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Chapter 1: Executive Summary

This study presents the sustainable and innovative use of waste coffee grounds
in packaging to address the current critical worldwide problem of environmental
pollution caused by plastic waste. One of the top-selling drinks, coffee, produces
tons of waste daily. Traditional methods of disposal of coffee grounds lead to
landfill waste and greenhouse gas emissions. But with recycling intervention,
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coffee waste has huge potential for the manufacture of biodegradable and
environmentally friendly packaging material. This study establishes the
sustainability of such packaging products against their environmental impact,
cost, and market competitiveness based on data analysis derived from diverse
secondary materials, including academic journals, white papers, industry
reports, and international sustainability programs.

The main issues of the present study are evaluating the potential of coffee waste,
a resource-conserving and nearly untapped material, for possible conversion to
a green, environmentally friendly packaging material. The present study is
interested in looking at the physical properties, the environmental impact
relative to that of traditional plastic packaging, cost considerations, customer
acceptability, and market conditions favourable to this innovation to take place.
The applicability of this study is with respect to the possibility of realizing double
dividends—Iless plastic waste and optimal value in organic waste. These results
are in proportion to the general objectives of the circular economy, which are
minimizing waste and maximizing resource use. The major conclusions of the
research are that coffee grounds as lignocellulosic biomass are suitable for the
production of biocompatible materials of decent durability and biodegradability
for packaging. The research conclusions are that the materials are biodegradable
under typical composting conditions, thus reducing the burden on landfill sites.
The lifecycle assessment of coffee packaging indicates much lower carbon
emissions during the manufacturing and disposal stages compared to packaging
products made using plastic from petroleum. Furthermore, there is mounting
pressure from green consumers for green packaging of products, supported by
market research showing strong growth in the biodegradable packaging market.

The current study identifies some of the most critical challenges. Technical
deficiencies, such as low water resistance, the need for additives to increase
mechanical strength, and the high cost of volume production, continue to limit
overall commercialization. In addition, unstable coffee-waste supply chains, low
consumer and producer awareness, and the absence of government agency
support to enhance biodegradable packaging also form critical obstacles.
Notwithstanding these, some companies, such as Bio Bean (UK), Kaffeeform
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(Germany), and several start-ups, have been successful in incorporating coffee-
derived material into their product offerings, thus establishing functional
feasibility and providing blueprints for broader industry adoption. On these
grounds, the study suggests that alternatives to traditional coffee packaging
using coffee-derived material should be developed by encouraging an end-to-
end approach. Policymakers should introduce subsidies and legislation to
facilitate a move towards biodegradable material. At the industry level,
coordinated efforts between the coffee producers, the packaging firms, and the
sustainability organizations can provide an adequate raw material supply while
concurrently reducing the cost of production. More significantly, investment in
research and development is needed urgently to improve the quality of such
materials and increase their scalability. Education programs can also contribute
towards increasing the consciousness of consumers and creating market
acceptability of such alternative packaging products. Waste coffee packaging is
a gigantic opportunity for reducing environmental degradation and promoting a
circular economy model. With increasing ecological consciousness, consumer
demand for green products, and advances in sustainable material science, this
direction is profitable to business as well as environmentally sustainable.
Although in its infancy, it has huge potential for future sustainable packaging
development, subject to overcoming existing challenges through concerted
efforts on the part of the government, industry, and society.

447
© 2025, IRJEAT Volume: 08 Issue: 04 | Apr-2025


https://www.irjweb.com/

®.
I,I-Lvﬂl\l International Research Journal of Education and Technology

IRJEAT Peer Reviewed Journal
ISSN 2581-7795

Chapter 2: Introduction and Literature Review

2.1 Introduction
Background on Coffee Waste and Environmental Impact

Coffee is among the most widely used beverages globally, and it results in the
generation of vast amounts of spent coffee grounds (SCGs) as a by-product.
Millions of tons of SCGs are produced every year, most of which find their way
into landfills. The decomposition of SCGs under such environments is also a
cause of methane release, a harmful greenhouse gas, thus aggravating the
environmental issues. Additionally, the high organic matter content in SCGs,
unless properly treated, is a source of worry in soil and water contamination.
Given these environmental concerns, there is a perceived need to develop eco-
friendly methods for recycling coffee waste, and one viable option is its
incorporation into biodegradable packaging materials.

