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The aim of this thesis is to understand more broadly the views of the companies, operating in
the packaging industry's value chain, about the current market situation and the attitude of these
companies towards new cellulose-based materials. There have been many changes in the
packaging industry market in recent years due to legislation, sustainable development and
reduction of the environmental footprint.

The most important findings of the conducted research are the roles of legislation, ecological
aspects and the price of the material as the biggest factors in changes to packaging and general
decision-making in the packaging industry.

There is a demand in the market for new materials and solutions that can replace fossil-based
plastics in food and cosmetics industry packaging. Based on the research, the biggest potential
applications for regenerated cellulose can be found in coating solutions. By avoiding the plastic
tax and additional costs of the SUP directive and by reducing producer responsibility fees,
companies can gain great added value and financial benefit.

The results of the research help the project team to steer product development and the future of
the Films for Future -project in the right direction with the help of information from the market.
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Tamén diplomityon tavoitteena on ymmartdd laajemmin pakkausteollisuuden arvoketjussa
toimivien yritysten ndkemyksid nykyisestdi markkinatilanteesta sekd ndiden yritysten
suhtautumista uusiin selluloosapohjaisiin materiaaleihin. Pakkausteollisuuden markkinassa on
tapahtunut paljon muutoksia viime vuosina lainsddddnnon, kestdvdn kehityksen ja
ympdristdjalanjéljen pienentdmisen vuoksi.

Suoritetun tutkimuksen tirkeimmit havainnot ovat lainsddddnnoén, ekologisuuden seka
materiaalin hinnan roolit suurimpina tekijoind pakkauksiin tehtdvissd muutoksissa ja yleisessd
padtoksenteossa pakkausteollisuudessa.

Markkinoilla on kysyntdd uusille materiaaleille ja ratkaisuille, jotka pystyvit korvaamaan
fossiilipohjaisia muoveja ruoka- ja kosmetiikkateollisuuden pakkauksissa. Tutkimuksen
pohjalta suurimmat potentiaaliset sovelluskohteet regeneroidulle selluloosalle 16ytyvat
pinnoiteratkaisuiden puolelta. Vilttdmélld muoviveron ja yliméérdiset kustannukset SUP
direktiivin osalta sekd vdhentdmailld tuottajavastuumaksuja, yritykset voivat saada suurta
lisdarvoa ja rahallista hyotya.

Tutkimuksen tulokset auttavat projektiryhméd ohjaamaan tuotekehitystd ja Films for Future -
projektin tulevaisuutta oikeaan suuntaan markkinoilta perdisin olevan tiedon avulla.
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1 INTRODUCTION

This master’s thesis was done as a part of the Films for Future research project to study the
packaging industry and understanding the role of novel cellulose-based materials in packaging

value chains.

1.1 Background

LUT University and the VIT Technical Research Centre of Finland are developing new
environmentally friendly packaging solutions in the Films for Future (F3) research project. The
goal is to create an easily recyclable material that reduces waste and replaces unsustainable
fossil-based materials such as plastic. The project group consists of VIT, LUT and 34
individual companies that participate in the status update meetings and steering group meetings.
These companies are closely following the development work done in the project and they can
possibly be some of the first adapters of the developed packaging solutions. The objectives of
the F3-project is to:

1. Develop easily recyclable regenerated bio/cellulose-based film-like materials for food
packaging

2. Develop bio-based barrier materials for film, paper and board

3. Evaluate and demonstrate the convertibility and performance of the developed materials

on packing line and in the end product.

Project team at the LUT is in a need of understanding the current needs of companies operating
in the market regarding new materials and their acceptance towards them, as well as getting

information directly from the companies about any other relevant opportunities or challenges.



1.2 Research objectives, questions and delimitations

The main goal of this study is to find out the role of cellulose-based materials in the value chain
of the packaging industry, the most potential applications and product segments for the
developed materials and to investigate the needs and requirements of different stakeholders in
the value chain. The study is essentially related to the opportunities, challenges and changes in
packaging value chains resulting from regulations and directives — Packaging and Packaging
Waste Regulation (PPWR) and single-use plastics directive (SUP). One of the reasons behind
the study was to also understand companies’ acceptance towards new material solutions and

their willingness to bring these materials into their own production and end-products.

Research questions:

1. What benefits, opportunities, challenges and obstacles do new materials bring in

different product segments?

2. Where in the value chain is the decision to introduce new cellulose-based packaging

and packaging materials made? What are the underlying needs and requirements?

3. Legislation - companies' view on the subject. How do companies see the new directives
and legislation regarding packaging? What effects do these have on the company's own

operations?

Delimitations of the study was to focus on food and cosmetic businesses in packaging industry
and to only include first four chains of stakeholders in the packaging value chain: material
suppliers, technology suppliers, packaging manufacturers and brand owners. Wholesalers,

retailers or consumers were not studied directly.



1.3 Research methodology

In this master’s thesis a qualitative research method — interviewing — was used to carry out the
research. Cadle et al. (2010) describes the interviewing as one of the primary techniques, used
by business analysts, for gathering facts, conducting investigations or eliciting. The most usual
interview situation consists of one person who is interviewing and one person who is being
interviewed — one-to-one discussion. According to Cadle et al. (2010), successful interview has

three main stages shown in Figure 1 below.

Planning and )
Interview Follow-up

preparation

Figure 1. The main stages of interviewing. (Cadle et al., 2010)

Qualitative interviews can be categorized into unstructured, semi-structured and structured
interviews. Structured interviews, however, often produce quantitative data (DiCicco-Bloom &

Crabtree, 2006).

Unstructured interviews are characterized by their resemblance to guided conversations and are
commonly used in ethnographic research. Ethnographers gather data through participant
observation, selecting key informants based on their role and knowledge within a setting. These
interviews aim to uncover the meaning behind observed behaviors, interactions, artifacts, and
rituals. Semi-structured interviews, on the other hand, are often the sole data source for
qualitative research projects. They are organized around a set of predetermined open-ended
questions, with additional questions arising from the discussion between interviewer and
interviewee. These interviews can be conducted with individuals or groups and typically last

between 30 minutes to several hours. (DiCicco-Bloom & Crabtree, 2006)
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Furthermore, Cadle et al. (2010) also divides various types of interview questions into six main
types. Table 1 below lists the six question types and definitions as Cadle et al. (2010) wrote

them.

Table 1. Six main types of interview questions. (Cadle et al., 2010)

Type Meaning

Open These are questions such as ‘Please tell me about ...” and ‘What are your views on
...”, and they serve to open up discussion and encourage the interviewee to speak.
On the other hand, sometimes questions can be too open, leaving the interviewee a
bit confused about what is wanted. An example might be ‘Please describe the work
of the invoicing section for me.’

Closed These invite simple ‘yes’ or ‘no’ answers, and are generally to be avoided since
they tend to close down conversation. However, they can be useful sometimes to
get control over an over-garrulous interviewee, and where a definitive answer is
required. An example is ‘Does the invoicing section just deal with invoices?’

Limited Here the interviewee is given a restricted set of options to choose from, as in ‘Would
choice you say the system is now better, worse or about the same as it was last year?” The
downside of limited choice questions is the same as for closed ones — that they tend
to shut down discussion — but they are sometimes useful if it is necessary to compare
answers given by different interviewees. An example could be ‘Are invoices
produced before, after or on despatch of the goods?’

Leading This type of question is often favoured by TV interviewers, and starts with
something like ‘Would you agree that ...”. With a nervous or inexperienced
interviewee, who might reply ‘yes’ just to be agreeable, these are dangerous; but
they can sometimes yield interesting results when used carefully with more senior
people to provoke a reaction. An example is ‘Do you agree that the design of this
invoice is a bit difficult for customers to understand?’

Probing These are follow-ups to other questions, for example: ‘So each invoice may cover
more than one actual customer order?’

Link These are the most difficult to use, as the BA is making connections between
different parts of the interview. An example might be ‘So you produce 1,000
delivery notes per week, and earlier I think you said there were 750 invoices per
week; does this mean that some orders are sent out in more than one delivery?’

Semi-structured interview method was used and the research was conducted by interviewing
20 companies from packaging industry and from different parts of the packaging value chain —

material suppliers, technology suppliers, packaging manufacturers, brand owners. All the
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necessary information related to the market and usage potential is obtained from the conducted
interviews. The information obtained from the interviews was analyzed using relevant tools.

Analyzes will be used to draw conclusions and summarize the results.

1.4 Structure of the thesis

The report consists of nine chapters, which form a complete and unified whole. Report starts
with introduction part that covers the goals and objectives of the research as well as the
background for conducting the research in the first place. Based on the literature, chapters two
to six cover the theory related to the tools used in the analysis of the results as well as theory
and practices related to the topic in general. From the chapter seven the empirical part of the
research starts. First the chapter seven sets up the plan for the interview research, after which
the chapter eight goes through the findings of these interviews and analyses the information.
Chapter nine will introduce the conclusions to the reader, made out of the conducted and
analyzed interviews. Finally, the chapter ten sums up the findings and potential in the market

for the materials that are being developed in the Films for Future -project.
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2 PACKAGING

In its simplicity and in this research’s context, packaging means the process of designing a
package for the consumer product. Packaging serves a crucial role across various industries,
including food, cosmetics, manufacturing, and electronics. According to Marsh and Bugusu
(2007), food packaging accounts for almost two-thirds of total packaging waste by volume and
is approximately 50%, by weight, of total packaging sales. Beyond merely containing products,
packaging facilitates handling, transport, storage, and distribution, even for bulk items.
Additionally, packaging protects its contents from environmental factors like moisture,
temperature fluctuations, odors, microorganisms, and pests. Over recent decades, packaging
materials have undergone significant advancements due to the emergence of sophisticated
manufacturing technologies. These innovations include the development of new materials with
tailored characteristics, diverse package shapes and sizes, and the incorporation of scavengers
as adsorbents or releasers of compounds in the polymer structure or within the package to
monitor environment surrounding the product inside the package and to provide consumers

with information on product quality. (Ait-Oubahou et al., 2019)

Creative and innovative packaging designs nowadays prioritize meeting consumer
expectations. Some of the novelties involve new types of polymers, different permeation
characteristics to various gases such as oxygen, carbon dioxide, nitrogen, water vapor and the
integration of scavengers or releasers within the package to adapt to storage conditions. These
developments have led to the emergence of active and smart packaging, which instill greater
confidence in consumers regarding product quality, safety, and convenience. (Ait-Oubahou et

al., 2019)

2.1 Packaging types

Packaging can be divided into three different types of packaging: primary, secondary and
tertiary packaging.
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Primary packaging, also known as the consumer unit, is the packaging that directly encloses
the product itself. Its primary functions include containing, protecting, and preserving the
finished product, especially against contamination. Typically, primary packaging constitutes
the first layer surrounding the product, such as a plastic pouch enclosing whole-grain cereal or
a cardboard box housing the pouch of cereal. This type of packaging is designed for end users
or consumers. Apart from facilitating product handling, primary packaging enhances product
aesthetics and serves as a means of communication by conveying printed information about the

product to consumers. (Cartier, 2019)

Secondary packaging is utilized outside of primary packaging to assemble a specific quantity
of products into a stock-keeping unit, commonly known as an SKU. Its primary purpose is to
streamline the handling of smaller items by consolidating them into a single pack. Additionally,
secondary packaging offers additional protection to safeguard the integrity of the primary
packaging. It can also function as a shipping container for small shipments, particularly
beneficial in e-commerce operations. Typically composed of various components such as
boxes, padding, separators, reinforcements, bags, or paper, secondary packaging is often
customized to facilitate easy product identification within a warehouse environment. For
instance, in the case of cereal, secondary packaging would consist of a corrugated cardboard

box containing multiple individual cereal boxes. (Cartier, 2019)

Tertiary packaging, also known as bulk or transit packaging, serves the purpose of grouping
larger quantities of stock-keeping units (SKUs) for transportation from one location to another,
such as from a production facility to a point of sale. At this stage, products are treated as
distribution units. Tertiary packaging simplifies the transportation of large or heavy loads by
ensuring their safe and secure handling. By minimizing the risk of damage, tertiary packaging
facilitates the overall handling, storage, and transport of goods. A common example of tertiary
packaging is a stretch-wrapped pallet containing multiple cardboard boxes (secondary
packaging). This arrangement enables efficient shipping of products by consolidating them into

a single unit for transport. (Cartier, 2019)
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2.2 Packaging materials

Food packaging serves multiple crucial functions, primarily focused on preserving food
products from external influences and damages throughout various stages such as transport,
distribution, and storage. Additionally, packaging plays a vital role in representing the product
to consumers before purchase. Therefore, thoughtful packaging design and material selection
are crucial (Otto et al., 2021). Brennan and Day (2005) define the protective role of the package
as “Packaging is the protection of materials by means of containers designed to isolate the
contents, to some predetermined degree, from outside influences. In this way, the product is

contained in a suitable environment within the package.’’

