LAPPEENRANTA-LAHTI UNIVERSITY OF TECHNOLOGY LUT
School of Energy Systems

Department of Environmental Technology

Circular Economy

Master’s thesis 2021

Sisi Gu

ASSESSING ENVIRONMENTAL SUSTAINABILITY OF
PACKAGING SOLUTIONS FOR TELECOMMUNICATIONS
NETWORK PRODUCTS AND DEVELOPING ROADMAP
FOR MORE SUSTAINABLE PACKAGING

Examiners:  Associate professor, Doctor of Science, Ville Uusitalo
Assistant Professor, Doctor of Social Science, Jarkko Levénen

Post-doctoral researcher, Doctor of Science, Kaisa Gronman

Supervisor:  Technical owner, Bachelor of Science, Joni Paloniemi



ABSTRACT

Lappeenranta—Lahti University of Technology LUT
LUT School of Energy Systems

Degree Programme in Environmental Technology
Circular Economy

Sisi Gu
Assessing  Environmental  Sustainability = of  Packaging  Solutions  for

Telecommunications Network Products and Developing Roadmap for More

Sustainable Packaging

Master’s thesis
2021
73 pages, 11 figures, 12 tables, 1 appendix

Examiner: Associate professor, Doctor of Science, Ville Uusitalo
Assistant Professor, Doctor of Social Science, Jarkko Levanen
Post-doctoral researcher, Doctor of Science, Kaisa Gronman

Supervisor:  Technical owner, Bachelor of Science, Joni Paloniemi

Keywords: Environmental sustainability, Circular economy, Sustainable packaging solution,
Recycled content rate, Fiber-based alternatives, , Biodegradable Plastic.

Together with its customer, Nokia is ambitious to be the leader in the telecommunication
industry towards sustainability. Sustainable development of packaging materials are
considered in Nokia, therefore, two targets are set in this thesis: first, to know the recycled
content rate of the current packaging materials and to try to improve this rate; second, to
look for sustainable packaging alternatives and to analyze their feasibilities. From the
theoretical research, two trends are found: one trend is the circularity of the conventional
packaging materials, another trend is the replacement of the conventional packaging
materials. Both trends are in line with the circular economy concept. The research methods
are online surveys with current suppliers and potential future suppliers. According to the
results, corrugated board has the most stably high recycled content rate, that of PE foam and
PE film ranges a lot from different suppliers, EPS and PP foam are 0%, wooden pallets are
not recycled but reused. The common sustainable packaging is reusable, recyclable or
biodegradable packaging. Biodegradable packaging alternatives are mainly divided into
fiber-based materials, biodegradable bioplastics, and other new materials. As result, the
roadmap is created with strategies. The short-term strategy focus is on reusable packaging
and recyclable packaging, and the long-term strategy focus on biodegradable packaging.
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1 INTRODUCTION

The world’s population is growing constantly, to meet the increasing demand of the
consumption, more goods are produced as well as packaging. (Worldometer, 2019; Oxford
Business Group. 2021.) Products packaging is playing an important role, to let the ready
products to be distributed and transported from the production to the end-users, the
packaging is needed due to its multiple important functions. (RetailMinded, 2018; Emblem
and Emblem, 2012.) These functions including protection function, distribution function,
household function, intermediate function, advertising function, image-component function,
and waste-reduction function. (StuDocu, 2017.) Packaging is sometimes closely tied to its
product. The percentage of the package’s weight compared to the packed product ranges
from 1% to over 100%. For example, 20g of seasoning in a glass bottle, the glass bottle is
much heavier than the seasoning. (Pongracz, 2007)

Packaging material is typically made from paper/board, glass, metal, wood, to plastic. To
turn raw materials into packaging requires the consumption of energy and resources. Besides
that fact that paper and wood are renewable resources and very abundant, other raw materials
- glass, metal, and plastics - are majorly fossil resources, and they are not as abundant as
paper and wood, some of them are even severely limited. (Pongracz, 2007; Emblem and
Emblem, 2012.)

In the past, the packaging is designed to be a single-use material, once the package is opened
and the product is taken out from the package, the package reaches its end-of-life and
becomes waste, and the waste treatment for packaging is most likely landfill, sometimes
even ends to the ocean. Especially plastic, if it ends up in the ocean it causes environmental
unfriend scene in the ocean as we know “plastic soup”. The packaging impacts on the
environment is one of the big issues widely in the world nowadays, mainly related to waste
management and treatment, additionally related to resources and energy-saving efforts with
respect. (Pongracz, 2007; Scientific Reports, 2016.)



1.1 Background

In Europe, the EU Packaging and Packaging Waste Directive addresses the environmental
aspects of packaging and packaging waste. For example, Directive 94/62/EC and the latest
revision of Directive (EU) 2015/720 in 2015 were issued by the European community
administration. These two directives emphasize the consumption of lightweight plastic
carrier bags. The European standardization organization CEN also sets criteria for
environmentally conscious packaging, including terminology, life cycle analysis, material
recovery, energy recovery, degradability, and composting. (European Commission, 2020;
Ziegahn, 1994)

More than the directives, the packaging sustainability guidelines were published by the
European Organization for Packaging and the Environment (EUROPEN) with ECR Europe.
Other than in the EU, similar work has been done in the United States such as Green Blue’s
Sustainable Packaging Coalition (SPC). (Harju-Eloranta, 2015.) To in line with directives,

business participants need to make effort for environmental sustainability.

Nokia is a global network technology corporation that “offers a comprehensive portfolio of
network equipment, software, services and licensing opportunities” It has the innovative and
award-winning Nokia Bell Labs that leads in the development and deployment of 5G
networks. Nokia is not only creating technology to connect the world, it is also utilizing
digitalization and technology to improves people’s lives and enable a healthier planet; in
other words, Nokia is on its journey to a more sustainable world. Its green projects are

ongoing one by one. (Nokia, 2020)

1.2 Objectives

This thesis aims to help Nokia finding more environmentally-friendly packaging solutions
for telecommunication network products. The first target, based on the current packaging
design and the material choices, is to assess the environmental sustainability of the current
materials. Here, a survey in excel form is conducted to collect data on packaging materials
from the current suppliers. Among the data, the recycled content rate is the most important



index in this data collection. These indexes help Nokia to optimize their packaging material
selection, and thus to increase the recycled packaging materials in use and to increase
circularity. More than improving the recycled content rate of the packaging material,
material replacement is another important target. This second target is to search for
sustainable and/or innovative alternatives from both current suppliers and potential
suppliers, to analyze their feasibility, and to create a roadmap for Nokia’s future regarding

the packaging solution. The research questions of this thesis are the following:

e What is the recycled content rate of the current packaging materials in Nokia?
e How high the recycled content rate of the current packaging material is? How and
where to improve this rate?

e \What are other packaging material alternatives?

1.3 Research design

The thesis includes a theoretical part and an empirical part. To ensure possibility to answer,
all research questions, both quantitative and qualitative methods are needed. A current
supplier survey is used as a quantitative method and interviews with current and potential
suppliers are used as a qualitative method. The research method is further presented in
Chapter 3.

In the theoretical part, the sustainable packaging trend is presented. First, a literature review
discusses the meaning of sustainable packaging and the significance of the circular economy
way of thinking in packaging. After that, findings of the most common sustainable packaging
options in the industry are presented. In this thesis, Nokia belongs to the telecommunication
industry, Nokia concerns environmental issues and wants to reduce the use of the single-use
plastics, the main focus is on the telecommunication industry and plastic packaging
recycling. (Nokia, 2020)

The empirical part contains a current suppliers’ survey and interviews with current and
potential suppliers. Both quantitative and qualitative methods are presented. Finally, the

results of the current supplier survey and interviews are analyzed and discussed.



2 SUSTAINABLE PACKAGING

2.1 Key definition

Sustainability has three pillars — economic sustainability, social sustainability, and
environmental sustainability. Economic sustainability emphasis smart growth, cost-savings,
R&D spending, long-range planning, and cost of living; Social sustainability focus on the
quality of life, education, laws & ethics, equal opportunity, and community development;
Environmental sustainability takes care of environmental protection, resource management,
and habitat restoration & preservation. Shortly said, sustainability covers profit, people, and
planet. (Courtnell, 2019; Purvis et al, 2019; Geiger and Swim, 2020.)

The interaction between these three pillars occurs at all levels from global to local. The
interaction between only two pillars are nexus, they are the economic-social nexus,
economic-environmental nexus, and environmental-social nexus. The economic-social
nexus involves fair taxation, business ethics, trade, worker’s rights, and government
spending; The social-environmental nexus includes environmental law, reporting &
publishing, and public involvement; The economic-environmental nexus covers energy
efficiency, carbon credits, subsidies/tax breaks. The overlapping part of the three pillars
together is the core — the core of sustainability. (Courtnell, 2019; Beattie, 2019; Geiger and
Swim, 2020.)

In business, economic sustainability must be profitable and this profit cannot conflict with
social and environmental sustainability. Good corporate governance is responsible for
economic sustainability. The activity of environmental sustainability in corporate involves
the reduction of carbon footprints, packaging waste, water usage, and their overall effect on
the environment. Besides this kind of activity, some strategies and initiatives are also made
for environmental sustainability just like the zero-waste initiative. A positive impact on the
environment can also have a beneficial impact on the economy. Packaging material is an
example that when the amount of it used decreases, it usually reduces the overall spending
on these materials, so the cost is saved. And zero-waste initiative makes sure that through

their supply chain there are less packaging, and more of that packaging is sourced from



recycled or reused materials. The link between social sustainability and environmental
sustainability can be seen through supply chain activity as one example. Social sustainability
incorporate is usually at a global scale, one big concern is how its supply chain is being
filled. Child labor, fair paid, safe work environment are typical concerned when choosing
the right supplier. (Beattie, 2019; Geiger and Swim, 2020.)

Packaging refers to “all those activities related to designing, evaluating and producing the
container for a product. Simply, the box-like container, wherein the product is stored to
protect it from any physical damage and at the same time attracting the customer through its
appeal is called as packaging.”(Business Jargon, 2020) From Cambridge Dictionary (2021),
the packaging is “material used for wrapping or covering goods to protect them” or “the

process of putting together information, products or services to be sold as a set”.

The packaging system (Figure 1) usually contains primary packaging, secondary
packaging, tertiary packaging these three layers of packaging, and sometimes, it can have
quaternary packaging or more when needed. Primary packaging is the direct packaging that
contacts with the product itself and it is the packaging that will remain with the product till
the time waiting for its consumers to take off from the shelf in the retail shop to consumer’s
place, so it can be called consumer or retail packaging. Secondary packaging is secondary
packaging for direct packaging, its main purpose is for branding display and logistical
purposes. It gathers individual products as a unit during storage or displaying on the shelf,
for example in food, beverage, and cosmetic sectors, besides the primary packs, multiple
products unite for sale are possible to display so it speeds up the restocking. Thus, retail-
ready packaging (RRP), shelf-ready packaging (SRP) and counter-top display units (CDUS)
are all belonging to the secondary packaging. Tertiary packaging is protecting the secondary
packaging during transportation and is rarely seen by the consumer. (Saxon Packaging,
2020; Emblem and Emblem, 2012; United Packaging. 2018.) A product very common has
three layers of packaging, for example, drinking water, the primary package is the plastic
bottle as a container, then certain number — for instance, six - of water bottles are fixed with
the help of the secondary packaging - a cardboard box, and then the fixed bottles are packed
in the third packaging for shipping purpose. (TU Delft OpenCourseWare, 2020)



- .
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Primary Secondary Tertiary
Packaging Packaging Packaging

Figure 1. Packaging types. (TU Delft OpenCourseWare, 2020)

Sustainable packaging defined by The Sustainable Packaging Alliance (SPA) (2007)
includes four levels and principles from packaging component, packaging material,
packaging system to society. The first level - packaging component - is the smallest scale,
its principle “clean” means no toxic or any risks to humans and the ecosystem. The second
level - packaging material — has the principle “cyclic” which means recyclable or
compostable. The third level - packaging system — has the principle “efficient” which means
minimal use of materials and energy. The fourth level — society — is the largest scale, its
principle “effective” means to add economic and social value. (Sonneveld et al, 2005; Lewis
et al, 2007) From the consumer point of view, the definition of eco-friendly packaging has
three key dimensions: packaging materials(such as biodegradability and recyclability),
manufacturing technology, and market appeal (such as attractive graphic design and good
price). While the consumer has limited knowledge about manufacturing technologies, so
their perceptions of eco-friendly packaging are more related to packaging materials and
market appeal. (Nguyena and Lockreyc, 2020) In general, packaging must be durable,
lightweight, temperature-resistance, mechanical stress-free, moisture-insulated, and protect
the products against other unwanted conditions. (Isowall Group, 2020) Compared to normal
packaging, sustainable packaging is safe, cyclic, efficient, and effective. It complies with the
policy and directives, gains better brand image and reputation, brings cost-benefit, positive
social influence, and so forth. All these positive points accelerate businesses to run more

sustainably.
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2.2 Trend in general

Paper and cardboard are widely used because of its low cost, shape-holding, easily decorated
and recyclable features, and it produces packaging such as cartons, corrugated cases, rigid
boxes, and pulp packs. Metal and glass are both sterilizable, moisture and gas-proof, pressure
and heat shock resistant, easily decorated or labeled. More than these common
characteristics, metal is strong and rigid, corrosion-resistant via a coating, it is used to make
cans, drum boxes, and tubes by predominantly using tin-plate or aluminum. Glass is inert,
mouldable, transparent, and highly recyclable, while the drawback is fragility. It is a popular
and useful packaging material that is made from silica, sodium, and calcium carbonate.
Plastic is lightweight, easily mouldable, can be rigid or flexible, impact-resistant, heat
sealable; its drawback is neither absolute gas and moisture barrier nor absolute chemical
resistance, not resistance for high temperature, and the additives in plastics can be
contaminative. The common plastic polymers are polypropylene(PP), polyethylene
terephthalate(PET),  polyvinyl  chloride(PVC), polyvinylidene  chloride(PVDC),
polystyrene(PS), ethyl vinyl alcohol polyethylene (EVOH-PE), and polyethylene(PE) which
includes Low Density(LDPE) and Linear Low Density(LLDPE) and High Density(HDPE).
Wood is mostly used as boxes and as pallets. (DOTUGO, 2020; Emblem and Emblem,
2012). The common trends of sustainable packaging are 1) replace these conventional
packaging materials, 2) circularity of these conventional packaging materials. (Selke, 1994;
Kieselbach, 2020.)

2.2.1 Replacment of the conventional material

Replace conventional packaging materials with eco-friendly alternatives, these eco-friendly
alternatives examples can be eco-friendly plastic, organic fabrics, biodegradable cushion,
corrugated bubble wrap, mushroom packaging, seaweed packaging, and so forth. (Johnson.
2019; Selke, 1994; Kieselbach, 2020.)

e Compostable plastics

The terms around biodegradability are often misunderstood, the following Table 1 shows the

differences of these most important terms:
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Table 1. Terms around biodegradability (InnProBio, 2020: European Bioplastics, 2015)

Term

End result

How

Remarks

Biodegradation

CO2,

methane and

biomass

Chemical process,
needs microorganisms

and oxygen

Disintegration

Little- sometimes
even microscopic —

pieces of material

Physical process,
caused by multiple
factors: weather
condition, UV radiation,

microbial activity, etc.