The Role of Sustainable Packaging in Waste Reduction

The increasing ecological impact of conventional plastic packaging has fueled the
need for sustainable packaging. Traditional plastics are notorious for taking
centuries in the environment to degrade. This leads to large-scale pollution of
terrestrial and aquatic ecosystems. Sustainable packaging aims to solve these
issues through the adoption of packaging materials that are renewable-based,
compostable, or biodegradable. The utilization of organic waste products, i.e.,
SCGs, as packaging materials not only reduces plastic pollution but also creates
value from waste products, thereby enhancing a more sustainable waste culture.

The Circular Economy Model in Packaging

The circular economy model is founded on the continuous reuse of resources by
creating closed-loop systems that minimize waste and promote the reuse and
recycling of products. In packaging, this translates to creating products that
either come back into the production cycle or return to nature without causing
harm. Through the application of SCGs in packaging, this philosophy is attained
by turning waste into something of value, reducing the consumption of virgin
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materials, and promoting the development of more environmentally friendly
packaging alternatives.

2.2 Problem Statement
Packaging Waste Solved with Coffee Ground-Based Solutions

The ecological impacts of packaging waste, especially of plastics, have caused
the quest for sustainable and alternative options. Coffee ground-based packages
have the added advantage of recycling waste material as well as curbing the
usage of non-renewable material. Yet practical feasibility in such options
necessitates a serious analysis of their material properties, manufacturability,
and ecological effects.

Challenges of Traditional Plastic and Non-Recyclable Packages

Traditional plastic packaging is a giant environmental problem because it is non-
biodegradable, and recycling it is complicated. Plastics are primarily made as
single-use plastics, and this results in huge volumes of waste that can last for
decades in the environment. Moreover, the plastic recycling rate is low, and
recycling is expensive and energy-consuming. These problems highlight the need
to create sustainable packaging materials that function well.

Coffee is one of the most consumed beverages in the world, and it leads to the
production of enormous quantities of spent coffee grounds (SCGs) as a by-
product. Millions of tons of SCGs are generated annually, much of which ends up
in landfills. The degradation of SCGs in such conditions is also a reason for the
release of methane, a toxic greenhouse gas, thereby worsening the
environmental problems. Additionally, the high organic matter content in SCGs,
unless properly treated, is a source of worry in soil and water contamination.
Given these environmental concerns, there is a perceived need to develop eco-
friendly methods for recycling coffee waste, and one viable option is its
incorporation into biodegradable packaging materials.

449
© 2025, IRJEAT Volume: 08 Issue: 04 | Apr-2025


https://www.irjweb.com/

®.
I,I-Lvﬂl\l International Research Journal of Education and Technology

IRJEAT Peer Reviewed Journal
ISSN 2581-7795

The Role of Sustainable Packaging in Waste Reduction

The growing environmental footprint of traditional plastic packaging has driven
the quest for sustainable packaging. Conventional plastics are infamous for
lasting centuries in the environment before they break down. This results in
extensive pollution of both terrestrial and aquatic environments. Sustainable
packaging seeks to address these challenges through the use of packaging
materials that are renewable-based, compostable, or biodegradable. The use of
organic waste materials, e.g., SCGs, as packaging materials not only addresses
plastic pollution but also generates value from waste materials, thus promoting
a more sustainable culture of waste.

The Circular Economy Model in Packaging

The model of the circular economy is built around the persistent use of resources
by developing closed-loop systems that reduce waste and encourage the reuse
and recycling of products. In packaging, this means designing products to either
return to the production loop or go back to nature without being harmful. By the
use of SCGs in packaging, this philosophy is achieved by converting waste into
something valuable, minimizing the use of virgin materials, and encouraging the
creation of more sustainable packaging options.

