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CASSAVA PRODUCT SYSTENS:
TECHNOLCOGY AND COSTS

TNTRCDUCTICH

Cassava (Manihot esculenta Crantz) is the principal source of
carbohydrate in human diet in many trepical ccountries(8).

The crop is processed into dried products in a variety of ways
in different parts of the tropical world including Africa, GSome cf
these dried products are cassava chips, cassava flour, gari, starch
and tapioca all of which keep for months provided that they «re
sufficiently dry =and vwell packaged (3) (10).

Te achieve efficient operation and ensure regular supply of
rav. materigl it is essential that a cassava processing plant is
located within a cassava producing area. This is necessary in view
of the bulkinsss (65-705% moisture content) of the tulers, Trens-
portaticn costs are thus minimised., Another significant factor is
the difficulty of storing cassava for even a fev days without
severe rotting, This nmekes it imperative for a processing plant
to be as close as possible to its source of rav material, In this
regard, it is recommended that 2 cassava proceséing plant should be
linked with existing farms or a plantation capable of supplying 507
rav material requirement.

The incorporation of cassava in bread as a partial substitute
for vheat flour is the most recent development in terms of food
use of this crop (8). The main objective of. these efforts is to
help developing countries vhich import wheat for breadmaking to
reduce wheat imports which cause a serious drain on scarce foreign

exchange,
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In this section the technolozy a cf the most commcn

product systems which have the potential for industrizl development

in Africa are discussed., These are syctems for the production of Bari,

cassava starch and composite flour bread with gari as a partial

substitute for wheat flours
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It must be remembered that selection of any particular
product system must take into account the pealities of local
conditions,

Cnly those systems that can be efficiently suppcerted

by available local resources such as capital, raw materials,

labour, supply cf energy and water should be considered,

PROCESS DESCRIPTICHN CF G.RI [[ANUFACTUNE

Figure I shows the various stages used in the manuwacture of gari,

Tuber Preparation

Cassava tuberz are hand-peeled by removing the thin cuter skin

and the inner skin frowm the fleshy centrel pith, Mechaaised

peeling has leen found to be less efficlent than manunl peeling

Vhich is recomnended for this system.

Peeled tubers are weighed and conveyed to a washer in
they =ve vashed with vrater to remove scil particles and

other impurities.

The material is then fed into a hammer mill where it is
milled inte a mash.

Fernentation

The mash is lef't for up to 5 days to ferment, » (rganic zcids
produced cause the hydrolysis of toxic cyanogenic glycosiﬁss to
liberate gaseous HC,

ildehydes and esters which are proauced at

the latter part cof the fermentation contribtute to the characteristic

taste and aroma of gari (4)

Dewatering
By means of a hydraulic press the moisture content of the

fermented mashk is reduced from about 70% to about 50/,

& hammer

mill is used to break up the pressed cake before it is s;}.ftwl‘ L mog
Stringy fibrous material is digcharged as a by=product to be used for
animal feedstuif,

Garif &riE,

The garifier unit converts the sifted cake intg E"i'LI‘i by pJ_I‘tlal

1

gelatinisation of the starch content.< 2
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Drying
The partially gelatinised granules are dricd tc a moisture

<

content c¢f 8-10b in the drier . ° . - . ),

During drying the remaining cyanide compounds are driven cof'f.

af'ter the dried gari has cooled to ambient temperature,
it is willed into the desired particle size, weighed and packaged

in jute sacizs or polythene bags.

CC3T AaLY3IS CF GaRI PRODUGCTICH

;3,

¢ system of gari prolucticn =s described here is Lased on
0b5crvvtlo:v mzde by the author in g presently defunct georl
in Assin Fosu, Ghana, and on infomation and quotatiocns provided by
equipment nmenufacturers (11).

It is assumed that

- eguipment 1s puwchased duty free gud shipped to site,
- the plant operctes 24hrs/day for 250 days in a year,

- 905 of total capital (ineluding 2 months working eapital)
is borroied frum a bank.

