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Abstract

The problem discussed in this article is related to manufacturing activities that use styrofoam plastic materials as
packaging for electronic goods that have the potential to damage the environment. Material innovation from
National natural resources is needed to overcome it. The replacement of synthetic materials with rice husk
material as manufacturing raw materials is used as a keyword in an effort to minimize the impact of
environmental pollution. The study used a trial method of making new material substitutions for the
development of green manufacturing. Modeling and testing of chaff material for styrofoam substitutes as
packaging for manufactured goods has been successfully carried out with a research performance level of 95%.
The resulting husk model has physical characteristics that are close to those of Styrofoam, namely A4+ T + Ps+
W + t;. model. Micro-biologically, the husk material is easily broken down in the soil so that this material does
not disturb the living environment when it becomes trash. While styrofoam material is not decomposed by

micro-organisms in the soil, so that the husk material can be used as a substitute for styrofoam plastic materials.

Keywords: husk, styrofoam, environmentally friendly, manufacturing, renewable material, substitution.

1. Introduction

Often found in electronic packaging materials in the packaging box using Styrofoam synthetic material or
other designation is styrene. The physical-chemical properties of biology of Styrofoam synthetic materials are
not easily degraded by micro-organisms, so that when the material is disposed of into waste, it will have
implications for the damage to the soil, water, air and environmental health [1, 2]. The global community refuses
to buy all products that still contain styrofoam material, even though the presence of this synthetic material only
functions as an electronic tool clamp in its packaging. Polystyrene is styrofoam which functions as an ingredient
to increase storage time and temperature, so this material is widely used as food packaging [3, 4]. This study
aims at long-term to realize an operational system of sustainable manufacturing that utilizes renewable natural
resources and produces goods products that can be accepted by global consumers and post-use products that do
not pollute the environment. The medium term goal is to direct business people to take responsibility for the
products they produce, and to be responsible for the natural resources that they use as inputs for their activities.
The short-term goal of this research is to design a model of renewable material substitution within the framework
of sustainable manufacturing development. The research target is to utilize renewable natural resources in every
manufacturing activity to produce goods that are environmentally friendly and do not damage the order of
availability of raw materials from natural resources. The introduction of sustainability into products and process
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development, regarding the environment, economy and society, has forced manufacturing companies to move
directly towards the production of sustainable, durable products [5, 7]. Sustainable manufacturing has received
great attention in recent years as an effective solution to support sustainable manufacturing growth and
expansion [6, 7]. Polystyrene plastic products contain a variety of compounds with low molecular mass,
including monomer and oligomer polymerization residues, solvent-related chemical residues, and various
additives. which is currently widely used as a food container [8, 10]. There are many toxic compounds in
Polystyrene based products, and the most commonly found are benzaldehyde, styrene, benzene, ethylbenzene
and tetradecane [9, 10]. The advantages of Styrofoam as a manufacturing product packaging include parameters
of physical strength, modulus of elasticity, density, defense, and heat temperature that can be adjusted in the
production process. This material can be adapted to the physical properties needed by the industrial world, and
can be purchased in bulk and at low prices. However, the use of Styrofoam plastic plastics is a negative effect on
the environment where waste can damage the environment, and uses non-renewable natural resources that are
accessible to drain natural resources [11, 12]. Soluble polystyrene in several solvents such as benzene, toluene,
xylene, tetrahydrofuran, chloroform, 1,3-butanadiol, 2-butanol, linalool, geraniol, d-limonene, p-cymene,
terpinene, phellandrene, terpineol, menthol, eucalyptol, cinnamaldheyde, nitrobenzene, N, N-dimethylformamide
and water. This solvent action does not cause degradation of the polymer chain. Solubility of the polymer in this
case solvents at different temperatures has been investigated. Solvents can be easily recycled by distillation [13,
8]. Research has shown that to develop green process constituents of essential oils, dlimonene, p-cymene,

terpinene, phellandrene, is the most appropriate solvent [8, 14].

