
 

 

ISSN: 2067-533X 

INTERNATIONAL JOURNAL 

OF 
CONSERVATION SCIENCE 

Volume 11, Issue 1, January-March 2020: 87-96 
 

www.ijcs.uaic.ro 

 

A PRO-CONSERVATION ADAPTATION POWER MODEL FOR 

COCOCRAFT CRAFTSMEN USING COCONUT WASTE IN 

PURBALINGGA, CENTRAL JAVA, INDONESIA  

  
Dumasari DUMASARI1,*,1Wayan DARMAWAN2,  

Achmad IQBAL3, Budi DHARMAWAN3, Imam SANTOSA4 

 

1 Faculty of Agriculture, Purwokerto Muhammadiyah University, Purwokerto, 53182, Central Java, Indonesia 
2 Faculty of Foresty, Bogor Agricultural University, Bogor, 16680, West Java, Indonesia 

3 Faculty of Agriculture, Jenderal Soedirman University, Purwokerto, 53123, Central Java, Indonesia 
4 Faculty of Social and Political Sciences, Jenderal Soedirman University, Purwokerto, 53122, Central Java, Indonesia 

 
 

Abstract  

 

The coconut industry is centered on organic material, which is easily damaged and can decay 

and stink. The volume of waste produced requires the expansion of landfill sites. Piles of 
coconut waste can negatively affect the health, cleanliness, beauty, fertility, and environmental 

productivity of the surrounding area. This waste harms both humans and natural resources. In 

Purbalingga, Indonesia, these problems have been solved by the creative and productive 
efforts of pro-conservation cococraft craftsmen. Cococraft is produced from coconut industrial 

waste using environmentally friendly technology and no chemicals. An established national 

cococraft market has increased the demand for raw materials. Consequently, cococraft 
craftsmen must deal with scarce raw materials and low incomes. The fragile adaptability and 

vulnerability of these craftsmen also interfere with continuity in the production of cococraft. 

This study formulated a pro-conservation adaptation model for cococraft craftsmen. The 
research model was based on the interrelationships of raw material efficiency, external–

internal cooperation, economic potential, and zero coconut industrial waste production. The 

model design emphasized techniques that maintain the balance of economic, social, 
environmental, and technological interests. The model is useful as a theoretical reference for 

local governments and other parties that would like to adopt pro-conservation community 

development policies. 
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Introduction  

 
Coconut (Cocos nucifera L.) is a strategic multi-functional plant, with both functional 

and economic benefits. All parts of the coconut plant are useful, producing food, drink, 
medicines, beauty products, and even fuel [1-3]. Coconut wood is strong and can be used to 
make furniture or buildings [4-5]. The waste from coconut products can also be processed into 
various craft designs and motifs [6, 7]. Fine coconut waste is also a raw material for organic 
fertilizer mixtures used for seedling and planting medium [8]. 

Coconut plants are classified in the Palm family (Arecaceae) and thrive in the tropics. 
Indonesia is the largest coconut production center in the world [9], with a total of 3,544,393 
hectares of coconut plantations in 2017 and 18.3 million tons produced annually [10]. 
Approximately 98.98% of the plantations are managed by small businesses involving 6,517,486 
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farmers and 17,232 supporting workers. Central Java Province is the largest coconut-producing 
region in Indonesia, with a planting area of 230,014 hectares and production of 181,131 tons per 
year. Within this region, the Regency of Purbalingga has 13,732 hectares of coconut plantations 
and an average production of 12,657 tons per year. The coconut production from Purbalingga is 
used to produce food, beverages, furniture, building material, copra, and grated coconut. 

Each of these industries produces waste that cannot be consumed and has adverse 
environmental effects [11], including waste pieces of coconut wood, coconut shells, coir, 
coconut water, outer shells, and fibers. The problem of coconut waste is becoming increasingly 
complex, with wasted scattered in markets and around coconut-processing areas [12]. Coconut 
waste is organic, rots easily, and can cause environmental problems, including greenhouse 
emissions [13]. Coconut waste tends to become a residual product in the environment. 

