£

ATLANTIS
PRESS

Advances in Social Science, Education and Humanities Research, volume 383

2nd International Conference on Social Science (ICSS 2019)

Cleaner Production Analysis in the Cassava Tape
Industry

Khoirul Hidayat

Department of Agroindustrial Technology
Trunojoyo University
Indonesia
irul ie@yahoo.co.id

M Fuad Fauzul Mu’tamar

Department of Agroindustrial Technology
Trunojoyo University
Indonesia
mfuadfm@gmail.com

Abstract—The purpose of this study was to obtain an alternative
application of the best clean production in the Bondowoso cassava
tape industry. The method used in this research is Analytical
Network Process (ANP) with the help of software decisions. The
results of determining the best alternative for implementing clean
production in cassava tape industry are biogas (0.28245), cassava
peel flour (0.21194), animal feed (0.18485), organic fertilizer
(0.16831), and cassava skin crackers ( 0.15245). So it can be
concluded that the alternative application of the best clean
production for cassava tape industry is biogas.
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I. INTRODUCTION

The manufacturing industry is experiencing rapid growth
which is causing social, economic and environmental
problems, including global warming and environmental
problems caused by waste disposal [1]. Waste is material
produced from the activities of the production process, both
household and industrial scale, etc. in the form of solid, liquid,
and gas, some of which are hazardous and toxic waste [2].

Cassava tape is one of the cassava processed food products
obtained by fermentation [3], [4]. Cassava Tape SMEs is a
fairly large tape industry in the city of Bondowoso and every
day produces considerable waste. Within 1 day, the industry
was able to produce 1 ton of tape with the amount of waste
produced namely 260 kg of cassava peel from the first
stripping process, 175 kg of cassava peel from the second
stripping process, 750 liters of used water to wash cassava
meat, and residual ash firewood from the boiling process.

Countries in the world have committed to paying more
attention to environmental aspects in reducing CO, and
reducing pollution from industries, such as the United States
Congress which has planned to reduce CO> pollution by 83%
by 2050 [5]. The Government of the Republic of Indonesia has
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issued Government Regulation No. 41 of 2015 concerning
Development of Industrial Resources, in Chapter 3 Article 19
paragraph 1 it is said that every industrial company and
industrial estate company must utilize natural resources
efficiently, environmentally friendly and sustainably. So that
each company in its production process is required to be
environmentally friendly. One step that can be taken by
companies to realize an environmentally friendly production
process is to apply cleaner production (CP) to the production
process.

United Nations Environment Programme (UNEP) defines
cleaner production as “The continuous application of an
integrated environmental strategy to processes, products and
services to increase efficiency and reduce risks to humans and
the environment” [6]. The National Productivity Council of
India describes clean production as a new and creative way of
thinking about products and processes. This was achieved
through the continuous application of strategies to reduce waste
formation and emissions. Furthermore, cleaner production is a
method of preventing waste in an industry [7]. This method is
widely used, because it can control environmental impacts
optimally [8].

Clean production is a strategy that can be applied by
companies to reduce environmental pollution and reduce
resource requirements and can increase company revenues [9].
Many studies show that cleaner production is an effective tool
for improving environmental performance of SMEs in several
countries such as milk processing SMEs [7], poultry
slaughterhouse [8], and fish processing [10]. Therefore it is
necessary to do research on alternative clean production in the
cassava tape industry.

II. METHOD

The method used in the selection of clean production
alternatives is the Analytical Network Process (ANP) method.
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Analytical Network Process (ANP) is a method that has the
ability to calculate dependencies between hierarchical elements
[11]-13]. This method is very suitable to be used to provide an
assessment of performance that has many decisions, which are
basically not able to be solved by the Analytical hierarchy
Process (AHP) method. [14].

This study uses three experts consisting of 1 person from
industry and 2 academics. According to [15] and [14] also uses
3 experts who have been experts in the field of research they
do.

III. RESULTS
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Figure 1. Balance of Mass Tape Production

Cassava peel waste and meat waste outside the cassava is
the most solid waste produced from the process of making
cassava tape. According to [4], [16] waste cassava peel and
waste meat outside the cassava can be processed into organic
fertilizer. Organic fertilizers are fertilizers which part or all of
their constituent materials come from organic materials such as
agricultural waste, livestock waste, or industrial waste that
processes agricultural products [17]. According to Koswara
(2009) cassava peel waste and meat waste outside the cassava
can also be processed into crackers. Crackers are one of the
dried foods made from ingredients containing starch and mixed
with flavoring ingredients such as shrimp or fish to improve the
quality of the taste. And according to [18] cassava peel waste
and meat waste outside the cassava can be processed into
biogas. Biogas technology is a technology that is easy to
implement because it has many sources of raw materials such
as livestock waste, agricultural waste, industrial waste that
processes agricultural products, or other materials that have
high organic content.

