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ABSTRACT

Plastic pollution is a major global problem and single-use plastic pack-
aging is among the main contributors to this situation. Over the past few 
decades, the large amounts of plastic packaging waste combined with 
deficient waste management systems have turned plastic packaging 
into a serious environmental issue. To tackle this problem, different lines 
of action have been implemented: the most common being improving 
material efficiency and recyclability, encouraging reuse and investing in 
biodegradable materials. Yet, for any of these changes to make a real 
difference in the overall environmental impact of FMCG packaging, 
end-consumers play a key role. Besides being sustainable, packaging 
materials have to be attractive to consumers in order to be adopted by 
different products and brands. Therefore, it is important to understand 
the elements in packaging which give consumers clues to their environ-
mental impact, as well as to the packaging’s perceived benefits. 

This thesis applied a modified version of the Material Driven Design 
(MDD) method as a framework to conduct a design-led exploratory pro-
cess with the objective of developing a sustainable alternative material 
for FMCG plastic packaging. This approach started with desk research, 
practical material development and focus groups to study the exist-
ing packaging materials in the market, the cellulose-based materials 
strengths and users’ perception of the packaging material developed 
for this study. To account for regional differences, this study investigat-
ed users expectations in Finland and Brazil. Consecutively, the collected 
data was analyzed and interpreted to identify the material’s intangible 
qualities, such as meanings and values; which were then used to de-
fine guidelines for the development of final prototypes embodying the 
knowledge gathered through this study. 

Experimenting with the material and incorporating users’ perspectives 
into the early stages of material development enabled the final proto-
types to highlight the material’s characteristics that best fulfil users’ ex-
pectations of packaging performance, appeal to their values and adjust 
to their cultural context. Such characteristics were defined to improve 
user acceptance of the material, communicate sustainability in an effi-
cient and appealing way and consequently contribute to the material’s 
market success and its impact on addressing the issue of plastic pollution.

Keywords: Bio-based materials, biodegradable packaging material, FMCG 
packaging, sustainability, sustainable design, Material Driven Design, user 
perception, cellulose-based materials, methylcellulose, cellulose foam.
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1.1 CONTEXT OVERVIEW

Fast-moving consumer goods’ (FMCG) packaging is a ubiquitous part 
of our current ways of living and without it, the existing food distribu-
tion systems would be unviable. The versatility, low cost and barrier 
properties of plastic packaging has made it one of the most used ma-
terials for food products as it secures food against external agents and 
extends the shelf life of products, and by doing so reduces food waste 
(World Economic Forum et al., 2016). However, because packaging 
material is mostly for single-use it ends up generating waste rapid-
ly, in 2016 alone the EU generated 86.7 million tonnes of packaging 
waste, 16.3 million tonnes being from plastic packaging (Packaging 
waste statistics, 2019). Such large amounts of material combined with 
deficient waste management systems and plastic’s long decompos-
ing time, have turned plastic packaging into an environmental issue.

In recent years, plastic pollution (especially marine plastic pollution) 
has been widely publicized, resulting in a growing pressure from gov-
ernments, regulators, non-government organizations, environmental 
groups, suppliers and customers to improve packaging sustainability 
by reducing its environmental impacts (Woodhead Pub., 2013, p.94). 
Among the solutions to address this problem the main approaches 
have been 1) reducing the amount of plastic used in packaging, 2) en-
couraging reuse of plastic packaging by end-users, 3) improving the 
recyclability of plastic packaging waste, e.g. optimizing waste manage-
ment systems or investing in recyclable materials and 4) investing in bi-
odegradable materials to replace plastic. These different lines of action 
should complement each other to tackle the problem from all possible 
angles. However, the adoption of biodegradable packaging may be 
more appropriate ecologically in the foodservice sector, for example 
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in cases where there is food contamination (Woodhead Pub., 2013, 
p.205). This research focuses on the development of biodegradable 
materials (particularly cellulose-based materials) as a way of mitigating 
the impact of plastic pollution coming from single-use plastics that are 
not processed by waste systems and leak into natural environments. 

The increasing attention towards plastic pollution has led many big 
and small players in the market of packaging materials, as well as ed-
ucational and government institutions, to invest in extensive research 
to find sustainable alternatives for packaging materials. As a result, 
there are more options for biodegradable or compostable materials 
for packaging in the market today: from improved traditionally used 
materials such as paperboard to new bio-based materials such as 
starch-based films and mycelium foams. 

However, this study argues that to effectively address plastic pollution 
caused by packaging the involvement of end-users in the process is 
key. Users have the power to drive change by 1) pushing the packag-
ing industry towards more sustainable materials by signalling prefer-
ence towards sustainable packaging, and 2) preventing plastic pollu-
tion from households inappropriate disposal by improving behaviour. 
Thus, this research aspires to explore the inclusion of user studies into 
the early stages of material development for packaging’s sustainable 
alternatives.

1.2 FROM THE STUDIO TO THE LABORATORY

The inspiration for this research had its roots in the initial material ex-
perimentations with cellulose byproducts during the course Design 
Meets Biomaterials, from CHEMARTS, in 2018. In that class, I and my 
teammates aimed to develop packaging replacements for takeaway 
containers made out of styrofoam, which resulted in a foaming mix 
composed of detergent, birch pulp and nanocellulose (image x). From 
that point, I became interested in exploring the development of bio-
degradable materials which could perform similarly to plastics, par-
ticularly to polymer foams such as expanded polystyrene, a material 
commonly used in single-use packaging despite its recyclability re-
strictions (refer to section 2.5).

However, not coming from the material development field, the fram-
ing for this study was defined as a design-led material exploration 
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process with the objective of enhancing the material qualities and 
user acceptability of biodegradable packaging material. Choosing 
materials is a core part of product design practices. But unlike other 
fields, the relationship designers carry with materials goes beyond ac-
cessing their performance, costs and technical properties; designers 
seek to understand the emotions materials bring up, the impressions 
they give and the ideas they communicate. This study tests if such an 
approach could contribute to the material development process by 
addressing users’ expectations, predispositions and perceptions of the 
material; how it feels to touch it, how visually pleasing it is and what 
feelings it evokes. And by doing so, potentially improve the material’s 
acceptance by end-users and consequently, it’s market success. This 
study does not look at the technical aspects of material development 
since that is an activity best left in the field of material engineering

In addition, from my experience as a consumer and packaging de-
signer I started recognizing certain packaging elements that are com-
monly used to communicate sustainability; among the most common 
ones I noticed the use of brown cardboard and glass. Intrigued by 
these patterns I wanted to investigate which specific material aspects 
were  associated with sustainability by users and why.

Image 1 - Sample developed for the course Design Meets Biomaterials from CHEMARTS   
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1.3 RESEARCH STATEMENT 

This study investigates how an exploratory design-led process can 
contribute to the material development of alternative cellulose-based 
materials for FMCG plastic packaging, which could potentially result 
in more sustainable material alternatives for packaging.

Successful packaging materials need to not only satisfy functional re-
quirements (e.g. protect content, hold moisture, be recyclable etc) but 
also be attractive to customers. In order for a new sustainable packag-
ing alternative to make a real difference in the overall environmental 
impact of FMCG packaging, it has to be accepted by consumers and 
consequently be adopted by different products and brands. This re-
search starts with the hypothesis that integrating design methods in 
the first stages of material development can lead to alternative pack-
aging materials that better address functional demands, environmen-
tal concerns and consumers’ needs.

Based on this hypothesis, this study uses the Material Driven Design 
(MDD) method to include the perspective of consumers of packaging 
into the material development process. Also, from my personal experi-
ence living in different parts of the world I noticed drastic distinctions 
in how individuals and local waste management systems operated. 
Based on that I chose to account for these differences by testing the 
material with users from two different countries: Finland and Brazil. 
Both places where I have personal experience with the local context 
and access to users and resources. 

Lastly, this study analyzes how material choices in packaging affected 
user perception of packaging sustainability. 

RESEARCH QUESTIONS

The main research question this study plans to answer:

1. How a design-led exploratory process can add to the development 
of material alternatives to plastic packaging of FMCGs? 

2. How do choices in material development affect users’ perception 
of FMCG packaging materials and sustainability?

3. How do the Finnish and Brazilian cultural contexts interfere on 
users’ perception of FMCG packaging materials?
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RELEVANCE

The magnitude of the issues in waste management and user behav-
iour leading to plastic pollution calls for multiple perspectives on how 
to solve the problem. It is highly relevant to understand how different 
disciplines such as design can contribute to create new solutions and 
help to develop packaging alternatives that are functional, sustaina-
ble and also desirable for the consumer. 

1.4 THESIS STRUCTURE

This thesis is structured in 7 chapters. Chapters 1 to 3 provide an over-
view of the problem and the main elements of the study. They elab-
orate on the main objectives and research questions, cover the back-
ground research and describe the research methodology. 

Chapter 4 and 5 cover data collection and analysis. Chapter 4 investi-
gates the material’s market position, defines its development process, 
accesses its technical properties and tests the results from material 
development with users. Chapter 5 builds on the data previously col-
lected to identify the material’s main qualities and opportunities and 
define guidelines for further development. 

Chapter 6 describes the development of a final prototype applying 
the findings from chapter 5. Chapter 7 discusses the learnings result-
ed from this study, the limitations of the study and future research 
possible paths. 
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To better understand the motivation behind this thesis, this section 
covers key aspects related to the problem of plastic pollution – one of 
the most pressing challenges the world is facing today. FMCG packag-
ing is a leading contributor to plastic pollution and is the focus of our 
research.

2.1 PLASTIC POLLUTION AND FMCG PACKAGING

Environmental problems due to plastic pollution affect all parts of the 
world. The main cause behind it is insufficient waste management of 
plastic waste, especially from single-use plastic items. The packaging 
sector is a particularly important part of the problem, as it represents 
26% of the total volume of plastics currently used; and only 14% of 
this plastic packaging is collected for recycling from which only 5% 
of its material value is retained for subsequent use (World Economic 
Forum et al., 2016). The frequent and usually quick consumption of 
large amounts of FMCG, and consequently the disposal of its often 
single-use packaging has created great environmental villain, as often 
portrayed by the media. 

In recent years, waste of single-use plastic products has caught the 
attention of the general public after academic experts and non-gov-
ernmental institutions (such as Break Free from Plastic1 and the Plastic 
Pollution Coalition2) tried to raise awareness of the problems caused 
by plastic pollution to wildlife and human health. As a response, pol-
icy-makers have been introducing legislation to mitigate the plastic 
pollution issue, for example, banning single-use plastic items like 

1 https://www.breakfreefromplastic.org/
2 https://www.plasticpollutioncoalition.org/

Clean Up in Vancouver, Canada 
by Amy Scaife / Greenpeace - 2018

Plastic in London, England 
by Tomos Brangwyn, 2013

Bangkok’s Canals, Thailand 
by Chanklang Kanthong 
Greenpeace - 2017

Plastic Brand Audit Activity, Greece 
by Mariza Karydi / Greenpeace, 2018

Plastic Pollution, Egypt 
by Cherie Bridges  / Greenpeace, 2018

Mouth of Sarno River, Italy 
by Lorenzo Moscia / Greenpeace, 2019
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bags or disposable cutlery (World Economic Forum et al., 2017). In ad-
dition, suppliers, customers and others increased the pressure for the 
improvement of packaging sustainability by reducing its environmen-
tal and societal impacts, and for the development of ‘green’ products 
(Woodhead Pub., 2013, p.94). 

FMCG packaging is a great part of the general public’s daily routine 
of consumption in present times; without packaging it would be im-
possible to conserve and transport FMCG in the existing supply and 
retail chains (Lange et al. 2013). FMCG packaging delivers econom-
ic benefits and has an indirect but essential role in lowering the en-
vironmental impact of current food systems. Marsh & Bugusu (2007) 
argue that by providing protection from 3 major classes of external 
influences (chemical, biological, and physical) food packaging retards 
product deterioration, helps it retain the beneficial effects of process-
ing, extends its shelf-life, and maintains (or even increases) the quali-
ty and safety of food. Because of such complex interactions between 
products and their packaging (Woodhead Pub., 2013, p.94) addressing 
the problem of plastic pollution from packaging waste is a challenging 
process. Among the solutions that have been suggested to address 
this problem this study identified 4 main approaches: 1) reduce the 
amount of plastic used in packaging, e.g. by designing thinner plastic 
containers 2) encourage reuse of plastic packaging by end-users e.g. 
by using materials that can last for longer, 3) improve the recyclabili-
ty of plastic packaging waste, e.g. by optimizing/implementing waste 
management systems or investing in fully recyclable materials, or 4) in-
vest in biodegradable materials to replace plastic ones, e.g. by replac-
ing plastic with cardboard. The first two approaches may help reduce 
the amount of plastic packaging waste but do not offer a solution for 
the packaging after its used and have consequently not been further 
investigated. The later two approaches are explored further below. 

2.1.1 PLASTIC PACKAGING DISPOSAL: ADVANTAGES AND LIMITATIONS 

Improving the recyclability of plastic packaging waste is perhaps the 
best way to address plastic pollution. In a closed-loop system all the 
materials put into the system return to it as nutrients, in this case, 
discarded plastic packaging becomes a technical nutrient, which 
can be recycled and return to the system as new packaging. Plastic 
stops being a waste product and becomes a commodity. However, 
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recycling processes are complex and influenced by multiple factors. 
Packaging are themselves composed of a variety of materials and 
sometimes may not be recyclable (as is often the case for some mixed 
materials) which makes their recycling challenging. Often, materials 
that get sorted and collected by waste management systems do not 
necessarily get recycled. There are two main reasons why plastics are 
hard to recycle. First, sorting all different materials applied in packag-
ing can be complicated, as the mechanical recycling of plastics waste 
is generally only feasible for pure plastic streams, in other words, 
mixed plastic waste requires separation into individual types before 
recycling (Woodhead Pub., 2013, p.97). Second, even if the material is 
sorted properly, the reprocessing is undertaken only when recycling 
is commercially viable or subsidised until it is viable (K. Verghese et al., 
2012, p240). In addition, plastics that do get recycled are mostly recy-
cled into lower-value applications that are not again recyclable after 
use (World Economic Forum et al., 2016).

Packaging made of biodegradable materials can potentially address 
the plastic pollution challenges and contribute to a closed-loop sys-
tem as biological nutrients which biodegrade naturally and return to 
the system as nutrients for the soil. Thus, biodegradable discarded 
packaging can become a source of nutrients feeding nature’s cycles 
and closing the biological system loop. For this study, biodegrad-
able materials are those materials that can biodegrade in normal 
temperature and without additives in the natural environment, and 
consequently in home composting or in industrial composting. The 
adoption of biodegradable packaging may be particularly more ap-
propriate ecologically in certain sectors, for example, where post-con-
sumer used packaging is not readily recyclable, e.g. food contaminated 
take-away packaging (Woodhead Pub., 2013, p.205). Also, composta-
ble packaging (including the ones which biodegrade naturally) can 
help return organic nutrients to the soil (World Economic Forum et al., 
2016). However, biodegradable materials offer no benefit in a landfill, 
where access to oxygen and moisture required for biodegradation is 
limited. In these conditions, organic materials (the main components 
of biodegradable material) release methane (a much more potent 
greenhouse gas than CO2) and end up creating more issues than they 
solve. Also, an unwanted side effect of using biodegradable packag-
ing is that users become less careful about their waste disposal habits, 
which hampers recycling efforts (Marsh & Bugusu, 2007). 
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Biodegradable materials may have an even bigger role in situations 
where waste management systems do not provide an efficient col-
lecting service and/or recycling platform, as is still the case for many 
municipalities especially in low- and middle-income countries. In such 
scenarios, where proper waste management practices are not imple-
mented, even if these materials end up in the natural environment 
they biodegrade naturally, having a significantly smaller environmen-
tal impact than plastics which take centuries to biodegrade. However, 
in scenarios where there is a partially efficient recycling platform in 
place, biodegradable materials should ideally be also recyclable, al-
lowing them to be reincorporated in a closed-loop either as technical 
nutrients (recyclable waste) or as biological nutrients (organic waste). 

2.2 FMCG PACKAGING CONSUMERS AND PLASTIC POLLUTION 

In the context of plastic pollution from FMCG packaging, the role 
of end-consumers is key to address the issue. From the moment of 
purchase to the moment of disposal it is the consumer who deter-
mines the successful management of packaging material waste and 
its life-cycle path. 

Since consumers dictate what is produced by the manufacturing in-
dustry by signalling with their buying choices, the industry will pro-
duce what consumers demand as long as it can be done profitably 
(Marsh & Bugusu, 2007). If a specific packaging is more sustainable 
but not accepted by users, it is likely to be discontinued. In this con-
text, users can contribute by pushing the packaging industry towards 
more sustainable materials through their consumer choices, e.g. giv-
ing preference to products using sustainable packaging.

However, in situations in which consumers encounter multiple op-
tions of packaging, their functional or ecological aspects may not be 
perceived as sufficient benefits; to engage consumers the packag-
ing also has to be desirable (Williams et al. 2008). To do so, packag-
ing needs to communicate what is valued by the modern consum-
ers: integrity, safety, authenticity, convenience, health, naturalness, 
freshness, purity, tradition, comfort, well-being, as well as ethical 
and minimal ecological impact (Woodhead Pub., 2013, p.196). And 
even though packaging with minimal/reduced ecological impact, 
have been increasingly valued by consumers (Woodhead Pub., 2013, 
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p.193), sustainable materials have to address other customer’s values/
needs to ensure its competitiveness and succeed in the market. 

At the moment of disposal, end users of the FMCG packaging still hold 
part of the power of preventing the increase of plastic pollution and 
securing packaging waste materials’ safe retrieval to the waste man-
agement streams. Household waste,where most FMCG packaging 
ends up, is the most difficult type to sort (Ashby, 2012) as it depends 
on how consumers understand and separate their own waste. In this 
context, consumers can contribute by not littering, sorting their waste 
for recycling and cooperating with waste management systems to 
ensure their packaging waste will be either recycled, composted or 
burned for energy.

2.3 CONSUMER’S PERCEPTION OF SUSTAINABLE PACKAGING

For end-users to push for more sustainable packaging options, first 
they must be able to distinguish more sustainable packaging from 
less sustainable ones. But the large number of packaging types in 
the market and the lack of information available about them leads 
to confusion and misinformation among consumers. For example, a 
study by Lindh et al. (2016) showed that more than half of the inter-
viewed consumers admitted their shortcomings in determining the 
environmental status of packaging. Therefore, to develop sustainable 
materials that appeal to end-users, it is important to understand the 
elements in packaging which give consumers clues to their environ-
mental impact, as well as to the packaging’s perceived benefits. 

Previous research on consumers’ perception of sustainable packag-
ing shows that material choice has a strong effect on perceived sus-
tainability (Steenis et al., 2017). For example, in a study with Swedish 
consumers, Lindh et al. (2016) concluded that when assessing the 
sustainability of food packaging, environmental concerns of Swedish 
consumers were clearly dominated by material-related considerations 
such as the type and amount of material used. And even though most 
of these consumers admitted that they did not know how sustainable 
the packaging actually was, their perception of certain materials, es-
pecially paper-based ones, was strongly understood as advantageous. 

The second relevant aspect is how the elements communicating sus-
tainability are perceived by consumers. In another study, Magnier and 
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Crie (2015) highlight the benefits and “costs” associated with sustain-
able packaging by consumers. Among the benefits, they point to the 
perception of health and safety-related to natural materials (e.g. not 
being toxic), the convenience of handling less material, the inherent 
social value (e.g social comparison and norms compliance) and the 
emotional reward related to purchasing something environmentally 
friendly or protecting the environment. Among the negative effects, 
they highlight the loss of pleasure in consumption (e.g. from a luxu-
rious packaging), the aesthetic cost (when environmental choices are 
perceived as visually less appealing), poor hygiene (related to product 
contamination), lower quality and less efficient protection (related to 
minimizing the use of material and choosing better material types), 
higher prices (related to their reputation of being more costly) and 
lack of trust in the sustainability of the material. These findings are 
corroborated by Lindh et al. (2016) who state that sustainability per-
ceptions are closely related to other benefits such as naturalness, 
healthiness, better taste (in the case of food packaging), higher costs 
and overall increased quality. Both studies point to a clear relation be-
tween users’ perception of material qualities (especially sustainability) 
and packaging material, supporting this thesis’ choice of exploring 
packaging material development through user studies.

2.4 REGIONAL DIFFERENCES 

It was not possible to find reliable numbers related to the post-life 
of plastic packaging on a global scale. However, a quick overview of 
the statistics available around plastic packaging production, retrieval 
and recycling in different parts of the world shows that the numbers 
vary drastically among different countries/regions. With that in mind, 
I chose to include in this study packaging users from two different de-
mographics and, per convenience, a group from Helsinki (Finland) and 
one from Brasília (Brazil) were included in the user study phase of this 
research (covered in chapter 4). This section covers some of the nota-
ble differences in the waste management context of these two places.

One of the most impactful differences is legislation. Finland’s legisla-
tion for the management of solid waste follows the EU legislation; and 
in the case of packaging the EU Packaging and Packaging Waste Di-
rective. This directive contributes to the transition towards a circular 
economy as it seeks to prevent the production of packaging waste, 
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and promotes the reuse, recycling and other forms of recovering pack-
aging waste instead of disposing of it (Lex Access to European Union 
law, 2018). According to the directive, the EU member states should be 
recycling 70% of their total packaging waste (and 55% of the plastic 
packaging waste) by 2030 (Lex Access to European Union law, 2018). 
In Brazil, the legislation regarding solid waste management is the Na-
tional Plan for Solid Residues (Plano Nacional de Resíduos Sólidos) cre-
ated in 2010, where the most relevant goals are to diagnose the cur-
rent situation of solid waste management in the country, propose new 
scenarios according to international trends, set targets for reduction, 
reuse and recycling to reduce the amount of processed waste and set 
targets for elimination or recovery of open landfills (Plano Nacional de 
Resíduos Sólidos 2011). However, nine years after its enaction, few of 
these targets have been met; the targets for packaging waste recovery 
have been far from what the plan intended, and the number of inap-
propriate landfills in the country is still significant. 

The difference in the waste recovery of recyclable packaging between 
the two countries is also significant. Plastics Europe estimates that, in 
Finland, a little over 20% (and over 22% for packaging plastic waste) of 
the plastic post-consumer waste was recycled in 2017. Less than 10% 
of the plastic ended up in landfills and over 60% is used for energy 
recovery (Plastics – the Facts 2017, 2018). Although Finland’s numbers 
on plastic recycling are below most other EU members, they are still 
much higher than the numbers from Brazil. It’s estimated that in Brazil, 
in 2017 only 8,2% of recyclable plastic waste was recovered for recy-
cling (Panorama – Abrelpe, n.d.). This highlights the fact that the vast 
majority of plastic waste in Brazil is ending in landfills or potentially 
leaking into natural environments and becoming plastic pollution.

Lastly, the waste management systems in Finland and Brazil rely on 
users on different levels to dispose of FMCG packaging. In Helsinki, the 
waste management system (HSY) collects waste separated in at least 
five categories: biowaste, paper, cardboard, metal, glass and mixed 
waste. In most cases, the first is processed into compost or biogas, the 
last is forwarded to a waste-to-energy plant and the rest are forward-
ed to recycling. Fewer collecting points are also available to dispose 
of plastic for recycling (Waste and Recycling, 2019). Finland also runs a 
deposit-based return system for beverage packages, that enables the 
efficient collection of packages for recycling (Deposit-based System, 
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n.d.). In Brasília, on the other hand, the waste management system 
(SLU) collects waste separated into two categories: organic waste and 
dry waste. Part of the organic waste is composted but the majority of 
it goes to landfills and most of the dry waste also goes to landfills. Part 
of it may also be forwarded to cooperative centres for waste triage 
and further recycling. The reason behind such a high amount of waste 
going into landfills is partially that, currently, the collection of sorted 
waste reaches only 52% of the local population (SLU, 2019).

This research aims to study how these differences in contexts affect 
users’ overall perception of sustainability and of materials applied to 
FMCG packaging. 

2.5 PACKAGING MATERIALS: STATE OF THE ART 

The packaging industry for FMCG products utilizes a large variety of 
materials. The most commonly used materials are paper, cardboard, a 
wide range of polymers, aluminium, steel and glass. A variety of new 
materials have also been developed to increase sustainability in pack-
aging. These will be covered in more detail in chapter 4. This section 
discusses the advantages and limitations of paper/board and plastics 
– the two material types that together represent the majority of the 
packaging industry; representing 56% of the total in Europe and 67% 
in the United States of America (Verghese et al., 2012, p213). 

