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Abstract
Palm oil production create a number of solid biomass waste products, in par-
ticular empty fruit bunches and mesocarp fiber; two cellulosic plant materials 
that are under-utilized and a source of environmental pollution today. Their 
fibred structure are interesting from an industrial design perspective as similar 
waste products from industrialized crops are used to create composite materi-
als.

This bachelor thesis is based on an initial research phase of the palm oil industry 
in Thailand, where literary studies, case-studies and interviews were used to gain 
understanding of how the palm oil industry in Thailand operates. This laid the 
foundation to a material driven design process; an exploratory phase where 
samples of waste products collected during the research phase were tinkered 
with, to create composite materials of natural fibers and starch-based plastics.

The materials created were characterized by their technical properties, and 
evaluated through a focus group of Thai students to define their experiential 
characteristics. The insights learned from the evaluation were used to create a 
demonstrative concept of how the material can be put to future use.

The experiential characterization showed that the material have valuable 
sensorial, performative, emotional and interpretive properties, such as strength, 
flexibility and translucency, while being perceived as elegant, amusing, strange 
and natural. This leads to the conclusion that there is possible added value in 
the waste products that are seen as a nuisance today.

Parallel to the material driven design process, samples of empty fruit bunches 
and mesocarp fiber were used to develop a 3D-printing filament. While only 
simple test prints have been tried at the time of writing, it provides proof of con-
cept.

Keywords: material driven design, palm oil, biomass waste, natural fibers, 
bioplastics, sustainability, 3D-printing, composites.



Preface
Through the course of my three years studying industrial design, I have slowly 
come to realize my fascination for the complexity of our interaction with pro-
ducts, and how materials affect our perception of objects. This has led me 
through a series of interesting projects where the focus was not the actual 
product itself, but the explorative process leading up to the final object. One of 
these projects particularly caught my interest; a material driven design process, 
starting with a wood-plastic laminate packaging for tomatoes and cheese and 
ending with a vinyl sleeve made of thin plywood and silk. This process allowed 
me to explore the subject without boundaries, and through a somewhat rever-
sed logic compared to conventional design methods. Coupled with the global 
need for sustainable alternatives to petroleum based plastics, and the promi-
sing development of cellulose-based materials, I chose to pursue a bachelor 
thesis involving these three elements.

This project was partially funded by a scholarship from SIDA, the Swedish Foreign 
Aid Agency, which made it possible for me to expand the horizon for the setting 
of my thesis. Over the course of 9 weeks, I conducted my minor field studies in 
the southern parts of Thailand. Due to the nature of my topic it was important 
for me, both personally and for my cause, to come close to the genuine eve-
ryday life of the Thai people, away from the tourist hotspots. By a strike of luck 
I found a slice of paradise in the village of Khiri Wong, and a helpful and kind 
host family who cared for me during stay. They provided me with many of the 
tools and facilities needed for my somewhat primitive explorative process, and 
helped me bridge the language barrier. Surrounded by an amazing landscape 
and the warm and welcoming Thai culture, I could not have asked for more to 
make this time memorable.

I would like to thank Dr. Kanokwan Saswattecha for the support and help with 
setting up contacts in Thailand, Ms. Sawanya Laohaprapanon and Dr. Warit 
Jawjit for the warm welcome at Walailak University. I would like to thank SIDA 
for giving me the opportunity to make this trip, and Alexsander Nordvall at The 
Wood Region for the interesting collaboration. Finally I would like to send a spe-
cial thank you to Ann-Sofie Hartzén and Lars Löfqvist for all the encouragement 
and good advice during my work.

Lek; my host in Khiri Wong. This picture is taken at a waterfall, on the way to his organic 
fruit garden in the mountains of southern Thailand.
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1. Introduction
1.1 Background
The palm oil industry in Thailand accounts for almost 4% of the global output 
and is the third largest producer after Indonesia and Malaysia. Palm oil produc-
tion in Thailand has grown steadily in the last 10 years and the output has more 
than doubled in that time (USDA, 2018; FAOSTAT, 2018). Despite international ef-
forts to create frameworks for sustainable palm oil production, the industry is still 
associated with many negative environmental impacts. Excessive deforestation 
degrades the land and leads to a decline in biodiversity. Pollution stemming 
from the production of palm oil contributes to a rise in greenhouse gas emis-
sions and human toxicity problems (Saswattecha, Kroeze, Jawjit & Hein, 2015).

As the global demand for palm oil is growing for both consumer products and 
biofuel, driven by its versatility and low price as the highest-yielding vegetable 
oil crop, there is an evident need to manage every aspect of production. Re-
search made on the environmental impact of biomass waste from palm oil sug-
gests that efforts to utilize them as products with economic value and longevity 
can contribute to more sustainable practices (Saswattecha et al., 2015).

Some of the solid waste products that accumulate during palm oil production 
(see figure 1) have similar physical properties as other rest products from the 
forestry industry, with a relatively high content of cellulose, hemicellulose and 
lignin (Abdul Khalil et al., 2008). These three organic compounds play a vital role 
in the development of new sustainable materials, and are crucial to break the 
dependence on fossil fuel based polymers and composites (Reddy, Reddy & 
Gupta, 2013).

When we look at the research and progress that is made today in the Swedish 
forestry industry, where groundbreaking materials have been developed that 
mimics or even exceeds the physical properties of petrochemical polymers, it 
leads to the conclusion that there are economic and environmental gains to 
be made by studying the utilization of cellulose waste products from palm oil 
production. Figure 1 A heap of fresh fruit bunches ready to be sterilized at Univanich Palm Oil Mill in 

Plai Phraya, Krabi. In the background the separated waste product is piling up.
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1.2 Aim
The aim of this study is to gain understanding of the palm oil industry in Thai-
land and the different processes involved when turning fresh fruit into palm oil. 
Through this understanding, the objective is to identify the different side-streams 
of biomass waste products that accumulate during the process and their 
current utilization, to explore alternative applications for the identified waste 
products, and evaluate them through a material driven design (MDD) process.

With the knowledge gained from the MDD evaluation, the intention is to deve-
lop a demonstrative product.

Through a collaboration with The Wood Region, a secondary aim is to develop 
a filament for 3D-printing, combining bioplastic and fibers from palm oil biomass 
waste products.

1.3 Scope of study
This study will focus on the side-streams of biomass waste that accumulates at 
palm oil mills during the production of palm oil, how they are utilized today and 
how these waste products can be put to use in a sustainable manner. I will also 
discuss the different challenges and possibilities associated with the system of 
smallholder plantations in Thailand and how this affects the utilization of bio-
mass waste.