The piles of various types of coconut waste in Purbalingga need to be discarded in 
landfill sites, which require expansion. If too little is recycled, the landfill locations will become 
sources of environmental pollution. Each waste disposal site generates additional space 
problems, which require some integrative arrangements [14]. 

Stacks of waste wood and coconut shells create unhealthy conditions. When the piles of 
powder, debris, and sawn wood are soaked by rain, they create a stench. Waterlogged shell 
waste can become mosquito-breeding sites, which can lead to epidemics of dengue fever and 
malaria in nearby communities. Coconut waste in Purbalingga also disrupts the flow of water 
channels and causes waterlogging at the disposal sites. This has a negative effect on the 
preservation of natural biotic and abiotic ecosystems. Over time, piles of coconut waste can 
harm both humans and the environment. 

In Purbalingga, cococraft craftsman have solved the problem of coconut waste. The 
craftsmen transform the waste into a variety of designs and cococraft motifs. The technology is 
environmentally friendly, and the craftsmen produce cococraft without using chemicals, 
employing a semi-manual mechanical technique that uses little electrical power. The 
contribution of these craftsmen has gone a long way toward resolving the coconut waste 
problems in Purbalingga and constitutes a pro-conservation activity. 

The micro-cococraft business is a socio-economic safety valve that provides 
employment for teenagers who have dropped out of school and the unemployed in general. 
However, it is still difficult for craftsmen to earn a decent income; the average income is 
310,000 rupiahs per production facility [15]. The income is not sufficient to cover the daily 
needs of the craftsmen’s families, although they live in a subsistence economy. However, this 
does not prevent them from producing cococraft [7]. 

The craftsmen usually work using a conservative management system. The cococraft 
micro-businesses are run without formal planning, analysis, or evaluation. These conditions 
make it difficult for them to adapt to raw material scarcity. The threat of scarcity, combined 
with low incomes, disrupts the continuity of cococraft production. Therefore, this study 
formulated a model of pro-conservation adaptation for the cococraft craftsmen. This theoretical 
model provides valuable guidance for local governments when developing policies for 
environmentally friendly local resource-based community development. The model is useful for 
increasing the ability of craftsmen to maintain profitable cococraft production. 
 

Material and Method 

 

This research was conducted in Purbalingga Regency, Central Java Province, Indonesia, 
a cococraft center, where problems relevant to the research theme have been identified [7, 15]. 
Some of the coconut industries in Purbalingga produce waste that could become pollutants. 
However, the cococraft craftsman have solved the problem of coconut industrial waste in 
Purbalingga. 

The research design uses development research methods based on the flow of the 
Courseware Development Process (CDP) Model [16], which includes six phases: analysis, 



A PRO-CONSERVATION ADAPTATION MODEL FOR COCOCRAFT CRAFTSMEN USING COCONUT WASTE  

 

 

http://www.ijcs.uaic.ro 89 

design, prototype model, formative evaluation, summative application, and evaluation. In the 
analysis phase, a survey was conducted to collect primary data as material for consideration in 
model formulation. The survey used a combination of dominant qualitative and less dominant 
quantitative approaches [17]. The combination of these two approaches increased the 
completeness, depth, and strength of the data. 

The research population included all coconut waste cococraft craftsmen in Purbalingga. 
The determination of respondents is done by purposive sampling technique. Other primary data 
sources are key informant: coconut industry business manager, raw material scavenger, 
cococraft trader and expert judgment. The technique of selecting this key informants is using 
snowballing method. 

The qualitative data analysis technique is carried out with Interactive Model [18]. 
Quantitative data were analyzed using descriptive statistics: percentage values, tabulation, 
frequency distribution, prevalent, scoring and graphic display. Model decision making is done 
by Multi Expert-Multi Criteria Decision Making or ME-MCDM Technique [19]. The ME-
MCDM technique is relevant for evaluating the selection of alternative models on a non-
numeric or qualitative scale. Each alternative model results are from focus group discussions 
with craftsman representatives that being evaluated and judged by experts through consultative 
discussions. The ideal alternative model is also formulated with the use of a scale in multi 
criteria function satisfaction. The model is adapted to conditions, problems and needs that being 
faced by craftsmen. The ME-MCDM technique is one of the best decision making processes 
that has alternative options in creating decision choices, decision criteria, decision weighting, 
assessment methods, model calculations and final decision making [19]. 

