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Material is an essential part of our lives. It allows us to form the society 
we are today. Material is especially significant to designers as it enables 
them to design, create and produce artefacts. However, the distance 
of designers to emerging science-driven materials combining with 
the desire to deal with mass production lead designers to slowly shift 
their profession from designing within existing materials to engaging 
in designing one’s own materials in recent years.

This thesis investigates the design processes of an innovative bio-
based material from a designer perspective using flower waste in 
Bangkok, Thailand as the case study. The research adopts practice-led 
research as the core methodology to gain an empirical understanding 
of the material development processes while having the Double 
Diamond methodology as the research framework. 

The former half of this research takes place in the Bangkok Flower 
Market, Thailand before moves to CHEMARTS laboratory located at 
Aalto University, Finland for material development. 

In response to the issue of flower waste, the study presents background 
research on the topic along with an analysis of the interview and 
discussions with stakeholders. The information then condenses into 
the development of the flexible sheets made of rose and carnation 
petals which is the focus of the production part of this thesis. 

The development raises the importance of the locality of ingredients 
together with production scale and four aspects of the material 
properties: strength, water repellency, texture and colour, which are 
reverent to future innovative bio-based materials development. 

The final material obtained in this thesis has the potential to be 
implemented in lifestyle products as prototyped as a small clutch 
bag and coin purses. The production of the material can lead to the 
valorisation of flower waste on large scale with further research.

Key words: material development, bio-based material, innovative 
material, flower waste, CHEMARTS
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1
INTRODUCTION
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1.1 CONTEXT OVERVIEW

Designers and materials have always been tightly intertwined. In 
recent years, Design slowly expands from designing within the existing 
materials such as steel, wood or plastic to designing designers’ own 
materials by engaging from the raw materials in explorative manners.

To my understanding, the term “material design” in Design field tends 
to take highly experimental approaches focusing on open-ended 
possibilities and human experiences (e.g. Material Driven Design, Do-
It-Yourself approach) to compensate the lack of scientific knowledge 
while the same term with clearer material property goals and scaleable 
production tends to lean toward engineering fields. 

Designing a product from raw materials can be as challenging as it can 
be meaningful. Being able to interact with material components from 
their raw sources enables designers to oversee and conceptualise 
the holistic picture of a product life-cycle from the very beginning of 
one’s design. However, creating a practical material requires extensive 
research which could take years in development. The nature of 
designing material is also vastly different from designing a product. 
There are no concrete design processes, datasheets, pre-specification 
or guideline to consult. With these reasons, only a small number of 
materials created in the Design field has reached the point of mass 
production.

As for myself, a bio-based materials enthusiast with a background 
in product design, I am somewhat stuck in between the two sides of 
my own understanding of the term ‘material design’. Despite my lack 
of sufficient scientific knowledge, I create materials for its function 
rather than for my own artistic expression. I flavour the scalability but 
for local scale production. I am in search of a balance between the 
purely explorative and systematic design processes. My own struggles 
led me to the desire to investigate how one could design material from 
these perspectives.

Since my time in a flower school in 2019, flower waste has caught my 
attention as a potential source of raw material. Growing up in Bangkok, 
I am familiar with the massive amount of fresh flowers being thrown 
away in the flower market unavoidably.

In order to gain an empirical understanding of a material design 
process, I decided to pick up the flower issue as the case study of this 
thesis.
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1.2 THESIS STRUCTURE

This thesis is structured in 6 chapters. Chapter 1 
and 2 provides an overview of the research topic. 
In this chapter, Chapter 1: Introduction, includes 
background of the work, my previous experience of 
material design and floristry. Chapter 2: Research 
and Methodologies presents details of the thesis, 
research questions and the chosen methodologies. 

Chapter 3: Background Research and Chapter 4: 
Define the Development Route focus on the literature 
reviews, data collection and analysis of flower waste 
issue.

Chapter 5: Material Development covers the 
production part of the thesis. Documentation, 
reflections during the production together with 
photos of the designed material and prototypes are 
presented.

Chapter 6: Discussion and Conclusion discusses 
key learnings that arises from my own process of 
developing a material, limitations of the thesis and 
further research plan.

1.3 MATERIAL DESIGN

Before further discussing the research details, I would like to first 
review the state of the art of material making approach in the Design 
field, particularly the DIY- and bio-based materials. This section 
covers the general idea of material in Design, DIY-material, bio-based 
material then concludes with my own standpoint on the material 
design approach.

1.3.1 Materials in Design

‘We live in the world of materials; it is materials that give substance 
to everything we see and touch.’, write Ashby and Johnson in the 
opening of their book  Materials and design: the art and science of 
material selection in product design.  According to them, materials 
are a combination of art and science - it provides both technical 
functionality and personality to a product. 

Designers are often inspired by innovative materials and processes. 
They are eager to build their ideas or provoke a conversation with 
materials. (Ashby et al., 2014) However, the majority of new material 
emergents are developed through science-driven researches (i.e. in 
the laboratories of universities, governments, and industry)  (Ashby 
et al., 2014) which cause the accessibility issue for designers and 
communities. (Ayala-Garcia, et al., 2019) The long development 
period together with other driving sources such as a desire to solve 
a particular problem or to voice against the mass-production system 
become generators for practitioners to take the DIY practices on 
materials. (Ayala-Garcia, 2019)

1.3.2 DIY-Materials

DIY-Materials can be seen as the alternative to materials developed 
scientifically. (Ayala-Garcia, 2019) Design researcher Valentina 
Rognoli characterises DIY-Materials as ‘Created through individual 
or collective self-production experiences, often by techniques and 
processes of the designer’s own invention, as a result of a process of 
tinkering with materials’ (Rognoli et al., 2015). 

The DIY Materials research group manifests 5 statements for the 
do-it-yourself materials which goes hands-in-hands with the core 
approach of the movement. The manifesto consists of 1. Choosing 
low technology for sustainability 2. Believing in the possibility of social 
change 3. Having the power to create materials 4. Honouring the 
expressive-sensorial qualities of materials in the act of creation and 5. 
Loving unconventional. (DIYMaterials, 2020)
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Figure 1. DIY-Materials as 
an alternative to traditional 

materials developed by science
@ Camilo Ayala Garcia

In relation to the DIY-Materials approach, I would like to raise up 
an aspect of the material aesthetic from the material experience 
perspective.

DIY-Materials tend to acquire their material sources from the 
unconventional places such as food or recuperated waste as classified 
in five kingdoms: Vegetabile, Animale, Lapideum, Recuperavit and 
Mutantis. (Ayala-Garcia, 2019) The unique resources combine 
with DIY production techniques generally reflect in the aesthetic 
of materials which may be seen as imperfection compares to the 
traditional materials. The non-homogeneous structure, the unique 
textual and visual experiences may appear in recycled or food-based 
materials  (Karana et al., 2017) These qualities could be perceived as 
both strength and flaw depending on individual experiences.

1.3.3 Bio-based Materials

Novel materials are likely to come with the prefix ‘bio-’ or ‘bio-based’. 
According to a definition given by Biofabricate and Fashion for Good 
in  Understanding ‘Bio’ Material Innovation: a primer for the fashion 
industry  report, the term bio-based materials refers to materials in 
which ‘wholly or partly derived from biomass’ while ‘biomaterial’ is an 
umbrella term for bio-based material and all non-specific biological 
association materials including bio-fabricated materials, bio-synthesis 
materials and more. (Biofabricate and Fashion for Good, 2020)

Bio-based materials cover a wide range of materials from conventional 
such as wood, leather, natural fibres to innovative matters like 
vegetable-based lubricants or a combination of fruit or vegetable 
waste and synthetic polymers non-animal ‘leathers’. (Biofabricate and 
Fashion for Good, 2020)

The biomass portion of bio-based materials can be derived from 
living or once-living organisms (Gumpert, 2020) excluding fossil 
sources, which can have undergone physical, chemical or biological 
treatment, such as plants, trees, animals (Biofabricate and Fashion for 
Good, 2020), renewable domestic agricultural materials, renewable 
chemicals, and forestry materials. (USDA, 2019)

At the moment, there are multiple standards for the minimum bio-
content percentage of bio-based products to be certified as biobased. 
The term biomaterial, in general, could refer to a material with 
100% to lower than 10% bio-content. (Biofabricate and Fashion for 
Good, 2020) This loosely define bio-derived content leads to the 
misconception of all bio-based products are ecological when in reality, 
they could contain a significant portion of petroleum-based polymers.

I share many mutual beliefs in the way we can make materials with 
the DIY-Materials approach and highly endorse the choice of low 
technology for sustainability. The designed material obtained from 
this thesis may be considered as a DIY-Materials considering its 
self-produced quality and my role as a maker, as well as a bio-based 
material considering the use of flower waste as its raw material. I am 
aiming to achieve the highest bio-content possible by opting out from 
any fossil-based materials and any kind of toxic chemicals. 

However, when comes to the topic of production, I am not against 
the thought of a design for scalability manufacturing. In fact, I argue 
that we can contribute more to a particular problem and society by 
commercialised the design concept if the material is well-thought 
throughout its life-cycle. The production size can be on a small or local 
scale where the manufacturing correlates with the material sources 
and consumption demand reasonably. 