2.2 Problem Statement
Solving Packaging Waste Using Coffee Ground-Based Solutions

The environmental consequences of packaging waste, particularly from plastics,
have led to the search for sustainable and alternative solutions. Coffee ground-
based packaging has the twofold benefit of recycling waste material and
reducing the consumption of non-renewable materials. However, practical
viability in such solutions requires a thorough investigation into their material
characteristics, manufacturing feasibility, and environmental impact.
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Challenges of Conventional Plastic and Non-Recyclable Packaging

Classic plastic packaging poses mammoth environmental issues due to its non-
biodegradable nature and the complexity associated with recycling. Plastics are
mostly designed as single-use plastics, leading to massive amounts of waste that
can remain in the environment for decades. In addition, the recycling rate of
plastic is low, and recycling is costly and energy-intensive. These challenges
underscore the necessity of developing package materials that are sustainable
and that perform well.

2.3 Aims of the Research

¢ To evaluate the feasibility of using spent coffee grounds as an ingredient
for producing biodegradable packaging materials.

e To determine the environmental benefits of using coffee ground-based
packaging as opposed to conventional plastic packaging.

e To assess the economic viability and scalability of producing packaging
materials from coffee waste.

e To identify the obstacles and challenges to the adoption of coffee ground-
based packaging in industries.

2.4 Review of Literature
Research on Coffee Waste Utilization

e Spent coffee grounds (SCGs) valorisation has been the subject of intense
focus as a value-added way to manage waste and recover resources. SCGs,
which are full of organic compounds, have been investigated for
numerous purposes, such as the production of biofuels, fertilizers, and,
most recently, as a material in biodegradable packaging.
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A study reveals that SCGs can be successfully incorporated into
biopolymer matrices to upgrade the characteristics of biodegradable
films. For example, experiments have proven that the addition of SCG oil
to k-carrageenan-based edible films not only enhances their antioxidant
activity but also changes their textural nature, pointing toward future uses
in active food packaging (Kowalczyk et al., 2023). In the same way,
blending SCGs with poly-3-hydroxybutyrate-co-3-hydroxyvalerate (PHBV)
biopolymers has been proven to improve mechanical and hydrophobic
properties, demonstrating the viability of utilizing coffee wastes in the
production of sustainable packaging materials (Alharbi et al., 2023).

In addition, the use of SCGs in the production of bioplastic composites of
polylactic acid (PLA), starch, and sucrose has been explored. Adding SCGs
to these composites improved thermal properties, though there was a loss
of mechanical strength with increased SCG content. This indicates a
compromise between thermal stability and mechanical performance, with
optimization in formulation being necessary (Massijaya et al., 2023).

Besides bioplastics, SCGs have also been investigated as fillers for
composite materials with paper pulp. The composites thus formed had
enhanced structure and thermal characteristics, showcasing the promise
of SCGs in developing sustainable materials for packaging purposes (Mihai
et al., 2023).

Study on Biodegradable and Eco-Friendly Packaging Solutions

e This move toward eco-friendly and biodegradable packaging has been

motivated by the desire to minimize environmental pollution caused by
traditional plastics. Biopolymers like PLA, PHBV, and poly(butylene
adipate-co-terephthalate) (PBAT) have been widely researched for their
usability in green packaging. Adding natural fillers like SCGs into these
biopolymers has been revealed to improve the properties of such
biopolymers and lower the cost of production.
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For instance, the synthesis of PBAT composites loaded with SCGs has
exhibited enhanced tensile strength and hydrophobicity, which implies
their potential use in packaging (Moustafa et al.,, 2017). Further, the
incorporation of SCGs into polyvinyl alcohol (PVA) composites has been
investigated for their adsorption behavior and their possible application in
active packaging for the removal of contaminants (Lessa et al., 2018).

In addition, the use of SCGs in paper pulp composites has been explored
as a method to improve the mechanical and thermal characteristics of
paper-based packaging materials. According to these studies, SCGs can be
a useful additive during the manufacture of sustainable packaging
products (Mihai et al., 2023).

