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SINPLIFIED AND ECONOMICAL CASSAVA STARCH PROCESS*

by

A. Caransa **

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

. €asy 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 authQr 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
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- the equinment is suitable for skid-mounting, which reduces
installation cost to a minimum. This would even make it

pPossible 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-ﬁoing this
the soluble carbo-hydrates together with the nitrogen contain-
ing compounds, which could cause fouling, are removed righs -+
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 Ccircumstances 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 Ssuitable 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.




INTROPOTTON

Working as a food technologist or in a related function implies
adhering to certain ethics. In my view one of the ethiocal conmequences
of our profession ie the principle that whatever the eoil produces should
be treated with utmost cere mo that ar little ar poseible ie =poiled and
optimal yields are guaranteed with the leart environmentel pollution.
With this philosophy in mind, and, of courre, with the aim to produce
the best results for both user and supplier, Dorr-Oliver, in consultation
with the Royal Tropiocal Institute in Amsterdam, have developed a rimpli-
fied, compact cassava starch flowsheet. The main features of this new
flowsheet are:

- wvary low water consumption, possidbly, even the lowest in thie
industry;

- extraction and purificetion equipment with no moving parts,
resulting in:

- low maintenance ocost;

-~ no special skill recuired for the operstors and furthers

- low space recquirements, hence bduilding will be inexpensive
(l1ow investment); '

- 1low installation cost;

- short detention time, which mean= very hygienic operation;

- high rtarch yield;

-~ 1lerr than 3 m>of fresh water recuired per ton of tuberr.




The equinment ir derigmed vor rk !d-mounting, which reduces instsllation
cost to a minimum. In principle thir mrkes it posrible to move the plent
to the harvesting rite, when desired.

Barically the procerr ir ar followr:

After pee'.ing, warhing and derintegration of the tubers, the fruit-
water ies removed in rolid bowl centrifupen; by doing this, the soluble
carbohydrates togeturr viith the nitrogen contsining compounde, sometimer
referred to ar latex, which rould ecrure fouling, sre removed right at
the front end of the procesr. The fiberr are removed on » esmall bettery
of Dorr-Oliver DSEM rcreenr. Predewatering and dryving of the fibers
taker place only when local rircumrtancer meke this economically feaeible,
The orude, acreened etarch milk ir depritted, concentrated end purified
in a counter-current Dorr Clonc wnrhing ryrtem with & rmall amount of
warhwater (3 kg of fresh wnter per kg of D.S. starch). This water foime
part of the amount enrlier mentioned. The entire syrtem im ruitabics for
cleaning in place »nd ir deripned for rontinuour around ithe cloock

operation,

The starch produced with thi- ryrtem cen rerve ar raw meaterial for
the production of glucore, dextrore, HFCS, and the lik:.

For thie distinpuirhe’ audience thereis no need to mention the parte
of the world where carrrve grwr; the fact thet it mainly appears bet-
ween latituder 30° north and routh may imply certain constrainte in temme
of infrartructure, aveilable rkillr, nvrilability of utilities and the
like.

It ir with thie 1 mind theat we have decided to modernize and
economire our flowmheet,

Before the derigning of n plant ir rinrted, the product distribution
of the raw material rhould be known.

Teble I rhowr the chemicrl comporition of carmava tubers ar

entabliched by variour rerearcherr,

Trble II srhowr n mrrr halence for » comporition on which we have

bered our canleulationr.

- —
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Prom the above we arrive at a yield on extractable starch of
approximately 85 4. This percentage is a somewhat oonservetive, but
it allows us to find the optimum between investment and running cost
on one side and expected yield on the other side.

LN

" The product distribution will then be s shown. in table III.

TABLE III. Product Distribution after Pesling.

Per ton of tubers with a D.S. content of 35 %, the feed to the
disintegretor (after peeling) containss

refuse: 0,70 x 3150 70 kge D.8.
starch: 0,58 x 35%0 « 203 "

in fruitwater starch: 0,02 x 3%0 = 7 "
polublaa: 0,15 x 350 - 52.5 "

D.8, TOTAL: 332,5kas D.8,

Table IV shows the block-flowsheet of the Dorr-Olivsr oassave
staroh plant; only D.S. and fresh water are indicated.

We have devoloped two standard flowrheets:

- one for plants having grinding oapacitiee over 250 t/d
of fresh tubers, and

~ one for grinding oapacities under 250 t/d.

For the larger plante we have based ourselves on the appliocation
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of Neroco sonarators/concentratorn f r the primary sepc ~etion and

oconocen’.ration, the emeller pinnts have an aii-Dorr-Clone flowsheet,

Before showing the floweheets, T should like ¢o show you a table
(table V), indicating the rroduction of casmava rootm plus the per-
taining yield per ha. This toble gives dnte obtuined in 1976. 1In
that year, the total world production wae 105 million tone of casmava

tudbers,

For comparison, in 1950 this production was only %2 million tons,
which means that this figure has more than doubled in 26 years.