Next, I will share my experience with materials, CHEMARTS and 
flowers respectively.
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1.4 MATERIAL AND I

I have always been interested in materials as it is an essential part of 
our life. My experience with material as a designer first started in my 
bachelor’s study. During my time as an undergraduate design student, 
I participated in various product design and packaging design projects, 
working with standard industrial materials such as cardboard, metal, 
rubber, or plastic in order to produce design objects.

At one point, I came to the realisation of how much material we are 
consuming daily and how energy-intensive they are. That was when I 
started to explore alternative options. In the beginning, I introduced 
natural materials to modern products such as using water hyacinth 
for cat toys or using rice straw paper in packaging to create a close-
loop production for local farmers to pack their rice. Later on, as I have 
found the bio-based material world, I started to widen my work area 
out to not only designing the end-product but also the development of 
material properties and its manufacturing technique.

Apart from my personal belief that bio-based material is an ecological 
choice of material for the world, there are opportunities for us, 
designers, to deal with the endless agricultural waste, opportunities 
to create a new sustainable value chain and opportunities to turn what 
most people consider ‘trash’ into a useful alternative substitution for 
the traditional materials. When I see tons of thrown away flowers, I see 
a potential fibre source. When I see tons of fruit peels, I see a potential 
natural pigment. I see not only the utilities but also the unique natural 
aesthetics of these materials.

During my Bachelor’s thesis; Colour Matter - Home Accessories 
Design from Thai’s Fruit Peels Material Experiments; I went on 
experimenting with leftover fruit peels, creating new material from 
scratches. However, the work was done in a home kitchen in a DIY 
manner. My experimentation was limited due to the lack of chemical 
knowledge and laboratory setting. After graduated, the urge to seek 
a place where I could integrate material science into my work led 
me to Finland. I came to Aalto University specifically to participate in 
the CHEMARTS minor where the interdisciplinary collaboration and 
supports I previously lacked are offered.

I will open up on the CHEMARTS approach in the next section, Chapter 
1.5 The CHEMARTS’ Way and elaborate more on my project done during 
the CHEMARTS Summer School 2020 in Chapter 3.3 Flowercycling - 
CHEMARTS Summer School Project.

Figure 2. Shifts in my own 
design process from designing 
product to bio-based meterial

Image 1. Material samples 
from Colour Matter project



20
Image 2. Working in 
CHEMARTS lab

1.5 THE CHEMARTS’ WAY

CHEMARTS is a strategic collaboration between The School of Chemical 
Engineering (CHEM) and The School of Arts Design and Architecture 
(ARTS), Aalto University aiming to combine design, business thinking 
and natural material science together to create new bioeconomy 
concepts. (CHEMARTS, 2020) 

The working methods of CHEMARTS courses are experimental and 
practice-based. The students are to define their own topics and are 
encouraged to broaden their horizons with support from peers and 
tutors. (Kääriäinen et al., 2017)

I had a chance to participate in the CHEMARTS minor organised by 
professor Tapani Vuorinen from Aalto School of Chemical Engineering 
and professor Pirjo Kääriäinen from Aalto School of Arts, Design and 
Architecture. The minor consists of Design Meets Biomaterials course, 
CHEMARTS Summer School and Plant Biomass course. During the 
Summer School, I experienced a highly interdisciplinary working 
environment and proper lab equipment for the first time. Despite 
the current pandemic situation which limited the interaction among 
the teams, I still had learnt immensely through conversations and 
observing others’ works.

As I have previously done material exploration-type of projects, I can 
see the quality of the work done with CHEMARTS was significantly 
higher than the home-DIY ones. I truly understand the importance 
of these collaborative elements. A designer may come up with a 
great idea but without the right knowledge, it is nearly impossible to 
qualitatively manifest the concept.

Even though the multidisciplinary works and exchanging one expertise 
clearly lead us to greater innovations, it is challenging by the nature of 
the difference between the mind of Designers and scientists to form 
such collaboration. I appreciate the CHEMARTS visions and would like 
to adopt their essence in this thesis.

21
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Image 3. 
Arranging an installation 
at  London Flower School

1.6 FLOWER AND I 

Earlier in 2019, I took a floristry course from London Flower School. There, I 
found out about numerous unsustainable aspects in the floristry that the florists 
are thriving for better solutions. One of the issues I am particularly interested in 
is floral waste. 

Flower waste is one of the hidden issues buried under the gorgeous and elegant 
image of the flower industry. Flowers are very delicate, therefore having a short 
lifetime. Only the most beautiful flowers can be sold and use in arrangements. 

Floral waste, in general, may not seem as a deathly environmental issue 
compared to plastic pollution since the flowers themselves are biodegradable. 
However, when comparing the number of resources putting into one flower to its 
little usage time as a decorative object and considering the volume of discarded 
flowers, especially in the region with higher flower volume but less organised 
waste management system, the majority of them end up with no further use than 
filling in landfills and water bodies or being incinerated.

The waste is generated from both the manufacturers (i.e. growers, wholesalers) 
and the end-users (i.e. florists, retail shops). In summer 2020, I had a great 
chance to collaborate with FloweRescue Ry, a Helsinki-based, non-profit 
organisation whose are also working on addressing the issue of flower waste. 
Details on the project done with FloweRescue Ry will be presented in Chapter 3.3 
Flowercycling - CHEMARTS Summer School Project.
  
In Thailand where I was born and raised, the structure of the flower industry 
and flower waste situation is fairly different from in Finland. Flowers can be seen 
everywhere and are used more excessively on various occasions throughout the 
year. Moreover, instead of independent wholesalers, the central flower market, 
Pak Khlong Talat, where a massive amount of flowers are trading 24 hours a day, 
7 days a week lie at the heart of Bangkok. The market generates a significant 
amount of floral waste daily while very little attention is paid to its management. 

The Bangkok Flower Market has room for improvement and implementing a 
design concept. It also has the potential to be the source of the raw material for 
future manufacturing. Looking at the waste issue critically through the Design 
lens, I could contribute to the waste issue by re-thinking the system. We could 
valorise flower waste by turning them into innovative materials.
 
As I am well familiar with its landscape and culture, I decide to base the 
background and the conceptualisation parts of the project on the Bangkok Flower 
Market. Details of the research setting will be given in Chapter  2.3 Research 
Setting.
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2.1 RESEARCH STATEMENT

The main focus of this thesis lies in the process of developing an 
innovative bio-based material from a designer perspective where I 
am the designer. The study is conducted with a practice-led approach 
aiming to gain knowledge through executing a material development 
project.

The design process is based on the Double Diamond methodology. The 
workflow can be categorised into four phases which are understanding 
the context, conceptualised the design, develop and materialised the 
proposal.

The material development portion of this study conducts in a flexible 
manner as the positioning of the designer is neither fully from the DIY-
Materials approach nor from the scientific material development.

With my intention to combine my background as a Thai together with 
my learning journey in Finland, this research will take place in Bangkok 
and Helsinki sequentially.

Floral waste in the Bangkok Flower Market is selected as the case 
study in order to be able to understand the situation of the topic more 
profoundly. Due to globalisation, a large portion of flower species 
available is similar throughout the world. Hence, the benchmarked 
flower species from the Bangkok Flower Market are accessible in 
Finland as well.

2.2 RESEARCH QUESTIONS

The two main questions of this research are listed as follows:

1. How does a designer develop an innovative bio-based  
material in response to the issue of flower waste?

2. What key aspects of the design process contribute to the 
future innovative bio-based material development?
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2.5 PRACTICE-LED RESEARCH

This thesis employed practice-led research as the main research 
umbrella. In the practice-led approach, the research focuses on 
advancing the knowledge about or within the practice involving the 
active practices as an integral part. (Candy, 2006) According to artist 
and associate professor Maarit Mäkelä, practice-led research can be 
characterised as ‘… focusing on issues, concerns and interests that are 
explored and manifested through the production of artefacts’ (Mäkelä, 
2007) In this research, ‘the making’ plays an essential roll in answers-
finding to the research questions. The empirical knowledge obtained 
by hands-on experimenting on the material during the production part 
of the thesis (i.e. Chapter 5: Material Experimentation) would lead to 
the profound understanding of the subject.

The process of artefacts making plays a significant role for the 
researcher to gain knowledge. As the fundamental role of the 
artefacts in practice-led research is for documenting information and 
the designer’s own understanding, the objects alone are none self-
explanatory. A specific context must be given in order for an artefact 
to be interpreted (Mäkelä, 2007) Thus, the description texts must 
be comprised for the completion of the work. However, the research 
could be completed only with the written component, excluding the 
created object. (Candy, 2006)

In conjunction with practice-led research, the word ‘designerly’ is 
presenting throughout this research. The word ‘designerly’ in the term 
‘designerly ways of knowing’, as articulated by design researcher Nigel 
Cross in the journal Designerly Ways of Knowing: 1982 expresses 
the way in which designers are knowing into five aspects: tackling 
ill-defined problems, having a solution-focused mode of problem-
solving, having constructive thinking, using codes (i.e. drawings, 
sketches) for translating abstract requirements into concrete objects 
and the ability to understand objects from the codes (Cross, 1982) 
Cross further presents that the knowledge of design embodies in 
people, the processes and in the products of designing (Cross, 1999)

2.3 RESEACH SETTING

This study sets out in two locations, Bangkok, 
Thailand and Helsinki, Finland. 

As the floral waste issue in the Bangkok Flower 
Market is selected as the case study, studies on 
the market waste flower species, quantity and their 
current management are needed. The first half of 
the project i.e. Chapter 3: Background Research and 
Chapter 4: Define the Development Route are set in 
Bangkok. The data are collected through literature 
review, interviews, an exhibition and material 
experimentation.  