2. Literature Review

2.1 Husk as Agricultural Industrial Waste

Rice husk is a hard protective cover of rice grains, and is a by-product of rice production. The skin is made
of hard ingredients, including opaline silica and lignin to protect seeds during the growing season. This
economically valuable agricultural waste product is a great source of silica and has many comprehensive
applications [15, 16]. About 20% of the total weight of rice is husk which consists of components of silica and
lignin. Rice husks can be recycled to produce high-value environmentally friendly materials, such as silicon (Si),
silica (SiOy), silicon carbide (SiC), silicon nitride (SizN,) and graphene (G) [6, 17, 18]. The main inorganic
components are SiO, (80%), and minor inorganic constituents include alumina (3.93%), sulfur trioxide (0.78%),
iron oxide (0.41%), calcium oxide (3.84%), magnesium oxide (0.25%), sodium oxide (0.67%), and potassium
oxide (1.45%) [17, 18]. Carbonized rice husks are formed by incomplete combustion results and can be used as
plant media and fertilizers, and can be used as activated carbon absorbing water pollutants, but can cause serious
problems related to environmental health and human health, due to high air pollutants. in a landfill [19, 20]. Rice
husk and rice husk ash as potential adsorbents, the advantage of using rice husk derivatives as biosorbents /
adsorbents / sorbents is their biodegradability and good adsorption properties, which are caused by
morphological factors and surface functional groups [17, 21, 22]. Activated carbon rice husks can be used to
absorb various types of heavy metals in wastewater such as lead, cadmium, zeng, so that it can clear up industrial

wastewater [16, 23]. The form of raw rice husks and modifications has been very effective in removing heavy
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metals after being tested in experiments by changing parameters such as Initial pH, dose, temperature and
concentration [15, 18]. Rice husk which is considered a waste has a high content of silicon and has a large
potential to be activated carbon. Carbonization is carried out using carbonizers with the production of carbon-
rich precursors through pyrolysis of rice husks in an inert atmosphere. The results show an important
contribution to the use of carbon materials, providing direct evidence of the permanence of activated carbon Na
+ sodium ions. Research shows that the use of carbonized rice husks in water purification is fast, efficient and
economically feasible [17, 18, 24]. Rice husks can be used as value-added materials for domestic and industrial
processing such as preparing valuable silicon-based materials, cement, as a source of pet food fiber and as source
of dietary fiber, preparation of activated carbon, refractory industry, polymers, rubber, sorbent sorbents for waste
water treatment, in bioethanol production, to control insect pests in stored food items, ceramics industry, and
biosynthesis of nano silica particles [18, 20, 21, 25]. Rice husk is widely used and found in rice-producing
countries such as China and India which contribute 33% and 22% of their respective global rice production, such
as by-products from rice mills. The content of husks ranges from 16-25% of all rice. The composition of the
husk material was hemicellulose 24.3%, cellulose 34.4%, lignin 19.2%, ash 18.85%, and other trace elements
3.25%. Hemicellulose is used as a source of activated carbon, xylose and silicon dioxide. Husk ash is the main
element component as Carbon 37.05%, Hydrogen 8.80%, Nitrogen 11.06%, Silicon 9.01% and Oxygen 35.03%.
Rice husk has a mass density of 96-100 kg / m3, hardness (Mohr scale) 5-6, ash 22.29%, Oxygen 31-37%,
Nitrogen 0.23-0.32%, Sulfur 0.04-0, 08%, hydrogen 4-5%. RH composition depends on many factors such as
rice varieties, types of fertilizer used, soil chemistry, and even geographical localization of production [6, 18, 21,
26]. Around 108 tons of rice husk are produced every year in the world, it is observed that agricultural waste can
be converted into viable products, economically profitable and also for future use in nanotechnology [27]. The
husks produced during grinding are mostly used as fuel in boilers to process rice, produce energy through direct
combustion and / or by gasification. This husk ash is a major environmental threat that causes damage to the soil
and surrounding areas where it is removed. Many ways are considered to dispose of it by using it as a filler for
concrete and board production, silica roofing material, absorbing oil spilled on the sea, accelerating or slowing
down soil drainage, breaking up soil, improving soil structure and soil mineral enrichment [19, 21, 25, 28]. Rice
husk is used as a fuel for the power generation industry that has special characteristics that make it easy to use as
an energy source; the average calorific value of 3410 K Cal / kg, 1 ton of rice can produce 220 kg of rice husk,
and rice husk is easily collected at very low costs [17, 23]. Some uses of chaff material in several industries are:
i) as reinforcement of elastomeric products such as shoe soles, ii) reinforcement of silicone rubber, iii)
reinforcing material in tires, iv) in compound sheaths for cables, v) adhesive constituents for binding
unvulcanized rubber with textiles or steel tire straps, vi) in thermoplastics which are used to act as anti-blocking
agents and to prevent the effect of plates on production films and films, vii) to improve the mechanical properties
of PVC floors, viii) as silica carriers for ingredients and as free flow substances for powder formulations,
especially of hygroscopic and adhesive substances, ix) as adsorbents, x) in toothpastes to control rheological
properties and as cleaning agents, xi) silica end what is hydrophobic is used in the antifoaming effect of silicon
mineral oil and oil, xii) beer purification and stabilization, xiii) blood analysis, xiv) cosmetics, xv) food industry
as an anti-caking agent, xvi) silica gel specially prepared from silica is used to make thermal insulation material,
Xvii) as a moisture-lowering agent for air and other gases [22, 23, 25].
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2.2 Styrofoam, Benefits and Mudhorat