Case Studies of Companies Utilizing Organic Waste for Packaging

Many firms have managed to integrate the application of organic waste
into packaging solutions, illustrating the applicability of research results.
For example, Earth odic, an Australian start-up firm, has created a
recyclable protective coating for paper and cardboard packaging based on
lignin, a natural polymer. The innovation improves the strength and water
resistance of packaging materials, providing a green alternative to
conventional coatings (The Australian, 2024).

The Australian

Moreover, the use of SCGs in packaging materials has also been
investigated by different companies seeking to develop sustainable and
biodegradable products. These efforts illustrate the possibility of
upscaling laboratory research into industrial applications, supporting the
minimization of packaging waste and the realization of a circular economy.

Government Policies and Regulations on Sustainable Packaging

453

© 2025, IRJEAT Volume: 08 Issue: 04 | Apr-2025



https://www.irjweb.com/

I\

IRJEAT

International Research Journal of Education and Technology

Peer Reviewed Journal
ISSN 2581-7795

Government policies and regulations are instrumental in encouraging
sustainable packaging practices. In Australia, there have been concerns
about labeling biodegradable and compostable products, with misleading
labels resulting in high levels of plastic contamination in food and garden
waste. This has called for standardized certification and better labeling to
facilitate the correct disposal and composting of such products (The
Guardian, 2024).

Additionally, insufficient composting infrastructure in some parts of the
world, including the United States, would hinder the proper utilization of
compostable packaging solutions. Although companies like Starbucks
have introduced compostable cups, few people have access to industrial
composting centers able to digest such products. This underscores the
necessity of policy interventions to enhance waste management
infrastructure and facilitate the uptake of sustainable packaging (Food &
Wine, 2025).

In general, the incorporation of SCGs into biodegradable packaging
materials offers a promising direction for minimizing the environmental
footprint and enhancing sustainability. Ongoing research, in addition to
favorable policies and industry efforts, is necessary to overcome current
challenges and enable the large-scale uptake of these green solutions.

Chapter 3: Research Methodology

3.1 Research Methodology

This study applies a mixed-method study design where qualitative and

quantitative analysis will be conducted depending on secondary data. The goal

is to examine the sustainability of spent coffee grounds (SCGs) as green

packaging and its economic and environmental viability.
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Qualitative Analysis

The qualitative component involves analyzing existing literature, case studies,

and industry reports to ascertain the existing state of sustainable packaging, i.e,
the utilization of SCGs. This research will take into account:

Recent trends in sustainable packaging.
Concerns regarding the use of SCG-based packaging.
Instances of companies adopting to coffee packaging solutions.

Qualitative analysis will yield information on the social, economic, and
environmental dimensions of sustainable packaging, including consumer
acceptance and government policy.

Quantitative Analysis

e The quantitative aspect would be a comparison between SCG-based

packaging and conventional plastic packaging. This will be done in terms
of sustainability factors such as carbon footprint, biodegradability, and
waste reduction. The economic feasibility of SCG-based packaging will also
be determined by the cost of production, scale, and demand fronts.

Statistical tools such as correlation and descriptive analysis will be utilized
to quantify the economic viability and environmental worth of SCG-based
packaging. Quantitative analysis information will be accessed from peer-
reviewed journals, environmental reports, and market reports.

Comparative Study

Comparative studies will critically examine past research and reports on

sustainable packaging materials. The aim is to contrast the performance of

packaging by SCG with the conventional materials in environmental, cost, and
market viability considerations. By synthesizing information from different
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sources, the research will build an integrated picture of the feasibility of using
coffee waste as packaging.

3.2 Data Sources

The study relies on secondary data obtained from credible sources for accuracy
and pertinence. The sources are highly acknowledged in academic, industrial,
and environmental studies, providing comprehensive information regarding
sustainable packaging procedures.

Academic journals and peer-reviewed articles

Scientific journals are the major source of scientific data for this study.
Appropriate research studies in ScienceDirect, MDPI, and ResearchGate
databases are to be cross-checked. These articles provide empirical facts and
theoretical analysis for applying SCGs to packaging.