The effects of deforestation and land use change will be omitted in this study. 
The reason for this is not because these aspects are inconsequential. There are 
many studies published on these subjects, which are highly relevant from an 
environmental perspective. To include them in this project, with my limited time 
and resources, would dilute the focus of my objective. I will elaborate on the 
moral dilemma of studying a subject with proven detrimental impact on the 
environment, from the perspective of sustainability, in the discussion section.

2



2. Methodology
2.1 Process
My work during this project was rooted in a Material Driven Design (MDD) pro-
cess in regards to the identification, exploration, development and evaluation 
of a new material. Simultaneously, the research phase of my field studies was 
carried out much like any other design process, to map and understand a field 
of knowledge previously unknown to me.

Compared to conventional design processes, often shaped by an initial idea or 
a problem in need of a solution (Clarkson & Eckert, 2005), MDD affords a crea-
tive process not confined by predetermined boundaries. Rather, it encourages 
the designer to put aside the thought of a final concept and invite a free explo-
rative process of the material at hand (Karana, Barati, Rognoli, Laan & Zeeuw, 
2015). Naturally, as the source of every material has a context of its own, with a 
unique origin and defining circumstances, a material driven design process will 
at some point converge with a conventional design process and contribute to 
a final solution affected by the whole context.

Owing to the limited time at hand in Thailand, and the lack of access to more 
advanced tools and facilities, I focused my work on the phases leading up to 
the ideation and creation of a product from the materials I developed. I crea-
ted an object to visualize the characteristics that were prominent in the evalua-
tion, but there is still work to be done to find ultimate uses. This will be thoroughly 
explained in Chapter 4: Exploratory phase.

2.2 Literary studies
Literary studies was made both before my arrival in Thailand and during the 
research phase, parallel to the case-studies I describe in the next paragraph. 
Literature, papers and studies published on the subject were chosen to paint 
a wide picture of the palm oil industry in Thailand, as well as the challenges 
related to its unique system of smallholders and how it differs from other major 
palm oil producers. Additional literature discussing the current use of biomass 

waste from the palm oil industry was studied to identify aspects where my work 
can contribute to both the palm oil industry and the scientific research surroun-
ding it. As my work progressed, other fields of research were studied to gather 
knowledge on how to process the raw waste products and combine them with 
other materials to achieve interesting composites.

2.3 Case-studies
To understand the inner workings of the palm oil industry in Thailand, I have 
carried out case-studies at three different mills in the Tapi River Basin (Surat 
Thani and Krabi provinces), where around 60% of the total palm oil production 
in Thailand originates (Saswattecha et al., 2015). The specific mills were cho-
sen to reflect the different types of mills that dominate the industry, in regards 
to size, production capacity and type of ownership. How the mills handle the 
waste products and whether they have invested in post-processing machinery 
was also taken into account. Due to the limited amount of time, the number of 
case-studies was confined to three. While the cases are representative of the 
industry, the generalizability can still be put into question. I have addressed this 
matter in the discussion section.

The method of using case-studies to collect my empirical data was chosen 
according to the guidelines of Blomkvist & Hallin (2014). It is a useful tool when 
gathering in-depth knowledge and empirical data of a phenomenon and its 
contextual conditions, specifically when studying complex real-life subjects 
dependent on many actors. As my knowledge of the practical circumstances 
surrounding the palm oil industry in Thailand was limited, I allowed my theory to 
change according to the findings I made on site. 

During the case-studies I carried out semi-structured interviews with key actors 
at the different mills. Dr. Anuman Chanthawong from Surat Thani Rajabhat 
University acted as a translator when the language barrier prevented me from 
communicating directly with interview subjects at the mills. The open questions 
for the interviews addressed topics related to the general production of palm 
oil, the side streams of biomass waste products and the challenges associated 
with a smallholder system. At each mill, I collected samples of biomass waste 
products deemed to be interesting from an industrial design perspective, speci-
fically fibrous material with a high cellulose content.
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2.4 Material Driven Design
With the samples collected from each mill, I have conducted an exploratory 
investigation of their properties, following the method Material Driven Design 
(MDD) as described by Karana et al. (2015). The characteristics of the samp-
les were explored in the first stage by me, mapping its different properties and 
tinkering with the samples to discover possible ways to refine them into exciting 
materials. To evaluate the resulting materials and their sensorial, performative, 
emotional and interpretive layers, I gathered a focus group composed of stu-
dents experienced in the field of waste utilization. The result from the workshop 
have been compared and added to my empirical findings, to determine suita-
ble methods of processing and applications for the material.

As seen in figure 2, the MDD method is divided into four different steps. When 
understanding the material (1), the designer explores and maps the material by 
tinkering with it and with the help of material benchmarking and user studies. 
The knowledge gained in this step is used to create materials experience visions 
(2), where the designer reflects on the purpose of the material and encapsulate 
its characteristics, expressing the essential features of the material. This leads 
to the third step, where the prime objective when manifesting the materials 
experience patterns (3) is to understand the users reaction to the material and 
how they interact with it, in a context that the designer envisions. Finally, when 
designing material/product concepts (4), the insights from the previous three 
steps are embodied into a physical object, reflecting both the technical and 
experiential characteristics as well as the results from multiple user studies (Kara-
na et al., 2015).

When you follow the progression in this particular study, you will notice that I 
skipped the third step - manifesting the materials experience patterns - and 
jumped straight from step two to step four. This was done due to a lack of time 
and the fact that the user studies in step one were done under the social and 
cultural context of Thailand. To build on this knowledge in step three would 
require a similar group of users that were not available to me upon my return to 
Sweden. The practice of skipping steps in the MDD method is acceptable, but 
can lead to conventional rather than radical solutions as builds on the merits 
of existing products and materials (Karana et al., 2015). For future purposes, it 

Figure 2 The material driven design process (Materials Experience Lab, 2018a).
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would be of value to either complement the user studies in Thailand by mani-
festing the materials experience patterns, or organize another workshop with 
Swedish users, starting over from step one.



2.5 Theory behind Material Driven Design
Developed as a tool to help designers understand the inherent properties of 
new materials, the material driven design method gives useful guidelines on 
how to find suitable applications and shorten the gestation time for innovative 
materials to reach the market. 