Biodegradation and
disintegration must
occur together to
decompose

completely

methane and

disintegration take place

Oxo- Microscopic Only disintegrate Now often called
(bio)degradability | plastic particles “oxo0-

remain fragmentability”
Composability CO2, Biodegradation and Industrial

composting and

biomass

at least 90%
degradation within a

year and 90%

biomass together home composting
Industrial CO2, In an industrial facility, | If it is labelled
composting methane and controlled environment, | “compostable”
biomass 50-65 °C, ca.3-6 months | according to EN
13432, industrial
composting
Home CO2, In changing Some bio-based
composting methane and environment, 20-35 °C, | materials need

higher temperatures

to biodegrade than
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disintegration within six | home composting

months. can achieve.

Biodegradation in | CO2, In open environment, Most difficult

soil and water <20°C, low population | condition for

methane and

biomass of micro-organisms biodegradation.

The difference between bioplastics and biodegradable plastics is demonstrated in Figure 2,
bioplastics (group Il & group Ill) are those plastics that use organic materials as raw
materials; biodegradable plastics (group IV & group I1) refers to those petroleum-based
plastics with additives that make them break down quickly. Not all bioplastics are
biodegradable, those biodegradable bioplastics which are not petroleum-based can be called
compostable plastics (group I11). (Jariyasakoolroj et al, 2018) Both biodegradable and
biobased plastics in the above “Group III” can be further divided into four different types:
1) starch-based that substitute for PS, 2) cellulose-based (cellulose pulp from trees) that
substitute for PP, 3) PHAs — Microbial source that substitutes for PP and PE, 4) PLA — Lactic
acid by fermentation that substitute for LDPE and HDPE, PS, PET, and PP. (Planet SILBO,
2019; Bioplastics Guide, 2016)

Petroleum-based

Group IV Group |
Biodegradable plastics Conventional plastics
(e.g. PET, PE, PP,
(e.g. PBS, PBAT, etc.) PS, PA, etc.)
Biodegradable Non-biodegradable
Group Il Group I
Compostable plastics Bioplastics,
But not biodegradable
(e.g. starch, cellulose, (e.g. Bio-PE,
PLA, PHAs etc.) Bio-PET, PEF, etc.)
Biobased

Figure 2. Plastic categories. (Jariyasakoolroj et al, 2018)

All plastic can be broken down, but conventional plastic takes a long time to break down,
add additives into conventional plastics accelerate the degradation speed. Photodegradable
plastic degrades more easily by sunlight, oxo-degradable plastic breaks down better when
exposed to heat and light. (Cho, 2017) When conventional plastic with additive breaks down
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into the small particles named microplastics, these microplastics are easily contributed to
polluting the seas and oceans and other consequences that harm marine animals and humans.
Thus, oxo-degradable plastics are far away from the concept of sustainable material. In the
EU directive 2019/904 of the European Parliament and of the Council (2019), Article 5
Restrictions on placing on the market, states “Member States shall prohibit the placing on
the market of the single-use plastic products listed in Part B of the Annex and products made

from oxo-degradable plastic.”

Biodegradable plastics are made from renewable biomass such as starch, cellulose, chitosan,
and protein extracted. Biodegradable bioplastic has four common types: 1. Polylactic acid
(PLA), 2. PHAs, 3.starch-based, and 4.cellulose-based. PLA type bioplastic is made from
sugar in corn starch, dextrose, sugarcane, and so forth. It is similar to PS, but it has inferior
performance on impact strength, thermal robustness, and barrier properties. (Royte, 2006;
Kinkel et al, 2016) PHAs include PHA and PHB. PHB is the most common PHA. (Tang et
al, 2014) Polyhydroxyalkanoates (PHA) are produced by numerous microorganisms such as
bacterial fermentation of sugars or lipids and served as energy storage within cells. (Raza et
al, 2018) PHA can be processed the same way as conventional plastic, comparing to other
plastics, it is more ductile and less elastic. (Cataldi et al, 2020) Starch-based bioplastic is the
complex starch blends such as starch/PLA or starch/PCL (polycaprolactone). (Khalid, 2017)
The starch blends bioplastic compared to those pure starch bioplastic has better water
resistance, processing, and mechanical properties. (Averous and Pollet, 2014; Karlstad
University, 2018) Cellulose plastic is made from cellulose esters (e.g. cellulose acetate,
cellulose propionate) from either wood pulp or cotton linter with plasticizers. Due to the
unprocessable property of cellulose esters, plasticizers (e.g. acid or anhydride, etc) are
needed as an additive that makes materials softer and more flexible. The properties of
cellulose plastic depend on what kind of ester and plasticizer is used. (Gillbert, 2017;
Godwin, 2000) Cellulose can become thermoplastic if extensively modified, but cellulose
such as cellulose acetate is expensive therefore is rarely used for packaging. However,
cellulose fiber-reinforced starch-based biocomposite makes improvements on mechanical
properties such as water resistance and permeability to gas, it is more appliable for
packaging. (Averous and Pollet, 2014) Cellulose, chitosan, and protein extracted.

Biodegradable bioplastic has four common types: 1. Polylactic acid (PLA), 2. PHAs,
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3.starch-based, and 4.cellulose-based. PLA type bioplastic is made from sugar in corn starch,
dextrose, sugarcane, and so forth. It is similar to PS, but it has inferior performance on impact
strength, thermal robustness, and barrier properties. (Royte, 2006; Kunkel et al, 2016) PHAS
include PHA and PHB. PHB is the most common PHA. (Tang et al, 2014)
Polyhydroxyalkanoates (PHA) are produced by numerous microorganisms such as bacterial
fermentation of sugars or lipids and served as energy storage within cells. (Raza et al, 2018)
PHA can be processed the same way as conventional plastic, comparing to other plastics, it
is more ductile and less elastic. (Cataldi et al, 2020) Starch-based bioplastic is the complex
starch blends such as starch/PLA or starch/PCL (polycaprolactone). (Khalid, 2017) The
starch blends bioplastic compared to hose pure starch bioplastic has better water resistance,
processing, and mechanical properties. (Averous and Pollet, 2014; Karlstad University,
2018) Cellulose plastic is made from cellulose esters (e.g. cellulose acetate, cellulose
propionate) from either wood pulp or cotton linter with plasticizers. Due to the unprocessable
property of cellulose esters, plasticizers (e.g. acid or anhydride, etc) are needed as an additive
that makes materials softer and more flexible. The properties of cellulose plastic depend on
what kind of ester and plasticizer is used. (Gillbert, 2017; Godwin, 2000) Cellulose can
become thermoplastic if extensively modified, but cellulose such as cellulose acetate is
expensive therefore is rarely used for packaging. However, cellulose fiber-reinforced starch-
based biocomposite makes improvements on mechanical properties such as water resistance

and permeability to gas, it is more appliable for packaging. (Averous and Pollet, 2014)

Figure 3 shows several polymers in a different environment. In aerobic(water) and anaerobic
environment, with bacteria but no fungi, PLA can only be treated at high temperatures, so
only thermophilic digestion or industrial composting is suitable for PLA. PHAs, starch
blends, and cellulose-based bioplastic can be treated in both thermophilic and mesophilic

digestion, as well as both industrial composting and home composting. (InnProBio, 2020)
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Aerobic (water) + Anaerobic Aerobic (compost & soil)

Bacteria, no fungi Bacteria & fungi

Thermophilic digestion Industrial composting: ca. 3 months
Biogas: ca. 3 weeks

+All from Polymers from all squares -
the battom

High temperature
High temperature

Mesophilic digestion Home composting: ca. 1 year
Fresh water: ca. 1 month | Marine: ca. 6-12 months
Landfill: ca. 6-12 months

« Starch-based: starch, starch/PCL*, TPS

« Protein-based: casein, gluten, silk, spider silk, wool . PLA + PBAT (1) -
«PHA Chitin, chitosan «

Low temperature
Low temperature

+ Chemical pulp, cellulose, cotton, bast and leave fibres - — |‘ﬁ'°0_d 3
(with lignin <5%), regenerated cellulose (viscose), lyocell etc., ) Lignin -
cellulose esters (acetate, nitrate) Mechanical pulp -

Bast and leave fibres (with lignin >5%) +

Plastics derived from these biodegradable polymers only keep this property if also all additives and fillers are biodegradable, too.
BOLD: Bio-based polymers with relevant production volumes in 2014 (>10,000 t/year) 2 Not finally confirmed, further testing necessary. ﬁ . . =TT
*: PBS, PBST, PBSA and PBAT so far mainly petro-based, but i the future bio-based; PCL so far only petro-based. 4 Ingtitgte IKT E?S":’:E‘:: 'MEE

Figure 3. Biodegradable, bio-based polymers in various environments. (InnProBio, 2020)

e Natural cellulose fiber

Natural cellulose fiber includes hemp, organic or recycled cotton, tapioca, leaves, a
sugarcane residue, and so forth. The cellulose content varies in different green plants, in the
cotton fiber it is very high up to 90%, in the wood it is near 40-50%, and in dried hemp, it is
about 57%. Cellulose-based material is not only limited to wood cellulose to produce
compostable plastic, cellulose fiber is an organic polymer from the primary cell wall of
different green plants and can be woven into organic fabrics. Organic fabrics can be used for
reusable bags. All these organic fabrics take around 100 days to biodegrade. (Piotrowski and
Carus, 2011; Wayback Machine, 2018; Johnson, 2019.) Wood cellulose is the most common
one, other natural fibers that are used for packaging are for example straw fiber.

e Biodegradable Cushion

Conventional cushion foam is made of plastic, such as Expanded polystyrene foam (EPS) or
so-called “Styrofoam”, PE foam (EPE), and PP foam (EPP). These plastic cushion foams
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are non-biodegradable and often ends in the waterways and cause adverse effects on marine
life. Therefore, a cushion that is made from biodegradable materials such as grain sorghum,
wheat, corn starch, and bioplastics is good replacement. (Kwon et al, 2014; Ottenhall et al,
2018)

e Mushroom packaging

Mushroom Packaging is another cheap, chemical-free, and eco-friendly packaging
alternative for polystyrene and other packaging derived from hydrocarbons. It is made from
mushroom roots or mycelium that is fused together with cleaned and ground agricultural by-
products, the core of the packaging is the agricultural by-products such as buckwheat husks,
oat hulls, or cotton burrs. The mixture of mushroom roots/mycelium and agricultural by-
products is growing in the mold into needed shapes, without any chemical process involved.
When the shape is ready, it will be heated to make sure no more growth or spores. It has an
incredible biodegrade rate, and excellent decomposition rate, it can break down in household
compost heap. (GIS WASTE, 2015; Shawparth Food & Packaging Services, 2019;
EnvironGadget, 2011)

2.2.2 Circularity of the conventional material

Circularity - the new solution of conventional packaging - refers to reused, recycled,
redesigned, and other “re-process” of the conventional packaging materials, for example,
recycled cardboard and paper, eco-friendly plastic and recycled plastics, inflatable
packaging (e.g. air pillows), redesign for reducing and remove (e.g. bulb packaging design),
and innovative packaging (composite packaging) - paper water bottles. (Johnson. 2019;
Kieselbach, 2020.)

e Recycled cardboard and paper
Recycled cardboard and paper are more sustainable option than single-used cardboard and

paper. (Kieselbach, 2020) Cardboard and paper are produced from wood fibers, so if the

wood comes from unsustainably managed forests, then his material cannot be regarded as



17

sustainable. When tracing back to the raw material through the supply chain, if the raw
material comes from the right supplier which has certification such as FSC could be a better
choice. Then source from somewhere - other than these raw material supplier — who offers
recycled paper and cardboard with its certification is a good choice. (Johnson. 2019)
Recycled paper and cardboard or other natural fibers are commonly formed and molded to
certain shape packaging as molded pulp. (Sustainable Packaging Industries, 2018) There are
four type of molded pulp: two side smooth thin-walled, one side smooth thin-walled, one
side smooth thick-walled, and additionally the processed type. Two sides smooth thin-walled
molded pulp is using thermoforming modern technology that is why it calls thermoformed
fiber. One side smooth thin-walled molded pulp is formed first and then transfer under the
sun to dry. Thick-walled has one side moderately smooth, and very rough in another side.
(BonitoPak, 2020)

e Recycled plastic

Eco-friendly plastic and recycled plastics are a good alternative in cases when plastic is the
only material that will fulfill the packaging function, for example when packaging requires
sturdy and reliable material that is not easy to break and can support heavy loads like in some
shipping needs. Though there are many organic raw materials or other ways to replace plastic
as packaging materials, plastic can be great for cushioning or filler. (Johnson. 2019;
Kieselbach, 2020) More details of recycled plastic are introduced in the following section

2.4, under the concept of the Circular Economy.

e Reusable packaging

Air pillow as an example in the reusable packaging. Normal air pillow is readily pumped
with air inside and designed for single-use and it is usually PE plastic. Differ than a normal
air pillow, inflatable air pillows can be flat during shipping, by this way, it leads to volume-
and cost-saving. When needed, air is pumped through the check valve into the pillow to
ready it. What’s more, Air pillows can be made of recycled PE plastic or other biodegradable
materials. (Johnson. 2019; Sealed Air, 2020)
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e Design for reduce and remove

Bulb packaging design is one good example of redesigning more sustainable packaging
solutions. The newly designed bulb packaging (Figure 4) efficiently provides protection
and displays the bulb, and at the same time, decreases the number of packaging materials
needed. This smart design idea is to reduce the packaging material in use while keeping the
outlook as visually clear as possible and possibly boost the transport efficiencies. (Mullin,
2018; Kieselbach, 2020)

Figure 4. Packaging design. (Mullin. 2018)

e Innovative packaging

The innovative ideas based on conventional materials can be composite. Composite such as
composite wood- plywood is not something new in the market. The innovative idea in this
circumstance refers to use new recipes for combining different conventional materials One
type of composite material is the laminar material that consists of more than one layer of
different materials with significantly different physical or chemical properties that are
bonded together as a team to achieve better characteristics (such as better strength,
efficiency, durability, and others) than the individual type of each component can provide.
Other types of composite materials can be mixed and become a solid solution, they are fiber-
reinforced composite (composites with chopped or continuous fibers) and particulate
composite (composites with embedded particles). If it is not limited to the use of
conventional materials, composite can be also the combination of new materials or the
mixture of conventional material with new material. Biocomposite is a composite that

includes bio-based materials. (Zo4ulikian, 2019) Fiber-reinforced plastic (FRP) is one of the
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composite materials which is made of a polymer matrix reinforced with fibers. The polymer
used in the composite can be biopolymer, this kind of FRP can be also named Fiber-
reinforced bioplastic. When fiber is a natural fiber, it is biocomposite. The most used natural
cellulose fibers to reinforce polymers are sisal, banana, kenaf, flax, jute, hemp, pineapple
leaf, and coir. (Venkatarajan and Athijayamani, 2020.) Instead of either polymer or fiber is
biobased, both polymer and fiber in the composite can be biobased.

