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Introduction:-

The tapioca industry that process cassava always generates by-products in the form of solid waste (stockpile) as
much as 16.5%, cassava peel (10-15%), and wastewater (Grace 1997, Kosugi et al. 2008). Mareta (2010) and
Winarno et al. (1988) find that the content of carbohydrates in the stockpile is 68% and in the crude fiber is 10%.
Mareta (2010) states that the number of stockpiles produced from tapioca production process ranges from 5-10% of
the weight of the raw material. Without a proper handling, these by-products can cause environmental pollution. In
general, this industry only produces tapioca at 20-30% of the weight of processed cassava (Rahmatul 2013).
Stockpile and peel are potential to be used as energy sources to produce heat of the drying process of cassava starch.
The tapioca production process will continue to grow to meet the growing demand for both industrial raw materials
and food ingredients. Sriroth et al. (2000) calculated the normal needs of electrical energy and thermal energy for
producing one kg of tapioca is about 0.320-0.939 MJ and 1.141-2.749 MJ respectively or 25% in the form of
electrical energy and 75% in the form of heat and still use energy derived from diesel oil.

A closed system is a system that is not related to and not affected by the environment outside the system. In the
production process, a closed system can be interpreted as mass and energy balance that is integrated only with the
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flow of material in the system. Closed systems are not related to mass and energy flows from and to the outside of
the system (Cengel and Boles 2002). The closed system can be applied to all industries that process agricultural
products containing carbohydrates, fiber, oil and fat. Examples of these industries are crude palm oil (Bantacut and
Pasaribu 2015), sugar mills (Bantacut and Novitasari 2016), rice mills (Bantacut and Nurdiansyah 2017), corn
processing (Bantacut and Zuriel 2018), peanut processing, tapioca and others.

This opinion shows that the tapioca industry can meet its energy needs through processing its by-products. The by-
products processing can be done to build a closed system without energy input from outside the production
system.The purpose of this study was to develop a closed tapioca production process model using the principle of
mass and energy balance. To meet this goal the following steps need to be done:

1. Calculating mass balance in the tapioca production process

2. Calculating the energy needed in the tapioca production process

3. Design and develop process flow models for energy independent tapioca industries

Method:-

Scope of the Research

This research is limited to the production process of tapioca from cassava and produces cassava peel, wastewater,
and piles. Analysis to develop a model was carried out on the transfer of mass flow in and out, loss during, and
energy use for the production process, and analysis of the energy potential of the by-products. The results of the
model were compared with actual factory data to determine the level of accuracy. The actual data obtained is based
on the tapioca production process of the capacity of 1,000 tons of cassava per day.

Type and Source of Data

The data used were primary and secondary data. Primary data onto a factory were obtained from direct observation
of the production process at a tapioca factory in Lampung (Southern Sumatera, Indonesia). Secondary data was
obtained from literature studies in the form of books, journals, theses, electronic articles and other scientific articles.

System Boundary

The tapioca flour production process consists of five main compartments namely stripping station, size reduction
(grating) station, extraction station, drying station, and milling station. The main input are 1,000 tons cassava per
day and water. The main products are tapioca flour and by-products in the form of cassava peel, wastewater, piles
and steam. Cassava peel and wastewater are the output of the first compartment (the stripping station), the pile is the
output of the third compartment (the extraction station), and water vapor is the output of the fourth compartment (the
drying station).

Model Description

Mass balance models were developed based on mass flows that describe the real production process. These models
connect inputs as independent variables and outputs as dependent variables using the ratio (efficiency coefficient) of
both based on the principle of linear equations. The calculation tool used was Microsoft Excel. The flow of tapioca
production capacity of 1,000 ton of cassava per day was used as the reference. Calculation results from the model
were compared with the real data onto tapioca processing industry in Lampung, then used to calculate the potential
amount of energy from by-products as alternative energy sources to meet the needs of the production process. Model
that has a high level of accuracy and in accordance with the real production process were used as a basis for
calculating energy potential from the by-products to develop an independent energy tapioca production process
model.