When new materials are introduced to the market, the consumer expects 
apposite functionality, in regards to both performance and purpose. Further-
more, a material should be socially and culturally accepted. In other words; “a 
material should give sense” (Karana et al., 2015. P. 36). To achieve this task, the 
material must be evaluated with the help of users which, through their interac-
tion with it, can assist the designer in the mapping of its properties and charac-
teristics.

This can be done through the formation of focus groups, where users are 
allowed to tinker with samples of the material, while the designer observes 
and records their instinctive reactions. The performative, sensorial, emotional 
and interpretive characteristics are discovered through free exploration and 
associative tasks. Combined with a technical characterization and material 
benchmarking, the designer can create a roadmap on how the material can 
optimally be put to use. 

For sustainable products to be readily accepted by the consumer market, a 
holistic approach should be applied. Many studies have concluded that the 
socio-cultural and psychological aspects of products, how they please the 
senses and what meanings they create, affects the acceptance of sustainable 
products in different societies (Taekema & Karana, 2012). Ultimately, it is the 
user who determines the commercial success of a new material. It is thus vital 
to establish, early in the design process, the boundaries from within which the 
material can prove itself most useful (Karana et al., 2015). 
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2.6 Collaboration with The Wood Region
Parallel to my own exploration of the samples in Thailand, I sent fibers to The 
Wood Region in Sweden for a trial production of a bioplastic composite rein-
forced with oil palm fibers, following similar principles as alternatives developed 
from polylactic acid (PLA), a thermoplastic derived from renewable sources,  
and wood flour. 

The Wood Region is an EU-subsidized enterprise, with headquarters located in 
Värmland, Sweden, which aims to expand and improve the utilization of waste 
products from the forestry and saw-mill industry in the area. Through collabo-
ration with designers and creators, they strive to be a neutral and effective 
platform for the creation of environmentally friendly and innovative bio compo-
sites. Extensive exploration of polymers and cellulose waste-products, in particu-
lar wood flour, have resulted in a variety of bioplastic composites with differing 
characteristics and mechanical properties to be used in 3D-printers (The Wood 
Region, 2018).



3. Research & literature
3.1 Smallholders in Thailand
Defined by the Roundtable of Sustainable Palm Oil (RSPO) as family-based en-
terprises of less than 50 hectares (see figure 3), smallholders in Thailand make up 
over 70% of the total area cultivated (RSPO, 2015). This number is almost double 
that of Malaysia and Indonesia, by far the largest producers of palm oil global-
ly. As fruits from the oil palm must be processed within 24 hours after harvest to 
preserve its quality, this leaves the independent farmer tied to nearby proces-
sing plants, so called mills, often operated by larger corporations. While many 
smallholders operate independently, some smallholders are supported by these 
corporations or community enterprises, who supply the farmers with seed stock, 
fertilizers and pesticides (Vermeulen & Goad, 2006).

Being a perennial crop, the oil palm is harvested year round. This provides a 
steady flow of fresh fruit (see figure 4) to the mills, but at the same time crea-
tes a logistical challenge of delivering the fruit fresh. In the interviews with key 
actors during my research phase, it was explained to me how independent 
smallholders turn to middlemen, so called ramps, which deliver the harvest to 
the mills for processing. This results in a broken logistics chain where the farmers 
have no connection to the mill operators and in turn are not able to benefit 
from i.e. natural fertilizers such as empty fruit bunches (see figure 5).

Mulching EFB in the plantations is favourable, both in terms of cost-effectiveness 
and sustainable disposal of waste. This practice is widely implemented in large 
scale operations, where the processing mill is located near the plantation area. 
In Thailand, where a majority of plantations are operated by smallholders who 
sell their fruit to middlemen, transporting the EFB back to the plantations is not 
feasible, both in terms of logistics and fuel consumption for the diesel driven 
trucks. As a result, much of the EFB end up under-utilized at the mills. While there 
are other options to handle the EFB, none are particularly environmentally 
friendly, nor cost-effective or implemented widely (Saswattecha, Kroeze, Jawjit 
& Hein, 2016).

Figure 3 A typical smallholder plantation. Palm fronds are laid out in the foreground to 
mulch.

Figure 4 Fresh fruit bunch. Figure 5 Empty fruit bunch.
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3.2 The palm oil production process
Throughout the process of producing palm oil from the fresh fruit bunches (FFB), 
a number of different waste products accumulate along the way. Though the 
individual processes varies somewhat between different mills, the overall proce-
dure is the same. The process described below is derived from the three ca-
se-studies I carried out at Univanich Palm Oil PCL (UPOP), Krabi Palm Oil Com-
munity Cooperative (KPOCC)(see figure 6) and Green Glory Mill (GGM). 

After the first stage (see figure 7), where steam is used to sterilize the FFB, a 
mechanical stripper separates the fruits from the surrounding fiber bundles. The 
empty fruit bunches (EFB) are then either used for mulching, burned as fuel 
or dumped in the open to decompose. Some palm oil mills have invested in 
further processing machines for the EFB to press out the remaining oil and shred 
EFB. Today, only 60% of the produced EFB is utilized (Saswattecha et al., 2015)

The separated fruit is passed through a screw press, where the mesocarp (the 
fleshy part of the fruit) is pressed of oil and transported through a separator 
together with the nuts. The liquids from the pressing are transferred to a conti-
nuous settling tank where the crude palm oil (CPO) is separated from the slud-
ge and the waste-water, the palm oil mill effluent (POME).

The POME is pumped to the biogas plant to produce electricity. When the 
methane gas is depleted, the remaining water is led through a series of settling 

ponds before being used for irrigation or released into surrounding waterways. 
According to my interview with Dr. Anuman Chanthawong and Dr. Kanokwan 
Saswattecha, around 60% of the palm oil mills in Thailand have invested in 
biogas plants, many mills still lack the facilities. In such cases, the POME is led 
straight to the settling ponds where much of the methane gas is released into 
the atmosphere.

The light mesocarp fibres (MF) are separated from the nuts using fans and 
transferred either straight to the boilers where they are used for fuel to produce 
steam, or put in open storage for future sale or use.

The nuts are crushed in a ripple mill to separate the shell from the kernel. The 
shells are mainly sold to external power plants, as their high energy content 
brings a higher price than MF. The kernels are mixed with clay to achieve a 
consistent viscosity and facilitate the separation of oil from the solids and wa-
ter, before being put through a filter press. The resulting crude palm kernel oil 
(CPKO) is stored in silos before refinement while the solids, the decanter cake, is 
mainly used for animal feed. The waste-water is transferred to the biogas plant 
or settling ponds

Figure 6 View of Krabi Palm Oil Community Cooperative mill.

