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Introduction. 

Cassava is one of the major food crops in tropical regions. 

While a large proportion of this erop is used for direct consump

tion, a number of processed products derived from cassava is also 

known (1). One of the important products is cassava-starch or 

tapioca. Already since the former century tapioca has been 

produced in Indonesia, both for export and for local use. Although 

modern large-scale tapioca factories exist in Indonesia today, 

most of the tapioca is produced by home industry and small rural 

* factori.es. These factories offer considerable employment, and 

form an outlet for agricultural produce from the rural areas 

In West-Java major production areas of tapioca are found around 

Banjar, Tasi.kmalaya, Bogor and in the district of Sukabumi. 

Si.nee 1977 the Development Technology Centre of the Bandung 

Institute of Technology (ITB) is executi.ng a rural-technology 

** assistance project in the Sukabumi district. The project is 

giving technologi.cal assistance to the rural populati.on and the 

small rural industries with the use of appropriate technology 

concepts and ideas. 

Initially a general Need Assesment Survey was done in the area. 

From thi.s survey and further detailed field-surveys it was recog

nized that the local smaif....:s cale tapioca industries were in need 

of technologi'cal as sis tance. 

* The production methods and economic_s ·of these rural industries 
have been extensively described in various publications such 
as "Processing of Cassava" (FAO Agric Serv. Bull. No.8) (2) and 
"The Industrial Manufacture of cassava products: an economie 
study" (Publ. G.88 Tropical Products Institute, .London) (3). 

** This project is funded by the Netherlands and executed in co
operation with the TOOL-foundation and the Technica.l University 
Eindhoven from the Netherlands. 



Subsequently in 1978 a detailed study of the industries was made, 

identifying the drying of tapioca during the wet season as a main 

problem, and providing data on the technica!, economical and 

social situation in the industry. From these data the limits for 
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a problem solution were derived, and after some labóratory research 

on various drying methods, a design was made for a small low.:..cost 

fluidized-bed dryer for tapioca. The design was made in close co

operation with the Agricultural Equipment Laboratory of the Department 

of Mechanical Engineering ITB. Two prototypes of this design were 

constructed by, a local workshop in Bandung, installed and succesfully 

tested in two different tapioca .factories in the Sukabumi district. 

In this publication the design of this dryer is presented, with 

data on construction, installation and operation. 

In addition the background information obtained in the survey, labora

tory tests and field tests is given. Finally the technica!, social 

and economie aspects of this dryer are discussed ___ __ _ 

. ' 



II. Survey Results. 

From March to June 1978 a study was made of the tapioca 

industries in the Sukabumi district. The study was aimed at 

obtaining data on technologies and methods used~ the economics 

of production, the economie position, the social situation and 

the place of the industry of society. 

In later informal contacts with the industries additional infor

mation was gathered. Unless otherwise stated the information 

given below refers to the situation in July 1979. All prices for 

example have been updated af ter the major devaluation of the 

Rupiah in November 1978. 

The factories in the district can be di'.vided in two categoti-

es : 

- Type I. 

- Type II. 

Factories with a capacity of 1 - 10 tonnes of dry 

tapioca per day. 

Factories with a capacity below 1 tonne of dry 

tapioca per day. 

3. 

In June 1978 there were about 70 factories of both types in the 

district. In July 1979 a number of the factories of type Tl has 

stopped operating. The factories are mainly located in the higher 

areas where most of the cassava is grown and irrigated rice culti

vation is not possible. Main production area's are the sub-districts 

Cibadak, Cikembar, Jampang Tengah, Lengkong and Jarnpang Kulon. 

We estimate the total production for 1977 at 13.200 tonnes of dry 

tapioca . from 60.000 tonnes of cassava tubers. 

Directly employed in the factories are about 1.000 people, while 

in addition a considerable number of people is involved in the 

production of the cassava and the peeling of the cassava tubers 

before transport to the factory. As the situation in the two types 

of factories differs in various aspects, the two categories are 

described seperately. 
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A typical factory of Type I. 

- - ·" " 

-•'Vf7\;:-- -. 
\ 

Washing Cassava t~bers with the paddle washer and subsequent 

desintegrating on the roll desintegrator. 
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II.l. Factories of Type I. 

There are 16 factories of this size in the Sukabumi district. 

The typical factory of this category is located with acces to an 

ample supply of water-usually a stream and possibilities to 

dispose of waste water easily. The factory is near a main road and 

can be reached in all seasons. The factory consists of a simple 

building of about 400 m
2 floor space, in which the wet processing 

takes place and the dry product can be handled and stored. This 

building is surrounded by an open area of 0,5 - 2 ha, equipped 

with bamboo racks on which the baskets used for sundrying can be 

placed. 

Outline of process. 

The tubers are peeled on the farm and transported to the factory 

by small truck. On arrival at the factory the tubers are weighed 

on a scale, and received in a cement washing tank partially filled 

with water where they are stored until further processing. 

Fig. 1 : Process in Factory Type I. 

WATER 

PEELED CASSAVA 
l i 

WEIGHING 
l 

WASHING~~~~~~~~~~~~~---, 

1 
DESINTEGRATING 

1 
SCREENING I ~ 

S+ENING II ---i 
SEDIMENTATION 

CR~LING 1 
SUNDRYING 

1 
BAGGING 

1 
WEIGHING 

1 
TAPIOCA 

WET ,PULP 

1 
SUNDRYING 

1 
ONGGOK 

WASTE 

WATER 



The roll oesintegra[or . 

... 

' 

' 1 J 

Screening of the wet pulp. 



--- · 

5. 

Washing takes place by trampling and rubbing in the reception tank, 

followed by washing in a semi-cylindrical cement tank sprayed with water. 

Along the length of this tank runs a rotating shaft fitted with wooden 

paddles that move the tubers through the tank. At the end of the tank 

they reach a lifting device, and are discharged in the reception bin of 

the desintegrator/pulper. The desintegrator is a hopper containing a 

revolving drum made of longitudinal strips of hardwood between which are 

fitted renewable toothed rasping blades. The strips and rasping blades 

are held between two flanges. One of the sides of the hopper can be moved 

towards the drum by means of a lever, to press the tubers against the 

drum. During desintegration water is supplied. The resulting wet pulp is 

then screened to separate the starch granules f rom the fibreus cell 

materials. For wet screening of the pulp are used one or more flat-bed 

scree ns. These arè hanging in a wooden frame and shaken by means of a 

motor driven cranck or exentric. Water is sprayed on the screen. The 

screen area is between 4 and 8 square metres, and the screens · are made 

of nylon, stainless or bronze mesh (80 - 120 mesh). Most factories use a 

two stage screening, firs t on 80 - 100 mesh, followed by 120 mesh. 

Some of the older factories use rotating drum screens for first stage 

screening. The pulp and fibres are discharged in a wet storage pit. This 

waste may be sold wet as fertilizer or pig-feed, or can be dried and sold 

as anima l-feed or as a basis for mosquito de terrent coils. In central 

Java is a factory that uses this pulp as a basis for citric-acid 

production by fermentation. The "starch milk" flows at a controlled rate 

into long settling tables (approx. 80 x 2 x 0,4 rnetres). These are long 

shallow cement tanks wi th a tiled o.r hardwood floo r . The floors may be 

horizontal or slightly inclined. The starch settles on the floor, while 

the wat~r flows on.to the far end of the table and i s discharged. 

The starch-cake is left overnight to dewater to about 45% rnoisture content 

(wet basis). The wet cake is then crumbled by rubbing through a bamboo 

screen, and the starch is spread on a flat bamboo baskets (tampirs) at 

about 0,5 kg pe r b.asket of 75 cm diameter. 



S~~tling of the st ~ rch on the settling table. 

Crumbling of the wet tapioca before sun drying. 

'.) 



The baskets are placed on bamboo racks on the drying field, and the 

starch is dried to about 15% moisture content. Drying takes 6 - 8 hrs 

(a day) of full sunshine, but may take up to 3 days in the wet season. 

The crude dry starch is bagged in 50 kg or 90 kg jute bags. In some 

factories the starch is further pulverized in a hammer-mill and dry

screened before bagging. The typical factory uses a diesel engine of 

20 - 60 HP to drive the washer, desintegrator/pulper, and screens, via 

a central shaft and flat-belt pulleys. Usually electricity is not 

available • Water is obtained by pumping or by gravity from a stream. 

Water treatment is limited to filtering, using palm fibre (injuk) 

filters, and storage in a cement tank to allow sedimentation ofcoaise 

turbidity. Particularly in the wet season the water may still be very 

turbid after this treatment. Total ~ater consumption is approximately 

10 cubic metres per tonne of fresh tubers. 

- Raw material supply. 

The cassava tubers are produced by small farmers partly as a~ .reserve 

food erop, partly as a cash erop. The tubers are harvested and peeled 

by the farmer and his family, and transported to the roadside. Here 

the travelling buying-agent loads the product on a truck for transport 

6. 

to the factory. The farmers are paid by the buying agent upon delivery. 

Most factories employ their own buying agents and transport. In some 

cases a factory makes an arrangement with an independent buying-agent 

and/or transporter.' At the time of the survey (June, 1978) raw material 

supply <lid not present any problems. The price was approx. 10 - 12 Rp/kg 

at the factory. Since 15 November 1978 devaluation of the rupiah and 

export promoting measures of the government~ this situation has changed. 

In July, 1979 most factories have difficulty in obtaining sufficient 

supply as a large proportion of the erop is being made into sundried 

chips (gaplek) by the farmer himself. These chips are sold directly to 

èollectors, and exported to Europe for animal feed. The farmer gets a 

price of about 45 - 50 Rp/kg for dried chips, as against 16 - 22 Rp/kg 

fresh tubers. The result of this situation is that most factories operate 

far below capacity. Upon the next we t season this situation may change 

again in favour of the tapioca producers. 
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Labourforce, Management. 

The factories of this type are usually owned by Indonesian entrepeneurs, 

mostly of Chinese origin, living in the towns of Sukabumi or Jakarta. 

One factory is owned by P.T. Pertani, a national owned cornpany. 

The daily management is in the hands of a factory manager living on 

site. The labourforce of a typical factory consists of : 

- a manager 

- a foreman 

a mechanic 

5 - 10 male workers (full-time), engaged in the wet processing tasks. 

20 - 50 female workers (on daily basis) engaged in crumbling/drying/ 

bagging operations. 

If normal production can not proceed due to lack of raw-material or 

lack of sun for drying, the male labour is engaged in maintenance and 

cleaning, while the female workers may be t.emporary discharged. 

According . to goverment regulations the factories are not allowed to 

close operations altogether when operating at a loss in the wet season 
{ 

due to limited drying capacity. 

Quality, Marketing. 

In the marketing of tapioca a number of quality classes are 

distinguished. According to color, feel, amount of dirt and general 

appearance , as established by subject i ve assesment, usually by the 

buyer, the product is given a rating in "stars" (bint.aug). The b es t 

factories can produce up to 8 - star tapioca if conditions (water, 

sunlight, etc) are favourable. On average these factories produce 6-

star tapioca. In the wet season the quality of the product drops to 

abou t 5 - star due to high turbidity in the water and slow drying. 

Bet.ween classes the price difference is about 10 Rupiah per kilogramme. 

The c~arse tapioca produced by most factories is marketed rnainly in 

the urban areas. The factory sells the produce to middlemen in bags 

of 50 kg or 90 kg. The middlemen sell the tapioca to producers of 

various products such as : 

biscuits&. cake - (approx. ·40% of the product.ion) 

krupuk (approx . 40% of the product.ion) 



mie (noodles) 

glues 

" -... ; '" 1' 
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sweets/coated peanuts 

- textiles 

glucose 

Part of the coarse tapiol:a is pul verized, ei ther in the fac tory or by 

·the middlemen before being sold, The middlemen usually blend various 

quali ties to obtain a more unifor;n product. A small part of the 

tapioca is sold directly from the factory to the users. 

Main Problems. 

An inventory of the main problems as recorded during the survey, shows 

the following : 

- Raw material supply. As mentioned above the cassava producing farmers 

have turned to the production of chips, causing a shortage of raw 

material. This is a recent problem _and may not last very long. 

Factories are considering starting their plantations, or buying 

No te 

crops while still standing on the field. 

The supply of process water of sufficient quality. Although the 

quantity of water available is in general sufficient, the quality 

needs to be improved by better treatment. Particularly in the wet 

season high water turbidity causes lower. product quality. Larger 

capacity watertreatment and - storage, using slow sandfilters, would 

be a possible solution. 