2.3 Packaging in telecommunications industry

Hampton (2020) defines telecommunication as “the transmission of information over a line
of communication, like that of a telephone, which is carried over a long distance. It may or
may not use a modem. The information may be communicated through voice, text, images,
or even video via any product that will work, like a fax machine. Any product that enables
telecommunication is classified as a Telecom Product.” These telecom products are a wide
array of products for both business and personal use. Cambridge Dictionary (2021) defines
telecommunications as “the sending and receiving of messages over distance, especially by

phone, radio, and television”...” or the business of doing this”.

Packaging for telecommunications is different than in other sectors. Electronic goods, in
common, are often fragile and delicate, corrodible, compact, dust may change the connection
between two electronic components, susceptible to the electronic and magnetic field. More
specifically, they are two types of hazards the electronic goods may encounter, one is
mechanical hazards including shocks and vibration, and compression; another one is climatic
hazards including corrosion (caused by oxygen and water), dust, temperature(effect the
resistance of conductors) and moisture (may short the circuit). One situation that electronic
goods should super carefully avoid is the electrostatic discharge (ESD), this is easily
generated when two materials rub each other or are brought close together or separate. Once
ESD happens, it easily causes shortening or particle degradation of the circuit and these
consequences are irreversible. That’s why the high resistivity of the packaging material is
one key requirement in the electronic industry. (Mepradeepchauhan, 2007; Smallwood.
2005; TelecomsTraders, 2021.)
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For electronic goods, the packaging is suggested to use multiple layer protections -
corrugated board with filler materials. For data storage devices and TV or monitors, box-in-
box packing (5A) is recommended. Dual-wall corrugated box (5B) are suitable for phones
and tablets or fragile electronic accessories. The distance should be at least 6cm between the
device and the external wall in dual-wall corrugated packaging. Only other non-fragile
electronic accessories or lighter items are suggested to have single-wall corrugated
packaging(5C). The filler materials include not only peanut packaging as below Figure 5
shows, but also other cushions such as bubble wrap, air cushion, moulded pulp and so forth.
(Marchetti and O’Connor, 2012; DHL, 2020.)

Ensure power button is protected
from accidental activation with tape

- \

,,\ i E...Cush.onmg
\ [

R Your Equipment

5A.Box-in-box 5B.Dual-wall 5C.Single-wall
Figure 5. DHL packing guide for electronic goods. (DHL, 2020)

The common materials used for electronics packaging are paper and cardboard, plastic, and
metal. Paper and cardboard boxes are popular due to their lightweight and cost-effective
character, and they are completely recyclable and eco-friendly. Plastic is another popular
packaging material that used to combined with cardboard and other materials to create
transparent packaging, the merit of plastics is durability, its barrier properties protect the
electronic goods from natural elements. Metal is used in electronic goods packaging because
it is very durable and impact-resistant, protect against abrasions and transit damage, more
than these merits, metal cases bring a premium and high in both quality and design feeling
that creates a good brand image. Metal can be also recycled thus become more
environmental-friendly. (ALPPM, 2018; DHL, 2020.) For more details of common materials

used for electronic goods packaging, the following exemplifies several:
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e Corrugated fibreboard

Corrugated fibreboard is a material consisting of a layer of fluted corrugated sheet and
layer(s) of flat liner boards, like a sandwich. (Fibre Box Association, 2019) This corrugated
board can be used as a corrugated box or other forms in packaging applications. They are
100% recyclable and biodegradable because of their paper fiber material. The conventional
bubble wrap and foam peanuts are made of plastic, corrugated/brown paper bubble wrap is
a good alternative. The reason is corrugated bubble wrap is made by up-cycled corrugated

cardboard as raw material rather than plastic. (Ecownclose, 2018; Seymour and Aral, 2020.)

e Honeycomb packaging fitment

Honeycomb packaging is made from paper and is mainly used as a buffer in the boxes and
used majorly in all industrial packaging applications, it is available in a variety of thicknesses
and dimensions, it is modified to fill void spaces in boxes such as partitions and separators.
The advantages of honeycomb when compared to the wood, board, and other multi-layer
products are lightweight, high strength and stiffness to weight ratio, good thermal- and
acoustic- insulation properties. (Think Pack Industries, 2020; YOJ Pack-kraft. 2020;
Kolakowski, 2016) In other words, with the same thickness, the honeycomb structure has

better compressive loading capability than the corrugated structure. (Guo et al, 2010)

. Expanded polyethene/PE foam

Expanded polyethylene fitment is made of expanded polyethylene beads which are molded
into certain shapes to fulfill the fitment. This expanded polyethylene material can be also not
molded as its standard slabs. The considering properties for choosing PE foam packaging
are stackable and durable, shock-absorbent and safety, cushioning and protection,
lightweight, thermal insulated. It protects goods inside packaging against temperature
change, moisture, mechanical stress, and other unwanted conditions. (John, 2020; Cronin
and Ouellet, 2016; Andrews, 2018) PE foam can be applied just like the standard board and
pallet or customized through the moulding process to fit the goods in the package. (Spalding
and Chatterjee, 2017.)
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. LDPE re-closable bags

LDPE is low-density polyethylene made from the monomer ethylene, a mouldable and
pliable thermoplastic at a certain degree of temperature, when the temperature goes down it
becomes solidified. Re-closable bags are increasing the frequencies of usage and prolonging
the life of these LDPE bags. It is often used where strength is not a requirement, but this soft
and transparent material offers superior flexibility, puncture resistance, and heat sealable.
(PSADMIN. 2019; Cronin and Ouellet, 2016) One more important property of this LDPE is
waterproof. (Andrews, 2018)

e Air bubble film

Air bubble film is providing cushioning for fragile items, it is a pliable transparent plastic
material that is most often made from LDPE film, it usually consists of one shaped layer and
one or two flat layer(s), the triple-layer air bubble is more dense and strong. The principle of
these layers is similar to corrugated fibreboard as above mentioned. Air bubble film is good
to protect against shocks and weather conditions. It has high elasticity, electrical resistance
and thermo-insulation, low weight water- and dust-tightness; and it is recyclable and
reusable. (IVK Tehnika Co., 2020; De Luca et al, 2002.)

In short, for electronic and communication goods packaging, paper and cardboard, and
plastics are the most used materials. It is nearly the same as in the general packaging material
usage covers all different industries. Though in a different industry, certain types of plastics
may be more popular than other types of plastics. In the electronic industry, LDPE and EPS
are two widely used. Another difference is, though recyclability of the packaging material is
as important as in both, in electronic-specific industry, reusability, strength to shocks, and

resistant to unwanted conditions such as temperature and moisture are very much concerned.
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2.4 Packaging in Circular Economy

The concept of the circular economy refers to a closed-loop economic system that is aimed
at continually using the same materials either in the same process or different process and
zero-waste, it is different than the conventional linear economic system which has a “take,
make, dispose” model of production. For end-of-life materials, by giving them new
sustainable value, it decreases the final amount of waste, pollution, and carbon emissions,
while brings the economic benefit that waste-as-raw material save the cost of buying
materials. The three fundamental principles are: 1) design out waste and pollution, 2) keep
products and materials in use, 3) regenerate natural systems. (Ellen Macarthur Foundation,
2020; Kirchherr and Hekkert, 2017.) In this circular system, it contains 4 elements called
4R —“Reduce, Reuse, Recycle and Recover” - which are more related to the end-of-products
phases, and additionally 2 elements called 2R — “Redesign and Remanufacture” —which are
more involved in the beginning phases of the life cycle of the product, sometimes they are
combined and called together as 6R. (LUT, 2019; Kirchherr and Hekkert, 2017; Gao and
Wang, 2017.)

Reduce refers to limit the amount of raw material/resources used in the first
place. Reuse means to use the same material again instead of throwing
away. Recycle means to reprocess the waste material to be the useful product made by this
material. It can be divided into mechanical recycling and chemical recycling, or into
downcycling and upcycling, upcycling is a more efficiently recycling method than
downcycling. Recover mainly refers to energy recovery through thermal and biological
means which converts waste into energy such as electricity, heat, fuel, and compost, and so
forth. (Abdul-Rahman, 2014; City of Belmont, 2014; Gao and Wang,
2017.) Redesign refers to the design in circularity, it is “focussed on redesigning the
systems, processes, and products to enable goods to be used longer, repurposed, or recycled
more efficiently”. (Viens, 2019; Gao and Wang, 2017.) Remanufacture in a circular
economy means to extend the lifetime of products, components, or parts and to create value,
it is the process of doing treatments such as repairing, disassembling, and sanitizing for these
elements in order to resale it as a “new product” according to its performance, quality, and

specifications. (Circular Economy Practitioner Guide, 2018; Gao and Wang, 2017.)
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By different circular design and business strategies, all these 6Rs are possible to slow, close,
intensify and narrow the resource loop. Resource loop is slowed down by extending the
useful lifetime of a product and reduce and avoid waste; is closed by creating a circular flow
through the recycling; is intensified by transforming products into services, it involves new
procurement methods and new distributed models and infrastructure; is narrowed by using
fewer resources per product and by improving the efficiency of the processes, these
processes including production, distribution, and consumption. (Bocken et al, 2015; Mattos,
2019; Geissdoerfe et al, 2020) Thinking in the circular economy needs innovation and co-
creation that different sectors work together as co-creators and co-operators, a business that
follows a circularity spirit may create a new circular business model to create added value.
In general, a circular economy aims not only for environmental sustainability but also for

social and economic sustainability. (LUT, 2019; Geissdoerfe et al, 2020).

Five circular business model archetypes have been identified, they are named as 1) classic
long-life model, 2) hybrid model, 3) gap exploiter model, 4) access model, and 5)
performance model. A classic long-life model is a traditional business model that offers long
lifetime for a product. A hybrid model is to provide a certain function with the combination
of a long lifetime product with often disposables, for example, refillable ink cartridges. The
gap exploiter model turns one waste from one production chain to resources in another.
Access model designs in a way that manufacturer is the owner of a product and the customer
needs to pay a fee to access it. A performance model is more like a service model that
providing a certain function or service instead of the actual product for consumers, for
example, the delivery service that providing the customer the service that delivers the item
from one place to another in a certain time period, without specifying the details such as
what kind of packaging is used. (Ertza and Morinc, 2019; Heyes et al, 2018; Geissdoerfe et
al, 2020; Bocken et al, 2018.)

After all, circular economy prompts the rethinking of every aspect of the value chain and life
cycle out-of-box, not silo view but systematic approach, as long as it fulfills the true function
and user’s real needs, no matter how the way it is done. Once more, this innovative

rethinking should also consider consumer acceptance, it is one milestone that the innovation
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could go further to the success of the adoption of circular and sustainable alternatives. The
good advice given from Magnier, assistant professor for consumer research in the TU Delft
is, to have a shared vision with all stakeholders especially with the customers, and to make
sure that the product is still perceived in the same category as it was before, and with
acceptable price. (TU Delft, 2020; LUT, 2019)

Sustainable packaging allows for easier waste management and less waste generation than
non-sustainable packaging. There are commonly three categories of sustainable packaging
solutions based on the process: reusable packaging, biodegradable packaging, and recyclable
packaging. Reusable packaging is the packaging that can be used again whether by the
customer or returned to the seller/supplier through a scheme after being cleaned. A good
example of reusable packaging is glass bottles, and some plastics can also count as reusable
packaging. (Coelho et al, 2020) Biodegradable packaging is those packaging that will
break down into the soil or the air with different lengths of the time period. The shortest time
period needed for biodegrading among all the biodegradable packaging is natural fabrics,
paper, card and corrugated cardboard also tend to break down fast. (Dhall and Alam, 2020)
Recyclable packaging mostly needs to go through processing before it can be reused. The
general process includes collection -> sorting -> washing -> resizing -> separation ->
compounding. A wider range of recyclable materials than reusable packaging materials are
for example paper, metal, also glass and some plastics (PLA, PET, et cetera) are included
here. The recycling rates which is one of the most important indexes to show the degree of
the recyclable packaging materials vary greatly between different materials, the widely
recyclable packaging materials according to its recyclable rates are paper and cardboard.
(Plastic Expert, 2020; Kieselbach, 2020.)

Reusable packaging also called returnable packaging, or commonly known as returnable
transport packaging (RTP) and reusable transport items (RTI), is designed for durability and
reuse, ease of cleaning and repair. These durable materials including wood, metals, plastics,
composites, and others. This kind of packaging is mostly used across a wide span such as
manufacturing, transportation, retailing, and more. The use of reusable packaging brings

economic and social(ergonomic) benefits and a positive impact on sustainability. Compared
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to expendable packaging, it concerns drawbacks including logistic costs and theft and loss.
(Leblanc, 2017; Leblanc, 2019.)

The big attention of the biodegradable packaging now is paid on biodegradable plastics.
Biodegradable plastics are plant-based plastics like corn and wheat starch that are better than
regular fossil-based plastic, but they rely on the infrastructure and require certain conditions
(e.g. 50 °C and UV light) to degrade. They also breakdown easily over time, stronger than
compostable plastic, but at the same time, maybe toxic and contains microorganisms as same
as recycled plastics. (Ma, 2019; Ren, 2003)

The analysis report from Grand view research (2018) published the data of the market size
of green packaging by its type in the Asia Pacific region from the year 2015 to the year 2024.
It states in the year 2015, the green market share in the Asia Pacific is 35.2%, among this
green packaging market share, about half of it is recycled packaging, and approximately 1%
is degradable packaging. It forecasts that after ten years, in the year 2024, the market share
of the green packaging will increase to about double compared to the year 2015 which is
about 70% of the market share in total. Among this doubled market share, recycled
packaging is increasing the most that weights to 60% of the green market share, and of
which, degradable packaging remains about 1-2%.

MarketsandMarkets (2018) states the market size of returnable packaging by five regions in
the world from the year 2016 to the year 2023. In the year 2018, the market share of
returnable packaging in the world is 37.9%, and in the year 2023, the market share is
expected to grow to reach the figure 51.2%, this over 10% increase in the global market is
the work needs to be done together from all each region in the world. The biggest contributor
is the Asia Pacific, which weighs 40% of the total returnable packaging share, the second
contributor is North American regions (30%), and Europe is the third contributor that is
about 20% of the total share. One more highlight is, even though the South America region

is the smallest contributor in the past, but in 2023 it is supposed to increase remarkably.