The decision-making criteria for the ideal model are: guaranteed in available volume of 
raw materials, variations types of raw materials from coconut waste, product diversification and 
network collaboration. Those four criteria are the basis for achieving key conditions within the 
model for the development of pro-conservation adaptation. The targeted key conditions: 
economic potential, zero coconut waste, raw material efficiency and external internal 
cooperation. The Analytical Hierarchy Process (AHP) technique is applied to assess the 
dominant criteria from both expert and innovator craftsmen. All results of the analysis are 
interpreted and presented in qualitative and quantitative descriptions. 

 
Result and Discussion 

 

The coconut industry in Purbalingga produces various types of waste in both urban and 
rural areas. Until recently coconut waste was left scattered or piled in disposal areas near 
settlements, markets, and coconut businesses. As the volume of waste increases, more extensive 
disposal areas are needed. Most landfills areas are in open locations and cause serious 
environmental problems and social threats [20]. 

The problem of accumulating coconut waste in Purbalingga was finally overcome by 
micro-cococraft businesses, in which individuals or groups produce cococraft products from 
coconut waste. The products include cococraft, briquettes, charcoal, coconut fiber mattresses, 
coconut fiber brooms, nata de coco, organic fertilizer, seedling and planting medium, and fish 
feed. Coconut shell has high economic value and can be used for fuel and to produce wood 
vinegar through pyrolysis. This wood vinegar is a good raw material for agro-industry [21]. 

The most abundant coconut industrial waste (61%) is affir wood pieces, including wood 
hemispheres, wood chips, and shells. Such waste requires more land for disposal. This is 
important because 76.6% of the industrial coconut waste in Purbalingga is in solid form, while 
11.4% is liquid and 12% is dust. Waste has different characteristics and composition according 
to its source [14]. Table 1 summarizes the coconut-processing industries in Purbalingga and the 
types, shapes, and average volume of waste. 

The micro-cococraft business requires solid coconut waste in the form of pieces of affir 
wood, wood hemispheres, wood chips, and shells. The survey respondents obtained this coconut 
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waste from scavengers with whom they deal regularly. Initially, the scavengers delivered the 
coconut waste every day in small volumes. Subsequently, the delivery frequency decreased to 
once every 3 days. For the past year, the scavengers have delivered raw materials once a week 
to save shipping costs. 

 
Table 1. Industrial Activities, Types and Volumes of Coconut Waste 

 

No. 
Coconut 

Processing 
Industries 

Varieties of waste Form of coconut 
industry waste 

Average 
Volume 
(Kg/day 

production) 

Persentage 
(%) 

 solid liquid dust 

1. 

Building 
construction 
industry 

Affir coconut wood pieces    62 10 

Cleavage of coconut wood    58 9 

Coconut wood sawdust    24 4 

Coconut wood saw blade    16 3 

Coconut wood chips    29 5 

Total     189  

2. 

Furniture 
industry 

Affir coconut wood pieces    47 8 

Cleavage of coconut wood    38 6 

Coconut wood sawdust    16 3 

Coconut wood saw blade    12 2 

Coconut wood chips    23 4 

Total     136  

3. 
Copra 
industry 

Coconut coir    38 6 

Shell    41 7 

Coconut water    42 7 

Total     121  

4. 
Coconut 
grater 

industry 

Coconut coir    22 4 

Coconut water     25 4 

Shell    29 5 

Outer coconut skin    29 5 

Total     105  

5. Young 
coconut 
water 
beverage 
industry 

Shell    19 3 

Coconut fiber    16 3 

Coconut water    3 0,4 

Total     38  

6.  
Food 
industry 

Shell    11 2 

Coconut pulp    7 1 

Coconut coir    9 1 

Total      26 4 

 Total (1+2+3+4+5+6)    615 100 

 

Another factor contributing to this reduction in delivery frequency is the increasing 
number of consumers using coconut waste. The scavengers have to share it with various users, 
but they are often unable to meet the increasing demand because of the limited supply. The 
increased demand has actually reduced the amount of waste in landfills, constituting a pro-
environment conservation behavior. 