Sedimentation with the use of settling-aids has been found to be too 

expensive. It would be advisable to distinguish between washing

water and water used in desintegration, screening and sedimentation. 

The last category needing better treatment. This would reduce the 

demand for watertreatment capacity. 

For export a different system of quality standards has been in 
use (and possibly still is). This system uses more objective 
laboratory methods to asses quality. 
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Drying öf the product during the wet séason. When sufficient sun

light is available, sundrying as used at present gives good results 

in terms of quality and quantity, at low costs. During .the dry 

season the factories operate at good profit level as shown in a cost 

çalculation (see Chapter VI.2). In the wet season however most 

factories opera te at a loss due to reduced output and lower product 

quality. This löwer quality is partly due to delays between sedimen

tation and drying and longer drying times, water quantity being 

another cause. On the marketing si de. the fluc tuations, leA<l to ;iJ..ice 

instability and loss of competitive position in relation to the 

large modern factories recently established in neighbouring Lampung 

(South Sumatra). These use hot-air drying (flash driers) and are 

therefore not depending on weather conditions. Some Sukabumi 

factöries attempt to stabilize the market through storage; but 

most factories lack facili ties and capital fo1: this solution. One 

of the major outlets for the tapioca pr'odücëël--iS --t1ie üse in the 

production of "krupuk" .* This requires starch dried at low ·

temperatures (max 65°) to ensure sufficient swelling of the "krupuk" 

upon deepfrying later. The product from flash drying (using temp. 

up to 200°C) is considered less suitable for this purpose. At the 

time of the survey attempts at hot-air drying made by several 

entrepeneurs had been unsuccesfull. Either drying turned out to be 

un economical (cabinet drying) or the required "krupuk quality" was 

not achieved (flash drying or drum drying). Drying was considered 

the major problem by all factories. 

A second drying problem is encountered in the drying of the waste 

pUlp or "onggok". This material is ve ry diffi cult to dry due to 

its cellular structure . Drying is now achieved by firs t dewatering 

in an open storage pit, followed by drying of hand-kneade d halls 

on d;rying racks in an open shed. 

* "krupuk" are chips made of s tarch mixed with water (some times also 
with fish-or schrimp meal ) and dried in the s un. These chips are 
deepfried in oil before consumption. 



--
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Product quality is very bad due to deterioration in the storage 

pit and slow drying. Even factories that the invested in a drying 

shed are drying only about one third of the total onggok produced. 

Most factories just throw away this potentially useful waste, 

causing serious pollution of streams. 

As additional problems can be mentioned, the lack of quality 

standards (verified by objective methods) in production and 

marketing, and the disposal of waste water and solid waste. None 

of the factories had more than the most rudimentary waste , treatment 

facilities. 

Data .. sheet. 

The data recorded duri~g the survey were recorded on a data sheet • . 

On the data sheet il' Tab1e 1 are given the data for a typical factory 

of Type I, as derive~ f ! om -the ~mrvey data. 

\~ 
• 
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DAU: 1 JULY 1979 

NAHE 

ADRESS 

no11s11EET PRODUCTION: 

PEELED CASSAVA 
1 

vdcHING 

i- DESlNTECRATINC . 

1 

EQUIPHENt 

~CALE 300 Kg 

'ATERTANK 150 m3 

'ATERPUXP S !IP 

~ASHI.NC TANK 10 " 3 

ADDLE llASHER 

bESINTECRATOR/PULPER 
P-oLL llITH RENEllABLE 
Il LADES 

· 1 ~KAKINC Ft;AT. llED · 
'-S°cREENINC 1 - ~CR~E!iS . 

1-~---i'~----1~---<~PRAYED lllTII llATER 
STAGE 100 MES!! '-SCREEHINC II -

(WASTE rut.P) ONCGOK 
1 

SUNDRYINC 

. , 
. 

DRY ONCCOK' 

StDlMENTATION -HlO 

• - ~ . . WASTK 

. . 
CRliHBLIUC, ·. 

1 

l STAGE 120 Y.ESH 

OLJ,ECTION BASIN 

~PEN SHEO 200 m2 

~ETTLING TARLES 
ûO x 2 x 0,4 hKTRES 

IAHDOO SCREENS ÓN 
A»Lt.:S 

Time 

oever al 
days 

SUtlDRYING 

1 
A.'tPIR BASKET aooo 

llA.'tBOO RACKS . 1-3 day1 

BAOGING 

1 . 
WEIGllillG 

1 

TAPIOCA 

STOCk OF BAGS 500 OF 
90 kg at Rp .150/6AG 

5 CALt; 300 kg 

NAHE 01/NER 

ADRESS 

DATE EST. 

A:r.ount/Cep 
Input 

Price 

. 10000 kg/day Rp 18/kg 

.. : ~ ... 

.-··~ ~ ; 

.~ .. 

: . 

Amount/C~p 
Output 

.,_;J 

Pr1ce 

5700 kg/dsy R;>. o,-}<g 

' · 4'• - • , , 
. : ·t._..'~"".' ' • 

187S k~/day Rp.25;-Jlc8 

2200 kg f\p .110/kg 

CAPACITî · R-W ~L\TER!AL 

CAPAClTY pRODUCT 300 Y.&/day · 

TOTAL LABOUR FORCE 

L4bour j '· Pricc Energy Pricc. lnvcst incnl Rrc ark s 

f 
.. l, 

. j -

·-

Rp . 100 . 000 , 

Rp. 1000 . 000 , Pn<o day 
Rp. 500,_000 , "ale<. 

.urply 

30 L Rp 40/L Rp . DS . 000 , 
Rp. B0.000 , 

Rp. 250. 000 , 

t ~00 . 2 

- Rp.1000 . 000 , 
at . 

Rp.5ori,-
h>cr- r.. 

SOlO ONLT 
:tb<'ut 

900 kit 

/ 

Rp.~000~000 , 
rloor 
\.'OO d Ot' · 

~rbla 

P.p. 100.000, 

P.p . 800.000, 
Rp. 300.000 , 

Rp, 75 . 000 , 

P.p. 100.000 , 

1 

.j 

'""" ._.. 



RAW HATERIALS 1 

- .Amoun t used: 

CASSAVA (PEELED) 10.000 kg/day 

- Origin t 

SMALL FARMERS 

- Tranoport 

· • . B't -TRUCK 

- Storage 1 . 

NONE 

MACHINERY . 1 

- lnveatmcnt 1 

J, . ARP. TAff!,K 

2, .DIESEL ENCINE ~0 HP 

+ DRIVE SYSTEM Rp. 2.000.000 

- Floorsp.ace . : 

- Econ.L1f" 

l.S yean 

· - Maintenance 

ENERGY CONSUMPTTON 1 

PRODtJCTS 1 ..----
- Storoge 1 

1. Tapioca 2!00 kg/day (6 •tar) 

2. Unggok Dry (1250 kg/day thaoritical) 

600 kg/day aold 

- 11.arketing : 

IN SUKABUMI VIA MIDDLEMEN 

OR DIRECT 

- Transport s 

- QualHiea 1 

4 at•r Rp. S6Jkg 

5 atar 

6 atat 

ai:ar 

8 atar 

Rp. 9a/kg 

Rp- 105/kg 

Rp. 115/kg 

Rp. l2S/kg 

LAl!OIJRFORCE 

1 11.anager 

l Poromnn 

1 H~chGn~ 
6 Men (u118killed) 

30 WoMn 

\IORKINC CAPITAL 1 

(unaki 1 led) 

t . • : :~-: 1 • •• 

'~--- "., 
". 

at Rp. 65,000/month 

Rp. 18.000/11'.onth 

Ilp. 18.000/month 

Rp . 12 ~ 000/month 

lto. ~60/da! 

INTEREST RATES 1 

LAND 1 --. 
;;. .lludacei 

TOTAL 1,5 Ha 

at Rp. 500tm2 

- lnvestmentt 

Rp. 7.500,000 

- Econ life 1 

Inde fini te 

12. 

llUILDINGS 1 

- Invcnment: TOTAL Rp. 3.500 .000 

1. 200 Il\ 
2 

at Rp. 10.000/m2 

2. 200 m 2 
at Rp. 25.000/m2 

3. 200 Dl 
2 

Dt Rp. s.0001"
2 

i'loorepace :. 

1. FACTORY 200 m2 

2. ROOF OVER SETTL!NC TABLI!: 

· 3. DRYINC SHEO ONGGOK 

- Econ Hfa 1 

1, S year• 

2. S years 

3. S 7eara 

- ·Maintenance : 

5% PER Yl!.AR ON INVESTMENT 

. ' llATERSUPPLY · 1 

FROM 6TREAM vrA INJ\JK FILTERS 

TO RTORAOr. TANK 

.LAll'S, TAXES, INS\JRANCE, ETC 1 

30 L DIESELOIL PER DAY . l MON1B OPERATTNG C:OSTS 'llORICCAPlTAL 1 l. 75% per mooth 
.lNVESTMENT i 12% per ye&r 

NAME 1 RATe : PAID TO: 

. . . ~ .. 

. . . . . ~ -~ !. ~ 

~ : , . . i 
i . .,· .. 

... 

.·\ . 
1, 

" 

. 1 , · 
' . 

. ,i . • 

·:.', 

MPS 20% OQ National 
turnover Cove~e-nt 

PPN. 1% on National 
turnover Covennent .-

IPEDA Rp.45.000 District 
. per year Govern:nent 

PA.JAK TANAH Rp.15,000 Deoa Covern-
per year ment 

l!ESTRIBUSI Rp.35.000 Min of Agr~c 
PERT. per year 

lllSURANC! i'/oo on 
invut:::ent 

·I 

1 

1 

1 
1 

1 

1 
1 
1 

1 



A typical factory of Type II. 

The desintegrating roll under repair. 
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II.2. Factories of Type II. 

The most important feature of this type of factory is the 

seasonal character. The typical factory only operates during 

the dry season when sufficient sunlight is available for drying. 

In June 1978 there were about 55 factories of this size in the 

Sukabumi district. 

In June 1979 only a few of these still existed. The continuousrainy 

wèather must be the main reason for these factories to close 

down. Information ga thered indicates that several of the small 

entrepeneurs were bankrupt or very near bankrupcy, while öthers 

have sold their basic equipment and moved into other activities. 

With the coming of dry weather many people, possibly including 

these entrepeneurs, are engaged in the production of sundried 

cassava chips (gaplek). The factories of this type are found 

scattered in the cassava producing area's. Most are found near 

a motorable raad, and all have easy acces to a strearn or other 

source of water. The typical factory consists of a s mall open 

shed in wh i ch the we t processing t ake s place. This s hed is 
2 surrounded by an open area of about 200 - 300 m for sundrying. 

Outline of process. 

The tube rs a r e peeled on the farm and usually carried by "pikul" 

(carrying pole) to the fa c tory. After weighing they a r e washed 

by hand and by trampling in a cement tank. After washing the 

tubers are desintegrated/pulped on a roll. The desintegrator 

roll us ually consists of a cylindrical har dwood black (diameter 

approx 40 cm; l ength approx. 40 cm) mounted on a sha ft. The 

roll i s fit t ed with pro t r udi ng na ils , o r a piece of tin-plate 

perforated with a nail to obtain a rasping surface. No wa ter 

is added during desintegrati on. The roll is driven by a small 

diesel engine or a wa t e r - wheel. 



' ) 

-~ 

' ' 

Settling t a nks in a small factory . 
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FIG.2 Ptocess in Factory Type II. 

PEELED CASSAVA 
1 

WATER WEIGHING 
1 

WAS HING 
1 

DESINTEGRATING 
1 

SCREENING 
1 WASTE 

SEDIMENTATION 
1 WATER· 

CRUMBLING 
1 WET PULP SUNDRYING 

J 
SUNDRYING 

1 
ONGGOK 

BAGGING 

1 
WEIGHING 

1 
TAPIOCA 

The pulp is washed out by hand on nylon screen cloth (100 mesh) to 

extract the starch granules. The resulting starch milk flows into 

longitudinal settling tanks (length 5 m, width 1.5, depth 0,75 m) and 

the starch is left to settle. After settling the water is syphoned of 

and the wet cake crumbled through bamboo screens. The starch is then 

sundried as in the bigger factories to about 15% moisture content, and 

packed in jute bags. The only power driven machine in the factory is 

the desintegrator. The typical factory has a 5 HP watercooled diesel

engine for this purpose. Water is obtained from a nearby stream and 

treatment consists of filtering in wooden water bins filled with "injuk" 

(palm fibre). Water consumption is between 5 and 10 cubic me tres per 

1000 kg fresh tubers. 
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Raw material supply. 