Marsh and Bugusu (2007) divided the most commonly used materials in food packaging into
four main categories: glass, metals, paper and paperboards, and various types of plastics. In
addition to these four main categories, also wood is a major packaging material in packaging
industry. The widespread use of plastics has led to a significant increase in production over the
past six decades, driven by their versatility and benefits. However, concerns about plastic
pollution and environmental sustainability have prompted a growing demand for more
sustainable packaging alternatives, particularly in European countries such as Germany, Italy,

France, Spain, the United Kingdom, and Poland (Otto et al., 2021).

In 2021 in the EU, the packaging waste generated by different packaging materials by weight
(Eurostat, 2023):

e Paper and cardboard 40,3 %

e Plastic 19 %

e (Glass 18,5 %

e Wood 17,1 %

e Metal 4,9 %

e Other 0,1 %.

Consumer perception of packaging has evolved significantly, with increasing awareness of
environmental issues driving preferences for more sustainable packaging solutions. Consumers

now demand packaging that generates less waste, incorporates recycled materials, and is
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recyclable after use. There is a growing willingness among consumers to purchase unpackaged
or minimally packaged foods, favoring traditional materials like glass and paper/cardboard over

plastic packaging. (Otto et al., 2021)

To address consumer needs and environmental concerns, research and development efforts are
underway to innovate new plastics and packaging concepts. These include edible films, plastics
derived from renewable resources, biodegradable plastics, intelligent packaging, and enhanced
recycling methods. Consumer acceptance of these innovations is generally positive, reflecting
a shift towards more sustainable packaging options. Despite growing awareness, consumers
feel that too much packaging is still used, especially for fresh produce. Many consumers express
a desire to reduce packaging but feel limited in their ability to do so. Consequently, there is a
perception that the industry should take greater responsibility for minimizing packaging waste.

(Otto et al., 2021)

While numerous surveys have explored consumer preferences for food packaging, relatively
few studies have focused on consumer perceptions and knowledge regarding sustainability,
especially concerning loose foodstuffs and common packaging materials. However, existing
research indicates that consumers prioritize environmental factors when evaluating packaging,

with positive attitudes towards recycled and biodegradable plastics. (Otto et al., 2021)

2.3 Packaging design

Packaging design for consumer goods is a constantly evolving field, shaped by a multitude of
external factors. Rundh (2009) argued that the success of packaging design hinges on the ability
to adapt to and leverage these external forces to create compelling packaging solutions. The
packaging design is influenced by changing consumer values, environmental concerns,
international trade dynamics, logistical requirements, marketing strategies, and technological

advancements.

Consumer trends, such as demographic shifts and lifestyle changes, play a significant role in

shaping packaging preferences and requirements. For instance, an aging population and shifts
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in household sizes impact consumer behavior, influencing packaging needs. Additionally,
lifestyle trends like increased dining out and health-consciousness influence packaging

demands. (Rundh, 2009)

Environmental considerations are increasingly important in packaging design, with regulations
driving initiatives to minimize waste, promote recycling, and reduce environmental impact.

This has led to a focus on sustainable packaging solutions and materials. (Rundh, 2009)

Globalization has brought about changes in international trade dynamics, requiring packaging
designs that can adapt to different market requirements. The balance between standardization
and localization in packaging design is crucial for success in diverse markets. Meanwhile also
logistics and distribution influence packaging design, with a focus on efficiency and
adaptability. Examples like Tetra Pak and IKEA's flat packages demonstrate how packaging

can enable innovative distribution systems. (Rundh, 2009)

Marketing strategies drive innovation in packaging design, with an emphasis on differentiation
and brand image. High-quality printing and luxurious appeal are important factors in attracting

consumers. (Rundh, 2009)

Technological advancements play a key role in shaping packaging design possibilities, enabling
new materials, functionalities, and interactive experiences. Technologies like RFID have the

potential to revolutionize packaging solutions. (Rundh, 2009)

Attributes such as materials, shape, size, color, texture, and graphics are critical components of
packaging design, contributing to consumer appeal and usability. Collaborative approaches
between suppliers and customers, facilitated by technologies like web design, foster innovation

in packaging solutions. (Rundh, 2009)

The marketer of a consumer product encounters numerous challenges stemming from various
influential factors in the current market landscape. These challenges are multifaceted and
require careful consideration and strategic planning to address effectively. The design process

involves different actors and processes, which can be visualized in a conceptual model by
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Rundh (2009) (see Figure 2). External variables exert a diverse range of influences on the design
process, as outlined previously. These external factors encompass market trends, consumer
preferences, regulatory requirements, and technological advancements, among others.
Understanding and navigating these external influences are essential for developing successful
product strategies. On the other hand, internal factors, which are dependent on the specific
product and the interactions within the business network, also play a crucial role. These internal
factors include aspects such as product characteristics, supply chain dynamics, and
organizational capabilities. One significant internal factor is the choice of packaging material,
which can profoundly impact product perception, functionality, and environmental
sustainability. Overall, the marketer must carefully consider both external and internal factors,
along with their interplay, to develop effective packaging strategies that align with business

objectives and meet consumer needs. (Rundh, 2009)

Internal Influences "

S = Supplier B-F = Buyer; Filler; Packer
C = Converter CU = Consumer

PL = Packaging D = Designer; Advertising
Laboratory Agency

Figure 2. A conceptual model of the supply chain process in packaging value chain. (Rundh,
2009)
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3 VALUE CHAIN

The concept of value chain was first introduced by Michael Porter (1985) in his book
“Competitive Advantage: Creating and Sustaining Superior Performance”. In his book, Porter
(1985) describes competitive advantage as a cornerstone concept in strategic management,
representing the capability of firms to outperform competitors in their industry. Michael Porter's
seminal work on competitive strategy introduced the value chain framework as a means of
dissecting firm activities to understand their role in creating and sustaining competitive
advantage. According to Zamora (2016), value chain analysis involves dissecting a business
into its major activities, enabling the identification of sources of competitive advantage. This
concept has spurred significant interest in economics and management, leading to a burgeoning
literature on its applications and implications. Over time, value chain analysis has evolved
beyond its original focus on individual firms. It has been applied to various contexts and
industries, offering insights into broader economic systems, supply chains, and value networks.
This extension of the value chain concept underscores its versatility and relevance in
understanding and improving business processes and outcomes across diverse domains.
Moreover, value chain analysis has been applied to understand activities that span multiple

countries, often referred to as "global value chains" (GVCs).

Porter's (1985) value chain framework proposes that a firm's activities can be divided into
primary and support activities, each contributing to the creation of value for buyers. Primary
activities include activities directly involved in the production, marketing, delivery, and
servicing of products, while support activities encompass functions that facilitate primary
activities. The framework emphasizes the interconnectedness of these activities and the
importance of managing them as a system to optimize competitive advantage. Cadle et al.
(2010) gave an example of these activities in a manufacturing company, described in Table 2
below. Cadle et al. (2010) describes the value chain analysis as a valuable tool for business
analysts engaged in business process improvement assignments. By comprehensively mapping
out the activities that contribute to delivering value to customers, the value chain provides a
clear understanding of the organization's processes. This understanding is instrumental in

ensuring that any proposed changes or improvements maintain a customer-centric focus.
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Table 2. Activities of Porter’s value chain in a manufacturing company. (Cadle et al., 2010)

Primary activities

Support activities

Inbound Logistics: the activities that are
concerned with obtaining raw materials
and other items required to produce the
goods

Operations: those that are concerned
with producing the goods

Outbound Logistics: those that are
concerned with distributing the goods to
customers

Marketing and Sales: those that are
concerned with designing and promoting
the products, and taking orders from
customers

Procurement: the activities required to
procure supplies of goods and services
consumed by the organization
Technology development: those
required to develop and implement
technology utilized by the organisation
Human resource management: those
required to develop and maintain the
workforce

Firm infrastructure: those required to
develop and maintain the physical
infrastructure ~ required  for  the
organisation

- Service: the post-sales activities that are
connected with customer service and
support

According to Porter (1985), competitive advantage through the value chain framework
highlights two primary strategies: cost leadership and differentiation. Firms can achieve cost
leadership by performing activities more efficiently than competitors, thereby offering
comparable value at a lower cost. Alternatively, differentiation involves performing activities
in a unique way that creates superior buyer value and allows for premium pricing. Researchers
have examined how firms strategically configure their value chains to align with these
competitive strategies, identifying opportunities for efficiency improvements and value

creation.

A central tenet of the Porter’s (1985) value chain framework is the recognition of
interdependencies and linkages between activities. These linkages can create trade-offs and
synergies that impact the overall effectiveness of the value chain. Porter explored in his work
how firms can leverage these linkages to enhance competitive advantage, whether by
optimizing internal activities or coordinating with external stakeholders such as suppliers and
distribution channels. Effective management of these linkages is essential for achieving

superior performance in the marketplace. Kaplinsky and Morris (2001) described simple value
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chain as a concept, which encompasses all activities necessary to bring a product or service
from conception to final disposal. They highlighted in their work that production is just one of
many value-added links in the chain, with each link comprising a range of activities. Kaplinsky
and Morris (2001) emphasized intra-chain linkages as two-way interactions, demonstrating the
interconnectedness of stakeholders. The value chain framework has implications for firms,
suppliers, service providers, and consumers, influencing strategic decision-making and demand
for sustainability. Optimizing the value chain involves streamlining processes, reducing waste,
and maximizing value creation through collaboration and technology. Overall, according to
Kaplinsky and Morris (2001) the value chain framework offers a holistic understanding of the
production and consumption process, guiding efforts for innovation, differentiation, and
sustainable growth in an evolving business landscape. Figure 3 below shows four links in a

simple value chain.

