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ABSTRACT 

SIMPLIFIED AND ECONOMICAL CASSAVA STARCH  PROCES!* 

by 

A.  Caran8a ** 

Dorr-Oliver B.V.,   Amsterdam   (Netherlands),   in  consultation 

with  the Royal Tropical   Institute  in Amsterdam,   have deve- 

loped a  simplified  cassava  starch  flowsheet with   the  follow- 
ing features: 

- very  low water consumption,   below 3 m3 per  ton of 
tubers 

- the  heart of   the  system are  hydrocyclones  and  DSM screens, 
with  no moving parts,   hence: 

.   low maintenance  cost 

.   easy operation 

and other advantages  are: 

. low space  requirements 

. low installation cost 

. short detention  time 

. high starch yield 

The views and opinions expressed in this paper are those of the author and 
do not necessarily reflect the views of the secretariat of UNIDO. This document 
has been reproduced without formal editing. 
Sales Manager, Dorr-Oliver, B.V., Amsterdam, The Netherlands 

id.79-575 
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- the équipent is suitable for skid-mounting, which reduces 

installation cost to a minimum. This would even make it 

possible to move the plant to another harvesting site, when 
desired. 

Basically the process is as follows: 

After peeling, washing and disintegration of the tubers the 

fruitwater is removed in solid bowl centrifuges; by "doing this 

the soluble carbo-hydrates together with the nitrogen contain- 

ing compounds, which could cause fouling, are removed righ!- -- 

the start of the process. The fibers are removed on a small 

battery of Dorr-Oliver DSM screens; predewotering of the fibers 

takes place only when local circumstances require this. The 

crude, screened starch milk is degritted, concentrated and puri- 

fied in a counter-current DorrClone washing system with a small 
amount of fresh water. 

The entire system is suitable for cleaning in place and has 

been designed for continuous operation. 

With the Dorr-Oliver system a high quality starch is produced 

which can serve as raw material for the production of glucose, 
dextrose, HFCS, alcohol, etc. 



Working as a food technologist or in a related function implies 

adhering to oertain ethics. In my viaw on« of th« athioal oonsequenoes 

of our profession is the principle that whatever the soil produces should 

be treated with utaost care so that ar little as possible is spoiled and 

optimal yields are guaranteed with the leapt environmental pollution. 

With this philosophy in mind, and, of courre, with the aim to produoe 

the host results for both user and supplier, Dorr-Oliver, in consultation 

with the Royal Tropical Institute in Amsterdam, have developed a simpli- 

fied, ooapaot cassava Ftarch flowsheet. The main features of this new 

flowsheet aret 

- vary low water consumption, possibly, even the lowest in this 

industry» 

- extraction and purification equipment with no moving parta, 

resulting int 

- low maintenance oost; 

- no special skill reouired for the operators and further! 

- low space reouirements, hence building will be inexpensive 

(low investment){ 

- lew installation coet; 

- short detention time, which mean? very hygienic operation» 

- high starch yield; 

- less than 5 m^ of fresh water reouired per ton of tubers. 
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The eoc<Tment ir deripned l'or t*Y ' d-mounting, whioh reduces installation 

cost to a minimum.    In principle thir mnkee it poBFible to move the plant 

to the harvesting fite,  when deBired. 

BeFically the procerr ir pr followr: 

After pee1 inpt warhinp and depintopration of the tuber©, the fruit- 

water is removed  in solid bowl centrifupea;    by doing this,  the soluble 

carbohydrates topetar vrith the nitropen containing oompounda, Rometimea 

referred to ar latex,  which could enure fouling,  pre removed right at 

the front end of the procer.    The fiberr are removed on a  amali bettery 

of Dorr-Oliver DEM Fcreenn.    Predewaterinp and drying of the fiberr 

takep place only when local rircumrtnncer make this economically feaaible. 

The crude,  screened ptarch milk ir depritted,  concentrated and purified 

in a counter-current Dorr Clontj wnrhinp ayrtem with a rmall amount of 

waahwater (3 kp of fresh wnter per kp of D.S.   starch).    TMa water fow»a 

part of the amount earlier mentioned.     The entire ayrtem in ruitabia for 

eleaninp in place and ìP deaipned for rontinuour around the clock 

operation. 

The etarch produced with thi-  ryrtem can rerve er raw material for 

the production of plunore,  riaxtrope,   MFCS,  and the lik*. 

