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Abstract. The coconut derivative industry continues to grow by diversifying the coconut processing industry. This is 
evident from the variety of post-harvest coconut processing both from food and non-food products. Especially for edible 
by-products based on coconut meat, they seemed to be prospective and have a high selling value, among others is the 
virgin coconut oil (VCO). VCO is a product of pure coconut oil that is beneficial for health, especially in increasing the 
body's immunity against various degenerative diseases, and can be used as raw materials for natural cosmetics with high 
economic value. The present study aims to produce a technology package for the processing of coconut fruit into VCO. 
As the initial stage of the VCO production is the process of breaking the coconut shell—which is the hardest part of a 
coconut fruit. Therefore, the shell breaker machine is developed in which it has several components, including: sprocket 
safety cover, capacitor, belt cover, electric motor as drive, switch on/off, coconut shell breaker sprocket, coconut shell 
breaker and breaker, gear box and screw adjuster. The capacity of the tool to break the coconut shell is 1 coconut per
minute. The driver uses a 1:50 gear box and an AC motor ¾ hp. This coconut shell breaker is designed by considering 
ergonomic and safety aspects for users. The output obtained from this study is a coconut shell breakdown tool where 
coconut shell can be peeled off so that the coconut meat is still intact and the coconut water is not wasted because it can
be used for the washing process in subsequent phase of this study.

INTRODUCTION

The dispersion of coconut plantations is evenly distributed throughout Indonesia, and specifically in the East 
Java region in which the distribution is 7.67% of the total coconut plantation in Indonesia. In the East Java region, 
coconut production has an area of 300 thousand ha and has reached its surplus, producing approximately 1.5 billion 
coconuts per year.[1] If the price of a coconut is Rp. 3,000, the economic value of the total coconut production in 
East Java will reach approximately Rp. 4.5 trillion. Meanwhile, the consumption of coconut in East Java is around 
30 coconuts per year per person, which if multiplied by the population of East Java (approximately 38 million), the 
result will be more than 1 billion coconuts per year. Therefore, there is a surplus of almost 500 million coconuts per 
year., which later are distributed to various regions in Indonesia while 77 thousand tons are also exported to various 
countries.

In fact, the demand for coconut-based products continues to increase both for at domestic market and global 
market. Various prospective industries from coconut derivatives can still be developed by diversifying the coconut 
processing industry both from food and non-food by-products. Among the by-products are oleo chemicals, 
desiccated coconut, virgin coconut oil, nata de coco, furniture, fiber, coir, activated charcoal, and so forth. In 
Indonesia, the development of coconut-based processing industries is initiated by the development of the dried 
coconut meat or called copra as a raw material for the coconut oil industry.

Exploring Resources, Process and Design for Sustainable Urban Development
AIP Conf. Proc. 2114, 060004-1–060004-6; https://doi.org/10.1063/1.5112475

Published by AIP Publishing. 978-0-7354-1850-9/$30.00

060004-1



Despite of the increasing trend in coconut by-products, some problems in the processing industry are often 
found, among others in the aspects of raw materials, production and marketing. Another current issue is the high 
level of unproductive coconut plants (old and damaged), which reaches 30—40% of the community plantation area.
Meanwhile, the limited supply of raw materials, both in terms of quantity and quality and also production, lead to 
many constraints, including the simple, conventional methods employed in the production centers for Small and 
Medium Enterprises for coconut processing, as well as the limited number of coconut processed products. Such
conditions urge the need to accelerate the development of processed new products which market demand tends to 
increase (demand-driven business).

Several coconut by-products have global market prospects, especially the coconut meat derivatives that are 
increasingly popular and also have a high selling value. Among these by-products is Virgin Coconut Oil or VCO. 
VCO is a product of coconut fruit that can improve health, especially increasing the body's immunity to various 
degenerative diseases and as the raw material for natural cosmetics with a high economic value. VCO is pure 
coconut oil which fatty acid content is intact and has far less bonds to be damaged by the heat. As pure coconut oil, 
VCO contains various medium chain saturated fatty acids which one of its contents is 48% lauric acid and has the 
same function as breast milk, which causes the body to become immune to various diseases [3]. The largest amount 
of fatty acids in VCO is lauric acid, which is a saturated medium-chain fatty acid with 12 carbon without double 
bonds, and has the name IUPAC dodecanoic acid and has a molecular weight of 200 [2].