Key areas of concern according to academic journals include:
e Utilization of coffee grounds as biodegradable packaging.
e Studies on SCG-based material on environmental effects.

e |nnovation of biopolymer composites by technological methods using
coffee waste.

Industry White Papers and Reports

Industry issues and trends by sustainable packaging associations, such as the
Ellen MacArthur Foundation and the Sustainable Packaging Coalition, will be
considered to understand recent industry issues and trends. White papers from
top package companies will be considered to observe real challenges and real
applications of SCG-based packaging.
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Sustainability Studies by International Organizations

Global reports from international organizations like the United Nations (UN),
World Bank, and European Union (EU) will be used to compare policy models,
sustainability targets, and environmental footprint indicators. The reports will
provide valuable information on international efforts to reduce plastic waste and
improve circular economy models.

Case Studies of Companies Using Coffee-Based Packaging

To learn through experience, case studies of corporations that implement SCGs
as a packaging means will be examined. Big corporations and startups that have
led the way in green packaging will be identified. Their process, problem areas,
and success will be highlighted to see what works best and what could be
improved upon.

Environmental Impact Reports and Market Analysis

Environmental impact studies will be purchased from environmental research
institutes and government bodies. Environmental impact reports will be utilized
in analyzing the ecological advantage of utilizing SCG-based packaging. Market
analysis reports of industry professionals will also provide market penetration,
consumer patterns, and economic viability.

Data Reliability and Validation
To preserve the data gathered, the research will utilize the following:

e Source Verification: Verifying data from multiple trusted sources in a bid
to counteract bias.
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Statistical Validation: Statistical analysis of quantitative data and testing
reliability of results through quantitative measures.

Triangulation: Integration of information from academic literature,
business studies, and case studies to provide in-depth analysis.

3.3 Data Analysis Framework

The analysis data structure will be used to contrast SCG-based packages'
economic and environmental behaviour with that of standard packages.

Comparison of Coffee Ground Packaging and Traditional Packaging

The greatest focus on comparison would be placed on the following
factors:

Carbon Footprint: Greenhouse gas emissions for SCG-based packaging
and plastic packaging will be contrasted based on Life Cycle Assessment
(LCA) information.

Biodegradability: The Relative rate of degradation and environmental
acceptability of SCG-derived products compared to plastics.

Waste Reduction: Quantifying the potential waste reduction in landfills
through the use of biodegradable packaging on coffee grounds versus the
traditional plastic packaging.

Sustainability Indicators

© 2025,

To ascertain the environmental impact, key sustainability indicators will be
assessed:

Carbon emissions: Calculation of the CO, equivalent emissions at the
production and disposal phases.

Degradation Time: Comparison of how fast SCG-based materials and

common materials degrade in the environment.
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Resource Efficiency: Quantifying the contribution of coffee waste
management towards the circular economy. Economic Viability The
economic analysis will consider the feasibility of bulk production of SCG-
based packaging.

Production Cost: Comparison of processing cost, raw material cost, and
manufacturing cost of SCG-based packaging and plastic.

Scalability: Determining if solutions to coffee waste can be achieved at an
industrial level, depending on the availability of resources and processing
capacity.

Market Demand: Measuring willingness to pay for green packaging using
secondary data from market research, targeting willingness to pay for
green packaging. Analytical Techniques The study will use the following
methods to analyse the data:

Descriptive Statistics: Summarizing environmental and economic data on
measures.

Comparative Analysis: Comparative analysis of differences between SCG-
based and traditional packaging solutions.

SWOT Analysis: Identifying strengths, weaknesses, opportunities, and
threats to coffee ground-based packaging.
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Chapter 4: Data Analysis and Interpretation

4.1 Coffee Grounds as an Environmentally Friendly Packaging Material

Used coffee grounds are increasingly valuable as a sustainable packaging raw
material due to the fact that they are biodegradable and readily available waste
by-products. With increased coffee consumption across the globe, the
application of spent coffee grounds (SCGs) is a two-bladed benefit: waste
reduction and the production of sustainable packaging materials.