From tnble V you will note an nversge yield of 10.45 t/ha. It
should be borne in mind thet with the present state of agricultural
husbandry in the tropics, yields ranging from 30-50 t/ha end even
higher ones can be obtained. I am mentioning these figures, since they
(topthor with other socio-economical factore) crn, or probsbly should,
have a bearing on the design of the plant.

TABLE V. Production and Yield of Cassava Roots of Main Countries in 1976.

Country Production Yield
(million toms) (tons/ha)

Braeil i d 1.7
Indonesia 125 8s3
Nigeria 11 10

Zalre 10 8.9
Thailand 8 17.8
Tansania 5 5

(average yield)

TOTAL: 735 10.45

Sourcet Ir.C.A. de Vries (R.T.I. Amsterdam)
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DESCRIPTION JF THE PROCESDH

In mort of the countrien where angeave ir prown and processed, the
availability of lahour snumer upunlly no probleme of any sipnifiocance.
Neverthelessn, it might prove to be of ndventage in many countries to
restrict the laLour requirements. Anvwery, hord phyeicnl labour in tro-
pical conditions is unpleneant »nd this in only on: renson why hand-
harvesting should, and nt preeent con he avoided. Various possibilities
exist; from the hand-harverter developed by the University of Wegeningen
(Holland) via the Tropicnl Root Harveeter developed in the U.K. to the
highly sophiesticeted menhanical harvester for 1nrge quontities (500 tons
of roots per day or more). For thir mnchine » pntent hre been applied

for and may have been granted in the menntime.

Although most sunpliers of sterch plrante will not involve themamslives
in harvesting technigques, the muhject is most certainly worth studying.
Not only to he nhle to help the customer to select the proper tools, but
almo hecause of the effect the method of harvesting may have on the

quaiity of the tubers to he processed.

This b ings us to the second p ase of the proceas’ ing, namely, the
reception and the selection of the roots. Unfortunatel;, there is still

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

For small rize plants, grinding 100-°%0 tonr of tubere per day,
this is no major prohlem, but for bigger rize plante ergonomical pro-

blems may play nn importnnt role here,

Directly related with this is the derintegrntion of the roots. Al-
though the avnilable literature generally indicntes resps for thir purpose,
and to our knowledpe rasps are widely propepnted and used, the application
of Hammermille deserves careful ronsideration. Not berause of higher
vields, but because of less downtime ond/or lower investment cost. Aleo
because of the fact that ite rebustnems mrkes A Hammermill lemss sensitive
for impurities like wood and stones which may still be present in the flow
of tubers entering the plent.

With the incressing number of (meni) mechrnical harvesters, this pro-

blem geins importance.




IETAILS OF OPERATION

Although T may cubuwwe wune lue suus secspiivn and nendling needs no
further explanation, a few worde should be devoted to the pubject of peeling.
That the outer peel has o he removed needs no further elsboration, It is
different though with regurd to the inner lsyer, the so-called sub-periderm,
This inner layer, v3uelly approx. 2-3 mm thick, contains only 50 % in weight
of the starch as compured to the cor: of the tuber., Further, 14 contains
moet of the hydrocyenic acid (HCN), which may cause some discolouring of the
starch, Although tasts have shown that the diecolouring migrates through the
starch and cun obc washed ouvt, it ir 2 wotier of sconomy whether or not to
remove the sub-poriderm. Part of it comes off during peeling anyway.

After preling ard varhing, chopping (if required) and disintegration
take place. Fcon~ay dictries ihe use of one or two disintegration stagess
it is common practice to instsll only one stage.

The crude weter nused for werhing the tubers is only polluted with
solides such ag sand, clay and the like, Therefore, it can be re-used to a
large extent after hoving been trerted in a settling tank or a simple
solide removine procese. Tnie appliee only if none or very little
fruitwater js re-crcled.

To prevent plugging of ihe submecuent eauipment the dirintegrated
product, diluted with mome fresh water, is fed into a decanter to remove
the soluble carbohydrites (sugars, etc.) together with the nitrogen con-
taining compounds. This material is sometimes referred to as "latex",

In order to carry ou* the fruitwater removal under optimal conditions
no SO is ndded at this stage (ahead of the decanter), Thie is done to
prevent e change of the viscosity of the starch and to prevent coaguletion.

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

washing the tubern, alco because this water generelly does not contain
more than 3 kg of starch per ton of tubers,

For the avecua:ion of {he concentrated product from the decanter
some fresh watnr should be wred; this water can be made up with the
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required amount of S0,. The ultimate appliocation of the final starch is
decisive for the amount of SO?; usuelly, the final starch does not oontain,
or rather is not supposed to contein more than ?5-30 ppm SO, on D.S. starch.