Eurostat data (2015) illustrates the share of five packaging materials in EU packaging waste

(Figure 6), regardless of either the packaging waste is originally from the EU or outside the
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EU, paper and cardboard packaging waste weights the most - about 40%, and metallic
packaging waste is the least - 5%, and other three packaging materials which mean glass,
plastic and wooden packaging waste are about 20% in each. The good news is that paper and
cardboard packaging, glass packaging, and metallic packaging have a good recycling rate
(all more than 60%), wooden packaging and plastic packaging have less than 40% recycling
content rate. The most outstanding material used in packaging here is plastic packaging, it’s
the third most used material in packaging but the recycling rate is the lowest compared to

other materials in used.
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Figure 6. Materials share and recycling rates in packaging waste in EU28, 2012. (European Parliamentary

Research Service Blog, 2015)

For electronic and communication goods packaging, the top priorities towards sustainability
and ensuring a better eco-friendly approach for choosing the electronic goods” packaging is
1) reduce the single-use raw materials, 2) reuse the material where possible, and 3) recycle
or compost the material. (Ma, 2019.) Paper and cardboard waste is the largest but it has also
quite a high recycling rate, metal has a low recycling rate but its waste is the smallest,
compared to the waste and its recycling rates of different packaging materials in above figure
6, plastic is performing the worst. As we knew, 40% of the plastic is used for packaging
globally, and in Europe, the primary focus of current plastic recycling is waste management
rather than value recovery, in other words, plastic is perceived as waste rather than a valuable
resource during the recycling process, this preservation is also the result of the fact that the
after use quality of waste plastic packaging is not as good quality as its “virgin”. (TU Delft,
2020) So, why plastic is not recycled well? and how can plastic recycling be better, for up-

recycling rather than down-recycling?
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2.4.1 Plastic recycling

Netherlands Institute for Sustainable Packaging (2020) publishes on their official website a
guideline on how to improve the recyclability of packaging. In this guideline, it is started
with the seven tips. Among these seven tips, it highlights the fundamental requirement of
packaging is to fulfill its function as a package. And then it suggests avoiding harmful
substances and non-renewable non-recyclable single-use virgin materials in packaging, to
keep logistics efficient, and to inform the consumer of the proper disposal behavior through
packaging display. Then, this guideline delivers the general message that the following
activities increase plastic recyclability: to improve the recyclability of plastics, do use mono-

material, monolayer, and light color when choosing the material.

To make the recycling process easier for end-user and recyclers, different plastic polymers
are classified into different identification codes (Table 2) by the ASTM International Resin
Identification Coding (RIC) System. Among these 7 codes, code 7 signifies other plastics,
including but not limited to acrylic, nylon, polycarbonate, and PLA. (Howard and
Abdelrahman, 2020; TU Delft, 2020)

Table 2. Plastic identification codes. (Brown, 2016)

Plastic
Identification
Code

Type of plastic

S Properties Common Packaging Applications

Polyethylene
4 Clarity, strength, toughness, barrier to gas .
terephthalate ot Soft drink, water and salad dressing bottles; peanut butter and jam jars; small consumer electronics.
and moisture.

(PET, PETE)
High-density . .
- Stifiness, strength, toughness, resistance | Water pipes, hula hoop rings, five gallon buckets, milk, juice and water bottles; grocery bags, some
alyethylene
= 1o moisture, permeability to gas shampooftailetry bottles

(HDPE)

Blister packaging for non-food ftems; cling films for non-food use. May be used for food packaging with the:
addition of the plasticisers needed to make natively rigid PVC flexible . Non-packaging uses are electrical cable
insulation; rigid piping; vinyl records.

Versatility, ease of blending, sirength,
toughness.

Ease of processing, strength, toughness,
flexibility, ease of sealing, barrier ta Frozen food bags; squeezable botties, e.g. honey, mustard; cling films; flexible container lids.
moisture,

Strength, toughness, resistance to heat.
are; yogurt containers; margarine tubs; microwaveable disposable take-

chemicals, grease and oil, versatile
: soft drink bottle caps; plates.
barrier to moisture.

Polystyrene (PS) | Versatility, clarity, easily formed Egg cartons; packing peanuts; disposable cups, plates, trays and cutlery; disposable take-away containers.

PP
P
Other (often Beverage bottle
Dependent on polymers or combination of
polycarbonate or glazin
polymers
elds,

nbreakable"

sings; lenses including sunglasses, prescription glasses, automotive headlamps,

ABS)
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Mechanical recycling is also called secondary recycling which produces products with less
demanding specifications. Mechanical recycling is the physical transformation of the shape
and macroscopic properties of the waste plastic including melting and re-extruding the
plastic. (Harper, 2020; Vollmer et al, 2020) It is the most common method for plastic
recycling, it typically includes the collection, sorting, washing, and grinding of the material.
Since the amount of plastic waste is considerably high, it has a high potential that plastic
waste is used as feedstock for energy recovery by incineration, then materials are lost and
CO2 emissions created. This energy recovery by incineration yields toxic and noxious
dioxins, non-completely soluble contaminants, mechanical properties are for sure lost if
incinerated. (Regaert and Geem, 2017) Due to the negative impact on properties during

mechanical recycling, it is also the downcycling. (Schwarz et al, 2021)

Chemical recycling is also called tertiary recycling or feedstock recycling. It is the chemical
change by breaking bonds. Often it is to depolymerize the polymers into monomers.
Feedstock recycling refers to the recycling which backs to feedstocks and is used to make
new polymers, either as monomers directly or as a crude oil resembling product indirectly.
(Vollmer et al, 2020) Tertiary recycling uses recycled plastic as a chemical raw material.
(Harper, 2020) Chemical recycling is a less frequent use type of plastic recycling, it applies
when the separation of heterogeneous and contaminated plastic waste is neither economical
nor completely technically feasible. It can be divided into thermochemical and catalytic
conversion processes roughly. (Regaert and Geem, 2017) Chemical recycling can be also

upcycling if it is for monomer or value-added production. (Schwarz et al, 2021)

Another important rate that differs from the recycling rate is the recycled content rate. It
shows the portion of recycled material and virgin raw. The definition of “recycled content”
means the recycled material used in the packaging. The two sources of recycled material are
post-industrial or post-consumer. Post-consumer recycled material is collected from the
recycling bin where consumers throw waste into. Post-industrial recycled material is an
additional source, it is collected as the waste generated from the original manufacturing
process and used as the same material in the same process. (Gendell, 2016; Stopwaste, 2021.)
Hubo and Ragaert (2017) have evaluated a selection of industrially available post-consumer

and post-industrial recycled polymer materials. Their result shows, in general, the post-
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industrial materials are more expensive, have a purer composition, and more predictable

properties. (European Aluminium, 2016.)

GREENBLUE’s SPC created a guide - Design for Recycled Content Guide - that provides
practical recommendations to supports brands and suppliers to work together for recycled
content in packaging, with the primary focus on the use of post-consumer recycled content
rather than post-industrial recycled content. The packaging materials involved in this guide
include all plastics (recycled PET/HDPE/PP/PS/PE), all paper (paperboard/corrugate), glass,
aluminium, and steel. This guide shares the opportunities and challenges of recycled content
in different materials as well. Briefly, the recycled content rate of different materials is in
huge differences: paper can reach 100% or very close to 100%, aluminum is in the average
of 70%, steel is about 20-30%, glass and plastics varies too much that there is no certain
number to say. PS is about 20%, PE is not the focused one regarding this recycled content
topic. PP is developing in a favorable direction, and additives can correct mechanical
property issues. HDPE is widely used, and design choice can mitigate its performance and
aesthetic issues. PET can be 100% but it is limited by supply availability, it has been seen as
an easy starting point for brands who want to use recycled plastics. One of the U.S. reports
in 2016 shows PET plastic bottles’ recycled content accounts for only 3%, glass bottles are
about 23%, aluminum is the same as its average value (70%) as above mentioned. (Biswas.
2017) Tough some materials have a high percentage of recycled content, but it needs to
consider if the recycled material causes any inherent degradation of material properties or
important performance and some aesthetic characteristics like whiteness, brightness, and
printability, like paper, aluminum, and plastics. For some materials it is difficult to know the
specific percentage of recycled content, the reason for unknow number can be the
information is not required or tracked during the recycling processing, like steel and glass;
can be the structure of supply chain that involves many players and diverse scrap inputs, like
aluminum. Some materials have a lower percentage of recycled content due to the limit of
supply availability and other reasons. (GREENBLUE. 2019; Biswas, 2017.)

To be certain, recycled content-related standards and certificates are added sometimes when
customers choosing the recycling packaging from their suppliers. In the EU, European

Commission adopted an EU Action Plan for a circular economy, and plastics are identified
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as a key priority. In 2017, the Commission confirmed their goal by 2030 to ensure all plastic
packaging is recyclable. It has a project that develops a wide certification scheme for post-
consumer plastic recycling. This project is intended to provide an European tool for the waste
collector to guarantee that the waste they deliver to the responsible recycler will be recycled
sustainably. The certification will benefit these recyclers and proofs their sound recycling
activity and permits a quality guarantee to plastic converters. It works in line with the
European Standard EN 5434:2007 which is particularly focusing on the process for the
traceability and assessment of conformity and recycled content of recycled plastics. In the
United States, Scientific Certification System (SCS) Global Service is the one that provides
Recycled Content Certification and Recycling Program Certification. The Recycled Content
Certification evaluates products made from the waste stream from pre-consumer or post-
consumer, it measures the percentage of recycled content for making an accurate claim that
shows in the certification. (SCS Global Service, 2020) Textile Exchange is another one that
provides standards including Global Recycled Standard (GRS) and Recycled Claim
Standard (RCS), and many other standards. GRS and RCS are third-party, international, and
voluntary standards. They both cover the following key points: verifying recycled material,
responsible production, the chain of custody, credible certification, confident
communication, and stakeholder engagement. GRS when compares to RCS, it includes
additional criteria for social and environmental. (Textile Exchange, 2020)adopted an EU

Action Plan for a circular economy, and plastics is identified as a key

The advantages and the disadvantage of recyclable packaging are compared. Recycling is
good when reducing the use of virgin raw materials. It is cost-saving in the long-term. But
recycling needs to have good infrastructure and systems to support its activity which requires
a high up-front cost to build them, so it costs more in the short-term. Recycling may not
always be environmentally sustainable, some materials are toxic and may produce more
waste, some materials are not able to be up-cycled but only down-cycled. Overall, compared
to other sustainable alternatives, recycled plastics offer low perceived sustainable
credentials. (Plastic Expert, 2020; Kristi, 2016; Ma, 2019)

Different packaging methods and their material options in different industries or different

markets choose sustainable packaging to vary a lot, case by case. This chapter was the



32

general overview of sustainable packaging with the spirit of the concept of the circular
economy, the key takeaways of the sustainable packaging trends are (Kieselbach, 2020;
Seymour and Aral, 2020.):

e Customer is key

e Design for reduce and remove

e Replace material

e Innovative ideas

e Design for reuse and recycling

e Increase recycled content and shift to mono-materials

2.5 Comparison of different packagings

e Recyclable corrugated box

An LCA comparison studied bread delivery system in reusable HDPE plastic crates and in
recyclable corrugated cardboard boxes, the result shows the environmental impact is not
only based on material type only but also on the system. In the long-term, the reusable
product is better, but recycle can be also a good option if the recycling system improves its
effectiveness and profit. Transportation plays an important role in the system, the weights of
products and their secondary package, or the distance of transportation are factors that affect

the environmental impact of transportation. (Koskela et al, 2014)

e Paper and molded pulp

Paper and molded pulp in compared with its counterpart plastic which has the same function
as the packaging material was studied. The processes are divided into the material phase,
conversion phase, and end-of-life phase. The result (Figure 9) shows the climate change
impacts of paper and pulp are about half than its plastic counterpart during material and
conversion phases; in the end-of-life phase, paper and pulp has even minus climate change
impact which means its end-of-life treatment, is not a burden but mitigate the climate change.
By recycling, paper and pulp waste turn to the raw material for making cellulose fibers, it
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reduces the need of using virgin pulp. The total climate change impacts of paper and pulp
are less than half than its plastic counterparts, even though in the manufacturing phase, the
molded pulp has almost double the carbon footprint than its counterpart plastic. (Schenker
et al, 2020)
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Figure 9. Impacts on climate change of selected packaging materials. (Schenker et al, 2020)

e Reused and recycled plastic

In comparison with the EPS/PE shrink wrap plastic packaging waste to landfill, and the high
energy input requirement for virgin materials, plastic reuse and recycle is a better choice for
the environment. Energy consumed in additional transportation is negligible when compared
to the overall energy consumption, so its emission is also comparably small. What’s more,
changing the geographical location of certain process steps can also have environmental

improvement regarding photochemical oxidant precursors. (Ross and Evans, 2003)

Chemical recycling has been advocated, study result shows that plastic can be chemically
recycled only when using sorted plastic packaging wastes and for value-added and monomer
production but rather than used for refinery feedstock or fuel generation, otherwise
municipal solid waste incineration and mechanical recycling are better options, especially
for PET and PS plastics. (Meys et al, 2020)
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e Biodegradable bioplastic

The perception of bioplastic is safer than conventional plastic, one research chooses the
number of bioplastic products and tests them as samples. The result shows that most
bioplastics contain chemicals. Among them, biodegradable bioplastics products are the most
toxic, especially cellulose and starch-based products, they induce the strongest in vitro
toxicity. Toxicity or chemical composition does not base on the material type but the final
product, biodegradable or bio-based material has similar toxicity as conventional plastics.
(Zimmermann et al, 2020) To be sustainable bioplastic is need for avoiding problematic
blends and additives and encourage recycling. (Sustainable Biomaterials Collaborative,
2007)

One LCA study compared the starch-based foam with a benchmark- EPS. The current end-
of-life scenarios for both are incineration and landfill. Other scenarios are when 50% of
starch-based foam is compost, and EPS has a 30% and 50% recycling rate. The result (Figure
10) shows that noncompostable EPS is less environmentally sustainable than starch-based
foam no matter whether it is composted or in the current end of life solution. (Razz et al,
2015)
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Figure 10. LCA results of the analysed five scenarios. (Razz et al, 2015)
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The carbon and energy footprints of bioplastics and pulp in different end-of-life treatments
were studied in four scenarios, they are incineration with energy recovery, digestion with
credits, industrial composting with credits, and home composting with credits. The result
shows that for the time being, digestion is the most favorable for biodegradable materials.
For mechanical pulp which is not able to be digested, incineration with energy recovery is
the best. Home composting is roughly equal to incineration with energy recovery, but
incineration may become better than home composting if the energy efficiency improves.
With the given carbon credits, industrial composting is the worst option. But if soil carbon
becomes a limiting factor in the future, all biological materials have added benefit as soil
conditioners if they are composted. (Hermann. et al, 2011)

The higher amount of bioplastic use leads to higher land and water use. Bioplastic is a
substitution to stop plastic pollution is likely to be a temporary solution and its efforts are
likely to be inadequate. (Brizga et al, 2020; Ren, 2003.) Consider the land-use change
emissions, landfill and incineration are not good from this point of view. (Piemonte and
Gironi, 2012.)