The economic potential of coconut has not been used optimally because of various internal problems both in the 
production, processing, marketing and institutional processes [3]. Efforts to empower human resources continue to 
be made, especially through the utilization of technology. Various methods of coconut processing technology to
produce VCO are developed, including centrifugal, fermentation, enzymatic and pumping methods. Each method 
has advantages and disadvantages in terms of the yield and the quality of the VCO oil. In the present study,
centrifugal technology will be applied due to its advantages, namely: the duration is relatively short, no chemical 
addition, free of contamination and the better quality yield compared to those generated from mechanical and 
fermentation methods. According to [4,5,6] This study aims to produce a technology package for the processing of 
coconut fruit into the virgin coconut oil (VCO). As the initial stage of the VCO production is the process of breaking 
the coconut shell—which is the hardest part of a coconut fruit.

RESEARCH METHODOLOGY

The design of the coconut shell breaker machine as the initial process of the VCO production is carried out 
through the stages as follows:
1. Identification of the needs of the home industry concerning with the current design of coconut shell breaker or 

tool along with the constraints/problems faced during the operation. It was aimed at extracting the information 
required in making the design and manufacture of the developed coconut shell breaker machine.

2. Design process by technically drawing the coconut shell breaker machine.
3. Identification of the materials for designing the machine.
4. Design tools as the realization of technical drawings that have been devised previously.
5. Supervision to several workshops for job monitoring.
6. Measurement and testing the tools to divulge the overall performance of the tool.
The road map for the first phase of the first year of research, which is designed for a period of three years in total, 
can be described in Fig. 1 below.

FIGURE 1. The first stage of research

Year I:
The design of the machine for the Virgin Coconut Oil (VCO) production 
process includes:
a. Apropriate technology of coconut shell breakers.
b. Appropriate technology for coconut meat washing tools using coconut 
water.
c. Appropriate technology of grater and 2 in 1 coconut milk squeezer as raw 
material for pure coconut oil (VCO).
d. Feasibility study and VCO business analysis for Small and Medium 
Enterprises (SMEs)

Appropriate 
technology
Publication of 
National/Internati
onal Seminar 
Articles
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THE DESIGN AND DEVELOPMENT OF COCONUT SHELL BREAKER

Coconut plants (Cocos nucifera L.) are considered as multipurpose plants because all their parts can be used to 
improve the human welfare. Essentially, the economic value of coconut is quite high because each part of the 
coconut plant, including coconut water, meat, leaves, stems, shells and coconut fiber can be utilized for human 
interest. The composition of coconuts is shown in Table 1.

TABLE 1. Composition of Coconut Fruit[7]
Fruit Meat (Old Coconut) Amount of weight

(%)
Benefits

Coconut coir 35 Fuel, seat covers,
woven ropes, mats and planting media 
for orchids

Shell 12 Fuel, handicraft raw materials
Coconut fruit 28 Neutralizing toxins and providing a 

refreshing / sedative effect
Coconut water 25 Freshener drinks, nata de coco

In the stage of surveying the coconut fruit traders, the information needed to make the design and manufacture of 
coconut shell breakers was gathered. It involves the identification of the needs of coconut home industry, 
particularly how to break down the coconut shell as they have been doing so far. The constraints and problems faced
by the SMEs in the process of breaking coconut shells can be shown in Table 2.
In general, coconut fruit home industry and sellers still use very simple, traditional tools to break down the coconut 
shell. The common tool is a crowbar, which is used by hitting it into the coconut shell until breaking down. Even 
though they have to peel more than 100 coconuts per day, the actors of coconut processing and sellers have to sit, 
stand and slightly bend their body during the process of breaking the coconut shell. This activity can potentially
cause complaints or aches in the joints on the back, neck and waist. In addition the palms of the hands used to hold 
the coconut and the legs used to hold the body often feels pain. The lack of safety also causes the possibility of 
accidents during the process of breaking coconut shells, which is also very susceptible, due to the use of a sharp 
crowbar in unprotected conditions without using any gloves or tool cover.