The material development part of this project i.e. 
Chapter 5: Material Development then continues at 
Aalto University once the scope of the development 
is composed. The work in Finland is done preliminary 
at CHEMARTS laboratory with the support of flower 
waste by FloweRescue Ry.

2.4 RESEACH TIMELINE

Background Research & 
Conceptulising the Data Material Development Prototype & Tests

Thesis plan 
submission 

Thesis Part II 
presentation 

Thesis 
submission 

Thesis 
presentation 

Dec Jan Feb Mar Apr May Jun July Aug Sep Oct

Figure 3. Reserch timeline
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The second section, define, is a phase in which the thinking shifts 
from divergent thinking to convergent thinking before widen back to 
divergent thinking again in the second diamond. The main challenge 
or the core concept of the project is formed from the gathered insights. 
The next diamond contains the latter two intertwined processes which 
can be called as the production part in this context. The develop 
section refers to the physical material exploration in a lab environment 
while the deliver section refers to the prototyping and translation 
of the designed material including feedback gathering sessions. 
The ‘adequate material’ at the far right of the diagram is the aimed 
outcome of the project.

As stated by the Design Council, the double diamond methodology 
is not a linear process. (Design Council, 2019) The above description 
is only the explanatory statements for the overall workflow. diagram. 
Many iterations and evaluations happen during the study, create 
additional loops within each phase.

2.6 THE DOUBLE 
DIAMOND METHODOLOGY
The double diamond methodology is chosen for the framework 
of this thesis as I consider the method the most comprehensive 
version of design thinking. The double diamond methodology was 
first introduced by the Design Council in 2004. The model gradually 
evolving over the years but its core concept stays mostly unchanged. 
The method consists of two diamonds which then divided into four 
working processes, discover, define, develop and deliver respectively. 
(Design Council, 2019)  

The double diamond methodology as the research framework offers 
flexibility in creating one’s own working process. As this study aims 
to obtain the empirical knowledge in material development, the clear 
but adaptable workflow of the methodology offers the most suitable 
guideline for the project. 

Figure 4 shows the project workflow as follow. The ‘flower waste’ on 
the left side of the diagram is the starting point of the project. Then, 
the first step in the diamond is the discover section which aims to help 
to understand the problem. In this case, it refers to the understanding 
of the surplus flowers, exclusively in the Bangkok Flower Market, 
by using various data-gathering tools such as literature review and 
interviews. 

Figure 4. Adaptation of the Double Diamond Methodology 
@Design Council: The preliminary project workflow
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The first design process according to the Double Diamond Methodology 
is to discover the topic. This step aims to help the designer in 
understanding the problem rather than simply assume the situation. 
(Design Council, 2019) 

In this chapter, I am discovering the topic of floral waste in order to 
obtain a deeper grasp of the topic by first reviewing the significance 
of the flower waste issue globally. Then, investigate Bangkok’s 
flower logistic and waste situation. Before open up on the overview 
of the existing solution tackling floral waste and my own project, 
Flowercycling from the CHEMARTS Summer School 2020. 

3.1 FLOWER WASTE IN GENERAL

Cut flowers, the symbol of love and caring, embedded in our life in 
various forms, from cut flowers selling in the supermarket, bouquets 
from local florists to many events’ decorations. These beautiful flowers 
representing positivity and are often considered as an ecological choice 
of decoration as essentially it is a plant after all. However, numerous 
environmental issues are happening in the behind-the-curtain of the 
cut flower industry both before and after its in our hands.  

Chemical pollution and overusing water are the first two main issues 
in the floriculture sector. Flowers requires extensive water to bloom, 
approximately over 900 cubic meters of water is used for a 100-acre 
flower farm every month. (Vogelstein, 2019) Many major flower grower 
countries are also the most water-stressed countries. In Kenya, for 
example, 45 percent of the country’s virtual water exports are from 
growing cut flowers. (Buckingham, 2016)

As the cut-flower industry is a short-cycle production process with 
only the highest quality of products are sellable. Flowers with any kind 
of imperfection will be rejected from the market. Therefore, extensive 
use of agrochemicals is demanded. (Sullivan, 2017)

Furthermore, specific flowers can be grown only in specific areas. The 
flower industry has a highly international market flow which creates a 
massive amount of carbon footprint from transportation. (Tree-nation, 
2020) Flowers travelling across continents by plane in refrigerated 
containers as they are sensitive to temperature changes. (Fredenburge, 
2019) From farms in the warmer countries such as Columbia, Ecuador 
and Thailand to the distribution centres such as Aalsmeer Flower 
Auction Centre in the Netherlands before being distributed to their 
final destination, tons of carbon dioxide are produced.

Floral waste, which is the main focus of this paper, could be considered as 
the by-product of the flower industry. The first waste happens at the flower 
farms. Most farms need to grow their flowers year-round to ensure the farms’ 
capability to deliver their blooms to the market as needed. However, as 
the demand in the cut-flower industry is much relying on holidays such as 
Valentine’s and Mother’s day, the volume of flowers needed during the regular 
months is nearly 20 times lower than during the holidays seasons while the 
production volume remains almost the same throughout the year. These 
oversupply flowers in the non-peak months are either sold at a very low rate 
or discarded into mulch. (Lufkin, 2019)

The second waste happens at the wholesaler. Even though many agrochemicals 
are used during the growing period, not all blooms are flawless. Flowers with 
any kind of imperfection such as bug bites, missing petals or dead buds will be 
thrown away without any secondary use.

Additionally, flower wastes continuing to happen even after the use of the 
flowers. With all these extensive production processes, chemical, water and 
transportation consumption, the real usage time of the flawless cut-flowers 
before becoming floral wastes is extremely short. Not to mention waste 
generate from conditioning flowers, events such as a wedding or funeral 
created kilos of floral waste after the flower is used for a couple of hours. 
Flowers from festivals or floral installations might last slightly longer, with 
approximately a week. 

Floral waste is more problematic in the countries in which flowers are partially 
used for religious purposes such as India and Thailand. These flowers are 
single-use with an actual usage time of fewer than 10 minutes during the 
ritual before being thrown away into rivers which then polluted water bodies.

During the time of coronavirus crisis, floral waste is significantly increasing. As 
the virus come with a new social-distancing policy, the flower industry which 
heavily relies on events and gatherings became paralysed. In the Netherlands, 
approximately 400 million flowers were destroyed in April 2020, including 
200,000 tulips on a farm in Noordwijkerhout. (Siegal, 2020) At the same time, 
1.2 million roses are being destroyed in Russia daily. (Wiley et al., 2020)

Floral waste, in general, may not seem as a deathly environmental issue 
compared to plastic pollution as the flowers themselves are biodegradable. 
However, considering the number of resources putting into one flower to 
its little usage time as a decorative object and considering the volume of 
discarded flowers, the majority of them end up with no further use than filling 
in landfills and water bodies or being incinerated, flower waste should be 
taken seriously in solid waste disposal discussion.

The next section will cover the current situation of cut flowers in the Bangkok 
Flower Market market.



36 37

Image 4. Workers throw flowers into a 
crusher after they did not sell at auction 

during coronavirus crisis Credit: Ilvy 
Njiokiktjien, The New York Times

Image 5-6. Leftover roses caused by 
coronavirus crisis in Ecuador 
Credit: Everbloom Roses Ecuador
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Image 7. A vendor in 
Pak Khlong Talad market 

3.2 BANGKOK FLOWER MARKET

Flowers can be found in Thailand at any time of the year. The use of 
flower roots deeply in the Thai culture from a long past, primarily in 
religious beliefs and rituals purposes. Over time, flower consumption 
gradually expands into more casual uses in the form of bouquets 
and decorative elements. In the modern-day life, flowers became 
essential. Birthdays, anniversaries, Valentine’s Day, weddings, 
funerals, graduation ceremonies, home and store decorations; any 
occasions generally involved flowers.

The high demand in cut flowers consumption led to Bangkok, the 
capital of Thailand, holding a large flower market called Pak Khlong 
Talat.

Pak Khlong Talat market is located in Phra Nakhon district, central 
Bangkok near many landmarks such as the Grand Palace and Chao 
Phraya River. The market opens for trading 24 hours a day, 7 days 
a week. According to the Tourism Authority of Thailand, the market 
ranks fourth among the world’s top ten flower markets and possesses 
the third largest orchid flower market in the world. (Tourism Authority 
of Thailand, 2020)

Pak Khlong Talat market was the biggest flower market in Thailand 
until 2016 when the outdoor vendors selling on the pavements were 
forced to move to a new location. (Williams, 2019) Without the street 
vendors, the market still consists of over one thousand flower shops 
distribute under the remaining four indoor market which are Marketing 
Organization market, Yodpiman market, ICP flower market and Buddha 
Yotfa market. Marketing Organization market belongs to the Ministry 
of Interior of the Kingdom of Thailand while the rest are operating by 
private sectors. (Tourism Authority of Thailand, 2020)

As stated under Chapter 2.3: Research Setting, Pak Khlong Talat 
market is chosen as a point of reference for flowers and waste 
availability in order to generate location-specific insights and design 
proposal. From my personal observation, flower species in Thailand, 
Finland and many countries around the world are fairly similar due to 
the dominant exportation from Holland and China. However, details 
such as the quantity of each flower species, colour variety and floral 
waste management vary from place to place depending on each 
cultural context.