An eco-efficiency assessment that combines economic value and environmental impacts was
conducted. The studied plastics are PLA, PHAS, PBS from sugarcane and cassava in
comparison with PP. Environmental impacts were determined using LCA and economic
value was presented by product cost. The results showed the eco-efficiency of all kinds of
studied plastics can be enhanced with 100% mechanical recycling. For three bioplastics,
mechanical recycling showed a better eco-efficiency result than composting of bioplastics.
(Changwichan, 2018)

Bioplastics allow to divert food waste from landfill, the alternative waste treatments are for
example composting and anaerobic digestion. The benefits of biodegradability need to be
carefully considered; it is fully harnessed when the relevant waste management
infrastructure is developed. But the composting is quite limited currently. The opportunity
of systemic thinking and changing, beyond the simply optimized waste treatment, is to
design waste out of the system, it means to shorten food supply chains, to design package-
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free and reusable packaging solutions in the future. (Kakadellis and Harris, 2020; Ren,
2003.)

e Fiber-reinforced biomposite pallet

One research assesses the environmental impact of the fiber-reinforced composite pallet in
comparison with plastic pallet, they are glass fiber-reinforced PP composite pallet, cotton
fiber-reinforced PP biocomposite pallet, jute fiber-reinforced PP biocomposite pallet, kenaf
fiber-reinforced PP biocomposite pallet, and pure PP pallet. The result (Figure 11) shows
that using natural fiber does not guarantee the environmental benefit of the biocomposite,
some types of natural fiber cause a higher environmental impact than glass fiber or pure
plastic materials. The environmental impact of natural fiber used in the packaging material

depends on fiber types. (Korol et al, 2016)
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Figure 11. Environment impact comparison of different composite.(Korol et al, 2016)

e Mushroom packaging

The concern of mushroom packaging is not on its environmental impacts, the concern is
whether it can overcome the challenge of maintaining a consistent density due to its raw
material is a living organism. Another challenge is the public perception of it. Several
electronics manufacturers are protentional users for products such as laptops and tablets, and

the test found its positive feasibility for these protentional users. (Abhijith et al, 2019.)
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3 RESEARCH METHODS

The method used in Chapter 1 and 2 are literature review based on articles and essays, they
are searched from different online sources and academic platforms. The key searching words
include but are not limited to ‘“Sustainability”, “Sustainable packaging”, “Circular
economy”, “sustainable packaging in telecommunication industry”, “Plastic recycling” and
so forth. Environmental information for different packages are also searched and presented
in the end of Chapter 2, the key searching words are for example “Environmental impact of
bioplastics”. In Chapter 4 and 5, more than one research methods as methods triangulation
are utilized to achieve a sufficiently comprehensive picture of this thesis object. Both
quantitative and qualitative approaches are used and they complement each other. (Halonen,

2019)

Quantitative research can provide accurate results of qualitative research as a
complementary for how to form meaningful comparative groups for qualitative interviews.
The quantitative method is approached by conducting a current supplier survey in excel
form. The qualitative method is approached by interviews with current suppliers and
potential suppliers. Both research methods provide answers to research questions. The
quantitative approach answers questions what is the information of the current packaging
materials, and from where can Nokia improve packaging sustainability. The following

Figure 7 illustrated the research methods in this thesis.

Suppliers survey as a Wit Interviews as a
quantitative approach qualitative approach

Figure 7. The illustration of used research methods (adapted from Halonen, 2019).
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3.1 Quantitative approach

Quantitative methods measure statistical, or numerical analysis of data collected through
such as questionnaires and surveys. It focuses on gathering numerical data and its result is
to explain a particular phenomenon. (USC, 2021.) In quantitative research, understanding
the research object is based on the theories and models applied in practice, it is a deduction
rather than an induction. (Halonen, 2019) For example, in this thesis, what is the current
recycled content rate in packaging material, and how to increase this rate. Answers to these
questions can be found through current suppliers' surveys. These methods pay attention to
the reasons why packaging material may have a low recycled content rate currently and what

kind of packaging materials can have a better-recycled content rate.

3.2 Qualitative approach

Qualitative approach emphasis on the qualities holistically and processes instead of
experimentally examination or measurement in terms of quantity, amount, intensity, or
frequency. Here, qualitative researchers seek answers to questions that stress how social
experience is created, study the situational constraints, analysis of intimate relationships
between the researcher and what is studied. The qualitative forms are considered to be as
much a perspective on how to investigate a research problem as it is a method. (USC, 2021.)
In this thesis, the qualitative approach is conducted through semi-structured thematic

interviews, it is used to complete the quantitative method.

3.3 Data

Packaging materials are sourced from different suppliers more than 40 in total worldwide.
Suppliers are spread in APAC, NAM, LATAM, Europe, or other location that to be defined
(TBD). Some suppliers are not direct sales (kitting), some suppliers’ contact information is
not available, not up-to-date, or not valid anymore, the reasons can be that these suppliers
are not active anymore, or they have never been contacted for some reason, these suppliers
without correct contact information are excluded. One supplier is working with a

confidential project that their data is protected and not able to be shared here, so it is also
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excluded. The valid current suppliers are 32 in total, the current suppliers (CSs) are named
from CS1 to C32. Each packaging product has its code that is shared between Nokia and the
supplier. Some items in the sheet are lacking detailed information such as its codes,
description, or supplier’s name, these items are excluded from the study. Some of the items
that are not activated in the market and not produced anymore are excluded. The excel sheet
is made separately for current suppliers with the selected supplied packaging material codes,
all excel sheets have been sent to current suppliers to fill the information, the following
Figure 8 shows the expected example. It includes the packaging’s type and material, its
weight and size, and the most important — its recycled content rate. In the end, 16 current
suppliers filled this excel sheet with 1060 packaging materials codes in total.

Nokia
Packaging Recycled

Nokia Packaging Material  Component Recycled content Outer depth  Outer width  Outer height
Material Code Description Type Material Weight (g) content (comments) (mm) (mm) (mm)

Example Bag 04 PE-LD flexible 10 50% 200 300 400

Figure 8. Template of the excel sheet send to current suppliers.

The online interview and email exchange with all 32 current suppliers and 15 potential
suppliers contain the following baseline questions:

-Do you have any sustainable packaging materials that suit the telecommunication

industry?

-If yes, what it is and what raw material is used to make it?

-Are you a raw material supplier or item manufacturer?

-If you are raw material supplier, what is the price of raw material?

-If you are an item manufacturer, any tooling cost charges?

-Can you ship the packaging item globally?

-What is your supply capability?

-Do you have any limitations such as MOQ?

Questions considered subjects such as background information of these suppliers, possible
alternatives, and the price, supply availability, market readiness, and limitation of these
alternatives. Interviews were selected from the suppliers based on their sustainable
packaging products. Some extra questions and other follow-up questions are asked also
case by case to understand their answers clearly, these additional questions are not
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included in this thesis. Almost all the suppliers answered the question clearly, few potential
suppliers didn’t give exact information on their material component as it is the business
secret, or no exact cost and availability due to several reasons such as the packaging
material is still in development and so forth. In total 30 current suppliers and 13 potential
suppliers answered these questions by online interviews and emails. Emails were
exchanged several times under the same topic, some of them provide supportive document
(mainly pdf- and ppt- type document) to illustrate their sustainable products. Online
interviews were approximately 30-60 minutes and held in English. After analysing the
answers, 9 current suppliers and 22 potential suppliers were selected to present suitable

information for this thesis research object.
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4 NOKIA’S CURRENT SITUATION ON PACKAGING

Right now, the most well-known activities that Nokia is doing for sustainability are mainly
the following two: science-based target (SBT) and zero-emission radio access networks
(RAN). Nokia is committed to being in line with the new 1.5°C targets, this target is
initialized by UN Global Compact from where this target is introduced as an SBT that is
“aligned with limiting global temperature rise to 1.5°C above pre-industrial levels”. On the
journey to a more sustainable world, Nokia has been building zero-emission RAN with a
strategy that is based on two parallel routes: one route is reducing power consumption
through increased energy efficiency, and another route is to decarbonize the RAN through
greater use of renewable energy. More than these two well-known activities, in Nokia, there
are also plenty of activities that are processed every day for reaching a better environment
and sustainability, it across different teams and departments inside the Nokia, these teams

are cooperating and have a common goal to develop for the better solutions. (Nokia, 2020)

Nokia’s product packaging and identification solutions team is designing the packages for
new products, with the spirit of continuous research and development, they seek out and
execute improvements in the efficiency of supply network packaging. The related
specifications, concepts, processes, and other guidance documentation are owned by the
team. Also, identification labels and concepts in products and packages activities are
conducted by the team. Among these, barcodes are the physical manifestation of
identification labels and concepts, while the IT-tools related to the identification are the main
scope of work. Moreover, the concept of dangerous goods transportation management
(DGRM) belongs to this team. (Nokia, 2020) Recently, this product packaging and
identification solutions team has worked closely with the environment and sustainability

team and looking for a good packaging solution that also is environmental-friendly.
4.1 Packaging material and function
According to the data from one thesis report made by Nokia’s Product Data Management

(PDM) system named Enovia (2020), Nokia has used packaging materials that are made of

plastic, paper and cardboard, metal, wood, composite, and other materials. In Nokia, plastic
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packaging materials including PET, PE-HD flexible, PE-HD rigid, PE-LD flexible, PE-LD
rigid, PP, PS and other plastics; Paper and cardboard packaging materials including
corrugated board, carton board, paper, and paper pulp; Metal packaging materials including
steel, aluminum, and other metals; Wood packaging materials including plywood and wood;
Composite packaging materials including composite and fibreboard/plastic composite; And
other packaging materials. (Enovia, 2020)

In the plastic packaging materials (Table 3), among other types of plastics, PET is the only
one that does not provide the cushion function in the plastic category, it is used only as a
strap in the packaging. PET with PE-HD rigid and PE-LD rigid, these three types of plastics,
have the simplest function in the packaging. PE-HD rigid and PE-LD rigid is used only for
a cushion. Besides the cushion function, other types of plastics provide diverse functions in
the packaging. Also, PE-HD flexible can be used as a tray, lid, and bag as well, more than
the functions PE-HD flexible has, PE-LD flexible can be used as cover, sheet, frame, cover,
damper, buffer, foam, stretch film, folie, and antistatic bag against ESD. PP is another
plastic-type that is used to form an Expanded Polypropylene (EPP) damper against ESD.
And PS is mainly produced as EPS foam. Other plastics without a type specified can be used
as a pallet, shrink-wrap, PLA-bag transparent adhesive, and absorbed conduct foam.
Currently, Nokia has not many active designs using EPS anymore, EPS is replaced by
EPP/EPE or other plastics. (Enovia, 2020)

Table 3. Plastic types and functions. (Enovia, 2020)

Plastic Function

PET PET-Strap

PE-HD flexible Bag; Packaging; Cushion; CLPA tray; CLPA lid / lid

PE-HD rigid Cushion

PE-LD flexible Corner; Cushion; Sheet; Frame; Cover; Tray; Packaging damper;
Buffer; Foam; Stretch film; Folie; Plastic bag antistatic; PE foam
packing material for ESD (EPE)

PE-LD rigid Cushion, Cushion foam
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PP Cushion, EPP Damper; Plastic packing; PP foam packing material
for ESD (EPP)
PS Cushion; damper; Buffer; Padding; EPS Support; EPS Cover;

Packing; EPS Alignment flexi-hopper; EPS addition; EPS coupler;

Other plastic

Cushion, Pallet, Shrink-wrap, PLA-bag transparent adhesive,
Adsorbed conduct foam

Paper and paperboard (PAP) packaging materials (Table 4) offers the enormous amount

of different kind of functions than any other packaging material categories, especially

corrugated board made by PAP. it almost covered all the different functions that the

packaging is needed for. It can form physical structures in different shapes in the package

such as support, inner part, grid, chassis, beam and so forth; It also can be sort of thin layer

such as sheet, wrap, envelope; It includes cushion function as well, Or it can provide ESD

protection such as ESD pad and ESD sheet. Carton board has less function than the

corrugated board in the packaging, but it has one special function that other materials don’t

offer — shelf sticker. The last one in the PAP category is paper and paper pulp, this last one

is used as a PE bag in the packaging rarely. (Enovia, 2020)

Table 4. PAP types and functions. (Enovia, 2020)

PAP

Function

Corr. board

Box, Support, Sheet, Shield; Package, Inner part, Container; ESD
PAD; ESD sheet; Grid; Packaging insert; Beam; Drilling template;
Flange; Hub; Bottom; Plate holder; Door package; Packaging case;
Sleeve; Support bar; CT Carton; DK Crate bulk cardboard; EF Case
with pallet base cardboard; EN envelope; Filler; Box wrap; Lid
bottom; Frame; Cushion; Chassis plank; Chassis; Spiral core; Rack
and wall mount kits; Alarm cable; Rack fibre trays; Door /Rear cut-
out; Insert frame pation; Side divider; Single/Multi-delivery packing,
Box-on-pallet inbound package; Edge board; Lid; Box on pallet;
Foam; XX, tape sealed, Filling part; Knife card; Padding paper pillow;

Regular slotted container (RSC)

Carton board

Edge board; Spiral core; Packaging insert; U-profile; Shelf sticker;
Container; ESD (Fibre) PAD; Padded paper packing
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Paper and paper
pulp

PE bag

Besides plastic and PAP, other materials are less widely used in packaging materials (Table

5). In the metal packaging material, Steel pallet and aluminum staple are the most common

ones, other metals in packaging provide functions such as bras in bundle/brunch/truss, cage,

coil, and framed crate. Wood and plywood are most often formed as pallet in the packaging,

or as box and others. Composite is usually the combination of PAP and plastic for certain

usage. Other material category includes for example desiccant. (Enovia, 2020)

Table 5. All other materials’ types and functions. (Enovia, 2020)

Materials Function

Steel Metal pallet; Steel pallet

Aluminium Staple

Other metal Bars in bundle/bunch/truss; Cage; Coil; Crate framed

Plywood Pallet; Support; Bar; Container; Rack/Rack box

Wood Pallet; EE Case with pallet base; Cable reel with pallet; BTS antenna
in supplier package stack; Box

Composite Corr. box with cushion; Tray folder;

Fibreboard/plastic
composite

Foam kraft envelope; Crate

Other material

Film pack; NE unpacked or unpackaged; Desiccant; Edge board,;
Inner part

From another internal source titled Product Package Design Manual (2017), it summarises

the six widely used materials categories in Nokia, they are corrugated boards, plastic

cushions, wood/processed wood pallet, plastic bags, and the last mixed one- edge boards and

bulk. Corrugated boards are mainly categorized by used flute and ECT value, are standard
by End-Use Performance Standard (EUPS) class and other ones such as DIN 55468, are

specified by Mulle test. Plastic cushions are specified by compression strength and density,
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most common molded cushions are molded EPP and most common foam cushions are
extruded PE-foam (EPE). Wood must be dry, free of bark and grub holes larger than 3mm
across, wooden pallets are standard by ISO 18333 and marked by FAO ISPM-15
requirements. Plywood parts are standard by EN636, EN 314, and Load Duration Class.
Plastic bags include bulk PE, barrier PE-LD, static/corrosion intercept, and C (Volatile
Corrosion Inhibitor). Edge boards are used as standard corner support for Box-on-Pallets
(BoP), compression strength and strapping strength are two important indexes. Bulks include
straps (PP/PET), tapes (paper, PP clear), desiccant, kraft paper, and stretch film. Inside the
document, packaging design and testing are demonstrated, it helps to improve the

performance of the packaging. (Enovia, 2020)

4.2 LCA of packaging materials

In another thesis report done in Nokia, the thesis writer Honkimo (2013) made one life cycle
assessment of packing material used in Nokia. Honkimo divided the packaging materials
into the following seven categories: 1) EPS, EPE and EPP cushions, 2) Paper-based
corrugated board material, 3) Plastic materials, 4) Plywood pallet, 5) Metal pallet, 6)

Desiccants, and 7) Tapes, stickers, and plastic film. The results of LCA is following:

EPS, EPE and EPP cushions do not include any banned substances, the highest
environmental impact here is abiotic depletion caused by the fossil fuel usage in the raw
material, other impacts including carbon footprint, energy consumption, and greenhouse gas
effects. Processes and transportation cause a bigger environmental impact than materials,
since cushion has generally big volume, so it is suggested to minimize the distance between
the place of manufacturing cushion to its use location so that minimize the transportation.
Crude oil price direct dictates both the price of plastics and the cost of transportation. Though
these cushions are not biodegradable, it is not suggested to landfill these three cushions. EPS
can be either reused as material or just like EPE and EPP which can be reused as energy, due
to the good heating value plastic has. EPS is not anymore used in the new cushion design in
Nokia, and the LCA result - EPS has the highest environmental impact among the three types

of cushions - proves the correctness of the decision Nokia made. Additionally, color is an
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extra component in the cushion, keep the same color is wise if it is not necessary to change
the color. (Honkimo. 2013)

Paper-based corrugated board material does not have any banned substances. The adhesive
that holds paper layers together is made of starch — a vegetable source. When using
renewable wood pulp as raw material, abiotic depletion is the highest environmental impact.
Biodegradable corrugated boards make landfill no sense, cardboard is one of the most
recycled materials in the world, and Nokia is re-using containers for inbound deliveries. The
consumption of fossil fuel in recycled one is higher than making a new one from the pulp.
The recycled corrugated board may contain a slight amount of lead from the ink used for
printing in the box, or due to the cumulative air pollution from the air in the recycling
process. Re-use is environmentally sustainable but in the transportation and
remanufacturing stage of re-use, energy is spent. The weight of the corrugated board material
affects the extent of transportation impact, the lighter the better. Box on Pallet is one cost-

saving alternative solution for containers. (Honkimo, 2013)

Plastic materials include plastic straps, bags, wrapping plastic foil, air cushions, plastic tape,
and printing ink. Not any banned substances are included based on suppliers’ data
information. Straps which secure lifting handles and container to the pallet can adopt
recycled material from PET bottles, while mainly are done from virgin materials. Plastic and
paper filling material is suggested to not be mixed for one container so that the sorting and
recycling are easier. The highest environmental impact area of plastic materials is abiotic
depletion, and the climate change influenced by acidification impact is caused by the

production processes and transportation. (Honkimo, 2013)

Plywood pallets do not include any banned substances, one strictly controlled substance -
formaldehyde - is limited to a certain amount in the packaging, and its release into the air is
measured by all suppliers. The highest environmental impacts are climate change due to
plywood production, and abiotic depletion caused by renewable wood. The suggestion is to
reuse the plywood pallets for single use only, and when it is in the end-of-life, to choose
incineration rather than landfill. (Honkimo, 2013)
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Metal pallet does not include any banned substances, it has a higher environmental impact
than of the plywood pallets. It is suggested to not re-use and return aluminum pallet due to
some environmental issues related to transportation and repair work for re-using, but since
aluminum manufacturing causing high environmental impact, the recycling of aluminum
products needs only 5% of the energy and emits 5% of the greenhouse gas compare to its
manufacturing process. The highest environmental impact is human toxicity caused by
aluminum production, then is abiotic depletion due to the mining. Global warming/climate

change is caused by electricity needed for production and transportation. (Honkimo, 2013)

Desiccants are used to remove humidity that can damage products, they shall be chemically
neutral and non-deliquescent. Commonly used desiccants that absorb moisture are bentonite
clay, silica gel, and activated clay. Bentonite clay is a natural mineral that can be regenerated
by drying slowly, it is non-toxic, non-rusty, zero additive or calcium chloride. The landfill
is the only disposal. Silica-gel is made of silicon dioxide (S102) and non-hazardous, its
porous structure has a higher physically adsorbing capacity without chemical reaction. Some
silica gel may be poisonous when it adds moisture indicators. Activated clay is made from
natural clay minerals so it is biodegradable, it has the highest adsorbing capacity, safe to use,
odorless, non-toxic, and non-corrosive. In Nokia, only non-poisonous desiccants are used.
Generally, desiccants are made from nature and do not pollute the environment, only small

impacts for global warming and abiotic depletion. (Honkimo, 2013)

Tapes made of paper and plastic, plastic stickers as identification stickers (labels), and plastic
film are the last group included in the life cycle assessment, they do not include any banned
substances. Plastic film (PolyEthylene) is used to bind the pallet load and at the same time
to protect shipment from dirt and water splash, plastic tape (PolyPropylene) is for closing
unit packing, and paper tape which is for moisture sealing and closing a container,
identification sticker shows printed data of the product inside the box or container. The
highest environmental impact of plastic tape and plastic film is abiotic depletion due to the
usage of fossil fuel oil (plastic film and plastic tape) or due to the usage of renewable wood
as raw material. Climate change impacts due to production processes and transportation. For
the plastic film, plastic tape, and paper tape, some acidification impacts are caused by
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manufacturing processes; For identification sticker, some small impact of eutrophication air
and water emissions can be seen. (Honkimo, 2013)

Briefly, in Nokia, all these seven different categories have non-banned substances included
in the packaging materials, the highest environmental impact is abiotic depletion, then is
climate change due to production processes and transportation, also some acidification and
eutrophication are involved. And these environmental impacts of the packing material are
small. As a conclusion based on the study result, Nokia is already using environmentally
sustainable packing materials, and Nokia has always followed the environmental regulations
and update its packing design and principles accordingly. The following consideration is

also made based on the result (Honkimo, 2013):

-Try to set one-size-fits-all type of packaging material for multiple purpose
-Increase the packaging material circularity and decrease the need of packaging
material

-Prefer corrugated board material than plastic/EPE/EPP

-Prefer perforation than printing

-Prefer no colour

-“Out-of-box” thinking and innovative design

-Packing design must in line with life cycle profile of the products case by case
-Shorter the transport distance better for environment

-Utilize natural gas than coal as energy for transportation

The above recommendations are in line with the result presented in Chapter 2. And some
new recommendations are wise to consider, packaging design that based on life cycle profile
is done by Honkimo (2013), transportation and its related fuel consumption need to be
considered when choosing the suppliers which are going to conduct in the following

sections.
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4.3 Plastic in Nokia

Based on 2018’s usage, Nokia used 10 706 tons of plastics every year, of which 981 tons of
plastics are used only once and 9725 tons of plastics is still in use. Among the amount of
used plastic, of which 2% was from operational waste and office & canteen, of which 27%
is from services (product-related material), of which 6% is from factory incoming packaging,
1% is from outbound packaging, and 64% is from products. Nokia is paying a lot of attention
to plastic, so in 2019 it came out its strategy to deal with plastic: minimize footprint and
maximize handprint, based on strategy, Nokia tries to make efforts to reduce the amount of
plastic usage, to stamp out all single-use plastics, and to recycle more than half of plastic
waste and recover the rest part of plastic waste. The effort includes three different aspects —
operational, product, and societal aspects. In 2019, Nokia’s operations aspect deals with
office, catering, and packaging waste. 1.6 kg of waste plastic per employee was generated,
15% of packaging weight is plastic, 45% plastics waste comes from factories, 100 000
employees and amount of countries act on the operational impact, for example replacing
plastics with renewables in catering. Operation impact aims to run Nokia’s operations and
develops Nokia’s products using circular-economy principles. Products aspects refer to
product design and end-of-life. Product-level impact targets to up-grade, repair, reuse, and
recycle Nokia’s products. The facts of production aspects are plastic entire product lifetime
IS up to 7 years, 56 000 unites are reused to extend lifetime. 99% of materials are recycled
in product end of life, and 5-15% of product weight is plastics. Society's aspect aims to
enable optimization of the global resource use by digitalization. Societal impact involves
digitalization of products and services and supporting sharing economy to minimize the need
for plastics. The facts are the reach to 91% of global circularity gap, the sharing to minimize
the plastic need for product manufacturing, and digitalization make no more plastic CDs or
DVDs needed. In short, remove the used plastic use in society, recycle the used plastic in
products, replace the used plastic in packaging and reduce plastic usage in operations. The
circular-economy principle, product-level activities, and societal impacts help Nokia to close
the loop: manufacturing -logistics - products use - life extension — repair — end of product

life — product design — sourcing. (Nokia, conference paper 2019)
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4.4 Recycled content rate

Created by Packaging Solution team, the most relevant packaging materials from these 32
current suppliers are selected and formed into a list called “priority codes”. One code of
packaging material can be supplied by more than one current suppliers. The following table
presents this most relevant and priority data that has been collected from all 32 current

suppliers:

Table 6 presents all the paper and paper pulp materials: corrugated board, carton board,
paper, and paper pulp. The recycled content rate of the corrugated box can be as high as
100% or 0% depends on which current supplier the material comes from. Only sealing tape
made by paper and paper pulp shows no recycled content rate or 0% recycled content rate.
The overall recycled content rate in this category is comparably good.

Table 6. All paper and paper pulp packaging materials with its recycled content rate collected from survey.

PAP Type Current supplier Recycled content rate
Corr. board Box Cs1 90%-100%
CS2 50%-65%
CS3 0% or 48%-75%
Cs4 11%
CS6 85% -95%
CS8 80%
Cs11 100%
CS15 33%
CS19 12% - 68%
CS20 60%
CS29 40%-60%
Container CS8 0%
Cushion cs1 90% -98%
CS8 80%
Edge board Cs4 70%
Other CS11 100%
Carton board Box CS2 50%
Container CS2 62%
Edge board cs1 100%
CS3 N/A
Csi14 100%
Paper and paper Edge board CS2 90%
pulp Cs8 0%
Sealing tape CS1 0%




o1

CS3 N/A
CS8 0%

Table 7 presents all plastic packaging materials with their recycled content rate. The most
commonly used material is PE (PE-HD flexible and PE-LD flexible), the recycled content
rate of PE-HD flexible cushion is 15%, PE-LD flexible or other plastics’ cushion and the
bag can be as high as 100%. Only PP and PS which are mainly used for cushion show 0%
recycled content rate.

Table 7. All plastics packaging materials with its recycled content rate collected from survey.

Plastic Type Current supplier Recycled content rate
PET Strap CS2 70%
CS6 0%
CS32 100%
PE-HD flexible Cushion cs4 15%
CS8 0%
PE-LD flexible Bag Cs1 0% or N/A
CS2 0% - 30%
CS6 N/A
CS8 30%
Cs11 100%
Cs13 100%
CS32 100%
Cushion cs1 N/A
CS2 65%
CS6 0%
Cs8 20% or 100%
Cs11 100%
Flim CS2 65%
CS8 30%
PP Cushion Cs1 0%
CS8 0%
Other CS2 0%
PS Cushion Cs1 0%
CS8 0%
Other plastics Bag CS3 N/A
Cs11 100%
Cushion Cs1 30%
Cs11 100%

Table 8 presents all other materials than paper and paper pulp and plastic, they are metal,
wood, and other materials (silica gel, desiccant, and sticker). The recycled content in wood




52

pallet and wood box can be 100%, that of plywood pallet can be 30%, that of the sticker is

95%. Only metal silica gel shows no or 0% recycled content rate.

Table 8. All other packaging materials with its recycled content rate collected from survey.

Material Type Current supplier Recycled content rate
Steel Other CS3 N/A
Metal Bag Cs18 0%
Plywood Pallet CS2 30%
CS6 0%
Cs8 0%
Wood Pallet Cs1 0%
Cs3 100%
Cs4 0%
CS27 0%
Box CS3 100%
Other materials Silica gel CS18 0%
Desiccant CS2 2%
Sticker CS2 95%




53

5 NOKIA’S FUTURE POSSIBILITY ON PACKAGING

The following section 5.1 and section 5.2 are the protentional suppliers that are found based
on one of the general trends - which was described in the above chapter 2 - “re-process” and
replace. Besides these start-ups as potential suppliers, the current suppliers are also on their
way to developing more environmentally sustainable packaging solution and
proposed/informed Nokia about their relevant activities, they are also presented in the

following section 4.3.

5.1 Circularity of the current material

In this section, the following protentional suppliers that make current materials in a circular
economy way such as reusable, recyclable, returnable, and redesigned options are listed in
Table 9.

Table 9. Suppliers information related to “re-process” the current material. (BASF SE, 2020; European Union,
2019; TU Delft OpenCourseWare, 2020; RePak, 2020; Flexi-Hex, 2020; Artekno, email 16.11.2020;
JSP/Arpro, email 20.11.2020; Sealed Air, email 27.11.2020)

Potential Location Material Product/Application
suppliers

Polyform Canada Recycled EPS Recycled EPS (5%-100%)
BASF Sweden Mixed plastic waste | 100% recycled EPS
RePack Finland Reusable and Delivery packaging service

returnable package

Flexi-Hex UK Recycled Sustainable plastic-free packaging
honeycomb solution

Artekno Finland Recycled PP Ocean EPP cell foam (15%)

Sealed Air USA Inflatable air Inflatable air pillow, inflatable bubble
cushion wrap
Recycled PE Recycled and inflatable PE bubble,

recycled PE foam

Polyform in Canada is a company using EPS, EPP, EPE, and other types of raw material to
produce packaging solutions. Recycled content of EPS packages vary from 5% to 100%.
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(Plastiques Cellulaires Polyform, 2020) Compaction of EPS as solid rolls is one of the good
practices of reducing the volume of EPS waste. (European Union, 2019) These solid
compacted EPS rolls can be then through several processes — shredding, extrusion, melting,
chopping, cooling, - to be PS re-granulate. PS re-granulates have almost the same properties
as the original but a little darker color and can be used to manufacture EPS foam again.
(BASF SE, 2020)

BASF uses waste such as mixed plastic waste, waste tires, and waste rubber as raw material,
go through chemical recycling - pyrolysis process to manufactures fuel oil, and then use fuel
oil as feedstock to produce PS type plastic granulate, and then expanded to be EPS. This
kind of chemical recycled EPS has 100% recycled content. (BASF SE, conference paper
1.12.2020)

RePack as one of the good practices is a consumer service type of company that offers
reusable and returnable delivery packaging services for e-commerce and fights against
single-use trash. The packages are designed to be returned to a post box wherever in the
world when it is empty in a letter size. It contains a reward model that encourages consumers’
return and reuse behavior and generates new sales. It is founded in Helsinki and started to
serve the fashion industry and end consumers with three adjustable package sizes available.
Since more and more protentional customers ask RePak for new business ideas and
cooperation, RePak is open to new opportunities that can expand their business. (European
Union, 2019; TU Delft OpenCourseWare, 2020; RePak, 2020)

Flexi-Hex in the UK uses recycled paper with a patented, honeycomb design for eliminating
plastic from packaging. This unique design enables sustainable packaging to more strong,
adaptable, and biodegradable. It applies to a wide range of commercial and industrial sectors
such as in the electronic industry. (Flexi-Hex, 2020)

Artekno in Finland is a manufacture that uses the raw material from Arpro to produce
recycled EPE/PE foam. JSP/Arpro has two different recycled PE raw material to offer, one
is 15% recycled PE from maritime industry waste, another one is 25% recycled PE from

end-of-life molded parts. Artekno Ocean is foam material which 15% plastic raw material is
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made from plastic waste collected in the oceans. Artekno Ocean has the same properties as
EPP material but produces 7% less CO2 emissions than virgin material. The color of Artekno
Ocean is sea green. (Artekno, email 16.11.2020; JSP/Arpro, email 20.11.2020)

Sealed Air has inflatable recycled PE bubble and foam. The inflatable air bubble cushion
contains up to 15% of recycled materials. When deflated it loses 99.3% of its volume. The
recycled PE foam contains recycled contents up to 65%. The MOQ of the Recycled PE plank
is 400PCS which capacity is about 20 containers, the dimension of the plank is 50mm
(Thickness) x 610mm (Width) x 2740mm (Length). (Sealed Air, email 27.11.2020)

5.2 New materials

The start-ups as protentional suppliers and current Nokia’s suppliers are introduced in the
order, first are biodegradable bioplastic potential suppliers in each of its four types, then has

other innovative materials companies and materials (Table 10 and Table 11).