Table 2. Constraints faced during the coconut processing and the needs of coconut SMEs
NO Constraints faced by coconut small 

coconut traders 
The need of coconut SMEs

1 Coconut shells break into small parts,
and must gouge coconut meat to release 
it from the shell.

Can break the coconut shell and release coconut 
meat in one process without scouring

2 Long and inconsistent solving time. A practical solver and can work continuously

3 The process of removing shells from 
coconuts fruit is difficult.

Ease in the process of removing shell from coconut 
fruit

4 Complaints of pain in the back, neck, 
waist.

Coconut shell breakers can reduce workload and 
fatigue levels of users.

5 Coconut shell breakers can reduce 
workload and fatigue levels of users.

Do not use high power, save energy

6 Possible work accidents when solving 
and releasing shells from coconut fruit

Prevent work accidents

7 Coconut shell breaker can be used to 
break the shell and release it from 
coconut fruit every day (continuous)

Coconut fiber peeler is made strong and durable
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This coconut shell breaker is in the form of a box consisting of a breaking gear, a coconut clamp that can be 
adjusted according to the size of the coconut. The working principle of this tool is the incorporation of the clamping, 
pressing and shifting processes according to the coconut fiber cutting path. The drive of the coconut shell breaker 
blade is driven by an electric motor which rotation has been reduced to produce a large torque.
Coconut shells are the hardest part of a coconut fruit. Therefore this shell breaker has several parts, including:
sprocket safety cover, capacitor, belt cover, electric motor as drive, switch on/off, coconut shell breaker sprocket, 
coconut shell breaker and breaker, gear box and screw adjuster. The components of the coconut shell breaker can be 
shown in Fig 2 and 3.

FIGURE 2. The coconut shell breaker looks sideways.
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FIGURE 3. The coconut shell breaker looks front view.

The specifications of this coconut shell breaker are:
1. Tool dimensions: length = 60 cm, width = 60 cm, height = 85cm.
2. Materials from carbon steel, stainless steel.
3. The drive uses a 1:50 gear box and an AC motor ¾ hp.
4. The capacity of the tool to break the coconut shell is 1 coconut per minute.
The capacity of coconut shell breaking equipment is 1 coconut per minute, but in average, coconut home industry 
only processes 100 coconuts per day so that the use and utilization of this tool is not maximized.
The cost of making a coconut shell breaker with piercing and breaking gear techniques is around Rp. 7,000,000,-
and it is affordable for the home industry or the SMEs. Electricity needs and costs of electricity use in the coconut 
shell breaker with a motor drive with a capacity of 1.5 hp with daily working time for 8 (eight) hours with a price of 
kwh electricity/hour is Rp. 1500,-, then:
Electricity = large power (kwh) x working time x electricity price /Kwh

= 1.0 kwh X 8 hours X Rp. 1,500, -
                    = Rp. 12,000, -
If on average the coconut home industry processes 100 coconuts, then if the process of breaking coconut shells done 
every day for 8 (eight) hours, the price of the service for solving coconut shells is Rp. 500 per coconut. Then, the 
advantage gained with the use of coconut shell breakers is as follows:[8]
Electricity costs 1 day (8 hours) = Rp. 12,000,- per day.

Depreciation costs =
 timelife

machineofpriceselling

                          =
days working300 x years3

7,000,000Rp.

                           = Rp. 7800,-

Machine benefits = (8 hours x 100 coconut x selling price of machine) - electricity cost (8 hours) – Depreciation  
costs                             
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= (800 x Rp. 500) – Rp. 12,000 – Rp. 7,800
= Rp. 380,200,-

Payback period = Selling price of machine/Machine benefits
= 7,000,000 / 380,200

              = 18.4 =  ±18 days
Then, the payback period can be obtained within ±18 days.