Production
Design
and -Inward logistics Marketing Consumption/
product -Transforming +“—> —r recycling
develop - Inputs
ment - Packaging
L L - Ete

Design Production Marketing Consumption

Inward logistics and recycling

Transforming
mputs
Packaging

Figure 3. Four links in a simple value chain. (Kaplinsky and Morris, 2001)

In his work, Porter (1985) also extended the value chain framework to encompass the broader
value system, illustrated in Figure 4, which includes upstream suppliers and downstream
distribution channels. Porter examined how firms can manage their value chains within the

context of this larger system, identifying opportunities for collaboration, innovation, and value
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creation throughout the supply chain. By understanding their position within the value system,

firms can identify sources of competitive advantage and develop strategies to leverage them

effectively.
Supplier Firm value Channel value Buyer value
value chains chain chains chains
(distributors or
retailers)

Figure 4. The value system. (Porter, 1985)

Porter’s value chain framework offers practical implications for firms seeking to enhance their
competitive advantage. By conducting a thorough analysis of their value chains, firms can
identify opportunities for cost reduction, process improvement, and differentiation. Strategic
decisions such as reconfiguring the value chain, optimizing linkages, and collaborating with

external partners can lead to significant improvements in competitive positioning.

Kaplinsky and Morris (2001) discussed the potential confusion surrounding the concept of the
value chain, particularly due to its overlap with similar concepts used in other contexts. Their
work traces this confusion back to the work of Michael Porter in the mid-1980s, who
distinguished two key elements of modern value chain analysis: intra-link activities and multi-
linked value chain or value system. In essence, both elements of Porter's analysis are now
incorporated into modern value chain analysis. The primary challenge lies in the confusion
surrounding terminology, which has been further compounded by influential works such as
Womack’s and Jones’s (1996) writings on lean production. These authors, like many others,
use terms like "value stream" interchangeably with "value chain," adding to the complexity of
terminology within this field. As a result, the terminology used to describe value-related
concepts can vary, contributing to potential misunderstandings among practitioners and

researchers alike.
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Value chain in packaging industry

The term packaging value chain refers to the interconnected network of businesses and their
value creation processes, spanning from the origin of a packaging solution through various tiers
of customers to the consumption of the product and the eventual end-of-life of the packaging.
As the power of business customers grow due to technological advancements, widespread
access to information and globalization of markets, delivering customer value has become
increasingly crucial. This shift has transformed the perception of packaging from a logistical or
materials concern to a key driver of value creation within the packaging industry. As a vital
business function, packaging extends across all activities of a packaged goods company,
contributing to a holistic agenda. It serves as a strategic enabler, aiding other functions in
delivering benefits to consumers. From a strategic standpoint, packaging encompasses
procurement, research and development, marketing, sales, and sustainability efforts,
influencing margins and profitability. Through its multifaceted role, packaging plays a crucial
part in shaping the overall success and competitiveness of a business (Orfalea College of
Business). Figure 5 by Niemeld-Nyrhinen & Uusitalo (2013) demonstrates the value chain from

the material suppliers all the way to the end-customer, consumer.

Packaging Brand
Material
manufactu- owners Wholesalers Retailers Consumers
suppliers
rers (fillers)

Figure 5. Packaging value chain. (Niemeld-Nyrhinen & Uusitalo, 2013)

The value chain demonstrated by Niemeld-Nyrhinen & Uusitalo does not however include the
technology suppliers that were part of this research. Technology suppliers belong to the same
part of the value chain as the material suppliers — they offer production lines and technological
expertise for packaging manufacturers and brand owners. Also, there are contract packagers in
the packaging industry’s value chain. Brand owners may outsource packing tasks — filling,
packing and labelling — to a third party when they do not have required facilities, machinery or

expertise in-house.
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4 PESTLE ANALYSIS

PEST analysis for external macroeconomic environment was first introduced by Francis J.
Aguilar (1967) in his work “Scanning the Business Environment”. PEST represents acronym,
or as Aguilar also used it ETPS, for indirect factors — political, economic, social and
technological. PEST analysis serves as a valuable tool for analyzing trends and gaining a
comprehensive understanding of the environment in which an entity evolves. Its utility extends
to studying the factors that shape the development of territorial communities across various
levels and magnitudes. By examining political, economic, social, and technological factors,
PEST analysis illuminates the broader landscape within which communities operate. This
analytical framework aids in identifying opportunities and challenges, facilitating informed

decision-making and strategic planning tailored to the specific needs of different communities.

Shortly after Aguilar’s publication, PEST started to evolve into various iterations such as STEP,
STEPE, PESTLE (also known as PESTEL) and STEEPLE. Initially introduced by Arnold
Brown as 'STEP' (Strategic Trend Evaluation Process), this analytical framework underwent
successive modifications to encompass a broader array of factors influencing the external
environment. The transition to 'STEPE' analysis marked a pivotal moment, incorporating
Social, Technical, Economic, Political, and Ecological dimensions into the strategic evaluation
process. Subsequent iterations introduced by notable authors in the 1980s, including Fahey,
Narayanan, Morrison, Renfro, Boucher, Mecca, and Porter, further expanded the taxonomy,
yielding variations like PESTLE and STEEPLE. The evolution of PEST analysis underscores
the dynamic nature of strategic thinking, wherein frameworks adapt and evolve to meet the

evolving complexities of the external environment. (Rastogi & Trivedi, 2016)

The methodology of the analysis unfolds across four distinct stages, each serving a crucial role
in understanding and navigating the external environment's complexities. In the initial stage,
the so-called "scanning," the focus lies on identifying external factors through a diligent
exploration of the environment. This phase aims to swiftly uncover indicators or signals that
herald potential changes. By scanning the environment, stakeholders seek to gather insights
into future opportunities and threats, thereby informing decisions regarding the region or

municipality's development trajectory. Following scanning, the second stage entails
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"monitoring," wherein a more focused and systematic approach is employed to track specific
changes over time. Here, the goal is to observe the evolution of relevant factors, accumulating
sufficient data to inform governmental responses to identified weaknesses. Monitoring enables
a deeper understanding of trends within the external environment, facilitating proactive
decision-making. The third stage, called "forecasting," aims to project the potential parameters
of change within the external environment. This involves estimating the scale, direction, speed,
and intensity of forthcoming changes. The scale elucidates the nature and magnitude of
phenomena, while the direction indicates whether changes will lead to improvement or
exacerbation. Additionally, the speed delineates the pace at which changes are anticipated to
occur. Forecasting relies on methodologies such as extrapolation, which tracks developmental
trends expected to persist into the future. Overall, this methodical approach to analysis equips
stakeholders with the foresight needed to navigate dynamic external landscapes effectively. By
systematically scanning, monitoring, and forecasting changes, governments and organizations
can proactively shape their strategies and responses to ensure sustainable development and

resilience in the face of evolving external factors. (Vasileva, 2018)

Cadle et al. (2010) describes the PESTLE analysis as technique that is typically employed
during meetings or workshops where diverse ideas and perspectives are sought. Representatives
from various functions should participate to provide specialized insights. For instance, legal
representatives can offer information on changes to laws and regulations pertinent to the
organization. It's advisable for departmental representatives to conduct research on aspects that
may influence the organization before conducting a PESTLE analysis. This could involve
obtaining reports from research providers like Dun and Bradstreet or Gartner. The PESTLE
technique is straightforward in its application. Each element is systematically considered, and
potential issues are documented. Once all elements have been assessed, the listed factors are
evaluated to identify those most likely to impact the organization. This process yields a list of
key external influences that could prompt action—whether to capitalize on opportunities or
mitigate threats. It is crucial to understand that PESTLE analysis focuses on identifying factors
meeting two criteria: they lie beyond the organization's sphere of influence and will exert some
level of impact. Recognizing these criteria's importance helps avoid a common error: mistaking
potential courses of action for the organization rather than highlighting external factors

influencing it. By adhering to these principles, PESTLE analysis becomes a powerful tool for
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strategic decision-making, enabling organizations to navigate external dynamics effectively.

“When using PESTLE the focus should be on identifying external factors and not on deciding

what to do about them”. Table 3 shows and describes in-depth the six key areas of PESTLE.
(Cadle et al., 2010)

Table 3. Six key areas of PESTLE. (Cadle et al., 2010)

Political

Examples of political factors could be a potential change of government, with the
corresponding changes to policies and priorities, or the introduction of a new
government initiative. These may be limited to the home country within which the
organisation operates, but this tends to be rare these days since many changes have
an effect in several countries. The development of bodies such as the European
Union and the growth of global trade and multinational organisations have changed
the scope of political activity. This has increased the possibility of political issues.

Economic

Economic factors may also be limited to the home country, but as global trade
continues to grow, economic difficulties in one nation tend to have a broad, often
worldwide, impact. Examples of economic factors could be the level of growth
within an economy, or market confidence in the economies within which the
organisation operates.

Socio-cultural

Socio-cultural factors are those arising from customers or potential customers.
These changes can often be subtle, and they can be difficult to predict or identify
until there is a major impact. Examples could be demographic issues like an increase
in the number of working mothers or change in consumer behaviour patterns

Technological

This area covers factors arising from the development of technology. There are two
types of technological change: there can be developments in IT, and there can be
developments in technology specific to an industry or market, for example
enhancements to manufacturing technology. IT developments can instigate
extensive business impacts, often across industries or business domains and on a
range of organisations. Often there is a failure to recognise the potential use of the
technology — at least until a competitor emerges with a new or enhanced offering.
The identification of technological advances is critical if an organisation is to
recognise the potential they offer.

Legal

Legal compliance has become such an important issue during this period that many
business analysis assignments have been carried out for the purpose of ensuring
compliance with particular laws or regulations. Some legal issues may originate
from the national government but others, for example EU laws or global accounting
regulations, may operate across a broader spectrum. One key issue is to recognise
laws that have an impact upon the organisation even though they originate from
countries other than that in which the organisation is based. This situation may occur
where an organisation is operating within the originating country or working with
other organisations based in that country.

Environmental
(or Ecological)

Examples of factors arising from concerns about the natural environment, the
‘green’ issues, include concerns about packaging and the increase of pollution.
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5 VALUE PROPOSITION

The term value proposition (VP) was first introduced by Michael Lanning and Edward Michaels
in June 1988 in consulting firm McKinsey’s staff paper that was titled “A business is a value
delivery system”. Lanning and Michaels defined value proposition as ““a clear, simple statement
of the benefits, both tangible and intangible, that the company will provide, along with the
approximate price it will charge each customer segment for those benefits”. Later the value
proposition was defined by Kotler & Armstrong (2014) as the set of benefits or values the

company promises to deliver to consumers to satisfy their needs.

Every company’s goal is to use the available and scarce resources, financial or personnel, to
create the most value for both customers and shareholders. Carlson and Wilmot (2006) highlight
that everyone in the organization should have a clear understanding of the different dimensions
of customer value and that value creation is everyone’s job, even though the employee does not
directly deal with external paying customer. Understanding how individual efforts contribute
to the organization’s success is important. There are many types and meanings of value,
therefore there might be confusion about how to think about it and how to deliver it to the
customers. Carlson and Wilmot (2006) list following values that organization should at least

address:

e Customer value
e Company value
e Shareholder value
e Employee value

e Public value.

Carlson and Wilmot (2006) emphasize the importance of customer value and that the
organization cannot develop the other types of value until they understand the customers’ needs
and decide whether they can create a compelling product or service for them or not. Customer
value is hence the center around which other types of value revolve. When the company starts
to develop customer value proposition, they need to start with an analysis of customers’ needs,

competitors’ offerings, and their own strengths (Sheehan & Bruni-Bossio, 2015).
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Carlson and Wilmot (2006) describe and calculate customer value simply by as following:

Customer Value = Benefits — Costs

Total benefits provided by a product or service are called its “worth”, which has financial value.
The customer costs of a product or service include the amount to be paid for it — euros for

example.