For this diatinguiFhetf audience there is no need to mention the parte 

of the world where carrave pr^wr;    the fact that it mainly appears bet- 

ween latitudes 30° north and routh may imply certain conatraintF in termp 

of infrastructure,  available rkillr,   availability of utilities and the 

like. 

It ir with thia i^ mind that we have decided to modernise and 

economise our flowsheet. 

Before the deripninp of a plant  ir rtarted, the product distribution 

of the raw material rhould be known. 

Table I ahowF the chemical  composition of caraava tuberr BP 

eatablirhed by vnriour  rerearcherr. 

Table II ahowr a marr balance for a composition on whioh we have 

beped our calculationp. 
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From the above we arrive at a yield on extract ablt. •taroh of 

approximately 85 $>•    This percentage is a somewhat conservative, but 

it allowi us to find the optimum between investment and running ooet 

on one aide and expected yield on the other aide. 

Tie produot distribution will then be as shown, in table III. 

TABU III.    Produot Distribution after FstUn*. 

Per ton of tubers with a S.S. content of 35 f>t the feed to the 

disintegrator (after peeling) oontalnst 

in fruitwater 

D.3. TOTALI 

refusât 0,?0 x 350 

starohx O.sfi x 350 

staroht 0.0? x 350 

aolubl**: 0.15 x 35O 

70 kg« D.S. 

?03        " 

7       w 

5?. 5    " 

33?.5kgs D.S. 

fable IV shows the block-flowsheet of the Dorr-Oliver oassava 

staroh plant)    only D.S. and fresh water are indicated. 

We have developed two standard flowsheets: 

- one for plants having grinding oapaoities over ?50 t/d 

of fresh tubers, and 

- one for grinding capacities under ?50 t/d. 

For the larger plants we have based ourselves on tht application 
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of Meroo sanarators/concentratorB f r the primary sepr«ation and 

oonoen'.ratlon, the smaller plants have an ail-Dorr-Clone flowsheet. 

Before showing the flowsheets, I should like to Bhow you a table 

(table V), indicating the reduction of cassava root« plus the per- 

taining yield per ha. Thin table pives date obtuined in 1976. In 

that year, the total world production was 105 million tone of cassava 

tuberB. 

Por comparison, in 1950 this production was only 52 million tons, 

which means that this figure has more than doubled in ?6 years. 

From table V you will note an average yield of 10.45 t/ha. It 

should be borne in mind that with the present state of agricultural 

husbandry in the tropics, yields ranging from 30-50 t/ha and even 

higher ones can be obtained. I am mentioning these figures, since they 

(together with other eocio-eoonomical fnotors) can, or probably Hhould, 

have a bearing on the design of the plant. 

TABLE V. Production and Yield of Passava Roots of Wain Countries in 1976. 

Country Production Yield 

(nillion tons) (tons/ha) 

?7 1?.7 

1?.S 6.3 
11 10 

10 8.9 

8 17.8 

5 5 

(average yield) 

73.5 10.45 

Brasil 

Indonesia 

Higeria 

Zafra 

Thailand 

Tansania 

Souroet Ir.CA. da Vries (R.T.I. Amsterdam) 
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DESCRIPTION  F TUE PROCESS 

In mort of the count rien where cassava  ir grown and  processed,  the 

availability of labour causes usually  no problema of nny ni gni fi conce. 

Nevertheless,   it mi^ht prove to he of advent.-ige in many countries to 

restrict the labour requirements.    Anyway,  herd \.hyMcal  labour in tro- 

pical conditions  in unplenrart and thin  in onl,\   one reason why hand- 

harvesting should,   and  nt  prônent can  be avoided.     Various possibilities 

exist;    from the hnnd-harvepter developed b.y the University of Wegeningen 

(Holland) via the Tropical  Root Harvester developed in the U.K.  to the 

highly sophisticated mechanical harvester for lnrge quantities (^00 tone 

of rootn per day or more).    Por this machine a  patent hr-s been applied 

for and may have been granted in the meant ine. 

Although mont suppliers of starch plants will not involve themselves 

in harvesting techniques,  the subject  ìB most certainly worth  studying. 

Not only to be able to help the customer to select the proper tools,  but 

also because of the «ffeot the method of harvesting nay have on th» 

quality of the tubers to be processed. 