Material Properties from Previous Work

SCGs have high concentrations of organic compounds such as cellulose,
hemicellulose, lignin, protein, and lipids. Such types of materials render SCGs a
suitable candidate for being converted into bioplastic materials (Campos-Vega et
al., 2015). Most studies have determined the desired material properties of SCGs
when applied in packaging solutions.

e Biodegradability: Studies have shown that SCG-based products
biodegrade significantly faster than traditional plastics. Kang et al. (2019)
illustrate that SCG-based bioplastics degrade within 6 to 12 months when
composted, while traditional polyethylene will take centuries to
biodegrade.

e Mechanical Strength: SCGs, if reinforced in polymer matrices, become
stronger in terms of tensile strength and structure. Kim et al. (2020)
proved that the addition of SCGs to polylactic acid (PLA) composites
increased tensile strength by nearly 20%, proving to be an ideal material
for light packaging.

e Thermal Stability: Thermal resistance is improved by the addition of SCGs
into biopolymers. Ahn et al. (2021) research indicated that the thermal
stability of SCG-PLA composites is superior to neat PLA, inferring that they
could be used in food packaging where thermal resistance is a primary
requirement.
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e Barrier Properties: The incorporation of coffee grounds can enhance
oxygen and moisture barrier properties, which are crucial for maintaining
food quality. Gouw et al. (2022) found that the use of SCG-strengthened
films lowered oxygen permeability by 30% compared to conventional
bioplastics.

Processing Techniques and Limitations The technical procedure of processing
SCGs into packaging material is a multi-step procedure with limitations.

1. Collection and Pre-treatment:

e The operation begins with the collection of coffee waste from cafes,
restaurants, and industrial plants. The coffee waste is dried in order to
minimize the moisture level, and this has a direct effect on the material's
performance.

e Challenges: Coffee waste will most likely be contaminated or have varying
moisture levels, and it will require rigorous pre-treatment (Ali et al., 2024).

2. Grinding and Sieving:

e SCGs are dehydrated and pulverized to offer greater uniformity and
compatibility with polymer matrices.

e Restrictions: Asymmetric particle size can detract from the physical
stability of the final product (Hossain et al., 2022).

3. Compatibility with Biopolymers:

e SCGs are mixed with biodegradable polymers like PLA or
polyhydroxyalkanoates (PHA). The ratio of compounding varies with
targeted mechanical performance and use. Issues: SCGs that are high in
lignin may lower the mechanical flexibility of the composite and may
require the use of plasticizers.

4. Molding and Extrusion:
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e The blend is then injection-molded or extruded to create blanketing
products. Technical Issues: Large energy demands in extrusion because of
the fibrous nature of the SCGs (Kareem et al., 2023).

4.2 Environmental Impact Assessment (Based on Secondary Reports)

The environmental advantages of the use of SCGs as packaging materials are
realized both through waste diversion and plastic pollution reduction. The
production and degradation processes of SCG materials create a much lower
environmental profile than in the case of regular plastics.

Reduction in Landfill Waste and Plastic Pollution

The global coffee industry produces around 23 million tons of waste every year,
most of which are spent coffee grounds (FAO, 2023). Most of this waste is sent
to landfills, resulting in methane emissions. Using SCGs in packaging has the
potential to:

e Divert Coffee Waste: Through the addition of SCGs to packaging, large
amounts of organic waste can be diverted away from landfills, saving
methane emissions due to decomposition (Rossi et al., 2024).

e Decrease Plastic Use: Classic plastic packaging is responsible for almost
40% of the world's plastic use, much of which is used only once (UNEP,
2023). By substituting part of this with SCG-based systems, plastic
pollution would be drastically reduced.

Life Cycle Analysis of Coffee-Based Packaging

e A full life cycle analysis (LCA) compares SCG-based packaging with
traditional plastic materials, considering the environmental load from raw
material extraction to waste disposal.

e (Carbon Footprint: SCG-based packaging generates 30-40% less CO, along
its lifecycle than petrochemical plastics (Li et al., 2023). The lower
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emissions are due to reduced energy demand during manufacturing, as
well as the biodegradable properties of the product.