Behind every innovation is a goal of creating and delivering greater customer value than
competition’s. In their book, Carlson and Wilmot (2006) raise four important questions that a
company must be able to answer when they start to create new customer value by following

NABC (Need, Approach, Benefit, Competition) model:

1. What is the important customer and market Need?
What is the unique Approach for addressing this need?

What are the specific Benefits per costs that result from this approach?

> »w b

How are these benefits per costs superior to the Competition’s and the alternatives?

Cadle et al. (2010) describe value proposition analysis as a critical tool for aligning
organizational outputs with customer expectations. They identify and categorize customers
generally into three categories: owners or senior managers, partners or resellers, and end-
customers. Similarly, they determine three value categories: timing, financial and quality. End-
customers require companies to provide a product that is usable, received when promised and
priced at an acceptable level, whereas owners or investors prioritize the organization’s
reputation, financial returns, and the reliability of financial reporting. Figure 6 shows the three
types of customers and the three value categories, and highlights the key areas where customers

have a requirement that they would like the organization to meet.
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CUSTOMERS
Owner Partner End customer
"1_"11111.11 gof Timing of Timing of
. receipt of . .
Timing . receipt of receipt of
financial . .
information or product or
reports and oods service
returns &
VALUE Financial Level of Discount rate Price of product
CATEGORIES dividend or service
. . Quality of Quality of
Quality Repl.lta.'[IOI.‘L of service to product or
organisation .
partner service

Figure 6. Types of value proposition. (Cadle et al., 2010)

According to Niemeld-Nyrhinen & Uusitalo (2013) packaging has often been overlooked as a
potential source of competitive advantage. In today's highly competitive environment,
particularly in industries like food retailing, where choices abound for consumers, packaging
can play a crucial role in attracting attention, communicating brand values, and enhancing the
overall product experience. Moreover, for brand owners, packaging represents an opportunity
for innovation and brand building, contributing to long-term customer loyalty and market

SuUCCess.

By adopting a value chain perspective, different stakeholders along the packaging value chain
may have diverse objectives. While brand owners may prioritize differentiation and brand
building, suppliers and manufacturers may focus on efficiency and cost-effectiveness.
Understanding these differing priorities and perspectives is essential for effectively leveraging

packaging as a source of value creation. (Niemeld-Nyrhinen & Uusitalo, 2013)
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Niemeld-Nyrhinen & Uusitalo (2013) describes that in the context of the packaging value chain,
identifying potential sources of customer value involves understanding the attributes and
consequences that influence customers' perceptions and preferences regarding packaging
solutions. This requires a comprehensive approach that integrates theories of customer value
from marketing literature with the functional aspects of packaging outlined in packaging-related
literature. The customer value hierarchy model proposed by Woodruff (1997), Figure 7, offers

a useful framework for this purpose. It describes three levels of value:

1. Valued attributes and attribute performances: These are the specific characteristics and
functionalities of the packaging that customers perceive as important. Examples include

durability, sustainability, aesthetics, and ease of use.

2. Valued consequences in use situations: This level considers the outcomes or benefits
that customers derive from using the packaging. It includes factors such as product

protection, convenience, shelf appeal, and brand perception.

3. Customers' goals and purposes: At the highest level of the hierarchy, customer value is
determined by how well the packaging contributes to achieving the customer's broader

business objectives, such as profitability, efficiency, and sustainability.

DESIRED/RECEIVED
CUSTOMER VALUE

Customers’
goals and
puUrposes

Consequences
in use
situations

Product
attributes and
attribute
performances

Figure 7. Customer value hierarchy model by Woodruff. (1997)
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By analyzing these three levels of value, businesses can gain insights into the diverse needs and
preferences of customers within the packaging value chain. This understanding enables them
to prioritize investments and innovations that align with customers' goals and enhance overall

value delivery. (Niemeld-Nyrhinen & Uusitalo, 2013)

The process of identifying potential sources of customer value in the packaging value chain
involves a systematic analysis of the attributes, attribute performances, and consequences
associated with packaging solutions, guided by the customer value hierarchy model. This
approach enables businesses to tailor their offerings to meet the evolving needs of customers

and drive competitive advantage in the marketplace. (Niemeld-Nyrhinen & Uusitalo, 2013)

The proposed model, by Niemeld-Nyrhinen & Uusitalo (2013), of customer value of a package
integrates Woodruff's (1997) customer value hierarchy model with the core functions of
packaging. This integration allows for a comprehensive understanding of how packaging
attributes and performances contribute to customer value in various use situations. At the core

of the model are the three primary functions of packaging:

1. Protection: Packaging serves to safeguard the product from external influences during
transportation, handling, and storage. It also ensures the safety of the surrounding
environment by containing potentially harmful substances. Protection aims to reduce

damage, spoilage, and loss, thus adding value to the product.

2. Communication: Packaging communicates essential information about the product,
such as its contents, usage instructions, and nutritional information, to both consumers
and third parties. It also serves as a promotional tool, attracting attention and promoting
the product's features and benefits. With the advent of technologies like RFID,
packaging can offer advanced communication capabilities, enhancing its value

proposition.

3. Convenience: Packaging should facilitate the handling, storage, and consumption of the
product for both intermediaries and end consumers. It aims to make product handling

and storage more convenient, thereby enhancing the overall user experience.
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These core functions represent the consequences of specific packaging attributes in use
situations, as outlined in the customer value hierarchy model. Depending on the product
category and type of packaged product, additional functions such as containing, preserving,
unitization, and apportionment may also play a significant role and could be incorporated into
the analysis. By considering these core functions and their associated attributes, businesses can
identify potential sources of customer value in packaging solutions. This understanding enables
them to design packaging offerings that align with customers' needs and preferences, ultimately
driving value creation and competitive advantage in the marketplace. (Niemeld-Nyrhinen &

Uusitalo, 2013)

The process approach described by (Niemeld-Nyrhinen & Uusitalo (2013) for identifying
potential sources of value in the packaging value chain involves understanding the
interconnectedness between suppliers and customers and recognizing the value creation
processes along the value chain. This approach aims to identify critical packaging-related
processes within customers' own value creation processes, leading to the identification of

specific attributes that contribute to customer value. Key points in this approach include:

1. Understanding customer value creation processes: Suppliers need to comprehend their
customers' value creation processes, which are series of activities performed by
customers to achieve their goals. By understanding these processes, suppliers can
develop products, including packaging solutions, that align with customers' needs and

create value.

2. Identifying critical packaging-related processes: The focus is on identifying the critical
processes within customers' value creation processes where packaging plays a
significant role. This involves recognizing points along the value chain where

packaging-related activities are essential for achieving customer goals.

3. Generating a comprehensive list of attributes: For each critical process or point,
suppliers generate a comprehensive list of attributes affecting value. These attributes
encompass various aspects of packaging, including protection, communication,

convenience, containment, preservation, and environmental friendliness.
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4. Linking attributes to consequences/functions: Attributes are then linked to their
consequences or functions in use situations. This involves understanding how each
attribute contributes to achieving customer goals and purposes, as well as the broader

value proposition offered by the packaging solution.

By following this process approach, suppliers can gain a deeper understanding of the value
drivers within the packaging value chain. This enables them to identify opportunities for value
creation and develop packaging solutions that meet the diverse needs and preferences of
customers, ultimately driving competitive advantage and fostering collaborative relationships

along the value chain. (Niemeld-Nyrhinen & Uusitalo, 2013)
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6 SUSTAINABILITY IN PACKAGING VALUE CHAINS

In this chapter the sustainability of packaging solutions is taken into closer examination. The
evolving commercial landscape increasingly prioritizes sustainable practices and enhanced
environmental performance. Businesses must integrate their response to this demand into their

corporate strategies. (Fitzpatrick et al., 2012)

According to Hillier et al. (2017) the concept of sustainability has roots in various disciplines
and philosophies, but it gained significant attention starting in the 1980s, particularly following
the publication of the "'World Conservation Strategy.' While the principles of sustainability have
been present throughout history, the 1980s marked a turning point when environmental
concerns became more prominent on the global agenda. The 'World Conservation Strategy,'
published by the International Union for Conservation of Nature (IUCN) in 1980, played a
crucial role in raising awareness about environmental degradation and the need for sustainable
development practices. This landmark publication outlined strategies for biodiversity
conservation and sustainable resource management, setting the stage for broader discussions
and initiatives related to sustainability. Since then, sustainability has evolved into a
multidimensional concept encompassing environmental, social, and economic considerations,

with efforts aimed at achieving long-term well-being for both current and future generations.

Packaging serves essential functions in protecting, storing, and handling products, particularly
in industries like food where it safeguards against damage and contamination. It encompasses
diverse materials such as paper, plastic, metal, glass, and wood, with a long history dating back
thousands of years. In the food industry, packaging plays a crucial role in preserving product
integrity by shielding against factors like sunlight, germs, and oxidation. It also aids in reducing
waste within the food supply chain and facilitates efficient transport and distribution. Modern
packaging practices focus on enhancing efficiency by reducing storage and handling costs,
providing shelf-ready packaging for retailers, and enabling convenient product consumption for
consumers. Moreover, packaging serves as a communication tool, conveying important product
information such as use-by dates, ingredients, and health and safety warnings. Additionally, it
plays a significant role in marketing by enhancing product appeal, building brand awareness,

and influencing consumer buying behavior. Overall, packaging is a multifaceted component of
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product management, fulfilling critical functions in ensuring product safety, efficiency, and

marketability. (Hillier et al., 2017)

For many years, packaging has been a central focus in political and consumer efforts to address
perceptions of unsustainable consumerism in Western societies. Its usage, disposal, and
recovery processes generate environmental impacts, consuming materials, energy, and water
while generating waste and emissions. All these aspects must be addressed in any sustainability
strategy. However, packaging can also offer hidden environmental benefits when its primary
function of product protection is considered. According to Fitzpatrick et al. (2012) effectively
used packaging:

e cnables the safe and efficient supply of products
e minimizes the environmental impacts of producing, transporting, using, and disposing
of those products

e contributes to achieving sustainable development goals/targets.

The environmental impacts of a product and its packaging are closely interlinked, and
understanding these links is crucial for any business operating in the packaging supply chain.
Achieving this requires enhanced collaboration and communication among businesses in the
packaging supply chain, including brand owners, packaging suppliers, material producers, and
waste recovery entities—a significant challenge in itself. Failure to achieve this collaboration
may result in ill-informed decisions that shift environmental burdens from one impact area to

another or hinder the adoption of better strategies. (Fitzpatrick et al., 2012)

To put packaging's environmental impacts and benefits into context, it's essential to consider
the packaging system as a whole, which includes various packaging components used to contain
and distribute products. While it's generally accepted that the environmental impacts of the
product are often greater than those of its packaging system, it's naive to overlook the
importance of optimizing both. The impacts of packaging cannot be separated from those of the
product, so it's necessary to optimize the entire product-packaging system. Decisions about the

product can also lead to reductions in the environmental impacts of packaging, and choices
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made regarding the product-packaging system have ripple effects on transportation, storage,

distribution, and other aspects of the supply chain. (Fitzpatrick et al., 2012)

Packaging regulations have traditionally focused on waste reduction and recycling, sometimes
overlooking other environmental impacts. However, there is a growing understanding of the
role packaging can play in sustainable development, leading to shifts in government policies
and industry initiatives. Previously, regulatory and political actions mainly responded to public
concerns about packaging's negative environmental impacts, such as litter, waste generation,
and marine life impacts. This led to regulations targeting packaging waste reduction, reuse, and
recovery. However, there's now a shift towards promoting sustainable packaging, focusing on
holistic approaches rather than just waste reduction. Initiatives over the past decade have
emphasized sustainable packaging by developing guidelines, standards, and scorecards. These
efforts recognize the role of packaging in product protection, encourage the application of life
cycle assessment (LCA) in packaging design, and promote high-level design principles such as
efficiency, the use of renewable materials, and post-use recovery. (Fitzpatrick et al., 2012)

Figure 8 illustrates the evolution of regulations regarding packaging.