Figure 7 An overview of a typical processing line at a palm oil mill.
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3.3 Biomass side-streams
The palm oil production process results in five different rest-products; POME, 
EFB, MF, shell and decanter cake (see figure 8). Of these, both EFB and MF are 
of particular interest from an industrial design perspective. Both have a fibrous 
structure and a high holocellulose content, around 65% and 60% respectively. 
Of the total 2,7 million tonnes of EFB produced every year in Thailand, only 60% 
produced is utilized today, meaning over 1,1 million tonnes per year are dum-
ped in the open (FAOSTAT, 2018). Calculating the amount of leftover MF is more 
complicated, as it largely depends on what capacity the mills are running at 
and how much fuel the boilers need. A total of 1,7 million tonnes are produced 
every year and a majority of it is burnt in the boilers. In interviews with represen-
tatives for Univanich and KPOCC it was explained that some mills accumulate a 
surplus of MF (see figure 9) during peak production that are sold either to other 
mills or to bio waste power-plants.

While both EFB and MF are under-utilized in Thailand today, and give rise to 
environmental impacts, the most urgent problem to solve is the large amounts 
of EFB that leech methane gas into the atmosphere and add to eutrophication 
(Saswattecha et al., 2015).

Figure 8 shows the different fractions of both product and waste products that each ton-
nes of FFB produce. The numbers are derived from interviews with production managers 
at the mills I visited, aswell as global statistics.

Figure 9 Mesocarp fibre are stored outside the KPOCC mill.
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3.4 Environmental impacts of palm oil 
processing
If you follow the global discourse on palm oil, there is no question about the 
environmental impact of an industry in steady rise. Branded as a destructive 
commodity, palm oil is associated with everything from deforestation to decli-
ning biodiversity, pollution and human toxicity (EIA, 2015). At the same time, it 
is important to note that the circumstances differ between producing nations 
and that Thailand has its own set of unique challenges.

The palm oil industry can be divided into three subsystems; the plantation, the 
mill and the logistics of crops and product. Whereas the impact on natural 
habitats and biodiversity is tied to the plantation, the sources of pollution and 
human toxicity stem from the processing of the fruits at the mill, aswell as the 
transportation with diesel fueled trucks between plantations, mills and refineries 
(Saswattecha et al., 2016). As I mentioned earlier, I will focus on the environ-
mental impact of the waste products that accumulate, which happen almost 
exclusively at the mill.

There are three key activities contributing to the environmental impact during 
palm oil processing; the burning of mesocarp fibers (MF) in boilers, the disposal 
of wastewater and the disposal of empty fruit bunches (Saswattecha et al., 
2015).

Most of the MF is internally used as fuel to generate steam for the sterilization 
of FFB. This procedure is the source of several air pollutants, including carbon 
monoxide (CO), sulphur dioxide (SO2) and nitrogen oxides (NOx). Though the 
process of burning the organic waste products can be seen as carbon neutral, 
as the carbon dioxide (CO2) is sequestered during the growth of the oil palm, 
the fact remains that it is a source of CO2 emission (Saswattecha et al., 2015).

The large amounts of EFB that accumulate during palm oil production (see 
figure 10), almost one quarter of the weight of FFB, are primarily used for three 
purposes; mulching in plantations, fuel for boilers and mushroom cultivation. 
Despite this, EFB is under-utilized today, with 40% of the total production being 
dumped in the open. This is a major source of methane gas production when 
the EFB decomposes (Saswattecha et al., 2015).

A majority of larger palm oil mills in Thailand have invested in biogas plants 
to exploit the organic matter in the wastewater (Saswattecha et al., 2015). 
The biogas is used to generate electricity for internal use, as well as selling the 
surplus back to the grid. This process is cost-effective and a source of revenue 
for the mills. As an example, the biogas plant at the Univanich mill in Pla Phraya 
generated enough revenue to offset the investment cost in the course of three 
years.

Figure 10 EFB piling up behind UPCP mill in Plai Phraya.
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3.5 The Roundtable on Sustainable Palm Oil
The Roundtable on Sustainable Palm Oil (RSPO) was founded in 2004 by palm 
oil corporations and NGO’s, with the aim to mitigate the evident environmental 
destruction from the rapidly expanding palm oil industry. Following the rising 
global awareness on the effects of palm oil, the organization developed a set 
of standards in 2005, which plantation owners and plant operators must fulfill 
for their products to certified as sustainable under RSPO. The standards include, 
among other things, lower use of chemical fertilizers, herbicides and pesticides, 
conservation of natural resources and biodiversity, responsible development 
of new plantations and so called best practices for growers and millers (see 
figure 11). They also include a variety of social obligations towards workers and 
communities (RSPO, 2018). While the RSPO standards exceed the regulations of 
some palm oil producing nation states, i.e. Malaysia and Indonesia, the orga-
nization has faced stark criticism for being out of date on global standards for 
forest- and peatland conservation. There is also evidence of members violating 
the standards and an insufficient or corrupt oversight from auditors tasked with 
checking the fulfillment of obligations by certified members (EIA, 2015).

In the context of Thailand, the country’s smallholder system poses an obstacle 
for the certification of palm oil from the country’s mills. As the mill operators 
and the plantation owners often are separate entities, the mills source their 
feedstock from many independent growers (see figure 12). In interviews with 
operations managers at Univanich and KPOCC it was clear that, with a conti-
nuous production line at the mill, it is virtually impossible to avoid the mixing of 
certified and uncertified fruits. This prevents the full output of palm oil from being 
certified by RSPO, even though a fair amount of it lives up to their standards. 
While the certified smallholders acreage in Thailand comprise 10% of the total 
area nationwide, the production of certified palm oil only amounts to 1% of the 
country’s total production (USDA, 2016). 

When inquiring Dr. Anuman Chanthawong and the managers for GGM as to 
what problem this discrepancy might cause, it was explained to me that since 
98% of the palm oil produced in Thailand is for domestic use and the remaining 
2% are exported mainly to China and India, where the demand for certified 
oil is low, this is not a commercial problem at the moment. However, as the 
industry is expected to expand further, and the market in Thailand becoming 
saturated, this could pose a problem in the future.