Mass Balance Model and By-product Energy Content

Modeling mass balances started by identifying compartments to describe the production process, then the model was
formed into the mass balance equation that connects inputs (cassava and additional materials) and output (tapioca).
The by-products are wastes that were assumed to be recovered. Secondary data onto mass flows of tapioca
production process were used to find efficiency equations. After the mass balance equation and efficiency can be
formed, the value of the efficiency factor and the mass balance was determined. The proposed models consist of two
type that are simple and complex models.

The equation below was used to calculate by-product energy potential:
Energy potency (kcal) = Mass (kg) x Calorific value (kcal/kg)
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The calorific value was obtained from the literature and mass of the by-products was calculated using the mass
balance model.

Simple Model
The simple model assumes that all process stages in one single compartment. This model explains the total number
of inputs and outputs in the system only in general (Figure 1).

(Cassava) (Tapioca)

(Peel, Pile, Waswater)

Figure 1:-Simple model of tapioca processing

Notes: I= input, P= product, W= waste
=P +W

Mass balance equation is made by assuming the input is equal to output. The expected process efficiency is close to
100%, that is, all mass flows in the conversion process can be known, identified and calculated. The equation that
describes a mass balance is:

P
Efisiensi (a) = —

Where (a) is the ratio which value is between 0 to 1

Complex Model

Process and Material Flows

The complex mass balance model consists of independent variables as mass inputs and dependent variables as the
output of the process. This model has 21 variables consisting of 5 independent variables (I11, 112, 141, Is;.and lg;) and
16 dependent variables (X1, X, X3, Xa1, X4, Xs, Xg, X7; Pgz; and Wy;to We,). Dependent variable Xg can be ignored,
because it acts as explanations of the flow of the production process. The process at the sifting station is a direct
flow, so there is no flow out of the system (Figure 2).

Figure 2:-Complex model of mass balance of tapioca production (see Table 1 and 2 for symbols
explanation) (Notes: Compartment IX is neglected bacause very small mass flow out of it).

523



ISSN: 2320-5407 Int. J. Adv. Res. 6(10), 521-532

Table 1:-Compartment in tapioca production

Stasiun Compartment Explanation

1 I Peeling

2 I Grating
Il Rasping

3 v Extractor 1
V Extractor 2
VI Separator
VIl Dewatering

4 VIlI Drying

5 IX Sifting

Table 2:-Variable symbols explanation

Symbol Explanation

l11 Whole Cassava

l1o Water

l41 Water

Is; Water

lg1 Water

X Peeled cassava

X5 Grated cassava

X3 Rasped cassava

X1 Scattered cassava

X4 1% extraction of cassava pulp

Xs 2"% extraction of cassava pulp

X Cassava slurry results from separation

X Wet Starch

Xsg Rough Tapioca

Wy Cassava peel

Wy, Wastewater

W Stockpile

Ws; Stockpile

We1 Wastewater

W, Wastewater

Wy Water vapor

Po1 Fine tapioca

The process in Compartment | is whole cassava brought to the root peeler hopper. During the stripping and cleaning
process, the root peeler rotates, resulting in friction between the walls of the root peeler and cassava, and friction
between the cassava. This friction results in the erosion of the cassava skin. The peeled cassava is then flowed to the
washer (still in Compartment I). Washing is done using a washing tub equipped with a propeller arrangement. The
propeller rotates so that the friction/thrust forces make the cassava washed and continuously move it to the cassava
carrier screw to the next stage.

The next stage (Compartment 1) is the cutting and crushing phase which aims to reduce the size of cassava tubers
before the process of dissolution (Compartment Ill). The tool used is chopper. At the stage of dissolution
(Compartment I11) using a rasper, which is a rotating cylinder with saw blades.