40 41

To gain a better understanding of the flowers flow in Bangkok in relation 
to Pak Khlong Talat market, from flower importation to magnitude of 
flower waste and management, I conducted 3 interviews with Chaleo 
Preekran, the president of Yodpiman Market Co Ltd, Parita Thanyasirin, 
a flower wholesaler business owner and a florist in Pak Khlong Talat 
area as a representative of independent vendors in Pak Khlong Talat 
market, and Sariya Patcharasirin, a designer from a Bangkok-based 
large-scale event organiser. The data obtained is then processed 
and mapped out to diagrams as shown in Figure 5 and 6. Figure 5 
summarises the preliminary logistic of the flowers in the market from 
growers to the main buyers. Figure 6 highlights where flower waste 
occurs and how they are currently managed. 

Flowers in Thailand can be categorised into 2 main groups: first, flowers 
using in Buddhist rituals and general decorative flowers. Yodpiman 
market as an entity focuses on the first flower type. Flowers sold in this 
market rank from jasmine, gardenia, marigold to assembled garlands. 
Approximately 480 vendors, excluding fruit and vegetable sellers, in 
Yodpiman market are sourcing their flowers from farms from all over 
Thailand. Only on rare occasions when the shortage of domestically 
grown flowers occurs will they import from Indonesia. Each vendor 
has one to two truck(s) worth of flowers delivered to their space in 
Yodmipan market every day. (Preekran, C., personal communication, 
Feb 19, 2021)

While Yodpiman market focuses on domestically grown rituals 
flowers, Thanyasirin’s business, on the other hands, focuses on import 
flowers from China and Holland. Her family runs several flower-related 
businesses. Thanyasirin herself takes the responsibility of ordering 
flowers from Holland and oversees ROSE Bangkok, their storefront 
in Pak Klong Talad market. (Thanyasirin, P., personal communication, 
February 19, 2021)

Thanyasirin’s flowers arrive twice a week from Holland and three times 
a week from China. The quantity and flower species depend on her 
estimation of the market demand at the time. Typically, around 5-10 
boxes of flowers arrive from China and 3-4 boxes arrive from Holland 
on each delivery. A small number of some specific flowers such 
as chrysanthemum is ordered from Malaysia and domestic farms. 
(Thanyasirin, P., personal communication, February 19, 2021)

Since Thanyasirin has a warehouse outside of Phra Nakhon district, the 
majority of her ordered flowers arrive at the warehouse. Then, parts 
of the flowers are delivered directly to her cooperate clients around 
Bangkok and neighbour countries while the remainder is transported 

Figure 5. Preliminary logistic of the flower through Pak Khong Talad market from growers to the main buyers
Figure 6. Where flower waste occurs and its logistic
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to ROSE Bangkok. From here, the flowers are distributed to individuals 
and retailers, including florists and smaller vendors, around the 
capital. (Thanyasirin, P., personal communication, February 19, 2021) 
This practice is rather unique to other flower businesses in Pak Khlong 
Talad market where the majority of the flowers arrive directly at their 
storefront. 

Wholesalers in Pak Klong Talad market like ROSE Bangkok is the place 
where the majority get their flowers. However, a higher flower volume 
demanded businesses such as Rainforest Co., Ltd., one of the lead 
event organisers in Thailand for which Sariya is working, infrequently 
buy their flower through Pak Klong Talad market. According to Sariya, 
a luxurious wedding can take up to 3 to 5 tons of flowers. Therefore, 
once a design for an event is ready, they will calculate the number 
of flowers needed and order farms in the north of Thailand to grow 
specifically the flowers they needed in advance or import directly 
from China, depending on the species. (Patcharasirin, S., personal 
communication, March 2, 2021).

Due to the nature of fresh flower, it is unavoidable for the market to 
generate flower waste. The vendors try their best to prolong the shelf-
life of their goods. Nonetheless, only freshly arrived flowers are desired 
by the consumers. 

At ROSE Bangkok, the flowers will go on discount after two days 
of arrival. On the fourth day, all flowers, whether in good or bad 
condition, must be deposal to make room for upcoming deliveries. 
The waste account for approximately 20% of their ordered flowers. 
Flower species of the waste varies from time to time as it correlates 
with their order. Rose, carnation, sunflower, hydrangea and tulip are 
predominantly available. Since waste management is not currently 
considered an essential part of the business, all surplus flowers are 
simply discarded in as-is condition to Bangkok city’s garbage trucks. 
Meaning that the majority of flowers still have their packaging intact. 
(Thanyasirin, P., personal communication, February 19, 2021)

Similarly, at Yodpiman market, the market organises a waste collection 
point where the city’s garbage trucks come to pick up the vendors 
leftovers twice a day. Typically, 2-3 tons of waste is collected in the 
morning and additional 3-6 tons is collected at the end of the day with 
marigold being the majority of flower waste. (Thai PBS, 2020)

Combining flower, vegetable, fruit and other general waste altogether, 
approximately 20 tons of waste is being collected from Pak Khlong 
Talad market area daily. (Thai PBS, 2020)

Image 8. Flowers 
discarded in their packaging

What happened to floral waste after being collected by the Bangkok 
Metropolitan Environment Department is unclear. There is minimal 
information on how solid waste in Bangkok is handled in general but 
no statistic or report specifically recorded on flower waste can be 
found on their online database. 

According to an article on the Bangkok Insight, waste that occurs 
within Bangkok is sourced during transportation from collection points 
to 3 transfer stations around the city. As of 2019, 10,706 tons of 
waste is generated daily, of which, only 180 tons is being recycled. 
Of the 180 tons of recyclable waste, 70 tons of wood branches, 
vegetable and fruit peels are made into compost for use in the city 
landscape maintenance while the rest of 10,526 tons goes to landfills. 
(Thongthab, 2019)

Flower waste in itself is organic and should be composable. However, 
in reality, flowers are discarded with their packaging tightly wrapped. 
The packaging which consists of different type of inorganic substances 
such as plastic wrappers, strings and rubber bands presumably causes 
the waste to be considered as mixed waste.

I reached out to the Bangkok Metropolitan Environment Department via 
phone in the hope of learning more about flower waste management. 
Nonetheless, no additional information besides the fact that flower 
waste is not classified as wood branches and gardening waste 
could be obtained. (Bangkok Metropolitan Environment Department 
Administration, personal communication, February 18, 2021) 

Flower waste currently causing a burden to both flower vendors and 
the Bangkok Metropolitan not only from the environmental angle but 
also from the financial aspect. Each of the flowers discarded counts 
as a financial loss for the vendors while the greater the amount of the 
waste requires greater resources in management from the city.

Image 9-10. Flowers 
arrived to Pak Khlong 
Talad in big boxes 
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3.3 FLORAL WASTE STATE OF THE 
ART 

Floral waste is seemingly getting more and more notions. Several 
organisations throughout the world are currently taking action on the 
issue along with a few research done on the possible applications for 
the flowers.

The most common solution tackling floral waste is the attempt to 
extend the usage time of flowers in good to semi-good condition 
from local event venues. In this approach, the flowers are not being 
recycled, rather being reuse or as many organisations call re-purpose. 
The leftover flowers from events such as weddings and parties are 
donated or bought as a seconded hand flower, rearranged by the 
organisation and either being donated to communities or sold at a 
cheaper price depending on the purpose of each organisation. (Luckel, 
2017) Revased, Repeat Roses, Floralangels and FloweRescue are 
some of the organisations running with this model.  

Another approach is to recycle the flowers by turning them into 
value-added products or materials. Floral waste can be converted 
into vermicompost, biofuels, organic acids, pigment, dyes, incenses, 
Polyhydroxybutyrate-co-hydroxyvalerate and more by using solid-
state fermentation. (Waghmode et al., 2018) Using floral waste as a 
source of raw material for handmade paper and soap production is 
also possible.

Image 11. Incense sticks 
made with floral waste 

Credit: Thelogicalindian.com

3.4 FLOWERCYCLING: CHEMARTS 
SUMMER SCHOOL PROJECT 

There are different ways to approach the flower waste issue as 
mentioned in the previous section. I personally choose to address 
the waste by turning them into value-added materials. In this 
approach, not only we can properly manage the waste but there is 
also an opportunity for them to be utilised into the more sustainable 
replacement for other materials. 

The summer of 2020 was when I first started exploring the possible 
uses of flower waste together with Bingdie Huang in the CHEMARTS 
Summer School. The aim of Flowercycling was to explore the potential 
of the waste flower as raw material for florist supplies alternatives.

Florist supplies are commonly single-use products made from non-
biodegradable material. The unbalance of material durability and 
its short usage time presents the opportunity to create potential 
conceptual applications for flower waste to circulate within the 
floristry. (Fig. 7)

Our experiments spanned from finding the most suitable practices to 
convert fresh flowers into manageable ingredients for use in further 
materials making i.e. pulp and pigment, to developing recipes for 
prospect materials and their applications. 

Figure 7. 
Material concept: 
Flowercycling 
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As flowers are essentially plants, stem and leave which contain fibre 
can be processed into pulp. Each flower gives distinctively different 
characteristic of fibre bundles. We could distingue the two main 
differences after having been experimented with rose, lisianthus, 
chrysanthemum, iris and lily. Flower with a softer stem such as iris can 
be easily separated with sodium bicarbonate while the ones with a 
harder, wood-like stem such as rose need sodium hydroxide treatment 
in an oil/air-bath digester.