Paper and board materials are the most widely used packaging materi-
als.Their most common application in packaging is as secondary pack-
aging (Verghese et al., 2012, p224), to protect and transport primary 
packaging. They are the main material used in a wide range of appli-
cations, such as sacks, boxes, trays, egg cartons and folding cartons (K. 
Verghese et al., 2012, p224). There are many advantages in using paper 
and paperboard in packaging: they can be very strong and stiff, are rel-
atively inexpensive, annually renewable, readily recyclable, biodegrad-
able, compostable, and can be sourced from sustainably managed for-
ests (Woodhead, 2013, p192). They are also in tune with demographic 
trends, and people’s changing lifestyles and values (Woodhead, 2013, 
p187) related, for example, to consumers’ concern for environment-re-
lated issues. The main disadvantage of using paper and board materi-
als is related to their barrier properties and permeability; if used alone, 
they are often not suitable to package products which need strong 
protection from air and humidity, as they can’t be air sealed.
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The second most used materials in packaging are thermoplastics. They 
vary significantly in their molecular structure, resulting in a wide set 
of properties. Such variety allows thermoplastics to be used in a wide 
range of packaging applications and forms such as rigid containers (bot-
tles, jars), flexible packaging (films, wrapping), coatings and lacquers, 
and adhesives (K. Verghese et al., 2012, p230-231). The most common 
plastics used for packaging in Europe are polyethene based plastics, 
polypropylene, polystyrene and polyethylene terephthalate (Plastics 
– the Facts, 2017). Thermoplastics are particularly attractive as packag-
ing material for their low cost, easy manufacturing characteristics and 
protective qualities; as their barrier properties and strong structures are 
used to keep the packaging’s content safe from external agents and/or 
breaking. Their main disadvantages are related to their environmental 
impact when disposed of inappropriately and their possible toxicity. 

Considering the initial point for this study, one group of thermoplas-
tics particularly interesting for this study are the polymer foams, due 
to their insulation and cushioning applications. They are characterized 
by their low density, lightweight, stiffness and mechanical properties, 
which are very attractive to the packaging industry (Ashby, 2013, 
p.391). The rigid polymer foams most commonly used in packaging 
are the ones from polystyrene (e.g. EPS), polyethene (PE foam) and 
polypropylene (e.g. EEP). Among their main advantages are their ther-
mal insulation properties, cushioning abilities, low cost and facility to 
be moulded. Their main disadvantages are that they can be structur-
ally weak and extremely hard to dispose of (Lefteri, 2014, p.142). The 
recycling of PS and EPS, while possible, becomes challenging due to 
two factors: 1) the recycling is only feasible for large amounts of clean 
material, which is seldom the case for food packaging applications, 
and 2) EPS’s bulky and light characteristics make the collection and 
transport of the material financially unattractive (World Economic Fo-
rum et al., 2016, p.52). Polymer foams are becoming a major environ-
mental issue as they are hard to recycle and are not biodegradable. 
As a result, packaging made from PS foams have been banned from 
restaurants in many locations (Woodhead, 2013, p65). 

This study takes into consideration that any new material developed 
for FMCG packaging has to match or improve some of the technical 
characteristics of these two types of material, in order to be competi-
tive enough to have an impact on the context of plastic pollution. 



Focus group in Helsinki, October 2019- Photo by Surabhi Nadig
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3.1 CONSTRUCTIVE DESIGN RESEARCH.

In the Constructive Design Research (CDR) approach a construction (in 
this case FMCG packaging material) takes centre place and becomes 
the key means of constructing knowledge (Koskinen et al., 2011: p5). 
For this research, the CDR approach was used as the main research 
umbrella due to the exploratory nature of the research and controlled 
experimentation of the material and its interactions with users.

In this research, prototyping works as the basis of the CDR approach. 
Koskinen et. al, (2011, p. 60) refers to prototypes as the epitome of 
analysis that crystallizes theoretical work: in this study, the prototypes 
(material samples) are the main means of understanding and investi-
gating the material. The authors also argue that prototypes become 
a hypothesis to be tested in the laboratory: in this study, the cycle of 
prototyping and testing hypotheses (e.g. user acceptance) produce 
knowledge on possible biodegradable materials to be used in FMCG 
packaging as well as knowledge on the impact of incorporating user 
perception in the early stages of material development.

Another aspect of this type of research is describing and explaining 
the constructions it imagines and builds (Koskinen et al., 2011: p6). 
Therefore, to support the CDR approach other methods were used 
to record and process information during the research. Photography 
was used to register the progression of material experimentation/de-
velopment and a lab diary was used to record the experimentation 
procedures. In addition, mind maps and affinity diagrams were used 
to compile the data gathered through prototyping and testing and to 
explain the results of the research visually.
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3.1.1 MATERIAL DRIVEN DESIGN

As to support the CDR approach, the Material Driven Design (MDD) 
(Karana et. al, 2015) method was used as the main framework to con-
duct the material exploration and development – components that are 
a core part of this research. MDD’s main goal is to facilitate designing 
for material experiences when a particular material is the point of de-
parture in the design process (Karana et. al, 2015). Its process aims to 
understand the material in hand and the domain where it is inserted, 
create design requirements and objectives for the material, build ma-
terial experiences concepts from these requirements/objectives and 
embody these concepts into materials/products (Karana et. al, 2015).

For this study, the material at the point of departure was a group of 
cellulose-based and biodegradable materials that when combined 
had the potential to create alternative materials for packaging. Con-
sidering the exploratory nature of this study, the MDD process was 
also used to support the development process of the final material. 
Due to the scope of this study, which already defined the final product 
as packaging, the MDD method was adapted but the core logic of it’s 
steps remained the same.

The MDD process was used to structure this research. The four steps 
(figure A) were adjusted to better fit the research scope. The first step, 
understanding the material, refers to all the data collected during this 
study and uses as main tools: benchmarking research, material ex-
ploration, material properties testing and focus groups. The second 
and third steps, creating material experience visions and manifesting 
material experience patterns, were combined to analyse the data and 
define the best ways to proceed with the material development, the 
main tools used were mindmaps and affinity diagrams. The fourth 
phase, creating material/product concepts, reports on the develop-
ment of a final prototype reflecting the findings from the previous 
stages, the main tool used for this stage was the prototyping itself. 
Each of the three steps is further explained in the following chapters.

As part of the first step of the MDD process, focus groups were cho-
sen as the main tool used to integrate users’ perspective in material 
development. Focus groups are often used to obtain consumer reac-
tions to new packaging and, in the early stages of development, to 
identify the strengths and weaknesses of various packaging elements 
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FIgure 2 -  Visualization of how the MDD’s steps were adapt-
ed for this study. 

FIgure 1 -  The MDD 4 steps. Retrieved from: http://materi-
alsexperiencelab.com/material-driven-design-method-mdd

(Greenbaum, 2011, page 9) - in this case, the material. The focus 
group approach was chosen among other qualitative tools for allow-
ing respondents to react and build on the responses of other group 
members, resulting in the production of data that may not have been 
accessible through other approaches, such as individual interviews 
(Stewart, et al., 2011, page 7). Even though packaging is something 
most people interact with on a daily basis, it is only one of the many 
factors people consider before purchasing FMCG, making it unlikely 
for users to reflect on the packaging material specifically. Participants’ 
interactions in a focus group engage individuals to reflect on aspects 
of packaging which were previously unnoticed. Focus group discus-
sions also help identifying why individuals react in a certain way to 
the material and to observe nonverbal responses, such as the physical 
interaction of participants with the samples. Such interactions carry 
information that supplements the verbal responses (Stewart, Sham-
dasani, & Rook, 2011, page 7). 
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For the first step of the MDD method process, understanding the 
material, the goal is to put together a broad picture of the material’s 
potential, limitations and characteristics. This step is divided into two 
main areas: first, the technical; and second, the experiential charac-
terizations of the materials (Karana et al., 2015). For this study, the 
technical characterization took place during different stages of the 
materials development and experimentation in the lab. As recom-
mended by Karana et al. (2015), the cellulose materials in question 
were tinkered with and processed in different ways to understand its 
inherent qualities, its constraints, and its opportunities when applied 
into products. In parallel, the experiential characterization of the ma-
terial encompassed benchmarking desktop research to understand 
the market context and gaining knowledge from two focus groups 
to study the interrelationships between intended or observed experi-
ences (of FMCG users) and the formal properties of the materials. The 
combination of the data obtained from these tools has subsequently 
supported the mapping of the potential of the materials when used 
as packaging.

4.1 BENCHMARKING

The increasing attention that plastic pollution issue has received in 
the past few years has led to many big private players as well as edu-
cational and government institutions, to conduct extensive research 
to find sustainable alternatives for packaging materials. As a result, 
there are more options for sustainable materials for packaging in the 
market today with many more sustainable alternative materials that 
may reach the market in the near future. This section aims to compile 
some of the interesting sustainable solutions for packaging materials 
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which either replace plastic, reduce the use of plastic or facilitate the 
recycling of plastic in mixed materials.

The benchmarking was structured in groups of sustainable materials 
that are 1) made of cellulose-based materials other than simple pa-
per and cardboard, 2) made of mixed materials that reduce the use 
of plastic, 3) made of bio-based materials other than cellulose and 4) 
interesting sustainable alternatives developed by some of the larger 
players in the packaging industry. To keep the research scope focused, 
this study, l did not explore bio-based and cellulose-based materials 
used for purposes other than packaging.

4.1.1 CELLULOSE-BASED MATERIALS

As an alternative to plastic materials, the paper industry has intro-
duced a variety of material packaging options made from cellulose 
derivates in the market. The American company Karta-Pack offers 
moulded packagings made from 100% post-consumer paper waste 
and agricultural waste, which are fully recyclable, compostable and 
biodegradable (image 2).

Finnish companies have been especially active in offering new cel-
lulose-based solutions for packaging and here we present some of 
them. Pyroll presents two interesting solutions providing similar tech-
nical performance as conventional plastics for packaging dry food: 1) 
a biodegradable paper packaging web material based on renewable 
fibres, that does not use fossil-based or bio-based plastics and can be 
recycled with cardboard (image 3), and 2) FlowPap Evo, a plastic-free, 
biodegradable, recyclable, breathable and heat-sealable paper pack-
aging material made from renewable fibres (image 4). Papitic offers a 
recyclable, reusable and biodegradable strong and flexible foam ma-
terial from wood fibres, that can be recycled with cardboard (image 
5). Sulapac developed a biodegradable and microplastic free material 
made from wood side-streams and natural binders to replace hard 
plastic containers (image 6). And lastly, Kotkamills produces two lines 
of fully recyclable and renewable materials, 1) AEGLE products are 
high-performance folding boxboards made from wood fibres, which 
offer superior printability and different water-based dispersion barri-
er grades to fit different applications (image 7), and 2) ISLA products 
have a unique water-based dispersion coated barrier board used to 
line paper cups and plates, which is also biodegradable.
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5Image 2 -  Karta-Pack food trays.

Image 3 - Paper packaging web material based on re-
newable fibres from Pyrol. 

Image 4 - heat-sealable paper packaging material made 
from renewable fibres from Pyrol. 

Image 5 - Shopping bag made of wood fibres from Paptic.

Image 6 - Containers made from wood and natural bi-
opolymers from Sulapac.

Image 7 - AEGLE high-quality Folding Boxboard from 
Kotkamills.

Image 8 - Packaging tray made from cardboard and eas-
ily removable plastic from Jospak. 

Image 9 - Hybrid packaging tray  from DeLight.
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4.1.2 MIXED MATERIALS

Finnish companies have also developed interesting sustainable ma-
terial alternatives mixing one or more materials. Jospak offers food 
packaging options that use 85% less plastic than conventional con-
tainers by using an easily removable plastic film on cardboard, after 
separation, both materials can be recycled (image 8). DeLight devel-
oped a hybrid packaging using paper board enhanced with polymers, 
which has excellent barrier properties, advanced printability and can 
be recycled (image 9).

4.1.3 OTHER BIO-BASED MATERIALS

Other bio-based materials also encompass a wide variety of sustainable 
packaging alternatives. The Poland-based company Biotrem produces 
fully biodegradable and edible disposable plates made from wheat 
bran (image 10). The Dutch firm Enkev developed (among several 
other natural fibre-based materials) Coco form, a strong, compostable 
and mouldable packaging material made from waste coconut husk fi-
bres and latex coating (image 11). The French company Lactips makes 
fully biodegradable water-soluble and edible bioplastic films based 
on milk protein, that provides excellent barrier properties (image 12). 
The American firm Ecovative Design developed Mushroom Packaging, 
their spin-off initiative to commercialize a high performance and fully 
compostable material alternative for conventional foams, made fully 
of mycelium and agriculture waste materials (image 13). The Brazilian 
company OKA produces highly plastic and rigid packagings with ex-
cellent thermos acoustic insulation from manioc starch and natural fi-
bres residues from the agroindustry, that can be recycled but can also 
biodegrade naturally (image 14). Another Brazilian initiative, CBPak, 
in partnership with the German BASF developed fully biodegradable 
packaging materials suitable for cold and hot foods made of non-edi-
ble cassava, creating new revenue streams for cassava; the material is 
also less water-intensive then cardboard and plastic (image 15). 

4.1.4 PACKAGING INDUSTRY LARGE PLAYERS’ CONTRIBUTION

The bigger players in the packaging industry are also responding to the 
challenge of plastic pollution and investing in R&D for more sustainable 
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Image 10 - Tray made of wheat bran from Biotrem

Image 11 - Packaging made of coconut husk 
fibres and latex from Enkev

Image 12 - Packaging made from milk protein from 
Lactips

Image 13 -  Packaging made from mycelium and agri-
cultural waste from Ekovative Design

Image 14 - Packaging made of manioc starch and fibres 
residue from OKA

Image 15 - Packaging made of cassava plant from CBPak
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materials for packaging. Among them, five companies have presented 
especially interesting solutions for more sustainable packaging alterna-
tives. Amcor International Paper developed ClimaShield, an alternative 
for packaging of wet content, that is recyclable and uses water-resist-
ant coating made of environmentally-friendly wax (image 16). Mondi 
Limited has developed PreFORMing, a paper-based thermoformable 
and coated solution which reduces the use of plastic by 80% (image 
17). Sealed Air Corporation has developed the Cryovac line of products 
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which uses plant-based resin layers surrounded by PET that signifi-
cantly reduce the use of plastic. The Finnish company Stora Enso has 
developed three very different solutions: 1) DuraSense, a wood-based 
biocomposite made of wood fibres and plastic material for premium 
packaging applications, 2) Cupforma Natura, a double-layered coated 
and 100% recyclable alternative for hot and cold products (recently 
used by Unilever for the full packaging of the Carted’Or ice cream) and 
3) a new paper board tube for cosmetics (image 18). Also in the Finnish 
market, Huhtamaki has started the initiative blueloop collaborative, a 
platform created for enabling flexible packaging to become more cir-
cular and sustainable – through this platform, they recently introduced 
Huhtamaki Fresh, a fibre-based recyclable and compostable alterna-
tive to disposable food trays (image 19). 

1

34

2Image 16 - ClimaShield box from Amcor Interna-
tional Paper.

Image 17 - PreFORMing packaging from Mondi Limited.

Image 18 - Paperboard tube for cosmetics packag-
ing by Stora Enso.

Image 19 - Huhtamaki Fresh packaging tray.
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2.

3.

4.
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4.2 MATERIAL DEVELOPMENT

The material development core to this study started from the early 
material explorations of a foaming mix composed of detergent, birch 
pulp and nanocellulose which seemed potentially interesting for 
packaging containers during the Design Meets Biomaterials course 
from CHEMARTS. For this research, the initial goal was to freely exper-
iment with bio-based materials to develop biodegradable materials 
with the potential to be used in packaging. I was particularly inter-
ested in searching for properties similar to polymer foams such as ex-
panded polystyrene. My interest was not only in the more technical 
properties like thermal insulation and lightweightness but also in the 
more visual ones like colour and texture. 

FIgure 3 -  Most important stages of the material exploration phase

The initial phases of the material exploration consisted of understand-
ing the range of materials available to be experimented with and how 
to mix and process them. After a few months of practical exploration 
with mostly wood pulps and cellulose-based materials, a few ma-
terials were shortlisted as they showed more interesting results as 



46

UNDERSTANDING THE MATERIAL4

sustainable packaging materials. The following sections expand on 
the cellulose-based derivate materials and the wood pulps used for 
the final material exploration stages. 

4.2.1 CELLULOSE AND METHYLCELLULOSE

Cellulose is a complex carbohydrate and the basic structural com-
ponent of plant cells, it is the most abundant of all naturally occur-
ring organic compounds (Augustyn, 2019). Cellulose has been vastly 
explored throughout human history and has many diverse uses. Of 
great economic importance, cellulose is processed to produce papers 
and fibres and is chemically modified to yield substances used in the 
manufacture of such items as plastic and films (Augustyn, 2019).

Methylcellulose (MC), like cellulose, is non-digestible, non-allergic, 
non-toxic for humans and plants (not cell permeable) and enzyme 
resistant (Nasatto et al., 2015). It is one of the most important com-
mercial cellulose ethers and it has been used in many industrial appli-
cations; in the food, beauty, pharmaceutical, construction, adhesives 
and agriculture industries as thickener, binder, emulsifier, stabilizer, 
etc. (Nasatto et al., 2015).

MC aqueous solutions are good thickening agents, they allow the 
preparation of good transparent and flexible films (preventing oil ab-
sorption) and enable the control of the settling of solid particles in 
dispersion (avoiding sedimentation) (Nasatto et al., 2015). And most 
importantly, MCs also stabilize emulsions and foams due to their sur-
face and interfacial tensions (Nasatto et al., 2015).

Among the cellulose-based materials explored during the material de-
velopment, MC seemed to be the more promising due to its foam sta-
bilizer properties and plastic-like look when dried. It’s thickening and 
stabilizing properties were key in controlling the foam and allowing it 
to dry without drastic shrinking. The transparency and film formation 
properties of MC helped to create a plastic-like feeling to the surface 
of the material as well as allow the colour of the pulp material in the 
mix to be visible. The thickening property also helped to keep the pulp 
material more evenly distributed in the foam mix, which resulted in a 
more controllable material and better finishing results on the samples. 
The Methylcellulose used for this study was Methocel 64630 from Flu-
ka, with high viscosity between 3000 - 5500 mPa·s (2% in water, 20°C) 



47

UNDERSTANDING THE MATERIAL 4

4.2.2 WOOD PULPS

Image y -The first stages of material exploration also tested different 
kinds of raw fibre and recycled fibre pulps in the lab. The properties of 
wood fibres depend on the species of tree they come from, and the 
pulping process. For raw fibre pulps, the industry uses mainly spruce, 
pine and hardwood fibres as raw material (The Biofore Company 
UPM, 2011). For recycled fibres, the industry can use recovered paper, 
boards and corrugated cardboard. Thanks to recycling, the original 
wood fibres can be used several times before they become unsuita-
ble for use (The Biofore Company UPM, 2011). This study focused on 
pulps which were 1) easily available in the lab, 2) presented interest-
ing properties for packaging and 3) showed significant differences 
among each other. Here we mention the most relevant ones for the 
results: pine pulp, OCC pulp and mechanical pulp.

TABLE 1 - PULP CHARACTERISTICS

Pulp type Source Characteristics 

Pine Pulp

Chemically 
pulped and 
bleached 

Kaukas 
paper mill

Pine pulp is widely used in the papermaking industry and it 
is characterized by its long fibres and strength (The Biofore 
Company UPM, 2011). The pulp used for this study was chemi-
cally pulped and bleached, responsible for its uniform and white 
appearance. During the first stages of material exploration, it 
became clear that using pine pulp was advantageous. Due to its 
long fibres, better bonding meshes with other materials were 
possible and more strong and stable structures were formed 
when shaping the samples.

OCC pulp

Recycled from 
old corrugated 
containers 

Varied fluting 
OCC from 
middle Europe 

Old corrugated containers (OCC) pulp is made from recycled 
corrugated containers. The nature of OCC materials and the 
recycling processes which it goes through result in fibres with 
diminished strength properties; due to its short length and 
decrease in bonding ability (Upola, 2017). Despite the weak-
nesses inherent to this material, the OCC pulp used for this study 
showed interesting properties during material exploration. Its 
short fibres resulted in more flexible sheets and very smooth 
surfaces, giving a nice finishing aspect to the samples. This pulp 
was also found very interesting as it does not come from raw 
materials but from recycled ones, becoming a more sustainable 
material source. 
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Mechanical pulp

From spruce 
CTMP 

Kaskinen 
paper mill

Mechanical pulp is usually characterized by their high yield 
that ranges from about 92 to 96%, and their high bulk, stiffness, 
opacity, softness, low strength and low brightness (Biermann, 
1993). This kind of “yellowish” unbleached raw pulp has one of 
the best waste rates when it comes to the use of wood in pulp-
ing, becoming a less wasteful and more sustainable material 
source. Besides the sustainable aspect, mechanical pulp also 
showed very distinguished and interesting characteristics. The 
broad length distribution of its fibres allowed enough bonding 
meshes with other materials and a very “natural” and irregular 
texture on the samples, as well as an interesting “extra space for 
air” when creating foam mixes.

FIgure 4 -  In order, OCC pulp, pine pulp and mechanical pulp

4.2.3  THE MATERIAL MAKING PROCESS

THE FOAM

The last stage of material development focused on the foam formed 
by MC, water, detergent and the three kinds of pulp. The basic foam 
was formed with methylcellulose 4%, a small amount of liquid deter-
gent and water; for every 25ml of MC solution 3ml of detergent and 
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6ml of water were used. These 3 ingredients were mixed together with 
a foaming hand mixer until creating a uniform foam, next, the pulp 
material was mixed together (roughly from 130g to 200g of dry pulp). 
Different amounts of pulp and different pulp mixes were tested and in 
all cases, the result was an interesting soft and uniform foam, however, 
these results were not flexible enough to work as a wrapping material 
or stiff enough to be used as a container or tray. The cost of MC

STRUCTURAL LAYER

To address the structural issue of the MC foam mix, the solution was to 
combine the foam mix with an integrated sheet of wet pulp. First, the 
pure pulp was processed in a laboratory hand sheet mould to form a 
paper sheet, then the sheet was set to dry in a plastic frame to make 
sure it would remain flat, and lastly, the wet MC foam mix was ap-
plied into the frame and on top of the sheet, and left to dry. As both 
materials were wet the fibres from the paper and the fibres from the 
MC foam mix were able to bond together during the drying process. 
The material resulting from this process had one side which was tech-
nically paper and one side made of the MC foam mix, which had a 
fairly uniform surface with an almost plastic-like feel. But most of all, it 
was stiff enough to be used as a board, container or tray. This process 
was repeated using the same pulp for both the paper and the foam 
mix. Besides the three pulp samples, two other mixes were tested: 
mechanical and OCC pulp mix and pine and OCC pulp mix. The most 
interesting samples were the OCC pulp sample, the pine pulp sample 
and the OCC mixed with pine pulp sample.

FIgure 5 -  Material making process: steps of material assembly. 
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MOULDING THE MATERIAL

For the next step, the same process was tested with a vacuum forming 
cup mould machine. The machine sucked the pure pulp solution into 
a cup-shaped forming mould and then was placed in a transfering 
mould to make a paper cup. While still wet, the resulting paper cup 
was used as the base for the wet MC foam mix (replacing the paper 
sheet used in the previous tests), which was applied onto the cup with 
a kitchen spatula and left to dry together. The results proved to follow 
the same logic: the paper cup and the foam mix bonded well and to-
gether were stiff enough to be used as a container. 

However, even though it was possible to test the cup mould with the 
foam, the cup moulding process was partially flawed. Once the still 
wet cup was taken from the transfering mould, it would not be able 
to support itself, getting deformed during the drying process (Image 
20). The deformation in the samples was significant and impacted the 
overall perception of the material. As a solution to minimize the defor-
mation, a drying forming mould was made from a metal mesh, using 
the resources available in the university’s workshops (Image21). The 
results improved significantly, but as the handmade mould was not 
the exact size and shape as the machine forming mould, the samples’ 
paper surfaces still kept some stretch marks and wrinkles that could 
have been avoided with a perfect size drying mould. Yet, due to the 
tight timetable to develop the samples in time for the user tests it was 
not possible to develop a better drying mould at this stage.