Coconut waste transactions between scavengers and the survey respondents happen 
continuously. After collecting the waste from various sites, the scavengers store it in their 
houses for a few days before delivering it to the workshops of the cococraft craftsmen. As the 
scavengers removed the coconut waste each day, it no longer had to be stacked at disposal sites. 
figure 1 shows the cycle of the coconut waste transactions. 
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Fig. 1. Coconut industrial waste transaction cycle 

 
The growth in the market and consumer requests for cococraft has increased the demand 

for raw materials. The cococraft respondents usually worked from 7:00 a.m. until 10:00 p.m. to 
process the coconut industrial waste into various designs and cococraft motifs according to 
market trends, producing briquettes, fuel charcoal, cocodust, and seedling and plant growth 
medium from coconut pieces, fragments, debris, fiber, powder, flour, or dust [8]. 

For the past 2 years, the respondents have experienced shortages of raw materials. They 
have solved this problem by ordering coconut waste collectively. The head of a craftsmen group 
coordinates the orders, pricing, and distribution to other craftsmen. When individuals run out of 
raw materials, they can borrow from other craftsmen. Once a craftsman has material, any 
borrowed material must be returned immediately. Figure 2 summarizes the demand for, 
availability of, and shortages of raw materials. 
 

 
 

Fig. 2. Needs, availability and shortage of cococraft raw materials 

 
The increased demand for materials for cococraft was difficult for the respondents to 

avoid. From 2016 to 2019, the demand for all types of coconut waste continued to increase. 
Consequently, more than 50% of respondents paid less attention to the characteristics of the 
coconut waste, although this affected the quality of their cococraft [15]. The cococraft market 
has not only expanded locally in Purbalingga but also in other cities in Java, Kalimantan, 
Sumatra, and Bali. Market expansion has increased the demand for raw materials. Figure 3 
shows the increased demand for cococraft raw material from 2016 to 2019. 

The increase in demand for coconut waste has varied among the different types. The 
increase has been greatest for solid waste in the form of affir wood, which can be processed into 
a variety of special cococraft motifs with artistic decorations. The increase in the demand for 
wood fragments and wood chips has been moderate, while the trend for coconut shell has been 
relatively low. The increasing demand for coconut waste has affected the demand for landfills 
and has reduced the negative effects of coconut waste. Figure 4 shows the trend of increased 
demands for coconut industrial waste for cococraft raw materials.  
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Fig 3. The Growth of Coconut Industrial Waste Requirement for the 2016-2019 Period 
 
 

 
 

Fig. 4. Trend of increasing coconut waste volume for cococraft 

 
The problems with scarcity of raw materials are creating some dilemma for respondents. 

On the one hand, this problem proves that the micro-cococraft business has a significant 
contribution in the conservation of disposal land. However, on the other hand, the problem of 
this scarcity of raw materials for cococraft is prone to disturb the achievement from their 
production targets. If the scarcity of raw materials continues then in a short period of time it 
certainly resulted with the production of cococraft threatened to stop, and this kind of condition 
is not expected by the respondent. This is an urgent matter, consider that the cococraft micro 
business is the main source of livelihood for the respondents. The highest severe intensity in the 
scarcity of raw materials lies in the difficulty of volume element growth, the long interarrival 
time, the distance of the industrial waste source location being further away and the increasing 
price of raw materials. The intensity of problems from some scarcity elements of coconut 
industrial waste is shown in figure 5. 