The raw material for the factory is produced by smallholders and 

peeled on the farm as is the case for the bigger factories. In this 

case however no buying agents are employed but the farmers carry the 

cassava tubers to the factory by "pikul" and sell directly to the 

factory. As regards the present shortage of. cassava for tapioca 

production, the situation is the ~ame for bath types of factories 

as the diversion to sundried gaplek already occurs at the farm. 

Prices are also the same in bath cases. 

Labourforce, Management. 

These small factories are generally owned by Indonesian farmer/ 

entrepeneurs living in the area. In gen.era! the owner is also the 

manager, and he is assisted by f amily memb er s in the ope ration of 

th.e factory as is typical for home industries. The typical factory 
... ··---·- - - - - --·--- -·----. ···- . 

is operated by a manager assisted by a foreman/ mechanic and 4 workers. 

The employment situation is best approximated by : 

foreman/mechanic (permanently employed) 

4 male wo r ker s (on da i l y basis) 

As mentioned the operation is seasonal. We estimate a total of 170 

production days per year. 

Quality, Marke ting. 

The quality pr oduced by these factories is the s ame as t he quality 

reached in the bigger factories. Although simpler equipment is used, 

the extra personal attention given in processing leads to the sanie 

end-result. Marketing follows the same sys tem as in the bigger 

fac tories. 

Main problems. 

The problems encounte red in these factories are gener:ally the same 

a s in the bigger indus tries . Entrepeneurs engaged in this typical of 

operation do not have easy acces t o c redit and therefo r e i nvestments 

are low. There i s a gr eat mobili t y i n t o o t her activi t i es at t his l evel . 

As mentioned above many entrepeneurs have moved into other opera tions 

due to the ba d weather condi tions in the past year. 



In the survey was also found that factories of this type may have 

frequent changes of ownership. An economically acceptable method of 

drying during the wet season could put these industries on a more 

permanent footing. 

- Data sheet. 

In Table 2 below are summarized the data for the typical factory of 

this size. 

16-. 
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1 DATE 1 JULY 1979 NAME OWNER 1 CAPAClTY RAii MATERlAL 1 1500 Kg/de7 
! 2 NAM!l 1 AORf.SS 1 CAPACl'tY PRODUCT 1 JOO Ks/dny 

~ ~ ADRESS 1 DATE EST, 1 TOTAL LABOUR FORCP: 1 "' ' · tp • "' " t-< 0 ; 

tIJ : :.: 

N 

1 
~: 

" Amount/Cap Amount/Cnp :r; 0 FLOllSHEET PRODUCT10N1 EQUIPMENt time Pr1ce Price Labour Price Energy Price investmen t ltemults 
t:I ~g Input Output 

' Dl 1 ::!'"!. 
rt 1 

::l PEELEOI CASSAVA - - 1500 Kg/day Rp.16/da - - " - - - - -
Dl 1 

~ 1 
en ' \/ElGHING SCALE 100 l\.g - - - - - - - - - Rp. 60.000,- -::i' • .. 

1 
11) ; 

10 m3/day CD " lip. 75 .000,-! "' "20 llATERFILTF.RS - - - - 1 - - - -rt· N 

~· 
. \IASTE lO!ll3 -

! -llASHING- llATER llASllING TANK - - - - - - - .. - Rp. 70.000,- -
1 'i 
1 Stlday 

rt ·: - RAS PING DESINTEGRATOR/PULPER - - - - - 1 - DIESEL Rp.40 Rp.100.000 ,- -
'< ' 1 DIESEL ENGINE S HP i DIL . L Rp . 400 ,000,-
't:J .. 
1-'· . , SCR&EN ING - llASTE ... 

1 Rp. 30 .000,-() ., 8Y HAND ON CLOTI! - - - - - - - -
-ni WATER SCREEN.MESH 100 1 

f-.J ' . 
570 kg/day 

1 Rp.400/ 
1-ti ONGGOK - - - - - ' 

.. . 
llJ .' i day - - - -. () . · ... . " ~ . 
rt ,. SEDIMENTATION. SETTLING TANKS (3) - - - - - - - Rp.120.000,- ;. 
0 1 (5xl.5x0. 75 m) .. 
'i ' 
'< 

, • 
-.: ." . . 

·-.:''' énur·rnt;iilo : : 
: 81\MBOO SCP.EENS - - - . . - - - . RSl1 15.ooo ,- ~ 

o · ··--::..:..1 Hi : ·-
·- ., RUNllRYINO TAMr 1 R nARKP.TS noo 1-3 Rp, ll0 .000 ,-rt ! 1 

llAMBOO RACKS ll,\'{8 - - - • · - - - -: 
~ 

.. 
Rp. 10.000;-

" 

·' 

CD . •. BACCINO STOCK OF 8ACS (60) - - - - - : Rp, 9.000,- -
1 

: 

H -H 111!.llllING SCALE SE& ABOV! - - - - - i - - - - -- 1 

" TAPiocA 250 ltg/day Rp.110/ 1 - - - - - - - - - -
. ' Jl:r " - r ... 

~ .. . --- - -· -



l, RAW MATERIALS 

A:oount usedt 

- Pee l od caeaava 1000 kg/day 

Origin : 

·.· ~ • ,;.:>. '.J.. -surin>znFkn:iers 

Transport 1 

By "Pikul" 

Storage 1 

None 

2. PRODUCTS . : 

Storage 1 ··.··· ' 

- Tapioca 250 J.g/d&y (6-atar) 

Marketing 1 

~ · in Suk.abufAi· via middlemen 

TraOBport 

J, LA N I> : 

. Surface: 

~ Total 300 m2 · 
. . I 2 1. at Rp. 500 m 

··., 

111veatment · ·•" 

Rp. i1s.ooo,-· 

· I 

4, BUILDillGSI 

Inveatment 1 

- 1.60 m2 at Rp.5000,-/m2 

Floorspoce 1 
2 

- Factory 60 ai · 

Econ.Lifet 

S yeara. 

Maintenance1 

• 3% per ·year on inveotment 

1, 

18. 

S, MAClllNERY : 

Inveatment: 

- See table 

Floorspace 

Econ Life: 

S year• 

Mainte11anco 

5% per y~a r on 
invntDent. 

i '. 

·6 . LABOURFORCE : 7; 'WATER SIJPPLY 1 8) INERGY CONSUMPTION · 1 · 9. \IORKING . CAPITAL 1 

; · .. 

- l Manager/Mer at . 
Rp. SO.OOOhnon·th. 

• l Forellllln/~echanic at 
Rp. 18.000/month 

- 4 Hen (unsk!lled) at 
P.p. 400/dsy 

.• From •tream via injuk filters - S L Dieaal per day 

··;; ... 

· ..•.. 

10. IllTEREST RA TES : "'· . U, LAW' S, • TAXES, INS URANCE, E.TC 1 

• \lorkc:apttal:;· 1·,751 pvT: llOOnth ··- "" - ·- ·--' 0 
·-·- ." " - . • Hl'S + PPN 1 3% 011 turnover··' .• . 

- . ltrvutm6nf i 12% per y~ar - IPEl>A 1 P.p. 4,500 p.r yen 
~. - ·----·-·-----· ---.~- -,------------------..-pAJAI: TAl!ARr .ltp;-100011ar·yur -

• RESTRI&USt PEP.T'.· Rp,S.000 par yaar 

• . l Month Operating coat · 

' .t - - . • , . 

i ". . " 

: .· 

. .. ,," · N' O TE: 
~--" .. ---

· .. · 

The factory dou not operati< 

durh>a thà' vot .•..aaoa. 

. ' 

. / 



II. 3. Economie Situation. 

On the basis of the data presented in Table 1. and Table 2., 

cost-calculations have been made for the typical factories of 

both categories. 

In Table 3 a summary of the results is given. The complete 

cálculations are presented Chap~~r VI.2. 

19. 

TABLE 3 .• Financial Analysis for tapioca. factories of Type I and Type II. 

(Jüly, 1979). 

In Thousands of FACTORY TYPE I TYPE I TYPE II 
Rupiahs (2/3X Normal 

Product ion) 

16. Total Investment 22.260 22.260 1.659 

Wet Dry 
Annual ,Annual Season Season Annual 

2.2. Total operating 11.161 30.673 41. 834 29 .546 3.769 
Costs 

2.3. Total Revenue 10.450 40.200 50.650 33.767 4.675 - - - · - -
2.4. Operating - 711 -9.527 8.816 4.221 ,906 

surplus/loss 

2.5. Depreciation 2. 252 . 2. 252 251 - - -
2.6. Profit before 6.564 . 1.969 655 

taxes 

2.7. T a x e s 1.640 1.133 151 - - -

2~8. Profit before 4.924 836 509 
interest on 
investment 

; 

2.9. Rate of return 22%. 4% 30% 

3.0. Interest 2.671- 2.671 - 199-

~.l. Nett profit/loss 2. 253 - 1.835 305 

3.2. Nett profit per 5,12 -6,26 7,18 
kg. tapioca(in 
rupiahs) 
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As is shown in the table both types operate profitable on an 

annual basis. However the bigger factories operate at a loss during 

the wet season, while output also decreases considerably from 330 

tonnes in the dry season to 110 tónnes in the wet season. The smaller 

factories cease to operate altogether during the wet season. 

In Table 3 is also shown a calculation for factories of Type I for a 

situation where the total production would be reduced to two-thirds 

of the nonnal as a results of unfavourable weather conditions (as in 

1978). 

It can be concluded that the dependence on weather conditions 

for drying is an uncertain factor, leading to instability of prices 

and market-volumes and thus is threatening the industry. 



---

III. Problem formulation. 

From the survey, the drying of tapioca appears as a major 

problem in both types of factories. Sundrying is both 

profitable and practical for this type of industry, provided 

sufficient sunshine is available. The main problem therefore 

is the availability of limited complementary drying capacity 

that is not dependent on the weatherconditions. 

In order to reach a design that is technically, economically, 

and socially feasible in this situations, the following 

limitations have to be taken into account 

1. The capacity of the dryer must be between 500 and 1000 kg 

of dry tapioca per day. 

2. The total investment must not exceed 2 million rupiah's. 

3. The drying cost must not exceed ten rupiah's per kilogramme 

dry tapioca. 

4. The use of the dryer must not lead to loss of employment. 

5. The dryer must be able to operate in combination with sun

drying as used at present. 

6. The dryer must be operated with unskilled labour. 

7. The dryer must be manufactured in Indonesia from locally 

available materials. 

8. Spare parts must be available locally. 

9. The dryer must operate without the use of electricity. 

10. The product should not carne in direct contact with unpainted 

iron or steel to prevent quality deterior~tion 

11. The dryer must produce tapioca suitable for the production 

of "krupuk" 

12. The dryer should not use wood as fuel and should not cause 

excessive pollution of air or .water. 

13. The dryer should operate safely under regular but non

continuous attendance. 

21. 



IV. 

IV .1. 

Design considerations and Laboratory research. 

Technical alternatives. 

In searching a solution within the limits mentioned various 

technical alternatives were considered. 

A number of different drying methods can be used for the drying 

of tapioca (2). 

As the dryer is intended to provide limited complementary 

capacity, the use of continuous methods such as drum-drying, belt

or tunnel drying, or pneumatic (flash) drying is not likely to be 

economical. The installations necessa ry for these methods require 

high investments and cannot be operated by unskilled labour. 

As the product in these dryers comes in contact with surfaces at 

higher temperatures than 70°C, the production of "krupuk quality" 

would not be ensured. 

Non continuous contact-drying on ovens· or drying yards, as used 

in Malaysia, is also not suitable for this quality of tapioca. 

Chamber-or cabinet drying is succesfully employed in medium-sized 

factori es elswhere (2), however attempts i n Sukabumi have so f a r 
. . * 

been unsucces ful, mainl y be cause of economie rea sons . 

Fluidized-bed drying of starch has been studied extensively, .and 

fluidized-bed dryers are used for many similar products. 

22. 

This type of drying also enables reasonably rapid drying at low 

tempe ratures , which i s important for quali ty reasons , a nd it is a n 

easily controllable process. Of the possible methods therefore either 

cabinet drying or fluidized-bed drying appear the most likely to 

offer opportunities for applica tion in a design tha t meets the 

requirements formulated above. 