After start using the drying forming mould, the qualities of the cup 
samples were very similar to the sheet samples, except for the foam 
mix surface, which was fairly uneven and textured. To try to compen-
sate for this lack of material control on the foam mix side, the first op-
tion was to use a plastic transfering mould to control the foam mix 
while drying: sandwiching the foam mix between the paper cup and 
the plastic mould. The result was an evener distribution of the foam 
mix around the cup and a very smooth and plastic-looking outer sur-
face, except for some air bubble formation areas. The second option 
tested was to apply a second layer of paper on top of the foam mix 
using another paper cup: sandwiching the foam mix between two 
moulded paper cups. The results were very uniform samples, as their 
inner and outer surface looked the same, extremely stiff and resistant 
cups with a strong texture from the metal drying moulds. 
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COATING 

Besides helping structure the material, the inner layer made of paper 
was also an interesting material characteristic as it could receive the 
same kinds of coating “regular paper” does. And possibly, in the future, 
it could also fall under the same category as paper and cardboard do 
regarding material safety for food contact. 

For this study, the main purpose of using paper coating was to make 
the material hydrophobic so it could be used for packaging of wet 
content, e.g. meat. There are multiple coating solutions in the mar-
ket to make paper water-resistant but most coating possibilities were 
not exploited for this study as certain types of coating, such as starch-
based ones, were not available to be experimented with. Consider-
ing these limitations, the samples developed during the final stage 

Image 20 - Cup-shaped samples dried without a mould 

Image 21 - Metal mesh forming mould with dried paper cup (left) and wet foam on paper on drying metal 
forming mould (right) 
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of material exploration used the best coating option available: the 
VaporCoat 2200 barrier dispersion coating from Michelman. However, 
the result was not optimal as this coating was not transparent and 
left a yellow shade on the samples, particularly visible when applied 
to the pine pulp samples (image 22). To compensate for the possible 
negative perception of the yellow shade a few samples were coated 
with regular white craft glue just to mimic the overall feeling of im-
permeability of clear paper coating, despite having no hydrophobic 
properties. The barrier dispersion coating gave the sample the right 
touch feel but not the right appearance, while the glue coated sam-
ples did not provide an as interesting touch feel but the right colour. 
Also, as the coating was applied with a brush some samples received 
more coating than the ideal. 

Another important aspect of the coating used for this study was the 
fact it was not biodegradable. Yet, considering that 1) the main pur-
pose of developing the samples was to test them regarding user per-
ception and 2) most regular FMCG packaging users are not able to 
distinguish one type of paper coating from another, the barrier dis-
persion coating was used mostly to represent the visual aspects and 
touch properties of coated paper. If available, a biodegradable paper 
coating would present similar visual and tactile characteristics. 

4.2.4 RESULTS: SAMPLES FOR USER TESTING

For the next stages of material and user testing, two sets of samples 
were developed. One consisting of five 10cm by 10cm flat samples 
and one consisting of six 10cm diameter cups. The samples’ sets were 

Image 22 - Metal mesh forming mould with dried paper cup (left) and wet foam on paper on drying metal forming mould (right) 
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developed to portray the most interesting variables for the material 
in the senses of colour, texture, touch feeling and stiffness/resistance. 

The flat samples, later used for the focus group phase 1, were made 
of 2 different pulps to reach a good range of colours and textures for 
the samples which, when combined with the use of coating allowed 
more textures variation and touch properties. They consisted of a) 
two samples made with pine pulp, one with barrier dispersion coat-
ing (1A) and one without it (1C), b) two samples made with OCC pulp, 
one with barrier dispersion coating (1B) and one without it (1D) and 
c) one sample made with a pine and OCC pulp mix without coating 
(1E). The samples using mechanical pulp were not considered inter-
esting enough for this stage.

The cup-shaped samples, later used for the focus group phase 2, were 
made with 3 different kinds of pulp, 2 types of coating and 3 different 
kinds of drying moulds. The combination of these factors resulted in 
a good range of characteristics for the samples varying from thick-
ness, stiffness, colour, texture, touch feel and surface roughness. They 
consisted of a) three samples made with pine pulp, one dried in a 

FIgure 6 -  Flat samples’ composition. 

FIgure 7 -  Cup-shaped samples’ composition.
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plastic mode with barrier dispersion coating (2A), one with two layers 
of moulded paper and no coating (2C) and one dried without a plastic 
mould and with glue coating (2F), b) one sample made with OCC pulp 
dried with a plastic mould and glue coating (2B), c) one sample made 
with pine and OCC pulp mix, with two layers of moulded paper and no 
coating (2D) and d) one sample made with OCC and mechanical pulp 
mix dried without a mould and no coating (2E). 

THE EFFECT OF PULP TYPES ON SAMPLES

The samples made with pine pulp were white coloured and, due to its 
long fibres, had medium-thick walls, were very stiff and had a slightly 
grainy texture. The OCC pulp samples were brown and, due to their 
short fibres, had thin walls, were a little flimsy and had a smoother 
surface (except for the texture from the drying metal mould). The 
samples made with pine and OCC mix were light beige and, due to 
their mixed short and long fibres, had medium-thick walls, were stiff 
enough to hold shape and had an almost smooth surface (except for 
the drying metal mould texture). The sample made with OCC and me-
chanical pulp was yellowed beige, and due to its wide range of mixed 
fibres, had very thick walls, was very stiff and had a rough surface. 

THE EFFECT OF COATING TYPES ON SAMPLES

The samples which used the barrier dispersion coating were slightly 
yellow, very shiny and sticky while providing a feeling of impermea-
bility and a more professional finishing look (except for the colour). 

FIgure 8 -  All samples developed for the Focus group separated by type of pulp used.
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FIgure 9 -  The relation between the characteristics achieved on the final samples and the main material development variables.
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The samples which used craft glue as coating were also shiny but not 
sticky, they also provided a sense of permeability and a more profes-
sional finishing look. On the other hand, the samples which did not 
use any coating were matte, nice to touch and provided a sense of 
permeability and not so good finishing.

THE EFFECT OF DRYING MOULD TYPES ON SAMPLES

The samples dried in a plastic drying mould presented a more profes-
sional-looking finishing and a very smooth outer surface. The sample 
dried with a metal drying mould only on the inside presented a more 
natural-looking finishing and a very irregular outer surface. The samples 
with two layers of moulded paper, dried with one metal drying mould 
on each side, presented a somewhat professional-looking finishing and 
nice to touch surfaces, with a regular texture from the metal mesh. The 
sample dried without any mould presented a very handcrafted-looking 
finishing and a very rough and irregular texture on both surfaces. 

4.2.5 MATERIAL PROPERTIES

To complete the technical characterization of the materials developed 
for this study, preliminary material tests were conducted with the flat 
samples. The goal was to get insights into some of the most relevant 
material properties. Among the properties judged relevant for appli-
cation in packaging were: water permeability, tensile strength and 
bending resistance. In addition, recyclability and biodegradability 
were analysed from a hypothetical point of view as the time frame did 
not allow conventional tests. 

WATER PERMEABILITY

Permeability is one of the key material properties to ensure the integ-
rity of the packaging’s content, especially in the case of food products 
which are at risk of contamination. As the samples did not have sealed 
edges it was not possible to test them for air permeability. Yet it was 
possible to access the efficiency of the barrier dispersion coating by 
calculating the material’s water absorption in a small area (0.00113m2) 
during a time span of 2 minutes. 

The results were very positive for the sample’s paper side, which be-
came water-impermeable or almost water-impermeable when the 
barrier dispersion coating was applied. Contrastingly, the sample’s 
foam side remained partially water-permeable despite the application 
of the barrier dispersion coating. However, if the coating was applied 
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under ideal conditions, it is likely that better absorption results would 
be achieved. Also, the samples developed with pine pulp were more 
absorbent than the ones made with OCC pulp. 

TABLE 2 - WATER PERMEABILITY TEST RESULTS

Sample Thickness 
in mm

Grammage 
in g/m2

Absorption of the foam side 
in g/m2 in 2minutes

Absorption of the paper side 
in g/m2 in 2minutes

1A
2.66 679 3 0

1.72 432 3.46 0

1B
1.53 542 0.02 0

2.52 542 0.57 0

TENSILE STRENGTH

Tensile strength is a very relevant property for protecting packaging’s 
content. A moulded packaging made with the cellulose-based foam 
mix would have to resist forces during transportation and stacking of 
multiple units without compromising the integrity of the contents. 

The samples developed with pine pulp presented a higher breaking 
strain percentage and a lower stiffness index than the ones made with 
OCC pulp. However, the differences were not so significant as both ma-
terials had similar tensile indexes. The foam mix elasticity gave the ma-
terials a good range of elongation, pointing to the possible cushioning 
properties of the materials (as most foams) and to the limitations of the 
material, as it is not strong enough for larger packaging pieces. 

TABLE 3 - TENSILE STRENGTH TEST RESULTS 

Sample Thickness 

in mm

Grammage 

in g/m2

Breaking strain in % 

(average from 2)

Tensile Stiffness in mN*m/

kg (average from 2)

Tensile index  in mN*m/

kg (average from 2)

1A
2.66 679 6.55 1.64 20.16

1.72 432 7.21 1.92 27.53

1B
1.53 542 2.81 2.18 23.23

2.52 542 3.3 2.16 22.71

BENDING 

The bending resistance of packaging materials measure how much 
force needs to be applied before the material bends, a relevant prop-
erty considering both the transportation of the packaging as its use, 
particularly when it comes to having a stable container. 

As expected, thicker samples showed higher bending resistance and 
stiffness. However, the thicker OCC pulp sample showed to be weaker 
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than the thicker pine pulp sample, while the thinner OCC pulp sample 
was stronger than the thinner pine pulp sample. Possibly due to the 
difference in density between the thinner samples, as the OCC pulp 
sample was thinner but heavier than the thinner pine pulp sample. 
Therefore, it is safe to assume the samples made with pine pulp are 
slightly stronger than the ones made with OCC pulp. These results 
also pointed to the limitations of the material, as it may not be resist-
ant enough for larger packaging pieces or very delicate products.

TABLE 4 - BENDING TEST RESULTS 

Sample Thickness 
in mm

Grammage 
in g/m2

Bending resistance in mN Bending stiffness in mNm

1A
2.66 679 800 83.4

1.72 432 331 34.9

1B
1.53 542 452 48.3

2.52 542 689 71

RECYCLABILITY AND BIODEGRADABILITY

Considering the focus of this research in sustainable packaging, re-
cyclability and biodegradability were key material properties to be 
considered. However, due to the limited scope of this study, only a 
preliminary assessment was possible based on what is known about 
the properties of the materials used to make the sample. 

Regarding recyclability, it is reasonable to assume that the final materi-
al could be recycled in similar ways to paper and cardboard, as the final 
material was composed of only cellulose, except for the coating. How-
ever, the quality of the harnessing of the material input from recycling 
would have to be properly tested, as it would depend on the types of 
fibres and the total amount of coating applied to the material. The use 
of smaller and shorter fibre like the ones from OCC could lower the 
quality of the harnessing, likewise, the application of large amounts of 
coating to the material could make the recycling process problematic. 

Regarding the biodegradability of the final materials, it is almost certain 
that it would biodegrade normally in natural environments, as is the 
case of other materials made of cellulose, such as paper. The main vari-
able in the biodegradation process is the barrier coating applied to the 
material. The barrier used in this study, although not bio-based, would 
eventually biodegrade naturally but slow down the process, as it will 
take longer than the cellulose-based materials to biodegrade. However, 
if a bio-based coating, like the ones made out of starch, is used for the 
final material it would be possible to improve its biodegradability. 
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4.3 FOCUS GROUPS 

Because users of FMCG packaging encompass a very large amount 
of people, the focus groups were designed to be as diverse as pos-
sible, mixing gender and different occupations. However, this study 
had limited access to human resources, thus a convenience sample of 
participants was necessary. For the same reason, the groups were or-
ganized with only 6 participants, allowing for a minimally interesting 
discussion and facilitating moderation (Stewart et al., 2011, page 7), as 
the groups were not run by a professional moderator. Nevertheless, to 
optimize the comparison between the two groups’ results, the selec-
tion of participants in Brazil and in Finland followed four main criteria. 

First, the participants were limited to middle-class economic power, as 
middle-class is a group with significant representation in both coun-
tries being researched, and which has access to similar categories of 
FMCG. Second, an age group of consumers up to 35 years old was pre-
ferred as younger people tend to be more open to new products and 
materials. However,  as the upbringing in both countries can vary, par-
ticipants younger than 25 years old were disconsidered as they may 
not have enough purchasing power at this age. Third, the samples on 
both countries were composed of only native participants (Brazilians 
in Brazil and Finnish in Finland) to avoid any deviation from cultur-
al backgrounds different than the ones from Brazil or Finland. Lastly, 
all participants were chosen from a “non-expert” group; professionals 
and students in the area of sustainability and packaging were discon-
sidered as their more accurate perception of materials and their envi-
ronmental impact could influence the input from regular consumers 
in the focus groups. 
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The groups were held after working hours on weekdays for partici-
pants’ convenience. A typical focus group session lasts from 1.5 to 2.5 
hours (Stewart et al., 2011, page 2), so both groups were kept within 
a two hours window. To encourage participants to come and engage, 
refreshments and snacks were provided throughout the duration of 
the focus group. Unfortunately, the focus groups locations’  accessi-
bility was not ideal, as they were chosen according to the resources 
available. In Brasília, the group took place at Oni Design Studio (locat-
ed at St. de Habitações Individuais Sul Ed. Casa Thomas Jefferson 2º 
andar - Lago Sul), a space made available by the studio’s senior partner 
Herick Ferreira to support this study. In Helsinki, the group took place 
in a classroom at the Väre building (Otaniementie 14, 02150 Espoo), 
as Aalto University has meeting rooms available for students to use.

Before starting the focus groups the first step was to obtain an oral 
agreement from all the participants allowing the group to be record-
ed and photographed for academic purposes. All the participants’ in-
teractions were recorded in audio and partially in a video to preserve 
a permanent record of the proceedings (Greenbaum, 2011, page 3) 
and photographed to capture visually how the participants interacted 
with the samples.

The second step was to have a short open discussion with participants 
to understand what the terms “sustainable” and “environmentally 
friendly” meant for them; then participants defined together what was 
the meaning of these terms when used during the discussions. After 
an introduction explaining how focus groups work, the remaining time 
was structured in 3 phases to help to contextualize users’ perception. 
Phase 1 aimed to understand how the users experience the material 

Image 23 - Focus groups in Helsinki (left, photo by Surabhi Nadig) and Brasilia (right, photo by Isabela Costa).
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itself, phase 2 aimed to understand how users perceive the material 
once put in the context of packaging, and phase 3 aimed to under-
stand how user’s perception of the new material was affected by their 
perception of currently used packaging materials. The focus group 
plan and questions used for each phase can be found in Appendix 1.

4.3.1 MATERIALS EXPERIENTIAL CHARACTERIZATION

Phase 1 of the focus groups collected data about the users’ perception 
of five 10cmx10cm flat samples of the materials developed for this 
research (figure 10). In order to capture users’ most raw impressions 
of the materials, the samples were presented out of context, without 

FIgure 10 -  Phase 1 samples. Foam mix side (left) and paper side (right). 

technical explanations of the materials involved and disassociated of 
any possible application. The goal was to focus on how consumers of 
FMCG packaging perceived the different samples from an experiential 
level, as well as to see how that affected their perception of the mate-
rials’ sustainability. 

This phase adapted the Experiential Characterization of Materials 
framework (Ma2E4 toolkit), developed by Camera and Karana (2018) 
to support design professionals and materials developers to conduct 
user studies in order to understand how people experience a specific 
material. The Ma2E4 toolkit maps user’s material experiences through 
four steps based on Giaccardi and Karana’s (2015) levels of materials 
experience: sensorial, interpretive, affective and performative. How-
ever, to make the focus group process faster, simpler and more direct 
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the following elements from the toolkit were adapted: the sensorial 
characteristics’ analysis did not consider the intensity of each charac-
teristic, the affective characteristics only implied the positive/negative 
aspects of each one of the samples, and the interpretive characteris-
tics were not associated with images. Also, to fit the timeframe, all four 
steps were done with the whole group.

Before starting the focus group discussions, participants were asked 
to answer individually three questions about each sample, in order 
to obtain their raw individual perception of the samples. They were 
asked to define each sample in a couple of words, then to identify 
what made each sample unique, and lastly, to describe an unpleas-
ant characteristic about each of them. Afterwards, they were asked to 
elaborate on their impressions for the group discussion.

Afterwards, participants were observed while handling the samples 
for a few minutes and then asked if they felt like doing anything with 
the samples but refrained themselves, to access users’ performative 
experience of the material. To access users’ sensorial, affective, and 
interpretive experience of the material participants were engaged in 
discussing their impressions of each sample based on three lists of 

Image 24 - Finnish participants’ interactions with phase 1 samples. Photos by Surabhi Nadig.
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words describing sensorial, affective, and interpretive characteristics 
(Appendix 2); the lists were adapted from the Ma2E4 tool kit vocab-
ulary cards and experiential characterization map (Camere & Karana, 
n.d.). The lists were presented in separate slides one at a time. Then, 
participants were asked to choose as a group which words from each 
list best represented the samples. During these discussions, it was 
possible to appreciate the differences in opinion and the intensity of 
most impressions within the group. Together these 3 characteristics’ 
sets also contributed to provide participants with a wider vocabulary 
to describe their perceptions on the next phases. 

After participants had already familiarized themselves with the sam-
ples and their own perception of them, they were asked to name oth-
er materials similar to the samples, to choose one most interesting 
sample and the one they perceived to be the most environmentally 
friendly.  The idea was to see how the choices of finishing, colour and 
texture took during the material development stage affected users’ 
overall perception of the materials. Likewise, the questions aimed to 
check if these choices affected their perception of the sustainability of 
each material and if this perception of sustainability added positively 
or negatively to the overall perception of the material.    

Image 25 - Brazilian participants’ interactions with phase 1 samples. Photos by Isabela Costa.
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FIgure 11 -  Phase 2 samples.

4.3.2 MATERIALS IN THE CONTEXT OF PACKAGING 

Phase 2 collected data from users’ perception of six 10cm diameter 
samples shaped like a small bowl (figure 11). The samples for this phase 
used the same materials from phase 1 but this time in a three-dimen-
sional shape. As this study aimed to analyse the perception of the ma-
terial alone, rather than the shapes, participants were also presented 
with illustrations showing how the same material could look in the con-
text of packaging with different shapes and labels. For the same reason, 
the samples did not have any printing or colouring on them. Also, as in 
phase 1, the material properties were not explained to the participants 
to make sure their perception was not influenced in any way.

The main goal of this phase was to understand how consumers of 
FMCG packaging perceived the materials presented in phase 1 when 
put into the context of packaging. More specifically, it meant to ob-
serve if the addition of the packaging context changed their percep-
tion of the material in any way. Additionally, it was possible to check if 
their perception of the materials’ sustainability changed after placing 
them in a more functional context.

However, as previously discussed in session 4.2.2 the limitations in 
phase 2 samples’ development were bound to have an impact on 
users’ perception. To try to alleviate the negative effect of the drying 
mould marks participants were instructed to overlook the imperfec-
tions and focus instead on the overall characteristics of each sample. 
Nevertheless, the coating limitations were not disclosed to the partic-
ipants, as it was relevant to see if they would notice the differences as 
well as how they would react to them.
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Image 26 - Finnish participants’ interactions with phase 2 samples. Photos by Surabhi Nadig.

Image 27 - Brazilian participants’ interactions with phase 2 samples. Photos by Isabela Costa.
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During this phase, participants were first observed while interacting 
with the samples freely and again asked if they felt like doing some-
thing with the samples. Afterwards, they were asked to describe each 
sample in a few words and name their most and least interesting char-
acteristics in a group discussion. They were also asked to share what 
kind of products the samples could be used for and to choose the 
most and the least sustainable samples. 

4.3.3 MATERIALS IN THE CONTEXT OF CURRENT MATERIALS

Phase 3 collected data from users’ perception of seven samples of pack-
aging found in Finnish supermarkets (figure 12) for the focus group in 
Helsinki, and five samples of packaging found in Brazilian supermar-
kets (figure 13) for the focus group in Brasilia, all of which were used 
for refrigerated products or products which need to keep hot temper-
atures. The idea was to get as varied packaging solutions as possible 
while making sure to represent the most common solutions seen in the 
supermarkets visited. In the Finnish supermarkets visited styrofoam 
was found only in the dry noodle section and two packaging examples 
were identified for advertising their sustainability efforts (3E for being 
easy to separate the plastic film from the cardboard base and 3F for 
using the absolute minimum amount of plastic). Contrastingly, In the 
Brazilian supermarkets visited there was a predominant presence of 
plastic (especially styrofoam) and an absence of clear sustainable alter-
natives for packaging among the products targeted. All the samples 
had labels and printing remove to make sure their graphic elements 
did not influence participants’ perception; a few samples had to be cov-
ered with paper (both 3E and 3G).The main goals of this phase were 
to a) understand how consumers of FMCG packaging perceive the 
packaging samples presented in phase 2 when put next to packaging 
materials used in the market today, b) to see if there were any changes 
in perception, c) to see if participants’ perception of the sustainability 
of phase 2 samples changed when put next to materials participants 
were already familiar with. 

During this phase, the cellulose packaging samples from phase 2 were 
kept on the table along with the samples of packaging found in the 
local markets. Users were also presented with images of the market 
packaging samples in the context of application and sales point (Ap-
pendix 3). Here the participants got to compare directly the samples 



67

UNDERSTANDING THE MATERIAL 4

from phase 2 to the materials they were already familiar with and dis-
cuss their perception from a comparative point of view. In this phase, 
the participants were expected to bring a more personal point of view 
to their experience with the samples based on their previous experi-
ences as FMCG consumers. 

FIgure 12 -  Phase 3 samples used in Helsinki.

FIgure 13 -  Phase 3 samples used in Brasilia.
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As in the previous phases, they were asked to describe the main char-
acteristics of the market samples. Next, they were asked how the sam-
ples from phase 2 differed from the samples from phase 3 and if the 
materials presented would encourage or stop them from purchasing 
a product. Lastly, they were asked to choose the most and the least 
sustainable material among the samples and to justify their answers. 

4.3.4 FOCUS GROUPS FINDINGS

The two focus groups data was processed first by grouping partici-
pants responses for each sample on a schematic table (appendix 4), 
then representing it graphically in relation to the material develop-
ment variables (figure 9) and finally clustering the findings derived 

Image 28 - Finnish participants’ interactions with phase 3 samples. Photos by Surabhi Nadig.

Image 29 - Brazilian participants’ interactions with phase 3 samples. Photos by Isabela Costa. 
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from the graphics in three main topics: perception of samples’ mate-
rial characteristics, perception of market samples and perception of 
samples’ sustainability. 

PERCEPTION OF THE MATERIALS’ CHARACTERISTICS 

The focus groups findings identified that for users in both groups it 
was very important to be able to trust packaging materials to hold 
and protect the food content. In the case of stiffer structures (such as 
samples from phases 1 and 2), participants highlighted the need for 
the material to be strong and resistant enough to protect its contents 
from external factors. Whenever the material was identified as flim-
sy or soft it affected participants’ perception of its content “security”. 
In addition, when asked to describe the most relevant characteristics 
of all three groups of samples, participants always accessed them for 
their fragility/strength, resistance and flexibility, pointing to the im-
portance of those characteristics.

Some characteristics of the sample seemed to have a stronger im-
pact on participants’ affective and interpretive perception. Colours 
and surfaces finishing being the most relevant ones. Samples which 
had lighter colors (1A, 1C, 2A, 2C and 2F) were associated to words as 
futuristic, clean, interesting and unnatural, while the one with darker 
colours (1B, 1D, 1E, 2B, 2D and 2E) were associated with words like 
natural, organic, responsible, comfortable and ordinary. Samples with 
surfaces that felt smooth (1C,1D,1E, 2C and 2D) were referred to as nice 
to touch, pleasant and comfortable, while samples with sticky surfac-
es (1A, 1B, 2A and 2B) had a more negative reaction from both groups 
being referred to as disgusting, suspicious and aggressive. However, 
coated samples (1A, 2A, 2B and 2F) were also recognized as trustwor-
thy as a waterproof material, due to their shinier look and touch feel. 
The texture of the surfaces also affected finishing perception, samples 
dried in a plastic mould (2A and 2B) were considered to have a better 
finishing and referred as being more professional, manufactured and 
plastic-like while samples with regular but rougher textures (2C and 
2D) had mixed reactions from participants: some found it attractive 
and interesting while others found it too rough and unpleasant.