1970s — visual E> 1980s-90s — waste and E> 2000s — lifecycle impacts

impacts of litter resource conservation and sustainability
e Extended producer
e  Bottle bills - e  Sustainable packaging
responsibili
(mandatory g K standards and guidelines
Product st dshi
deposits) * roduct stewarcship e Carbon tax
agreements

Figure 8. The evolution of packaging concerns and regulations. (Fitzpatrick et al., 2012)

Various organizations, such as the Sustainable Packaging Alliance in Australia and the
Sustainable Packaging Coalition in the United States, have developed definitions and criteria
for sustainable packaging. These include considerations for the entire life cycle of the package,

interactions between packaging and the product, and triple bottom line impacts and benefits.
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Additionally, global initiatives like The Consumer Goods Forum's Global Packaging Project
aim to provide a common language for discussing sustainable packaging among businesses.
The project emphasizes principles of sustainable development and proposes criteria for
sustainable packaging design, including considerations for environmental performance,
responsible sourcing, cost-effectiveness, clean production technologies, and recyclability.

(Fitzpatrick et al., 2012)

The International Standards Organisation (ISO) has also been developing international
standards on packaging sustainability to facilitate global trade and harmonized environmental
protection efforts. Furthermore, EUROPEN and ECR Europe have developed a guide for
corporate decision-makers, offering an overview of packaging sustainability issues and

practical steps for optimizing packaging sustainability strategies. (Fitzpatrick et al., 2012)

Overall, according to Fitzpatck et al., there's a growing recognition of the importance of
sustainable packaging, with efforts underway to integrate sustainability principles into
packaging design, regulation, and industry practices on a global scale. As Gonzalez-Boubeta et
al. (2018) describes, in today's competitive market, finding win-win solutions that satisfy
stakeholders and improve company performance is crucial. Companies face increasing pressure
from both society and government to minimize their environmental impact, so it becomes
imperative to align packaging strategies with sustainability goals. By reducing both economic
and environmental impacts, organizations can enhance their value and contribute to a more

sustainable future.

According to Magnier et al. (2016) fast-moving consumer goods, including food products, can
become more sustainable by using natural or organic ingredients or adopting certain production
practices such as local sourcing. Labels and logos play a crucial role in communicating the
sustainability of a product to consumers, as they are often the primary means of conveying this
information. Apart from intrinsic attributes, food companies can also communicate product
sustainability through sustainable packaging. Sustainable packaging design, which emphasizes
eco-friendliness, has been shown to positively influence perceptions of brand ethics and
purchase intentions. Study by Magnier et al. (2016) shows that consumers often associate

naturalness with desirable attributes such as healthiness and environmental friendliness. It is



37

hypothesized that perceived naturalness of the product serves as a mediator between both
packaging and product sustainability and perceived quality. Essentially, sustainability signals
are perceived as proxies for naturalness, which, in turn, enhances the perceived quality of the

product.

In recent years, 2019-2024, the EU directive on single-use plastics (SUP) and Packaging and
Packaging Waste Regulation (PPWR) have made changes to the market and existing plastic
products. They have already had huge impacts on packaging industry, and they will seem to

only grow in importance of pointing the way for future of packaging solutions. (Sdild, 2023)

6.1 Packaging design and sustainability

The environmental sustainability of food packaging materials, including plastic, glass, metal,
and paper/cardboard, is crucial in minimizing the ecological footprint of the packaging industry.

(Otto et al., 2021)

Plastics, containing polymers with various combinations, are categorized into thermosets,
thermoplastics, and elastomers. Thermoplastics, such as polypropylene (PP),
polyethyleneterephtalate (PET), and polylactic acid (PLA), are commonly used in food
packaging due to their versatility and properties. PET is frequently used as a substitute for glass
in beverage bottles, while PLA serves as a biodegradable alternative to fossil-based plastics like
PET. Despite PLA's biodegradability under industrial composting conditions and its renewable
origin, challenges remain regarding its decomposition in natural environments. PET, though
highly resistant to environmental biodegradation, shows potential for biodegradation through
enzymes like PETase and MHETase. However, PLA's lack of widespread infrastructure for
recycling and composting poses challenges for its environmental management. Recycling rates
for plastics vary significantly among European countries, with only a fraction being recycled
domestically. Landfilling of plastic waste remains a concern, highlighting the need for

improved waste management and recycling infrastructure. (Otto et al., 2021)
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Efforts to reduce glass weight offer potential environmental benefits, with a 20% weight
reduction resulting in a significant decrease in GWP (Global warming potential). However,
reducing glass weight too much can compromise its structural integrity. At the end of its life
cycle, glass can be recycled or landfilled. Glass recycling involves several steps, including color
separation, crushing into fragments (cullet), mixing with virgin raw material, melting, and
forming new glass. Recycling glass significantly reduces carbon emissions compared to the
production of virgin glass. Glass bottles can be reused up to 50 times, further lowering their
environmental impact. Recycling rates for glass have increased in many countries, with some
exceeding the EU target of 70% recycling by 2025. However, glass does not degrade naturally
and cannot be composted. Instead, it erodes over time into sand, which can be recycled again.

(Otto et al., 2021)

Common metals used in food packaging include tinplate and aluminum. While aluminum offers
a safe packaging option, it is susceptible to corrosion in acidic environments and is typically
alloyed with steel and coated with plastic to prevent corrosion and migration of metal ions into
food. The production of metal packaging, such as tin bottles, emits a GWP during
manufacturing. Metal packaging also requires pre-treatment for food packaging, adding to its
environmental impact. Metal packaging is highly recyclable, with estimated recycling rates
varying across European countries. However, imperfect waste collection can lead to metal loss,
increasing carbon emissions. Metal corrosion in nature occurs over an extended period, with

aluminum cans taking around 200 years to biodegrade. (Otto et al., 2021)

Similarly, paper and cardboard packaging, primarily derived from wood and recycled paper,
contribute to environmental impact through energy-intensive production processes. Recycling
rates for paper-based packaging are relatively high in Europe, with most EU member states

achieving recycling rates above 80%. (Otto et al., 2021)

Loose foodstuffs, such as baked goods, fruits, and vegetables, offer opportunities to reduce
packaging waste. However, the environmental impact of these foods varies depending on
factors like production methods and waste generation. Fresh vegetables may have higher carbon
emissions compared to processed counterparts, depending on factors like cultivation methods

and transportation. The environmental impact of waste from fresh fruits and vegetables is
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relatively low compared to animal products like meat and cheese, which have higher resource
requirements and generate more waste. Households are a significant source of food waste,
contributing to environmental degradation through landfilling and incineration. Composting
household food waste can reduce carbon emissions, highlighting the importance of waste

management practices in mitigating environmental impact. (Otto et al., 2021)

Overall, the environmental sustainability of food packaging materials is essential for mitigating
the adverse effects of packaging waste on the ecosystem. While progress has been made in
recycling and waste management, further efforts are needed to enhance the sustainability of
packaging materials and promote circular economy practices in the packaging industry. (Otto

etal., 2021)

However, even if consumers are aware of sustainability issues, other factors such as price,
convenience, and brand loyalty may outweigh their concerns about packaging sustainability.
Therefore, simply providing sustainable packaging options may not be sufficient to drive
consumer behavior change. To address these challenges, Steenis et al. (2017) introduces a need

for diverse approach:

1. Efforts should be made to increase consumer awareness and education about packaging
sustainability through targeted marketing campaigns, labeling initiatives, and public
awareness programs. Providing transparent information about the environmental impact

of different packaging options can help consumers make more informed choices.

2. Companies should focus on integrating sustainability into their overall brand identity
and messaging. By emphasizing their commitment to sustainability and showcasing
environmentally friendly packaging options, companies can appeal to consumers who

prioritize sustainability in their purchasing decisions.

3. Policymakers can play a crucial role in promoting sustainable packaging practices
through regulations, incentives, and industry standards. By implementing policies that

encourage the use of recyclable materials, reduce packaging waste, and promote eco-
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friendly packaging design, policymakers can create a more conducive environment for

sustainable packaging innovation.

Steenis et al. (2017) concludes that overall addressing the environmental impact of packaging
requires a collaborative effort between consumers, businesses, and policymakers. By raising
awareness, incentivizing sustainable practices, and fostering innovation, we can move towards

a more sustainable future for packaging.

6.2 Packaging solutions

The production of plastic waste worldwide has reached alarming levels, with over 323 million
metric tons generated. A significant portion of this waste, approximately 16%, consists of
packaging materials and plastic containers. To address this pressing environmental issue, there
has been a growing focus on biobased materials as a sustainable alternative. Biobased
packaging materials and containers offer several advantages over traditional synthetic
petroleum-based materials. Not only do they contribute to a more sustainable and
environmentally friendly image, but they also often possess improved technical properties.
Biopolymers are among the most widely used materials in this regard. However, there are
various factors that need to be considered and explored when it comes to biobased materials for
packaging. These include attributes such as tensile strength, flexibility, barrier properties, and
the ability to enhance the shelf life of packaged food. Additionally, safety aspects of these
materials need to be thoroughly evaluated. The interest in biobased materials for packaging is
steadily increasing among both brand owners and consumers. Consumers are becoming more
conscious of their health and are seeking out healthier and more functional food products to
support a longer and healthier life. Brand owners are also motivated to lead the market by
providing biodegradable, sustainable, and compostable packaging materials to meet the

growing demand from consumers. (Ahmed, 2018)

The food industry is a major contributor to packaging waste, highlighting the need for
biodegradable food packaging solutions to minimize environmental damage. While bio-based

foams for food packaging may not need to meet ideal oxygen and water barrier properties, they
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must meet minimum criteria to be viable. This has led to the commercialization of various types
of bio-based packaging materials. Bio-based packaging materials offer versatility and can be
tailored to meet the specific requirements of the food packaging industry. However, before
these packaging foams can be widely adopted as substitutes for conventional materials, their
performance and functionality need to be rigorously tested under various storage conditions.
Testing procedures are essential to ensure that bio-based packaging materials meet the
necessary standards for food packaging, including factors like durability, shelf-life
preservation, and environmental impact. By undergoing thorough testing, bio-based packaging
materials can gain credibility and acceptance in the market as sustainable alternatives to

traditional packaging materials. (Ahmed, 2018)

The adoption of biodegradable and renewable polymers in food packaging offers environmental
benefits by reducing the reliance on non-biodegradable petroleum-based polymers and
lowering waste disposal costs. However, biopolymers may have drawbacks such as lower

mechanical and barrier properties compared to traditional petroleum-based polymers. (Ahmed,

2018)

To address these limitations, researchers have explored the use of nano-sized particles to
enhance the properties of biopolymer-based packaging materials. These nanoparticles can
improve mechanical strength, barrier properties, and other performance characteristics, making

biopolymer packaging more competitive with synthetic polymers. (Ahmed, 2018)

Additionally, advancements in multilayer coating processes have been made to enhance the
properties of biopolymer-based packaging materials. By incorporating multiple layers with
different functionalities, these coatings can improve mechanical strength, barrier properties,

and overall performance. (Ahmed, 2018)

Overall, the development of new technologies in biopolymers and food packaging is leading to
the creation of more suitable products for consumer use. These innovations aim to address the
limitations of biopolymer-based packaging materials while maintaining their environmental

advantages. (Ahmed, 2018)
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7 EMPIRICAL RESEARCH

This chapter consists of the empirical research part of the report — including the research plan

and results of the research.