Extraction is the stage of separating starch components from non starch components such as fiber. The working
principle of the extraction process is to separate the starch suspension from cassava pulp with the help of a filter and
centrifugal force. Extraction is divided into two parts, namely pulp extraction (Compartment 1V) and milk extraction
(Compartment V). The separation step (Compartment V1) aims to precipitate the starch suspension and separate it
with water and impurities which may still be carried after the extraction process as well as non-starch components
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such as protein and fat. The tool used is separator. This tool is precipitating the starch suspension based on its
specific gravity of the help of centrifugal force. The process of reducing water content (Compartment V1) is carried
out using a Dewatering Centrifuge (DC). The working principle is to separate free water from the material based on
particle size of the help of centrifugal force and filter cloth to produce wet starch.

The drying process (Compartment VIII) is carried out using a flash dryer, which is a chimney equipped with a
blower at one end as an air suction, heat exchanger (steam or oil) for air heating, input of wet starch, and cyclone to
separate air with tapioca. The drying medium used is heated air. The drying temperature ranges from 190°C-210°C.
Tapioca which has dried then sieved on a shiver with 80 mesh sieve sizes. The sieving machine uses a vibration and
vertical movement system to separate fine tapioca with crust. The crust is a dry starch that does not pass through the
80 mesh sieve.

The Equations

The equation needed to solve the problem is equal to the number of dependent variables, namely 16 equations. One
mass balance equation can be made from each compartment to obtain 8 equations. The remaining 8 equations were
made as efficiency equations.

Mass Balance Equations

Compartment | . Ill +|12— Xl - Wll_ W12 S0 (1)
Compartment 11 s X+ Xo— Xs S0 (2)
Compartment 111 T X Xo1 — Xs S0 3)
Compartment IV Dlg X Xy — Wy T (@)
Compartment V s+ Xy — X5 — Ws, T (5)
CompartmentVI g1+ X5 — Xg — Wey T (6)
Compartment VII  : Xg— X7 — Wy, T (7
Compartment VI : X;— Pgi— W, T (8)
Efficiency Equations

Peeled cassava production (a;)

X; Peeled Cassava
A1 T T o e e 9)

I;; Cassava Tuber

Peel waste resulting from stripping cassava is 12% (Chavalparit and Ongwandee 2009; Kosugi et al. 2008; Grace
1997). This means 88% is peeled cassava; the value of a; is 0.88.
Peel waste volume (a)

Wi, Peel

B Ii1 + 115 " Cassava Tuber + Added Water

a,

According to Chavalparit and Ongwandee (2009), cassava peel generated was 0.38 tons from 5.4 tons of water input
and 4.21 tons of cassava input. The percentage of cassava peel generated is 4% of the water and cassava input; the
value of a, is 0.04.

Grated cassava production (az)

X;  Grated Cassava
a = —————————
X, Cassava Chip

According to Fauzi et al. (2008), the process of cassava stripping contained the remains of scattered cassava which
is 2 kg out of a total of 80 kg of the cutting process. The percentage of grated cassava is 98% of chopped cassava,
the value of azis 0.98.
The first extraction process (a4)

X, Pulped Cassava

X3+ 14 " Grated Cassava + Added Water

a4:
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According to Sriroth et al. (2000), the cassava pulp produced by the 1% extraction was 856.33 tons of 2,126.95 tons
of grated cassava and 1,362.18 of water input. The percentage of extraction of cassava in the first extraction is 25%
of grated cassava plus water input; the value of as is 0.25.
The second extraction process (as)

X5 Cassava Slurry of Second Extraction

as:X4 + 154 ~ Grated Cassava + Added Water

According to Srinophakun et al. (2000), cassava slurry production of the 2" extraction was 16.12 tons from cassava
pulp production of the 1% extraction of 52.49 tonnes and water input of 1.65 tons. The percentage of cassava slurry
in the second extraction station was 28% of the cassava pulp produced by the 1%extraction plus water input, the vaue
of asis 0.28.
Separation process (as)

Xe Separated Cassava Slurry

46~ X5 + g1 " Cassava Slurry of second Ectraction + Added Water

According to Sriroth et al. (2000), cassava slurry results from the separation is 592.37 ton from 2,025.43 ton of the
cassava in the second extraction and water input of 260 tons. The percentage of cassava slurry resulting from the
separation was 26% from the 2" extraction plus water input; the value of a; is 0.26.
Dewatering process (a;)

X5 Wet Starch

X6 B Separated Cassava Slurry

The resulting wet starch was 380.24 ton out of 592.37 ton separating cassava pulp. The percentage of wet starch is

64% of the separated cassava pulp (Sriroth et al. 2000), the value of ag is 0.64.