In addition to cassava peel waste and meat waste outside
the cassava, the process of making cassava tape also produces
other solid waste, which is the combustion residual ash. In the
tape industry, waste is usually discharged directly into the
fields to be used as fertilizer. According to Ekawati and
Purwanto, (2012) combustion residual ash containing
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potassium (K), calcium (Ca), and magnesium (Mg) and hasthe
potential to be used as a source of nutrients and as an
amendment to the soil. In addition to solid waste, the process of
making cassava tape also produces liquid waste, namely used
water washing cassava meat and the remaining water boiling
cassava meat which is thrown into the river.

The results of interviews that have been conducted found
several alternatives to processing waste into other products in
the tape industry. These alternatives are biogas, cassava peel
flour, cassava skin crackers, animal feed, and organic fertilizer.
The alternative is in accordance with the research[20].

Biogas is a gas mixture that is produced from anaerobic
fermentation process of organic materials by metaogenic
bacteria. Biogas can be used for various purposes such as
cooking, lighting, water pumps, boilers and other needs. The
content of bio gas is methane (CH4) around 60%-70% and
other gases such as carbon dioxide (CO;), hydrogen (H»),
oxygen (O>), hydrogen sulfide (H>S), and nitrogen (N) [21].

Flour is a product in the form of fine grains which in the
manufacturing process uses a grinding process [4]. The process
of making cassava flour from cassava peel waste and meat
from the outside of cassava starts from the washing process to
remove the dirt that adheres to the surface of the material.
Followed by a heating process (parboiling) in water with a
temperature of 900°C for 10 minutes. After that the copying
process is done. After draining, then the waste of cassava peel
and meat outside the cassava is dried. After drying, then the
waste of cassava peel and meat outside the cassava is mashed,
and the sifting process is carried out. If in the process of sifting,
cassava skin and meat outside the cassava are left unsealed,
then the cassava peel and flesh outside the cassava will be
smoothed again [4].

Crackers are one of the dried foods made from ingredients
containing starch and mixed with flavoring ingredients such as
shrimp or fish to improve the quality of the taste [4]. Before the
waste of cassava peel and meat from the outside of cassava is
processed into crackers, these wastes need to be converted into
flour first. The process of making cassava flour from the waste
of cassava peel and meat outside of cassava.

Cassava peel waste is an alternative animal feed that is
potential to be used because of its abundant availability [20].
According to Akhadiarto (2016) The process of makinganimal
feed with basic ingredients of cassava peel waste begins with
the process of washing and grinding. Then proceed with the
fermentation process and the fermentation process for 6 days at
300°C. Fermentation is done aerobically with the addition of
5% tape yeast.

According to Setiawan (2002) Organic fertilizer is a
fertilizer that has part or all of its constituent materials derived
from organic materials such as agricultural waste, livestock
waste, or industrial waste that processes agricultural products.
Organic fertilizers are very good for increasing soil fertility.
The content in organic fertilizer can improve the physical and
chemical properties of the soil so that the soil becomes more
fertile.

Determination of criteria and subcriteria is very important
to do because this will be a reference to determine alternative
clean production. These criteria and subcriteria are obtained
from previous research and through interviews with experts
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who are experts in their fields. The following are the results of
the identification of criteria and sub-criteria for this study :

Table 1. Identification Results of Criteria and Sub Criteria for Application of
Clean Production in the Tape Industry

Sub Criteria
Tool Needs, Building Needs, Machine Needs, Ease
of Operation Tools, Ease of Machine Operations,
Ease of Production Process
Cheap Investment Costs, Low Operational Costs,
Obtained Benefits, Product Selling Value
Environmental Capacity, Risk of Disruption to the
Community, Risk of Environmental Damage

Criteria
Technical aspects

Economic aspects

Environmental
aspects

Data processing uses the Analytical Network Process
(ANP) method requiring (network) between criteria, sub-
criteria, and alternatives so that the linkages between the three
are obtained. Network Analytical Network Process (ANP) for
this research can be seen in Figure 2. Below :
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Figure 2. Network of Analytical Network Process (ANP)

After all the criteria, sub-criteria, and alternatives are
known, then paired comparisons between criteria, sub-criteria,
and alternatives are made by comparing the value of
importance between criteria, sub-criteria, and alternatives to get
priority weight values from each criterion, sub-criteria , and
alternatives. According to Bayazit (2006) alternative rating
scale can be seen in Table 2.