Table 10. Supplier information related to biodegradable bioplastics. (Nova Institute, 2020; Mango Materials,
email 12.11.2020; EggPlant, 2020; Foamplant BV, email 2.12.2020; GreenCellFoam, email 4.11.2020;
BioViron International, email 16.11.2020; Superseven, 2020; Cheers Interactive (India) Private Limited, 2020;
Woodly, conference paper 7.12.2020; Sulapac, email 3.12.2020; NaturePlast, email 1.12.2020; PaperFoam,
online interview 23.11.2020; Pond, email 9.11.2020.)

Start-ups Location Material Product/Application

Monta Germany PLA Self-adhesive tape

Mango USA PHA from methane Films and sheet.

Materials

EggPlan Italy PHB from wastewater Compostable packaging

Foamplant Netherlands PHAs Growfoam

KTM Industrie | India Corn-based GreenCell Foam

BioViron UK Starch-based Anti-static composta-foam

International

Superseven Germany Cellulose-based Sachets, films and labels (cellulose
foil)
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Georgia USA chitin nanofibers + flexible bioplastic packaging

Institute of wood fiber

Technology

Woodly Finland Wood fiber film and thermoforming

Sulapac Finland Polymer + wood fiber Biocomposite

NaturePlast France PLA Biodegradable bioplastic
PHA

Cellulose-based

Polymer + wood fiber Biocomposite
PaperFoam Netherlands | Starch + natural fibers Packaging
Pond Denmark Starch + fiber Raw material for packaging

Monta’s monta biopack is in the second place of “Bio-based Material of the year 2020”. It
is the first certified sustainable self-adhesive tape from Germany. Made of a bio-based PLA
film that is coated with a natural rubber adhesive, contains about 90% renewable resources.
This packaging tape is biodegradable within a few months by industrial compost. A truly
eco-friendly tape that is a good choice for sealing cardboard boxes and biodegradable bags.
(Nova Institute, 2020)

Mango Materials in the USA provides bio-based, biodegradable, and recyclable
Polyhydroxyalkanoates (PHA) bioplastic which is converted from methane. PHA is a
family of bio-polyesters that are produced naturally from bacteria and other life forms. One
of its initial application for their PHA pellets is films and sheet applications to meet the needs
of recyclable flexible packaging. (Mango Materials, 2020) Currently, they are developing
their injection molding grade of PHA and working to test their material on various molds.
They work with the supply chain partners to do the molding that is designated by the brands
to produce the product with the correct specifications. These molds are standard and not
modified for their material, although PHA works better in a mold made for PP versus PE.
Their supply capability has been sold out for the rest of 2020, and for the next year 2021,
they need to assess their bandwidth for taking on any new projects. (Mango Materials, email
12.11.2020)
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EggPlant in Italy produces PHB bioplastic material made of hydrocarbons from wastewater.
This bio-based and biodegradable plastic suitable for different applications and industries

such as electronics and packaging. (EggPlant, 2020)

Foamplant in the Netherlands produces biodegradable biopolymers - Growfoam from a plant
with natural additives, through a clean and hygienic cultivation process which is peat- and
coir-free. MOQ's should be around 10.000 units at the start, and the price is roughly about
€5-10 / unit. (Foamplant BV, email 2.12.2020)

GreenCellFoam by KTM Industries in India is also creating corn-based cell foam that
combines cushioning and thermal insulating protection, it is biodegradable and compostable
and aims to replace EPS, Polyurethane (PU), and PE. Due to its multi-shock adsorption and
naturally anti-static properties, the application can be the protective packaging for whatever
the size and fragility of the product inside such as electronic goods. Green Cell Foam is not
recyclable material, its disposal options are fBioViour: in water, home and industry compost,
incineration, or plantation. To be recyclable and moisture-resistant, the barrier - Gree Cell
Plus is added to Green Cell Foam for more rigorous packaging requirements. For foam that
is 1” or greater thickness, saw cut is good. Tooling is only needed for die-cut items or %"
pads, the cost is a one-time fee and it ranges 426€-1703€. Sometimes multiple tools are
needed for one set of foam pieces. They can provide foam globally, and the cost will depend
on the destination and can be very expensive to ship from the US. (GreenCellFoam, email
4.11.2020)

BioViron in the UK has composta-foam which is fully biodegradable (backyard)
compostable, non-toxic, and water-soluble starch (corn starch and soy oil) based foam, it has
good strength and resilience, lightweight, multiple impact protection, and closed-cell; what’s
more, it is naturally anti-static which is perfect for preventing electrostatic discharge and can
be used in electronic industry. Normally the tooling cost is approximately 193-277 euros,
the accurate cost can be given after knowing how intricate the die-cut is. They have provided
this material in several countries. The delivery possibility will depend on the required
volumes and countries. (BioViron International, email 16.11.2020)
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Superseven in Germany develops fully biodegradable cellulose-based packaging solution
that can be an alternative to plastic packaging. In the products menu, sachets, films, and
labels are suitable products in the telecommunication industry. Sachets are either made of
cellulose and starch or plus paper layer, or it is made of cellulose foil. Films are made of bio-
PE sugarcane or cellulose and starch. Labels are made of cellulose foil laminate.
(Superseven, 2020)

A flexible plastic material developed by the Georgia Institute of Technology in the USA
made by spraying multiple layers of chitin nanofibers from crab shells and cellulose from
trees to form a flexible film, this natural and compostable material is similar to flexible PET
plastic packaging, at least as effective as high-grade PETs and demonstrated a 67 percent
reduction in oxygen permeability that seen promising to replace plastic packaging. (Cheers
Interactive (India) Private Limited, 2020)

Woodly is a wood cellulose-based and carbon-neutral sustainable packaging material to
replace conventional plastic. Its wood cellulose is from FSC certified forests, and this
packaging material can be mass-produced. Right now, Woodly provides two series —
Woodly 100 series and Woodly 200 series. Woodly 100 series is designed for film and
thermoforming, it has product grades for both flexible and rigid packaging applications.
Typical applications include clamshell packaging for electronics which might suit Nokia.
Woodly 200 series is designed for injection molding, and typical applications include storage
containers for home and office, that might be good for Nokia’s logistic too. (Woodly,

conference paper 7.12.2020)

Sulapac is a Finnish company that combines natural biopolymer and wood fiber to a
biocomposite material for different packaging applications. This biocomposite is laboratory
tested in anaerobic conditions and marine conditions, result shows it is fully biodegradable
even in an open environment and leaves no permanent microplastic behind. However, the
speed of biodegradation in the open environment depends on the end product, wall thickness,
and climate, so it is recommended to be recycled via industrial composting, as long as the
wall thickness does not exceed 4.5mm under the European standard for industrial
composability for packaging (EN13432). (Sulapac, email 3.12.2020)
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NaturePlast in France has the largest range of bioplastic available in Europe. The raw
material is from agricultural by-products. They have PLA and PHA type of bioplastic which
are ready for injection molding. They also have biopolymer and fiber-based biocomposite.
The MOQ is 25 kg, for project need, quantity can be negotiable. The price of PLA and PHASs
depends on the volume of order (1kg to over 3 tons), the price of PLA is 4-10 kg/euro and
of PHAs is 8-13 kg/euro. (NaturePlast, email 1.12.2020)

PaperFoam in Netherland mixes industrial potato starch, natural fibers, water, and premix
together into injection and baked at high temperature to be recyclable, biodegradable and
compostable, bio-based, and lightweight sustainable packaging for different applications

including electronic packaging. (PaperFoam, online interview 23.11.2020)

Pond from Denmark produces bio-based and biodegradable material which combines bio-
resin (mainly based on starch) with all different kind of natural fibers or with conventional
fibers. This material is designed to replace conventional oil-based resin and plastics. The
technical specifications are depending on which natural fiber is bound with bio-resin. Its
application includes packaging solutions for various industries that can be produced by using
the Pond bio granulate and injection molding technique. (Pond, email 9.11.2020)

Table 11. Suppliers information related to other new materials. (AEROPOWDER, 2020; Pluumo, 2020;
RecyclingStartups, 2020; Biomyc, email 6.11.2020; Ecovative design, 2020; Mushroom packaging, 2020.)

Suppliers Location Material Product/Application
AEROPOWDER UK Surplus feathers Pluumo thermal foam packaging
Biomyc Bulgaria Agricultural residue Mushroom packaging

Recycled paper and Natural wood packaging and paper
wood sawdust pulp packaging

Ecovative USA Hemp herd and Mushroom packaging
mycelium
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AEROPOWDER is an award-winning British start-up creating environmental friendly
materials from surplus feathers, its first product - Pluumo is the world’s first thermal
packaging material made from surplus feathers to protect items from changes in
temperature during transport as the role of EPS, it is a unique, high-performance insulation
textile and covered with compostable and biodegradable liners for ease of handling, to
replace conventional polystyrene packaging. The soft padding provided by Pluumo is like
a natural cushioning helping items arrive in one piece against bumps and knocks. The
plump-liners are also packed flat compared to bulky PS boxes, this increased the efficiency
of logistics and storage. (AEROPOWDER, 2020; Pluumo, 2020)

Biomyc from Bulgaria is offering three types of packaging materials from sustainable
feedstocks such as agricultural residue and wood sawdust, they are mushroom material
packaging, natural wood packaging, and paper pulp packaging. Especially their mushroom
material is a biodegradable, thermal-insulated, and impact-protected alternative designed to
compete with Styrofoam packaging. They offer tailor-made transport packaging for
electronics and machinery and other products. There is no any limitations on shipping.
Supply capacity is about 30 000-40 000 pcs/ month. (RecyclingStartups, 2020; Biomyc,
email 6.11.2020)

In the USA, Ecovative’s mushroom packaging is made of hemp herd and mycelium, it can
be 100% composted in soils or at home within 30 days and in the marine within 180 days.
The mushroom packaging allows custom-molded for different sizes and shapes of the
products and only takes 7 days of the growing period. This mushroom packaging can be used
as a corner block in a packaging solution. (Ecovative design, 2020; Mushroom packaging,
2020)

5.3 Alternatives from the current suppliers

In this section, the information on sustainable alternatives from the current suppliers is
collected in Table 12.
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Table 12. Sustainable packaging alternatives from current suppliers. (Fassot, email 11.12.2020; Covarrubias,
email 25.11.2020; Fang, email 20.11.2020; Tarjo, email 17.11.2020; Kamarainen, email 26.11.2020;

Koskinen, email 19.11.2020; Bhartur, email 24.9.2020; Mauro,

email 4.11.2020; Hoog, email 4.11.2020.)

Suppliers | Location Material Product/Application
Cs1 Sweden Cellulose fiber Woodfoam
Potato starch Bioplastic film
Straw fiber EdgePak corner support
PHA Biodegradable bioplastic
Cs4 Mexico Paper pulp Molded pulp
CS13 China 100% sugarcane Biodegradable paper plastic
pulp + fiber
PLA Biodegradable plastic bag
Straw fiber Straw pallet
CS14 India Honeycomb Honeycomb box/cushion/pallets
CS19 Finland Fiber Celluffoam
Fiber Fine molded pulp
Fiber + polymers Biocomposites DuraSense
CS21 India PLA PLA bags
Paper Paper pallets
CS22 Italy Corrugated Patenteed cArtu wave corrugated
CS25 Mexico Recycle PE resin Bubble wrap
Recycled paper Cushion-Pak
Patented design for Suspension and retention packaging
min. 30% recycled
paper
CS27 Netherland Wood pallets Reusable and returnable pallets

CS1 aims to increase the returnable packaging (wood, steel, plastic) by three main trends:

regionalization of supply chains, focus on sustainability (CO2 effective), and 10T. CS1 has

three new packaging materials alternatives: EdgePak straw, Fiber Flute, Woodfoam, and

new types of plastic. EdgePak straw is a straw corner support inside the corrugated box. It is

as strong as plywood, moisture-resistant, sustainable, and paper recyclable. Due to its high

density, it is heavier than the corrugated box, added straw corner support will not make
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logistic more costly or make assemble more complicated, but enhance the strength and
increase the total load capacity. Fiber Flute is an inflate paper board, it can be one layer or
nested to be multiple layers which are similar to a honeycomb structure, it has very good
cushioning and high strength. Woodfoam is cushioning foam made from wood cellulose
fiber, CS1 is in partnership with CS19 for developing this. It is repulpable and vacuumable.
New types of plastic here refer to PHAs biodegradable bioplastic. CS1 is in cooperation with
others for bringing this to the market. (Fassot, email 11.12.2020)

CS4 provides molded pulp packaging solution. These are layers of kraft-paper that are
pressure-molded. The tooling cost is much simpler, and the performance is good compared
to foam. (Covarrubias, email 25.11.2020)

CS13 has three new packaging materials: 1. paper plastic, 2. PLA bioplastic bag, and 3. straw
pallet. Paper plastic is the composition of 100% sugarcane pulp and made of recycled carton
or other papers, it reduces the use of plastic cause part of the material is paper. The PLA
bioplastic bag is compostable, longer service life, and lower cost, and recyclable. The straw
pallet is an alternative for the wood pallet, low moisture content and high density makes it
is not easy to mold or adsorb water, no need for fumigation treatment which is cost-saving.
The source of raw materials and its size is stable, with strong dynamic and static load
capacity. (Fang, email 20.11.2020)

CS14 has its honeycomb structured carton board, either as the surface packaging - the BOX
or as the void filler inside the package, they are 100% recyclable and suitable as protective
packaging that substitutes EPS. The tooling cost for their process is approximately between
500-1000¢€, and this is a one-time cost. They have production units for honeycomb elements
in Finland, Poland, Russia, Malaysia, and China, and they can ship globally. (Tarjo, email
17.11.2020)

CS19 has three types of new products based on fiber. Cellufoam is a fiber-based foam
material for protective packaging and cushioning, it is lightweight, renewable,
biodegradable, and recyclable, designed to be a good alternative to oil-based packaging

foams such as EPS and EPE. PureFiber is a new selection of formed fiber products that are
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PFAS-free and to replace plastics, it is fine molded pulp with different technology.
(Kamarainen, email 26.11.2020) DuraSense is the patented bio-composites that blends wood
fibers and polymers from different sources that performances well in a wide range of

applications. (Koskinen, email 19.11.2020)

CS21 has several sustainable alternatives, apart from what Nokia has now in use, they are
compostable PLA plastic bag to replace conventional plastic poly covers and paper pallets.
They can ship the ready products in whole Europe, outside Europe they can ship the raw
material to the converter who converts these raw materials to the packaging. (Bhartur, email
24.9.2020)

CS22 has patented corrugated cardboard called cArtu wave, compared to the conventional
corrugated board, it only takes up to 70% of the paper consumption. It substitutes plastic
foams, and all the performances are certified. They can sell raw materials to the converter.
So, there is tooling cost from converters around 200 to 1000 euros. They can also sell the
finished product as a complete solution with the same tool conditions as above. (Mauro,
email 4.11.2020)

CS27 has very sustainable wood pallets. All pallets they sent to customers they also collect
back when possible including all broken pallets from customers. They repair broken pallets
for a 2nd or 3rd use. When the pallets are not anymore usable, they make wood chips in their
installation as energy to heat their buildings and to dry their pallets again. (Hoog, email
4.11.2020)
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6 SUMMARY

Sustainable packaging materials have two common trends: 1) Circularity of the conventional
materials, the principle is based on 6R — Reduce, Reuse, Recycle, Recover, Redesign and
Remanufacture. The circularity of the resources loop is enhanced when the loop closes,
slows down, narrows down, or intensifies. 2) Replace the conventional materials:
Biodegradable bioplastics which are also compostable plastics, wood cellulose fiber-based
materials, and other materials that are new or innovative and also more sustainable. Though
trends are divided into two, they are both under the concept of the circular economy, cause
biodegradable packaging materials are mean to avoid waste by compost. Here we know that
sustainable packaging materials are mainly reusable packaging, recyclable packaging, and
biodegradable packaging, all these three are under the circular economy concept. The
following five sections will review the current sustainability and sustainable alternatives

found.