7.1 Execution and goals of the research

Qualitative research — interviewing — was used as research methodology during the research
and as a form of interview structure, semi-structured interview framework was selected. When
trying to understand the market and the connections between the players and other things inside
it more deeply, it is crucial to get the information directly from the key players of the market
who have operated in the field for decades. Only way to truly understand the needs,
requirements and challenges that the companies face is to have a direct conversation with them,
for example, in the form of an interview. These interviews and discussions will also give more
broader view of the received benefits and opportunities as well as obstacles of the new

technologies, products or services that are trying to enter the market.

In this master’s thesis, companies from four different parts of the packaging value chain were
interviewed:

1. Material suppliers

2. Technology suppliers

3. Packaging manufacturers

4

Brand owners

Also, during the interviews the end-customer’s — consumer’s — needs and requirements were

discussed from the point of view of the interviewees.

The study was started by making a list of the companies that would be contacted during the
interview phase. While selecting the companies for the interviews, there were following focus

points:
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e Companies that directly operate within the packaging industry or are dealing with the
packaging on daily business

e National and multinational companies

e Large and medium-sized companies

e The number of interviews divided as equally as possible between the different

stakeholders of the value chain.

Once the list of the companies to be contacted was done and agreed upon within the project
group, | started to contact the companies’ representatives by e-mail. In the e-mail I asked for a
willingness to participate in the study and to forward me to the correct person in the company
if the person I send the e-mail wasn’t the right person to have the conversation with. In the e-
mail I attached introduction text of the project, appendix 1, and the question framework for the

actual interview, appendix 2.

The goal for the study was to arrange approximately 20 interviews or enough interviews to
make a reliable analysis and summary of the market’s current and future situation. In total 26
companies were approached during the master’s thesis study and in the end 17 of them agreed

to participate in the study and give approximately 1 hour of their time for the interview.

The final interviews were divided between the stakeholders as follows:
e Material suppliers: 7 interviews
e Technology suppliers: 2 interviews
e Packaging manufacturers: 4 interviews

e Brand owners: 4 interviews.

Of the interviewed companies, three were small sized companies (10 to 49 employees), one
was medium sized (50 to 249 employees) and thirteen were large companies (250 and above
employees). Nine of the companies operated globally, one operated mostly in North America

and three mostly in Finland, and four of them operated in Europe.

Material suppliers that were interviewed included both chemical suppliers (raw material) and

packaging material suppliers that are producing plastic, paper, fiber or cardboard for packaging
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manufacturers or brand owners directly. Therefore, more interviews were conducted with the

material suppliers than others. Technology suppliers in this research were companies that are

manufacturing production lines for packaging manufacturers and brand owners. Packaging

manufacturers — or converters - produce different kind of packaging solutions for brand owners.

Brand owners that were interviewed included companies from both food industry and cosmetic

industry. All the interview data of the research will be anonymous.

7.2 Interview data

In this chapter the results and data of the interviews are gathered in 7 different tables - divided

by different topics of the interview framework.

Table 4. Changes in packaging market

How packaging market is changing in the next 5-10 years?

Material - Moving more towards biodegradable materials, fibers, bio-based and recyclable
suppliers materials in general

- Legislation changes the market and forces the companies to develop and innovate
Technology - Use of plastics and especially fossil based materials is reducing
suppliers - Legislation changes the market and forces the companies to develop and innovate
Packaging - Recyclable, bio-based materials are growing
manufacturers | - Reducing the amount of plastic overall in packaging products

- Legislation changes the market and forces the companies to develop and innovate
- Digitalization of packages

Brand owners

- A lot is going to change and has changed already in recent years

- Legislation drives towards more recyclable and environmentally friendly
solutions (e.g. bio-based solutions rising). Legislation bans certain solutions

- Sustainability is the starting point in every new solution

- Legislation changes the infrastructure and technology around the packaging
market and value chains (e.g. new chemical recycling technologies)

- Plastic still has it place in food industry because it is still superior with different
barrier properties/characteristics

- Bio-based solutions still rarely in use in food industry, used in products where it
is seen possible

- Digitalization of packages in the future (e.g. GS1 2D barcodes or QR codes to
provide more detailed information of the product or other marketing material)

- There are a lot of differences in the adaptation of legislation even inside the
Europe that makes it more difficult for brand owners to operate in global market

- Awareness throughout the value chain all the way to the consumer has increased
related to sustainable and more eco-friendly solutions

- Mono materials and smaller packaging sizes are rising features
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The most common answers during the interviews when asked “How the packaging market is
changing in the next 5-10 years?” were that the biggest trends that are driving the changes in
the market are legislation and increased awareness of sustainability factors. Common goal is to

reduce the use of fossil-based materials and plastics in general.

Table 5. Potential product groups and applications for cellulose-based materials

What are the most potential product groups or applications for cellulose-
based materials?

Material - Big potential in all the segments that require some kind of barrier against
suppliers humidity or oxygen

- Food processing (e.g., meat, cheese) that require water resistance to paper based
packaging solutions

- Fast food business: wraps of fast food products

- Replacing thicker plastic bags, e.g., in macaroni packages or any other dry foods
- Cutlet packages

- Clear windows, for example, in bread bags to replace plastic windows

- Film in flexible packaging

- Barrier coating on the liquid packages

- Replacing aluminium layer in beverage cans could be interesting target

Technology - Trays and containers for food packaging: ready to eat meals, cheese packaging
suppliers etc.

- Relatively short shelf life products but not takeaway (mid shelf life applications)
- Water-soluble packaging

- Liquid containers if a cellulose barrier film can replace plastic in those
applications

- Clear films on meat products

- Cardboard packages that have a thin plastic coating on the surface of the
cardboard

Packaging - If cellulose is not equated with bioplastic and does not fall under SUP directive,
manufacturers | then it is already a strong driver in the market and there is a lot of potential

- Various bags and film packaging

- As a coating to replace plastics in, e.g., drinking cups made of cardboard

- Premium food packaging (e.g., certain sweets like chocolate bars)

- No potential is seen in mass food industry yet

- Flow packaging

- Plastic free window for carton or cardboard packages

Brand owners - As a coating in a cardboard box or fiber packaging

- Premium products

- As a film application in packaging if compostability becomes more of a need

- If the packaging with cellulose coating does not fall under the SUP directive,
there can be huge potential in coating applications

- Replacing shrink film for transport packaging

- In cardboard tubes (cosmetic products, e.g., sunscreen) to replace plastic coating
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Many companies saw the most potential for regenerated cellulose in different coating
applications. The most common idea was to replace plastic coating on the surface of paper or
cardboard in various product groups. Another potential application that came up in many
conversations was to use the regenerated cellulose as a material for “clear windows” in products
such as bread bags. However, the price of the new material was of concern to many companies,
and it might limit the potential in many daily consumer products where there is a lot of
competition regarding the pricing. Packaging solutions made from regenerated cellulose might

be easier to implement into premium product groups at first.

Table 6. Decision making process and benefits, disadvantages, opportunities and obstacles of
new materials

What factors are behind the decision making regarding new materials?
What benefits, disadvantages, opportunities and obstacles new cellulose-
based materials bring? Who makes the decision in the value chain?

Material - The decision of changing materials comes from the end part of the value chain:
suppliers brand owners and consumers

- Benefits are clearly seen by reducing the fossil based materials and plastics

- Expectation is that the new material need to match the performance of the
existing material

- Before the technology develops and matures, usually the cost of any new
material is not competitive enough

- If the solution is not recyclable, it would represent an obstacle

Technology - Brand owner has the biggest influence in the value chain
suppliers - Legislation plays a big part in decision making and especially in planning new
investments

- When introducing new materials, the cost will play an important role

Packaging - Brand owner has the biggest influence in the value chain

manufacturers | - Overall trends and legislation drives the change in materials or any other choices
regarding product packaging

- In some packaging solutions, plastic applications are still superior with better
material properties to achieve the goal

- Cost of the material is important — customers are asking for more ecological and
sustainable solutions but they are not always willing to pay the difference
compared to existing solutions

- Expectation is that the new material need to match the performance of the
existing material

Brand owners - Recyclability, carbon footprint and overall costs of the package are important
factors

- If the barrier properties of new material is as good as plastic’s and the product
wouldn’t go under SUP directive then it would be great to reduce costs
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- Legislation is one of the biggest factors behind any changes to packages and/or
products

- The product behind the package is everything (product safety), meaning that the
package has to match the needs of the product inside it. The environmental burden
of food waste is more critical than that of the package

- Different end-products require different functionalities from the package itself
and usability is in huge role

- Existing product lines and machines create certain criteria for new materials
(brand owner’s or supplier’s)

- Most of the time consumer is not willing to pay more for more ecological or
sustainable package. Brand owners are replacing packages with more
eco-friendly and sustainable solutions in certain products but they are not able to
bring the increased price to the end-product

- Logistical efficiency is also important

Brand owners have the most influence in value chain when it comes to changing anything in
the packaging. The most important benefits of cellulose-based films and coatings are reducing
the use of fossil-based materials and plastics, lowering the environmental impact of the product
and recyclability. The biggest disadvantage is the higher price of the raw material and the
superior material properties of the plastic, the end-customer is not always ready to pay more for
sustainable solutions. Regenerated cellulose might face challenges in barrier properties and
functionality in different processes like heat sealing. However, regenerated cellulose has a lot
of opportunities, for example, companies might be able to avoid extra fees from SUP directive
or be able to reduce producer responsibility fees and they can have more diverse product
portfolio to differentiate themselves from competitors. Legislation forces companies to make
changes and regenerated cellulose might in the future be even more desirable solution for

different applications.
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Table 7. Sustainability and ESG strategy in organizations

How sustainability and ESG is taken into account in business operations?

Material - Recyclable materials are being used as much as possible (e.g. reused fibers)
suppliers - Sustainability is highly important
- Through sustainability, financial advantages can be obtained also (lowering
energy consumption and carbon footprint etc.)
Technology - Using renewable energy in production, lowering carbon footprint
suppliers - Sustainability is highly important
Packaging - Sustainability is highly important, customers and consumers are asking all the
manufacturers | time for more ecological and sustainable solutions

- Sustainability is a part of the company brand and image

Brand owners

- Sustainability and ESG are important to brand owners and it guides what is done
and how it is done in the business

- Most important factors of sustainability in food industry are currently: 1)
reducing the use of plastics; 2) reducing the amount of materials used in packages;
3) how much of the materials being used are renewable; 4) recyclability

Sustainability is one of the biggest trends in the market and it guides a lot what is done and how

it is done. Companies are putting a lot of effort in green actions and many companies have

incorporated sustainability into their strategy as well as both into their mission and vision.

Table 8. Investment needs

What investments might new materials bring?