The samples’ materials were directly related to other existing mate-
rials, which clearly affected users’ perception of the cellulose-based 
samples. The materials most often related to the samples were plas-
tics in general, polymeric foams and cardboard. 
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Most samples referred by participants as similar to cardboard (sam-
ples using OCC pulp), although considered more sustainable and as-
sociated with positive feelings such as respect and comfort, were also 
perceived as untrustworthy and “dirtier” by the Brazilian group and 
boring and ordinary by the Finnish group. These results corroborate 
with Lindh et al. (2016) findings that paper-based materials are per-
ceived as more sustainable for packaging and with Magnier and Crie’s 
(2015) study results that consumers perceive sustainable packaging 
as less protective, of poor hygiene and being visually less interesting. 

However, the samples mixing OCC pulp and pine pulp (1E and 2D) had 
a more positive response from both groups than the samples made 
of only OCC pulp (1B, 1D and 2B). Likely because of its beige colour, 
these samples were still considered sustainable but did not have as 
negative affective and interpretive perceptions from participants as 
the OCC pulp samples. For example, sample 1E was unanimously ap-
pointed as the most sustainable phase 1’s sample by both groups, 
considered the most interest sample by the Brazilian group and the 
most interesting sample among the samples using OCC pulp by the 
Finnish group. Both groups associated it with words such as responsi-
ble, trust, respect, natural and handcrafted, also, the resemblance with 
cardboard was not mentioned as often as with the brown samples. 

The samples made of pine pulp with the barrier dispersion coating 
(1A, 2A and 2G) were compared with materials like styrofoam and re-
ferred to as being plastic-like. They were received with curiosity and 
interest by both groups and associated with words like futuristic, sur-
prise, curiosity, doubt, confusion and strangeness. If disconsidered the 
stickiness and yellow shade of the barrier dispersion coating (clearly 
pointed as big issues by both groups) these samples could have had 

FIgure 14 -  Phase 1 samples by participants’ interest
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a better overall impression. For example, sample 1A was considered 
the most interesting sample by most Finnish participants, regardless 
of the negative aspects previously discussed by the group. Pointing 
out that if the coating issues could be addressed these samples would 
have been better received. 

PERCEPTION OF MARKET SAMPLES

When discussing the samples from the market, all participants recog-
nized the samples brought from the market as less sustainable than 
the cellulose-based material samples. Yet, they also referred to them 
as more resistant and trustworthy to keep food for longer while the 
cellulose-based samples were by comparison perceived as less trust-
worthy as food containers, especially if holding a “wet” content.

In the Brazilian focus group, most of the participants seemed to not 
consider the packaging material characteristics when purchasing 
FMCG. If they really wanted to buy a product none of the packaging 
materials would stop them from doing so, but if there were alternatives 
most would avoid the styrofoam packaging. However, when discuss-
ing the market samples individually, they highlighted the importance 
of food safety, food preservation (for longer-term), hygiene, of a “trust-
worthy look”(clean, resistant, unsticky) and the handling (open/close/
dispose of) of the packaging. Particular importance was given to the 
hygiene of the materials, sample 3C was perceived as especially hy-
gienic due to its smoother and stronger surfaces and airtight aspect. 

In the Finnish focus group, participants considered packaging which 
appeared to use more material than necessary (like 3A) to be wasteful 
and a possible reason to discourage purchase. In contrast, some par-
ticipants considered packaging that looks more organic and natural 
to encourage purchase, even when mixed with plastic (like 3E). They 
also highlighted the importance of using the material economically, 
the handling of the packaging (transport/open/close/dispose of ), the 
possibility to reuse it, the finishing quality, the visibility of the content 
(see-through materials) and the unstickiness of the materials. Overall, 
Finnish participants seemed to doubt or distrust more the materials 
they were not so familiar with. 

Plastic was more accepted as good packaging material in Brazil than 
in Finland. Brazilian participants often pointed to the advantages of 
plastic (impermeability, safety, hygiene, resistance), while Finnish 
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FIgure 15 -   
Material development varia-
bles in relation to users’ per-
ception of samples’ qualities.
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participant mentioned mostly water impermeability as positive plas-
tic quality. Finnish participants were also more vocal about the “un-
natural” aspect of plastics and one of them even brought up the topic 
of microplastics (when discussing heating-up plastic packaging in the 
microwave), a subject not explored by the Brazilian participants.

Some Brazilian participants associated sustainable materials to expen-
sive products, as a participant pointed out: “This (purchase choice) also 
depends a lot on the price. If we consider that there is no price differ-
ence… ok. But the problem is that this kind of material raises prices, the 
whole product becomes more expensive. `` This perspective is aligned 
to both Lindh et al. (2016) and Magnier and Crie (2015) that consumers 
associate sustainable packaging with higher costs. Other Brazilian par-
ticipant pointed out that there are not a lot of options when it comes 
to packaging, you buy the product and the packaging comes with it, 
making it harder to make environmentally friendly choices.

PERCEPTION OF SUSTAINABILITY 

Overall participants perception of sustainability, directly or indirectly, 
followed the idea that if the material looks like something that could 
be found in nature it must be more sustainable, while if the material 
looks like it came out of a high-end factory it must be less sustainable. 
Many participants rationally challenged these points of view during 
the discussions, but when analyzing their response to the affective 
and interpretive vocabulary slides it was visible that shapes, colours 
and textures easily found in nature were associated with sustainability. 
Samples that were brown or beige, or had a matte, rough or irregular 
surface were associated with terms like natural, organic and respon-
sible; corroborating with Lindh et al. (2016) findings that consumers 
perception of sustainability is closely related to benefits such as nat-
uralness. Participants also associated sustainability to handcrafted 
products and “bad finishing quality”. Samples that had a more irregular 
shape or rougher surface (like 2E) were perceived as more sustainable 
while white samples with a smoother or glossier finishing (1A, 2a and 
2F) were associated with terms like professional and manufactured. 

The final perception of the samples’ sustainability comes from the 
combination of different material characteristics and among the 
samples’ main characteristics, colour and surface finishing were the 
ones most related to sustainability. The material colour and surface 
finishing were directly related to the perception of the samples’ origin; 
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brown/beige and uncoated samples were considered more natural/
organic while white and coated samples were considered more un-
natural/plastic-like. Nevertheless, when combining opposing charac-
teristics one tended to reduce the impact of the other, for example, 
brown samples with a shiny surface (1B and 2B), made with OCC pulp 
and finished with barrier dispersion coating, were not associated with 
sustainability as much as the brown and uncoated OCC pulp samples 
(1D and 2D).

When assessing the samples sustainability both groups considered 
relevant properties if the material was recyclable, if it was reusable, 
if it saved material and if it was biodegradable. Finnish participants 
also mentioned the material sourcing and efficient use of space in the 
packaging (to make it as small as possible) as important aspects. Most 
of the times, if one of these properties was met the sample would be 
considered more sustainable.   

Lastly, as previously mentioned, all samples from phase 3 were con-
sidered unsustainable. Possibly because of the use of plastic in all of 

FIgure 16 -  Phase 1 samples by participants’ perception of sustainability.

FIgure 17 -  Phase 2 samples by participants’ perception of sustainability.
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them; as being made out of plastic was referred to as a negative fea-
ture of most of these samples by both groups.

4.3.5 BRAZIL AND FINLAND COMPARISON

After analysis of the findings, the main differences noticed between 
the two focus groups were clustered into four main topics related to 
variations in the two groups’ contexts which were possibly responsi-
ble for the distinctions in participants’ perception of the materials. 

KNOWLEDGE OF MATERIALS AND RECYCLING SYSTEMS 

Overall, Finnish participants showed more knowledge on the relation-
ship between materials and recycling systems than Brazilian partici-
pants. Different Finnish participants demonstrated knowledge about 
the difference in recyclability among plastics, the triage systems for 
recycling, the difficulty to separate materials for recycling and the ba-
sics of pulp-based materials (for example, referring to bleaching and 
fibres). In the Brazilian group, most participants seemed to not be very 
informed on the topic or had some misleading notions (such as black 
expanded PS being more sustainable than white ones), except for one 
participant (from a design background) who showed more knowl-
edge of materials recyclability and one participant (from a science 
background) who showed some knowledge of materials’ origins.

This distinction is possibly due to the difference in waste manage-
ment mentioned previously in section 2.4. The recycling system effec-
tively implemented in the Helsinki metropolitan area demands from 
citizens more knowledge of materials and recycling systems, espe-
cially related to packaging, as good part of the materials separated in 
household environments comes from packaging. On the other hand, 
because Brasilia’s waste management system only separates organic 
waste from dry waste (and covers only 52% of the population) most 
Brazilian participants did not consider investing time in separating 
their waste, like pointed out by one participant “consumers don’t have 
full control of what happens to their packaging waste; here I may sep-
arate plastic and paper but the collecting truck mixes it all together”.

ATTENTION TO HYGIENE

Brazilian participants paid more attention and gave more emphasis 
on the hygienic aspects of packaging than Finnish participants. The 
participants on the Brazilian group directly mentioned the hygiene 
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aspects of materials multiple times, while the participants from the 
Finnish group did not directly mention it at all. 

The Brazilian group also associated hygiene to the material colour 
(black and brown were referred as less hygienic) and the plastic feel 
of the material (plastic was pointed out as an obvious more hygienic 
option by different participants). 

Brazilian participants’ focus on this aspect may be related to a lack of 
trust in the food system in place (packaging/transport/storage/han-
dling); the way a product is packed can help to protect the content 
from eventual flaws in this system. Also, because some of the Brazilian 
packagings showed were clearly packed at the sales venue (3A,3B and 
3D), participants may have been more suspicions of the hygiene is-
sues related to how the product was handled. Which was not the case 
for the Finnish packagings samples as they were all prepacked (except 
for 3D, which is packed in front of the consumer). It is also possible 
that the drastic difference between the two countries climate has an 
impact on this matter; influencing, for example, food preservation 
practices against insects and pests typically from tropical weather. 

PERCEPTION OF PLASTIC

Both groups understood plastic as being less sustainable and related 
plastic-like characteristics to negative qualities, such as being unnat-
ural. The styrofoam samples from phase 3 were particularly reviewed 
negatively by both groups. However, Finnish participants perception 
of how negative the use of plastic was focused on how much mate-
rial was used and if recycling was possible or not. Brazilian partici-
pants also highlighted some of plastics sustainability issues, but these 
seemed to be less important in comparison to plastic’s positive char-
acteristics, such as sealing properties and hygiene. Some Brazilian 
participants said to trust plastic much more than a bio-based material.

One possible reason for this difference may come from how the topic 
of plastic pollution is present in the two contexts. This topic has been 
explored for a longer time in Finnish education, legislation and media 
than it has in Brazil. Another factor may be that plastic is still perceived 
as a more modern and efficient material in the Brazilian context.

AFFECTIVE/INTERPRETIVE EXPERIENCE OF UNBLEACHED CARDBOARD

Both groups recognize all samples made of or resembling unbleached 
cardboard as being more sustainable, but their perception of the 
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“cardboard material qualities” was very different. When the materials 
were placed out of the context of packaging Brazilian participants had 
a very positive response to the samples made with OCC pulp (except 
for 1B), associating them with qualities such as comfort, trust and re-
spect. However, once the material was inserted in the packaging con-
text, Brazilian participants referred to the samples’ “cardboard look” as 
dirty and less hygienic. This reaction from participants is aligned to 
Magnier and Crie (2015) findings that sustainable packaging can be 
perceived as being of poor hygiene. The Finnish participants, on the 
other hand, had a more negative response to the samples out of con-
text and associated them with qualities such as ordinary, boring and 
dull. Yet, when they were placed in context, some Finnish participants 
referred to the market samples made from cardboard as elegant; 
something that could enhance the appeal of the packaging’s food 
content. This perception from Finnish participants corroborates to 
Lindh et al. (2016) conclusions that sustainable packaging can high-
light its content as being better tasting and of better quality.  

A reason behind this contrast in perception may be related to the two 
groups access to this material. For once, more cardboard packaging 
options were found in the Finnish supermarket than in the Brazilian 
supermarket. It is possible that cardboard is largely used in Finland 
due to the strong forestry industry in the country, becoming a “too 
common” material.
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This chapter comprises the  second and third steps of applying the 
MDD method – creating material experience visions and manifesting 
materials experience pattern. According to Karana et. al. (2015), MDD’s 
step 2 aims to summarise various findings under a cohesive whole to 
guide the design process and understand the material’s qualities that 
can create unique user experiences. MDD’s step 3 interprets how these 
findings help to identify the relationships between the formal proper-
ties of materials/products and the meanings/values/associations envi-
sioned for the material. These two steps are part of the MDD process of 
imagining possible applications for materials. However, as this is not the 
case for this study, these two steps were adapted into one step focused 
on 1) understanding the material’s qualities which can create unique 
experiences in the context of packaging and 2) interpreting how these 
qualities can be enhanced through further material development.

Thus, this chapter unfolds the findings from chapter 4 into visions of 
material experiences for packaging. In other words, I interpret how the 
material should perform and be experienced by users as packaging. 
The following sections seek to 1) identify the opportunities related to 
the contexts where the material is inserted and its perceived qualities, 
2) understand the values/meanings behind the materials’ perceived 
qualities 3) create guidelines for further development of the material 
based on these values/meanings. To accomplish these tasks the main 
tools applied in this chapter were mind maps and affinity diagrams.

The data used for this chapter was processed based on how often par-
ticipants from the focus groups mentioned a determinate subject and 
how much emphasis participants assigned to different subjects. This 
chapter’s results reflect my personal interpretation of the findings and 
partially on my personal understanding of the material’s qualities.
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5.1 MATERIAL OPPORTUNITIES

The first step in envisioning how users could experience the material 
was to identify the material’s opportunities when used as packaging. 
This section reviews the material’s challenges and opportunities in re-
lation to a) the context of packaging and b) the qualities perceived 
by users. Subsequently, it compiles all opportunities and challenges 
identified to be relevant for this study.

All material variables were considered to be part of one material. In 
other words, all pulp, coating and mould options used in the material 
development were assessed for their opportunities and challenges. 

FIgure 18 -  Important elements influencing the material context as a packaging material.
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FIgure 19 -  Material’s qualities and challenges related to the context of use. 

FIgure 20 -  Material opportunities and challenges related to the broader context.
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RELATED TO THE MATERIAL’S CONTEXT

The material’s context was envisioned through a mind map represent-
ing its main elements: from the ones directly involved in the material’s 
use to the ones indirectly impacting its perception or performance. In 
the context of use, the map identifies: a) the main people interacting 
with the packaging, b) the types of interactions the packaging goes 
through, and c) the places where these interactions take place. For the 
broader context impacting the material’s perception or performance 
the map identifies: a) the systems the packaging is part of, b) the chal-
lenges within these broader contexts that the packaging tries to ad-
dress, c) the possible background interferences, and d) the possible 
contributions the packaging offers to the broader context. As visual-
ised in figure 18.

The map helped to identify the potential opportunities within this 
context and the material’s qualities necessary to perform better in this 
context. Figure 19 and Figure 20 try to list how the context’s elements 
relate to these opportunities and qualities (the elements directly relat-
ed to end-users were highlighted in bold). The first figure aims to ana-
lyse what users want/need from FMCG packaging when performing a 
certain activity in a certain scenario, while the second seeks to identify 
possible opportunities and challenges the context offers. This exercise 
helped to analyse users’ expectations for the material’s performance 
and the interferences from the context that could represent opportu-
nities or challenges during the user experience of the material.

RELATED TO USER’S PERCEPTION

The first step in the analysis of the focus groups was to organize the 
findings by affinity. Forming clusters of the material’s aspects ad-
dressed more often by participants during the focus groups. The most 
common aspects identified - colour, gloss, tactile sensation, surface 
texture, wall thickness and finishing quality of the sample - were then 
analysed to assess in what ways they affected user’s impressions of 
the material. Figure 19 illustrates the relationship between the mate-
rial’s aspects and the material’s qualities pointed by the focus groups’ 
participants (refer to last figure from chapter 4). These qualities do not 
address the material’s actual properties but users’ perception of them.   

Further analysis of the findings also showed that different material as-
pects impacted the perception of the samples’ qualities on different 
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FIgure 21 -  Relation between samples’ material aspects and their impact on users’ perception.
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levels. For instance, the main aspects mentioned by participants when 
referring to the samples’ sustainability were, in order: colour, gloss, 
tactile sensation and texture. If samples 2B and 2C are compared, the 
material’s colour was a stronger determinant in users’ perception of 
sustainability. Sample 2C was white but presented many aspects as-
sociated with sustainability such as matte gloss, paper-feel touch and 
rougher texture, while sample 2B was brown but presented many as-
pects associated with unsustainability such as shiny gloss, plastic-like 
touch and smooth texture. In both focus groups, users approximated  
that the two samples were very similar to each other in perceived sus-
tainability (refer to session 4.3.4): showing how sample 2C’s white col-
our was the main material aspect interfering on its placement among 
the most sustainable samples, and 2B’s brown colour was the main ma-
terial aspect keeping it out of the least sustainable samples group. To 
differentiate the impact each material quality had on different material 
aspects the most impactful ones were highlighted in bold on figure 21.    

The same analysis also showed that participants valued the material’s 
qualities on different levels. For example, during phase 3 of the focus 
groups, Brazilian participants especially valued qualities related to 
how hygienic the samples were (e.g. cleaner look and sealing features). 
Therefore the samples perceived as more hygienic were also better re-
ceived by participants; showing how these qualities had a bigger im-
pact on how they experienced the material. The analysis also pointed 
to a possible connection between user’s most valued qualities and the 
broader context they are part of. For example, the importance given 

FIgure 22 -  Most relevant qualities according to the focus groups data.
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to hygiene by the Brazilian group could be connected to users’ distrust 
in the retail systems packaging practices (as mentioned in chapter 4).    

Among both groups, the material’s perceived qualities most valued by 
participants were: (water) permeability, strength (to hold and protect 
content), quality (of production), trust (on the material performance 
as packaging) and attractiveness (towards the material); as shown 
in figure 22. The material’s permeability was often referred to as an 

FIgure 23 -  Material’s qualities and challenges related to samples’ qualities.
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indispensable quality. The material’s strength (or its resistance) was re-
lated to confidence and trust while weakness was related to insecurity. 
The perception of these two qualities together was directly connected 
to users’ sense of the material’s capability to protect the packaging’s 
content. The material’s quality of production (how well-made it looked) 
was associated with an overall sense of rejection/acceptance of the 
material, and a feeling of curiosity/doubt by some participants. The 
material’s trust was mainly associated with its ability to perform and 
function well. Lastly, the materials’ attractiveness (or likeability) was 
often expressed by participants as a personal approval/disapproval of 
the samples and was usually associated with specific material aspects.

Qualities other than these,were not given the same importance  by 
the two groups. The material’s sustainability was identified as very 
relevant by the Finnish context but not as relevant by the Brazilian 
group, where it did not figure as a decisive factor during purchase. On 
the other hand, the material’s hygiene quality was clearly very impor-
tant to the Brazilian group but it was not even directly addressed by 
the Finnish group. Users’ perception of the material’s origin, comfort 
(to handle), stability (to hold the content) and softness (to touch) also 
had differences between the two groups but were identified to be less 
relevant, as they served more to complement other qualities.

The material’s qualities were then assessed for the possible challenges 
and opportunities they represented. Figure 23 is a visual representa-
tion of how the material aspects impacting the perception of the ma-
terial’s qualities could highlight them as an opportunity (e.g. using 
brown colours to highlight sustainability) or undermine them as a 
challenge (e.g. using white colours to undermine sustainability). This 
exercise helped recognise which variables involved in the material 
development represented opportunities and which ones represented 
challenges in the user experience of the material as packaging.  

CHALLENGES AND OPPORTUNITIES ANALYSIS 

In order to organize the most relevant opportunities and challenges 
recognised previously they were grouped in affinity diagrams (Ap-
pendix 5). Through this exercise, five main subjects were identified: 
the material’s production, placement in the market, contribution to 
sustainability issues, disposal, use and user perception. Table 5 sum-
marizes the most relevant findings regarding the material’s opportu-
nities and challenges.
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TABLE 5 - FINAL MATERIAL OPPORTUNITIES AND CHALLENGES BY CLUSTERS

Opportunities Challenges

Related to production and manufacturing

• Material could be produced in adapted exist-
ing facilities (e.g. paper moulding machinery).

• The materials involved in its composition are 
already easily available in the market.

• The paper and coating options used in this 
material (already familiar to the packaging 
industry) may facilitate the process of framing 
the material within existing regulations for 
use of paper in food packaging.

• The multiple steps in production added to the 
use of three different materials (MC, pulp and 
coating) is more costly and time-consuming 
if compared to other packaging materials, 
especially polymeric foams.

• The recycled nature of the OCC pulp may 
make difficult to fit the material within the 
existing regulations for the use of paper in 
food packaging. 

Related to the packaging market

• The final material can be marketed as a re-
sponsible solution to packaging. 

• Its novel looks can stand out on the shelves 
and be attractive to certain users (e.g. envi-
ronmentally conscious consumers).

• The use of mixed pulps may bring a positive 
tone to more sustainable materials.   

• The final material may not have enough com-
petitive advantage over plastic packaging. 

• Users may perceive the material as an inferior 
solution to existing packaging materials or 
associated to other material’s properties. 

• The looks of the material may not be novel 
enough to be noticed as a different material.

Related to sustainability and plastic pollution

• The material can respond to users’ hedonic 
need to “do the right thing” and help with the 
challenge of plastic pollution. 

• The material would offer a waterproof, 
recyclable and biodegradable material which 
could replace some plastic materials currently 
used in packaging, and potentially reduce the 
amount of plastic waste from packaging. 

• The material can bring awareness to the chal-
lenges around plastic pollution.

• By using less material, brown colours, matte and 
textured surfaces the material is able to commu-
nicate how sustainable it is in relation to plastic. 

• The material may not be perceived as being 
a sustainable alternative, creating the need 
to invest in communicating the material’s 
qualities to the end-user. 

• The overall user perception of sustainability 
in packaging may be skewed. If the material 
looks “too sustainable” it may make users 
suspicious of the material’s performance and 
not to trust it. Likewise, aspects which are 
associated with plastic (e.g. smooth and shiny 
surfaces) make it harder for users to identify 
the material as sustainable but increase users’ 
trust in it. 

Related to the packaging disposal

• The final material can be disposed of in the 
cardboard recycling bin or the biowaste bin.

• The material is (possibly) recyclable and bio-
degradable. It can be processed and re-enter 
the system as a new material. If it ends up in 
the natural environment it will possibly de-
compose within a reasonable amount of time.  

• If users associate the material with plastic 
they may be disposed of it wrongly; creating 
a problem for the waste management system. 

• The stiffness of the material may be consid-
ered an annoyance when disposing of it. 

• Users may become less careful with the pack-
aging disposal as it is not as bad as plastic.
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Related to packaging usage

• The material allows packaging in varied shapes 
which can stand by itself and be stacked. 

• Its stiff structure is protective against collision 
and moves during transportation. 

• It can be broken into smaller pieces to take 
less space in the trash bin.

• The material uses more space, makes trans-
portation more complicated, has a shorter life 
span and is less resistant to water, in compari-
son to flexible plastic packaging

• Its different looks may confuse users regarding 
disposal and its touch feel aggressive to some.  

Related to users’ perception of the material

• Different material aspects allow the final mate-
rial to adjust better to qualities such as hygiene 
or sustainability and adapt to specific contexts.

• Lighter colours, shiny and smooth surfaces, 
waterproof feel and well-finished look con-
tribute to the perception of a clean, hygienic 
and safe material.

• Thick and stable walls, an impermeable look/
feel and well-finished looks contribute to the 
perception of security, trust and reliability. 

• Paper feel and smooth surfaces contribute to 
the perception of comfort and naturalness.

• The material aspects which resemble both 
plastic and cardboard may influence users’ 
perception of the material’s qualities in a 
negative way.

• Uncoated surfaces, poor-finishing and thin 
walls make users suspicious and reluctant.

• Brown colours and matte and irregular surfaces 
affect the perception of hygiene and  look dirty.

• Matte surfaces and soft feel are seen as per-
meable and affect the perception of trust

• Coated and sticky surfaces feel aggressive 
and contribute to the users’ rejection.

Considering the scope of this research, the opportunities related to 
usage, user perception and sustainability bring important insights on 
what aspects of the material have more potential to contribute to pos-
itive user experiences of the material. It also provides directions for 
the continuation of material development. The challenges related to 
production and manufacturing, packaging market and disposal were 
not explored in this study but offer relevant paths for further research.   