CONCLUSION

Research on the activities of designing and making coconut shell breakers have been conducted. In overall, several 
points can be concluded as follows:

1. The components of shell breaker consist of: sprocket safety cover, capacitor, belt cover, electric motor as a 
drive, switch on/off, frame, coconut shell breaker sprocket, coconut shell piercing and breaking, gear box 
and screw adjuster.

2. The capacity of the tool to break down the coconut shell is one coconut per minute.
3. With the price of making a tool of Rp. 7,000,000,- with a payback period of ± 18 days, this tool can be 

implemented in coconut-producing areas for post-harvest processing.
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 Free . June 2019

Effect of cooling in the injection molding process of acetabular cup of

hip joint prosthesis
Agung Setyo Darmawan, Bambang Waluyo Febriantoko, Pramuko Ilmu Purboputro, Masyrukan, Abdul

Hamid and Alfan Amri

AIP Conference Proceedings 2114, 020013 (2019); https://doi.org/10.1063/1.5112397

 Free . June 2019

Determination of optimum vulcanization process parameters using

Taguchi GRA for reducing quality loss cost
Fajar Alam Yudha, Bobby Oedy Pramoedyo Soepangkat, Vita Ratnasari, Mokhamad Suef and Rachmadi

Norcahyo

AIP Conference Proceedings 2114, 020014 (2019); https://doi.org/10.1063/1.5112398

 Free . June 2019

Comparative studies of coffee processing methods for decision making

in appropriate technology implementation
Mirwan Ardiansyah Karim, Febtri Wijayanti and Arie Sudaryanto

AIP Conference Proceedings 2114, 020015 (2019); https://doi.org/10.1063/1.5112399
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 Free . June 2019

Optimization of centrifugal pump performance with various blade

number
Subroto and Marwan Effendy

AIP Conference Proceedings 2114, 020016 (2019); https://doi.org/10.1063/1.5112400

 Free . June 2019

Vehicle routing problem model and simulation with probabilistic

demand and sequential insertion
Ary Arvianto, Singgih Saptadi, Wiwik Budiawan and Rizal Luthfi Nartadhi

AIP Conference Proceedings 2114, 020017 (2019); https://doi.org/10.1063/1.5112401

 Free . June 2019

The effect of 5% ethanol in 88, 92, and 98 RON gasoline on motorcycle

engine performance
Fransiskus Adian, Bambang Sugiarto, Cahyo Setyo Wibowo, Ardi Zikra and Try Mulya

AIP Conference Proceedings 2114, 020018 (2019); https://doi.org/10.1063/1.5112402

 Free . June 2019

Acid hidrolysis of used paper using microwave as heating
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Ahmad M. Fuadi, Muhammad Mujiburohman, Rois Fatoni, Yosi Adhi Chaniago and Aulia Santiago

AIP Conference Proceedings 2114, 020019 (2019); https://doi.org/10.1063/1.5112403

 Free . June 2019

Environmentally friendly smart electric stove design
Hasyim Asyari, Bana Handaga and Sigit Kamseno

AIP Conference Proceedings 2114, 020020 (2019); https://doi.org/10.1063/1.5112404

PRODUCT DESIGN, MATERIAL ENGINEERING, BUILDING ENGINEERING
AND MANAGEMENT

 Free . June 2019

Extraction of Siwalan oil (Borassus flabellifer L.) by different methods
Azmi Alvian Gabriel, Nurul Fadhillah Achmad and Desy Rahmawati

AIP Conference Proceedings 2114, 030001 (2019); https://doi.org/10.1063/1.5112405

 Free . June 2019

The influence of behavioral prediction factors and intention in improving

3R (reduce, reuse, recycle) household behavior in Tanjung Mas,

Semarang, Indonesia
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Novie Susanto, Lyra Davidesyta, Denny Nurkertamanda and Thomas Triadi Putranto

AIP Conference Proceedings 2114, 030002 (2019); https://doi.org/10.1063/1.5112406