The cococraft micro business has a variety of uses both for human and natural resources. 
Their functional benefits are considered high for reducing the volume of coconut industrial 
waste. The cococraft production also includes real actions that basically are pro-conservation. 
The other indirect environmental functional benefits from cococraft production are to maintain 
the health, cleanliness, beauty, fertility and productivity power from the land at the location 
surrounding the coconut industry, markets and landfills. Still the problem it’s difficult to 
overcome the consistency of cococraft production since it only provide a minimal benefits with 
the economic empowerment of respondents. Conversely, the existence of a cococraft micro 
business are indeed contributes meaningfully for the absorption of labor and fulfillment of 
market and consumer demand in cococraft. 
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The economic value of cococraft production is highest when it meets market and 
consumer demand. This has pushed the cococraft market onto a national scale. The economic 
benefits of cococraft production include reduction of industrial coconut waste, land 
conservation, economic empowerment, and employment. Consequently, the development of 
micro-cococraft businesses has high social benefit. Cococraft production has solved the 
problem of the accumulation of coconut waste in the areas surrounding markets, furniture 
factories, and building and landfill sites in Purbalingga. The productive, creative behaviors of 
the survey respondents can be considered pro-conservation actions. Figure 6 illustrates the 
environmental, economic, and social benefits of the micro-cococraft business. 
 

 
 

Fig. 5. Intensity of severity in scarcity element of coconut industrial waste 
 

 
 

Fig. 6. Cococraft's functional, economic and social business benefits 

 
The management of cococraft micro-enterprises requires a model for development of 

adaptation that remains as a pro-conservation. The model which formulated in favor of 
cococraft production can last continuously and provide benefits to the respondents. The design 
model of adaptation development from the results of analysis using the ME-MCDM Technique 
shows that one of the key target conditions which need to be prioritized are the efficiency of 
raw materials usage. Achieving this key condition requires the accuracy of the respondents in 
identifying the characteristics of coconut waste which has the potential to produce cococraft 
with good quality [15]. The efficiency of raw materials usage also includes the awareness and 
ability of respondents to use cococraft waste for processing products with economic value. 
Another key condition that being targeted is strengthening internal and external cooperation. 
This is important considering the respondents' dependence as a costumer with waste collectors 
to provide raw materials is relatively high. Respondents also deserve to develop some 
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cooperation with other coconut industrial waste providers. The next key target condition to 
achieve is to increase the economic potential of cococraft production and maintain the act of 
making zero coconut waste. 

Achieving these four key conditions is a passage to increase pro-conservation 
adaptability. The ideal design model is formulated using the Analytical Hierarchy Process 
(AHP) technique. The model is built based on conditions, problems, needs and potential 
resources of cococraft craftsmen. Model formulation also refers to welfare theory that pays 
attention to economic interests based on the view that individual desires must be fulfilled first in 
order to achieve their maximum limits according to resource allocation [22]. The model also 
emphasizes the urgency of maintaining a balance between economic, social, environmental and 
technological interests [23]. In figure 7, the design of the development model in pro-
conservation adaptation for cococraft craftsmen was observed. 

 

 
Fig. 7. Pro-conservation adaptation power development model 

 
The increase in demand for coconut waste has varied among the different types. The 

increase has been greatest for solid waste in the form of affir wood, which can be processed into 
a variety of special cococraft motifs with artistic decorations. The increase in the demand for 
wood fragments and wood chips has been moderate, while the trend for coconut shell has been 
relatively low. The increasing demand for coconut waste has affected the demand for landfills 
and has reduced the negative effects of coconut waste.  
 
Conclusions 

 
Coconut industry waste is prone to became pollutants that contaminate the environment. 

Piles of coconut industrial waste continue to grow and scatter in various disposal locations. 
There are various types and forms of this coconut industrial waste. The volume of coconut 
industrial waste that is in solid form from wood cuttings, wood halves, wood chips and shells 
turns out to be the most form of waste that can be found in Purbalingga. Waste collection in 
several disposal sites disrupts health, cleanliness, beauty, fertility, productivity of the area in the 
disposal site. Puddles in coconut shells could become a den for mosquitoes which results in 
residents around the dumping sites prone to infected by dengue and malaria epidemics. The 
omission of this coconut industrial waste is a complex problem for both human and natural 
resources. However, the problem of coconut waste in Purbalingga has been overcome by the 
productive behavior of cococraft craftsmen, since the cococraft craftsmen obtain their raw 
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materials from scavengers who provide coconut industrial waste regularly. Both parties have 
this mutual transaction for a long time. 