FIgure 24 -  Visual representation of the values related to the most relevant sample’s qualities.
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5.2 MATERIAL’S VALUES

Users also experience the material in relation to the values and mean-
ings behind its qualities. This section explores the possible values asso-
ciated with the material’s qualities in the context of packaging. These 
values (or meanings) can hinder or contribute to the positive user 
experience of the material. For example, users’ perception of the ma-
terial’s permeability impacted their perception of how effectively the 
packaging could protect the content from contamination and of how 
trustworthy the samples were to keep food. These insights show that 
the perception of permeability can be associated with values like clean-
liness and trustworthiness. Figure 24 presents a mind map of the mate-
rial’s most relevant qualities and values associated with them.

Once these values were defined they were mapped in relation to the 
context of packaging, as shown in figure 25. This exercise helped to un-
derstand how the values behind the material’s qualities were related to 
context’s elements. For example, cleanliness is an important value in 
food supply chains and packaging’s regulations, while environmental 
responsibility is a value that answers to the challenge of plastic pollution.

By mapping these values it was possible to visualize which of them were 
more (or less) relevant for users in the context of packaging. Figure 26 
illustrates how the material values connect/overlap each other and how 
their relevance varies according to the context (the larger the circle the 
more relevante is the value). Through this exercise, it was possible to 
identify the three most significant values to be associated with the mate-
rial: trustworthiness, safety and environmental responsibility. It was also 
possible to visualize the emphasis these values have in different contexts.       

FIgure 25 -  Visual representation of how the values are related to the broader context. 
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FIgure 26 -  Interdependency between the final material values.  

5.3 GUIDELINES FOR THE FINAL PROTOTYPE DEVELOPMENT

To conclude this chapter, the material development variables dis-
cussed in chapter 4 were analysed in relation to the material’s oppor-
tunities and values.   

The first step of the analysis was to relate all the material’s qualities, 
opportunities and values to the material development variables. In 
other words, define which pulp, coating and drying mould would 
be more appropriate to optimize users’ experience of the material in 
terms of the values, qualities and opportunities the user seeks. To do 
so, the material’s qualities were related to the material’s opportunities 
and then analysed for their connections to the material development 
variables. For example, during the focus groups the pulps (material 
variable) which expressed opportunities to highlight sustainability 
(material quality) through colour (material aspect) were the OCC pulp 
and the Mix of OCC and pine pulp (refer to session 4.2.4). Once one or 
more variables were specified, they were analysed for the values they 
represented. For example, the pine and OCC mix highlighted sustain-
ability by representing environmental responsibility and naturalness. 
The full analysis is illustrated in figure 27.
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FIgure 27 -  Material variables in relation to all relevant material features previously analysed. 
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As shown in figure 27, some of the material’s opportunities were 
conflicting with each other (e.g. matte surfaces look sustainable but 
shiny surfaces look professional), so the second step of the analysis 
was to identify the variables that realized the greatest number of op-
portunities. Figure 28 elaborates on how the most promising variable 
(OCC and pine pulp mix, barrier coating and plastic and metal drying 
mould) emphasize the opportunities, qualities and values previously 
discussed in this chapter.

FURTHER MATERIAL DEVELOPMENT GUIDELINES 

Based on the previous analysis two sets of guidelines were produced 
to steer the next steps of material development towards prototypes 
which enhance users’ experience of the material. For the Brazilian con-
text, the variables related to hygiene were not compromised (for ex-
ample, the coating) and for the Finnish context, the variable related to 
sustainability were not compromised.

FIgure 28 -  Material variables which better represented the visions of material experiences.  
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TABLE 6  - MATERIAL’S FURTHER DEVELOPMENT GUIDELINES

Variable For the Finnish context For the Brazilian context

Pulp Use a mix of OCC and pine pulp. 

For the paper mould side, the mix should 
have a balanced amount of both pulps to 
produce a soft brown colour to improve the 
perception of attractiveness and sustaina-
bility. The foam mix should have more OCC 
pulp than pine pulp to contribute to the 
perception of sustainability, and if possible 
a small amount of mechanical pulp to im-
prove the perception of strength and trust. 

Use a mix of OCC and pine pulp. 

For the paper mould side, the mix should 
have considerably more pine pulp than 
OCC pulp to produce a lighter beige colour 
on the side which gets in touch with the 
food, improving the perception of trust, 
hygiene and strength. The foam mix should 
have a balanced amount of both pulps to 
contribute to the perception of attractive-
ness and sustainability.

Coating Use a barrier coating that looks matte and 
feels smooth (non-sticky).

The sample should have a natural matte 
look with a plastic-like touch, improving 
the perception of quality and permeability 
without looking unnatural. 

Use a barrier coating that looks shiny and 
feels smooth (non-sticky).

The sample should look and feel plas-
tic-like, improving the perception of 
hygiene, quality and permeability. 

Drying 
mould

Use a metal drying mould for the paper 
moulded side and a plastic drying mould 
for the foam.

The metal mould should produce a texture 
as smooth as possible to improve the per-
ception of quality, trust and permeability. The 
plastic mould should produce a regular but 
small texture on the outer surface to make 
it less shiny, contributing to the perception 
of quality, permeability and attractiveness 
without looking too unnatural.

The thickness resulting from the space 
between the moulds should be as thin as 
possible, to not compromise on the percep-
tion of strength or sustainability.   

Use a metal drying mould for the paper 
moulded side and a plastic drying mould for 
the foam. 

The metal mould should produce a texture 
as smooth as possible to improve the per-
ception of quality and permeability. 

The plastic mould should produce a very 
smooth and shiny surface, contributing to 
the perception of quality, hygiene, permea-
bility and attractiveness.

The thickness resulting from the space 
between the moulds should be medium 
and not compromise on the strength and 
stability of the sample. 



Multiple samples developed for this thesis, November 2019
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This chapter covers the fourth step of the MDD method, creating ma-
terial/product concepts; this stem integrates the findings from the 
previous steps into one last design phase (Karana et. al, 2015). For this 
study, it consisted of going back to the lab and  developing a set of fi-
nal prototypes based on the further material development guidelines 
from chapter 5.

6.1 THE PROTOTYPING PROCESS

The process used to develop the final  prototypes was very similar to 
the process described in section 4.2. The difference in this stage was 
that instead of using the suction mould machine the prototypes were 
made by racking the laboratory hand sheet mould machine. To affect 
this, a new metal mould was crafted by hand. Although the result was 
not a perfectly precise mould, it was of considerably superior quali-
ty compared to the ones used with the suction mould machine. The 
shape of the new mould was determined by the bottom area of the 
laboratory hand sheet mould machine where the new mould had to 
fit, the result was a shallow square tray.

The changes in the prototyping process addressed important issues 
present in the first samples. The new mould worked as both a form-
ing mould and a drying mould, in other words, the paper mould lay-
er could be taken out of the machine directly into the drying oven: 
avoiding irregular wrinkles caused by the differences in size from the 
forming mould and the drying mould as it happened with first sam-
ples. Also, a much finer metal mesh had to be used in order to retain 
the pulp on the mould. As a result the new metal mould formed a 
much smoother surfaces on the inside of the sample.
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FIgure 29 -  Wooden pieces used to form the metal and plastic drying moulds, the drying moulds themselves and the plastic moulds 
used to make the flat squared samples.

Image 30 - In order: the new metal mould, the metal mould attached to the laboratory hand sheet mould machine and the new 
mould covered with pine pulp after running the machine.
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To match the new shape other plastic drying moulds also had to be 
produced. The new plastic moulds differed from the previous ones in 
two aspects: 1) it had tiny holes on the corners to eliminate big air 
pockets on the foam side of the sample; allowing smoother and more 
precise outer surfaces, and 2) different textures were tested, one plas-
tic mould was made with a very smooth shiny wall and another one 
was made with a matte and had a soft texture on the wall. The first 
produced the smooth and shiny surfaces was intended for the Brazil-
ian context based on the results from the focus group and the second 
produced less shiny but differentiated and uniform surfaces intended 
for the Finnish context.   

Image 31 - In order: the paper moulded layer covered with the foam, the foam mix covered by the plastic mould, a sample dried 
with a matte textured mould (left) and a sample dried with a shiny smooth mould.

Image 32 - In order: final prototypes receiving coating and final prototypes drying after receiving multiple coating layers. 
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6.2 FINAL SAMPLES

Once the new prototyping system was set, a series of material explo-
ration started with the objective of achieving the guidelines that were 
signalled by the focus groups in chapter 5. The results were 2 proto-
types for the Brazilian context and 1 for the Finnish context that best 
represent the material values and potential in the context of pack-
aging as demanded by end consumers. The finishing quality of the 
prototypes presented considerable improvements from the previous 
samples however they did not achieve all the qualities envisioned 
previously. The three prototypes are discussed below.

SAMPLE FOR THE FINNISH CONTEXT

As per the guidelines, this sample used a mix of all three varieties of 
pulp, changing from the previous samples only by the proportion used 
of each pulp. To keep the color as brown as possible but still guaran-
tee enough bonding between the inner and outer layer the foam mix 
was tested to have as much mechanical pulp and as little pine pulp as 
possible; the mix that suited these requirements used 3 equal parts of 
each pulp. For the inner layer the proportions were kept the same as 
the previous samples: about 40% of OCC pulp and 60% of pine pulp. 

The textured plastic drying mould resulted in a distinguished outer 
surface. The texture made the foam look less shiny that gave it a more 
natural aspect to the outer surface and contributed to the percep-
tion of sustainability. Also, the texture pattern was soft and regular 
enough to look manufactured, which contributed to the perception 
of quality and attractiveness without compromising the perception 
of sustainability. 

The use of a barrier dispersion coating combined with a finer mesh on 
the drying mould gave the inner layer a uniform and matte look which 
should contribute to the perception of quality. However, because the 
coating was applied with a paint sprayer it created a texture that was 
a bit too rough, which can weaken the perception of hygiene, trust 
and quality.

Although, the use of foam made of  OCC, mechanical pulp and pine 
pulp mix resulted in fairly stable and strong structures, the prototyp-
ing process did not allow for testing the wall thickness as the moulds 
limited how thin they could be. 
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SAMPLE FOR THE BRAZILIAN CONTEXT

Like the Finnish sample, the Brazilian sample also had a very similar 
composition to the previous samples, varying mostly on the paper 
side. As per the guidelines, this sample tried to get a light color on 
the inside and a brown/beige colour on the outside. Two of the tests 
showed interesting results, one using only pine pulp for the inner side 
(Figure 31) and one using  4 parts of pine pulp for every 1 part of OCC 
pulp for the inner side (Figure 32).  

FIgure 30 -  Final prototype for the Finnish context and its specifications.
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The prototyping using only pine pulp for the inside achieved inter-
esting but not optimal results. The inner layer absorbed some of the 
colour from the foam mix and became slightly yellow, compromising 
the perception of hygiene it was aimed at. However, if this could be 
somehow minimized this would be an interesting alternative to get 
Brazilian consumers to trust the material more. 

The inner layer of this prototype was also smooth but, to get a more 
glossy and plastic-like look, the barrier dispersion coating had to be 
applied with a brush. Also, the new coating used still left a slightly 

FIgure 31 -  Final prototype for the Brazilian context with a focus on hygiene and specifications.
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yellow shade on the paper, which could probably be avoided by us-
ing a more uniform technique to apply the coating (like an air brush). 
Nevertheless, the combination of smooth and glossy aspects of this 
sample could contribute to users’ perception of the hygiene and trust-
worthiness of the material.

The use of a smooth plastic drying mould with the OCC, mechanical 
pulp and pine pulp mix resulted in an interesting outer surface which 
looked sustainable (due to the beige colour) but also professional and 
manufactured (due to the smooth and shiny surface). 

FIgure 32 -   Final prototype for the Brazilian context with a focus on sustainability  and specifications 
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The prototype using OCC and pine pulp for the inside is proposed 
here as an alternative in case using only pine pulp is not possible. 
Even though this solution’s interesting light beige colour may still en-
counter some rejection from users when compared to the materials 
currently used in Brazil, it could improve the perception of hygiene 
when compared to cardboard. This could be particularly interesting 
when the packaging targets consumers that care about sustainability. 

The foam mix and coating used for this prototype followed the same 
proportions and achieve very similar results to the ones used for the 
prototype using only pine pulp for the inner layer 

6.3 ENVISIONING THE MATERIAL IN CONTEXT 

The results achieved with this prototype also served to better envision 
the potential of the material as packaging. They were used to visual-
ize how the material interacts with potential food contents as well as 
with other potential materials used for sealing the content. Bellow are 
the images envisioning  these interactions; which could also be very 
useful in a second round of user testing. 

Image 33 - Final prototypes used as packaging.
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Image 33 - Final prototypes used as packaging.
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Likewise, to visualize the material’s potential as an environmentally re-
sponsible alternative, the images below represent the possible paths 
for the material’s after-use life. 

recycle

biodegrade

FIgure 33 -   Visual representation of  the material’s possible paths after-use: to be recycled with cardboard or biodegrade naturally 
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6.4 CONSIDERATIONS 

The final prototypes achieved, entirely or partially, the main material 
characteristics defined by the guidelines. Showing the material’s po-
tential to be improved into more refined and interesting prototypes 
through a new cycle of tests and prototypes. For instance, the draw-
backs regarding the coating look and feel could be improved if the 
coating was applied in ideal conditions with a better sprayer tool. Also 
the colour of the inner layer of the prototypes for the Brazilian con-
text could be investigated further to test other ways of maintaining its 
whiteness.  Nevertheless, the differences between previous samples 
and the final prototypes clearly show how the material developed 
from one phase to the next, and how the understanding and unfold-
ing the material phases impacted the material development.

Regarding the use of different varieties of pulp, the prototypes could 
also use different pulp mixes to avoid possible issues related to the use 
of OCC pulp in direct contact with food; as it is not possible to be sure 
of where and how the old corrugated cardboard have been used. To 
guaranty food safety the material should use either virgin, bleached 
and chemically pulped pine pulp (as tested with the prototype for the 
Brazilain context) or virgin, unbleached and chemically pulped pine 
pulp to achieve brown or beige colours. Unbleached pine pulp would 
give the material a natural look and also a much better bonding com-
pared to OCC pulp, providing stronger and more stable structures. 
However, this replacement would also affect material costs, as the 
cost of OCC pulp is much lower than any virgin and chemically pulped 
pulp. Yet, they are more economical and environmentally sustainable 
as they have have a better yield ratio than bleached pine pulp.



Focus groups’ samples and prototypes developed for this thesis, November 2019
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7.1 DISCUSSION

Inspired by the challenge to address plastic pollution, this study in-
vestigated the use of cellulose-based materials within the context of 
fast-moving consumer goods’ (FMCG) packaging as a potential re-
placement for plastic packaging. To carry out this process I adapted 
the Material Driven Design (MDD) method (Karana et. al, 2015) to ex-
plore materials through desk research (literature review and bench-
marking), practical investigation (material development) and user 
testing (focus groups). The sum of these investigations comprise the 
main data gathered for this thesis.

Due to the variations identified in different regions, this study chose 
to test the material with users from two different countries: Finland 
and Brazil. The waste management systems, retail logistics, social 
norms and the most commonly used packaging materials all vary 
within these contexts-- impacting the users’ perception of the cel-
lulose-based material. They also reflected the values these groups 
found most relevant when discussing the qualities of packaging ma-
terials. In addition, the contrast between these contexts also affected 
how users’ perceived the material’s sustainability. Therefore, to be able 
to adjust the material’s characteristics to be more attractive to users it 
is important to account for their context and associated values. 

The MDD process was then used to interpret the collected data to un-
derstand how the material’s tangible characteristics affected the users’ 
experience. This analysis resulted in two sets of guidelines, one for Fin-
land and one for Brazil, and were used to develop three prototypes. Each 
prototype was made of different biodegradable and recyclable cellu-
lose-based foams, that were structured by moulded paper layer. Each 
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prototype was meant to embody the knowledge gathered through this 
study and represent the main concrete outcome of this research.

The final prototypes were developed based on extensive analysis and 
interpretation of the users’ perceptions of the material’s six most rele-
vant tangible aspects: colour, gloss, tactile traits, texture, strength and 
finishing. These aspects were then used to determine the material’s 
intangible qualities. The qualities mentioned most often by the focus 
groups’ participants were water permeability, strength to hold and 
protect content, quality of production, trust on the material perfor-
mance as packaging and attractiveness towards the material. Lastly, 
these material qualities served as basis for defining the core values 
users’ associated with the focus groups material samples: trustworthi-
ness, safety and environmental responsibility.

These values steered the following guideline directives for the proto-
types: 1) use beige colours, lightly textured touch and matte appear-
ance, to reflect environmental responsibility,  2) use light colours, semi 
shiny appearances, smooth and waterproof touch to express hygiene, 
3) have well finished details and waterproof appearance and touch to 
reflect safety and trustworthiness, and 3) have walls as stiff and thin 
as possible also to communicate trustworthiness. Environmental re-
sponsibility was considered more important in the Finnish context 
while hygiene was deemed more important within the Brazilian con-
text. Yet, safety and trustworthiness were very relevant values for both 
groups of participants.

The focus groups’ results confirmed Lindh et al. (2016) conclusions 
that the majority of consumers have difficulties determining the en-
vironmental impact of packaging as well as Magnier and Crie’s (2015) 
results  showing that consumers may associate sustainable packaging 
to poor hygiene, lower quality, less efficient protection of the content 
and higher prices. Based on these findings, this study suggests that 
new cellulose-based materials have the potential to fulfill the need for 
trustworthy and appealing sustainable packaging materials, provided 
that the packaging material’s sustainability is clearly communicated 
to consumers and the negative connotations related to sustainability 
are addressed.

Regarding the plastic pollution issue, this study’s results suggested that 
the developed material could potentially offer a waterproof, recyclable 
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and biodegradable alternative for packaging that could respond to us-
ers’ hedonic need to “do the right thing” for the environment. It could 
potentially replace rigid polymeric foams containers. This would allow 
packaging in more varied shapes, to have self-standing, stiff and pro-
tective structures and to potentially offer insulation properties. In addi-
tion, the framework used during material development allows the ad-
justment of different material components (pulp, coating and moulds) 
to better fit the values of where the packaging will be used e.g. man-
aging the pulp proportions to highlight different material’s qualities.

7.2  CONCLUSION

The objective of this thesis was to understand through practice how 
a design-led approach could add to the development of biodegrada-
ble cellulose-based materials for FMCG packaging. This approach ex-
plored the material holistically, testing how it performed and how it 
was perceived by users. The results of this study are not a definitive 
analysis of the impact of design and user testing in material devel-
opment Instead, they form a series of reflections on the exploratory 
process that guided this study. I believe these reflections, although 
preliminary, can serve as inspiration and reference for further design 
research on the topic.

During this exploratory process, my role as a designer was to ap-
proach the material from a more holistic perspective, broadening the 
perspective that is typical of material development in engineering. 
This design approach (led by the MDD method) contributed to identi-
fying the material’s intangible qualities such as meanings, values and 
feelings associated with the material with potential to improve users’ 
experience of the material. Within this context, I applied the Experien-
tial Characterization of Materials design toolkit (Camera and Karana, 
2018) along with my previous experience of participatory methods 
and user-centered design to facilitate the collection and processing 
of users’ insights on the material.

With that in mind and reflecting on my own experience during this 
study, I suggest that design can expand its role when approaching 
materials. This study showed that in the case of environmentally re-
sponsible packaging materials, designers have the skills to reach 
users, interpret what the material’s perceived negative and positive 
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aspects are, adjust the materials to users’ values and, as a result, com-
municate sustainability in a more effective and appealing way. For 
example,  designers can explore the aspects of packaging bio-based 
materials that are not perceived as less hygienic or of lower quality 
than plastic packaging, delivering materials that users can trust and 
are good for the environment. Designers are in a unique position to 
approach material development from the perspective of how users 
perceive and interact with materials. Therefore I believe we, designers, 
should go beyond our customary role in selecting materials for their 
market appeal and functional characteristics and seek to understand 
how their physical aspects can communicate different values to im-
pact users’ experience.

This study also tried to identify how choices in material development 
impacted users’ perception. In particular, this study tried to under-
stand how the material development choices affect the perception 
of the material’s sustainability. The results from user tests show that, 
during the material development, the choices determining the mate-
rial’s physical aspects (e.g. colour, gloss, etc.) served as clues for users 
to assess the material’s qualities. Yet, the level of impact on user’s per-
ception depended on how (or if ) the qualities associated with each 
physical aspect were aligned with user’s values, expectations and cul-
tural context. For example, colour seemed to be one of the most rel-
evant material’s aspects shaping the perception of participants who 
valued environmental responsibility. Also, during the focus groups, 
often participants used their experience with familiar materials, such 
as paper, board and plastic, as references to assess the qualities of the 
new material. In this case, the material’s aspects that most affected 
users’ perception of sustainability were the ones associated with card-
board (e.g. matte look and brown colour), while the aspects associat-
ed with plastic materials (e.g. shiny and smooth surfaces) were associ-
ated with unsustainability.

In summary, the material’s aspects determined during material devel-
opment have a strong impact on users’ perception of the final material 
and it’s sustainability. However, how significantly each aspect impacts 
perception depends on the user’s values and on the context where 
the material is experienced. Therefore, studying users’ perception of 
packaging materials and their contexts can enable the further devel-
opment of materials to enhance the aspects users associate with their 
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values and therefore contribute to the perception of sustainability as 
well as other values relevant to users.

Finally, considering the results from the focus groups it is also relevant 
to acknowledge that a material with thermal properties may not be 
appealing for FMCG packaging in Finland, as Finnish consumers seem 
to trust the retail and distribution systems to keep cooled or frozen 
food safe regardless of the packaging material being insulating or 
not. On the other hand, within the Brazilian context, where polymer-
ic foam packaging is commonly used and consumers are more con-
cerned about food hygiene and safety, the material developed for this 
study presents great potential to replace less sustainable alternatives 
for pre-packed packaging. However, in both contexts a material with 
insulation properties may be relevant as a disposable take away con-
tainer, where it’s insulation characteristics could be useful in protect-
ing users’ while handling hot or cold food content.

7.3 LIMITATIONS AND CONSTRAINTS

Although my skills and experience as a designer were relevant, I 
lacked the technical expertise to experiment with the materials in a 
more productive and time-efficient way, and to possibly attain fin-
er results. For instance, the results achieved on this thesis were only 
possible due to the technical support given by this thesis’ supervisor, 
Professor Jouni Paltakari. Therefore, closer collaboration with an en-
gineer or a research group would have facilitated the process of both 
developing and testing the materials, and could have potentially led 
to results addressing both technical and experiential demands.  

During this research, the most challenging constraint to deal with was 
time. Conducting both physical prototyping and users’ studies was a 
bold choice, as it proved to be very demanding and time-consum-
ing. For the prototyping, the trial and error experiments in the labo-
ratory and  the difficulties encountered in producing the prototyping 
moulds added significant time to the project. For the user studies, the 
challenges in finding a group of participants able to meet at the same 
time for focus groups also added extra time to this study. These unex-
pected delays affected 1) the material testing, as it was not possible 
to conduct more detailed tests (e.g. the material’s recyclability), 2) the 
user testing, as the lack of time made a second round of tests with the 
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final prototype impossible and 3) the production of the prototypes 
themselves, as moulds’ production was very time-consuming it was 
not possible to refine the prototypes.  

Another relevant constraint was access to resources: more specifically 
material inputs and human resources. My access to materials to ex-
periment with was limited to the materials already available for use 
at the School of Chemical Engineering, which impacted, among other 
features, the experimentation with different coatings. In addition, as I 
did not have funds  to remunerate participants, my access to potential 
users for the focus groups was limited to personal connections which 
is especially restricted in Finland.

7.4 FURTHER RESEARCH

This thesis’ scope reached only the very early stages of material’s de-
velopment and there are still many steps to be taken before it can be 
viable. Among these steps, further tests should experiment with the 
pulp’s proportion used for the material in order to optimize structural 
strength and test colours; these new tests should also include virgin 
unbleached pine pulp. By testing these proportions it is also possi-
ble to lower the material costs; OCC, being recycled, and mechanical 
pulp having a high yield are considerably less costly than pine pulp. 
Another step should be trying different types and assessing the ideal 
amount of barrier coating in order to optimize the use of material and 
find a less sticky coating option. Lastly, more experiments with differ-
ent wall thicknesses should determine the most economical use of 
materials in relation to the material’s structural strength.

To verify if the design-led process undertaken during this study con-
tributed to the material development more user tests should be con-
ducted. Another cycle of focus groups or interviews should test the 
developed prototypes with users in order to validate if the guidelines 
applied to the final prototypes has in fact improved their acceptance 
of the material. In addition, this new cycle should gather more diverse 
samples of participants in order to assess the impact of the previous 
the focus groups’ user samples size and limited age range.