* It appears that some of the tapioca factories in West-Java have 
used chamber-dri ers around 1950. These insta llations howeve r 
have disappeared. 



IV.2. Laboratory tests. 

To obtain the data on drying rates necessary for a design , 

a number of drying experiments was done in the laboratory. Bath 

cabinet-drying and fluidized-bed drying were studied. The tapioca 

was dried frorri 45% to 17% moisture_ content (wet basis), or 80% to 

20% moisture content (dry basis). 

Cabinet drying. 

Wet tapioca was crumbled through an 8 - mesh screen and dried on 

bamboo trays in a laboratory - oven without forced circulation of 

air. Different conditions of drying temperature and loadrate of 

wet tapioca per square metre of tray-area we re chosen. 

The resulting dr:ying curves are presented in Fig.3 (For a table -

of the results see Appendix I). A drying curve for sundrying under 

similar conditions is given for comparison. 

-- FIG 3 CABINET DRYING -oF TAPIOCA 

23. 

Drying temperature Loadrate in kg wet tapioca/m 2 

1 50°C 2,5 
2 50°C 5,0 
3 60°C 2,5 
4 70°C 2,5 
5 80°C 2,5 
6 Sundrying(~ 60°C) 2.5 
7 Pluidized - bed 70°C _ 60,0 

2 3 4 5 6 

• 

7 
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Fluidized-bed drying. 

Tapioca crumbled in the same manner was dried in a small laboratory 

fluidized-bed dryer specially constructed for these tests. (See 

Appéndix I for details). The 8-mesh screen was chosen for crumbling 

because rubbing the wet tapioca by hand through the screen can be 

done easily, while the mesh is sufficiently fine to obtain a 

reasonable uniform particle-size. The crumbled tapioca has a volume 
3 of about 0,0017 m per kilogramme .. Fl.Ji.idized-bed drying of this 

product is well possible. The air velocity necessary to obtain stable 

fluidization is approx. 0,5 m/s. 

The pressure difference over the bed (including the perfor_ated floor) 

depends on the loadrate of the product. 



Drying curves for fluidized-bed drying are given in Fig. 5. (For a 

table of the results see Appendix!). 

FIG 5 . FLUIDIZED-BED DRYING OF TAPIOCA I 

Oryin9 temperature Loadrate in kg wet tapioca /m2 

15 30 45 15 
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2 

From the curves in Fig. 3 and Fig. 5 can be seen that in all cases 

the drying rate remains constant throughout the range of moisture 

content. The curve for sundrying corresponds with that for cabinet 

drying at 60°C as would be expected. In Table 4 are listed the 

approxirnate drying times required to dry the tapioca from 45% to 17% 

moisture content (wet basis). 
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TABLE 4. Required drying time to dry tapioca from 45% to 17% 

moisture content (wet basis). 

Drying conditions Required drying time 

TEMP. LOADRATE 

(oC) (kg/m2) (hrs. min) . 

CABINET DRYING 

50 2,5 3 hrs 50 min. 

50 5,0 7 hrs 45 min. 

60 2,5 2 hrs 30 min. 

70 2,5 2 hrs 00 min. 

80 2,5 1 hrs 20 min. 

SUNDRYING 

apt~ox 2,5 2 hrs 45 min. 

26. 

FLUIDIZED-BED DRYING (at airvelocity b,5 m/s) 

60 50 0 hrs 35 min. 

60 80 1 hrs 30 min. 

70 50 0 hrs 35 min. 

70 80 1 hrs 10 min. 



IV. 3. :Choice of drying method .. 

To make a choice between cabinet-or chamber drying and 

fluidized-bed drying estimates were made of the dryer volume a:h'd :;\ 

the amount of drying air required to dry 1000 kg of wet · 

tapioca per day (= _.660kg dry tapioca) under given drying 

conditions. Also an estirnate was made of the labour required 

in each case. 

In the case of chamber drying the dryer is assumed to be 

a simple closed tunnel equipped with bamboo trays, while drying 

air is supplied by a fan and heated by a heat-exchanger. 

The fluidized-bed dryer is assumed to be a closed drying-bin 

with a perforated floor. Drying air in this case is provided by 

a sirn.ilar arrangement of fan and heat-exchanger. The ·dryer is 

operated in batches. The drying data are obtained from the 

laboratory tests. 

2 7. 

________ '!'_h._~ __ a?_~H,I!Jlptions and detailed calculations are given in Appendix II. 

To estimate the required investments, a price per unit was attached 

to the volume-or space requirements. The investments necessary for 

the fan and the heat-exchanger are assumed to be the same for both 

cases, and ther~fore not included in the comparison. 



TABLE 5. Comparison of estimated requirements for chamber-drying and 

Fluidized-bed drying of 1000 kg wet tapioca per day. 

Method Labour Required Required Price per 
volume dry er unit 
of drying- volume/ volume/ 

(man- ai3 at 70°C 
1 

area area 
hours)/ (m /day) Rp/unit 
day 

-·· - - .. 

Chamber 
36 .32. 400 87 

3 
Rp. 20.000 

drying 
m 

(theory) 

Fluidized- 3,13 
3 Rp.150.000 

18 ·23. 500 m 
bed drying (theory) + 

28.170 30 m
2 

Rp. 10.000 
(practice) 

28. 

Required 
lnvestment 
(excluding 
fan and 
heat excha-
nger) 

(Rp) 

Rp.l. 740.000 

Rp. 470.000 

Rp. 300.000 

From this comparison it is clear that - in this situation - fluidized-bed 

drying is to be preferred above charnber drying, both in terms of required 

investments and expected costs of opera tion. Therefore fluidized-bed drying 

was chosen for the final design. 

After the choice of the fluidized - bed method, further selections of 

materials of construction etc. were made referting to the limitations 

formulated above. A centrifugal fan was necessary to overcome the expected 

pressure- drop over the installa tion . 

The design for the hea t -exchanger was inspired by existing ai r - hea ters as used 

on farms 'in the USA/Europe . . The type of burner .was chosen because of local 

availability and simple operation. Calculations for fan and heat-exchanger were 

made according to engineering handbooks. 



The fluidized-bed dryer in operation. 

,-_, 

The fluidized-bed of tapioca. 

"-· 
\ 
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V. D e s i g n. 

V.l. Principle of Operation (see Fig. 6). 

The basic principle of the dryer is the use of a fluidized or 

spouted bed. Hot air is blown through a perforated floer into a 

layer of crumb1ed tapioca at such a rate that the particles are 

suspended in the air. The hot air supplies the energy necessary 
, 

for evaporating the moisture, and al$O functions as the medium in 

which the particles are "floating". The outlet air carries away 

the evaporated moisture. Advantages of this sys.tem are the rapid 

and uniform drying at a relatively low temperature due to the 

intimate mixing of the drying air and the solids in the bed, and 

the efficient use of the drying potential of the air. A disadvantage 

is the rather high energy consumption to ensure sufficient flow of 

air, and to overcome the pressure-drop necessary for fluidization/ 

spouting of the bed. 

The dryer is operated in batches. Wet tapioca is crumbled 

through a fine stainless-steel screen (6-8 mesh) to obtain 

sufficiently small and uniformly sized particles. The stainless

steel is used to prevent discolouration of the tapioca. The crumbled 

wet tapioca is then. loaded on the perforated floer of the drying 

bin (a) in a layer of about 20-30 cm thickness. Optirnal batch size 

is between 200 and 300 kg. wet tapioca, (moisture content approx. 

45%), corresponding with a loadrate between 80 and 120 kg per square 

metre. Smaller batches can also used. Drying takes place by forcing 

hot drying-air (55-70°C) from the plenum (b) through the perforated 

floer and the Iayer of tapioca at such a rate that fluidization or 

spouting occurs (airvelocity in the bed approx. 0,5 m/s). Pressure 

drop over the bed approx. 10 cm. water column. Through the action 

of the air the bed is continuously mixed. During the drying some of 

the smallest particles will tend to escape from the bed, carried 

along by the outlet air. In order to retain these particles, the bin 

widens at about 30 cm. above the floer to reduce the airv~locity in 

the top part of the bin. 



Unloading of the dry tap i o c a. 



Fig. 6: Principle of Operation 
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Also the air-outlet is equipped with filterbags (a.2) that retain 

fine dust to prevent product losses and exessive dust in the . 

surroundings. Drying of a 250 kg batch from 45% to 15% moisture 

content (150 kg dry tapioca) takes about 2 hours. (see also Chapter 

VI.l) 

The drying-air is provided by a centrifugal fan (d) with a 

capacity of 1,3 cubic metres of air per s econd against a pressure 

of 15 cm. water column. The fa<1 is driven by an 8 HP diesel-engine 

(c). The dies1ü-engine consumes about 1 litre of diesel-oi l per 

hour. The drying air is heated to the required temperature by a 

heat-exchariger (e) equipped with a kerosine-gas burner (e.l). 

Heating is indirect to prevent deterioration of the product by the 

combustion gases of the kerosine. The kerosine consumption is about 

5 litres per hour. The heat-excha nger has an output capacity of 

approx. 55 kW. Detailed operating instructions are given in 

Ap:;:::::~.di.x VI. 

-- V .2. Description (se e Fig. 6 and the drawings i n Appendi x VI II). 

The dryer has three main components. A drying-bin i n which t he 

crumbled tapioca is held, a heat-exchanger equipped with a burner 

to heat the drying-air, and a fan to force the drying-air through 

the heat-exchanger and s ubsequentl y through the bed of crumbled 

tapioca. The drying-air flows through canvas connecting sleeves 

tha t link the three components. 

- The drying-bin is rectangula r and devided in two parts by a 

perforate d floor (0,85 x 2,95 me tres ). The top part of the bin 

(a) holds the product. This part is made of mild steel sheet 

(gauge 1,5 mm) s t iffened by angle prof iles . Alternatively t his 

bin may be made from multiplex strengthened with wood, or from 

aluminium sheet. The bin wi dens a t a level of 30 cm. above t he 

floor to reduce the air velocity i n the upper par t .and thus 

reduce the " carry- over" of small. pa r t icles . 
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At the top are fitted an air-outlet (a.l) equipped with six cotton 

filterbags (a.2) and two loading doors (a.3) with quick release locks. 

The filterbags can be opened at the bottom to take out the powder 

collected during drying. The doors are balanced by counterweights 

suspended via pulleys to facilitate opening and closing. At the head 

of the bin is a door (a.4) for discharging the dried product. This 

door is also fitted with quick release locks. The bin is further 

equipped with a perspex window (a.5) just above the floor. All the 

inner surfaces of the bin that come in contact with the product are 

painted with epoxy-resin paint to prevent product deterioration. The 

doors and the bolted connections are all fitted with rubber gaskets 

to prevent the escape of <lust while the dryer is in operation. The 

bottom part of the bin or plenum (b) supports the floor and the top 

part. This part is rectangular and made of mild steel sheet (gaugelnun). 

At one end is the inlet duet for the drying-air (b.l), while at the 

other end is an inclined door (b.2) for inspection and cleaning. This 

door is also fitted with rubber gaskets. The plenum is further equipped 

with a dial-thermometer (b.3 ) (0-100°C) to measure the inlet temperature 

of the drying air. In the top part of the plenum is fitted the supporting 

frame for the floor. This frame is made of angle profiles and strips. 

The floor itself consists of 15 elements fitted on the frame with small 

tápped screws. The elements are standard aluminium streens as used for 

rubber latex • . (diam apertures 1,5 mm) (0,3 x 0,6 metres). The screens are 

locally available in Indonesia. 

The whole drying-bin is standing on adjustable legs (b.4) made of 8 x 8 cm 

angle profiles. Along the side of the bin should be placed a wooden 

operating platform (height 0, ïYm). 

- The heat-exchanger (e) is cylindrical vessel (diameter 0,88 metres, 

length 1,50 metres) in which concentric walls are placed that devide 

the space into two separate channels for combustion-gas and drying-air. 

The combustion-gas side copsists of a cylindrical inlet (e.2)in which 

the burner (e.l) is placed, a drum shaped combustion chamber (e.3) and 

a combustion-gas channel (e.4) that ends in the flue-pipe (e.5). 



The drying-air side consists of an inlet pipe (e.6) followed by a 

channel that ends in a funnel shaped outlet (e.7) fitted with ~ 

butterfly valve (e.8) for control of the airflow. 

The combustion-gas channel and the drying-air channel bath consist : 
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of concentric mantles, combined in such way that the drying-air is 

forced along the surface of the combustion-gas channel in coUnterflow. 