Styrofoam refers to expanded polystyrene commonly used for food and beverage containers such as
disposable cups and boxes, or packaging materials in containers. Due to the low recycling rate, polystyrene has
polluted the environment, causing serious problems that pose a threat to wildlife and human health [8, 10]. There
are 30 different compounds in Polystyrene-based products examined; the most commonly found are
benzaldehyde, pentadecane, tetradecane, ethylbenzene, cumene, isocumene, acetophenone, 1,3-diphenylpropane,
and styrene. [8, 9]. Expanded Polystyrene (EPS) materials derived from crude oil refining processes and 100%
can be recycled into alternative construction materials. EPS buildings are fast built, cost effective and have
thermal characteristics suitable for areas with extreme weather conditions [9, 29]. The accumulation of electronic
waste has increased tremendously and from various plastics, resinsusi is one of the waste materials disposed of
in electronic machinery [30]. Several innovative construction materials and technologies are being introduced to
facilitate unique modular designs, reduction of workforce, reduced depletion of consumable material, savings in
time and funds. One of these materials is expanded polystyrene [9]. The introduction of advanced plastic
materials and specifically expanded polystyrene building technology in the Nigerian construction industry will
be a very useful and brilliant initiative that will help reduce construction costs and facilitate access to affordable
homes for the masses [31]. Styrofoam is widely used in manufacturing, as packaging materials, construction
materials, and in household appliances [2, 9]. Instead, their waste has a disruptive environmental effect. The
solution is to reuse it as an effective product and use it to improve the performance of hot mixed asphalt, chronic
toxicity tests on styrofoam waste were not found to have toxic effects on the number of deaths and reproduction
of algae after 96 hours of exposure despite seven days of exposure increasing their mortality [10]. One of the
efforts to overcome environmental pollution by manufacturing industry activities in Kenya, polystyrene plastic
waste has been used to make house roof building materials [29]. The same thing was stated that the use of
Styrofoam waste as a supporting material for building houses has been realized in Nigeria [31]. Several
innovative construction materials and technologies were introduced to facilitate unique modular design,
reduction of workforce, reduction of irreversible material depletion, saving time and funds [9]. One such
material is expanded polystirene. The introduction of advanced plastic materials and specifically the expanded
polystyrene building technology in the Nigerian construction industry has become a very useful and brilliant
initiative that can help reduce construction costs. Styrofoam industrial waste used in its research is used to
produce concrete with a light weight and good resistance to seepage, and the research findings reveal that
polystyrene material has good strength potential in building construction [12]. The accumulation of electronic
waste has increased enormously from various types of plastic including polystyrene which comes from the
packaging of electronic goods products [30]. Biodegradation of environmentally friendly plastic waste has
significant relevance because of the adverse effects of chemical and oil degradation. Suppressing concerns about
product and process sustainability has forced manufacturing to transition from making economic-based decisions
solely to imagining more holistic goals that include economic, environmental and social perspectives [32]. A
myriad of research in this field focuses on creating opportunities that will minimize, if not eliminate, the impact
of manufacturing activities on the natural environment and society. Sustainable manufacturing practices are
traditionally viewed by companies as a burden and thus reduce the opportunities for profit and efficiency of the
company, however, reducing operating costs and increasing employee satisfaction are benefits of the company