Flower petal which contains less fibre than the other parts are simply 
dried and ground into pigment.  

By the end of the summer, we managed to produce pulp from iris, 
rose and carnation along with colour pigment from various flowers. 
From these two key ingredients, paper, flexible material and brick-like 
material are developed.

Paper and the flexible material were prototyped as wrapping paper and 
decorative ribbon in a bouquet (Img. 13) while the brick-like material 
with a unique property of water absorbability has a great potential 
to be further developed into an alternative for phenol-formaldehyde 
foam. 

Ultimately, all Flowercycling experiments were compiled into a 
manual for handling flower waste. The project establishes a solid 
foundation that can be used to advance future progress on flower-
focused material development. Therefore, the experimentations in 
this thesis will be built upon the procedural knowledge acquired from 
Flowercycling but the implementation is not limited to florist supply 
alternatives.

Image 12. 
Iris, carnation and 

rose pulp made during 
Flowercycling

Image 13. Sunflower 
wrapped in flower paper 
and flower ribbon
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Initially, only interview and background research on Pak Klong Talad 
market was planned to be done as part of the fieldwork in Bangkok. 
However, a special circumstance due to coronavirus outbreak 
complicated international travelling and limited access to the 
CHEMARTS lab. This allowed me an additional stay in Thailand, where 
an opportunity to do hands-on experimentation with the local flowers 
and ingredients which then led to a small exhibition afterwards was 
presented.

The decision to held the exhibition and to do hands-on work in Bangkok 
turned out to be a crucial part of defining the material development 
route. The exercises led to great feedback on the materials and 
also raise worth-mentioning aspects of the  LAB vs DIY  making 
process which will be elaborated in section 4.1: Narrowing Down the 
Development Path through an Exhibition and section 4.3: The Bangkok 
Experimentation: Lab vs Home DIY before moving on to material 
development phase on Chapter 5: Material Development.

When it was possible to produce some materials using the flowers 
from Pak Khlong Talad, together with Parita Thanyasirin, we decided to 
push the material to test by scaling up the size of the flower paper and 
flower leather and held a small exhibition, Flower Matter, at Sunflower 
/f  store in Pak Khlong Talad market.

The initial aim of the exhibition was to get feedback on the materials as 
bouquet decorative elements from Thanyasirin as a florist. However, 
looking back to the conversations we had with the visitors during the 
exhibition, valuable information which helps to envision development 
routes for the materials could be analysed. 

During Flower Matter exhibition, the visitors had a chance to interact 
with the materials both in the form of sculptural bouquet decoration 
and small material samples. Visitors were invited to touch, smell or 
experience the materials however they liked before they were asked 
to give their opinion on the material tactilities together with their vision 
of the material translations.

From there, three groups of the material end-users can be categorised. 
The material applications visioning by the visitors then gives useful 
insight into the material development and future design direction.

4.1 NARROWING DOWN THE 
DEVELOPMENT PATH THROUGH 
AN EXHIBITION

Image 14. 
Flower Matter exhibition at Sunflower/s store
12-19 March 2021 
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The first possible end-user of the material is indeed within floristry. The translation 
generated from this group is in the form of flower accessories and alternative for 
florist supplies as conceptualised in Flowercycling. Broader uses such as flower 
packaging and packaging using flower paper, in general, were also mentioned. The 
main focused of the group lean forward material cost than material aesthetic.

The next user groups are artists and natural colour artist supplies seekers. This 
group’s interest lied mainly on the flower pigment as a source of colour for paint 
media such as watercolour or screen printing ink. Rather than combining the 
powders with binding agents into sheets, the suggestions was to develop them 
into artist grade pigments. Some expressed their interest in flower paper as a 
canvas for conceptual art and printmaking as well.

Lastly, the third end-user, which is the biggest group of the three, is the green-
lifestyle product consumers. The material vision from this group is all kind of 
consumer products such as wallet, fashion accessories, upholstery and home 
decorations. The flexible sheets which were showcasing as bouquet ribbon and 
decorative were perceived more as ‘leather’ or ‘textile’ where they were willingly 
to purchase had there were some small product ready in the exhibition. Materials 
properties such as durability, water resistance and sewability were questioned.  

Up until now, the materials from flower waste developed under Flowercycling are 
branching out from the two main ingredients: flower pulp and flower pigment, 
into three material recipes: paper, foam-like material and leather-like material. 
Including the novel idea of artist supplies, there are five major paths for flower 
waste to be developed into. 

Image 15-16. 
Flower Matter exhibition at Sunflower/s store

12-19 March 2021 

Developing all material routes listed in the above diagram to the point of translation 
to an object by one’s self is extremely challenging and do not fit within the research 
timeframe. Therefore, a focus on one particular material must be made.

Considering the possibility to expand the exploration with the least scientific 
knowledge dependency, together with semi-clear material properties and its 
translation suggested by the potential user groups as described above, the flexible 
sheet is selected for the development portion of this research.

Figure 8. Possible 
development routes 
and selected path
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4.2  BENCHMARKING FLOWER 
SPECIE

There are over 369,000 flower species in the world. (Dasgupta, 2016) 
Of which, numbers of species are available in Pak Khlong Talad market. 
It is impossible and unreasonable to experiment with all the flowers in 
this project. Therefore, benchmark flowers must be selected. 

During Flowercycling, 12 species had been explored. Figure 9 shows 
each flower I had experimented with, waste volume according to data 
from Pak Khlong Taland, compatibility with the sodium bicarbonate 
treatment and the ability to be made into colour pigment.

Narrowing down the focus of the thesis to the flexible sheet, the 
important requirement for the flower species are the possibility of 
their flower petals to be made into power form. All flowers behave 
relatively similar to one another once they are turned into powder. and 
its availability.

Considering above mentioned aspects, carnation and rose are selected 
to be the primary flowers in the experiment. They are both high and 
consistent in waste volume. Additionally, they are the two flowers with 
wide range of colour scheme.

4.3 THE BANGKOK EXPERIMENTATION: 
LAB VS HOME DIY

As the decision to carry out a material experiment in Bangkok was impromptu, 
a couple of challenges such as time and material sourcing was presented. The 
attempt to recreate Flowercycling recipes in Bangkok in a home environment was 
a great example of how different the changes of location could affect the materials.

Having been developed Flowercycling in the CHEMARTS lab, I noticed how much 
the professionalised workspace helps facilitate working processes. Access to 
machinery, cellulose-based materials and all kind of chemicals plays a big part in 
accelerating the development. However, difficulties arise when the lab-developed 
recipe is taken outside of its setting. Some ingredients which were available in the 
CHEMARTS lab was unobtainable in Thailand.

Not only the ingredients availability, not having machinery made it impossible 
to replicate the exact processes as were done in Flowercycling. This led to the 
adaptation from a professionalised, lab-development process to the more low-
technology, DIY, handmade approach. Comparing to the materials made in the 
CHEMARTS lab, all materials made during the Bangkok experimentation are 
undoubtedly considerable as DIY-Materials.

Even though the material development in this thesis will be focused on the flexible 
sheet, I would like to open up the process of fibre extraction for flower paper in this 
section as well.

Figure 9.  Comparing all experimented flower species

Figure 10. 
Core processes of 
turning flower into 
ingredients from 
Flowercycling 

The first step of the experiment was to process fresh flower into pulp and 
pigment. (Fig. 8) According to the knowledge gain from Flowercycling, the two 
ways of processing pulp are sodium hydroxide treatment and sodium bicarbonate 
treatment. As sodium hydroxide treatment requires an oil or air-bath digester 
and a more complex process than sodium bicarbonate treatment which was not 
possible to conduct in a home environment, I focused on soft stem flowers, namely 
carnation, sunflower and tulip, which the fibre could be separated using sodium 
bicarbonate.
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Image 18. 
Flexible sheets made 
in Bangkok (left)

Image 19. 
Flower ribbons from 
Flowercycling (right)

A crucial step in processing flower pulp with sodium bicarbonate 
treatment is to further separate a large fibre bundle of boiled stems 
into the finer pulp using a valley beater. Valley beater is a laboratory 
pulp refiner under standardised conditions. (VG Paper, 2021) In 
Thailand, the machine in non-standardised laboratory conditions is 
available in handmade paper making communities throughout the 
country and purchasable from local agricultural machinery stores as 
a custom order. However, I could not gain access to one due to the 
limited time frame.

The best viable solution was to replace the machine with a low-tech 
approach:  mortar and pestle. (Img. 22) In manual papermaking 
techniques, a wooden hammer or rock is used to beat down the fibre 
into pulp. In the beginning, I started to beat the fibre with a hammer 
before found out that mortar and pestle were more efficient. To help 
speed up the beating process, a kitchen blender was used to make the 
fibre smaller before beating with mortar and pestle.

The result of the pulp beaten by hand was satisfactory but the fibre 
has a significantly distingue characteristic from the one beaten with a 
machine when made into paper. (Img. 17) The paper made with the 
manually beaten pulp has a more visible texture and rougher on the 
surface. Overall, it gives a more handmade feeling comparing to the 
paper made with machine beaten pulp. These differences will have 
effects on the future translation of the materials, for example, a rough 
surface could limit the printability or alter consumer perception to the 
product.