Raw material requirement is 2240kg/hr. Culput of gari is 4L0kg/hr.

Cost estimates are tased on average rates in Ghs=an in 1982,
Foreisn exchange rate is based on £2,75 = BSE 1,00 as it vas official
in 19382 in Ghane,

Table 12 : Total Fixed Capital Costs of a Gari Factory

Usg

-~ purchased egquipment 392,500
- ecuipment transporting 45,760
- dngtallaticn costs iy 710
- services 332,420
- 2 trucks (5 ton e=chy 21420
- land (5 acre) 2,730
- builaing (782m°) 32,250
- contingency (10 of fixed cost) . 127,680

Tobol 15711 400
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Table 1b : lManufacturdne Costs of Gari

(1) Direct producticn costs:

- rav material (13440t Cassava

—  packakging material (5280C sacizs)
- direct labour (Table 2)

- utilities

diesel oil (753690 litres) 51250%

vater (4125000 litres) 1320
- Meintenance

building (27) 6685

equipment (5.0 L577C

trucks (15:) L715
(ii) Dircct manufacturing costs:
-~ indirect labour (Table 2)

- fuctory overheads (205 labour costs)

(iii) Irndirecet menufacturing costs:

- depreciation
building (&%) 13370
equipment (105) 91539

trucks (25%) 7858

— interest on borrowed capital
(1457 of A3071709)
Total manufacturing cost of
2640000kg gari

Manufacturing cost of 1 kilo gari

Table 2: lianpover, Requirement and Costs

innuel rates for workers based on 250 days/anawn cpe

w
-
N

-
co
N

\C

112,767

\ A-.BO) OLIu'-S

raticn, Labour

)

rates are based on average salaries aand vages in Ghana in 1632, Foreign

exchange rate of £2,75 USZ 1,00 was uscd to convert

(i) Indirect Labour No,
= TFactory lanager 1
—~ Asst. Factory lanager 1

-~ (Chiefl GClerk

~ Laboratory issistant

| P . SR

~ Clerks/liessengers

Gharnainn Cedis tc USZe

Total aanual Gost
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- Purchasing Officer
- Driver

-~ iAsegistan

- Security Personnel

- Maintenance Supervisor

- " Skilled
- n Uaskilled

234 60 for Bosiad Sccurity, Fringe Benefits

ete,

=

ro

W W =W

Totzl indirsct labour costs

(ii) Direct Labour
- Froducticn Supervisor
~ llachine Cperators
- Peeling Operatives
Add 600 for Social Security,
Fringe Bencfits ete.
Total direct labour costs

Totsl lsbour costs

36
135

11250
109960

412379

320208

853888

9560L0
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LIST CF SUPPLIERS ALD KAIUFACTURETS
CF PPCCZISTIG EQUIPLIENT FOR GARI (9)

Z

Conplete Plan

Agricudtursl Zngincers Ltd.
Ring Road vest Industrial Area
P, C. Box 3707

. e g
acers — Ghanee

7 D' indzea
Ttua Jose Bordfacacic
29-9° - 341a 9

Sao Paulo, Brazil,

y -

Mevell Dunford Engineering Ltd
Newell Dunf ord House
Portsiaouth Re-d

Surbiton

Surrey, KT6 53F

v

United Fingdcoum,

iliveba BV
Pos Lcu‘, L0
S6L0 AL Veehdaun
The Letherlands

Projects Development Institute

(7rem)

Hational Scdience & Technology Development .gency
3 Independence Laycut

P. C. Box 609

Inugu

liigeric,.

rno

e Grater

Robt Friess Kg
Landmachinen Fzhrik
iialsmshe m Krs.
Leonberg, lir, stuttgart,

Federal Republic ol Germaiy.
j. .“4111_‘\/ iy I-:ill

Simcen Darron Ltd

Bristel Road (for gard wmenulscture)
Gl oucester

g,.:.fuLa ascot liec " oriks
‘ Lyr
5. Cortett & 3Jon Scotlend.