The micro-cococraft business has functional, economic and social benefits. Functional 
benefits are proven from the ability to significantly reduce the volume of coconut industrial 
waste in Purbalingga. Economic benefits are shown by the existence of a cococraft micro-
business as a basic livelihood of craftsmen. The social benefits of this business are from the 
chance to absorbing workers who come from school dropout teenagers and other 
unemployment. 

The problem of the cococraft craftsman is the scarcity of raw materials. The volume of 
coconut waste provided by scavengers is started to became more limited. Provision of this raw 
materials is done collectively. Other issues regarding the income of craftsmen are still relatively 
low. The adaptability of craftsmen to faces this problem is also still fragile. Even so, craftsmen 
keep on continuing to maintain the consistency of making cococraft production. The majority of 
craftsmen are in a subsistence economy condition. These problems are feared to disrupt their 
continuity in creating cococraft production within the short term. The potential impact that 
might arises is that the craftsmen started to lose their productive work and the volume of 
coconut industrial waste began to overloaded again. 

This study formulated an adaptation power development model of the cococraft industry 
in Purbalingga, Indonesia, grounded in four key conditions: efficient use of raw materials, 
external–internal cooperation, economic potential, and zero cococraft waste. The model 
emphasizes the equal maintenance of economic, social, environmental, and technological 
interests. The model is based on a pro-conservation, environmentally friendly design and is 
useful as a theoretical reference for local governments when developing local policies for 
resource-based community development programs. 

 
Acknowledgments 

 
The research team expressed a full gratitude toward the Directorate of Research and 

Community Service, the Director General of Research and Development, Republic of Indonesia 
Ministry of Research and Technology. It has provided an opportunity for the research team to 
carry out this basic research. 
 
References 
 
[1] S. Asok, G.J. Swamy, S.P. Rajendran, V. Chandrasekar, S. Sasikala, E. Hasker,  Coconut-

value added products, Indiana Food Industry Mag, 32(6), 2013, Article Number 29036. 
[2] O.P. Chaihan, B.S. Archa, S. Bawa, A refreshing beverage from mature coconut water 

blended with lemon juice, Journal of Food Science and Technology 51(11), 2014, pp. 
3355–3361.  

[3] S. Yashi, A.D. Semwal, G.K. Sharma, Virgin coconut oil as functional oil, Chapter 16. 
Therapeutic, probiotic, and unconventional foods, Academic Press. 2018, pp. 291-301. 
DOI https://doi.org/10.1016/ B978-0-12-814625-5.00015-7,  

[4] F.P. Suprobo, A. Santosa, Models of furniture design using coconut wood based on local 
culture for global and domestic markets, Creative Industries Journal, 10(1), 2015, pp. 
89-99.  

[5] M.N. Rana, A.K. Das, M. Ashaduzzaman, Physical and mechanical properties of coconut 
palm (Cocos nucifera) stem, Bangladesh Journal of Scientific and Industrial Research, 
50(1), 2015, pp. 39-46. 

[6] D. Pugersari, A. Syarief, D. Larasati, Experiments on the development of commercial value 
based commercial functional products of coconut sshrimp with softening techniques, 
Journal of Visual Art and Design, 5(1), 2013, pp. 74-91. 

[7] D. Dumasari, S. Budiningsih, W. Darmawan, I. Santosa, Various determinant factors of 
production technology adoption in creative souvenir micro enterprise, Journal of Arts & 
Humanities, 6(10), 2017, pp. 01-06. 



D. DUMASARI et al.  

 

 

INT J CONSERV SCI 11, 1, 2020: 87-96 96 

[8] D. Dumasari, W. Darmawan, S. Budiningsih, Manfaat fungsional produk cocodust olahan 
limbah handicraft sebagai media tanam, Proceeding of The URECOL, 2019, pp. 272-
276.  