Moving on to the flexible material. The recipe requires flower pigment. 
Making flower petal into pigment was simpler than processing flower 
stem into pulp. The petals are dried in a microwave before ground into 
powder with a grinder.

The challenging part of making flexible sheets was the ingredients. 
The recipe calls for flower pigment, microfibrillated cellulose from 
Kraft birch pulp, bleached pine pulp and some minor ingredients. 
Bleached pine pulp and birch microfibrillated cellulose were the two 
ingredients that were not acquirable at the time. I made the decision 
to replace bleached pine pulp with the local mulberry pulp from the 

northern part of Thailand and leave microfibrillated cellulose out of 
the recipe completely.

I was expecting the lack of microfibrillated cellulose and the mulberry 
pulp replacement to cause a critical change in the material property. 
The material did take longer time to set and became slightly brittle 
than the sample pieces from Flowercycling. Interestingly, there were 
no serious cracks or breakages that led to the failure of the formation 
of material surface. This is a good sign that the new set of ingredient 
works. The issues with brittleness and curing time can be improved by 
fine-tuning the recipe. 

To finish off the materials, both flower paper and flower leather from 
Flowercycling are pressed under a heated hydraulic press to flatten 
out the surface. In the Bangkok experiment, the hydraulic press was 
replaced with a cloth iron. Iron was an acceptable replacement. 
However, wrinkles appeared due to an insufficient pressing surface 
and uneven pressure. (Img.18-19)

Figure 11. 
Core process of turning 

flower into flexible sheet 
from Flowercycling 

Image 17. 
Paper made with

hand-beaten 
fibre(upper) vs paper 

made with machine-
beaten fibre (lower)
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Image 22. 
Beating flower pulp using 

mortae and pestle 
vs valley beater

I found the the lab vs home DIY aspect of material making from the 
Bangkok experimentation deeply interesting. It is a great reminder of 
the importance of the production scale and the locality of ingredients 
for future manufacturing to be taken into account.

In conclusion, it is possible to produce materials from waste flower 
based on the process developed in a lab in a home environment by 
shifting machinery to manual labour or household appliances which 
consume less electricity as a benefit. However, the process became 
much more time consuming and labour intensive. For example, to get 
a carnation fibre from Image 20 to Image 21 takes approximately 15 
minutes beating in a valley beater while at least 1.30 hour is needed to 
achieve the same result using mortar and pestle. 

The question here is, would it make sense to continue with manual 
approach or shall we invest in machinery?

Having Pak Khlong Talad market as a case study, approximately 10 
to 20 tons of waste daily means that the material production must 
be moderately large in proportion to the raw material volume, but 
at the same time this quantity is not sufficient for an industrial-scale 
manufacturing facility e.g. pulp and paper plant. This means that 
in order to tackle the issue, the production cannot be purely DIY as 
previously done in the Bangkok experimentation. Thus, the most 
equitable production scale for the waste from Pak Khlong Talad 
market is perhaps in a local community business scale with some 
basic machinery, similar to the scale of many paper making or craft 
communities in Thailand. 

Another question to ask here is, how about ingredients? Would it make 
sense to import them from across the world? 

Changes in a recipe could potentially compromise the material 
property, particularly if the recipe calls for such precise components. 
However, I believe that it is more important to be adaptable to what 
ingredients available in the area. I highly endorse the use of locally 
sourced ingredients especially when cut flowers already generate a 
large amount of carbon footprint during the growing and the import. 
In this case, since the recipe has much room for improvement, and 
mulberry pulp as a replacement for pine pulp and microfibrillated 
cellulose works quite well according to the pieces produced for Flower 
Matter exhibition, I decided to go forward with this new ingredient set 
in the material development phase.

Image 20. 
Carnation stem 
before beaten

Image 21. 
Carnation stem 

after beaten  
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This section forward focus on the material development of the flexible 
sheet conducted in CHEMARTS laboratory, Finland. 

The focus of the development will be divided into four topics: strength, 
water repellent, creating pattern, and colour.  I will not describe 
in details of the making and the recipe, rather present the overall 
development processes and raise up what I consider important 
discussions along the way.  

5.1 STRENGTH

The first priority in developing the flexible sheet further is material 
strength. ‘How durable is it?’ - is always one of the very first questions 
I got asked from anyone who got to interact with the material whether 
it be the sample from Flowercycling or a piece made for the Bangkok 
exhibition. 

Physical properties related to material durability are valid aspects 
to be considered when designing a new material as they are directly 
correlated with its future application. Since these flower-based flexible 
sheets could potentially be implemented somewhere in the landscape 
of ‘leather’ or ‘textile’ as visualised by the visitors in Chapter 4.1: The 
Bangkok Experimentation: Lab vs Home DIY, I am loosely aiming for a 
formable, flexible, soft material. 
 
Having the ingredient set from the Bangkok experimentation, I started 
off by fine-tuning the recipe. After a number of adjustments of flower 
to water to pulp to other ingredients ratio, I eventually settled down 
with the final recipe. 

The samples from the final adjustment are moderately soft, flexible 
and can be formed into various sizes of sheets with an average 
thickness of 0.55 mm. (Img. 26) The material thickness is adjustable 
during the sheet formation as the technique used to form sheets is 
hand-rolling - similarly to how ceramists make clay slap. However, I 
found approximately 0.5-0.6 mm is the optimal thickness concerning 
drying time.

Although a single piece of the material of 0.5-0.6 mm gives quite a 
tough and stable sensation when touched, I had a hypothesis that the 
sheet could be strengthened even more with an additional thickness. 

I proceed to test out the speculation by overlaying two sheets of 
the material on top of each other, at first with a binder made of the 
wet material mixture, then only with water to moisten the material 

surfaces. The structures were then pressed under a hydraulic press 
for a couple of minutes.

Having a second layer of the material as a reinforcement gives a much 
stronger sensation. The double-layer sheets created by both methods 
adhere to themselves tightly. Comparing the two methods, the one 
wetted with water turned out to be more effective as the mixture 
binder takes a longer time to set, potentially cause uneven surface, 
and require more work and ingredients to produce the binder itself.

A primary testing on the materials was carried out later on using 
Tensile and Compression Testing Machine MTS 400 to compare each 
sample more systemically. Five pieces of material samples from 
Flowercycling, the Bangkok experimentation, a single-layer of the final 
recipe, the double-layer of the final recipe, and an unknown source of 
cow leather were collected for the test. I opted to include cow leather 
into the mix because the flower material has often been compared 
with animal leather by most people who have got to experience it. I 
myself also had referred to the material as bio-leather or leather-like 
from time to time. 

I have been made aware that the testing device was programmed 
specifically for paper testing while my material contains more 
ingredients than wood pulp. Therefore, the result presented below 
may not represent the true value. The purpose of the result is merely 
for comparing each sample under the same testing condition and 
should not be cited or referenced in a scientific paper. 

The result shows many interesting aspects to be discussed. First of 
all, the Flowercycling sample has the highest performance on all three 
parameters: tensile strength, break elongation and tensile stiffness, 
despite being the thinnest sample with 0.33mm thickness. I suspect 
microfibrillated cellulose to be the key ingredient for strength and that 
the recipe could perform better with ≥0.5 mm thickness. According to 
the numbers, had microfibrillated cellulose obtainable locally or could 
be produced from mulberry pulp, it may be worth re-visiting the final 
material recipe in the future.

Image 24. 
A stripe of 2-layer sample 
during tensile test 

Image 23. 
Wet red rose mixture 

and the dried sheet

Figure 12. 
Result of tensile test
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Secondly, looking into the break elongation section, the Bangkok 
experimentation sample has the shortest length with 0.69 mm which 
reflects into the brittleness of the material that could be experienced 
physically. The two samples from the final recipe shown higher 
numbers reassuring the right adjustment of the recipe which reflects 
in the more flexibility of the material.

The results on all three parameters of the single-layer from the final 
recipe samples and the double-layer from the final recipe samples 
increase proportionally with the sample thicknesses. This is a 
confirmation of my hypothesis that the material could be strengthened 
further by adding thickness. The varied strength levels that come with 
different thicknesses open up more application possibilities.

Finally, even though I am satisfied with the performance of the 
material, no results from any of the flower samples can compete with 
the result of the cow leather sample. Animal leathers are known for 
their durability and the characteristic did show during the test. The 
sample’s tensile strength and break elongation were reported as 
12.93 kN/m and 10.04 mm respectively, however, there was no visible 
break on the sample after being taken out from the testing device. 

Considering the significant distinction in performance between the 
two materials, it is not reasonable to push forward the flower material 
as an animal leather replacement or a leather alternative. Perhaps it 
should be in its own category, perhaps it should not be associated with 
leather? I will reflect more on this matter in Chapter 6.1: Discussion 
and Conclusion.

Image 25. 
1-layer and 2-layer 

samples after tensile test 

Image 26. 
Flexible sheets made 

from the adjusted recipe
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5.2 WATER REPELLENCY

‘Is it waterproof?’ ‘What happened when it gets in contact with water?’ 
- are the next two famous questions I usually got asked right after the 
material durability. 

Waterproof is a wonderful property a material could have since it 
offer a complete level of water protection. However, not all materials 
could easily obtain such property. We live in the world where all kind 
of plastics and synthetic materials dominate our expectation towards 
novel materials to the point where many tend to expect a material to 
last for years under tough conditions while being bio-based, ecological 
and biodegradable. This expectation amused me greatly as I found 
these qualities are at the other ends of the spectrum and somewhat 
unnecessary.