ark Street | orks
.ellington, Shropshire
Briglzonde
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73833

Figure 2 shovs the stages invelved in the wanul'aciure of

Tuber FPreparation
&2

“oody ends of tubers are remcved by hand vith sharp kaives

SRS I~

in orcer tc prevent drmage to rasping mackine, In the washing

machine the tulers sore wiashed to remove adhering ¢iit. The

thin outer skin of the tubers is removed in the peeling machine,
Lest of the thicik imner skin which contains scme amount of sisrch
is retained,

Disintegration

The peeled tubcrs are chopped inte pisces befere A0
rasped into = pulp.

oxtrzction

The pulp is - ashed cver a series of sieves vith incressing

fineness uging .ater that is sprayed counteir-current to tie Il

{t o ) yig ;PP R N 4o T 1o <9 cLn a1 oy hitdo o
of the pulp. The wel wuste—pulp is citier puaped bdoto fic

fertiliver or is de.atered, dried aud sold as fodder

rurification

Cruge starch wilX 1s passed turough o sand chlV“c te remove
sand and otner dirt particles, The material then passes through
tvc successzive centrifugal separators in thich olub" ¢ centiminants
are removed frem pure starch,

starch devatering and drying

Befcre the starch is dried it is devatered —itl o vacuum filter
to reduce the moisture content to 4O0-45%. The fingl moisture cantent

of tke steorch (10-1

&

) is attained by drying in & flash-drier Doy

starch 1s sif'te

2
X

za0d packed in jute btags.

Sulphur dioside

\«-—_.\.‘v

To avoid microbial contanination cf the wmaterial, sulphur dicxide

soluticn obtained by burning raw sulphur is added to the measi: af'ter the

rasping stage at a concentraticn of 0,05.. Thereal

Voo ) ] PN
tiie acid is

washed out in pure water during the purification stage.



INDUSTRIAL PRODUCTION OF CASSAVA STARCH
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COST ANALYSIS OF CASSAVA STARCH PRCDUCTICN

The follovwing cost breakdoxn is based on previcus studies

(5)(7)(8) and 1nf‘om°t10n obtained frem traditional

equipment manufsacturers,

It is assumed that"

processors

- equlyhent is purchased duty free and transported tc site;

-  the plant operates 24hrs/day for 250 days in a year;

~ 907 total capital (including 2 months working capital) is

borroved from a bank,

The starch factory has the capacity to process

2 tonnes cassava

per hour and an output of LOOke dmy starch per hour, average

rates in Ghana in 1982 are used as b asis for cost estimates,

Official foreign exchange rate of £2.75 =

1982 was used,

Us#1.00 es it

vas in

Table 3a: Total Fixed Capital Costs of a Starch Factory

— Purchased equipment

- Equipment transporting Costs
— Installation cocsts

- Services

- 1 Truck (7 ton)

- Land (1 acre)

- Building (1260m2)

~ Contingency (107 of fixed cost)

Usg
539,220
6L}, 700
211,460
455,380
21,430
5,460
549,820
184,750
2,032,220

and



Table 3B : Manufacturing Costs of Cassava Starch

Usg
(i) Direct Production Costs:
- rew materials
Gassava tubers (120C0t) 8760000
Sulphur (13.2t) 23230 8783230
- packaging material (48000 sacks) L36320
- direck labour (Table 4) 694,
- utilities
electricity (718390K'h) 136192
Water (96000000 litres) 30740

diesel oil-drying &
vehicle (204292 litres) 139000

207932
~ Maintenance
building (2%) 10996
equipment (5%) 63538
truck (15%) 3220 77754
(ii) Direct menufzcturing costs: '
- indirect labour (Table L) | 124,064
" —,factory overheads (207 labour cost) 37802
(iii) Indirect manufacturing costs:
- depreciation
buildings (45%) 21993
equipment (10%) 127076
truck (25%) 5360 154429
~ dinterest on borroved
capital (1457 of #3305061) 462709