The extraotion and soreening tnke place on three or four stages of
Dorr-Oliver IEM soreens, Whether three or four stages of (300 degr.)
screens will be installed, ir again 2 matter of economics. It ir an eva-
luation of a slightly higher starch yield versus higher invesiment, and
running cost., The DISN screene allow for cleaning in place as well as
during operation. The specinl construotion of the feed spout prevents
plugging of these all strinless steel units.

Dorr-Oliver DSM screens nre unique in ‘hat a courter—current system
is able to ocombine two steps: axtraction end sieving. Basically no
fresh water is used for counter-current washing, hecause the overflow
of the clerification system is used here,

The average slotwidth applied for the mcreen surfaces is 75 microng
the overflow of the final moreening stage has = D.S. content of approx.
35-40 3/1. It dependr on local ciroumetances whether this refuse is
used as undev~tered snimal feed slury -, fertilizer or w"ather it is (pre)
dewatered and/or dried. Dewatering c.n be effected on pressband filters
or in plate and freme presmes, After screening the crude staroh milk is
degritted in 3" nylon Dorr Clones. The degritted mstarch milk is further

treated in an all-Dorr Clone system.

Concentration, clarification, starch rerovery and starch purification
are all effected in Dorr-Oliver Multicyclones. The abaence of moving parts,
except from the pumps reduces the maintenance cout 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 ultimete applicetion of the starch diec-
tates whether 5 or € refining steges have to be inmtalled. Since cassave
is low in protein anyhow, 5 mtages will usually be sufficient to arrive
at a starch quality which is sui'table as raw material for more than 100
derivatives,
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Since the etarch ir lower in “nyloac content than moet other starchee,
it is excellent for food products, but nlso for sizing of high quality pa-
per. Further sppliostionr are plucore, dextrine and invert supary +the
lower protein content of the product reduces the utility corsumption. Ethyl
rloohol, butanol and ncetone nre alrendy known and accepted fermentation
products, but ocamrava stnrch ir nlro n rchenp rew materinl for the produc-
tion of single cell protein nnd amylase.

Deperiding on the further use of the starch, same is either pumped
to the refinery for convereion or dewatered on a Dorr-Oliver rotary vecuum
'heelcake' filter with scraper dischnrge and dried in a plashdryer.
Both of our standard plants allow for future extension.

OENERAL REMARKS

It is imposmidle to pive m» general nalculntion on the feamidbility
of a oaseava starch plant, since virtually 211 factors such as land and
site prepar tion, infrastructure, ¢ -t of row materia’ cost of water and

fuel, labhour cost and many other factors will vary from coun‘ry to oountry.

Two fectors remain relatively constant, namely:

2) The cost of the plant itmelf. The difference in the price for
» completely inetnlled plant handling 600 t/d and one handling
100 t/d is only a fnctor 7. This menns that a 600 t/d plant
costs only double as much ar a 100 t/d plant.

%) As shown eorlier the grinding capacity has very little besring
on the size of the building, and anyway, unless apecial pre-
cautions aperinet earthquakes have to he taken, the building oan

be one without closed welle, and of light, low coet construction
material,

Publications of the Tropical Products Institute in London (1974) show
thet a plant producing approx. 10,000 tonr of commercial starch per year,




that means handling approx. 55,000 £/~ of tubers (250-275 t/4) can pro-
duce an R.0.I. of 12 %. The power consumption for such a plant, based
on 100 % dry starch, amounts to approx, 300 kW. This is compiled as
followst

- root handling and disintegration approx, 130 kW
- fruitwater removal, extraction
and starch purification " 130 kW
- wstarch drying (100 %) " 40 ki
TOTAL approx. 300 kW
Consymption Figures

Bused on the system used for root washing and peeling with currently
standard equipment in this industy: 2000 m3 crude water of which at least
15 % can be reused. Of fresh softened water (less than 10 degr. German
hardness with less than 0.3 m7 Fe/l) approx. 100 m3/day ie needed.
Additional cont amption figures are shown in Table VI,

TABLE VI. i s _of .
power consumption approx. 300 kW
crude water consumption " 2000 m>/d
softened water consumption " 700-750 m3/d
building " 2600 m>
labour requirements per shift: S unskilled
6 skilled
1 fitter

1 electriciun

daytime only: Qeneral manager
wetmill superintendant
chemist(s)
clark(s)
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A simplified and economioal cassava starch proocess is disocussed,
allowing low capital, installation and running cost,

The plant is designed for skid mounting and is suitable for
oleaning in place, RMurther, the plant is designed for 200-250 days
per year operation during 24 hours per day.

Indications regarding product distribution, personnel, utility,
space and power oonsumption are given.

Information received in various forms from the Royal Tropiocal
Institute in Amsterdam and from the Tropical Products Institute in
London is gratefully acknowledged,