Tapioca production(ag)
Py; Tapioca

a T
8 X, WetTapioca

Tapioca produced was 245.29 ton of wet starch of 380.24 ton. The percentage of tapioca produced is 64%
(Chavalparit and Ongwandee 2009; Srinophakun et al. 2000; Sriroth 2000), the value of ag is 0.64. Tabel 3
summarises the value of the equation efficiency.

Result and Discussion:-

Mass Balance Model

The mass balance model was developed following compartments and sub-compartments that describe
machines/processes at each station, so that the details of mass changes will be seen more clearly and detail. The
model calculates a yield of 32% which is higher than Garbalet al. (2012) and Rahmatulet al. (2013) as much as 20-
30% and larger than factory actual data. The yield difference is caused by a more detailed and complex mass flow,
so the model is more accurate and consistent. This detailed calculation reduces output that is not identified, so that
mass flow has a system efficiency of 100%. This better yield is due to the looping system on the remaining scattered
cassava (W,;) in Compartment 3, which is brought back to the cutting process (Compartment 2). At this level of
yielding the amount of stockpile produced is 53.5%. The mass flows of tapioca production is shown at Figure 3.

Table 3:-Eficiency factor values

Symbol Value References
a; 0.90 Chavalparit dan Ongwandee (2009) ;Kosugiet al.(2008); Grace (1977)
a, 0.04 Chavalparit dan Ongwandee (2009)
a3 0.98 Fauzi et al.(2008)
3, 0.20 Srinophakun et al.(2000)
as 0.28 Srinophakun et al.(2000)
as 0.26 Sriroth et al.(2000)
a7 0.64 Sriroth et al. (2000)
ag 0.64 Chavalparit dan Ongwandee (2009); Srinophakun et al. (2000); Sriroth et al. (2000)
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Figure 3;-Material flows of tapioca production — the model output (symbols description in Table 2)

Energy and Water Potency of the Wastes

Stockpile, cassava peel, wastewater and evaporated water are the outputs of the cassava processing into tapioca with
a considerable amount. The biomass (except water) contains energy so that they can be used as energy sources. Most
tapioca factories in Indonesia only use stockpile and peels as a mixture of animal feed or processed into ethanol and
biogas (Yu and Tao 2008; Okudoh 2014).

Stockpile (fiber) can be used as an alternative energy source because it contains high carbohydrate and fiber
compounds. Composition of stockpile constituent consists of carbohydrates (68.30 - 67.93%), protein (1.70 -
1.45%), fats (0.22 - 0.30%), fiber (9.42 - 10.54%) and water (19.70 - 20.20%) (Nurhasanah and Pramuddyanto
1993). It contains 50-60% starch on a dry basis and 60-70% moisture content (Panichnumsin et al. 2010; Sriroth et
al. 2000; Pandey et al. 2000). According to Weerachanchai et al. (2011) the calories contained in stockpile is 15 MJ
per kg, whereas according to Tung and Steinbrecht (2008) is 15.9 MJ per kg.

According to Balogun and Bawa (1997), cassava peels have a calorie of 19.1 MJ/kg. The chemical and nutritional
components of cassava peels per 100 g are 8.11 g protein, 15.2 g crude fiber, 0.22 g pectin, 1.29 g fat and 0.63 g
calcium (Rukmana 1997). High calorific value of stockpile and cassava peel can be burned on the steam boiler. The
efficiency of using stockpile for furnace and boiler equipment is around 76.83% (Bora and Nakkeeran 2014).