Figure 12 Trucks lining up at Univanich Palm Oil, to weigh in and leave fruit for processing. 
Note the difference in size between the first and second truck, illustrating the different 
scales of operations of growers and middlemen.Figure 11 RSPO’s 8 principles for growers to be certified.
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4. Exploratory phase
4.1 Sample collection
At each mill that I visited during my research phase, I collected samples of 
empty fruit bunches (EFB), the fibered material surrounding the oil palm fruit, 
and mesocarp fibre (MF), the pressed fleshy part of the fruit, to tinker with during 
my exploratory phase. During the interviews with the variety of people that I 
met during the case-studies, it became clear to me that neither the palm nut 
shells nor the decanter cake provided opportunities for me as a designer to 
improve the current system. Both were already utilized and a source of revenue 
for the mill operators.

The samples from UPCP in Krabi province consisted of approximately 1 kg MF 
and 1 kg EFB. As I mentioned earlier, some mills have invested in machinery to 
press and shred EFB. This was not the case at Univanich and the EFB was collec-
ted in its raw form, a large chunk of coarse fibers and still moist with some oil still 
remaining. These samples were sent to Sweden by airmail for trial production 
of bioplastic composites at The Wood Region’s factory in Sysslebäck, Värm-
land. Due to the nature of pressed EFB directly from the mill, with high moisture 
content and contaminated by an orange fungus commonly found among the 
heaps of raw EFB, the sample molded during transport and was discarded upon 
arrival in Sweden.

Additional samples of MF and EFB were collected from GGM and KPOCC. 
MF was similar to the sample collected from Univanich, but as both GGM and 
KPOCC have invested in the aforementioned machinery the EFB sample was 
both shredded and much dryer (see figure 13 and 14).

The samples were sundried during the day and stored in containers during the 
night to avoid absorption of dew. When the moisture content was low enough 
to allow transportation without risking the development of mold, some of the 
samples were again sent to Sweden with EMS courier.

The remaining samples were kept in Thailand to allow further exploration accor-
ding to the MDD method.

Figure 13 Samples of EFB. The left sample is from KPOCC while the right, showing fungus 
growing, is from UPCP.

Figure 14 Mesocarp fibre from KPOCC.

11



4.2 Preparation of samples

4.2.1 Retting

Both types of fibers collected from the mill were unrefined with an intense smell, 
somewhat similar to that around farm animals. The same odour but much 
stronger and unpleasant was present everywhere around the palm oil mills. I 
believe the culprit to be fatty acids that have gone rancid in the sun, but have 
not delved deeper into the reason. I did however conclude, that to create ad-
ded value around the raw material, aside from its current use, the smell needed 
to be neutralized or at least weakened. The EFB samples, while shredded to 
smaller fractions than its natural state, were still coarse and of inconsistent qu-
ality. Through research on methods for preparing natural fibers, I came across 
retting, a traditional process still used widely today (Evans, Akin & Foulk, 2002). 

While modern techniques employ chemical- and enzymatic retting, traditional 
methods use water in an anaerobic environment, allowing microorganisms to 
break down the pectin and free the cellulose fibers from the rest of the plant 
material (Holbery & Houston, 2006). As my aim is to find sustainable ways to 
add value to the waste products, I chose to follow the traditional way. These 
methods take advantage of nature’s own way of decomposing plant material, 
while still producing fibers of consistently high quality. Time- and labor intensity 
adds to the methods disadvantages and in an industrial scale preparation of 
fibers other methods might be more appropriate (Sisti, Totaro, Vannini & Celli, 
2018).

The fibers were placed in 1 litre closed containers and covered in water before 
left in the sun for 4-5 days. The fibers were then washed and sundried. The result 
of the retting process for EFB can be seen in figure 15 and 16.

Figure 15 Unprocessed EFB fibre.

Figure 16 Retted EFB fibre.
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4.2.2 Bleaching

Similar to the reasoning behind the retting, I wanted to explore the possibilities 
of producing fibers with a more uniform color. For example, mixing PLA with EFB 
or MF in their unprocessed state will produce a composite of dark color that 
might limit the range of applications. To expand the array of possible variations 
to the material, a bleaching process as described by Rayung et al. (2014) was 
applied. As it dissolves some of the lignin and hemicellulose, it produces fibers 
with a rougher surface, to improve the interfacial adhesion between fiber and 
the polymer matrix. It also help eliminating the remaining smell mentioned in the 
previous chapter.

The fibers were immersed in a solution of water, hydrogen peroxide (5 % vol.) 
and ammonia, and heated at 70 degrees Celsius for 60 min (see figure 17). Af-
ter bleaching the fibers were rinsed in clean water and sundried (see figure 18).

The hydrogen peroxide (H2O2) and ammonia (NH3) used in this process were 
household grade solutions sold over the counter in pharmacies. While small 
amounts of these concentrations are not harmful to us, higher concentra-
tions are corrosive and care should be taken so that these chemicals do not 
contaminate the environment. A process similar to my study is already widely 
implemented in the paper and pulp industry (Ali & Sreekrishnan, 2001), so if we 
were to scale up the preparation of oil palm fibre, it would be logical to look to 
existing practices for guidance. The mixture of H2O2 and NH3 was reused several 
times without significant change in efficiency, but as H2O2 decomposes at room 
temperature, it has to be replenished. Heating H2O2  speeds up the chemical 
reaction, turning the acid into water and oxygen (2H2O2 (aq) --> 2H2O(l) + O2(g)) 
(Royal Society of Chemistry, 2018). There are ways to recover the ammonia, but 
without deeper knowledge in chemistry, I leave this topic for discussion.

Figure 17 Bleaching process of EFB.

Figure 18 Bleached and rinsed EFB drying in the sun.
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4.3 Starch-based bioplastic and variations of 
fiber filling
With the variations of fibers produced from retting and bleaching, I began ex-
perimenting with ways to incorporate them into composites. Following common 
recipes for making starch-based bioplastics, I tweaked the ingredients to search 
for interesting properties in the resulting composites. 

Water, tapioca starch, glycerin and acetic acid were mixed in varying amounts 
with bleached and unbleached EFB and MF. The fibers were ground or cut to 
three different sizes (<1 mm, 1-10 mm and 10-30 mm)(see figure 19) and com-
bined in different variations with the starch-based plastic to create a spectra 
of samples. The mix of plastic and fibers were put in 8 x 15 cm plastic molds to 
dry in uniform shapes. When the surfaces had dried enough to not stick to other 
materials, they were moved to glass panes for quicker drying (see figure 20 and 
21).

Figure 19 Cutting and grinding the fibers to different sizes.