And last, for the material developed for this study to contribute to ad-
dressing the plastic pollution issue it must have a smaller environmen-
tal footprint than plastics materials and be relevant for the packaging 
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industry. Therefore, further research should assess the environmental 
impact of the material, possibly by conducting a life cycle assessment 
study for the scenarios where the material is discarded as recyclable 
cardboard or as organic material. Likewise, the material’s viability for the 
industry has to be further investigated: from considering inputs’ costs 
and possible manufacturing processes to verify if the material conforms 
with the EU Packaging and Packaging Waste Directive (Lex Access to 
European Union law, 2018) and can be used in contact with food.
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APPENDIX 1

FOCUS GROUP PLAN FOR THESIS RESEARCH
Incentives:
Along with the tests, refreshments and regional chocolates will be provided to encourage 
participants to engage. Snacks will be offered after the focus group is over. 
Duration:
The focus group should last from 60 to 120 minutes, depending on the users’ engagement. 
This time should be divided roughly as it follows: 5min for introduction, 20 minutes for phase 
1, 20 minutes for phase 2, 20minutes for phase 3 and 5 minutes for conclusions.
Documentation:
After having the participants to sign an agreement to be recorded and photographed, all 
the participants’ interactions will be recorded in audio and video and registered by the pho-
tographer Isabela Fernandes in Brazil and by Surabhi Surendra in Finland.  

FOCUS GROUP SCRIPT
Introduction:
The introduction starts by asking for participants permission to record both video and audio 
of the focus group. Followed by a short explanation of how focus groups work and an over-
view of the phases of the focus group. 
Phase 1: samples out of context
- Main agenda for this phase:
How do consumers of FMCG packaging perceive the samples developed with cellulose-based 
materials from the 4 experiential levels perspective and responsibility level? 
This phase consists of a more abstract and free stage where users interact with simpler sam-
ples (2 dimensional) of the materials out of context. At this stage, the material is presented 
without a technical explanation and is not associated with packaging applications. To guide 
this phase the focus group will use the Experiential Characterization of Materials toolkit 
(Camere and Karana, 2018) which guides users to think of the material in four experiential 
levels: sensorial, interpretive, affective and performative. As these four levels may or may not 
lead to insight on users perception of the material sustainability, for this study the responsi-
bility level will be added as a way of measuring users perception of both social and environ-
mental sustainability of the material samples.
- Questions for the group:
1. How would you describe each sample in one or two words? 
2. What are the unique qualities of each sample? What makes them different?
3. What are the least pleasant sensorial qualities of the samples?
4. Among the sensorial characteristics on the board, which 3 represent more each sample?
5. Do the samples evoke any emotions? Which 3 represent each sample?
6. Among the words on the board, which 3 best represent each sample?
7. Do the sample materials resemble any other materials you know?
8. Which of the samples do you find more interesting? why?
9. Which of the samples feel more environmentally friendly? why?
Phase 2: samples on packaging context
- Main agenda for this phase:
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How do consumers of FMCG packaging perceive the materials presented in phase 1 when 
put into the context of packaging? Are there changes? What is the perception of sustainabil-
ity of these packaging samples?
This phase presents the users with the same materials but applied into a small bowl shape. 
Here the users are introduced to the idea of how the materials showed in phase 1 can be 
applied to packaging. As the idea is to analyse the perception of the material only when pre-
senting the packaging samples there shouldn’t be any detailing on material properties and 
the packaging samples should not have any printing on it. Besides the packaging samples, 
users get to interact with they are also presented with illustrations of how these samples 
could look like with print and content.
- Questions for the group:
1. How would you describe each packaging sample? What is the most interesting aspect of 
each sample? And the least interesting aspect?
2. How do you imagine these packaging samples to be used? With which kind of products?
3. Which one of the packaging samples seems to be more environmentally friendly? Why? 
And least sustainable?
Phase 3: samples on market context
- Main agenda for this phase:
How do consumers of FMCG packaging perceive the packaging samples presented in phase 
2 when put next to packaging materials used in the market? Are there changes? What is the 
perception of sustainability of the packaging samples next to materials users are already 
familiar with?
This phase maintain the packaging samples from phase 2 and adds to the mix samples of 
packagings with “equivalent materials” found in the local market. Again, the idea is to not 
present any information about these materials and if possible the packaging showed to 
users should be also free of printing. Here the users get to compare directly the material 
samples with materials they are possibly already familiar with. Users are also presented with 
illustrations of the different kinds of materials and the materials samples on how they could 
look like in the market. 
- Questions for the group:
1. How would you describe each packaging from the market? 
2. How the packaging samples from phase 2 differ from the packaging showed now? Are 
they better/worse/different? How?
3. Would any of these materials make you more likely to buy a product? Why?
4. Would any of these materials stop you from buying a product? Why?
5. From all the materials presented, which one do you think is the most environmentally 
friendly? And which one is the least environmentally friendly? Why? 
Conclusion
The conclusion starts by thanking everyone for their insights and offering final snacks. It also 
opens space for the participants to ask questions about the study and the materials presented. 
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SENSORIAL, AFFECTIVE, AND INTERPRETIVE CHARACTERISTICS WORD LISTS
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APPENDIX 3

IMAGES FROM MARKETS IN HELSINKI

Pictures taken at Prisma 
Viikintori 3, 00790 Helsinki

on 23rd of September 2019
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IMAGES FROM MARKETS IN BRASILIA

Pictures taken at Extra 
hipermercados at Trecho 3 - 

Brasília, DF, 71215-300, Brazil

on 1st of September 2019
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APPENDIX 4

FOCUS GROUPS DATA COMPILATION

PHASE 1 SAMPLES

BRASILIA HELSINKI IN COMMON

All Performative: squeezing, gentle 
bending, sniffing, carrersing and 
tapping

Performative: Observing from 
close and far, squeezing the edges, 
gentle bending, sniffing, carrersing, 
tapping.

squeezing, gentle 
bending, sniffing, 
carrersing, tapping.

1A Description: light, soft, hard/resist-
ant, white, varnished, light colour, 
it’s different. Stick, weird texture, 
unevenness, compressed styro-
foam, cheese
Sensorial: resistant, textured, shinny
Affective:
confidence. Rejection/frustration, 
confusion/doubt
Interpretive:futuristic, manufac-
tured. Strange, indifferent
Resemblance: styrofoam and foam 
board

Description: resistant, light, shiny, 
warm colour, smooth, hard, light, 
compact, waterproof. Sticky, plas-
tic-like, foamy, feel artificial, a bit 
uneven 
Sensorial: smooth, glossy, soft
Affective: disappointment, rejec-
tion, disgust. Surprise, curiosity
Interpretive: manufactured, futur-
istic, strange, feminine
Resemblance: plastic

Resistant, light, hard, 
sticky, compact, 
uneven, “plastic-like”, 
smooth/soft, glossy/
shiny
Rejection
Futuristic, manufac-
tured, strange
Looks like styrofoam/
plastic

1B Description: very shiny, thin/slim, 
varnished, resistant, light, brown. 
Sticky, rough, burnt, fragile
Sensorial: shiny, not textured, 
ductile. weak
Affective: disgust, rejection, reluc-
tance
Interpretive: manufactured, 
aggressive, strange, irresponsible, 
vulgar
Resemblance: cardboard

Description: Shiny, soft, brown, 
fibrous, waxy, more sparse. Stick, 
slippery, cardboard, plastic feel, 
coating dull, porosity
Sensorial: glossy, though, smooth
Affective: curiosity, fascination, 
amusement
disgust/rejection, doubt 
Interpretive: stick, vulgar, aggres-
sive. Natural/professional, elegant(?)
Resemblance: waxed paper, styro-
foam, cardboard

Shiny, sticky, brown, 
glossy. Disgust/re-
jection. Aggressive, 
vulgar. Resembles 
cardboard
Conflicting: 
Rough(BR) soft (FI), 
ductile(BR) tough (FI), 
Fascination (FI) and 
amusement (FI) reluc-
tance (BR) Natural(FI) 
Manufactured(BR)

1C Description: resistant, hard, like-
able, compact, light smooth, light 
colour, nice to touch, matte, white, 
textured, pleasant, good finishing, 
no unpleasant features. Rough, 
cardboard
Sensorial: matte, light, textured, 
cold, soft 
Affective: comfort, attraction, en-
chantment, attraction, curiosity 
Interpretive: cosy, not elegant but 
not vulgar, futuristic, natural, calm, 
responsible
Resemblance: styrofoam and foam 
board

Description: hard/firm, soft, pure, 
feels good . Not waterproof, soft 
edges/fragile, too white, uneven-
ness, rough, papery, toilet paper 
look, dull
Sensorial: textured, light 
Cold, ductile, rough 
Affective: surprise, comfort, attrac-
tion. Distrust, doubt 
Interpretive: calm, responsible, 
elegant
Resemblance: toilet paper, fancy 
paper

Hard, nice to touch/
feels good, rough/tex-
tured, soft/smooth
Textured, light, cold
Comfort, attraction, 
elegant, calm
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1D Description: smooth, nice to touch, 
ecological, glossy, good finishing, 
no unpleasant features, beige
Cardboard, beige
Sensorial: not textured, light and 
smooth, resistant 
Affective: attraction, trust, comfort, 
love 
Interpretive: ordinary, profession-
al, handcrafted, 
Resemblance: cardboard

Description: hard, uniform, light, 
neutral, soft, natural, organic
Cardboard, mushiness, porosity, 
weak, colour, plain, normal, basic, 
bouncy, non-durable
Sensorial: soft, ductile, matte
weak
Affective: natural, comfort 
Boring, distrust/rejection
Interpretive: responsible, natural
Old, boring, ordinary
Resemblance: cardboard

smooth/uniform, soft/
nice to touch 
Cardboard, colour/
beige
Comfort
Ordinary 
Conflicting: 
Resistant(BR) vs 
Weak(FI)
Attraction(BR) vs 
Rejection (FI)

1E Description: texturized, nice to 
touch, beige, rustic, pleasant colour, 
recycled, ecological, sustainable, no 
bad features
Cardboard, beige, rough
Sensorial: matte, rough, ductile, 
textured, cold, rigid
Affective: comfort, respect, amuse-
ment, curiosity, trust
Interpretive: natural, handcrafted, 
cosy, calm, responsible
Resemblance: cardboard

Description: light brown, hard, 
soft, rustic, natural, organic, cracker 
looking, not as processed, “flexible”, 
sturdy 
Flimsy, cardboard, thick, big fibres, 
basic, too soft, too textured, rough, 
soft edges, looks 
Sensorial: textured, soft, tough, 
warm, colour
Affective: respect, confidence, 
trust, 
Boring, confusion 
Interpretive: natural, handcrafted, 
nostalgic, masculine, sober
Resemblance: sour cracker

Light brown/beige, 
rustic
Cardboard, rough
Textured, though/
rigid
Respect, trust
Natural, handcrafted, 
Conflicting:
cold (BR) vs warm (FI)
Amusement(BR) vs 
boring(FI)

OVERALL IMPRESSION OF THE SAMPLES APPEAL:

 - Coated samples (1A and 1B) were perceived as more plastic-like and more waterproof. The 
feeling of the coating was badly received due to its sticky quality.  

 - 1C was also well received by the participants, it was related to positive words such as comfort, 
attraction, likeable and responsible, overall participants were positive to the colour, stiffness 
and feel. The texture had mixed reactions and the negative associations were related to its 
permeable look. It was not directly associated with sustainability, in Finland, one participant 
pointed out the bleaching as unsustainable. 

 - Participants, as expected, associated the samples with cardboard, paper and plastic/styro-
foam. The brown samples (1B,1D and 1E) were associated with cardboard while the white 
samples (1A and 1C) were associated with plastic/styrofoam and paper.

 - Participants paid attention to aspects such as fragility/strength, resistance and flexibility. 
Analysing 4 out of 5 samples in these aspects.

IN BRASILIA 

 - Samples 1D and 1E were equally favoured among participants. 

 - 1D was related to positive words such as love, trust, comfort, smoothness and professional but 
ordinary, it was also perceived to be more ecological, likely due to it’s colour and paper feeling. 

 - 1E was also related to positive words such as comfort, amusement, trust and cosy, it was also 
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perceived as respectful, responsible and sustainable, also due to it’s colour and paper feeling. 

 - The colour of 1E was considered more pleasant than the colour of 1D, but the texture of 1D 
was considered more pleasant than the texture of 1E.

IN HELSINKI

 - 1A was almost unanimously considered the most interesting sample, the main reason be-
ing that it looks different and futuristic; as something “you don’t see much of”. However, 
when evaluating the samples from question 1 to 6 participants associated 1A to many 
negative words such as sticky, artificial feel, disappointment and rejection.

 - The brown samples (1B and 1D) did not have a very positive reception from the partici-
pants. The “cardboard look” was associated with words such as dull, boring, basic, ordinary, 
old, weak and distrust. However, they were also associated with words such as natural, or-
ganic and responsible, pointing to the relation between the “cardboard looking” to being 
environmentally friendly. 

 - 1E was better received by participants and not associated with cardboard as much the 
darker brown samples (1B and 1D). Unlike the other 2, it was associated with positive 
words such as trust, confidence and respect. 

 PERCEPTION OF SUSTAINABILITY:

 - Sample 1E was unanimously pointed as the most sustainable sample by both groups. Par-
ticipants in Brazil referred to it as “hippie” and “roots”. Participants in Finland pointed out to 
the fibrous look, texture and colour. Both groups associated it with words such as respon-
sible, trust, respect, natural and handcrafted. 

 - Sample 1D was referred to as natural, organic, ecological and responsible. It was also di-
rectly associated with cardboard by both groups. Pointing to it being perceived as envi-
ronmentally friendly. 

 - In both groups, participants perceived the white samples (1a and 1C) as the less sustaina-
ble than the brown ones.

 - Sample 1B had mixed perceptions, but overall negative ones. It was not pointed as par-
ticularly sustainable or unsustainable by any of the groups but Brazilian participants re-
ferred to it as irresponsible and aggressive. 

PHASE 2 SAMPLES

BRASILIA HELSINKI IN COMMON

All Performative:
Compressing, tapping, smelling, 
caressing, knocking, pressing and 
touching against cheeks.

Performative:
Tapping, pressing, smelling, 
caressing, knocking, pressing and 
“weighting”.

Tapping, smelling, 
carrersing, knocking 
and pressing.

2A Description: sticky, dirty
Interesting: water-resistant, 
doesn’t look like paper
Not interesting: sticky, dirty, flimsy
Products: diary food, frozen food

Description: a bit disgusting, hard, 
strange, trust to hold liquids, but 
overall don’t trust
Interesting: sturdy, could hold liquid
Not interesting: colour
Products: For soup

sticky, dirty/disgust-
ing colour, 
Water-resistant/ trust 
to hold liquids
Conflicting:
flimsy(BR) vs sturdy(FI)
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2B Description: the most professional 
one, good looking 
Interesting: professional looking, 
well finished, good texture, water-
proof, unsticky 
Not interesting: weak, a bit rough 
Products: Containers in general

Description: super light, thin, uses 
less material, unsticky. Not so sta-
ble, very plastic-like, worse coating, 
Interesting: it’s light
Not interesting: colour, dull 
looking
Products: food, take away

Unsticky, 
weak/not stable,

2C Description: looks like styrofoam, 
looks like paper mache, looks like 
plaster, secure, crambly, 
Interesting: resistant, secure, rigid, 
strong, textured
Not interesting: plaster looking, 
not water resistant, unpleasant 
texture
Products: containers in general

Description: very sturdy, trustwor-
thy, beautiful, practical, looks like it 
will crack
Interesting: most functional, light, 
strong, hard
Not interesting: too tick, lack of 
coating
Products: for transportation pack-
aging (for protection)

secure/trustworthy, 
crack looking/cram-
bly
rigid/strong, strong
Lack of coating/not 
water resistant

2D Description: crambly
Interesting: handcrafted, ecolog-
ical, good finishing, cute, strong, 
natural, resistant, textured, rigid
Not interesting: smell, handcraft-
ed, not waterproof, rough
Products:

Description: very strong, nice form 
and shape, coconut looking
Interesting: texture, natural, 
strong, familiar
Not interesting: weird, porosity
Products: take-out food

Strong, textured, 
natural
porosity/not water-
proof 

2E Description: resistant but not good 
looking, looks like it was made by 
a child
Interesting: light, resistant, raw 
and creative
Not interesting: ugly, fragile, paper 
looking, permeable, too light
Products: nice for a plant pot that 
you could plant into the soil later

Description: not trustworthy, airy, 
not even with a coating, permeable, 
vulgar, reminds insulation wool, 
hairy, very light
Interesting: mix of different ma-
terials
Not interesting: everything
Products: banana boxes, furniture 
shipping, insulation

Light
Permeable 

Overall bad impres-
sions

2F Description: better finished than 
2E but still not good, looks like 
styrofoam balls and a pearl
Interesting: light and hard (stiff)
Not interesting: too soft, a bit 
sticky, plaster looking, flimsy, poorly 
finished
Products: dairy and frozen food

Description: looks like a prawn 
cracker, strange, bumpy
Interesting: interesting texture 
on both sides, trustworthy for 
packaging
Not interesting: crackable, unnat-
ural
Products: -

Styrofoam looking/ 
unnatural. Overall 
conflicting views. 
The Brazilian group 
had a more negative 
perception and the 
Finnish group a more 
positive perception

OVERALL IMPRESSION OF THE SAMPLES APPEAL:

 - The application of coating had a strong impact on participants’ perception of the sampl-
lookses. In this phase the coating was more associated to the material functionality (per-
meability) and sustainability (plastic feel) than in phase 1. 

 - The sample dried without a mould (2E) had an overall negative reception by both groups. It 
was perceived to be ugly, not professional, untrustworthy but natural (it has visible fibers and 
could be something that could be planted in the soil). It was considered fragile and resistant. 
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IN BRASILIA

 - There was a strong association between the uneven shape and rough look from the sam-
ple dried without a mould (2E) and aspects related to sustainability like natural, organic, 
biodegradable and safety (to get in touch with food). 

 - The coating used in 2A was perceived as disgusting due to its uneven yellow aspect, how-
ever, recognized as waterproof and “plastic-like”. The other coatings (2B and 2F) were also 
perceived as waterproof but not as much as 2A.

 - Stiffness/strength/hardness and light weight were considered a positive feature.

 - The samples without coating and a double layer of paper (2C and 2D) were perceived as 
strong, permeable and more natural but likely to peel or cramble. The texture on the sam-
ples had both positive and negative associations from different participants.

 - The sample done with a plastic mould for the foam side (2B) was recognized as the most 
professional looking one and with best finishing.

IN HELSINKI 

 - Participants highlighted the permeability aspect of most samples and associated to the 
material being trustworthy for packaging or not. 

 - Samples made with OCC pulp had different receptions but none very positive. 2B was con-
sidered dull, 2D was considered weird, natural (reminds a coconut) and familiar and 2E (not 
so obvious OCC look) was considered untrustworthy but natural. 

PERCEPTION OF SUSTAINABILITY

 - Samples 2D and 2E were perceived as the most sustainable ones by both groups.

 - Sample 2A and 2F were perceived as less sustainable by both groups.

 - There is a strong relation between brown/beige colours and uncoated look to the percep-
tion of sustainability. 

BRASILIA

 - Sample 2D was considered the most sustainable by half of the group, likely because of its 
colour and paper feel. 2E was also considered more sustainable by the participants due to 
its handcrafted look and visible fibers. One participant found 2B the most sustainable due 
to using less material and its colour. 

 - Most participants found 2A to be unsustainable, likely due to the coating and its plastic 
feel. Sample 2F was also considered unsustainable by some due to the coating and styro-
foam look. 

 - Samples 2B and 2C were not perceived as particularly sustainable or unsustainable. 

HELSINKI

 - Sample 2E was considered the most sustainable by half of the group, due to it’s handcraft-
ed look and fibrous look. 2D was also considered sustainable because it felt natural and 
not sticky. 2C was considered sustainable, but not as sustainable as if the material was 
bleached. 

 - Sample 2A was unanimously considered the least sustainable one, because it felt the most 
unnatural due to the colour and feeling from the coating. 
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 - Sample 2B and 2F were not directly associated with sustainability but recognized as un-
natural and plastic-like.

BRASILIA  - PHASE 3 SAMPLES

SAMPLE POSITIVE FEATURES NEGATIVE FEATURES

3A - white sty-
rofoam tray

very smooth, very light, stiff, clean, hygien-
ic, very practical, trustworth

not sustainable, not recyclable, not biode-
gradable, single use

3B - black sty-
rofoam tray

more ecological than 3A, matte, holds 
temperature better, resistant

a bit disgusting, less clean than 3A

3C - thick 
transparent 
plastic

it’s not biodegradable but it is recyclable, 
better than styrofoam. 
resistant, trustworthy (for keeping food 
safe for long), hygienic, most people’s 
favorite, doesn’t’ go bad (durable), better 
than styrofoam, it’s recyclable
“Seems to be the best one among all (from 
phases 2 and 3) options, despite being 
bad for the environment”

uses too much plastic, hard to close, single 
use, makes you use more plastic (once you 
open it), dangerous, less ecological, it’s 
plastic

3D - metallic 
plastic sealing

soft, trustworthy (because of the visible 
aluminium), easier to close and open, it’s 
airtight, easier to reuse

cheap, it is plastic, doesn’t look very hy-
gienic, single use

3E - styrofoam 
cup

likeable, looks recyclable, super resistant, 
you consume the product in the packaging

not recyclable/harder to recycle, food and 
smell stick to the material, single use

OVERALL IMPRESSION OF PHASE’S 3 SAMPLES COMPARED TO PHASE’S 2 SAMPLES: 

 - The samples from phase 3 are not ecological while the ones in phase 2 seem to be eco-
logical. 

 - Phase 3 samples are more resistant and keep food for longer (because of the airtight). 

 - The styrofoam options could be replaced by other materials, it is easy to replace them. 

 - 3C and 3D are dominant in the market. 

IMPORTANT FACTORS DURING PURCHASE:

 - If all other factors were the same (price, product quality, etc) a packaging less harmful to 
nature is better.

 - If the content of the packaging is interesting the type of packaging doesn’t stop the purchase.

 - Airtight packaging is more appealing because it preserves food better and looks more 
hygienic.

 - Hygiene is a very important factor in packaging and plastic looks more hygienic. 

 - “The fact that some look prepacked from factory and others were manipulated in the super-
market also makes a difference in hygiene perception” obs: in Brazil, great part of the meat, 
processed meat and cheese are processed in a butcher inside the supermarket and packaged 
there. Supermarkets usually use packaging similar to 3A, 3B and 3D in these cases. Sample 3C 
(packed in a factory) was perceived as more hygienic than 3D (packed in the supermarket), as 
participants identified both as packaging for products like sliced ham or cheese.
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 - Some participants find 3C and 3E look more trustworthy (because they are airtight).

 - For some products, a dirty or leaking looking packaging is enough to stop purchase. 

 - For some, plastic is better than styrofoam, as it is perceived as the worst packaging options. 

 - Participants are aware of greenwashing on packaging. 

POITIVE FEATURES MENTIONED MORE OFTEN:

 - Preserve the food for long

 - Hygiene

 - “Trustworthy look”(clean, resistant, unsticky)

 - Being easy to open/close/dispose

PERCEPTION OF SUSTAINABILITY:

 - All samples from phase 3 were considered unsustainable. Being made out of plastic was 
referred to as a negative feature of some of the samples. 

 - Brown colour looks more sustainable (but it also looks dirty), but participants recognize 
that not everything that isn’t brown is less sustainable.

 - Looking like it can dissolve is also associated to sustainability. 

 - Aspects brought up when describing the samples: recyclability, reuse/single use, amount 
of plastic, biodegradability. 

HELSINKI  - PHASE 3 SAMPLES

SAMPLE POSITIVE FEATURES NEGATIVE FEATURES

3A green plastic 
tray

sturdy, trustworthy (to hold heavy contents) too tick, uses too much material, 
wasteful, single use, hard to dispose of

3B round white 
plastic con-
tainer

classic, very strong, reusable, hard, sturdy, 
the content doesn’t stick to the material, 
non sticky, different looking, trustworthy, 
very industrial, good finishing

too much plastic, very unnatural, looks 
cheap

3C thick trans-
parent plastic

transparency, minimum use of plastic, luxu-
ry packaging look (associated with electron-
ics’ packaging).

doesn’t look like food packaging, 
makes annoying sounds when using it

3D take away 
transparent 
plastic container

reusable, thin, reasonable use of material industrial looking, horrible looks, single 
use, could be replaced with cardboard, 
unnatural, looks cheap

3E cardboard 
with plastic tray

uses less plastic, feels more natural, if you can 
recycle is a good solution, cardboard looks 
attractive as it gives an organic feel

no need for 2 materials, uncertainty 
about the recyclability, bad use of 
space

3F thin black 
plastic

it’s partially see through, saves material, easy to 
dispose and open, makes the food looks good

it’s plastic, it can’t be recycled in Finland

3G styrofoam 
cup

keeps the content temperature, insecurity 
(regarding warming it up), light, saves plastic

fragile, too light, gets easily marked, 
looks cheap
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OVERALL IMPRESSION OF PHASE’S 3 SAMPLES COMPARED TO PHASE’S 2 SAMPLES: 

 - The samples from phase 3 protect more and are trustworthy (to hold the content), while 
samples from phase 2 seem untrustworthy. 