when the initiative successfully implemented [33]. It is recommended to conduct learning comparisons to ensure
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significant differences between companies in implementing sustainable manufacturing practices [4]. In the
manufacturing context, creating sustainable value requires system-level products, processes and innovations to
enable the flow of adjacent closed-loop material in several life cycles; also requires understanding the complex
interactions of the socio-technical system with the natural environment for the synthesis that emerges so that
sustainable value creation can occur harmoniously and sustainably. Innovative sustainable manufacturing can be
the engine for sustainable growth by not only promoting economic growth, but also enabling social welfare and
environmentally conscious practices. Creating value through sustainable manufacturing will require innovation
in the product, process and system level throughout the total life cycle and through several life cycles, and
presents a system model for the new green manufacturing paradigm [34]. This model captures various planning
activities to migrate from less green to greener and more environmentally friendly manufactures. The proposed
model is a comprehensive qualitative approach for designing and / or improving green manufacturing systems
and road maps for future quantitative research to better evaluate this new paradigm. Styrofoam is widely used by
industry and manufacturing as packaging materials, construction materials, and for furniture in the household,
instead their waste has a disruptive environmental effect [2, 9]. The solution is to reuse it as an effective product
and use it to improve the performance of hot mixed asphalt. Chronic toxicity tests on styrofoam waste were not
found to have toxic effects on the number of deaths and reproduction of algae after 96 hours of exposure despite
seven days of exposure increasing their mortality rate [10]. One of the efforts to overcome environmental
pollution by manufacturing industry activities in Kenya, polystyrene plastic waste has been used to manufacture
roof-top building materials [29]. The same thing is stated that the use of Styrofoam waste as a supporting
material for building houses has been realized in Nigeria [31]. Some innovative construction materials and
technologies introduced support unique modular designs, reduced workforce, reduced use of materials that
cannot be updated, save time and costs. One of these materials is the development of the use of polystyrene
waste. The introduction of advanced plastic materials and specifically the technology of polystyrene buildings
developed in the Nigerian construction industry has become a very useful and brilliant initiative that can help
reduce construction costs. Styrofoam industrial waste has been applied in its research to produce concrete with a
light weight and good resistance to seepage. The results revealed that polystyrene material has good potential
strength in building construction [12, 29]. The accumulation of electronic waste has increased tremendously
from various types of plastic including polystyrene which comes from the packaging of electronic goods
products [2, 3, 9, 30]. Biodegradation of environmentally friendly plastic waste has significant relevance because
of the adverse effects of chemical and oil degradation [32, 33, 34]. Concerns about product and process
sustainability have forced manufacturing to move from purely economic-based decisions to more holistic goals
that includes economic, social, cultural and environmental perspectives, and a myriad of research in this field is
focused on creating opportunities that will minimize the negative impacts of manufacturing activities on the
natural environment and society. Sustainable manufacturing practices are traditionally considered by companies
to be a burden and reduce profit opportunities and in-efficiency of the company, however, the reduction in
operating costs and increased employee satisfaction is a benefit of the company when the initiative is
successfully implemented, and significant among companies in implementing sustainable manufacturing
practices [33, 36]. In the manufacturing context, creating sustainable value requires system-level products,
processes and innovations to enable the flow of close-loop material that is close together in several life cycles

[4]. It takes an understanding of complex interactions in the socio-technical system with the natural environment
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to bring about a synthesis so that sustainable value creation can occur harmoniously and sustainably. Innovative
sustainable manufacturing can be a driving force for sustainable economic growth, and not only promotes
economic growth, but also promotes increased social welfare and environmentally conscious practices. To
improve the degree of sustainable manufacturing, product innovation, processes, input systems and product
output are urgently needed throughout the life cycle level. The system model for the green manufacturing
paradigm, this model captures various planning activities to change from less green to greener and more
environmentally friendly manufacturing [34, 36]. The proposed model is a comprehensive qualitative approach
to design and enhance the value of a green manufacturing system and a roadmap for future quantitative research

to evaluate this new paradigm [35].

3. Methods

In the framework of decision support research methods for environmentally friendly manufacturing use
experimental methods [7]. This system approach considers three manufacturing components: technology, energy
and material, which can be used to improve manufacturing sustainability performance by reducing the source of
the environmental impact of manufacturing activities or the material produced produces a technological product
that is not in accordance with the plan or technological error occurs, then the redesign is immediately carried out
and the testing of raw materials used in the production process is carried out [34]. The experimental design

method using a complete block design is presented in the table in below.