Resource Use: Waste coffee is a byproduct, minimizing the requirement
for raw material extraction, in contrast to petroleum-based plastic.

Biodegradability: In contrast to common plastics, SCG-based packaging
degrades in one year with no toxic residues.

4.3 Market Potential and Industry Trends

The market potential for coffee ground-based packaging is closely linked
with the growing need for sustainable packaging. Concerns for the
environment on the part of consumers and governmental legislation on
single-use plastic have created a propitious environment for
biodegradable and compostable materials for packaging to receive
widespread acceptance.

Global Market Overview

The global sustainable packaging market was approximately USD 237
billion in 2024 and is projected to be USD 352 billion by 2030, with a
compound annual growth rate (CAGR) of 6.2% (Market Research Insights,
2024). This is being driven by both the regulatory policy that encourages
sustainable conduct and rising consumer demand for sustainable
packaging.

Asia-Pacific dominates the market for sustainable packaging, followed by
Europe and North America. India and China, with large consumer
populations and high coffee consumption, are most likely to see high
adoption of SCG-based packaging. Europe, under pressure from strict
environmental regulations, has been a pioneer in adopting biodegradable
packaging materials. North America, the United States of America in
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particular, has also seen high growth due to increasing attention towards
corporate social responsibility.

Consumer Preferences and Willingness to Pay

e In Nielsen's 2024 survey, close to 73% of the world's consumers preferred
having sustainable packaging. Of these, close to 60% claimed that they
were willing to pay an extra premium of 10-15% for the same, especially
for the food and beverage sector (Lee et al., 2024).

Drivers of Consumer Preferences

e Environmental Awareness: Consumers are increasingly conscious of the
environmental price of consumption. "Eco-friendly" or "biodegradable"
packaging will likely benefit from positive consumer attitudes.

e Health Factors: Consumers perceive sustainable packaging as healthier
and less toxic than traditional plastics.

e Customer Loyalty: Companies using innovative, environmentally friendly
packaging will likely build more customer loyalty and brand value (Gomez
et al., 2023).

Market Pioneers and Innovations

e Several companies are already adopting SCG-based packaging solutions to
fulfill sustainable brand initiatives. Some of the leading industry players
are:
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Bio Bean (UK): They have earned fame for turning coffee waste into eco-
friendly products, including coffee logs and packaging material. The
company has partnered with coffee chains and recycled waste to produce
packaging.

Coffee form (Germany): The young firm utilizes used coffee grounds to
create reusable cutlery, cups, and other packing materials. Coffee form’s
approach combines SCGs with vegetable binders for improved strength
and composability.

Lavazza (ltaly): The giant in the coffee world has experimented with SCG-
based packaging with pack innovation companies in order to reduce the
use of plastics in its product lines.

NEXE Innovations (Canada): Aims to produce entirely compostable coffee
pods from SCGs, emphasizing the potential for SCG utilization beyond
packaging.

Growth of the Sustainable Packaging Market and Key Drivers

Several drivers are accountable for the expected growth in coffee ground-
based packaging:

Corporate Sustainability Goals: Companies are increasingly adopting
sustainable practices to meet environmental, social, and governance
(ESG) requirements.

Government Regulations: Directives such as the EU's Single-Use Plastics
Directive and India's prohibition of single-use plastics compel companies
to find biodegradable substitutes.

Supply Chain Partnerships: Collaboration between coffee chains, waste
management firms, and packaging firms improves the availability and
scalability of SCG-based materials.

Pricing Analysis and Cost-Effectiveness Compared to Alternatives
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The primary obstacle to SCG-based packaging is still its relatively high
upfront cost of production. This difference, however, is closing thanks to:

Innovations in Processing: Improved processing techniques are reducing
cost, especially via effective drying and mixing processes.

Economies of Scale: Unit cost reduces with high production volume;
hence, SCG-based products are more competitive when compared to
conventional plastic packaging.

Government Subsidies: Governments are granting subsidies on
environmentally friendly packaging forms, indirectly lessening the price of
SCG-based products.