 Free . June 2019

Improving quality for plate assembly of drum brake using six sigma

method
Dyah Ika Rinawati, Anggitta Realiza Andini and Diana Puspita Sari

AIP Conference Proceedings 2114, 030003 (2019); https://doi.org/10.1063/1.5112407

 Free . June 2019

Analog rice characteristics made from sago flour and arrowroot flour in

supporting food diversification
Isti Pudjihastuti, Siswo Sumardiono, Edy Supriyo and Heny Kusumayanti

AIP Conference Proceedings 2114, 030004 (2019); https://doi.org/10.1063/1.5112408

 Free . June 2019

Effects of bifilm on the response of artificial aging of aluminium alloy

ADC12
Bernard Noventio Sutrisno and Helena Carolina Kis Agustin

AIP Conference Proceedings 2114, 030005 (2019); https://doi.org/10.1063/1.5112409
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 Free . June 2019

Production scheduling of bar mill using the combination of particle

swarm optimization and Nawaz enscore ham for minimizing makespan

in steel company
Yusraini Muharni, Evi Febianti, Hanifa and Arlianur

AIP Conference Proceedings 2114, 030006 (2019); https://doi.org/10.1063/1.5112410

 Free . June 2019

Material tracking system of the supply chain in engineering

procurement construction (EPC)
Shifa Fauziyah, Moh Nur Sholeh, Budhi Dharmo, Parhimpunan Purba and Sutanto

AIP Conference Proceedings 2114, 030007 (2019); https://doi.org/10.1063/1.5112411

 Free . June 2019

Design automation control of downtime recording machine in

manufacturing industry
Afianto, Dzaki Rif’at Abdullah and Syahril Ardi

AIP Conference Proceedings 2114, 030008 (2019); https://doi.org/10.1063/1.5112412
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 Free . June 2019

Post shrinkage comparison of plastic injection products by using solid

mold, laminated steel tooling mold, and soft tooling mold
Bambang Waluyo Febriantoko, Agung Setyo Darmawan, Masyrukan and Abdul Hamid

AIP Conference Proceedings 2114, 030009 (2019); https://doi.org/10.1063/1.5112413

 Free . June 2019

Adoption of DoD HFACS for medication error analysis
Indryati Sunaryo, Gilar Sundara and Ari Widyanti

AIP Conference Proceedings 2114, 030010 (2019); https://doi.org/10.1063/1.5112414

 Free . June 2019

Advanced nanoemulsion production on ginger (Zingiber officinale) for

product quality improvement
Mohammad Endy Yulianto, Anggun Puspitarini Siswanto, Dwi Handayani, Fransisca Sari Nugraheni,

Indah Hartati and Yusuf Arya Yudanto

AIP Conference Proceedings 2114, 030011 (2019); https://doi.org/10.1063/1.5112415
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 Free . June 2019

Multi response prediction of cutting force and delamination in carbon

fiber reinforced polymer using backpropagation neural network-genetic

algorithm
Fathi Robbany, Bambang Pramujati, Suhardjono, Mohammad Khoirul Effendi, Bobby Oedy Pramoedyo

Soepangkat and Rachmadi Norcahyo

AIP Conference Proceedings 2114, 030012 (2019); https://doi.org/10.1063/1.5112416

 Free . June 2019

Multi response prediction of end-milling CFRP with backpropagation

neural network
Fajar Perdana Nurullah, Bambang Pramujati, Suhardjono, Mohammad Khoirul Effendi, Bobby Oedy

Pramoedyo Soepangkat and Rachmadi Norcahyo

AIP Conference Proceedings 2114, 030013 (2019); https://doi.org/10.1063/1.5112417

 Free . June 2019

Influence of amount of reclaimed asphalt pavement and asphalt using

warm mix asphalt method on asphalt concrete wearing course
Winas Maulidani Susanto, Raden Jachrizal Sumabrata, Sigit Pranowo Hadiwardoyo and Restu Alan