Table 2. Alternative Weighting Rating Scale
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NUMBERS DEFINITION INFORMATION
1 Element A is as Two elements have the same
important as element B effect
3 Element A is slightly Assessments favor one element
more important than rather than the partner
element B
5 Element A is more Assessments strongly favor one

important than element

element compared to their

B partners

7 Element A is very One element is very well liked
clearly more important and practically dominates
than element B

9 Element A is absolutely One element proved to be
more important than absolutely preferred compared to
element B his partner

2,4,6,8 Middle values between This value is given if there is a

two values of the same correlation between two choices

decision

The order of priority weighting criteria for implementing
cleaner production alternatives in the tape industry is the
highest, namely the environmental aspects (0.65161), technical
aspects (0.17807), and economic aspects (0.17032). From the
sequence it can be concluded that the most important aspects to
consider between the three aspects are the environmental
aspects. This is because the main purpose of implementing a
clean production strategy in an industry is to reduce or even
eliminate the waste produced by the industry. Following is the
Analysis of Priority Weight of Sub Criteria:

1. Technical Aspects

The order of sub-criteria weighting results from the highest
for technical aspects, namely the ease of production process
(0.3573), machine requirements (0.25058), equipment
requirements (0.20217), machine operational ease (0.07135),
building needs (0.06132), and the operational ease of the tool
(0.05728). These results indicate that the most important sub
criteria to consider in technical aspects is the ease of the
production process. This is because the ease of the production
process process is a sub-criterion that has a major influence on
other sub-criteria in the technical aspects. Whenthe production
process that has to be done is simple, there is a possibility that
the machines and tools needed are small machines and tools
that are easy to use.

2. Economic Aspects

The order of sub-criteria weighting results from the highest
for economic aspects, namely benefits obtained (0.64760),
product selling value (0.24039), low investment costs
(0.06558), and low operational costs (0.04644). These results
indicate that the benefit sub-criteria obtained are the most
important sub criteria to consider in economic aspects. This is
because the purpose of each industry to implement clean
production is to get the maximum benefit from the application
of clean production, either in the form of increased profits or
savings in expenditure.

3. Environment Aspects

The order of sub-criteria weighting for the highest
environmental aspects is the risk of disruption to the
community (0.56746), the risk of environmental damage
(0.35748), and environmental capacity (0.07507). These results
indicate that the most important sub-criteria for environmental
aspects to consider are the sub-criteria for the risk ofdisruption
to the community.

Analysis of the Weight of Alternative Cleaner Production
Priorities:
1. Tool Needs

The sequence of weights from the highest for each
alternative in the sub criteria for tool requirements were
cassava peel flour (0.35599), organic fertilizer (0.27831),
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animal feed (0.1889), cassava skin crackers (0.09083), and
biogas (0.08598). From these results it can be concluded that
cassava peel flour is considered as an alternative that requires
the simplest or least equipment.
2. Building Needs

The order of weights from the highest for each alternative
in the sub criteria for building needs is biogas (0.57422),
cassava skin crackers (0.15647), animal feed (0.12659),
organic fertilizer (0.0734), and leather flour cassava (0,06932).
From these results it can be seen that the alternative that
requires the simplest or least building is biogas.
3. Machine Needs

The order of weight values from the highest for each
alternative in the sub criteria for machine needs are biogas
(0.61452), organic fertilizer (0.11047), animal feed (0.1076),
cassava skin crackers (0.09298), and leather flour cassava
(0.07443). From these results it can be seen that the alternative
that requires the simplest or least engine is biogas.
4. Equipment Operational

The order of weight values from the highest for each
alternative in the sub operational operational criteria are
cassava flour (0.36177), animal feed (0.2647), organic fertilizer
(0.19026), biogas (0.10132), and crackers cassava peel
(0.08196). From these results it can be concluded that the
easiest alternative in each operation of the tool is cassava flour.
5. Equipment Operational Easiness