Total manufacturing ecost of 2400000kg starch 1C44918L

Manufacturing cost of 1 kilo stareh = ¢L.35



Table 4 : Manpower Requirements and Costs of 4 Starch Plant

Labour requirements are based on 250 days/annum operation.
Average salaries and wages in Ghana during 1982 are used as basis
for labcur costs, Foreign exchange rate of £2.75 to USH1.00 is

used tc convert Chanaian cedis to U3Z as in 1982,

(i) 1Indircct labour o, Annual Costs
USg
-~ Factory Manager 1 8730
- Assistanf Manager (Technician) 1 6550
- Clerk 2 3500
= Laboratory Assistant 1 2910
-~ Purchasing Officer 1 3270
- lfaintenance, Mechanical © 3 9160
- o Blectrical 3 9160
- Lorry Driver 1 3050
~ Driver's Assistant 1 2150
- Foreman 3 11340
~ Security Personnel 3 4580
—~ Unskilled labour 6 13100
77540

Add 60, for Social Security, fringe benefits etc, L6524

Total Indirect labour . 124064

(ii) Direct Labour

- Supervisor 3 11350
- Operatives 6 18330
- Unskilled labour 5 10910

40590

Add 60% for Social Security and Fringe benefits etc, 2435

Total direct labour €,9L),

Total labour costs 189008
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Afz<Laval Ltd, (of

G-r-’" at ezt Road
rentford

I.Zlddlu ex
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England

Sweden)

Bermauer

Secadores Industries Ltds
FPracz .ilhelm Bermauer
37=Villa Ircdente-CEP 03127
3748 CEP 01000

Sece Faulo

Erazil

Continental Bngineeriug Ltde
Lutmestraat 2
Aamsterdam

The letherlands.,

Kaquina D'Andrea
Rua gose Bonifiacio
26.9 = 8ala 9

Sac Paule

Bl"a;'a.L.L

Ctto olf Co,
63 Comuerce Street
Chamtersburg
Fernsylvania

i_a
[ ¥

Starcose Gubil
Postlfach 5105

3300 Braunsclweig
Fed., Zep., of Ggrmeny

‘estfalia (Zeparators) Ltd.
D-4740 0lde, .estfalia
Terner-iatig-Str. 1

Fed, “sp. of Germany.

Adclf Hubrich
llaschinenbau

2000 Hamburg 1
Ernst=lierckstrasse 12-14
Pederabl Rep., of Germany,

Dorr—Cliver

Baden Pouellweg 305
. C. Box 3090
Amsterdan 100£ AR
The iletherlands

Nivobe BV
Postbus LO
96’-1—0 :h(; Vv 1 dgd.u

The IMNethe r'..J,ﬂ.w 9

Projects v/v-o mest Institute
lational Sei. & Tech.Dev, ige
3 I)ld(;p(-;;u.t—-;-c; a_:.yo:.x‘L .

P. C. Box 609,

Inugu,

B 5 =
N .h\._;C Tille

Starketechnik Grindel & CO.,
2 Hamburg 20
Hoi cxcorstr asse X4

] .;.ep. of Germrzny.

Braunschweigische }Maschinernbaustalt

3300 Braunsehweigh
Fostfach 2G%
Fed. Nep. of Germany
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PRCCESS DESCRIPTICN CF CASSAVA/THIAT
BREAD LANUFLCTUTE (FIG. 3)

Fornula

Ingredients Parts (Based on % total Flour veicht)

Theat flour 35

Gari 15

Granul=zted sugar T3

Salt 1.0

Activated dried yeast C.2

Kargarine 1.0

ater Variable
Breadmaking process

A1l the ingredients are wilghed separatel The yernzt is

left in part of the vater for about 15 minutes to diszpese:ee it,

The gari iz ster for dout

soaked in predeteruined quantity of

30 minutes. A4ll the ingredients =re theroughly mixed =nd kneaded

together in open-pan type mixers ~ pred

1 oY

o)

