by 

by the solvent extractors to encourage farmers to leave behind 

the bran in the mill in case of custoa milling. 

SECOND ALTERNATIVE ------------
a) The Government has already come out with the scheme to make installa

tion of rice bran stabilisers compulsary on the part of rice millers 

in order to ensure availability of good quality bran. However, s~nce 

this scheme has come as a surprise and the Engineering Industry is 

not at well geared for the supply of suitable rice bran stabiliser 

and the few fabricators 'llho are in the field are trying to exploit 

the situation by quoting 2 to 3 times mo.re than the prlce at which 

a batch type electrical stabiliser could be sold. Government can 

ask the State owned Karnataka implements co., Bangalore to obtain 

the necessary designs from CFTRI, Mysore and fabricate these 

stabilisers. 

b) In the event if all the rice millers are 1sked to ins~al bran 

stabilisers solvent extraction plant need not organise collection 

of bran but can ask the millers to doo~ deliver the bran which is 

the present practice. However, this system cannot avoid middlemen 

buying rice bran from the millers and exploit the situation. 

Since at present, financial institutions are averse to the idea of 

promoting small continuGus solvent extraction plants and batch type 

plants, Government should take up this issue with the financial 

institutions. However, a detailed economic analysis may be made to 

find out the viability of such smaller plants before taking any 



decision. It is also necessary to educate both the rice millers as 

well solvent extraction units or. the above issues. Series of educa

tive courses in batches may be organised for their benefit, in order 

to convince and educate them the need for organising collection of 

bran or stabilisation of bran. 
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a) Government can establish solvent extraction pl&nte exclusively for 

rice bran and organise collection of bran upgrading, stabilisation 

and processing in the pattern of milk project in Gujarat. 

(In Tamil Nadu a solvent extraction plant of 300 TPD capacity with 

an investment of 1 crore has been established by the Government of 

Tamil Nadu exclusively for the utilisntion of bran from the 3000 

and add huller mills in Tamil Nadu). 

FOURli ALTERNATIVE : 
-----------------

Stabilisation of rice bran as a separate industry may be encouraged. 

These rice bran stabilisation industries may be located in the areas 

where rice mills are concentrated. However, this is equivalent to 

encouraging middlemen between the solvent extractor and rice miller 

and exploitation of small man, in this case, the mill owners cannot 

be avoided. 

-i 
I 



APPENDIX I 

PROJECT REPORTED BY AN INDIAN CONSULTANCY ORGANISATION DURING 1979-90. 

FINANCIAL DETAILS GIVEN -- -

* 

Capacity 

Raw Material: 

6000 TPA Furfural 

Cane Sugar Bagasse 

Land & Buildings 

Plant & Machinery 

Know-how & Engg. Fees 

Utilities 

Miscellaneous fixed assets 

Preliminary pre-operative expenses 

Margin for working 

CAPITAL 

Rs. in lakhs 

40 

220* 

40* 

35 

15 

45 

395 

20 

415 

Estimates depend upon source of foreign know-how and foreign exchange 
rates. 

Utilities 

Employment 

Profitability 

Cost of imported 
Furfural 

. . 

Raw material needed 

Power 

Water 

Steam 

400 KWH/Ton of Furfural 

22,000 gals/ton of furfural 

30T/ton of furfurals 

About 150 persons 

Turn-over expected to be Rs.'500 lakhs Gross 
pr·:ifi t expected to be around 40% of the shar 
capital of about Rs.140/lakhs. 

Rs. 15000/-

20 tons/ton of furfural 



ANALYSIS -----

, ) PSC (260 lakhs) 
260 x 105 

x 1/100 433 = 
6 x 103 

2) FCC (120 lakhs) 
120 x 105 

x 1/10 200 = 
6 x 103 

3) UC (35 lakhs) 
10 x 105 

583 = 
6 x 103 

4) LC = 200 

5) RMC s 200 

o( -t- f3 - 200/433 
..., 

0.5 = 

-( 200/433 
,.., 

0.5 .. -
( 

583/433 D = = 1 .3 

A 200/433 
,.., 

0.5 • ... 

The above constants were used in calculating the data 

plotted in Fig. 7. 



APPENDIX II 

ROUGH COST ESTIMATES OF 1TPD (or 300 TPA) FURPURAL PLANT 

A. Production System Costs (Based on 1978 costs used as guidelir 

Reactor - Vclume 50 M
3 

Distillation columns 3 

Condensors - 3 ~ 

Reboiler - 1 ~ 
Cooler - 1 v 

Storage tanks 3 

Drier and Filter 

Boiler 

Total 

B. Raw Material Costs 

Rs. 5.oo lakhs 

Rs. 6.00 lakhs 

Rs. 4.00 lakhs 

Rs. 3.00 lakhs 

Rs. 4.00 lakhs 

Rs. 8.00 lakhs 

--- ____ __...._ 

Rs. 30.00 lakhs -- ----.-..--

Requirement - 10 tons/ton of furfural 

Husk is valued at Rs.100/- per ton in line with cost estimates for 
integrated development. 

C. Utilities costs 

power 400 kwh/ton of furfural i) 

ii) 

iii) 

water 22,000 gal.s/ton of furfural 

steam 30 tons/ton of furfural 

D. LABOliR COSTS 

- Rs. 120/-

- Rs. 70/-

- Rs.2100/-

Rs.2290/-

Usual requirements are of the order of 50. This works out to be an 
annual wage bill of Rs.3 lakhs. 



-

E. Unit costs, Cost-·ratios 

PSC 
30 x 1 o5 

x 0.1 1000 = -300 

FAC = o( PSC = 800 ; v( = 0.8 

OHC • j x PSC = 200 ; f · 0.2 

RMC = 1000 Y= 1.0 

<' 
UC = 2300 0 = 2.3 

LC 
3 x 105 1000 A 1.0 = = = 390 

Therefore llC • 6300 

FCC = FAC + PAC = 1800 

wee = fl}.(; + oc + LC + OHC = 4500 

F. CONCl.USIONS -------------
1) With furfural costs being quoted at Rs.15000/- per toh. This leaves 

a very good profit margin for the plant to be feasible. 

2) 

3) 

4) 

Of the various costs the largest cost is steam cost. Higher bound of 
this cost now-a-days is around Rs.150/- per ton, whereas a conserva
tive estimate of Rs.70/- per ton (on coal costs) is used. This can 
push utility costs by another Rs. 2400/- Even then there is 
sufficient margin. 

Total capital investment costs of the order of S 2.00 per S 1.0 of 
product sold is a normal practice of western technology, However, 
furfural at current prices being a high cost low volume item, it 
looks like, one is getting Rs. 0.50 investment per Rs. 1.00 of 
product sold. 

Total capital investments and labour (employment generated) are 
given in the following page. 

- . · 1 



PRODUCTION SY5rEM 

FIXED ASSETS COST 

OVER HEAD COSTS 

RAW MATERIAL COSTS 

UTILITIES cosrs 
l..ABO l.Jl QJS TS 

TOTAL 

35.00 lakhs 

28.00 lakhs 

7.00 lakhs 

3.00 lakhs 

6.90 lakhs 

3.50 lakhs 

----------------
83.40 lakhs 

CAPITAL OUTLAY PER PERSON EMPLOYED IS Rs. 1.7 lakhs. 

5) The cost-capacity calculations are made for 1TPD plant 

and shown in Fig. 8. The size equilibriation denotes the 

mismatch beyond a scale of 5. 
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