[9] * * *, Reported by Ditjen Perkebunan website. 2017, http://www.ditjenbun.pertanian.go.id. 
[10] H. Mardesci, Santosa, N. Nazir, R.A. Hadiguna, Identification of Prospective Product for 

the Development of Integrated Coconut Agroindustry in Indonesia, International Journal 
on Advanced Science, Engineering and Information Technology, 9(2), 2019, pp 511-
517. 

[11] S.S. Majd, H. Hashemi, H.R. Pourzamani, F.M. Moghaddam, H. Nourmoradi, A.S. Majd, 
Managing the industrial solid waste production in the industrial town of Borujen: Health 
system research (HSR), 917 of Special Issue on Enviromental Health, 2011.  

[12] T.H. Wahyuni, N. Ginting, Yunilas, Hasnudi, E. Mirwandono, G.A. Siregar, I.G. Sinaga 
and I, Sembiring, The utilization of coconut waste fermentated by aspergillus niger and 
saccharomyces cerevisiae on meat quality of weaning males rex rabbit, Proceeding in 
International Conference on Biomass : Technology, Application and Sustainable 
Development, IOP Publishing-IOP Conf. Series: Earth and Environmental Science, 122, 
2018, Article Number 012129, DOI: 10.1088/1755-1315/122/1/012129.  

[13] N. Ginting, Benefits of using biogas technology in rural area: Karo District on supporting 
local action plan for greenhouse gas emission reduction of North Sumatera Province 
2010-2020, Proceeding in International Conference on Biomass : Technology, Application 
and Sustainable Development, IOP Publishing-IOP Conf. Series: Earth and 
Environmental Science, 65, 2017, Article Number 012007, DOI 10.1088/1755-1315/ 
65/1/012007. 

[14] H. Hashemi, H. Pourzamani, B.R. Saman, Comprehensive planning for classification and 
disposal of solid waste at the industrial parks regarding health and environmental 
impacts, Journal of Environmental and Public Health, 2014, pp. 1-6. DOI 
http://dx.doi.org/10.1155/2014/230163, 2014, pp. 1-6.  

[15] D. Dumasari, W. Darmawan, A. Iqbal, B. Dharmawan, I. Santosa, Development of 
Production Creativity among Craftsmen by Identifying Techniques for Characterizing 
Coconut Waste, International Journal on Advanced Science, Engineering and 
Information Technology, 9(2), 2019, pp. 717-723. 

[16] K.L. Gustafson, Survey of instructional development models, Eric Clearinghouse on 
Information Resources Syracuse University, 1981.  

[17] J.W. Creswell, Research Design Qualitative and Quantitative Approaches, Thousands 
Oaks. Sage Publications. London. 1994.  

[18] M.B. Miles, A.M. Huberman, Designing Qualitative Research, Mac Graw Hill Company. 
New York. 1991. 

[19] R.R. Yager, Non-Numeric Multi-Criteria Multi-Person Decision Making. Group Decision 
and Negotiation, 2(1), 1993, pp. 81-93.  

[20] L.A. Manaf, M.A.A. Samah, N.I.M. Zukki, Municipal solid waste management in 
Malaysia: practices and challenges, Waste Management Journal, 29(11), 2009, pp. 
2902-2906. 

[21] E. Mela, Y. Arkeman, E. Noor, N.A. Achsani, Potential productsof coconut shell wood 
vinegar, Journal of Pharmaceutical, Biological and Chemical Sciences, 4(4), 2013, pp. 
1480-1493. 

[22] D. Sugandi, A Model of Environmental conservation for Sagara Anakan, International 
Journal of Conservation Science, 5(1), 2014, pp. 95-101.  

[23] W.M. Daud, N.S.M. Mustafa, S. Rahmadulla, S.R. Ghani, A.C.A. Hisyam, Technical and 
economic feasibility study of coconut shell charcoal production as precursor to activeted 
carbon in East Coast Malaysia, International Journal Suplay Chain Management, 
6(2), 2017, pp. 127-132. 

______________________________________ 
 
Received: May 15, 2019 
Accepted: February 12, 2020 