The total heat-exchange surface formed in this way is about 6,5 square 

me tres. The whole hea t-exchanger is made of mild steel sheet (gauge 

1,5 mm) except for the combustion chamber which is made of stainless 

steel sheet (gauge 1,5 mm). By unscrewing the flanges on both sides 

the heat-exchanger can be opened for cleaning. The whole vessel is 

placed on legs made of sheet and strengthened by angle profiles . 

The burner (e.l) is a simple system made of steel pipe and fitted with 

a nozzle of maximally 1, 20 mm. (For specifications see drawing in 

·Appendix VIIOThe burner is placed in the heat-exchanger on two angle 

iron rails fitted in the combustion channel iniet, but can be easily 

removed for cleaning. The kerosine is supplied to the burner from a 

60 litres pressure tank via a standard copper oil pipe (diam mm, 

length 2 metres). The flow of kerosine can be regulated by means of 

a needle-valve on the tank. The tank is further equipped with inlets ~ 

for air and kerosine, a manometer and a safety valve. It is pressurized 

by means of a bicycle foot-pump. Burner and tank can be obtained from 

local manufactures in Indonesia. 

The fan (d) is centrifugal fan with backward inclined straight rotor 

blades. The rotor is placed in a fan-housing with air inlets at both 

sides. The fan-housing is made of mild steel; one of the sides can be 

opened for assembling or taking out the rotor. The rotor has a diameter 

of 60 cm and width of 12,9 cm. The rotor -shaft (diam. 50,8 mm) runs 

in two self adjusting ball hearings. The whole assembly is mounted on a 

frame (d.l) made of 8 and 10 cm U-profiles. On this frame is also 

fitted an adjustable engine-mount for the diesel-engine or electric 

motor. The whole frame is mounted on rubber blocks (thickness 2cm) to 

absorb vibrations. The fan is driven by means of two V-belts. Normal 

operating is at 1500 rpm, with a ~delivery of 1,3 cubic metres against 
150 mm water column. 
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VI. The dryer in practice .• 

Two prototype dryers have been constructed in a workshop in 

Bandung* and wer~ installed in two different tapioca factories in 

the Sukabumi district. The first has a floor area of 25% less than 

the final design described above, while the bin of this dryer is 

made of aluminium. The heat-exchanger and the fan however are as 
** described above. This dryer was installed in March 1979 and has 

been monitored during the month , April and May 1979 during the end 

of the wet season. Testing was done using a diesel-engine, later 

an electric motor has been installed. The second dryer is made 

actording to the f inal design, however the drying bin is made of 

multiplex painted inside with epoxy-resin paint. This dryer was 

. *** installed in May 1979 and has been monitored during the months 

June and July 1979 during the dry s.eason. 

VI.l. Technical aspects. 

"Is at 

** at 

*** ·at 

After installation a number of experiments and measurements 

was clone to study the performance of the design and to compare 

with the data obtained in the laboratory earlier. 

e.v. 
P.T. 

P.T. 

Drying curves. 

In Fig. ·7 are given drying curves measured from the dryers 

operating in practice. For comparison ·the drying curves obtained 

in the laboratory tests are included in the graph. 

Sukaradja, Bandung. 

Pelabuhan Ratu, Cibadak. 

Pertani, Cikaler, Jam pang Tengah. 
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FiQ 7. FLUIDIZED-BED DRYING OF TAPIOCA II 

80 ·~~~ Drying tefr4)erature Loodrote in kg /m2 
\\ __ 2 _______ 6_0_0 c __________ a_o ______ _ 
\ \. • 3 70°C 50 
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\ ',.-:~· '' """ -- -· - -

',3 ', ~' "--· . \ '·-,, ., ------.......... 
\ '• ". "'-
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30-
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Fiom :1 the results for a loadrate of 80 kg wet tapioca per square metre 

dried at 60°C can be seen that drying in practice corresponds well with 

the l aboratory tes ts. 

2 
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The time required to dry 100 kg wet tapioca can be calculated from 

the drying curves . for various loadrates or batch sizes (loadarate x 

floor area= batch size). 

TABLE 6 • Required drying time per 100 kg wet tapioca. 

· 2 
50 80 Loadrate (kg/m ) 

/ 
120 

Batch size (kg ) 125 200 300 

Required drying time 
to dry 100 kg of wet 26 35 38 
tapioca (min.) 
(excluded loading and 
unloading) 

Drying takes relatively longer at higher loadrates. This would 

indicate that operating the dryer at low loadrates is more efficient. 

This calcula tion however doe s not take into account that the time 

required for loading and unl oading r elatively increases with smaller 

batch sizes. In practice it was found that the optimal op.eratiori of 

the dryer is at batch sizes between 200 and 300 kg, requiring between 

90 and 145 minutes drying time . (see under Perfo~manc~ in practice). 

Too fast drying as ha ppens in smalle r batches a lso a f fects the . 
product quality, l eading to discoloration~ 

Hea t exchanger efficiency. 

The efficiency of the heat-excha nger is an impor tant f a c tor 

inf luencing the tota l energy consumpt i on during drying. The effic i ency 

is defined as, 

n = 
USEFUL ENERGY OUTPUT I N THE DRYING-AIR 

TOTAL ENERGY I NPUT 

and can be ca lculated from an energy-ba l ance. 

x 100% 
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Fig. 8. · Energy flows on hea t-exchanger. 

SMOKE 

KEROSINE INPUT 

ENGINE INPUT HEAT-EXCHANGER DRYING AIR 

HEAT CONTENT INLET AIR 

HEAT CONTENT COMBUSTION AIR 

HEAT LOSSES 

The energy-balance contains the following elernents; 

INPUTS 

- Energy frorn kerosine 

Energy from part of the 
dieseloil used in the 
engine 

enthalpy of the inlet air 

- enthalpy of the combustion 
air 

OUTPUTS 

- enthalpy of the drying 
air 

- enthalpy of the combust
ion gases 

- heat losses to the 
environment 

To determine the efficiency and overall performance, a series , of 

measurements was done on bath prototype ,:: heat-exchangers under various 

operating conditions. The results of these measurements are sumrnarized 

in the table below. Also given ar.e the efficiency and total useful 

energy output för each set of conditions (For a full table of results 

and a model calculation see Appendix VII). 
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TABLE 7 • Performance of the hea t-exchanger 

-
HEAT- ;. HEAT-
EXCHANGER I EXCHANGER II 

Kerosine consumption (kg/hr) 2,5 2,5 3,6 3,6 5,2 5,0 5,2 

Dieseloil consumption (kg/hr) 1,4 1,4 1,4 1,4 1,1 1,1 1,1 

Temperature drying-air (°C) 64 54 66 63 70 64 63 

Flowrate drying-air (m3/s) o, 71 1,06 1,13 1,31 1,17 1,39 1,60 

..... 

EFFICIENCY (%) 85 91 94 96 88 90 96 

USEFUL OUTPUT (kW) 25 27 42 45 49 48 59 

AVERAGE EFFICIENCY (%) 91,5 91,3 

As can be seen froro the t able the efficiency slightly increases with 

increasing flow rates of drying-air, roost likely bec~use of higher air 

turbulence in the heat-exchanger. The average efficiency is quite high 

for this type of heat-transfer~ (Values of around 80% are given for 

siroilar air~heaters marketed in Europe). The useful energy output of 

the heat-exchanger i s appr ox. 55 kW. under normal opera ting conditions. 

- Performance in practice. 

After the initial testing, the performance of both prototype dryers 

has been followed during normal opera ting c:onditions" The sma ller 
. 2 . 

f irst prototype (2,0 m floor-area) wa s monitored during two months 
2 in the wet season, while the s econd prototype (2,5 m f loor-area) was 

monitored during one month in the dry season. In Table 8 are given 

the results on a monthly basis f or bath dryers. 

91,4 1 
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TABLE 8 • Performance in practice. 

Gener al : PROTOTYPE DRY ER 

Drying temperature 60-70°C 
I Il 

Labourforce approx. 3 men wet season dry season 

l.Average number of days 23,5 15,0 
the dryer was used per month 

, 

2.Average number of operating 
9 hrs 30 min 3 hrs 10 min 

hours per day 

3.Input of wet tapioca (kg) 

- total per month 20.825 5.560 

- average per day 886 371 

4.0utput of dry tapioca (kg) 

---..;.;. - total per month -- -·----··- - -· 12.152 -3.-395 

- average per day 517 226 

5.Average Ouq~ut x 100% 58% 61% input 

6.Average drying time per 

batch of wet tapioca. 

Batch size: - 100 kg 1 hr 4 min 51 min 

- 200 kg 1 hr 51 min 1 hr 30 min 

- 250 kg 2 hrs 17 min 1 hr 52 min 

- 300 kg - 2 hrs 26 min 

(included lóading .and unloading) 

7.Kerosine consumption (L/hr) 4,42 4,90 

8, Dieseloil consumption (L/hr) 0,89 1.00 



Bath dryers performed very satisfactory and according to the 

expectations. 
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As the second dryer is 25% bigger than the first, the results (under 
: . 

3, 4, 6, 7, and 8) are not fully comparable. Also the dryers were 

operated in a different season. While the first dryer was used nearly 

everyday to keep production during the rainy weather going, the second 

dryer was only used to cape with occasional extra production. As sun

drying is cheaper than using the fluidized-bed dryer normal production 

was dried in the sun as usual. From the results .of the smaller first 

dryer however .-f.tJs _ cleä·i~thät the desir-ed. cap~c_it:i óf niiniinum. SOó kg _·

dry product per day (see Chapter 111} can be reached easily. 

From the results under 6 can be seen that operating at batch-sizes 

between 200 and 300 kg wet tapioca is most efficient. Two batches of 

100 kg take 2 x 51 = 102 minutes, ~~gainst 90 minutes for one batch 

of 200 kg. Cornparing the required drying time for 100 kg wet tapioca 

found from the drying curves (see Table 6 ) and found in practice 

(see Table 8) shows that loading and unloading takes approximately 

20 minutes. 

The product obtáined from the dryer is a uniform granular material 

which is cleaner (less specks) than the sundried product. It can be 

used for krupuk and all other products usually made from tapioca and 

is completely equal to the sundried product. Because of its cleaner 

appearance the product in one of the factories was sold at 5 Rupiahs 

more per. kilograrnme, which nearly equals the extra drying costs 

incurred by using the dryer. 

With regard to the possibility to combine the dryer with the traditional 

sundrying, it is very well possible to use the dryer next to the sun

drying method. The crwnbling of the wet tapioca is done in a similar 

way, while equipment used is also not different. However it is not 

possible to use the dryer to dry tapioca that bas been partially sun-

dr ied before. Already crumbled and half dried tapioca particles tend 

to fall apart due to the agitation in the fluidized-bed and produce 

so rnuch tapioca-dust that the <lust filters become overloaded. 
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That this does not happen after loading·wet tapioca must be due 

to the "pelletizing" action of the wet tapioca in the fluidized

bed during the early stages of drying. 

Operation of the dryer showed to be simple (see Operating 

Instructions). In both cases three labourers were sufficient to 

operate the dryer including the crumbling of the wet tapioca. 

It took about three weeks to train the (unskilled) operators to 

such level that operation, trouble shooting (burner failure) and 

maintenance could be fully left over to them. As the burner is 

not equipped with an automatic device to cut off the fuel supply 

in case the flame is extinguished,regular attendance is necessary. 

In case of flame failure there is no chance of spontanous 

explosions in the fire chamber, and if the operating instruction 

are followed closely the flame can be relit directly without 

safety risks. 

We may conclude that in terms of technical performance and , • 

necessary labour, infrastructure and management this design meets 

the requirements of the industry as formulated in Chapter III. 

VI.2. Economie and social aspects. 

The information collected in the survey and in the monitoring 

of the two prototypes has been used to make cost calculations to 

asses the economie performance of the dryer. 

In Table 9 are given cost calculations and economie analysis 

for both sizes of factories using sundrying on~y (A and C) 

and using the dryer in addition to sundrying (B and.D). 