6.1 Nokia’s current materials and recycled content

Six current common packaging materials for Nokia are corrugated board, plastic foam, PE
film, and Wood. Nokia uses recycled and virgin fiber corrugated board from current
suppliers. The recycled content rate of the current materials can be as high as 100% from
several different current suppliers. To improve the environmental sustainability of the use of
the corrugated box, lighter weight and shorter transportation distance are better. A reusable
package (e.g. HDPE plastic crates) is better than the recyclable package in the long-term

from the sustainable perspective, especially on economic and environmental sustainability.

For cushioning and impact absorption applications, Nokia uses three different plastic foam,
they are EPE, EPP, and EPS. PE foam/EPE material from current suppliers are recycled or
virgin. The recycled content rate of the PE foam from current suppliers can be as high as
100%. EPP and EPS are as same function as EPE. The recycled content rate of the current

PP and PS foam from current suppliers is 0%.
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PE film is used as a vapor barrier and volatile corrosion inhibitor (VCI). Nokia uses PE film
from current suppliers. The recycled content rate of the current PE film from current
suppliers is 30%-65%.

Wood is a commonly used packaging material in Nokia. Nokia uses timber and plywood for
pallets. Pallets are potentially reused inside the Nokia supply chain. The recycled content
rate of the current wood pallet from only one current supplier is 100%, and from other

suppliers they are 0%.

6.2 Recycled plastics

Recycled PS, PP, and PE nplastics are found as sustainable packaging alternatives.
Chemically recycled EPS foam refers to mixed plastic waste (e.g. waste car tires) that goes
through the pyrolysis process to be pyrolysis oil, then pyrolysis oil goes through several
processes to be PS granulate. The recycled content rate is 100%. Mechanical recycled EPS
goes through several processes to be PS re-granulated. The recycled content rate of this
mechanically recycled EPS from potetional suppliers ranges from 5%-100%. Mechanically
recycled EPP type plastic is recycled from end-of-life molded parts or other PP waste e.g

maritime waste. The recycled content rate is 15%.

Recycled PE bubble is made of recycled PE plastic. The recycled bubble are inflatable. This
means they are flat during transport; it is cost- and volume-saving. The air is pumped when
needed. The recycled content rate is 15%. Recycled PE foam is made of recycled PE plastic.
This recycled PE foam is foam plank. It should be fabricated again with the drawings of the

cushion to meet the packaged product. The recycled content rate is 65%.

6.3 Wood fiber based alternatives

Derived from wood cellulose fiber, the alternatives found in this thesis projects are cellulose

fiber foam, molded pulp, biocomposite, and fiberboard.
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Cellulose fiber foam is made by mixing the pulp fibers in water with foam-forming agent
SDS and NaCl. Its other commercial names are woodfoam, cellufoam, and so forth. The
biggest advantage of this foam compared to conventional plastic foam is its biodegradability
due to the renewable raw material is certainly biodegradable, while also some fossil
materials can be biodegradable. This wood cellulose fiber foam is still in the development
phase from the current suppliers.

Molded pulp is usually molded from recycled natural fibers especially recycled paper and
cardboard to certain shape packaging. Roughly molded pulps are only one side smooth,
while the fine molded pulp is two sides smooth. This type of fine molded pulp is using
modern thermoforming technology. Both rough molded pulp and fine molded pulp are
readily supplied from current suppliers with their minimum order quantity (MOQ). The
tooling cost of fine molded pulp is about eight times more expensive than rough molded
pulp. Both molded pulps are globally available.

A composite material is the combination of two or more materials together to perform better
properties. It can be laminar composite, fiber-reinforced composite, or particulate composite.
Biocomposite means at least one of the combined materials is bio-based. Natural cellulose
fiber-reinforced biocomposites are globally available from both current suppliers and

protentional suppliers.

Fiber flute and honeycomb board belong to the same group as corrugated board, they are all
fiberboard. Fiber flute refers to inflate fiber, it can be one layer as wave shape. Using one
layer of inflating fiber reduces material consumption. Honeycomb is another one of the
inflate fibers, it has multi-layers with a similar structure as a corrugated board like the
”sandwich”. The same thickness of honeycomb has better strength and lighter weight than
the corrugated board. Honeycomb is globally available from the current suppliers; its tooling
cost is about 500-1000 euros. The availability and cost information of fiber flute from one

current supplier is to be announced.
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6.4 Biodegradable bioplastic alternatives

Only biodegradable and bio-based plastics can be called compostable plastics. The typical

four types of biodegradable bioplastics are PLA, PHAs, starch blends, and cellulose-based.

Polylactic acid (PLA) is made from sugar in corn starch, dextrose, sugarcane, and so forth.
It is similar to PS, but it has inferior performance on impact strength, thermal robustness,
and barrier properties. PLA is the only biodegradable bioplastics that only allows industrial
composting instead of home composting. Raw material suppliers and item manufactures
from both current suppliers and potential suppliers are found. One item manufacturer which
is the current supplier is making PLA bag. One protentional supplier is making PLA self-
adhesive tape. The raw material cost is 3.9-10 euros/kg, the tooling cost is 10-15k euros.
And it is available globally.

Polyhydroxyalkanoates (PHA) are produced by numerous microorganisms such as bacterial
fermentation of sugars or lipids and served as energy storage within cells. PHA can be
processed the same way as conventional plastic, comparing to other plastics, it is more
ductile and less elastic. PHAs include PHA and PHB. PHB is the most common PHA. It
allows both home composting and industrial composting. Raw material suppliers and item
manufactures from both current suppliers and potential suppliers are found. One foam, its
tooling cost is 5-10 euros/unit, its MOQ is 10k units, and available globally. Another item

manufacturer is making PHAs films and sheets.

Starch-based bioplastic is the complex starch blends such as starch/PLA or starch/PCL
(polycaprolactone). The starch blends bioplastic has better ware resistance than pure starch
bioplastic has better water resistance, processing, and mechanical properties. It allows both
home composting and industrial composting. Item manufacturers from potential suppliers
are found; they are making starch blends foam. The tooling cost is 193-1700 euros, and the
plastic is available globally.

Cellulose plastic is made from cellulose esters (e.g. cellulose acetate, cellulose propionate)

from either wood pulp or cotton linter with plasticizers. Due to the unprocessable property
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of cellulose esters, plasticizers are needed as an additive that makes materials softer and
more flexible. The properties of cellulose plastic depend on what kind of ester and plasticizer
is used. It allows both home composting and industrial composting. Raw material suppliers
and item manufacturers from potential suppliers are found. They are making flexible
packaging mostly and some rigid packaging. The raw material cost is 7.5 euros/kg, the
tooling is done by the item manufacturer. Right now, it is available globally but for a pilot
case. In the future, one protentional suppler will increases its renewable content (cellulose
fiber) from 50% to more, raw material for applications is in development, thus its price of

raw material will increase accordingly.

6.5 Other alternatives

Other alternatives that replace conventional packaging materials are mushroom packaging,

feather cushion, straw pallet, straw corner support, and hybrid pallet.

Mushroom Packaging is made from mushroom roots or mycelium that is fused together with
cleaned and ground agricultural by-products. The mixture of these two materials is growing
in the mold into needed shapes and then heated to make the shape stable. It is chemical-free,
biodegradable, and compostable. Raw material supplier and item manufactures are the same
due to the way how mushroom packaging is made. There is no tooling cost, but the design
fee is 120 euros and prototyping is 800 euros, its MOQ is 30k-40k pieces/month, and it is
available globally.

Thermal insulation and cushion made from surplus feathers play the same role as EPS. Its
liners are biodegradable and compostable, are also packed flat compared to bulky PS boxes,
this increased the efficiency of logistics and storage. Only one item manufacturer is found

and its cost and availability are to be announced.

Straw fiber is a plant-based fiber which usually sourced from agriculture by-products.
It has low moisture content and high density which makes it is not easy to mold or adsorb
water, no need for fumigation treatment so it saves cost. The source of raw materials and

pallet size is stable, holds strong dynamic and static load capacity. Straw fiber is formed as
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a pallet to compete with a wood pallet. Item manufactures from one current supplier is

found. There is no tooling cost and it is available globally.

Edge board straw is designed to complement the corrugated box in the packaging. Due to
straw fiber’s high density, it is heavier than corrugated board, add this straw corner support
will not make logistic more costly or make assembly more complicated, but it will enhance
the strength and increase the total load capacity. Item manufactures from one current
supplier is found. There is no tooling cost but freight cost, it is available globally with

limited size. To be price competitive it is needed to have minimun of quantity (MOQ).

Nokia and one of its current suppliers have co-designed a hybrid pallet. The top part is
made of corrugated paper for lightweight, the bottom part is made of plywood for stability
and to be water resistant. This hybrid pallet is in the development phase, cost and

availability information is to be announced.
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7 CONCLUSIONS

The roadmap is based on this work regarding different packaging alternatives, it can be
divided into short-term strategies and long-term strategies. In the short-term, reusable
packaging and recyclable packaging are recommended.

- Reusable packaging
The reusable packaging materials are those such as inflatable bubble wrap, reusable wooden
pallet. The inner supply chain should be optimized to enable shorter transport distance, to
enable the smaller volume of the packaging material, the lighter weight of the packaging
material, from one end-of-use point to the next reuse point, which is better for environmental

sustainability.

- Recyclable packaging

It is not only those packagings that are recyclable, but those have high rate of recycled
materials, it means to increase the recycled content rate in the packaging materials: 1) when
current suppliers provide the same packaging material for the same functions, choose the
one who has higher recycled content rate; 2) For those packaging materials which have low
recycled content rate no matter from which current suppliers it supplies, consider either
potential suppliers with same packaging material. Mechanical recycling is the first choice
when recycled packaging materials meet the quality requirement.

Long-term strategies pay more attention to biodegradable packaging materials. Before

adopting the biodegradable packaging materials, the following factors should be considered:

- Biodegradable packaging
Biodegradable packaging is better known for its attractive ability to not harm the
environment at the end of life by composting, but before it can harness its full advantages,
other aspects need to also make sure its overall impact is less negative than conventional

packaging materials:

1. Market readiness
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Right now, biodegradable packaging is still in the earlier phase in the market, lots of potential
manufacturers or suppliers are recently established, current suppliers and big players in the
market start to develop biodegradable materials as well, but most of their supplier
availability and schedule have not yet been scaled up to meet Nokia’s need, or not yet having
any pilot project with customer companies to test its performance. If Nokia is interesting in
certain packaging materials, Nokia can be also the customer company that is having a pilot

project with them.

2. Price and other costs
Price and other costs are also related to market maturity, when it scales up, usually price and
other costs go down, it will become more competitive with recyclable packaging. If the

performance is tested to meet the requirements, it is even more competitive.

3. waste management
It includes waste management technology, waste management policy, waste management
infrastructure. Will composting infrastructure get developed that biodegradable packaging
is easily composted in industrial compost and even at a home compost? Is there any countries
and regions are making supportive policy to facilitate biodegradable packaging waste? If
yes, where is the good location that starts to adopt biodegradable packaging? Will
incineration technology improved to be more efficient than compost so that compost is not

anymore a better choice? This kind of questions should be considered.

Thinking about the common current packaging materials in Nokia, after applying the short-
term and long-term strategies, the most practical recommendations are: Corrugated board
has great recycled content rate (almost 100%), it is not necessary to make a change if
honeycomb and inflate fiber has no obvious price or quality advantage to compete with the
corrugated board. PE foam and PE film can be better recycled than what rate they are now,
PP foam and EPS for the short-term is using recycled PP foam and recycled EPS to replace.
For the long-term, Biodegradable plastic foam can be considered. Wood pallets can be
recyclable and reusable for now. In the future biodegradable pallet or other new material,
pallets can be good to consider.
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The transition from short-term to long-term is not happening over night, in addition, the
below points are suggested to be considered:

-Transport distance

Not only reusable packaging should make the transport distance shorter, but all packaging
also used needs to consider the distance between the packaging materials ready point to its
use point. Packaging materials suppliers with possible their manufacture factory are spread
worldwide, so does Nokia. It is good if Nokia can get packaging material from the same
country or region rather than other countries or regions that provide the same function, and
can make the supply chain shorter and more local.

- More coorperation

Here experts from different disciplines should cooperate for sustainability development,
under this thesis circumstance, especially packaging designers should work together with
sustainability professionals and customers to optimize the packaging regarding the eco-label,
the reduce of the packaging materials used. Business managers need to work with circular

economy professionals to redesign the sustainability business transitions.

This thesis work has its limitations that might affect the study result and its

recommendations. The limitations are unfolded in the following:

e Limitation of information

First of all, the packaging material academic research is focused on other industries such as
food and beverage packaging, or construction packaging. For electronic and
telecommunication packaging, its primary packaging is more often studied than secondary
or tertiary packaging. Then the data collection from current suppliers were also limited to a
smaller scope in the middle of the project, due to several reasons such as time limit and the
willingness of the current supplier's cooperate. Reach out to potential suppliers were not
easy and time-consuming. The environmental impact assessment of sustainable alternatives
and relevant technologies were also less studied in the academic at the moment, it is not easy

to find information for comparing each alternative.
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e Limitation of schedule

Due to the thesis project was started when the common Finnish summer holiday starts, the
project proceeded slowly from the theoretical part to the practical part after the summer
holiday ends. In the practical part, the current suppliers’ survey was then created and sent
to current suppliers in Autumn, the number of current suppliers with their packaging material
products are not small, and they all need time to fill the data into the survey, and in the
beginning, the deadline of returning the survey was the end of the year, which left quite less
time for the continued parts of the thesis to do. If the practical part could start earlier, and

the survey can be sent earlier, more data on “recycled content rate” may gain.

In the future, for the packaging in the telecommunication industry, it should have more study
on the sustainability assessment of new packaging material (biodegradable packaging) in the
telecommunication industry, more study on the comparison of the sustainability assessment
of packaging materials in the telecommunication industry, more study on the sustainability
assessment of telecommunication primary packaging — telecommunication product. New
packaging materials’ pilot projects are couraged to take. For biodegradable packaging, the
study on waste treatment with its infrastructure, and waste treatment policy from the

different geographic location is needed.
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