The dough is left tc ferment for sbout one heux

tenperature (25-2700). Dough pieces are then devolo"-“‘”“

ped

sheeting and folding about 10 times in the reller shesting nachin

iPter resting the dough for atout

1

)

0 minutez, it is scaled

to the desired weight which is in turn cut into smaller pieces with

the hand operated dcugh dividers ' The dcugh pieces are

reurded by hand, rested for o feu iinutes befere they

tn

£ o
Sex GO

<y
fon

the moulding machine or are moulded by hnnd and then panned,

Thev are left for 6=8 hrs va racks in &n encloged ehembler at

Cliflave

roou teuperature (25-27 C) to expand in volume before they «re

beked at 23000 for 30 izinutes, The baked loaves are tlien ccooled

and packaged in polythene bags,.



A e

FIG. 3

CASSAVAAHEAT BREAD MANUFACTURE

PREPARATION OF
INGREDIENTS

{ MIXING &

KNEADING

\ 4

BULK FTERMENTATION

h4

DOUGH SHEETING

A4

DIVIDILG

-——

Y

( MOULDING

!

[ —

FINAL PROCF l

PACKAGING

CASS AW/!.% AT

PREAD



R

B

= 1% =

CCST ANALYSIS OF CASSAV./HEAT BREAD PRCDUCTI

The technology and cost of preductici of gari/rhend bread

described here are based on the cperaticns of the takery project

of the Chrna Mational Trading Corporation (G,I(,T

.
(@]
.
~
-
s )
w
ct
o+
(4

oined enterprise located in Accra. Cost estimates are adapted

frem o feasibility report prepared in 1977 and re-appraised in
1981 scon after the bakery was commissiocned (6). The matericls
and precedure for breadmaking described atcve nre gererally used
ir Ghanz Ly the large—scale bakeries (1). It iz ncsweed thot
the bukery operates 24 hrs/day for 250 doys ia 2 yenr, 1984
average rates are used as basis for cost estimates., Foreign
exchange rate of £2.75 = USH1.00 is used to convert Chanzian
cedis,

Tzble 5a: Total Fixed Capital Costs of Eakery Plant

— purchased equipment US#Z}Q.WOO
- eguipment ransporting costs L2270
- installation costs - 12780
- Services - 18180
~ delivery truck 48130
~ building 127270
- land (3 acre) . 2730

- contingency (107 of fixed costs) __4557¢8
P S ————

Tctal

i
(@)
-—

N

U
0
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Table 5b : Manufacturing Costs of Cassava/wheat bread

s N . o .
(1} Direct production costs

-~ Raw moterials
vheat flour (21428) 1799280
gari (321.3t) 1096200
sugar (156.4t) 24,7272
Salt (214.20ke) 19243
veast (L284kg) 42336
mergarine (21420kg) 82656
- packaging material (3600000 pieces)
- direct labour (Table 6)
- utilities
water BT
electricity 436l
fuel _1oscs
— Haintenance
building (%) 2545
equipment (5%) 15380
vehicle (15%) 272
(ii) Direct manufacturing costs:
- indirect labour
- factor; overheads (20% total labour costs)
(iii) Indirect manufacturing costs:
~ depreciation
building (LZ) 5090
equipment(105) 30760
vehicle (25%) 4545

- interest on borroved capital 1850 of 331710)

Total manufacturing costs of 3600000 kg bread

lianufacturing cost of 1 kilo bread = ‘#1.24

v

3266967
500000

3793),

40335
01370

52847
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Table 6 : Manpcvwer Costs of Cassava/Theat Bread Producticn