Figure 20 A range of fiber-reinforced starchbased materials drying in the sun.

Figure 21 Closer inspection of a selection of samples.
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4.4 3D-printing filament from PLA and oil 
palm fibers
Samples of EFB and MF were sent to The Wood Region in Sweden to explore 
the possibilities of creating a fiber-reinforced bioplastic, to use as a filament for 
3D-printing. The samples were dried to achieve a moisture content of less than 
3%, and ground to a particle size of 400 microns or less. After mixing with PLA at 
a ratio of 25% fibre and 75% polymer, the resulting composite was crushed into 
pellets (see figure 22) and extruded into a filament with a diameter of 1,75 mm 
(see figure 23). As no plasticizer was used in the mix, and the particle size was 
slightly too large, the resulting filament was too brittle to function properly with 
the 3D-printers. A second batch using fibers with smaller particle sizes, and with 
added plasticizer, was successful and a trial print was executed (see figure 24).

Due to an unfortunate delay in the delivery of my second package of samp-
les from Thailand to Sweden, the fibers did not reach The Wood Region in time 
for them to make a second batch before I left Thailand . Since the first batch 
needed refinement before it would be compatible with their 3D-printers, we de-
cided to substitute the material samples for the MDD workshop with previously 
developed filaments, made up of PLA and wood flour. The technical characte-
ristics, color, smell and visual fiber structure might differ slightly, but can still add 
insight as to how a 3D-printed material is percieved.

Figure 22 PLA and fibers mixed and crushed into pellets (The Wood Region, 2018).

Figure 23 The pellets were extruded into a filament with 1,75 mm diameter (The Wood 
Region, 2018).

Figure 24 A test print of a keyholder was executed successfully (The Wood Region, 2018).
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4.5 MDD workshop with students at Walailak 
University

4.5.1 Sample selection

Eight different samples were chosen for the workshop, three variations of WPC 
from The Wood Region (see figure 25) and five of the fiber-reinforced starch-ba-
sed plastic that I developed (see figure 26). 

The samples of starch-based composites were chosen to reflect a variation in 
the amount of fibers that they contained, if they were bleached or unbleached 
and with varying amounts of both EFB and MF, to present a spectra of colors, 
surface structure and fiberness. A study by Karana & Nijkamp (2014) discuss the 
impact varying fiberness, reflectiveness and roughness have on the percep-
tion of high-quality in bioplastic composites. While the attribution of meaning 
to materials is a complex matter, fiberness were connected to the perception 
of high-quality in some of the samples in Karana & Nijkamps study, so long as 
the tactile experience was satisfactory. I selected samples for the workshop to 
investigate how my findings compare to some of those made in earlier studies. 
Both groups of materials, WPC and starch-based, were produced with the 
same technique respectively, but with varying ingredients.

Figure 25 Left: 75% PLA and 25% pine wood flour. Center: 65% PLA and 35% mixed 
softwood flour. Right: 75% PLA, 23% reused hardwood flour and 2% pigment.

Figure 26 Top left: Uncut bleached EFB fibre. Top center: 10-30 mm bleached EFB and 
1-10 mm unbleached MF. Top right: 1-10 and 10-30 mm bleached EFB fibre.
Bottom left:  Unbleached MF and bleached 1-10 mm bleached EFB. Bottom right: <1 mm 
and 1-10 mm unbleached MF.
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4.5.2 Evaluating the materials

16 fourth-year students from the School of Public Health participated in a 2 hour 
workshop with myself as an instructor and a lecturer acting as a translator. It is 
worth noting that all the participants were female aged 20-30 years, selected 
from a class on waste utilization.

The students were divided into eight pairs (see figure 27) and given an enve-
lope containing one material sample and instructions for five different phases, 
mapping the performative, sensorial, emotional and interpretive reaction the 
students had to the material (see figure 28). Each pair of students were given 40 
minutes to complete the five phases, before the results were collected and the 
process was repeated with a new material sample. Each pair evaluated two 
different samples.

Figure 27 Students at Walailak University during the workshop.

Figure 28 Evaluating the interpretive characteristics of one of the materials.
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4.5.3 Performative actions

Some of the reocurring actions that the participants engaged the materials 
with, pulling and stretching, folding and bending, and crumpling, can be seen 
in figure 29-31.

Figure 29 Stretching.

Figure 30 Bending/folding.

Figure 31 Crumpling.
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4.5.4 Experiental characterization

Figure 32 summarizes the responses from the five phases of the MDD evaluation: 
free- , performative-, sensorial-, emotional- and interpretive- exploration.

Figure 32 Experiental Characterization of the Material (Materials Experience Lab, 2018b).
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Figure 33 Technical Characterization of the Material (Materials Experience Lab, 2018c).

4.5.5 Technical characterization

Mapping of technical characterization for the materials can be seen in figure 
33. In Q3 and Q5 the possibility of combining the fibers with other polymers than 
the starch-based plastic are mentioned. This would expand the possible appli-
cations but is in need of further research.
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4.5.6 MDD participants reaction to the materials

The general opinion of the 3D-printed WPC samples was fairly unanimous in 
that they did not elicit any strong feelings, associations or intrinsic performative 
actions. The students found them boring, disappointing, ordinary, calm and 
innatural, while the interaction with the samples was short lived and the interest 
faded quickly. The most pleasant and unique properties were their lightness 
and hardness.

The students found the fibred starch-based composites in figure 34 much more 
intriguing and the samples elicited a wide range of predominantly positive 
feelings and associations. Elegant, natural, strange, enchanting, amusing, and 
confusion were reoccurring for all top samples in figure 34. The unbleached 
samples brought about more mixed feelings and interpretations, such as con-
fusion and disgust. Flexibility, translucency, strength and fibred texture were 
sensorial and performative properties of the top samples in figure 34 most app-
reciated by the students, while elasticity and pliability were the most pleasant 
properties of the bottom samples.

Figure 35 The selection of materials most positively recieved during the workshop.Figure 34 The fiber-reinforced starch-based plastic used in the workshop.
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4.5.7 Conclusion

The result was consistently neutral for all three variations of WPC and could 
be expected due to the shape and structure stemming from the 3D-printing 
technique. The reactions from a previous project involving the same material 
as sample 1, where more irregular and organic shapes were produced, were 
more engaged and enthusiastic, leading me to believe that the result is strongly 
correlated with the shape and aesthetic expression of the sample at hand. I 
should mention that the evaluation of WPC in previous projects were done with 
swedish design students with experience in both the MDD method and working 
with the materials.