Many natural materials such as wood and leather are not naturally 
waterproof. Natural textile fibres such as cotton, linen or viscose are as 
well hydrophilic and prone to absorb moisture. (Forsman et al., 2020) 
These materials do not consist all of the expected properties in oneself 
but they are still widely used in many application fields according to 
their own behaviour. As the matter of fact, when we think about uses 
of degradable materials such as tissue paper, not all materials have 
the needs to last forever.

Nonetheless, I do agree that the flower material should be able to 
resist water to some degree to be able to function in lifestyle products. 
The material in its current stage could get mouldy if retains excess 
moisture in a poor air circulation environment for a period of time. 
(Img. 28) It will also gradually breaking down once continuously being 
submerged in water.

There are multiplied techniques for improving the material’s 
hydrophobicity. Aiming to improve the material’s water resistance 
without adding harmful substances, I reviewed for possible methods, 
then selected a few approaches to conduct on the flower material in 
order to compare their performances.

One of the feasible techniques is to apply a layer of coating onto the 
material surface. Numbers of coatings are commercially available in 
the market. However, most products contain toxic chemical such as 
fluoropolymers, parafin or silicone. The best coating option, in term of 
the product technology and compositions, I could obtain is OrganoTex® 
Spray-On Textile Waterproofing by OrganoClick AB, a public Swedish 
company. The brand claims to use only biodegradable plant-based 
catalysts and organic water repellent polymers to stimulate the water 
repellency structure of the Lotus flowers leafs without any fluorocarbon 

Image 28. 
Mouldy sheet caused by 
constant moisture contact 
for 7 days

Image 27. 
Water droplet on a piece 

of red rose sheet
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Each samples were dropped with a 0.3 ml droplet of water. The control 
sample absorbed water within the first hour, followed by the sample 
with wax dispersion mixing into the material, the sample with wax 
flakes mixing into the material, and 1-layer wax dispersion sample 
shortly after. 

2-layers wax dispersion sample, 3-layers wax dispersion sample 
and 1-layer OrganoTex® Spray-On Textile Waterproofing sample 
could withstand the water for approximately 1.5 hours while 2-layers 
OrganoTex® Spray-On Textile Waterproofing sample provided 
resistance for 2 hours.

3-layers OrganoTex® Spray-On Textile Waterproofing sample turned 
out to be the best performative sample out of the rest with over 2.5 
hours of water protection.

In conclusion, coating as a method shown to be superior than 
adjusting material recipe. The result also confirmed the possibility to 
improve the material’s hydrophobicity by adding a coating layer onto 
the material surface which in this case OrganoTex® Spray-On Textile 
Waterproofing performed better than natural wax coating. These 
facts led to the future consideration on employing OrganoTex® spray 
or other commercial coatings for a temporary water repellency over 
adjusting the material recipe. However, further research on the coating 
the must be done to ensure its environmental impact.

substances. (OrganoTex, 2018) Three samples spray-coated with 
1,2 and 3 layers of OrganoTex® Spray-On Textile Waterproofing were 
prepared for the test.

As an alternative to commercial coatings, a developing coating from 
natural wax is another viable option. This type of coating contains 
only water and small percentage of natural wax which made it a great 
candidate for a prospective ecological water repellent spray. Although 
the coating is not yet available in the market, I was able to replicate the 
solution with equipments in CHEMARTS lab. 

According to the result from the study of open coating with natural 
wax particles on cellulose-based textiles by Forsman et al., 2020, a 
cotton sample spray-coated with 1% carnauba wax dispersion, then 
cured at 70°C yields the best water repellency result. (Forsman et al., 
2020) The same procedure were applied to a flower material sample. 
Unfortunately, the sample lose its flexibility and become extremely 
brittle. The same concentration of carnauba wax dispersion was then 
applied to three more samples which were cured at 50°C, 30°C and 
room temperature respectively. The samples cured at 50°C and 30°C 
shown some sign of brittleness while the room temperature sample 
maintains its flexibility. Though the cotton sample cured at room 
temperature in Forsman et al. paper reported to be the least effective 
curing temperature, it is the only condition works for my material. 
Therefore, the three samples spray-coated with 1,2 and 3 layers of 1% 
carnauba wax dispersion for the test were prepared by spray-coated 
with the wax dispersion, then air dried for 24hours before spray-
coated the next layer. 

In addition to coatings, I decided to test out the effect of natural wax, 
both in the form of solid wax flakes and wax dispersion, when being 
corporate into the material mixture from the beginning instead of 
applying later on as a protective layer. 

Image 29. 
Carnauba wax flakes, 

carnauba wax dispersion,
OrganoTex® Spray-On 

Textile Waterproofing Figure 13. 
Documentation of each   
sample performance in 
resisting water droplet
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5.3 TEXTURE

Textures are an excellent way to create variety of aesthetics within a single material. 
Although most of the earlier sheets I have made were flatten under a heated hydraulic 
press, causing any wrinkles on the material surface to be wiped out, I noticed that the 
unpressed material tend to obtain its texture from the surface it had dried on. After 
observing the material’s behaviour for some time, I started to conceptualise how to 
exploit the quality in creating different textures.  

Two types of textures, namely organic texture and debossed texture, were generated. 
Organic texture in this context means textures generated organically by the material 
during its drying phase. In order for the material to form a sheet, the wet mixture is rolled 
out onto a non-stick surface such as a filtration cloth or plastic film. When the material 
shrinks, it pulls inwards the material underneath, generating organic textures. While this 
type of texture cannot be precisely designed, the density of the pattern can be somewhat 
predicted by the thickness and the resilience of the surface beneath.      

The second type of texture is created by embedding a pattern plate onto the material 
using a heated hydraulic press, during or after the material has flattened out. With this 
method, the pattern and the depth of the texture can be designed and controlled by the 
maker. 

To explore the practicality of the debossed texture technique with the flower material, I 
started out with commercial plastic texture sheets for modelling clay. The plastic sheets 
partially worked. It successfully imprinted some textures on the material. However, as the 
depth of the pattern was rather shallow and the plastic was not designed to be in contact 
with high temperature, its pattern faded away quickly after being used 2-3 times.

I improved the plate by printing out a customised texture plate with resin 3D printing. 
The new plate works better. The texture created with the resin plate is more visible on the 
material as the pattern on the plate has a higher depth. Nonetheless, resin is still not the 
ideal material for this purpose. It is more durable than the thin plastic sheet but it is still 
not durable enough for regular use. 

At this point, I suspect a metal plate to serve best as a pattern plate for the flower material. 
However, the production and the test of a metal patter plate have been put in the future 
plan due to the time limit.

Image 30. 
Different textures on red rose sheets

Figure 14.  Core process of creating texture on the flower material
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5.4 COLOUR

One unique quality of the flexible sheets made from flower waste is that the material 
obtains its colour directly from its raw material, in this case, rose and carnation petals. 
The colours are preserved naturally during the drying process of the making of flower 
powders, meaning that there are no dye or any synthetic colourants involved.

Since the colours came purely from such a natural source without being chemically 
modified, they will inevitably change over time. From a naked eye observation, some 
colours may shift to a browner shade while some shift to a lighter tone.   

This portion of the research is my attempt to understand more in-depth how the 
colour of each material changes throughout time. The study was conducted by placing 
freshly made rose and carnation flexible sheet samples into a climate test chamber 
for 72 hours. The samples were taken out and measured their surface colour using 
GretagMacbeth’s Spectrolino spectrophotometer at 0h, 24h, 48h and 72h.

SUNTEST CPS+ was used as the testing instrument. The machine claims to be able 
to stimulate changes in material property caused by sunlight over months or years 
within weeks. (AMETEK Inc., 2019) For this test, the chamber condition was set at the 
maximum 765 W/m² with the BST (black standard temperature) value of 40°C.

The results are presented in CIELAB colour space. (Fig. 15-19) CIELAB is a 
3-dimensional colour space comprised of L for perceptual lightness where L100 
indicates white and L0 indicates black, a* represents a spectrum of red and green, 
and b* represents a spectrum of blue and yellow. (Beetsma, 2020)

There are formulas for colour differences calculation. However, as I am not an expert 
on CIELab analysis, the comparisons of the colour changes in the samples are based on 
the shifts in the raw Lab values obtained from the measuring device and the visualised 
colour scheme translated from the data by AdobeInDesign colour picker tool.

Image 31. 
Floexible sheets in various colours

Image 32. 
Colour samples in 
SUNTEST CPS+ 
(left)

Image 33.
Measuring 
colour with 
spectrophotometer 
(right)
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In general, L chromaticity values at 72h of all samples uniformly rises 
from 0h. This means the samples tend to become lighter, or what we 
typically refer to as ‘faded’, over time. Interestingly, the changes in the 
samples made with pink flowers (i.e. pink carnation and mixed pink 
rose sample) lean towards green and blue while the sample with a 
green base such as rose leaf turned more red and yellow. Moreover, 
the two samples with purple hue (i.e. red rose sample and purple 
carnation sample) both lost their red and blue for green and yellow.

The colour changes seem to be somewhat systematic. Speculating 
from the result presented above, all samples could potentially share a 
brown or a grey colour at one point in the future. 