A Boiler generates steam at very high pressures and temperature. High pressure steam is used to drive the turbine in
the generator so that it can generate electricity. Wolowicz et al. (2012) stated that the efficiency of electrical and
thermal energy conversion using steam turbine co-generation condensation could reach 43.5%. The electrical energy
produced is used to supply the electricity needs of the tapioca production process. Calculation of potential by-
products can be seen in Table 4 using equation: Energy potential (kcal) = Mass x Calorific value.

Table 4:-Calorific value of tapioca wastes (1,000 ton cassava/day)

Wastes Mass (ton) | Calorific Value (kcal/kg) | Energy Potency (kcal) | References

Cassava peel 117 707 82,719,000 | Devendra 1977
Stockpile (dry basis) 533.4 2,484 1,324,995,408 | Khempaka et al. 2009
Total 1,407,714,408

In the tapioca industry, electricity is needed for the process of producing tapioca. This process consists of cutting,
cassava slurry separation process and dewatering process. The closed system model in the tapioca industry is an
expression of self-reliance to meet energy without external input other than raw material and water input. Energy
obtained from by-products is reused to meet electrical energy needs during the production process. By-products are
converted into heat energy by the steam turbine system. Stockpile and peel are burned directly to produce steam
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used in turbines to produce electrical energy. In theoretical calculations, the electrical energy produced from
stockpile and peel is 11,734.82 kWh per day (Table 5).

In tapioca production, water is one of the important input materials. Mulyanto and Titiresmi (2008) stated that in the
process of producing tapioca needs 7 m® of water per 1 ton of cassava. Another opinion, Mai (2006) stated that the
water requirement is 10-30 m*, a more water used in the washing process will improve the quality of flour produced.
The water needs can be reduced by reprocessing wastewater during the production process.

In addition to producing stockpiles and peels, the tapioca production generates wastewater containing nutrients
(nitrogen, carbon, phosphorus, potassium, calcium, magnesium, sulfur, zinc, manganese, copper, iron and sodium)
(Kurniawan 2009, Ubalua 2007 ) so that if it is discharged into public waters without processing, it will cause water
pollution, which in turn will endanger aquatic biota and cause unpleasant odor. To minimize the risk of water
pollution, many tapioca industries apply Wastewater Treatment Plant (WWTP).

Biogas production technology has been applied to tapioca wastewater treatment plants. Wastewater treatment for a
capacity of 150 m® produces 485.4 m® of biogas per day. It can be assumed that every 1 m® of wastewater produces
3.2 m® of biogas. From the results of biogas analysis, it is estimated that every 1 m* of wastewater can produce 1.88
m? of methane gas (Wintolo and Isdiyanto 2011). Based on the results of measurements of gas emissions in the
anaerobic pond of tapioca industry shows that every one ton of cassava can produce 24.4 m® of biogas or 14.6-15.8
m?® (60 - 70%) of methane per ton of cassava and has a calorific value of 5,200-5,900 kcal/m® (Adelekan and
Bamgboye 2009, Haryati 2006, Indarto 2010).

The by-products in the form wastewater can generate electrical energy of 22,774 kWh (Table 6). However, the
efficiency of gas generator is 35% (Wibowo 2016). Therefore, the electrical energy that can be produced from
wastewater is 7,971 kWh. When added to the energy surplus from stockpile and cassava peels, a surplus of
19,705.84 kWh per day is obtained.
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Table 5:-Biomass to electrical energy conversion (factory capacity 1,000 ton cassava /day)

Parameter Units Total
Stockpile (dry basis) ton/day 533.4
Cassava peel ton/day 117
Energy Content
Stockpile kcal/kg 2,484°
Cassava peel kcal/kg 707°
Total Energy
Stockpile kcal 1,324,995,408
Cassava peel kcal 82,719,000
Total kcal 1,407,714,408
Heat requirement
1 kg steam at 30 Bar & saturated temperature | kcal/kg | 669.93
Steam generated
Steam from stock pile energy kg/day 1,977,811
Steam from cassava peel energy kg/day 123,474
Total kg/day 2,101,285
Average boiler efficiency % 76.83°
Actual steam
From stock pile energy kg/day 1,519,553
From cassava peel energy kg/day 94,865
Total generated steam kg/day 1,614,418
kgls 18.7
Power Generation
Steam turbine conversion kgls 61°
Turbine efficiency % 43.5°
Turbine power kWh 833,000°
Electricity output kW/day 110,996
Electricity requirement kW/day 99,261°
Surplus kW/day 11,735