This b ings us to the second p' ase of the procès- ' np,  namely,  the 

reception and the selection of the roots.    Unfortunately,  there is still 

no substitute for the hand-picking of foreign matter on a selecting belt. 

For small  size plants,   grinding 100-,';ti0 tons of tubers per day, 

this is no major problem,  but for bigger size plants ergonomical pro- 

blems may play nn important  role here. 

Directly related with this is the désintégration of the roots.     Al- 

though the available literature generally indicates rasps for thin purpose, 

and to our knowledge rasps are widely propagated and used,  the application 

of Hammermills deserves careful considération.    Not because of higher 

yields, but because of less downtime and/or lover investment  cost.     Also 

because of the fact that its robustness makes a Hammermill less sensitive 

for impurities like wood and stones which may still be present in the flow 

of tubers entering the plant. 

With the increasing number of (sent) mechanical harvesters, this pro- 

blem gains importance. 
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BETAILS Of* OPERATION 

Although I ma¿  ..DI.U»,O  mav  itivi .w*, »of:pàou and Handling needs no 

further explanation, a few norde should be devoted to the subject of peeling. 

That the outer peel has  ¿o be removed needs no further elaboration.    It is 

different though with regard to the inner layer, the so-called sub-pe rider». 

This inner layer, usually approx.  2-"ì mm thick,  contains only 50 % in weight 

of the starch as compared to the corj of the tuber.    Further,  it contains 

most of the hydrocyenic acid (HCN), which may cause some discolouring of the 

starch«    Althou&h tasts have shown that the discolouring migrates through the 

starch and can be vaBhed out,  it is Z. »vrtier of economy whether or not to 

remove the sub-poriderm.    Part of it comes off during peeling anyway. 

After peeling ar.e uarhinr, chopping (if required) and disintegration 

take    pince.    Econ^ny dictates the use of one or two disintegration    stagest 

it is common practice to Install onlj  one stape. 

The crude water us«sd for washing the tubers is only polluted with 

solids such as nand,   clay and the like.    Therefore,  it can be re-used to a 

large extent aftor h.->vinp been tratad in a settling tank or a simple 

solids removing process.    Tnie applies only if none or very little 

fruitwater je re-cycled. 

To prevent  plugging of the subsecuent equipment the disintegrated 

product,  diluted witti some fr«6h water,  is fed into a decanter to remove 

the soluble carbohydrates (sugars,  etc.) together with the nitrogen con- 

taining compound*.    This material is sometimes referred to as "latex". 

In order to carry ou*, the fruitwater removal under optimal conditions 

no SO2 is added at this stag* (ahead of the decanter).    This is done to 

prevent e change of the viscosity of the starch and to prevent coagulation» 

Part of the fruitwater coming from the decanter can be used for 

washing the tuber«, alto because this water generally does not contain 

more than 3 kg of atarch per ton of tubers. 

For the ovaoua;ion of ¿he concentrated product from the decanter 

soste fresh watnr shovld be uped?    this water can be made up with the 
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required amount of S0?.    The ultimate application of tht final starch la 

decisive fop the amount of S0?f    usually, the final staroh doe» not oontain, 

or rather in not supposed to contain more than ?5-30 ppm S0? on D.S. etaroh. 

The extraction and screening take    plaoe on three or four stages of 

Dorr-Oliver DSM screens.    Whether three or four stages of (300 degr. ) 

screens will be installed, is again a matter of economics.    It is an eva- 

luation of a slightly higher staroh yield versuB higher investment, and 

running oost.    The D5N screens allow for oleanlng in place as well as 

during operation.    The special construction of the feed spout prevents 

plugging of these all stainless steel units. 

Dorr-Oliver DSM screens nre unique in '-hat a courter-ourrent system 

is able to combine two steps:    extraction and aieving.    Basically no 

fresh water is used for counter-current washing, because the overflow 

of the clarification system in used here. 

The average slotwidth applied for the screen surfaces is 75 micront 

the overflow of the final screening stage has a D.S.  content of approx. 

35-40 g/1.     I* depend* on local ciroumstancee whether this refuse is 

used as undew-»tered animal feed alurr , fertilirer or w'ether it is (pre) 

dewatered and/or dried.    Dew.itering en be effected on pressband filter« 

or in plate and freme presses.    After screening the crude starch milk is 

degritted in V nylon Dorr Clones.    The degritted «tnrch milk is further 

treated in an all-Dorr Clone system. 