 - Samples from phase 2 are too thick and are not see through (negative), if they were, they 
would need plastic to allow that. 

 - Phase 2 samples look more natural and a lot more sustainable. 

 - Phase 2 samples could replace the more tick plastic samples from phase 3 

IMPORTANT FACTORS DURING PURCHASE:

 - Brown looking packaging attracts participants which care for “organic” or “natural” aspects. 
It is also considered more elegant by some. 

 - 3F is appealing to some because it’s “hard to break” and easy to transport, store, open and dis-
pose. Flexible packaging materials like this seem to be appealing to some of the participants 

 - Plastic materials that are too thick (like 3A) or difficult to open (like 3C) discourage purchase. 

 - 3G, 3B and 3D feel cheap. The use of these materials can send the message that the content 
is also cheap. The styrofoam cup is considered cheap as it is associated with cheap noodles.

 - Finnish participants tend to doubt or distrust materials they are not familiar with.

POSITIVE FEATURES MENTIONED MORE OFTEN:

 - Minimum use of material

 - Being easy to transport/store/open (flexible?)

 - Possibility to use it multiple times

 - Material/finishing quality

 - Being unsticky

 - Having a see through material/window

PERCEPTION OF SUSTAINABILITY:

 - Thick plastic (like 3A) is associated to waste and unsustainability, unless it can be reused 
easily (like in a return system). 

 - Minimal use of plastic (like in 3F or 3C), even when combined with natural materials (like 
3E), are considered more sustainable.

 - Recyclability is highly associated with the sustainability of the material. 

 - Styrofoam is considered unsustainable because its not recyclable or reusable. 

 - Phase 2 samples’ natural feel and colour (apart from 2A) are associated to sustainability. 2E 
looks the most sustainable, as the visible fibers are informative about the material being 
used, which is not the case of phase 3 samples. 

 - Samples from phase 2 look untrustworthy to package wet products like meat. 

 - Some people see the possibility of reuse of the packaging (like 3D) to make it sustainable. 

 - Factors brought up when describing samples: recyclability, material use (minimal/waste-
ful), reusable/single-use, source (natural or unnatural), use of space (related to use of ma-
terial and efficiency).
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APPENDIX 6

All participants agreed verbally to be photo-
graphed and filmed for academic purposes.
Overall understanding of sustainability of the 
group was defined as following: 
Social, economical and environmental sustainabil-
ity, and these 3 aspects should come together to 
make resources last longer for future generations

PHASE 1: SAMPLES OUT OF CONTEXT
Most common ways to handle the samples by 
participants:
Observing from close and far, squeezing the edg-
es, gentle bending, sniffing, carrersing, tapping.

Instinctive desires withheld when handling the 
samples:

To eat them, to crack it, to get them wet, peel 
off the layers, to bite it

1. How would you describe each sample in one 
or two words?
Sample 1A first impressions:

Shiny(mentioned twice) nice warm color, 
smooth, layers almost invisible, hard, light, airy, 
sticky(mentioned twice) white, one side soft, 
one side hard, a little bit slippery, plastic, foam. 

Sample 1A described in few words:
V: one soft side and one hard and slippery side, K: 
feels a bit like plastic, P: difficult to see inside com-
pared with the other ones, more compact inside, 

Sample 1B first impressions:
Brown(mentioned twice) shiny(men-
tioned twice) “organic chic”, sticky, fibrous, 

slippery(mentioned twice) reflective, soft(men-
tioned twice) wax covered, cardboard 

Sample 1B described in few words:
P: shiny, slippery, W: reflective, soft, K:feels al-
most like wax, P: fibrous, large fibers

Sample 1C first impressions:
Pure, hard, rough, papery, one side very soft, 
one hard side, white(mentioned twice) firm, 
looks like its made of toilet paper, , reminds pa-
per for watercolor, fancy paper 

Sample 1C described in few words:
A: reminds me pf fancy paper, J: recycled paper, 
P:very hard compared with the others, V: firm, 
V: like cotton pad, 

Sample 1D first impressions:
Cardboard(mentioned twice) hard, uniform 
sides, light, plain, normal, neutral, soft, bouncy, 
natural, basic, organic 

Sample 1D described in few words:
P: bouncy (bad), V: , J: cardboard, W: resembles 
a lot normal cardboard, A: sparkles 

Sample 1E first impressions:
Light brown(mentioned twice) one hard side, one 
soft side, rustic, fiamy, softish, natural, cardboard, 
thick, big fibers, organic, basic, hapankorppu 

Sample 1E described in few words: 
P: huge fibers, W: rustic, V: the most flexible

2. What are the unique qualities of each sample? 
What makes them different?
Sample 1A impressions of unique charac.:

Participants 

PARTICIPANTS GENDER AGE OCCUPATION 

P Male 33 PHD candidate in biotechnology
A Female 28 PHD candidate in water and environmental engineering
V Female 26 Occupational therapist

W Male 28 Customer service and student in Communications tech-
nologies

K Male 27 BA in hospitality management

J Male 32 Global politics and communication student and Recep-
tionist

Helsinki Focus group summary 
Location: Väre building, Aalto University, Otaniemi Campus, Espoo, Finland
Date: 1st of October of 2019
Time: from 19:30 until 21:00 GMT+2
Moderator: Luisa Jannuzzi

Photographer:  Surabhi Nadig
Language used: English
Participants nationality: Finnish
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Waterproof, resistant, the two sides look very 
different, feeling, sticky, seems to reflect light, 
touch, it seems lighter, the layers, the “styrox” 
side, and some kind of laquer on the other side

Sample 1B impressions of unique charac.:
Wax covered, cardboard, slippery element, feels 
less dense, very different coating, sticky, the sur-
face treatment, lacquer, the different sides

Sample 1C impressions of unique charac.:
Might take water in it, dense, really white 
color, feels very good, the startling white color, 
“styorx” side white, fillers in inside

Sample 1D impressions of unique charac.:
bounciness, normal, lightest, resembles a lot 
regular cardboard, the color is light brown but 
otherwise its very similar to 1B, but without the 
slipperiness, glued outer layer, looks like hapar-
korppu (cracker)

Sample 1E impressions of unique charac.:
The fibers are visible, the outer layer is harder 
and the inside soft, no idea, it doesnt seem as 
processed, most “flexible”, sturdy, hard, basic, 
cardboard

3. What are the least pleasant sensorial qualities 
of the samples?
Sample 1A impressions of unpleasant charac.:

There is some weird “styrox” on one side? Feels 
artificial, sticky (mentioned twice) surface, the 
two sides feel a bit different, uneven in one 
side, feels like plastic 

Sample 1A least pleasant characteristics:
P:,J: stick, K: plastic feeling, W: one side being 
softer than the other 

Sample 1B impressions of unpleasant charac.:
Mate side is a dull (but maybe that goes on the 
inside of the packaging), sticky(mentioned four 
times) porosity. 

Sample 1C impressions of unpleasant charac.:
Its soft on the edges(mentioned twice) feels like 
it would break apart easily (fragile), none, uneven 
surface, the “styrox” side is dull

Sample 1C least pleasant characteristics:
P: it is a bit to white, V: soft on the edges, W: 
feels like it will break apart easily

Sample 1D impressions of unpleasant charac.:
Mushiness, porosity, bends easily, color, the 
bounciness is weird, not durable enough

Sample 1D least pleasant characteristics:
J: muchy, P: agree, W: bend easily, P:bouncy.

Sample 1E impressions of unpleasant charac.:
Too soft, none, too granny in one side (tex-
tured), rough (not smooth), soft on the edges, 
the less even side isn't pretty

Sample 1E least pleasant characteristics:
W: to granny on one side, J: the least smooth, K: 
1 harder and 1 softer side, P: too soft on one side

4. Among the sensorial characteristics on the 
board, which 3 represent more each sample?
Sample 1A most relevant sensorial qualities:

P: smooth (inside), K: cold, A: warm color, cold 
texture, A: glossy, J: It is not so smooth, A: one 
side is soft 

Sample 1B most relevant sensorial qualities:
V: glossy, W: though, J: smooth

Sample 1C most relevant sensorial qualities:
P: cold, W: light, V: ductile, A: textured, vi: tex-
tured too, P: a bit rough

Sample 1D most relevant sensorial qualities:
V: soft, P: ductile, W: weak, W: matte?, P: weak

Sample 1E most relevant sensorial qualities:
J: textured, P: soft, A: tough, W: warm, P: I like 
the color, J: it is soft in just one side

5. Do the samples evoke any emotions? Among the 
ones on the board, which 3 represent each sample?
Sample 1A most relevant affective qualities:

P: disappointing, rejection, W: disgust, V: sur-
prising, A:love one side, disappointed by the 
other side, A: curiosity 

Sample 1B most relevant affective qualities:
P: disgust for the stickiness, K: I liked that, W: 
not disgusting for me, W: doubt, V: rejection, W: 
curiosity, A: organic but chic, P: maybe fascina-
tion?, K: amusement

Sample 1C most relevant affective qualities:
P: surprise, V: comfort, J: distrust (not stable or 
strong enough), W: as distrust it too, A: one side 
was pretty, attraction, W: doubt 

Sample 1D most relevant affective qualities:
J: boring, W:(basic), A: yes to boring, and dis-
trust, J: almost rejection, P: it feels natural, 
V: there is something positive but I can see it 
there… maybe comfort? 

Sample 1E most relevant affective qualities:
A: boring but I trust more, respect, P:respect, P, 
W, V: confidence, W: confusion

6. Among the words on the board, which 3 best 
represent each sample?
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Sample 1A most relevant interpretive qualities:
J: manufactured, W: futuristic, V: strange, A: 
feminine (P, W, K feminine for the warm color 
and shine)

Sample 1B most relevant interpretive qualities:
J: sticky, A: both natural and professional. Nat-
ural for the cardboard and professional for the 
shiny thing. V, P, W: vulgar, K, J: Aggressive. For 
shining and sticking. A: I feel like it’s the oppo-
site of aggressive and vulgar. Elegant instead.

Sample 1C most relevant interpretive qualities:
J, W: calm, V, P, W: responsible, elegant. 

Sample 1D most relevant interpretive qualities:
Several ppl: Old, boring, ordinary. A: responsi-
ble, even though it is soft. P: natural.

Sample 1E most relevant interpretive qualities:
P, V: natural, J: handcrafted, W: nostalgic, A: 
masculin, P: sober, there is nothing extra. J: if 
this is sober, then 1B is definitely frivolous. May-
be 1A also. 

7. Do the sample materials resemble any other 
materials you know?

J: 1A looks like plastic
P, A: 1C looks artistic, thick paper
A: Some of the others (B, E?) resembled styrofoam.
P, A: 1E resembles a sour cracker
K:1b feel like wax

Material resemblance:
1A resembles plastic
1B resembles: wax, styrofoam
1C resembles artistic paper, thick paper
1D resembles cardboard
1E resembles sour cracker, styrofoam

8. Which of the samples do you find more inter-
esting? Why?

1A, almost unanimously.
V: different from others. J: like space-age plastic. 
K: like drywall from construction sites. A: some-
thing i have not seen so much
Some chose 1C.
 P: fascinated by the inside of it. 
J: not so interesting, can say what it is.

9. Which of the samples feel more environmen-
tally friendly? Why?

1E, almost unanimously.
W: more grainy, P: big fibres and natural color. 
K, P: not the white  samples, as they feel more 
processed, bleached.

PHASE 2: SAMPLES ON PACKAGING CONTEXT

Spontaneous general comments:
P: so light yet so strong. 
K: like those rice crackers (W agrees).

Most common ways to handle the samples by 
participants:

Tapping, pressing, smelling, caressing, knock-
ing, pressing and “weighting”. 

Instinctive desires withheld when handling the 
samples:

To put water in it, and try to test how strong it 
is, try to smash it.

1. How would you describe each packaging sam-
ple? What is the most interesting aspect of each 
sample? And the least interesting aspect?
Discussion:

V: a little bit disgusting. The color is. Quite hard. 
J: looks like something has already been inside 
it. The coating makes it trustworthy for some-
thing oily, for example. A, K: Not trustworthy, 
it’s like nothing we’ve used before. Strange. 

Sample 2A most interesting characteristics:
J: sturdy. P: feels like would not let anything 
through, like liquid.

Sample 2A least pleasant quality:
All agree: color.

Discussion:
W: super light. J: not that stable. Very plastic. V: 
very thin. A: less confident in the coating com-
pared to 2A. P: might be good for something 
else that does not need to be sturdy, uses less 
material. K: Shining makes it look unsticky.

Sample 2B most interesting characteristic:
All agree: Lightness

Sample 2B least interesting characteristic:
Color, the outside seems dull.

Discussion:
J: hard and very sturdy. V: something you can 
trust. P: beautiful. A: nice compromise in look-
ing artistic, designy, but still practical. K: feels 
like it should crack.

Sample 2C most interesting characteristic:
All agree: Most functional, light, strong and hard

Sample 2C least pleasant characteristic:
V: hard question, this one is very pleasant. K: too 
thick. J, P: no coating, might get stained.

Discussion:
V: very strong. W: I like the form, shape. I like it a 
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lot. P: reminds of coconut. 
Sample 2D most pleasant characteristic:

J: texture. Feels all natural and strong. A: feels 
familiar, like from eating out.

Sample 2D least pleasant characteristic:
P: can see the layers inside, which is weird. V: 
the porosity. 

Discussion:
J: don’t trust it. Airy, even with a coating not 
trustworthy: liquid might come through. K: vul-
gar. P: white spots feel like it’s a mix of different 
materials. A: resembles insulation wool. Hairy 
on the inside, the hairs might come in contact 
with the food. K: very light. 

Sample 2E most interesting characteristic:
Interesting mix of different materials. 

Sample 2E least pleasant characteristic:
J: everything.

Discussion:
J: prawn crackers (rice cracker disk). V: inside is 
very strange. P: bumpy inside. 

Sample 2F most interesting characteristic:
A: resembles a pearl, but not sure if in a good 
way. W: interesting texture inside and outside. 
P: unfinished outside, glossy inside. Trustwor-
thy as packaging material.

Sample 2F least pleasant characteristic:
J: could crack easily. V: unnatural.

2. How do you imagine these packaging samples 
to be used? With which kind of products?

2A - For soup.
2B - K: for food. A: also for take-away.
2C - V: for packing glasses: it’s strong. A: looks like 
someone’s project, like it’s designed. 
2D - W: take-out food, like giving away food at 
a food truck.
2E - P: For banana boxes. Less processed card-
board. W: for furniture shipping. A, K: insulation 
material.

3. Which one of the packaging samples seems 
to be more environmentally friendly? Why? And 
least sustainable?
Most sustainable:

2D - V: not slippery, not unnatural.
2E - P, J, W:
A: although does not feel sustainable in a way 
that it would be actually sustainable. P: have to 
think of what the material is going to be used for. 

2C - J: If the colour was not bleached, would 
feel very sustainable.

Least sustainable:
2A - V: because it is so disgusting, esp. the color. 
J: feels most unnatural.

PHASE 3: SAMPLES ON MARKET CONTEXT
1. How would you describe each packaging from 
the market? 
3A - Discussion:

A: it seems to me its too thick, and it takes way 
too much material . W: wasteful, I agree is too 
thick, K: for 1 time use, A: also hard to dispose 
as it takes so much space, P: yes, you can’t 
crumble it up or fold it. K: it needs another cov-
er right?, J: considered that these aren’t vacu-
umed, it could work for something that is a bit 
more fresh, it would be very sturdy by it self, V: 
you can carry heavy things.

Least pleasant quality:
A: it's definitely sturdy, W: which is the most 
positive and the most negative aspect at the 
same time. 

Most pleasant quality: 
J: uses too much material.
Positive: sturdy, trustworthy (to hold heavy 
contents)
Negative: too tick, uses too much material, 
wasteful, single use, hard to dispose of, 

3B - Discussion:
W: classic, V: it's quite strong, you can use it 
in many ways, J: even as a hat, A: surprisingly 
hard, sturdy, P: it doesn't stick the content on 
the sides, which is nice when pouring things 
out, W: non sticky

Most interesting characteristic:
J: I like how it looks a bit different from the oth-
er ones, K: trustworthy, W: very industrial, P: the 
manufacturing looks good 

Least interesting characteristic:
K: so much plastic, V: is very unnatural, W: agrees.
Positive: classic, very strong, reusable, hard, 
sturdy, the content doesn’t stick to the mate-
rial, non sticky, different looking, trustworthy, 
very industrial, good finishing
Negative: too much plastic, very unnatural 

3C - Discussion:
K: minimum use of plastic. A: it doesn't look like 
food packaging to me, maybe for electronics V: 
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something you could cover your phone with. J: 
for food it could be maybe for a steak, K: so may-
be a luxury packaging 

Most interesting characteristic:
K: transparency, you can see the product clearly

Least pleasant characteristic:
P: makes an annoying sound
Positive: transparency, minimum use of plastic, 
luxury packaging look (associated with elec-
tronics' packaging).
Negative: doesn't look like food packaging, 
makes annoying sounds when using it 
3D - Discussion: 
W: horrible, J: not necessarily, its something that 
should be easily openable, packaging that you 
use to take salad or something that you serve 
yourself, and its reusable, K: I dont think anyone 
uses it 2 times, W: you could, J: it depends on 
what you put inside, P: but for salad you could 
easily use cardboard, V: I understand the bad 
feeling because it’s so unnatural, but if you look 
closely, it's thin and quite reasonable

Most pleasant characteristic:
K: its thin, it doesnt use so much plastic.

Least pleasant characteristic:
W: industrial look 
Positive: reusable, thin, reasonable use of material
Negative: industrial looking, horrible looks, 
single use, could be replaced with cardboard, 
unnatural 

3E - Discussion:
K: cardboard, because its easy to recycle, A: 
natural, K: but then there is plastic, J: I think 
its unnecessary to have 2 different materials, 
A: agree, P: maybe there is so little of the plas-
tic that you could still put it to the cardboard. 
If yes, then it's a good idea because you can 
use less plastic as a different material giver the 
shape of it. A: I feel that when I see the card-
board I think its natural even though the plas-
tic is there, I see the plastic but I still feel more 
organic, and the food would look nicer in here. 

Most interesting characteristic:
K: uses less plastic, V: feels more natural. 

Least pleasant characteristic:
J: not knowing what it is and how to recycle it, also 
it looks like this would leave a lot of empty spaces 
and not use the space properly.
Positive: uses less plastic, feels more natural, if 

you can recycle is a good solution, cardboard 
looks attractive as it gives an organic feel
Negative: no need for 2 materials, uncertainty 
about the recyclability, bad use of space 

3F - Discussion:
K: but this black plastic cant be recycled, the 
machine doesn't work, (a lot of information 
related to recycled not related to the work-
shop), K: very good use of the material, if you 
buy something like this the packaging doesn't 
need any extra space. J: its very easy to open, 
P: I like the see through window, A: I like that it 
makes the food look good

Most interesting characteristic:
V: it looks XXX. W: its partially see-through

Least pleasant characteristic:
W: its plastic.
Positive: it’s partially see through, good use 
of the material, easy to dispose, easy to open, 
makes the food looks good.
Negative: it’s plastic, it can’t be recycled in Finland

3G - Discussion:
J: this will break so easily, W: well it keeps the 
warmth if it is soup or something, V: but its 
weird that your finger nails make marks on it, J: 
but I’m afraid of it, if it warms so well would be 
a lot of microplastics in the food? Because that 
is the problem with heating plastic in general, 
P: on the good side is really light, seem an effi-
cient use of plastic

Most interesting characteristic:
W: is very light

Least pleasant characteristic:
W: breaks easily, J: it may be a bit too light
Positive: keeps the content temperature, inse-
curity (regarding warming it up), really light, 
good use of plastic.
Negative: fragile, too light, gets easily marked, 

2. How the packaging samples from phase 2 dif-
fer from the packaging showed now? Are they 
better/worse/different? How?

W: this kinda plastic keeps everything inside or 
outside, it protects, for the previous sample Im 
not sure if they can take it, P: the previous sam-
ples are quite thick, it feels kinda weird buying 
from a shop something packaged into some-
thing this thick, (other participants agree), V: and 
you cant really see through it, W: and they would 
use plastic so you could see through it, W: but of 
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course it would be nice to see more packagings 
like the previous samples, V: of course they seem 
more natural, J: and a lot more sustainable, P: to 
replace something like 3A it would be perfect, 
J: yeah I think replacing those that are more like 
hard plastic, W: or the 3G

Highlights: the samples from phase 3 protect more, 
trustworthy (to hold the content), while samples 
from phase 2 seem untrustworthy. Samples 
from phase 2 are too thick. Samples from phase 
2 are not see through (negative) and they would 
need plastic to allow that. Phase 2 samples look 
more natural and a lot more sustainable. Phase 2 
samples could replace the more tick plastic sam-
ples from phase 3 

3. Would any of these materials make you more 
likely to buy a product? Why?

A: I think I’m more drawn to the brown, even 
that there is plastic, like meat would look more 
elegant in 3E than in others, even though I see 
the plastic I still really like it, P: I think I would 
choose 3F because its easy to fit in your bag 
to carry, J: yeah and you wouldn’t be afraid to 
break either, V: me too I could be cheated by 
the symbolism of 3E being more ecological, it 
feels more elegant and I like that also.

Highlights: brown looking packaging attracts par-
ticipants which care for “organic” or “natural” 
aspects. Brown is also considered more elegant 
by some. 3F is more appealing to some because 
it's “hard to break” and easy to transport, store, 
open and dispose. 

4. Would any of these materials stop you from 
buying a product? Why?

V: 3A is weird, J: 3C looks so difficult to open with-
out scissors, W: I agree, I wouldn’t buy anything 
on that either, or the 3F either, A: also the 3G, the 
styrofoam one I associate with really cheap noo-
dles, even if the content was something fancy I 
would still feel like its something cheap, (others 
agree), W: it feels the same with 3D, K: yes, for 
that I would try to take my own bowl. M: so 3B, 
3G and 3D feel a bit cheap, (participants agree) 
M: would that interfere on the perception of the 
product? V: it depends on the product but in 
some cases yes, it definitely would. 

Highlights: plastic materials that are too thick 
(like 3A) or difficult to open (like 3C). The styro-
foam cup is considered cheap as it is associated 
with the type of noodles usually packed in it. 
3G, 3B and 3D feel cheap, and the use of these 

materials can send the message that the con-
tent is also cheap

5. From all the materials presented, which one 
do you think is the most environmentally friend-
ly? And which one is the least environmentally 
friendly? Why? 

V, P: 3A, it so thick, it feels less sustainable, J: 
but then its also recyclable, while I think 3G 
isn’t, there are plastic that cant be recycled and 
I dont think you could reuse this in any way, K: 
if 3F was a different color it would be ok, but 
right now in Finland is not very useful. P: if 3A 
could be reused then fine, like the bottle return 
system we have, V: but it’s true it doesn't feel so 
desirable, W: i have seen some materials made 
of rice that look a lot like 3G. 
V: I think the previous samples, they feel more 
natural, W: I think it’s the color as well, V: apart 
from 2A, J: 2E looks more sustainable, but in 
a context that is useful, because if not then it 
isnt… P: well, with the 2E you can see the fib-
ers, you can tell what is the material, with the 
others (from phase 3) you can't really tell. 
Among the phase 3 samples: J: I have to go 
with 3D because is reusable, W: 3E, A: 3F or 3C, I 
feel like if you are packaging meat you couldn’t 
use the previous samples even though they are 
very nice, I would trust these 2 to package my 
meal safely and also use less plastic.