*Balogun dan Bawa 1997; "Tung dan Steinbrecht (2008)
“Bora dan Nakkeeran (2014); “Wolowicz et al.(2012)

¢Jekayinfa dan Olajide (2007)

Table 6:-Conversion of wastewater to electrical generation

Waste Mass (ton)?

Biogas Potency (m®)

Methane Potency (m®) | Electrical Power (kW)

Wastewater 4,825

15,440

9,110 7,971

Capacity of factory is 1,000 ton cassava per day

In addition to wastewater, processing cassava into tapioca produces water favour from dewatering station and
pressing stockpile which when condensed can produce water. The water can be reused to meet the needs in
processing cassava into tapioca. The source of water favour and its mass are presented in Table 7.

Table 7:-Evaporated water in tapioca production

Source Mass (ton)
Stockpile pressing 2,074
Dewatering 278

Total 2,353

Note: factory capacity of 1,000 ton cassava/day

According to Table 7, the total of evaporated water only 32% meets the water demand of the industry from a total of
7,400 ton of water. If 2,353 ton of water were channeled into the extraction station, which requires 2,250 tons of
water, then there were an excess of 103 ton of water that can be channeled into the separation station. Utilization of
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evaporated water requires a cool and filtering process to be clean water raw material and does not affect the tapioca
production process (Figure 4).

Peeling and
Washing

I

Cutting and
Crushing

l 2,074 ton
‘ Dewatering }—,
l 278 ton

‘ Separation F 103 ton

Figure 4:-Water reuse diagram

Closed Production Sytem of Tapioca Industry

The tapioca production system produces by-products in the form of water vapor, stockpile, wastewater, and cassava
peel. The by-products which still contain energy such as peel and stockpile can be reused as energy sources, but not
all by-products can be reused due to high water content.

Water vapor produced from the drying process is collected by the condenser to produce water which can be reused
as water input in the extraction and separation processes. Wastewater generated from the washing process,
separation and dewatering can be reused to generate biogas that is converted into electrical energy. A closed
production system of tapioca industry is shown in Figure 5, where all by-products are reused.

Conclusion and Recommendation:-

Conclusion

The mass balance model can describe the real situation in tapioca factories. The results of water vapor can be reused
as a water source at extraction and separation stations. Energy potential is obtained from wastes including peel,
stockpile and wastewater. In tapioca industry with a capacity of 1,000 tons of cassava per day, it produces 117 ton of
cassava peel, 533.4 ton of stockpile, and 4,825 ton of wastewater. Stockpile and peel can produce electrical energy
equal to 110,996 kWh per day. Wastewater can produce electrical energy of 7,971 kWh per day. The plant's
electricity needs are 99,261 kWh per day, so the tapioca industry can be independent of energy and there is still an
electricity surplus of 19,706 kWh per day. The independent energy production model can be developed into tapioca
industrial production systems that are energy independent and therefore can be developed into a closed production
systems industry.

Cassava — o Peeling | — Crushing }——= Extraction Separation

Wet
Stockpile
-—

Water

'
'
'
'
'
H

-
Dry Wastewater « pavour H
Stockpile Biogas Tan '
Wastewater '
— '
'
Water «——| condenser|=— '
Watgr H

pavour

Wastewater

Tapioca «— Screening Drying te—— Dewatering

—*" Materialflows
--+. Energy flows

Figure 5:-A closed production system of tapioca industry
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Recommendation:-

Further research in implementing this system needs to be done to adjust energy needs with various process
technologies. This adjustment needs to be done because each industry has different machine operations and
specifications so that energy requirements will also be different.
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