Concentration, clarification, staroh recovery and starch purification 

are all effected in Dorr-Oliver Multicyolones.    The absenoe of moving parts, 

except from the pumps reduces the maintenance ooct considerably.    Thie is 

both in terms of labour and replacement parts.    Also the down-time is re- 

duced to a minimum. 

further in this system the ultimate application of the starch dio- 

tates whether 5 or f refining stages have to be installed.    Sinoe cassava 

is low in protein anyhow,  5 stages will usually   be sufficient to arrivo 

at a starch quality which is suitable as raw material for more than 100 

do ri vat Ives. 
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Since the  rt-irch ir. lower in    iK.yloac content thon mort other starches, 

it ia excellent  for food products, hut nino for Hiring of high quality pa- 

per.    Further a.pplionttonr are ¿lucore, dextrine and invert sugarj    the 

lower protein content of the product reducer the utility comumption. Ethyl 

nlcohol, butano1  nnd acetone nre nlrendy known and accepted fermentation 

products, but oarravn starch ir .tiro a chenp raw material for the produc- 

tion of single  cell protein nnd amylnee. 

Depending on the further use of the starch, sane is either pumped 

to the refinery  for conversion or dewatered on a Dorr-Oliver rotary vacuusi 

•heelcake«  filter with scraper discharge nnd dried in a plashdryer. 

Both of our standard planto allow for future extension. 

QWERAL RBURK5 

It in impossible to give a general calculation on the feasibility 

of a oaseava starch plant,  since virtually all factors such as land and 

site prepar  tion,  infrastructuref c   *t of mw materia'    cost of water and 

fuel, labour cost and many other factors will vBry from ooun'ry to oountry. 

Two fectore  remain relatively constant,  namely: 

a) The cort of the plant itself.    The difference in the price for 

a completely installed plant handling 600 t/d and one handling 

100 t/d   is only a factor ?.    This means that a 600 t/d plant 

costs only double BB much ar a  100 t/d plant. 

b) As shown earlier the grinding capacity has very little bearing 

on the  eir.e of the building,  and anyway, unless special pre- 

cautions agpinrt earthmiakes have to be taken, the building oan 

be one without closed wells,  and of light,  low cost construction 
material. 

Publications of the Tropical Products Institute in London (1974) show 

thst a plant producing approx.   10,000 tons of commercial starch per year, 
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that means handling approx.  55|000 t/y of tub«« (250-?75 t/d) can pro- 

duo« an R.O.I, of 12 #.    The power consumption for such a plant, ba««d 

on 100 % dry starch, amounts to approx. 300 kW.    This i« oonpiled a« 

follow«t 

I 

root handling and disintegration 

fruitwater renoval, extraction 

and starch purification 

«taroh drying   (100 $>) 

TOTAL 

approx. 130 kW 

" 130 ktf 

•• 40 kM 

approx. 300 kW 

Contnaption Figure« 

Based on the system used for root washing and peeling with currently 

standard equipment in thin industy:    2000 m* crude water of which at least 

75 # can be reused.    Of fre3h softened water (less than 10 de^r. German 

hardness with less than 0.3 nv* Pe/l) approx. 700 m^/day is needed. 

Additional com umption figures are 3hown in Table VI. 

TABUS VI.   CoBBuaption Figures of ^ 2S0-30O   t/d £lajit, 

power consumption 

crude water consumption 

softened water consumption 

building 

labour requirements 

approx. 300 kW 

'« 2000 «P/d 

••     7OO-75O m3/d 

» 26OO a3 

per shift:    5 unskilled 

daytime onlyt 

6 skilled 

1   fitter 

1  electrician 

general aanager 

wet mi 11 superintendant 

ohemi8t(s) 

clark(s) 
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A simplified and ooonoaioal oaaaava atar oh prooaia la dieouaaod, 

allowing low oapital, installation and running ooet. 

The plant ia daaignad for skid mounting and ia auitabla for 

cleaning in plaoe.   Further,  tha plant ia designed for 200-250 dm/a 

per year operation during 24 hours per day. 

Indications regarding product distribution, personnel, utility, 

apaoe and power consumption are given. 

Information raoaived in various forma from the Royal Tropioal 

Inatitute in Amsterdam and from tha Tropioal Produota Inatitute in 

London ia gratefully acknowledged. 
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