Material - Equipment investments to be able to process materials (e.g., tanks, mixers, feeder
suppliers lines) and these investments can be very expensive
- Modifications to existing production lines or completely new production line for
new material
Technology - No investment needs for the technology suppliers themselves, it is their customers
suppliers that will have to potentially invest in new production lines and technology
Packaging - When moving from producing plastic-based solutions to fiber-based or cellulose-
manufacturers | based solutions, it inevitably means big investments

- Shutting down old production generates costs

Brand owners

- Might need to buy some new parts to packaging lines — investments can
sometimes be high

- New innovative materials will require new capital and expenditures

Investment needs depend a lot on which material the company is currently using and on which

scale they would change to using regenerated cellulose packaging solutions. Investments in new

equipment are usually high.
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Table 9. Market acceptance to new materials

What is the market’s acceptance to new materials, especially cellulose-based?

Material - New materials are constantly being researched

suppliers - New materials are welcomed as long as the prices won’t go up too much
- Properties of the material (barrier properties, material strength etc.) need to match
existing solutions and/or be sufficient enough for the desired use

Technology - New materials are constantly being researched

suppliers - Listening to customers’ needs and new materials are welcomed if customer are
asking for them

Packaging - New materials are constantly being researched

manufacturers | - Listening to customers, brand owners

- New materials highly welcomed

Brand owners

- New materials are generally accepted

- If the introduced material is something totally new to the market, then there are
certain reservations related to e.g. barrier properties, recyclability of the material
in the end-product

New materials are constantly being researched and developed. Companies are usually willing

to try new materials and there is a demand for more environmentally friendly solutions in the

market.
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Table 10. Companies’ readiness level for development and development cooperation

What is the readiness level for development in this topic? How is the
development cooperation with research institutes seen?

Material - There have been development cooperation with research institutes and it is seen
suppliers as beneficial
- Consortiums like F3 are a good way for companies to connect with other players
in the value chain
- Huge consortiums need to be at precompetitive level
Technology - There have been development cooperation with research institutes and it is seen
suppliers as beneficial
- In larger consortiums, not much can be achieved by the company itself because
of the IPR issues and every company has their own agenda behind the project
Packaging - There have been development cooperation with research institutes and it is seen
manufacturers | as beneficial

- Universities and research institutes like VTT are used e.g. by laboratory tests
and pilot scale production

Brand owners

- Brand owners are ready to develop their product packages and try new materials
- Depending on brand owner, they might have 1-on-1 development directly with
university or research institute like VTT or they might prefer that the development

cooperation is done by their packaging supplier

All the companies that were interviewed had previously had cooperation with either research

institutions or universities. In packaging industry, the cooperation in development is seen as

beneficial and most of the time any new packaging solution even has to be developed in

cooperation with different stakeholders in the value chain. Companies are ready to develop

more environmentally friendly solutions and regenerated cellulose materials are overall seen as

interesting in the market.
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7.3 Value chain analysis of packaging industry

In order for cellulose-based or any new materials to be able to compete in the market with
existing solutions, the whole value chain has to work. Customers’ acceptance to new materials
is crucial and even though more environmentally friendly solutions are warmly welcomed into
the market throughout the whole value chain, there are many factors that need to be taken into

consideration:

e The availability and price of the raw materials

e Production capabilities - cost-effectiveness in production and working processes
(development needed to make processes and technologies more efficient and to bring
down prices)

e End-of-life of the materials — materials need to be recyclable and the infrastructure for

the recycling needs to exist.

According to the interviews, the development and changes to existing products and product
packages are always made in collaboration with different stakeholders in the value chain. There
are continuous discussions between customers and suppliers on how to improve the packaging
solutions and how the end-product’s environmental impact could be lowered. When it comes
down to any new innovations or materials related to the packaging, there is a need for promotion
and educating the customers of the sustainability impacts. Increasing the awareness of different

sustainable solutions and their benefits is important in the discussions between the stakeholders.

7.4 PESTLE analysis of the packaging market

Political
Political landscape affects the packaging industry a lot. Based on the interviews, while there
are new innovations and more environmentally friendly solutions entering the market, there are

also lobbying on behalf of fossil based plastic packaging.

In food and cosmetic industry, the new eco-friendly packaging solutions are welcomed into the

market but, for example, pharmaceutical industry have been able to avoid being forced to make
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changes and being included in the PPWR (Packaging and Packaging Waste Regulation) or SUP

(Single-used plastics) directive for the time being.

Many companies and relevant parties in the packaging industry have the opinion that
policymakers have made hasty decisions on some part without a real understanding of the

current market situation and the overall lifecycle impacts of different packaging solutions

Economic
Packaging market have been growing globally in the recent years and it will seem to grow even

more in the near future.

Global, national and regional economic difficulties affect the way the packaging is received in
different products. In daily consumer goods, the consumers are not willing to pay extra for more
environmentally friendly solutions while the economic is already facing issues like inflation,
unemployment, pandemics or epidemics, war and such. While people in developed countries
might be able to pay the extra cost, in developing countries the people are in a worse economic

situation and there are many more daily struggles to cope with.

Socio-cultural

Household sizes have been decreasing by approximately 0.5 persons per decade. While single-
person households are extremely rare in Africa and most Asian countries, they are quite
widespread in Europe (Esteve et al., 2024). In EU the number of single-person households
without children increased by 30.7 % from 2009 to 2022 (Eurostat, 2023).

The trend of increase in single-person households have effect on the size of product packages
— companies are offering smaller portion sizes for example in food industry. Also in a nowadays
global world, people are more and more on the go which makes more demand for convenient

takeaway products and packaging solutions that are also easy to dispose of.
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Technological
There is continuous development ongoing in both materials and technologies in packaging
industry. Huge leaps have been taken in material development regarding more environmentally

friendly solutions.

In technological development, there haven’t been any huge or revolutional innovations in the
recent years when it comes to packaging industry. However, the existing technologies are
improving all the time and, for example, faster production lead times could be achieved with

these improvements.

As a new technological aspect in packaging, the interviewed companies mentioned an increase
in interest in the digitalization of packaging. Utilizing e.g. QR- and barcodes in packaging for
improving traceability of the products and increasing customer engagement by giving more
detailed information of the product for the customers, while still being able to keep the
packaging small enough and only including necessary and required writings/pictures/markings

on the package itself.

Legal

Legislation is one of the biggest factors driving the packaging industry today. Legislation forces
companies to operate in certain ways. In the EU, the most important legislative influences in
the packaging industry are currently PPWR (Packaging and Packaging Waste Regulation) and
SUP directive (single-use plastics). These two legislations have had a major impact in
packaging industry. The overall goal in today’s legislation is to lower the environmental impact
and carbon footprint of the packaging by reducing the use of fossil-based materials and plastics

as well as improving the recyclability.

Although we have common legislation within the EU, there are differences in the
implementation of regulations and directives at the national level. Some countries are
implementing more strict versions of the current regulations and directives — for example
banning certain materials in specific product groups or usages - than other countries, making it
even harder and more complex for multinational companies to operate in the market.

Companies have to be aware of the national and regional differences in legislation in order to
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be able to stay in the market. Usually, the companies’ interest is to have a packaging that is
suitable for every market they operate in to avoid having different production lines or sites for

one specific market alone.

Companies that operate globally, have to also have knowledge and understanding of the
legislative differences between continents. According to the interviewed companies, the
legislation is strictest in Europe, followed by North America and lastly in Asia — during the
study these three continents were discussed and brought up the most and only maximum of
couple mentions were of the remaining continents. Based on some discussions, the North
American market is closely following what happens in European level and the market is
approximately three to five years behind when it comes down to legislation in sustainability

and environmental impacts.

Environmental / Ecological
Environmental aspects and sustainability are huge driving factors in any new changes to

existing packaging solutions.

Plastics and the environmental harm of plastics have been the subject of general discussion for
years and this has created pressure in the market to make more environmentally friendly
packaging solutions. In every part of the value chain, all the way up to the consumer, the
awareness and interest in the environment issues and sustainability have been increasing.
Consumers and brand owners are demanding more and more eco-friendly solutions in both

products and packaging. This affects the whole value chain and drives the change in the market.

Lowering the environmental impact of the packages are a huge increasing trend in the market
and lifecycles of the products and packages are being looked at more deeply. One important
factor is the recyclability of the packaging — being able to either reuse the packages directly or
efficiently recycle the materials to avoid using virgin raw materials for new packages. Reducing

the use of fossil-based materials is of interest in the packaging market.
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7.5 Value proposition and sustainability in packaging industry

According to the interviews from the value chain, the stakeholders who are affecting the
decision making the most are the brand owners and consumers. These stakeholders decide the
packaging requirements and criteria and are the ones who experience the benefits the most.
However, of course, legislation guides and sets certain requirements for the packaging but
anything other than what legislation requires, the brand owners’ and consumers’ needs are the

ones that affect many different things in the packaging.

The most important factors of the packaging solutions for brand owners are that the product
safety and other requirements are met. First, the packaging and the materials have to meet
certain barrier properties — in order for the product to be preserved correctly - that always
depend on the product and desired or targeted shelf life of that product. Products that spoil
easily, such as meat products in food industry, require a lot more from the packaging than for
example dry foods that have a longer shelf life. The product inside is therefore always
determining the criteria and requirements for the packaging. Second, the packaging has to work
for that particular product because the products are used differently and have different
functionality requirements. As an example, packaging of minced meat is opened once and put
in the trash, while the packaging of cold cut is opened multiple times so it must be easy to open
and close and it must preserve the product. Recyclability is also important factor for brand
owners. One of the biggest benefits of more environmentally friendly packaging solutions for
brand owners is raising the brand image, and by doing so, gaining competitive advantage over

their competitors.

Environmental sustainability is seen as important in packaging and products. Lowering the
environmental impact of the products by reducing the use of fossil-based materials is one of the
biggest trends in the market and it is driven by both legislation and companies own desire to do
green actions. Currently the companies are already using bio-based raw materials and plastics
have been replaced to some extent with fibers and bio-based plastics in many different
applications. However, the biggest challenges and obstacles so far in replacing fossil-based
plastics with any other material are the cost efficiency and plastics having superior barrier

properties. According to the interviews, using bio-based plastic can be as much as twice the
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cost of using fossil-based plastic and the same goes for fiber or any other existing solutions on
the market. Plastic is also stronger material than paper, fiber or cellulose and it directly affects

production time because the machines can be run on higher speed.