The fibred starch-based composites gave rise to predominantly positive reac-
tions on both a sensorial, performative, emotional and interpretive level. It was 
somewhat surprising to find the general opinion of the fibred materials to be 
both elegant and enchanting, while still appreciated for their strength, flexibili-
ty and natural impression. To summarize, the samples seen in figure 35 was the 
most appreciated overall.



4.5.8 Questioning the results from MDD evalutation

The method used to evaluate the materials is based on English and developed 
in a western context. This proved to be a challenge when applied to users with 
insufficient knowledge of English and no experience in design work. To help 
with translation, a list of the words used in the method, and their translation in 
Thai, was provided to each pair of students. A lecturer sufficient in both Eng-
lish and Thai assisted me in giving instructions. Despite this effort, it was evident 
when analyzing the results that there were some misconceptions and confusion 
between the different phases. The few outlying answers where this phenomena 
was obvious were adapted or disregarded. After the workshop was concluded 
I sat down with the lecturer to translate any Thai words that were used when 
the students were unsure of the English alternative. The discussion that followed 
made it clear that there are many expressions for performative actions that 
do not translate straight between the two languages. The pictures used in the 
method helped to bridge that gap (see figure 36).

In general the method proved to be more easily applied to a Thai context than 
expected, despite the language barrier, than I had anticipated and the results 
were both fairly consistent and rational.

I did however choose to omit the final phase of the method, where students are 
asked to make an overall reflection of the material. The reason for this was to 
avoid further confusion and to streamline the workshop. Including the last pha-
se would have meant a sacrifice of the second evaluation of each material, 
due to the limited time available.

I decided to restrict the number of participants in the workshop to 16, mainly 
because of the administrative challenge to facilitate a workshop with students 
who I knew beforehand would have difficulties understand instructions in eng-
lish. Since this is a relatively small number of opinions on the subject, the results 
from the workshop can not be said to be statistically reliable. The demography 
of the students in the workshop was also homogenous, with only young females 
participating. This fact is bound to skew the results to a certain perspective, and 
it would be interesting to expand the study to include other genders and age 
groups.

Figure 36 An example of how the language barrier proved to be an obstacle during the 
workshop.
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4.5.9 Material benchmarking

When mapping the potential applications of a new material, benchmarking is an 
important part of the experiential charactersization. This will also assist the designer in 
positioning the material on the market and in identifying what specific market domains it 
belongs to (Karana et al., 2015).

To give the fiber-reinforced starch-based plastic that I developed a fair comparison, 
it was first and foremost benchmarked with other Do-It-Yourself (DIY) materials. While 
the production methods differ between DIY-materials, we can assume that they were 
produced under similar primitive conditions, rather than industrial scale methods. This 
re-emerging trend of making, crafting and personal fabrication is sometimes referred to 
as Third Wave DIY and can be seen as a response to the demand for personalized and 
unique products (Rognoli, Bianchini, Maffei & Karana, 2015).

One innovative material that has gained attention lately is Pinatex (see figure 37), a ve-
gan leather made from the processed fiber of the pineapple plant. Another is a leather 
like material made from the symbiotic colony of bacterial yeast (SCOBY) that produce 
kombucha tea (see figure 38). Cokolok (see figure 39) is a composite made of coconut 
fiber, also known as coir, and natural latex. All three are flexible materials made from 
organic waste, with natural and elegant aesthetic expressions.

Figure 37 Pinatex (Fibre 2 Fashion, 2018).

Figure 38 SCOBY Leather (Iowa State University, 2018).

Figure 39 Cokolok (Lizciokajlo, 2018).
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4.6 Manifesting the characteristics

4.6.1 Potential use of oil palm fiber-reinforced plastics

The fiber-reinforced starch-plastic composite evaluated in the MDD workshop is 
deemed to be strong, flexible and pliant, whilst at the same time exhibiting ele-
gant, sober and amusing qualities. Since the aesthetic properties are derived 
from a young female demography, I see a potential for the material in fashion 
accessories with a limited lifespan, i.e. clutch bags, wallets and tablet- and 
smartphone-cases.

The translucent qualities, together with the natural color of the light that seeps 
through could provide interesting opportunities for interior design objects, such 
as sunscreens or insight protection.

As all the components used in this material is both non-toxic and compostable, 
the material can be used for both packaging and disposable items.

The choice of starch-based plastic also limits the field of applications to pro-
ducts with a short lifespan, due to the inevitable weathering of a compostable 
material. If we were to substitute the type of polymer used, the possible number 
of applications expands to a number of other areas, such as shoes, suitcases 
and protective panels.

4.6.2 Ideation

To visualize the qualities of the fibered material, being both natural and ele-
gant, strong and flexible, sober and amusing, I chose to create a clutchbag.

As a shortlived accessory holding the most important everyday items, subject 
to the fast changes of modern fashion, the clutchbag is suitable to manifest the 
characteristics of the material. Figure 40 shows a selection of sketched ideas 
while the styling board in figure 41 represents similar products with benchmar-
ked materials.

Figure 41 Styling board of benchmarked materials.

Figure 40 A selection of sketches on clutchbags.
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4.6.3 Demonstrative product

The clutchbag was produced following the same technique as described in 
my exploratory phase. A starch-based plastic made of tapiocha starch, water, 
glycerin and acetic acid was mixed with bleached and unbleached fibers. For 
this demonstrator I decided to use both EFB and MF to accentuate the fibered 
expression and prove the usability of both types of fibers.

The mix of plastic and fibers were rolled into a rectangular sheet on a silicone 
baking paper. The sheet was folded over a cellular plastic mold wrapped in 
cling film (see figure 42) and the sides of the sheet was pressed together while 
still wet, to create a seamless pocket. A part of the sheet was left flat, to be 
used as the flap covering the opening of the clutchbag. The demonstrator was 
then left to dry before the mold was removed to maintain its structural shape. 
The finished demonstrator can be seen in figure 43. On the next page, figure 44 
shows the clutchbag lit from inside, illustrating its translucent qualities.