Under A can be seen that the bigger type of factory operates 

at a loss during the wet season hut the proceeds in the dry season 

are sufficient to obtain a positive annual result. Using the dryer 

as an additional drying capacity during 150 days in the wet season 

not only leads to positive results in the wet season, hut also 



TABLE 9 •. Cost Calculations 

. Capital cost's 

l. Land and Site-preparation 

2. Buildings and structures 

· 3. Diesel engine and drive works 

4. Washing tank/Paddle waaher 

5. Desintegrator/Pulper 

6. Screening installation 

7. Setting tanks 

8. Drying baskets/racks 

9. Fluidized-bed dryer 

10. Bags 

ll. Scales and ~mall equipment 

12. Water filters and-storage 

13, Water pump 

14. Total fixed capita!. 

15. Working capita! 

16. Total Inveatment 

Operation _Costs 

17. Raw material 

18. Labour coats 

19, Dieseloil/Fuel Dryer 

20. Maintenance 

21. Interest on Werking Capita! 

·22;·· Total- Operating- costs· 
.) 

23. Total Revenue 

Tapioca 

Onggok 

24. Opcrating surplus/loss 

Analysis 

25. Depreciation 

26. Profit bcfore tax and interest 

27. Taxes 

28, Pruf!t bofuro intoroMt 

29, Rntc of Return 

30, Interest on Inves tments 

H, N11n Pl'otlt. 

32. Nett Profit per kg tapioca 

A. Factory. 

Wet 
Seaaon 

9.000 

1.563 

60 

170 

368 
+ 

-n.161· 

10.450 

10.450 

711 

Type I without d.ryer 

7 _.,500 

3.500 

2.000 
285 . 

250 

250 

2.000 

1.100 

75 

300 

1.000 

500 
+ 

18. 760 

3.500 
+ 

22.260 

Dry Annual 
Season 

27.000 36.000 

. 2.613 4.176 

180 240 

512 682 

368 736 
+ + 

c- .90 ; 67 3 · ""41-;-834 

40.200 50.650 

37.950 48.400 

2.250 2.250 

---
.9. 527 8.816 

2.252 

6.564 

1.640 -

4.924 

22% 

2.671 

:i,:l"l 'I 

Rp,5,12 
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B. Factory • Type I with dry er 

7.500 

3: 900 -

2.000 

285 

250 

250 

2.000 

1.100 

1.750 

75 

300 

1~000 

500 
+ 

20.910 

3.500 
+ 

24.410 

Wet ·nry Annual 
Season Scason 

16.380 27.000 43.380 

1.563 2.613 4.176 

352 180 532 

223 512 735 

368 368 736 
+ + + 

·· 1s·.S86 "30.673 4!J:55!J 

20.800 40. 200 61.000 

20.800 37.950 58. 7 50.-:=""'..;;;. 

2.250 2.250 

1.914 9.527 11.441 

2.682 

8.759 
1.950 -

6.809 

28;1(; 

2 .9 29 

---
. . :.1, 11110 

Rp. 7, 32 
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~ssumptions for Factory of Type I without dryer: 

Production days 200 per year of 8 hours per day. 

(si>: months of 25 days in the dry season and s1x months of 8,3 dsys in .the wet season). 

Permanently employed labour is paid during 12 months. 

- Invcstment in Land does not carry depreciation. 

- All prices are "at fsctory"; 

Avcrage tapioca quality, produc·ed is "6-star". 

Additional assumptior.a for Fáctory Type I with dryer : 

- Fluidized-bed dryer is used during 150 days in the wet season. 

- Production of the dryer ie 600 kg. dry tapioca in one day of 7 houre. 

Notes: 

-" ... 

A. l. 1,5 Ha at Rp. 500/m2 

; 

... 

1 
j 

2. 

3. 

4. 

5. 

6. 

7. 

B. 
10. 
ll. 

12. 

13. 

15. 

17. 
18, 

200 m 
2 

200 m 2 

200 m 
2 

Factory·at Rp. 10.000,-/m 2 

Roof over settling tanks at 

Open shed at Rp. 5.000,-/m 2 

2 Rp. 2.500,-/m 

50 H.P. diesel engine at Rp. 2.000.000,-

20 m3 washing tank at Rp. 6.750~-/m3 

Paddle washer at Rp.150.000,

Roll-desintegrator at Rp. 250.000,

Flat~bed screens at Rp. 250.000,-
2 Settling tank (100 x 2 x 0,4 metres) at Rp. 10.000/m .~ 

8000 baskets at Rp. 100,- ; 1500 bamboos at Rp. 200,- , 

500 bags at Rp. 150,-

2 Scales at Rp. 100.000,-; Small equipment total Rp. 100.000.

Watertank and Filters 150 m3 at Rp. 6.600,-/m3 

Waterpump (5 H.P) at Rp. 500.000,-

Approx. one month operating cost 

WET SEASON 

300 tonnoö caY~ava ~t Rp.18,-/ku 
l Hllnager iit Rp, 65,000/lllOnt:h 

1 Foreman at Rp.18.000/month 

l Mechanic at Rp.18.000/month 

6 Men at Rp~ 12.000/month 

30 Women at Rp. 350/ day 
during 50 days . 

DRY SEASON 

1500 tonnu ciaoaave 1t t Rp .18, -/ks 
iiame 

same 

same 

sa me 

same during 150 days 

19. 1500 L dieseloil at Rp.40/L 4500 L dieseloil at Rp.40/L 

20. 5% per year on row 2,7,12 
7,5% per year on row 3,4,5~6,8,10, 
11,13 

21. i,75% interest per month 

23, 110 ~onnea of tapioca at Rp95/kg 
(5-11tur) 

same 

sa me 

330 tonnco of ~apioca at Rp~ll5/kg 
C7-t1tar) 

90 tonnee of onggok at Rp.25/kg 

43. 
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24. Total Revenue minus Total Operating Costa. 

25. 20% per ye~r on row 2 - . 13. 

27. MPS + PPN • 3i. on annual Revenue. 

Other taxes at Rp. 85.000,-

Insu.rance at Rp. 35.000,-(approx.3°/oo 
on row 2 - 13). 

Profit befo·re interest 
29• Total'Investment x 100%. 

.30. · 12 % per year on Total Investment. 

2 2 B. 2. 40 m Building at Rp. 10.000,-/m • 

9. Fluidized-bed dryer at Rp. 1. 750 .000,-

WET SEASON ONLY 

17, 410 tonnes cassava at Rp. 18,-/kg 

18. no additional labour coats •. 

• . 

19, 1000 L of dieouloil for extra production at Rp. 40/L 

1050 L of dlcücloil tor tun 

5250 L of kerosine for burner · 

20. 3% on row 9. 

21. no additional working capital. 

at ltp, 40,w/L 

at Rp. - 40,-/L 

. 22. 90 tonnes of dry tapioca at Rp. 115,-/kg (7-star). 

(Baaed on Data-sheet in Table I, and Performance in practice). 

, . . 

. . 

44. 



TAB LE 9 ·• Cost Calculations 

45. 

Capital Coats C. Factory Type II without dry er .D. Factory Type II with dry er 

1. Land and. Site-preparation 150 170 

2. Buildings and structures 300 ., 500 

3. Diesel engine and drive works 400 400 

4. Washing tank/Paddle washer . 70 70 

5. Desintegrator/Pulper 100 100 

6. Screening installation . 3o 30 

7. Setting tanks 120 120 

8. Drying baskets/racks 90 90 

9. Fluidizcd-bed dry er 1. 750 

10. Bags 9 9 

ll. Scales and small equipment 65 65 

12. Water filters and.-s to rage 75 75 

13. Water pump 
+ + 

14. Total fixed .capita! 1.409 3.379 

15. Working capita! 250 + 250 
+ 

16. Total Investment 1.659 . 3.629 

Oporotion Co11ts A n n u Il l A n n u a l 

17. Raw 111aterial 3.060 6.300 

18. Labour costs 592 932 --· 19. Dieseloil/ Fuel · Dry er 34 178 

20. Maintenancc 31 66 

21. Interest on Working Capital 52 -· ·. 52 
+ + 

·· - ----·-· 
22. Total Operating COBtS 3.769 " .. .Ij .528 

23. Total Rcvenue · 4.675 9.850 

Tapioca 4.675 9.850 

Oup.~ok - ..: 

24. Operating Surplus/Loss 906 2.322 

ANALYSIS 

25. Dep r e ei ation 251 642 

26. Profit before tax and interest . 655. 1.680 

27. Taxes 151 306 

---- -
28, Profit before interest 504 l.374 

;l'), l~lll· c.1 ut' ruturn 30X 3Bi. 

30, Interest on Investments 199 435 

31. Nett Profit 305 939 

32. Nett Profit per kg tapioca Rp.7,18 Rp. 10, 73 
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· Assumptions for Factory of Type II without dryer: 

- Production d~ys 170 per year of 8 hours per day· 

(During 8 mónths, production stops during 4 lllDnths in the wet season). 

- Permanently .employed labeur is paid during 8 months. 

- Investment in Land does not carry depreciation. 

- All . prices are "at factory" 

. -Average tapioca quality produced is between 6 and 7-star (at Rp.110/kg) 

Additional assumptiona for Factory Type II with dryer: 

- Fluidized-bed dryer ia .used during 150 days in the wet season at 300 kg. dry 

tapioca per day. 

- Factory now operated during 12 months. 

Notcs 

c. 

D. 
·:-: "" 

1. 

i. 
3. 
4. 
5. 

6. 

7. 
8. 

10 • 

ll. 

12. 

15. 

17. 

18. 

19. 

300 rl at Rp. 500,-/m2 

60 m2 nt Rp. 5000,-/m2 

5 IW IH11uoi enBine at 'Rp.400,000,-

10 ru 3 WUNhlnK tunk 1:1t Kp. 7.000,-/m3 

Roll-deaintegrator at Rp. 100.000,

Handacreens and screencloth at Rp. 30.000,-

3 Settling-tanka at Rp. 40,000,- per tank 

800 baskets at Rp. 100,-; 50 bamboes at Rp. 200,-

50 bags at Rp. 150,-

1 Scale (100 kg) at Rp. 50.000; Small equipment at Rp. 15.000,-

3 Waterfilters at Rp. 25.000,-

half month operating costs. 

170 'tonnes of cassava at Rp. 18,-/kg 

1 r-oreman/Nech.:rnic at Rp, 40,000,,../oonth (Smonth:l) 

4 Men nt Rp. 1.00,-/dny during 170 dny::i. 

850 L dicseloil nt Rp. 40,-/L 

20~ .2,5 % per year on row 2-12 

21. 1,75 7. per month during 12 months. 

23. 42,5 tonnes of tapioca at Rp. 110,-/kg. 

25. 204 per year on row 2-12. 

27. MPS + PPN • 37. on total revenue (possibly not paid) 

other taxea at Rp. 10.500,-

30. 12% per year on Total Investment. 

1. 40 m2 at Rp~ 500,-/m2 

} 2 
40 m at Rp. 5.000,-/m '2 •. 

9. Fluid!zed-bed dryer at Rp. 1.750.000,-

17. 180 tonneá of cassava at Rp. 18,-/kg 

18. · 1 Foreman/Mechanic at Rp. 40.000,-/month dur!ng 4 months. 

3 Men at Rp. 400,-/day during 150 days,-

19. 3000 L keros ine at Rp. 40,-/L 

600 L dieseloil at Rp. 40,-/L 

20. 27. on row 9 

23. 45 to.nnes of dry tapioca at Rp. 115,-/kg (7-star) 

46. 
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improves the overall annual résults. For the smaller factories 

this would also be the case. 

The main reason is that the processing-capacity and the labour 

which is normally idle through part of the wet season, can be 

used productively without additional cost when.the ·dryer is 

operated. The labour productivity increases considerably, without 

leading to loss of employment as the dryer itself is still . 

reasonably labour-intensive*.Cit can be calculated that already 

at an output of 30 tonnes dry tapioca per year the dryer pays 

itself back within 5 years at the assumed prices of product and 

raw material. 

In Table 10 are given the drying costs per kilogramme dry 

tapioca for the dryer when the yearly output is 90 resp 180 tonnes 

of dry cassava (150 resp. 300 days at 600 kg per day) • .· 

For comparison is given the cost of sundrying. As expected sun

drying is cheaper even when the dryer is used at normal capacity 

during 300 days of the year. The drying costs are around the 

expected Rp. 10,- per kilogramme (see Chapter III). 