Suyuti

AIP Conference Proceedings 2114, 030014 (2019); https://doi.org/10.1063/1.5112418
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 Free . June 2019

The influence of product design on environmental impacts using life

cycle assessment
Heru Prastawa and Sri Hartini

AIP Conference Proceedings 2114, 030015 (2019); https://doi.org/10.1063/1.5112419

 Free . June 2019

Overlay maintenance on road heavy vehicle lane by non-destructive test

method
Dadang Iskandar, Sigit Pranowo Hadiwardoyo, Raden Jachrizal Sumabrata and Hendra Ariyapijati

AIP Conference Proceedings 2114, 030016 (2019); https://doi.org/10.1063/1.5112420

 Free . June 2019

Mechanical property of straw concrete brick with additives viscocrete
Ilham Bahari, Sri Sumarni and Eko Supri Murtiono

AIP Conference Proceedings 2114, 030017 (2019); https://doi.org/10.1063/1.5112421

 Free . June 2019

The minimum water curing recovery time after burning of aluminium

fiber light weight concrete (with alwa as coarse aggregate) modulus
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elasticity
Antonius Mediyanto, Endah Safitri, Wibowo and Johannes Berchman Irawan Sunu Widagdo

AIP Conference Proceedings 2114, 030018 (2019); https://doi.org/10.1063/1.5112422

 Free . June 2019

The connection model of segmental precast concrete beam reinforced

with recycled tyre
Agus Maryoto, Nor Intang Setyo Hermanto and Gathot Heri Sudibyo

AIP Conference Proceedings 2114, 030019 (2019); https://doi.org/10.1063/1.5112423

 Free . June 2019

Effect of volume fraction and aspect ratio of Agave fiber Cantula Roxb

against compressive strength and direct tensile strength
Edy Purwanto, Stefanus Adi Kristiawan, Endah Safitri and Febiana Yoda Kartika

AIP Conference Proceedings 2114, 030020 (2019); https://doi.org/10.1063/1.5112424

 Free . June 2019

Springback phenomenon analysis of tailor welded blank of mild steel in

U-bending process
Agung Setyo Darmawan, Agus Dwi Anggono and Shodiq Nugroho
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AIP Conference Proceedings 2114, 030021 (2019); https://doi.org/10.1063/1.5112425

 Free . June 2019

High content Styrofoam as partial substitution for fine aggregate in SCC

lightweight concrete brick
Mochamad Solikin, Redy Widiyanto, Ali Asroni, Budi Setiawan and Muhammad Noor Asnan

AIP Conference Proceedings 2114, 030022 (2019); https://doi.org/10.1063/1.5112426

 Free . June 2019

Kolb’s experiential learning for vocational education in mechanical

engineering: A review
Stephanus Fajar Pamungkas, Indah Widiastuti and Suharno

AIP Conference Proceedings 2114, 030023 (2019); https://doi.org/10.1063/1.5112427

 Free . June 2019

Life cycle – Value stream mapping: Evaluating sustainability using lean

manufacturing tools in the life cycle perspective
Sri Hartini, Udisubakti Ciptomulyono and Maria Anityasari

AIP Conference Proceedings 2114, 030024 (2019); https://doi.org/10.1063/1.5112428
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 Free . June 2019

The effect of NaCl concentration and process time in continuous

electrooxidation technique for degradation of textile dyestuffs
Suseno, Sajidan, Mohammad Masykuri and Prabang Setyono

AIP Conference Proceedings 2114, 030025 (2019); https://doi.org/10.1063/1.5112429

SUSTAINABLE INFRASTRUCTURE AND BUILT ENVIRONMENT

 Free . June 2019

Flexural behaviour of reinforced lightweight concrete floor panel using

hot water pre-treated oil palm shell as coarse aggregate
Ayudia Mutiara Fani, Nuraziz Handika, Elly Tjahjono and Essy Arijoeni

AIP Conference Proceedings 2114, 040001 (2019); https://doi.org/10.1063/1.5112430

 Free . June 2019

The use of reclaimed asphalt pavement by adding retona asbuton on
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