Highlights: thick plastic (like 3A) is associated to 
waste and unsustainability, unless it can be re-
used easily (like in a return system). Recyclabil-
ity is highly associated with the sustainability 
of the material. Styrofoam is considered unsus-
tainable because its not recyclable or reusable. 
Minimal use of plastic (like in 3F or 3C), even 
when combined with natural materials (like 
3E), are considered more sustainable. phase 2 
samples natural feel and color (apart from 2A) 
are associated to sustainability. 2E looks the 
most sustainable, the visible fibers are inform-
ative about the material being used, which is 
not the case of phase 3 samples. Samples from 
phase 2 look untrustworthy to package weak 
products like meat. Some people see the pos-
sibility of reuse of the packaging (like 3D) to 
make it sustainable.
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BRASILIA FOCUS GROUP SUMMARY
Location: Oni Design Studio, St. de Habitações Individuais Sul Ed. Casa Thomas Jefferson 2º andar - 
Lago Sul, Brasilia - DF, Brazil

Date: 2nd of September of 2019
Time: from 19:00 until 20:35 GMT-3
Moderator: Luisa Jannuzzi

Photographer: Isabela Fernandes
Language used: Portuguese
Participants nationality: Brazilian

PARTICIPANTS 

PARTICIPANTS GENDER AGE OCCUPATION 

H Male 35 Designer and entrepreneur

A Female 30 Researcher in biology 

M Female 25 Biotechnology student

G Male 31 Entrepreneur 

I Male 30 Civil engineer and public servant

L Female 31 Historian and public servant

All participants agreed verbally to be photo-
graphed and filmed for academic purposes.
Overall understanding of sustainability of the 
group was defined as following: 
Something is sustainable if it has a complete 
cycle of life, from extraction, production, use 
so it returns to nature not as trash but repro-
cessed, reused, closing the cycle in a reasonable 
amount of time.

PHASE 1: SAMPLES OUT OF CONTEXT
Most common ways to handle the samples by 
participants:

squeezing, gentle bending, sniffing, carrersing 
and tapping.

Instinctive desires  when handling the samples:
To bite, to lick, to fold and to squeeze the samples

1. How would you describe each sample in one 
or two words?
Sample 1A first impressions:

Light, sticky (mentioned twice), soft, compressed 
styrofoam, hard, varnished, light color, cheese.

Sample 1A described in few words:
Sticky, soft, light, varnished, resistant, light 
colored 

Sample 1B first impressions:
Sticky (mentioned three times), rough, burnt, 
varnished, thinner, thin, shiny, looks like i has 
glue on it

Sample 1B described in few words:
Really sticky, slim, shiny, varnished, rough

Sample 1C first impressions:
Rough (mentioned twice), resistant, very hard, 
compact, smooth, light colored, cardboard, nice 
to touch

Sample 1C described in few words:
Hard, compact, rough (in a good way), though, 
pleasant, likeable. 

Sample 1D first impressions:
Smooth, cardboard, beige, nice to touch, card-
board looking, nice looking gloss

Sample 1D described in few words:
Smooth, really smooth, pleasant to touch

Sample 1E first impressions:
Nice to touch, texturized (mentioned twice), 
cardboard, beige 

Sample 1E described in few words:
Cardboard looking, rustic, pleasant color, sus-
tainable looking

2. What are the unique qualities of each sample? 
Sample 1A impressions of unique charac.:

Shiny white, stick texture, resistant, light, differ-
ent material

Sample 1A unique charac.:
It’s different from the others, it’s shiny, nothing 
so special

Sample 1B impressions of unique charac.:
Sticky, thin (mentioned three times), light, shiny 
brown 

Sample 1B unique charac.:
Rough, matte, slim and light.

Sample 1C impressions of unique charac.:
Matte white, matte, rough/textured, pleasant

Sample 1C unique charac.:
Very light, good finishing

Sample 1D impressions of unique charac.:
Cardboard looking, light, smooth, good finishing

Sample 1D unique charac.:
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ecological
Sample 1E impressions of unique charac.:

Looks recycled, looks more ecological, rough/
textured (mentioned twice)

3. What are the least pleasant sensorial character-
istics of the samples?
Sample 1A first impressions of unpleasant charac.:

Weird texture, sticky (mentioned twice), irregu-
lar on one side, none (mentioned twice)

Sample 1A least pleasant charac.:
Sticky, not uniform.

Sample 1B first impressions of unpleasant charac.:
Sticky (mentioned four times), looks like it’s 
breaking down, none

Sample 1B least pleasant charac.:
Very sticky

Sample 1C first impressions of unpleasant charac.:
Reminds cardboard, nonex5 

Sample 1C least pleasant charac.:
Rough 

Sample 1D first impressions of unpleasant charac.:
Beige, nonex5

Sample 1D least pleasant charac.:
It’s beige

Sample 1E first impressions of unpleasant charac.:
Rough (mentioned three times), none (men-
tioned three times)

Sample 1E least pleasant charac.:
Rougher 

4. Among the sensorial characteristics from the 
slides, which 3 best represent each sample?

Discussion: Rough, tough, warm, textured, rigid, 
less texturized, smooth(not textured), resistant, 
light, shiny (but not as shiny), a bit sticky, not 
elastic

Sample 1A 3 most relevant sensorial qualities:
resistant , textured, shiny
Discussion: shiny, colder, more ductile, shiny, 
not textured, weak, slimmer

Sample 1B 3 most relevant sensorial qualities
shiny , not textured and ductile
Discussion: cold, light, matte, texturized, soft,  

Sample 1C 3 most relevant sensorial qualities
matte , light and textured
Discussion: smooth, suave, light, resistant?, A:-
looks like fabric

Sample 1D 3 most relevant sensorial qualities
Not textured, light and smooth
Discussion: rough, or textured, a bit smooth, 
matte, cold, weaker or flexible, rigid, elastic

Sample 1E 3 most relevant sensorial qualities

Mate, rough and ductile
5.  Do the samples evoke any feelings? Among 
the affective characteristics from the slides, which 
3 best represent each sample?

Discussion: reluctance, rejection, confidence (A, 
I and H trusts because it seems water resistant), 
doubt, distrust

Sample 1A 3 most relevant affective qualities:
Rejection, frustration and confusion
Discussion: disgust (unanimes), rejection, dis-
trust (too thin), trust (it seems water resistant), 
curiosity (from some), reluctancy 

Sample 1B 3 most relevant affective qualities:
Disgust, rejection, reluctancy
Discussion: attraction, fascination, curiosity, 
comfort, enchantment 

Sample 1C 3 most relevant affective qualities:
Comfort, attraction, enchantment 
Discussion: love (H,M), attraction, trust, comfort.

Sample 1D 3 most relevant affective qualities:
Attraction, trust, comfort
Discussion: amusement, curiosity, respect, trust (?)

Sample 1E 3 most relevant affective qualities:
Comfort, respect, amusement

6. Among the interpretive characteristics from 
the slides, which 3 best represent each sample?

Discussion: futuristic (something you could use in 
a spaceship), indiferente, strange, manufactured

Sample 1A 3 most relevant interpretive qualities:
Futuristic, strange, manufactured
Discussion: aggressive (with my hands), irre-
sponsible, strange, vulgar, masculino, manufac-
tured.(all bad things) 

Sample 1B 3 most relevant interpretive qualities:
Manufactured, strange, aggressive
Discussion: feminine, futuristic, cosy, elegant 
(G disagrees in parts), natural (isac disagrees), 
calm, responsible

Sample 1C 3 most relevant interpretive qualities:
Cosy, not elegant, but not vulgar
Discussion: professional, hand-crafted, ordinary.

Sample 1D 3 most relevant interpretive qualities:
Ordinary, professional vs hand-crafted
Discussion: natural, hand-crafted, cosy, calm, 
responsible

Sample 1E 3 most relevant interpretive qualities:
Natural, hand-crafted 

7.  Do the sample materials resemble any other 
materials you know?

L,G: cardboard for 1D and 1E
H: 1A and 1C remind foam board



24

APPENDIX

A: 1Areminds me of printing paper, 
G: some look like styrofoam

Material resemblance:
1A resembles styrofoam and foam board
1C resembles styrofoam and foam board
1D resembles cardboard
1E resembles cardboard

8. Which of the samples do you find more inter-
esting?

H,A,M: 1D
I,G,M: 1E
L: 1C

Most interesting samples:
1D 2,,5 votes
1E 2,5 votes
1C 1 vote

9. Which of the samples feel more environmen-
tally friendly? Why?

1E, unanimously. 
H,M: 1E has a more hippie feeling, “roots”.
I: 1E or 1B, because usually what we don’t want 
to use is more sustainable.

Most sustainable samples:
1E, 6 votes

PHASE 2: SAMPLES ON PACKAGING CONTEXT
Spontaneous general comments:

A: 2D looks like it was made by native indians
I: 2A it’s too sticky, it would keep sticking on the 
food, G: agreed
A: I think food would dissolve them all
I: 2C looks like foam used to keep beer cold
I: the nicest one is 2B, 
H: I think the nicest is 2D
A: 2E is the strangest of them all

Most common ways to handle the samples by 
participants:

Compressing, tapping, smelling, caressing, 
knocking, pressing and touching against cheeks. 

Instinctive desires  when handling the samples:
To bite, to lick, to smash and to cut the samples

1. How would you describe each packaging sam-
ple? What is the most interesting aspect of each 
sample? And the least interesting aspect?
Discussion:

I: sticky, H,M: it looks dirty, H: probably the most 
water resistant of them all, G: gluey, H: there could 
an aluminium coating inside to make it better
Moderator: most interesting and least interest-
ing characteristics
H: it seems to be water resistant, L,M,A,H: looks 
dirty, H: it’s also flimsy, L: a bit sticky, A,L: it’s the one 

that looks the least as it was made out of paper
Sample 2A most interesting charac.:

Water resistant, doesn’t look like paper
Sample 2A least interesting charac.:

Sticky, dirty looking, flimsy
Discussion:

A: it’s the one I liked the most, I: can I assume 
that later you could also hide this material with 
something better looking?, H: but I think that 
could complicate the recyclability of the prod-
uct. A: 2B is the most professional one, H,G: it’s 
the one with the best finishing, A: 2B’s texture is 
really good, G: it looks weak tho. L,M: the texture 
inside is really nice, H: it looks waterproof with-
out being sticky, L: it’s also a bit rough.
Moderator: most interesting and least interest-
ing characteristics
M,H: it is good looking, L,I,M: attractive. G: the 
least interesting: fragility.

Sample 2B most interesting charac.:
Professional looking, well finished, good tex-
ture, water proof, not sticky

Sample 2B least interesting charac.:
Weak looking, a bit rough

Discussion:
A,H: it’s the most resistant one, G, H: looks like 
styrofoam, L: looks like paper mache, G: ex-
tremely resistant, M: it reminds me of a plaster 
cast, L,G,A: agreed, A,G: gives a sensation of se-
curity, L: but it looks to me like it will peel, any 
drop of water and it could start peeling. A,M: I 
feel like getting all of them wet.
Moderator: most interesting and least interest-
ing characteristics
H,G: rigidity, strong, A: I don’t like the texture, 
I,G: I like the texture, G: I really liked this one.

Sample 2C most interesting charac.:
Resistant, Secure, Rigid, Strong, nice texture

Sample 2C least interesting charac.:
Plaster looking, not water resistant looking, un-
pleasant texture  

Discussion:
L: I really like this one, A: it’s the one I liked the 
most, but it peels of a bit. G,H: it’s cute, H: it is 
very well finished, L: I like the texture of it, H: 
it is also very strong, A: but it would be good 
with anything wet, G: it looks very ecologi-
cal, A: very natural, G: yes, naural. L: I find it 
strong, G,A: hand-crafted, M: if it was used for 
something natural, like fruits, I would like it, A: 
something that doesn’t have any juice or sauce, 
L: cheira a reciclado. Moderator: natural, resist-
ant, hand-crafted, H: it smells like cardboard, 
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Moderator: is hand-crafted a good or bad char-
acteristic? L: good, A: depends, H,G: depends on 
the market position of the products, A: to be too 
textured is bad, L: to be too textured is good, L: I 
don’t like the smell, G: the texture is nice visual-
ly, M: it is rigid in a good way too.

Sample 2D most interesting charac.:
Hand-crafted, ecological looking, well finished, 
cute, strong, natural, resistant, textured, rigid

Sample 2D least interesting charac.:
Recycled paper smell, hand-crafted (possibly 
not interesting), not waterproof, textured

Discussion:
I: looks fragile, A: but it is one of the lightest, I,L: 
really light, L: a bit ugly, H: looks like something 
school children did, G: it looks a lot like paper, I: 
by school children you mean like 4th grade, L,A: 
I think I could make something like this, H: you 
put a bean seed in it, grow a little plant (sarcas-
tic), A: yea, for a plant pot would be great, the 
plant could eventually consume the vase, I: it 
looks more permeable than the others, M: it is 
not good looking but it is resistant, 
Moderator: most interesting and least interest-
ing characteristics
H: it was made by your son, which is quite nice 
(sarcastic), I: it looks fragile, L,M: it looks resist-
ant to me, G: it is too light, and because of that 
it seems weak, but I also think is resistant. But 
this would resist water. A: you could sell this as a 
vase with a plant and people plant it in the soil 
with the vase. 

Sample 2E most interesting charac.:
Light, resistant, raw and creative

Sample 2E least interesting charac.:
Ugly, fragile, paper looking, permeable, too light

Discussion:
I: it was made by a school kid with better skills, 
A: a kid who chose better materials, it is too soft 
on the outside, I: it is also a bit sticky, A: looks like 
plaster done poorly, H: it smells a lot like glue, 
Moderator: most interesting and least interest-
ing characteristics
A: too flimsy, soft, H: poorly finished, G: its very 
light, L: it is quite hard. 

Sample 2F most interesting charac.:
Light and hard (stiff)

Sample 2F least interesting charac.:
Too soft, a bit sticky, plaster looking, too flimsy, 
poorly finished

Moderator: do they resemble any specific material?
Discussion:

H: 2B reminds me of a coconut, G: and cardboard, 

I: all the beige samples look like cardboard, A: 
2D looks like straw, 2F looks like styrofoam, L: 2E 
looks like paper mache, A: 2C and look like plas-
ter, L: 2F looks like those styrofoam balls used 
for school projects.          

Material resemblance:
2A resembles styrofoam and foam board
2B resembles a coconut and cardboard
2C resemble plaster
2D resembles cardboard, straw and plaster
2E resembles paper mache
2F resembles styrofoam

2. How do you imagine these packaging samples 
to be used? With which kind of products?
Discussion:

H: it depends, if you make them waterproof, with 
a coat of aluminium or something like that, then 
you can use for yogurt, lasagna, I: containers in 
general, G: containers for appetizers
Moderator: anything else, besides food?  
A: vase for plants, H: it looks like materials they 
already use for electronics like TVs, like molded 
pieces, L: it could be container for jewelry  
Possible usage for the samples:
If water proved: diary, frozen food.
Containers in general
Vase for plants
Pathing for transporting electronics

3. Which one of the packaging samples seems 
to be more environmentally friendly? Why? And 
least sustainable?
Discussion: 

L: the one made by the school children (2E), 
G,I,A: 2D also looks sustainable, H: 2B also looks 
sustainable, M: also 2E
Moderator: and least sustainable?
L,G: 2A, A: 2B, I: to me 2F. H: before I said 2B looks 
sustainable because it's thinner and brown, M: 
2F because it reminds me a lot of styrofoam.    

Most sustainable sample
2E, 2D, 2B

Least sustainable:
2A, 2B, 2F (reminds a lot of styrofoam)
Phase 3: samples on market context
Spontaneous general comments:
L: the manufactured has its value.

1. How would you describe each packaging from 
the market? 
3A - Discussion:

L: I love it, very smooth. A: not sustainable, M: very 
light, L: I found very sustainable because there 
is a tree drawing on the bottom, H: but this is 
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styrofoam, A: I would never put this on the recy-
cling bin. H: styrofoam is not recyclable or biode-
gradable. Moderator: positive characteristics? M: 
being light, L: being very smooth, A: being stiff, 
M: it seems clean, A, M, G: hygienic. H: looks like it 
will keep the product good for longer. Moderator: 
negative characteristics? H: being styrofoam, L: I 
don’t agree. H: it’s just that styrofoam is such a bad 
trash for us to use on a daily basis. A: you can’t use 
it for anything else afterwards. M: it’s bad but very 
practical, H: it's very practical but not something 
we should be using on a daily basis. 
Positive: very smooth, very light, stiff, clean, hy-
gienic, very practical, trustworth (for keeping 
food safe for long)
Negative: not sustainable, not recyclable, not 
biodegradable, not reusable 

3B - Discussion:
A: I agree it is a bit disgusting, L: it seems more 
ecological than the others, G: a bit better than 
3A. H: isn’t styrofoam? G: but it seems a differ-
ent kind. H: no, it's the same, G: it’s because it 
matte I guess. H: this must be worse because 
it uses dies, I: it looks like it holds the product’s 
temperature better than 3A, sot just because of 
the color but the feeling of the material, A,M: it 
looks more resistant than 3A, H: ya, the bottom 
is thicker. L: this one is a bit more flexible. Mod-
erator: positive characteristics? A: it’s resistant. 
H: it seems less clean, a bit disgusting.
Positive: more ecological than 3A, matte, holds 
temperature better, resistant 
Negative: a bit disgusting, less clean than 3A

3C - Discussion:
L: resistant, G: this one is very heavy on the plastic 
side, H: this one I would leave my cheese here for 
one year without worrying, I, A,M: trustworthy. I: 
it can be bad in many ways but I definitely trust 
it, when it comes to choosing I think most people 
would prefer is one. L: I would put my cell phone 
inside this and take pictures underwater (joke), 
G: it is hard to close it once you have opened, 
H,A,L: agreed, A: you can’t reuse it. L: it is also a 
bit dangerous, you can get hurt with this plastic 
when cut, I: it makes me use even more plastic, 
because it I buy this once I opened I would need 
another plastic to put this inside, G: this plastic is 
so thick that it seems to be less ecological. Mod-
erator: positive and negative qualities? A: resist-
ant, L: doesn’t go bad, A: negative, it is plastic, H: 
it’s not biodegradable but it is recyclable, A: bet-
ter than styrofoam. 
Positive: resistant, trustworthy (for keeping food 
safe for long), most people’s favorite, doesn't’ go 

bad (durable), better than styrofoam, it’s recy-
clable
Negative: uses too much plastic, hard to close, not 
reusable, makes you use more plastic (once you 
open it), dangerous, less ecological, it’s plastic

3D - Discussion:
L: I don’t like it, H: looks like a cheap version 
of 3C, L: softer, G: it has aluminium in it which 
helps to keep things for longer. A: it is easier to 
keep things without using more plastic. Moder-
ator: positive and negative characteristics? L: it’s 
soft, H: it air tight, H:negative, it is plastic, G: it is 
easier to reuse, L: it doesn’t look very hygienic, 
H: you use it once and throw away
Positive: soft, trustworthy (because of the vis-
ible aluminium), easier to close and open, it’s 
airtight, easier to reuse
Negative: cheap, it is plastic, doesn’t look very 
hygienic, one use only

3E - Discussion:
A: I like it. G: I like it too. A: it’s the only one that 
looks recycled. H: no it’s plastic too, M: there is 
paper around it. H,M: the bottom part is styro-
foam. *group discuss it it is or not styrofoam, L: 
the food sticks on the material, you can’t use this 
more than once either. A: it goes into the trash 
but I think you can recycle that easier than the 
others. M: but sticks more so maybe it is hard-
er to recycle. Moderator: positive and negative 
characteristics? A: super resistant, H: the pack-
aging is also where you consume the product, 
L: it sticks the food and the smell, H,G: that is not 
necessarily bad. 
Positive: likeable, looks recyclable, super resist-
ant, you consume the product in the packaging
Negative: not recyclable/harder to recycle, food 
and smell stick to the material, one use only  

2. How the packaging samples from phase 2 dif-
fer from the packaging showed now? Are they 
better/worse/different? How?
Discussion:

L: 3s seems to be more resistant, I: from 
everything here 3C seems the best one, despite 
being bad for the environment, H: the ones us-
ing airtight give you longer shelf life than the 
others. A: 3A and 3B are super replaceable by 
some of the other materials, G: none of the ones 
showed in phase 3 are ecological and on phase 
2 some seem more ecological, H: it is very easy 
to replace the styrofoam trays, L: but 3C and 3D 
are still dominant in the market, I: yes, they need 
to evolve. H: air tight makes a lot of difference. 

Highlights: phase’s 3 samples are more resistant 
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and keep food for longer (because of the air-
tight). The styrofoam options could be replaced 
by other materials, it is easy to replace them. The 
samples from phase 3 are not ecological while 
the ones in phase 2 seem to be ecological. 3C 
and 3D are dominant in the market. 

3. Would any of these materials make you more 
likely to buy a product? Why?
Discussion:

I: considering they cost the same? Modera-
tor: yes, I: if it’s all the same, just the packaging 
changes, than yes. If one was less harmful to 
nature I would choose that one if all the other 
characteristics were the same, A,H: between sty-
rofoam and plastic I would definitely choose the 
other option. H: I would choose airtight pack-
aging. G: I prefer airtight packaging, the thin-
ner one even better. I: if there is something to 
replace the airtight packaging that was good for 
nature I would buy it, but if doesn’t replace the 
air tight packaging I would still buy the plastic 
one. H: but the industry always fool us regard-
ing these things. I: I agree, but if there was a way 
to know it was better for nature… Moderator: 
why air tight packaging? H,G,M: iti conserves the 
product better, G: it seems to be more hygien-
ic. A: plastic gives this idea of hygiene. H: to me 
styrofoam is the worst, I would buy the sticky 
dirty one (2A) but not the styrofoam one. M: the 
fact that some look prepacked from factory and 
others were manipulated in the supermarket 
also makes a difference in hygiene perception. 
G: exactly. M,H: 3c and 3E look more trustworthy 

Highlights: if all other factors were the same (price, 
product quality, etc) a packaging less harmful to 
nature is better. Plastic is better than styrofoam. 
Airtight packaging is more appealing because 
it preserves food better and looks more hygien-
ic. Plastic looks more hygienic. Participants are 
aware of greenwashing on packaging. “the fact 
that some look prepacked from factory and oth-
ers were manipulated in the supermarket also 
makes a difference in hygiene perception”. 3C 
and 3E look more trustworthy.    

4. Would any of these materials stop you from 
buying a product? Why?
Discussion:

L: depends. I: if I really wanted the product, no. H: 
if I was going to buy meat, if I see the packaging is 
wet or leaking I wouldn’t buy it, so the ones that 
don’t look waterproof would stop me from buying 
if they are wet or leaking. L: when choosing meat 
in the supermarket there are always packagings 
looking messy and wet and I always try to get the 

drier ones. M: not just meat, even something like 
sugar you wouldn’t buy something wet. G: well, it 
wouldn’t even sell if wet.

Highlights: styrofoam is perceived as the worst 
packaging options by some. If the content of 
the packaging is interesting the type of packag-
ing doesn’t stop the purchase. For some prod-
ucts, a dirty or leaking (waterproof ) looking 
packaging is enough to stop purchase.    

5. From all the materials presented, which one is 
the most environmentally friendly? Which one is 
the least environmentally friendly? Why? 
Discussion:

L,A: the child one (2E), I: 2B, G,H: 2D. Moderator: 
why? H,I: the brown color, it reminds me of pa-
per, A: it looks like it will dissolve easily. H: but this 
should be changed, it would be good to have a 
white one more sustainable than a brown one, 
I,L: I think so too. L: these brown colors look dirty, 
A: yes, white has more a clean aspect. I: yes, be-
ing light makes it look cleaner, L: more hygienic. 
A: imagine replace 3A for the 2C. G:The 2C also 
looks very much like paper. L: 2C I liked because 
it’s cleaner, attractive, M: but if it was related to 
food I wouldn’t buy, like to make a gift box yes, it 
would look great. L: but depending on what kind 
of food, it doesn’t have to be wet food. Modera-
tor:What among the phase 3 ones? H: 3E, maybe, 
H: none of them is really sustainable, as it is all 
plastic based.

Highlights: brown color looks more sustainable 
(but it also looks dirty), paper “look” is more 
sustainable, looking like it can dissolve is also 
associated to sustainability. Participants recog-
nize that not everything that isn’t brown is more 
sustainable. All samples from phase 3 were con-
sidered unsustainable  
Conclusion
Spontaneous general comments:
H: there is not a lot of options when it comes to 
packaging, you buy what is available. You buy 
the product and the packaging comes with it, 
but if you had options and was aware of these 
options… but this also changes a lot from gen-
eration to generation
L: but this also depends a lot on the price, if 
we consider that there is no price difference… 
ok, but the problem is that this kind of materi-
als raise the price, the whole product becomes 
more expensive. 
H: the consumer doesn’t have full control of what 
happens to the packaging. Here I may separate 
plastic and paper but the collecting truck mixes 
it all together 