An output of 600 kg dry tapioca per day requires 3 labourers with 
the dryer, against 6 to 8 labourers for .sundrying. 
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TABLE 10 • Operating costs fluidized-bed dryer 

Output per year 

A 

90 tonnés 
dry tapioca 
(150 days at 
600 kg per day 

B 

180 tonnes 
dry tapioca 
(300 days at 
600 kg per day) 

Capital cost for 5 years (in Thousands of Rupiahs) 

1. Investment 
(incl. b~ilding) 2.150 2.150 

2. Interest 1.290 1.290 
·-· ·-- - - ··-· ·· ·--· 

·---· ... ~" 

3. Maintenance 322 + 644 + 
4. Total C:?pital cost 3.762 4.084 ' ~· . . .. . · --

Operating cost per kilogramme dry tapioca (in Rupiahs) 

5. Capital cost 8,36 4,54 

'6 • . Labour 2,00 2,00 

7. Kerosine. 2,40 2,40 

8. Diesel 0,40 0,40 
+ + 

9. Total 12,76 9,34 

48. 

c 

180 tonnes 
dry tapioca 
(200 days 
at 900 kg 
per day) 

2.050 

1.230 
·-···· 

- + 
3.280 

3,64 

3,50 

-
-

+ 
7,14 
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The required investment necessary for the dryer is acceptable 

for the bigger factories at about 10% of the total investment. For 

the smaller factories however the required amóunt of 2 million 

rupiahs will most likely be out of reach. To use about 50% of the 

total required investment for such a specialized machine would 

carry too much risk for this scale of operation. As the technical 

so'phistication and required infrastructure are also likely to be 

a harrier, the dryer is less suit~ble for the smaller factories. 

The use of the dryer has a stabilizing effect on the output, 

resulting in a more constant supply to the consumer and possibly 

more constant 'prices. This stabilizing effect is expected also to 

increase the economie stability of the industry and the jobsecurity 

for the workers. 

Although the cost calculations given above depend very much 

on the prices of raw material and product, it can be concluded that 

the dryer can be used economically to provide drying capacity in 

the wet season or to dry an excess product ion of wet tapioca in the 

dry season. 
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APPENDIX I : LABORATORY RESULTS 

TABLE 11: CABINET DRYING AND SUNDRYING OF TAPIOCA (WITHOUT AIR CIRCULATION). 

TEMP 50% 2 TEW. 50% 2 t LOAD 2,5 kg/m LOAD 5,0 kg/m 

hrs % WB % DB % WB % DB 

0 45,0 81,8 45,0 81,8 

0,5 42, 1 72, 7 43,9 78,2 

1 39,1 64,1 42,4 73,6 

1, 5 . 35,3 54,5 41,1 69,9 

2 32,4 48,0 39,4 65,1 

3 24' 7 32,8 36,3 5 7 ,0 

4 15,3 18,1 32,7 48,5 

5 6,4 6,8 28,2 39, 2 

6 - -
7 19,6 24,4 

8 15,2 17, 9 

t = DRYING TIME IN HOURS 

% WB = MOISTURE CONTENT ON WET BASIS 

% DB = MOISTURE CONTENT ON DRY BASIS 

TEMP. 60% 2 TEMP. 70% 2 TEMP. 80% 
LOAD 2,5 kg/m LOAD 2,5 kg/m LOAD 2, 5 kg/m 

% WB % .DB % WB % DB % WB % DB 

45,5 83,5 46,0 85,2 46,0 85,2 

·-- - 40,4 67,9 37,7 60,5 

36,1 56,5 33,6 50,5 25,0 33,3 

30' 6 44,0 - - 11,8 13,4 

23,5 30,8 16,9 20,4 

10,5 11, 7 

\ 

2 SUNDRYING 2 
LOAD 2,5 kg/m 

-% WB % DB 

45,0 81,8 

38,5 62,5 

34 ,0. 51,5 

29,6 42,0 

24,1 31,8 

14 ,0 16,3 

8,8 9,6 
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TABLE 12. FLUIDIZED-BED DRYING OF TAPIOCA I. · (FLUIDIZATION VELOCITY 0,5 m/s) 

1 2 3 4 
0 0 0 0 

INLET TEMP. 60 c2 INL ET TEMP. 60 C INLET TEMP. 60 c INLET TEMP. 70 C 
2 LOADRATE 50 kg/m LOADRATE 80 kg/m2 

LOADRATE 50 kg/m2 
LOADRATE 80 kgJm 

/:,. p : 30 mm H20 /:,. p : 50 mm H2o /:,. p : 35 mm H2o /:, p : 50 mm H2o 

t % WB % DB t % WB % DB t % WB % DB t % WB . % DB 
(min) (min) (min) (min) 

0 44,6 80,5 0 ,45,1 82,0 0 45,0 81,8 0 . 45,0 81,8 
5 - - - - 41,5 70,9 - -

10 36,5 57,5 10 42,8 74, 8 10 38,0 61,3 10 - -
15 - - - - - - - -
20 28,0 38,9 20 - - 20 29,8 42,5 20 37,3 59,5 
25 - - - - 25,5 34,2 - -
30 19,7 24,5 30 38,1 61,5 30 20,5 25,8 30 - -
35 - - - - 13,8 . 16,0 

'· 
31,5 46,0 

40 12,5 14,3 40 35,l 54,0 40 40 - -
45 - - - -
50 50 - - 50 50 25,5 34,2 
55 - - - -
60 60 - - 60 60 21,0 26,6 
65 28,4 39,7 - -
70 70 - - 70 70 16,5 19,8 
75 21,3 27,1 
80 80 - - 80 80 
85 17,8 21,7 
90 90 90 90 . . . . . . . . . •, . . . . . . 

t = DRYING TIME IN MINUTES . 
ö P = PRESSURE DIFFERENCE OVER THE BED 

% WB = MOISTURE CONTENT ON WET BASIS % DB = MOISTURE CONTENT TO DRY BASI S 

V1 
N 
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APPENDIX II 

Assumptions. 

CALCULATIONS FOR COMPARISON OF CABINET DRYING AND 

.. FLUIDIZED-BED DRYING. 

Cabinet drying. 

54. 

It is assumed drying takes place in a simple tunnel-shaped building 

with a vertical cross-section of 2 x 2 metres. In the building are 

placed bamboo trays on racks. There are 6 layers with a space of 

approx. 0,3 m between each level. Additiona:l space required for air

circulation and working-space is assumed to be 30%. Drying-air is 

heated to 70°C by a heat-exchanger and supplied to the tunnel by means 

of a fan. Due to heat-losses the temperature in the tunnel is assumed 

to reach 60°C only. If a loadrate of 5 kg wet tapioca per square metre 

is used the required drying time will be approx. 5 hours (see Table 

4). In addition 1 hour is required for loading and unloading the dryer, 

so that a total time of 6 hours is used per batch of 1000 kg tapioca. 

The loading, operation and unloading of the installation is assumed to 

require 6 full-time workers. 

Fluidized-bed drying. 

In the case of fluidized-bed drying the dryer is assumed to be a closed 

bin with a perforated floor and a dépth of one metre. Drying-air at a 

temperature of 70°C is supplied by a similar arrangement of fan and 

heat-exchanger as in chamber drying. Heat-losses in this case are 

negligible so drying takes place also at 70°C. A loadrate of 80 kg wet 

tapioca per square metre is assumed. The required dryihg time is there

fore 1 hour and 10 minutes. Added have to be 20 minutes for loading and 

unloading. Therefore in a 6-hour period it is possible to dry 4 batches 

of 250 kg wet tapioca each, totalling 1000 kg per 6 hours. A total of 

3 full time workers is estimated to operate the dryer. 



Calculation of dryer volume. 

Cabinet drying. 

The required tray-area is given by 

Weight of one batch 

Loadrate 

1000 

5 

As there are 6-levels of trays the required floor area of the dryer 

is 

200 total tray-area 
= = 

2 
33,3 (m ) 

number of levels 6 

The height of the tunnel is .2 me tres and the required extra volume 

is . 30%, therefore the total required dryer-volume is : 

33,3 x 2 x 130% 

(or a tunnel of 22 x 2 x 2 metres). 

- Fluidized-bed drying. 

Necessary floor-area is in this case 

Weight of one batch 
Loadrate 

250 2 
8()"" = 3,13 (m ) 

The depth of the bin is one rne tre, so t he requi r e d volume is 

3,13 x 1 

2 However a covered working a r ea a round the bin of at least 30 m is 

necessar y. 

55. 
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Calculation of the required volume of drying air. 

By using a Psychrometric Chart the minimum volume of drying air 

required. to carry off the evaporated moisture can be estimated (4). 

Assumed are drying temperatures of 60°C and 70°C respectively for 

cabinet drying and fluidized-bed drying. The relative humidity of the 

ambient air is taken as 70%. The relative humidity of the outlet air is 

taken at 85% and 95% for respectively cabinet drying and fluidized-bed 
* -drying. Drying is assumed to be an adiabatic process. The density of 

3 
air is taken as 1 kg/m • 

The required volumes of air used carry of the moisture of a batch 

of 1000 kg wet tapioca (340 kg water) are 32.400 m3 and 23.500 m3 for 

resp. cabinet drying and fluidized-bed drying under the assumed conditions. 

These are theoretical minimum values. 

On the basis of the data obtained in the laboratciry tests on 

fluidized-bed drying it is also possible to calculate the required air 

volume. In this case the volume flowrate of the air through the bed is 

multiplied with the required drying time : 

air velocity x floor area 

0,5 x 3600 x 3,13 

volume flowrate x drying time 

5634 x 5 

volume flow rate 

5634 (m3/hr) 

drying-air volume 
3 

28.170 (m ) 

This about 20% more than the theoretical minimum value derived via the 

Psychrometric Chart, indicating a reasonably efficient use of the drying

potential of the air in fluidized-bed drying. 

* In the laboratory tests on fluidized-bed drying this value of 95% 
Rel. Humidity was measured. 



APPENDIX III 

SPECIFICATIONS OF THE DRYER. 

I. Fan. 

- Engine 

r.p .m. engine 

- r.p.m. fan 

V-belts 

- Overall measurements 

Required floorspace 

- Capacity 

Fuel consumption 

II. Heat-exchanger. 

- Output 

- Air deli very 

Approx. efficiency 

Heigth of flue-pipe above 
floor level 

Overall measurements 

Required floorspace 

III. Burner. 

Nozzle opening 

- Fuel connection 

- Operating pressure 

- Tank capacity 

IV. Drying-bin 

- Floorelements 

Inside Finish 

Diesel 8,5 HP (watercooled). 
(Kubota, Yanmar, Petter) 
(Electric motor; 3-phase; 5 kW) 

2100 2400 

1500 - 1700 (normal 1500) 

Type B. 

1,60 x 0,75 x 1,00 (metres) 

2,50 x 2,00 (metres) 

57. 

1,3 m
3/s agains t 150 mm water column 

approx. 1 Litre per hour (diesel-oil) 

55 kW 
3 1,3 m /s at approx. 60°C 

90% 

3, 9 m. 

2,00 x 1,10 x 1,10 (metres) 

2,50 x 2,00 (metres) 

1,20 nnn. 

diam. outside 2,5 mm 
length approx. 1,8 metres 

30 - 45 psi 

60 Litres 

Aluminium screens for rubberlatex 
(30 x 60 cm). 
Screen aperture 1,2 - 1,5 mm. 

Epoxy-Resin paint 



- Dust filters 

- Thermometer 

Overall measurements 

Required floorspace 

V. Suppliers/Manufacturers. 

diammeter 
length. 1,65 mm 
Unbleached cotton (Belaju) 

0 - 100°C (Dia! type) 

3,20 x 2,40 x 1,85 (metres) 

6,0 x 4,0 (metres) 

Drying bin, Fan, Heat-exchanger. 

C.V. Sukaradja, Jl. Kom.Ud. Supadio 98, Bandung. 

- Fuel-tank, Burner system. 

Toko Kencana, Jl. Banceuy 49, Bandung. 

- Canvas cónnecting sleeves: 

Saluyu Motor (upholstery department), Jl. Mach. Toha 1, Bandung. 

- Filterbags 

Any good tailor. 

58. 



APPENDIX IV COST OF THE DRYER. 

Below is giveri a cost estimate for the dryer: 

(July, 1979) 

Number of units 

1,5 

1,5 

2 

1 

5 

2 

1 

1 

2 

1 

1 

Description 

Fari 

U-proviles (60 mm) 

Sheet mild steel (1,5 mm) 

Bearings 

Shaft Pulley 

Miscellaneous 

V-belts 

Engine 8,5 HP 

Syphon cooling system 

Labour (200% of materials) 

Total 

Heat-exchanger 

Sheet mild steel (1,5 mm) 

" " " (1,2 mm) 
11 stainless (1,5 nnn) 

Mis cellaneo us 

Burner and nozzle 

Supply pipe 

Pressure fuel tank 

Foot pump 

Labour (100% of materials) 

Total 

Rupiah 

17.250 

15.750 

18.000 

30 .000 

5.000 

5.000 

500.000 

15.ooo 

212.000 

52.500 

19.600 

45.000 

5.000 

10.000 

1.500 

70 .000 

10.000 

122 .100 

59. 