Figure 43 The finished clutchbag.Figure 42 Making the clutchbag. The sheet was folded over the mold and the prodtru-
ding edges were pressed together while still wet to create a seamless pocket.
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Figure 44 Visualizing the translucent qualities of the material.
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5. Concluding discussion
Through research and visits to plantations and mills around Surat Thani and 
Krabi, I gained understanding of an industry that is complex and dependent on 
many different actors. It was clear during this research that while efforts have 
been made to mitigate the environmental impact of palm oil, there are still 
many areas where the industry can improve its practices. With this knowledge, 
I identified side-streams of biomass waste that accumulate along the produc-
tion line and what circumstances surround their current utilization. Combining 
the perspective of an industrial designer and insight of where there is need for 
improvement, I chose to investigate further how to utilize empty fruit bunches 
(EFB) and mesocarp fibers (MF), based on their current under-utilization and 
their potential as cellulose-based reinforcements in composites. 

With the waste products that I collected from the mills, I created examples of 
how a material made from oil palm fibers and bioplastic might look, feel and 
behave, through a material driven design process. The different variations of 
the material exhibited a range of properties, such as amount of fibers, color 
and flexibility. 

The materials created were used in an evaluation with Thai students as part of 
the material driven design process, to explore how potential users in Thailand 
might react to the material and what feelings it elicits.

5.1 Degradability of (bio)plastics

In this project I have worked with different kinds of bioplastics as binders for 
the fibers I collected at the palm oil mills. To avoid confusion around the terms 
bioplastic and biodegradable plastics, it is worth clarifying the difference and 
what they mean for materials from a perspective of sustainability.

The term bioplastic is somewhat carelessly used for all types of polymers deri-
ved from biological sources, from starch-based plastic to PLA and PHA. While 
this term is technically correct, it gives the impression that they are the solution 
to the plastic waste problem, even though it can take years for i.e. PLA to fully 
degrade under landfill conditions (Song, Murphy, Narayan & Davies, 2009). 
Despite this misconception, bioplastics are still a more sustainable alternative 

to petrochemical polymers, mainly in terms of non-renewable energy usage 
(Gironi et al., 2011).

To categorize the different bioplastics, it is important to make a distinction 
between bio-based and biodegradable plastic, and account for the varying 
biodegradability. Thus, thought should be given to what type of polymer to use 
for a specific application, what purpose it is meant to achieve and the expec-
ted longevity of the product.

5.2 Are palm oil and sustainability really compatible?

From a perspective of sustainability, it is hard to argue for the sake of palm oil. 
Like many industrialized crops, it brings environmental destruction in its wake. 
In the shadow beneath the tightly packed rows of oil palm trees, there is little 
room left for plants other than cover crops to grow.

As mentioned before, I have left out the aspects of deforestation and loss of 
biodiversity in this study. Not because they are insignificant, on the contrary. 
Large scale operations displayed an extensive monoculture while smallholder 
plantations exhibited a somewhat varying plant culture. There were many times 
during my field studies that I was disheartened by the barren landscape of a 
vast oil palm plantation. In this case, I forced myself to be pragmatic about the 
problem, and aware of the limited time and resources at hand. 

Being a perennial plant, the oil palm is by far the most effective oil producing 
crop in terms of yield per acre, more than double that of coconut oil and five 
times the yield of its nearest temperate competitor, rapeseed (FAOSTAT, 2018). 
Knowing this, with a global population in need of ever larger quantities of 
vegetable oils, I believe that the rational approach would be to work towards 
more sustainable practices, rather than to think that eliminating oil palm culti-
vation would solve the problem. The measures that are being taken to counter 
the impact of palm oil are steps in the right direction and it is important for the 
consumer to be aware of the many nuances surrounding the commodity. Not 
all certified palm oil is good, and not all uncertified palm oil is necessarily bad, 
meaning we should never stop pressuring the industry to better itself.

In the context of Thailand, we must remember that it supports the livelihood of 
many independent farmers, who would most certainly turn to other industriali-
zed crops, were palm oil to be rejected.
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5.3 Generalizability of case-studies

The case-studies in this thesis were chosen in consultation with Dr. Kanokwan 
who, during her PhD and following articles, discussed the environmental impact 
of the palm oil industry in Thailand. As a result, she gathered extensive know-
ledge on the different kinds of mills operating throughout the country. Though 
the case-studies were relatively few, I believe it safe to assume that the mills 
chosen gives a fair overall representation of the industry, in regards to what 
type of waste products that accumulate and how they are utilized (see figure 
45-47). Dr. Kanokwan Saswattecha and Dr. Anuman Chanthawong explained 
in the interviews that there is one other type of mill, so called Type A, where only 
the sterilization of FFB differs from the one described in this study. This type of 
mill was omitted from the study for two reasons; they constitute a smaller per-
centage of the mills in Thailand, and many of them aim to convert to Type B to 
streamline the production.

Figure 45 Trucks idling outside UPCP.

Figure 46 Fresh fruit bunches on the way to be sterilized at UPCP.

Figure 47 Shredding machinery for empty fruit bunches at GGM.
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5.4 Contribution of study

The process of developing materials under the circumstances that I chose 
in Thailand, proved to be more challenging than I expected (see figure 48). 
Outside of the context of where I am used to work and with little knowledge 
of the local language, I was forced to improvise and adapt my process to the 
conditions at hand. As I lacked access to more advanced tools and machine-
ry, I used simple means in a primitive setting to create materials that were both 
intriguing to me and that I deemed to be compatible with the MDD evaluation. 
With that in mind, and knowing the limitations of the starch-based plastic that 
I used as a polymer, I believe the most valuable insight from this process was 
the unanimous reaction the workshop participants had to the fibred variations 
of the material. Associations such as elegant, amusing and natural, combined 
with its perceived strength and flexibility, proved that there are possibilities to 
add value to a waste product that is viewed as a nuisance today. It is also an 
indication that there is potential for the development of high-end products 
such as fashion accessories, using fibers from palm oil production. Given that an 
industrial scale, or small scale production with proper tools, provides opportuni-
ties to improve the material that I developed, it is reasonable to believe that the 
possible range of applications can be expanded. It is also interesting to note 
that the participants in the workshop evaluated the materials with a visually fi-
bered structure to be both natural and elegant at the same time. Earlier studies 
have shown that it is difficult to evoke attributions of naturalness and high-quali-
ty in materials simultaneously, particularly for bioplastics (Karana, 2012).

To summarize this, I believe that the important scientific gain from this project is 
not the particular material that I developed, but rather the insight that the was-
te products from palm oil can have an intrinsic value in the eyes of Thai consu-
mers. The fibers from particularly EFB can be processed with simple means, using 
natural methods and non-toxic, readily available chemicals, to improve their 
aesthetic appearance and functionality. 

Figure 48 My primitive workshop in Khiri Wong, Thailand. Curious eyes watching my every 
move.
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