Marning levels are based on 3 shifts of 8 hrs encly/day

for 250 days/year., Salaries and wages are bassd on 1981 v

Ghana, Foreign exchange rate of £2.75 to USB1.00 is used

convert Ghanaian cedis,

ates 1n

to

Direct Labour o, Annual Salary Total Cost USZ
Us#
Master baker 1 3640 3640
Assistant Baker 3 1770 3510
Bakery hand 3 1050 3150
Labourers 12 970 11 6L0
Total direct labour costs 23740
£dd 607 fringe benefits and soecisl security 14210,
Total direct labour costs 3796L
Indirect Labour
Salesman 1 1680 1680
Driver/Salesman 1 1450 1450
Accounts
Senior Accounts Manager 1 « 3640 5040
Typist 1 1230 1230
Clexrk 2 1450 2900
Cashier 1 1450 1450
Messenger 1 1050 1050
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Table 6 cont'd

Indirect Leabour

Ldministration

Factory llanager
Secretary

Clerk

Messenger

Day ‘s atchman
Night V atchman
Security (Officer

Driver

Technica

Maintenance Supervisor
liechanic

Electrician

Total Indirect Labcur Costs

Add 60y fringe benefits

Total Indirect labour cost

Total Labour costs

No.

Annual Salary

USE UsSg
5090 5090
1680 1680
1450 1450
1050 1050
1080 1080
1090 210U
1450 1450
1180 14180
2910 2910
1640 4920
1640 4920
41310
2,766
66096
104080
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LIST CF MANUFACTURERS &

SUPPLIERS CF BIKELY

ECUIPMENT

NANE CF MAIUFAC mU“"‘“/"UDbLL“ﬁ

EJUIFISNT

Bakers Equipme :"’-;/"inkle T,
210 Syivan avenue,

Dough mixers, ferment
cabinets, dough mcul

etion

Aare

Ao lily

Englewcod Cliffs, sheeting rclls, ovens,
Nevw Jersey 07032
UsA.
Excelsior Industrial Corporation
130 Bread ~ve, Fairview .

. i iy ? Dough mixer
New Jersy 07022, i
US4 :
F, seschbucli Sesey
Industricstrasse 20,
Aurau, Dough mixer
Switzerland,
G & R, Gilbert Ltd.,
Restmore Vg .

{’ | Dough nixers,

Hackbrldge Roead, T
Eaokhb " baking ovens

ackbridge, Surrcy,
Ll]‘—rl(__;;d..
Lockvo od lisaufacturing Co.,
3170 “asson T’.O';c’,
Clnlcln.r:r Breadl and cuke pous
Chio &520¢C
Usa \
liettler Instruneirts L.G.,
CH-8606 Greifensce, Scales
Zurich,

Switzerland,
National Manufscturing Cowpany, Dough mixers, fornér n e 85
Lincoln, Iebresks, dough moulders, dougzh sheeting rclls.
Usi
Readhurst ZEguipment Ltd., Dough nﬁxe:':-, sheeting robls,
Hancver House, dough dividers, douzh mceulding

Marine Court,

St. Leonards-en-sex
Bast Sussex T 36 OXP
England,

mach:‘-.ne, b*.u.‘.v' OVEe IS o

"

lu’

bv—

ovens
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TH1IM R AR O /et :
NAE CF LATURACTT .EJL./&)lJ-L TLIER

a U DT TM
FV I a AL

South 3Sea " cris
Podney Nczd

&
Fortsumout
England,

Breca

d =i:d

v LTl pans

Thomas Collinus & Co. (Bristel)Ltd;
Bristcl, Znglnnd

Tom Chandley Ltd.,
Durelect (ven .Jorks
“ipdmill lane, Denten,
Manchester 113} 3RN

7.

England.

weedy of Zurnley Ltd.,

Gannow Lane

Py oL 3 o
ugn mivers, '-’,'L(B[,l;_h

B Jo
Burnley .

Ve sanchines
Lencashire, nachines,
Englmnd,

noulding
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