818.000 

335. 700 
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APPENDIX V INSTALLATIÓN OF THE DRYER. 

The total floorspace needed for installation and operation of the 

dryer is 4 x 10 = 40 (m2). 

In Fig. 9 is shown the recommended arrangement. 

61. 

- The installation does not need any special foundation. A level floor 

made of one layer of red brick with a cemented surface is sufficient. 

The fan and the diesel-engine are mounted together on a frame that is 

placed on rubber blocks (thickness min. 2 cm) to prevent movement and 

to absorb vibrations. 

- In order to ensure sufficient ventilation around the heat-exchanger 

and to reduce the engine-noise, it is advisable to install these 

units in a space where the top half of the walls is fenced with bamboo

slats or chicken-mesh. (see Fig. 9) 

- As the flue-pipe has a specified length of 3,9 metres ' above the floor

level, the roof at the position of the stack should not be higher 

than 3,4 metres to allow the flue-outlet to rise above the roof. The 

roof itself can be covered with rooftiles or corrugated iron or any 

other material that will not catch fire from the hot flue-pipe (350°C). 

- When rnounting the flue-pipe on the heat-exchanger ensure that the 

connecting flange on the heat-exchanger is properly sealed with 

asbestos-cord, so that no drying-air can escape into the flue-pipe 

and disturb the flow pattern in the flue. At 50 cm above the heat

exchanger the flue-pipe has two corresponding flanges. A space of 

about 2,5 cm has to be left between these flanges to stabilize the 

flow in the flue-pipe (Fit some washersor nuts for spacing). Upon 

installation, this space can be adjosted slightly if the burner does 

not want to burn with a stable flame. 

- When a diesel-engine is installed it is advisable to lengthen the 

exhaust pipe, so that its outlet is above the roof or outside the 

building. This will reduce engine-noise and pollution of the 
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surroundings of the dryer by combustion-gases. Be sure to fit a 

flexible part in the exhaust near the engine to absorb vibrations. 

It is also advisable to install a syphon cooling circuit with a 

200' litres drum as recommended by the engine-manufacturers. 

- When an electric motor is used to drive the fan, a good overlaad 

protection needs to be installed and the motor should be equipped 

with a hand operated star-delta switch to ensure sufficiently slow 

starting. 

It is very important for proper operation of the dryer that the 

perforated floor in the drying-bin is absolutely level. This is to 

ensure an even thickness of the bed of tapioca resulting in an even 

pressure-difference over the bed and an even air-distribution. If 

the bed is shallow at one and the pressure-drop required for 

fluidization will be smaller there and all the air will tend to 

escape via that end. To obtain a level floor the dryer has been 

equipped with adjustable legs (Use levelling tool). If the air

distribution is uneven during operation this may be corrected by 

adjusting the floor level . 

- On the long side of the drying-bin from which the top doors can be 

opened, a wooden operating platform should be placed. (see Fig.9) 

If operating space is limited it is advisable to construct (bamboo) 

racks on which the baskets containing the crumbled wet tapioca can 

be stored while awaiting loading into the dryer. 

- When more drying units would be installed together the fans may be 

driven from one bigger diesel-engine by a belt and pulley arrange

ment. The burners may be supplied from one large pressurized tank. 
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APPENDIX VI . 

OPERATING INSTRUCTIONS. 

I. Starting-up the installation. 

Bring the pressure in the kerosine-tank at approx. 40 psi. 

- Fi11 the burner with kerosine by opening ~he supply-valve on the 

tank until kerosine flows from the nozzle. When this is achieved 

close the supply-valve completely. 

- Fill the tray under the spiral of the burner with about 1/4 litres 

of kerosine. Light up the kerosine and wait until the burner 

produces a stable flame from the nozzle. When the burner heats up, 

initially a jet of liquid kerosine will carne from the nozzle. 

This kerosine will burn away in the fire-chamber of the heat

exchanger. After heating up sufficiently, kerosine-gas will produce 

a blue-white flame from the nozzle. 

Ensure the supply-valve remains closed until a stable flame is 

produced. 

Start the fan and open the drying-air regulating valve at the 

heat-exchanger. 

Open the supply-valve. 

Care should be taken to open the supply-valve just enough to 

ensure a stable flame. If the valve is opened too wide, the flame 

may blow out. Careful adjustment is necessary. 

Watch the flame for about 10 minutes while the installation is 

warming up. 

·rMPORTANT. 

If the flànie of the burner extirtguishes the supply-valve should 

· be tlösed im~ediately. 

If the burner is still very hot the flame can be re-lighted by 

applying a flaming stick (1 metre length) to the nozzle and 

carefully opening the supply-valve. Make sure there is no unburnt 

kerosine-gas left in the fire-chamber. (This can be checked at the 

flue-pipe). If the burner has cooled down kerosine should again be 

burnt in the tray to pre-heat the burner. 



If the flame extinguishes regularly the nozzle and the burner

system should be cleaned. 

When the burner produces a stable blue-white flame and the 

thermometer at the drying-bin has reached 40 - 50° the dryer is 

ready for use. 

II. Crumbling/Preparation of the feed. 

Weigh out the desired amount of wet tapioca (Recommended batch

size 200 ~ 300 kg wet tapioca). 

65. 

Crumble the wet tapioca through the stainless steel on the screening 

table and spread the crumbled product on baskets. Do not load the 

baskets with more than 10 kg per basket to prevent agglomeration 

of the crumbled tapioca. 

If the tapioca coming from the settling-tank is still very wet 

(If left on the screen it "drips" through the mesh) it is 

advisable to mix some dry tapioca with the wet product while 

crumbling to reduce the móisture content. This prevents agglomeration 

on the baskets and in the drying-bin after loading. 

- Store the baskets until the dryer is ready (again) to be loaded. 

- Crumbling can take place while the dryer is processing the 

previous batch. 



III. Loading. 

- When the dryer is ready (again) for use, open the airflow 

~egulating valve at the heat-exchanger fully. 

Bring the already prepared tapioca in the drying bin through 

the top doors. The crumbled tapioca should be sprèad evenly 

over the whole floor. 

66. 

After loading, the tapioca in the bed will.. still cake together 

in many places while the air will violently escape in others. 

With a bamboo rake the bed must be raked and spread evenly until 

air "spouts" escape -regular through out the bed and there are 

no more lumps of agglomerated tapioca. Particulary along the 

walls and in the corners the tapioca should be loosened properly. 

(It is not sufficient j'ust to spread the surface evenly). 

- Loading of a batch of 250 kilogrammes can be achieved by 3 

workers in about 10 15 minutes. 

_If regular spouting cannot be achieved the level of the bin may 

have to be adjusted (see Appendix V). 

IV. Running. 

When the wet tapioca has been loaded and the bed properly 

loosened and brought to regular fluidization, the top doors of 

the bin are closed. 

- Open the top doors every 15 minutes and rake up the bed again 

to ensure regular drying. Special attention should be paid to 

ensure that there are no "<lead corners" at the walls of the bin. 

Shake the dust filters every 15 minutes to ensure the powder is 

collected at the bottom and does not block the flow of air 

through the cloth. 

- When drying proceeds the velocity of drying air can be reduced 

by closing the butterfly valve. Ensure fluidization is not 

affected. By closing the valve and reducing the air flow, the 

air temperature will rise as the energy input in the heat

exchanger remains constant. 
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The end of drying can be noted from an increase in the formation of 

dust that tends to black the filters. 

The dryness of the product can be tested by taking a sample from the 

top. Make sure .to close the air valve before opening the top doors, 

to prevent the escape of excessive <lust. 

- Check the burner flame and the air temperature .regularly. 

V • . Unloading. 

Spread a canvas 2 x 3 (metres) on the floor under the unloading door. 

When the tapioca has reached the desired moisture content, close the 

butterfly valve to stop the air flow. 

Open the unloading door and keep it open by means of the hook. 

Open the top doors to allow: light into the bin. 

Pull the dry tapioca out of the bin by means of the unloading board. 

When necessary also open the door in the plenum and pull out the 

tapioca collected below the perforated floor. 

Shake the dust filters and open them at the bottom. Collect the fine 

powder and dry in the sun or mix with the next batch if necessary. 

Close the filters again. 

Close the unloading door and the door in the plenum. 

Open the butterfly valve again. 

The dryer is naw ready again for loading the next batch. 

If unloading takes langer than 10 minutes the burner may have to be 

put on a low flame to prevent overheating of the heat-exchanger. 

The dry tapioca may be lef t on the canvas to cool before bagging. 

VI. Shutting doWI1, Cleaning. 

When no more batches will be loaded the dryer is left running for 

minimal 5 minutes with the butterfly valve open after unloading the 

last batch. This is to dry the powder sticking to walls etc. 

Turn of the burner by closing the needle valve. The fuel tank may 

be left under pressure but it is better to release the pressure 

during long no-running periods. 
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When the flame is out completely turn of the fan-engine to stop 

the fan. · The engine should run as long as the flame is on to 

prevent excessive heating of the heat-exchanger. 

The dryer can be cleaned by brushing out the remaining tapioca 

from the bin and the plenum (make sure not to damage the floor). 

Shake out the dust filters. The dust filters should be washed 

every week. 

Thourough cleaning should be 9one ev'ery two weeks (first let the 

bin heat-up with hot drying air and all doors closed so that all 

caked on tapioca is really dry). 

VII. Troubleshooting. 

Reason 

Burner problems. 

Supply valve too wide open 

Burner system dirty 

Flue channel blocked or 
badly adjusted 

Drying air problems. 

Not enough drying air 

No good air distribution 

Action 

- Adjust supply valve while 
running. 

- Check pressure 

Clean nozzle 

Clean burner 

- Clean supply pipe 

- Clean fuel tank 

- Adjust flanges in 
flue-pipe 

Open heat-exchanger 
to inspect and clean 
flue channel. 

Increase speed motor 

- Check for drying air leaks 

- Check butterfly valve. 

Clean perforated floor 

- Adjust level of perforated 
floor. 



VIII. Maintenance. 

Clean bin every day. 

Wash dust filters every week. 

Clean bin thoroughly every two weeks. 

Clean burner/fuel tank every two weeks. 

Inspect and clean heat-exchanger every half year. 

Change V-belts of the fan when worn, and check fan belt 

tension regularly. 

Maintain diesel engine according to the maintenance 

instructions of the manufacturer. 
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APPENDIX VII FIELDTEST RESULTS. 

TABLE 13. Fluidized-bed drying of tapioca II (fluidization 

velocity 0,5 m/s). 

5 6 

INLET TEMP . 70°C INLET TEMP • 60°C 

LOADRATE 120 kg/m 2 LOADRATE 120 kg/m 2 

fl p : nnn H2o fl p : mm H2o 

t 

(min) 
% WB % DB % WB % DB 

0 44.6 80~4 45.8 84.S 

15 41.8 71. 7 41.2 70.1 

30 38.9 63.7 37.2 59.2 

45 36.1 56.5 31.6 46. 2 

60 33.3 49.9 25.9 35.0 

75 28.6 40.1 21.4 27.2 

90 24.9 33.2 . 16. 3 19.5 

105 20. 3 25.5 - -
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TABLE 14 Measurement" of heat-exchanger efficiency. 

Number prototype dryer I I I I II II. II 

Kerosine consumption (kg/hr) 2,48 2,48 3,6 3,6 5,2 5,0 5,2 
. 

Diesel oil const.imption (kg/hr) 1,38 1,38 1,38 1,38 1,08 1,08 1,08 
. 0 

Temper.ature ambient ( c) 31 31 30 30 30 30 28 

Relative humidity ambient (%) 47 47 70 70 75 . 70 73 

Temperature drying-air (0 c) 64 54 66 63 70 64 63 

Flowrate drying-air 3 (m /s) o, 71 1,06 1,13 1,31 1,17 1,39 1,60 

Temperature in flue C
0 

c) - 230 - - 320 320 330 

Nozzle opening (nun) 1,1 1,1 1,15 1,15 1,2 1,2' 1,:2· 

Pressure 1n fuel-tank (psi) 30 30 30 30 35 "<~ö 35 
\ 

Efficiency (%) 85 91 94 96 88 90 96 

Useful output (KW) 25 27 42 45 49 48 59 


