Tabel 1. Experiment Matrix of Husk Model:

A T+Pi+WH+ty T+P,+W+1t T+P;+ W+t

A 1 2 3

A, 10 11 12

A 19 20 21

A, 28 29 30
T+Pi+WH+t, T+P,+WH+t, T+Ps+ W+t

A 4 5 6

A, 13 14 15

Az 22 23 24

Ay 31 32 33
T+Pi+WH+t; T+P,+WH+t; T+P3+ W+t

A 7 8 9

A, 16 17 18

Az 25 26 27

Ay 34 35 36
T+P+WH+iy T+P,+ W+t T+P;+ W+t

A 37 38 39

A; 46 a7 48

Az 55 56 57

A, 64 65 66
T+P+W+ts T+P,+W+tsg T+Ps+ W+t

A 40 41 42

A; 49 50 51

Az 58 59 60

Ay 67 68 69
T+P+WH+ts T+P,+ W+t T+Ps+ W+t

A 43 44 45

A; 52 53 54
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Az 61 62 63
Ay 70 71 72

The experiment design notation with variations of the Husk Model research experiment:

Adhesive (A): 4 Heavy variations on husk material (A; = 25%, A, = 50%, Az = 75%, A, = 100%)
Pressure (P) : 3 variations (P = 15 kg/cm?, P, = 10 kg/ cm?, P; = 5 kg/ cm?)

Time (t) : 6 variations (t; = 30°, t, = 60’, t3 = 90, t, = 120°, ts = 150°, t = 180”)

Temperature (T) : 1 x 250°C

Water (W) : 300 cc

Poo0ow

PRGN

Figure 1. Waste husks in rice mills

Figure 1 shows the source of husk material for this study taken from a rice mill located in Tambak Baya Village,
Cibadak District, Lebak Regency. Banten Province.

N

e 4

i
Figure 2. Styrofoam plastic waste

Figure 2 shows Styrofoam plastic waste from electronic goods stores that are piled up with domestic waste in the

Bintaro area of Ciputat Sub-District, South Tangerang City, Banten Province.

4. Result and discussion

4.1. Renewable Material

Renewable materials are materials that can renew themselves naturally such as vegetation and animals.
Vegetation material used by manufacturing is cotton or cotton material to be produced into yarn, cloth, clothes,
shoes, bags, jackets, belts and so on. Animal-sourced materials such as cow leather for footwear, shoes, bags,

jackets, belts and so on. Renewable material is a natural resource that can be renewed by itself naturally, and is a
7
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material that has never been used before for various manufacturing needs. The substitute for diesel fuel from
vegetation is palm oil, known as bio-fuel. Vegetation is one of the types of vegetation that can be used as
renewable material in this study is chaff, where these natural resources can be used as basic material to replace
synthetic materials that have been used by manufacturers to be used as part of packaging electronic products
(packaging). Waste husk vegetation is a material obtained shortly after rice is harvested, often used to make
animal feed, plant media. Some countries have developed the use of husk waste into bio-products such as;
fertilizer, fodder, bio-chemicals, paper, handicraft products and so on [21, 25, 28].

Rice husk is a renewable material that has a high silicon content and can be used as a substitute for styrene
material in the packaging of electronic items in its packaging [24]. Important contributions of chaff material in
industry are the physical and chemical properties and potential utilization of chaff material for various industrial
and community needs, namely the value of recycling in industrial products that generally use polystyrene plastic
material [17, 18, 25]. Rice husks can be used as value-added materials for domestic and silicon-based industrial
processing such as cleaning agents, animal feed ingredients, activated carbon materials, vibration absorbing
materials, heat resistants, polymers, rubber, waste water pollutant absorbers, bioethanol raw materials, for storing
goods, ceramic industries, and nano silica materials [18, 20, 21, 25]. Rice husk contains hemicellulose material
24.3%, cellulose 34.4%, lignin 19.2%, ash 18.85%, and trace elements other 3.25%. Rice husk has a mass
density of 96-100 kg / m®, hardness (Mohr scale) 5-6, ash 22.29%, Oxygen 31-37%, Nitrogen 0.23-0.32%,
Sulfur 0.04-0.08%, Hydrogen 4-5% [18, 21, 26].