Understanding how the colour changes allow us to learn how to design 
with nature. Theoretically, I believe that there are ways to prolong the 
colour by modifying the colour structure, introducing a fixing agent and 
mordant, or applying an UV protective coat. A question I wish to raise 
up here is, is there a need for the colour to last forever? I will reflect 
more on this matter in Chapter 6.1: Discussion and Conclusion. 

Even though the digitally translated colours scheme in this paper do 
not accurately represent the colours I could perceive with bare eyes, 
they give a good visualisation of how the colour has changed at each 
stage of the test. 

The discolouration, for the most part, happened within the first 48 
hours. The colours then remain rather stable in the last 24 hours 
according to the minor LAB value shifts of 1-2 between 48h and 72h 
while the transitions between 0h and 24h, or 24h and 48h appear to 
be up to 7 points. 

Image 34.
Comparing colour of yellow 
rose sample: over one-year old 
(lower) vs 3-months old (upper) 

Figure 15. 
Colour measurment of  
pink carnation sample

Figure 16. 
Colour measurment of  

purple carnation sample

Figure 17. 
Colour measurment of  

red rose sample

Figure 18. 
Colour measurment of  
mixed-pink rose sample

Figure 19. 
Colour measurment of  
rose leaf sample
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5.5 MATERIAL PROTOTYPES

Lastly, a small clutch bag, a cardholder and a set of coin purses were 
prototyped from the flexible sheets as a proof of concept of the 
material ability to be made into lifestyle products. 

As the material has been developed with the aim to be potentially 
implemented in the textile landscape, I opted for a basic construction 
technique such as sewing. After a series of hand-sewing tests, the final 
pieces are sewed together using a household sewing machine. 

Even though mono-materials may enable ease in recycling processes, 
I found it rather challenging to come up with a perfect design for an 
innovative material in such an early stage like the flower material - 
especially when the purpose of the design is to communicate the 
potential of the material with users. Hence, the prototypes in this 
project are purposefully designed with the integration of standard 
zippers and threads available at regular craft stores. 

Figure 20 shows the overall of the developed material production. 
The designs combine many aspects discovered from the material 
development. Details of each piece are listed together with their 
pictures on the next pages.

Image 35. Coin purse (A)
Material: single layer rose leaf flexible sheet

Additional components: nylon thread, plastic zipper

Figure 20. 
Overall making process of the flower material
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Image 36. Coin purses
Material: various colour of rose and carnation single layer flexible sheets

Additional components: nylon thread, plastic zipper
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Image 36. Coin purse (B)
Material: single layer pale yellow rose flexible sheet
Additional components: nylon thread, plastic zipper
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Image 37. Cardholder
Material: single and double layer red rose flexible sheet

Additional components: nylon thread
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Image 38. Clutch bag
Body: single-layer red rose flexible sheet - organic pattern

Base:  double-layer yellow rose flexible sheet, reinforce with a layer of paper
Additional components: nylon thread, metal zipper 

Coating: coated with layers of water repellent spray.
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This thesis set out to investigate how a designer develops an innovative 
bio-based material in response to the issue of flower waste and to 
reflect on key aspects of material development that arises during the 
design process.

In order to gain an empirical understanding of the material 
development processes, I adopted practice-led research as the core 
methodology while having the Double Diamond methodology as the 
research framework. The two selected methodologies enable me to 
achieve embodied knowledge of the topic comprehensively.

The research of the flower waste issue was done by literature review 
and interviews with three representatives from Pak Klong Talad market. 
The investigation opens up a better understanding of the issue. 

- Waste and Material Development 

Cut flowers could be considered luxurious. To some extend, being able 
to purchase them, either for personal satisfaction or for social events, 
is a sign of privilege. Realising how much damage the floristry does 
to the environment, one could say that the best way to deal with the 
issue would be to stop produce cut flowers entirely. I do agree with the 
thought. Eventually, solving waste and environmental issues comes 
to the fact that we must produce less, consume less. However, after 
getting to talk with the people involving in the industry, I learn how 
the livelihoods of countless people are tied to the complex structure 
of the industry. 

This is where innovative material development could play an essential 
role. Offering a suitable material production could valorise flower 
waste. The production would help divert waste from landfills and 
offer new job opportunities for the locals all at the same time. With 
research on the magnitude of the issue, together with the availability 
and the volume of the raw material in a specific location, we could 
conceptualise the right technique and scale of the production. 

Designing a material or product in response to a waste issue is the 
opposite of how my mindset used to be as a product designer. For 
example, the purpose of the final material in this project is to potentially 
produce value-added material to sustain flower waste management 
and to offer a potential environmentally friendly alternative to the 
textile landscape as opposed to generate another mass-produced 
material/product with unlimited feedstock. With these aims in mind, 
my design process shifts from extreme human-centric to compromise 
users’ expectations with what nature offers to us.

Another aspect I learnt throughout this research is that turning waste 
into new materials requires resources, energy, labour and knowledge. 
By using waste as a raw material source does not automatically make 
the obtained material ecological or sustainable without taking into 
account its production and component. As a designer, I found it crucial 
to consider the material development holistically and do not only 
promote the benefit of new materials but also raise awareness of the 
issue at the same time.

- Designer and Material development

The material development portion of this thesis primarily formed 
around the spontaneous work done in Bangkok, namely my own 
experiments during the Bangkok experimentation and the discussion 
with visitors at Flower Matter exhibition.

Presenting the materials, having conversations and engaging with 
the project’s stakeholders are where I found the key to identify the 
development route for an innovative bio-based material as a designer.

Having any kind of proof of concept, whether it be material samples or 
rapid prototypes, in the early stage of the development greatly helps 
stimulate the visitors to ask questions and give feedback. Even though 
the materials were not flawless, it was enough to generate meaningful 
conversations. 

The importance of the interaction with potential users is where I think 
the strengths of the design profession should be utilised. Besides 
creativity and the ability to conceptualise, the ability to visualise an 
abstract concept is proofed to be useful in this study.

Looking back into my working processes, from Flowercycling to the 
materials displayed in the Flower Matter exhibition to the development 
of the flexible sheets, all of them has been done in a highly exploratory 
manner. 

The experimental approach is perhaps the most natural way of work 
for designers. It may happen to compensate for the lack of scientific 
knowledge but it seemingly is the core of my material development 
process. The approach allows me to think outside of the box when 
struggling with a challenge, or to iterate the next steps from a tangible 
result of the previous tests.
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- Flower? Leather ? and Material development

As previously mentioned in Chapter 5.1: Strength, the durability of 
the flower material is nowhere to be competed with animal leather. 
Not only is the gap between the durability of the two materials are 
too distinct, but the flexible sheet is also not made from the skin of an 
animal. It was also not developed to replace leather. 

I can see the need in choosing a more descriptive term for the material 
not to be mistakenly compared with the property of leather. However, 
not associating the material with leather made it harder for the 
audience to make a connection with the material. Almost all the time 
when the prototype is handed to a person to guess its material, the 
first answer is leather. I also had have referred to the material as bio-
leather or flower leather interchangeably from time to time. 

It is challenging to come up with better terminology, especially 
as a non-native English speaker. At the moment, I settle on the 
term ‘flexible sheet’ or ‘leather-like material from flower waste’. 
Nonetheless, I feel the urge to improve my word choices. This may 
be a worth investigating area in the future as innovative bio-based 
materials are seemingly emerging.

- Color and Material development

A thought on our expectation toward innovative materials was raised 
in Chapter 5.1: Water Repellency when I mentioned the extreme 
expectation of material durability and biodegradability. A similar 
notion comes up with the durability of natural colours - why do we 
expect the colour to last forever?  

Colour is subjective. Although colour is in everything and it contributes 
to material or product aesthetic, but are we too attached to our own 
perception of colour? Why do we label some discoloured objects ‘old’ 
and ‘ugly’ when we admire fade jeans to the point that toxic chemicals 
are used to purposefully bleach them?

This research does not have answers to these questions as my 
intention here is to voice out my wonders. Since we are on a search 
for an environmentally friendly material, perhaps we should learn to 
accept the material behaviour and learn how to work with them in their 
nature instead of trying to manipulate everything.

- Limitations and Further research

This research narrows down the focus to the development of 
flower flexible sheets. Therefore, additional materials obtained 
from the development phase and the preliminarily research on the 
implementation of the production of the materials on the Bangkok 
flower market are excluded from this thesis. 

The material development part was done primary by myself as a 
designer. The working process and the findings are presented in 
this thesis from the designer perspective. However, the work could 
not have been done without the facilities of CHEMARTS and Aalto 
University School of Chemical Engineering laboratories.

Although I could come up with creative solutions to move forward 
with the material development when facing technical challenges 
during this research, I believe that the process would have been more 
efficient with a multidisciplinary team or a partner with a chemistry 
background.

One concern over waste flowers as the raw material that could not 
have been tackled within the research timeframe is the determination 
of the presence of pesticide residues on the flowers. 

A user testing of the final material and the prototypes has not been 
able conducted as well due to the time limit. Getting to hear feedback 
from potential users regarding the material experience would have 
been valuable data for future improvement.

The next steps for the development would be to test more of the 
material properties with standardised property tests, then to scale 
up the production with further research on the flower waste sourcing 
system, business plan and corporation of the project stakeholders.

The engagement with vendors of Bangkok Flower Market, the locality 
of ingredients, and the exposure of the material to the locals gain 
during this study will help ease the implementation of the material 
production in Bangkok.
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