For the consumer, the packaging needs to be convenient and easy to use as well as dispose of.
Consumers are more and more aware of environmental impacts of the products, and they value
eco-friendly solutions and green actions from the brands. The visual appeal of the packaging of
the product is something that will also affect the consumers’ purchasing decision. Brands are
constantly making efforts to improve their products and brand image. Differentiating
themselves in positive way from the competitors, can help brand owners to succeed in a highly
competitive markets such as food and cosmetic businesses. One of the biggest benefits of the
regenerated cellulose-based packaging solutions are the possibility to replace plastics entirely
in certain product packages — making it easier for brand owners to meet the expectations in
lowering the environmental impact of the products and raising brand image. Brand owners can
also receive huge cost benefits if replacing plastic film or coating in a product with cellulose-

based film or coating makes it so that the product does not fall under the SUP directive.
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8 CONCLUSIONS

The packaging industry and market has faced big changes in recent years. The biggest trends
have been recyclability, using renewable materials, reducing the use of fossil-based plastics and
using more biodegradable materials, fibers and bio-based solutions, and digitalization of
packages. The biggest factors influencing the changes have been the tightening of legislation
and the increase in public awareness of the numerous harms of plastic to the environment.
Companies have, both of their own volition and due to the pressure created by the market and
a certain kind of compulsion, increasingly started to do green acts through packaging that is
more environmentally friendly and less burden on the environment. However, many companies
and entities feel that most of the environmental actions taking place in the market are so-called
green washing. This means that, for example, a brand owner launches a new product that is
seen and perceived as more environmentally friendly than previous similar products on the
market. This gives the company positive visibility for its brand, and consumers therefore
perceive the company as responsible and doing green acts. In reality, however, this product is
just one of many hundreds of other products, and the company has no real desire to make
changes to other existing products, but to keep them on the market as they are. So companies
may be riding towards a responsible brand image with the help of one or a few products.
Although, in the opinion of many players in the market, new and more environmentally friendly
materials are well received and welcomed in the market but in reality, companies only make
changes because either legislation or the consumer's purchasing behavior forces them in this
direction. Brand owners are the ones driving the sustainable shift forwards more than other
stakeholders in the value chain and they are the ones who are making the final decision of

implementing new materials into their product packaging.

Regenerated cellulose films and coatings can bring benefit to companies in a means of
increasing the brand image. Companies can be able to differentiate themselves from
competitors and be able to increase their market share by getting new customers with more
diverse product portfolio. Using more environmentally friendly solutions benefits not only the

companies but also the environment in a long run.
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When any changes are made to existing products or their packaging, it inevitably means some
kind of financial investment for the brand owner and possibly for the other stakeholders in the
value chain. The packaging market is very competitive and overall cost efficiency and price are
more than often behind the decision making. Customers demand even more ecological
packaging solutions, but they are not always ready to pay an extra price for them, especially in

bulk or daily grocery products.

However, the changes in legislation and increase in public awareness regarding sustainability
issues clearly creates market demand for renewable materials that could replace plastic
(especially plastic made from fossil-based raw materials) in various applications. The market
has already started looking for solutions to replace fossil-based plastic in many different product
groups, and for this reason many packaging solutions have been changed to paper, fibers or bio-
based plastics. However, the new materials must be at the same level as the previously used
material in terms of technical characteristics and performance, and of course the customers
would like the new materials to be able to perform even better in some areas than the previous
materials. The new packaging solution must produce some added value for the customer, be it
improved performance, packaging quality or improving the company's brand image and

achieving a competitive advantage through, e.g., differentiation.

The regenerated cellulose films and coatings developed in the Films for Future project are seen
to bring potential added value and benefit in packaging. Several different potential product
groups and application areas were raised by the companies in the interviews. Most of the time,
however, the use as a coating material on the surface of various cardboard packages - to replace
plastic - came up the most. The second biggest application potential was in the so-called clear
windows of different, for example, bread bags, donut boxes or other similar packages, through
which the customer can easily and conveniently see the product in the store, otherwise the
package is completely cardboard. In the discussions, it was often brought up that if the final
packaging with cellulose films or coating is able to avoid falling under the SUP directive, the
potential is even higher in many different application areas. If companies are able to reduce
extended producer responsibility fees and avoiding plastic taxes, it is a direct cost benefit for

them.
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However, there is also currently a lot of uncertainty about the future in the market, because, for
example, legislation in the EU is constantly changing and even though certain guidelines and
definitions have already been issued regarding regulations and directives, many details can still
change in one direction or another. During the research, the legislation point of view was also
discussed with Antro Sidild, CEO of The Finnish Packaging Association. According to the
conversation with Séil4, legislation regarding SUP directive was passed in record time in the
European Parliament and many of the objectives of that directive were way too optimistic in
that time. Later on, many of the objectives for the years 2030 and 2040 have had to be
reconsidered and the content of the legislation has also been changed in many ways and will
continue to develop but unfortunately it remains to be seen in which direction. This creates the
impression that the policymakers have clearly not been aware of the actual situation of the
companies operating in the industry, the overall picture of the packaging market or the
functionality and availability of alternative solutions. The same message was clearly passed on
during the company interviews. Companies and other entities operating in the market have
already felt that many decisions or preliminary policies have been unnecessarily optimistic or
unfeasible within the limits of the planned schedule. Due to the prevailing uncertainty and the
ever-changing market, companies are not ready or brave enough to take risks in the long term.
They are currently looking at no more than two to three years ahead when it comes down to

long term commitment and planning.

There is demand and room for new packaging solutions and materials in the market. However,
in order for cellulose-based films and coatings to succeed in the market, there are many factors
that can get in the way of the success, lowering market potential and making it harder to enter
the market, and regenerated cellulose films and coatings must be able to overcome these factors

— or at least some of them to start with. These factors include:

e Barrier properties

e Functionality of the material in different processes — e.g. sealability
e Price of the material

e Cost-effectiveness in production

e How much investments are needed

e Recyclability.
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Recyclability was discussed during the interviews a lot and the companies see it as crucial factor
for any new material. However, when discussing the recyclability, it does not only matter if the
material itself is recyclable — the infrastructure for the recycling must also exist and work or
otherwise it is pointless to market the new packaging solution as more recyclable for instance.
Also there might be a need to educate and teach the end-customers how to properly recycle the

new packaging.

While the awareness of environmental aspects and sustainability issues have risen in general
among the people, there is also a lot of misinformation and false beliefs in the market. Plastics
are seen as a big bad choice for the environment when it comes to packaging solutions but in
reality, when recycled properly and used in certain applications — where other materials are not
able to compete — the plastics still have their place and can be even the most ecological solution
for that specific purpose. Even though bio-based plastics do not include fossil-based materials
and are environmentally more friendly, they can often be seen as the same as any other plastics

in public conversations.

Research questions and answers summarized:

1. What benefits, opportunities, challenges and obstacles do new materials bring in
different product segments?

e Benefits — raising brand image, cost benefits from reducing producer
responsibility fees and avoiding plastic taxes or SUP directive fees, lowering
environmental impact of the products

e Opportunities — able to differentiate from competitors and to increase market
share by getting new customers with more diverse product portfolio, more
recyclable solutions

e Challenges — barrier properties, functionality of the material in different
processes (e.g., sealability), price of the material and cost-effectiveness in
production

e Obstacles — legislation is still under change and the final decisions regarding
different packaging solutions are yet uncertain, companies are not willing to

invest and take unnecessary risks.
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2. Where in the value chain is the decision to introduce new cellulose-based packaging
and packaging materials made? What are the underlying needs and requirements?
e The final decision is made by the brand owners
e The needs and requirements come from the necessity caused by the legislation
and from the increasingly more environmentally friendly attitude and awareness

of the market.

3. Legislation - companies' view on the subject. How do companies see the new directives
and legislation regarding packaging? What effects do these have on the company's own
operations?

e Companies feel that the legislation does not always serve the interests of the
market and the companies operating in it — some decisions have been made too
hastily and the policies are too optimistic

e Legislation is forcing companies to make changes and some of the smaller

players might not be able to compete in the future.

The Films for Future project is seen as very interesting in the market, and many companies are
closely following the progress of the development. The results of this research are intended to

be utilized by the LUT University’s research team.
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9 SUMMARY

LUT University is running in collaboration with VIT Technical Research Center of Finland
the Films for Future -project, where film and coating solutions for the packaging market are
being developed from regenerated cellulose. With the project, the university had a need to carry
out this research to find out the current market situation. The goal of the research was to find
out the most important needs and requirements of companies operating in the packaging
industry's value chain regarding packaging solutions, as well as the challenges and obstacles
faced by companies in today’s market. At the same time, the purpose was to pay attention to
the benefits and opportunities, experienced by the companies, that the new material could bring.
As a result of the research, LUT University has a broader understanding of how the companies
see the potential packaging solution applications and material’s potential in the market in

general.

The research was carried out using a qualitative research method by conducting interviews with.
the companies that directly operate within the packaging industry or are dealing with the
packaging on daily business. The interviews were conducted using semi-structured interview

framework

Important things that emerged during the research were that the market and possible changes
are mostly driven by legislation and sustainability. These two factors were repeated from one
conversation to another and during a single conversation they came up again and again. In
addition, the general willingness of the market to find new materials with lower overall impacts
on the environment emerged as an important observation, and continuous development work is
carried out on behalf of different value chain stakeholders. However, there is also fierce
competition in the market, and due to small profit margins, cost-effectiveness and price often

emerged as a significant factor in decision-making.

The observations and findings that were brought up in this work, will help the project team to
steer the product development and the future of the Films for Future -project itself in the right

direction with the help of information from the market.
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APPENDICES

Appendix 1. Introduction of the project for the interviewees

Introduction

This interview is done as a part of F3-project, Films for Future, by LUT University and VIT
Technical Research Centre of Finland.

Goal of this interview is to get a better understanding of the packaging market from the
companies’ point of view. We want to understand how you see the changing market and
legislation as well as the introduction of new materials. We believe that the companies who
have been operating in the industry for years have the best knowledge of the current situation
and the most accurate view of the market and its future. Any insights you can give us about the
packaging market would be really beneficial for the project.

In the F3-project, LUT University and the VIT Technical Research Centre of Finland are
developing new environmentally friendly packaging solutions. The objectives of the project is
to:

1. Develop easily recyclable regenerated bio/cellulose-based film-like materials for food
packaging

2. Develop bio-based barrier materials for film, paper & board

3. Evaluate and demonstrate the convertibility and performance of the developed materials
on packing line and in the end product

Target industries in the project are:

- Paper & board manufacturers

- Plastic processer and film manufacturers
- Machine suppliers

- Converters

- Chemical suppliers

- Retailers & brand owners

The work will be carried out mainly in pilot and laboratory at VTT and LUT.
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Appendix 2. Question framework

Interview questions:

1. How do you see the packaging market changing in the next 5-10 years? Are there
some change factors coming to the industry?

a.

® o Ao o

Packaging materials
Package size and types
Sustainability

Trends

New technologies
Legislation

Other factors?

2. How well do you know the regenerated cellulose-based films and coatings as
packaging materials and their potential applications?

a.
b.

Where do you see the most potential for your business?

In which end product groups do you see the most potential and growth
opportunities in general?

What benefits, disadvantages, opportunities and obstacles do the new materials
bring to you and your customers?

Does the new materials change your customer base/segments in any way? How
does the new materials affect to supplier relations?

3. What factors (needs, requirements etc.) are behind the introduction of new materials
and the procurement decision?

a.

b.

At what point in the value chain are the decisions made regarding new
materials?

How often do you make changes to existing packages/products? What is the
cycle for any changes?

Why are the mentioned factors important?

4. How do you see ESG (environmental, social and governance issues) in your own
business and products/services? What about general ESG development and strategy in
packaging value chains and industry?

5. What new investments or changes does the introduction of new materials bring?

a.
b.
c.

Regarding the methods of operation
Regarding production
What processes are done in-house and in which do you use partners?
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6. What is the market's receptiveness/acceptance to new materials? From the perspective
of:

Raw material suppliers

Technology suppliers

Packaging manufacturer

Brand owner

Consumer

© o op

7. How do you see the competitive situation in the market? Who are your biggest
competitors?

8. What is your readiness for development regarding the topic? How do you see
development cooperation with research institutes?
a. Are you interested in development cooperation? What kind of cooperation
would it be that you are interested in?
b. In what timeframe would you be ready and willing to switch to new materials?
What is your current readiness level?
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