4.2. Manufacture Systems

Material cycle and energy flow in manufacturing systems can be analogous to the interaction of
manufacturing systems with the surrounding natural environment system or referred to as manufacturing
metabolism [28, 38]. Manufacturer metabolism is the same as metabolism in the human body where there is raw
material (food), process (digestion), product (work) and entropy (loss in the form of dirt or waste). the physical
process that converts raw materials, energy and labor into final products and waste [36, 37]. Factor in labor
output the production process and product output for consumers to act as human components can be used as a
tool to control the stability of the production process in manuf activities environmentally friendly acting. The
word "metabolism" refers to the internal processes of living organisms needed to maintain and sustain life [34,
35]. There are many manufacturers that use Styrofoam material as the main raw material and supporting raw
materials in the production system. This system consists of input sub-systems, process sub-systems, output sub-
systems, and waste sub-systems [29, 31]. In the manufacture of metabolism that produces electronic rice cooker
goods, for example, the main raw material as an input sub-system is iron, zinc, plastic and heating capacitors [14,
36]. While the auxiliary materials for packaging use Styrofoam, paper, cardboard and plastic materials.
Regarding the manufacturing sustainability system, the use of styrofoam materials is something that has been
prohibited for use by environmental protection agencies (EPA) because products that use this material can cause

environmental pollution [33, 35].

4.3. Substitution of Material input in Manufacturing
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There are many electronic manufacturers who still use non-renewable natural resources such as Styrofoam
or styrene as additional raw materials for packaging electronic goods. The functions of styrofoam and styrene in
the packaging of electronic goods include; as sanitary napkins in television packaging, rice cookers, ovens,
dispensers, water pumping machines and other electronic goods packaging [28, 38]. Styrofoam substitutes used
in this study are rice husk. Rice husk is engineered to be a substitute for styrofoam material which is usually used
by electronic manufacturers as mentioned above. So that national manufacturing products are expected to meet
the demands of the global market community that is environmentally friendly, and manufacturing can be
developed into sustainable manufacturing [34, 36]. The researchers have succeeded in integrating the concept of
environmental management into two existing manufacturing strategy models. They first prove that
environmental factors are relevant for strategy making from the perspective of order criteria, qualification
criteria, and choice process considerations and subsequent bidding on four built-in work agreements developing
and integrating manufacturing strategies into strategies that try to integrate issues- environmental issues into a
strategy perspective, including manufacturing that is integrated with computers, adds high additional production,
saves resources, preserves the production environment, and complies with social production will be an important

strategy for manufacturing companies [14, 36, 37].

4.4. Making Process in Husk Model
Next below is the order of the process of making chaff material models to substitute Styrofoam plastic

materials which are generally used for manufacturing packaging in manufacturing industries.

Compafison of Comparison of Results Drying Pfintihg

Results Results

Figure 3. Flow of the Husk Model Making Process

Figure 3 explains the flow of the process of making husk models to substitute Styrofoam plastic material,
namely; selecting, weighing, making molds, making dough, printing, drying, and comparing the results of

experiments with Styrofoam.
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Figure 4. Styrofoam plastic material

Figure 4 describes Styrofoam or styrene plastic material which will be replaced by natural materials.

o\

Figure 5. The husk material model

Figure 5 describes the natural material of this research product Husk to be used as a substitute for Styrofoam

which has been used by various industries and manufacturers.

5. Conclusion

The trial design of a model of renewable material substitution for sustainable manufacturing development
has been successfully carried out with a level of achievement of research performance of 95%. Models that have
physical characteristics that are close to the physical properties of Styrofoam material are A4 + T + P3 + W + t;
models. The smaller the amount of adhesive material in the experiment, the greater the probability of failure of
the research results. The model that failed in the experiment turned out to be able to be reused as the next
experimental raw material for making the same model. Husk material is easily broken down naturally by micro-
organisms in the soil so that this material becomes waste that will not disturb the living environment. While
Styrofoam material is not able to be decomposed by micro-organisms in the soil, so this material becomes waste
that can disrupt the living environment. Thus the Husk material model can be used as a substitute for Styrofoam

which is more environmentally friendly than the use of Styrofoam material itself.
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