The order of weight values from the highest for each
alternative on the machine operational ease sub criteria are
cassava peel flour (0.35092), animal feed (0.29498), organic
fertilizer (0.16591), biogas (0.10114), and crackers cassava
peel (0.08704). From these results it can be concluded that the
easiest alternative in the process of using the machine is
cassava peel flour.
6. Production Process Easiness

The order of weight values from the highest for each
alternative in the sub-process ease of production criteria are
cassava peel flour (0.34583), animal feed (0.29911), organic
fertilizer (0.14386), cassava skin crackers (0.10949), and
biogas (0.1017). From these results it can be concluded that the
alternative with the easiest or simplest production process is
cassava peel flour.
7. Low Investment Costs

The order of weight values from the highest for each
alternative in the sub criteria for low investment costs are
cassava peel flour (0.49804), animal feed (0.19479), organic
fertilizer (0.16884), cassava skin crackers (0.09626), and
biogas (0.04207). From these results it can be seen that the
alternative that requires the cheapest investment costs is
cassava peel flour.
8. Low Operational Costs

The order of weight values from the highest for each
alternative in the sub criteria for low operational costs are
cassava peel flour (0.47045), animal feed (0.23418), cassava
skin crackers (0.1057), organic fertilizer (0.0998), and biogas
(0.08988). From these results it can be concluded that the
alternative that requires the cheapest operational costs is
cassava peel flour.
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9. Benefits Obtained

The order of weight values from the highest for each
alternative in the sub-criteria of benefits obtained were biogas
(0.5523), animal feed (0.18852), cassava skin crackers
(0.11044), organic fertilizer (0.10178), and flour cassava peel
(0.04697). From these results it can be concluded that the
alternative that is considered to provide the highest benefit is
biogas.
10. Product Selling Value

The order of weight values from the highest for each
alternative in the sub criteria of product selling value are
cassava skin crackers (0.34321), biogas (0.31364), animal feed
(0.16722), cassava peel flour (0.09548), and organic fertilizer
(0.08044). From these results it can be concluded that the
alternative that has the highest selling value of the product is
cassava skin crackers.
11. Environmental Capacity

The order of weight values from the highest for each
alternative in the sub criteria of environmental capacity are
biogas (0.5577), organic fertilizer (0.22084), animal feed
(0.09446), cassava peel flour (0.09126), and crackers cassava
peel (0.03574). From these results it can be concluded that the
alternative that has the greatest capacity is biogas.
12. Risk of Community Disruptions

The order of the highest weight values for each alternative
on the sub-criteria for the risk of disruption to the community is
cassava skin crackers (0.28362), animal feed (0.22487),
cassava skin flour (0.18554), organic fertilizer (0.16596) and
biogas (0.14002). From these results it can be concluded that
the alternative that has the risk of giving interference to the
surrounding communities is cassava skin crackers.
13. Risk of Environmental Damage

The order of weight values from the highest for each
alternative on the sub-criteria of environmental damage risk
were biogas (0.51381), organic fertilizer (0.17461), cassava
skin flour (0.15491), cassava skin crackers (0.09045), and
animal feed (0.06621). From these results it can be concluded
that the alternative that has the risk of providing the least
damage to the environment is biogas.

Table 3. Weighting Results and Ranking of Each Cleaner Production
Alternative

Alternative Value Rank
Biogas 0.28245 1
Cassava Flour 0.21194 2
Animal feed 0.18485 3
Organic fertilizer 0.16831 4
Cassava Skin Crackers 0.15245 5

From Table 3. above, it can be seen that biogas is the main

choice in implementing clean production alternatives in the
cassava tape industry. The alternative ranking sequence of
those with the highest weight values is biogas (0.28245),
cassava peel flour (0.21194), animal feed (0.18485), organic
fertilizer (0.16831), and cassava skin crackers (0.15245 ).
In its application, biogas does not require large buildings, large
areas and machines. To produce biogas from residual
production waste, all that is needed is a tool, a processing unit
(digester). Processing unit (digester) is a tool or container that
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is used as a place to ferment residual industrial waste so that
biogas can be obtained [22].

IV. CONCLUSION

The results of determining the best product alternatives for

the application of clean production in the Three Stars SMEs
cassava tape industry using the Analytical Network Process
(ANP) method with the help of software super decisions from
those with the highest weight values namely biogas (0.28245),
cassava peel flour (0.21194 ), animal feed (0.18485), organic
fertilizer (0.16831), and cassava skin crackers (0.15245). So it
can be concluded that the alternative application of the best
clean production for cassava tape industry is biogas.
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