Consumer Willingness to Pay: As noted, many consumers are willing to
pay extra for sustainable products, and this can counterbalance the
increased costs of production.

4.4 Identified Challenges and Limitations from Literature

Though coffee ground-based packaging offers a viable alternative to
traditional plastics, some challenges and limitations restrict its widespread
adoption. Such challenges can be grouped into technical, economic,
regulatory, and sociocultural perspectives.

Technical and Supply Chain Challenges

The technical dimension of processing material and the intricacies of quality and

consistency maintenance pose one of the biggest barriers in the use of SCGs for

packaging.

1. Material Variability:

SCGs have varying compositions depending on the type of coffee, roasting
level, and preparation method. This difference in variability may impact
the final packaging material's mechanical properties.
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e Research by Kareem et al. (2023) shows that excessive variability in
cellulose and lignin levels can result in unreliable tensile strength, hence
making mass production difficult.

2. Moisture Sensitivity:

e SCGs are hygroscopic, absorbing moisture easily, which can degrade the
integrity and shelf life of packaging.

e Hossain etal. (2022) reported that increased humidity can lead to swelling
and degradation, especially when applied to food packaging.

3. Processing and Manufacturing Constraints:

e The fibrous nature of SCGs may impede extrusion and molding operations,
increasing energy consumption in manufacturing.

e The requirement of pre-treatment, such as drying and grinding,
contributes to production costs and energy requirements.

Economic Restrictions

e Though it has environmental advantages, SCG-based packaging is still
comparatively costly compared to conventional plastics.

o Steep Upfront Costs: Installing facilities to treat coffee waste to use as
packaging involves huge expenditures on equipment and technology.

e Raw Material Cost: Though coffee waste is abundant, the cost of
harvesting, washing, and processing it is not insignificant.

e Market Penetration Challenges: Price competition with cheap plastic
packaging in price-sensitive markets is a strong challenge.

Regulatory and Policy Challenges

e Lack of consistent regulations on biodegradable and compostable
materials globally makes international adoption more challenging.
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e Regulatory Inconsistencies: Although the EU has strong regulations in
Favor of bioplastics, other regions might not have such frameworks,
leading to uncertainty in market growth.

e Certification Costs: Acquiring certifications (e.g., food safety and
composability) for SCG-based packaging can be time-consuming and
expensive.

Adoption Barriers to Businesses and Consumers

e Companies might be reluctant to adopt SCG-based packaging because
they are not familiar with the properties of the material and because of
cost factors.

e Supply Chain Challenges: Sourcing reliable quality of SCGs in bulk is still an
issue, especially for multinational corporations.

e Consumer Perception: Although green packaging is becoming more
accepted, there are consumers who might remain skeptical about the
strength and quality of coffee-based materials.
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Chapter 5: Findings and Recommendations

5.1 Secondary Research Key Findings

Based on intensive secondary research, research on coffee grounds as a

sustainable packaging material has indicated extremely promising possibilities

and significant challenges. The findings may be broadly classified into three

categories: sustainability insights, market viability, and practical implementation
difficulties.

Sustainability Insights

The research shows that coffee ground packaging has great potential to limit

environmental pollution by eliminating plastic waste and coffee waste in

landfills. The key findings regarding sustainability are:

1. Minimization of Environmental Impact:

Coffee ground packaging significantly lowers carbon emissions compared
to conventional plastics. Li et al. (2023) reported a 30-40% reduction in
CO, emissions across the product life cycle.

Life cycle analyses (LCAs) of SCG-packaging indicate that biodegradability
is significantly greater than regular plastic, and it degrades within 6-12
months under composting conditions (Kang et al., 2019).

Coffee-waste diversion from landfills reduces methane emissions, which
is one of the significant environmental impacts of the decomposition of
organic waste (FAO, 2023).

2. Resource Utilization and Circular Economy

Packaging from coffee grounds supports the circular economy through the
recycling of used coffee waste to be used as packaging material. This aligns
with global sustainable development goals (SDGs) that relate to
responsible consumption and production (UNEP, 2023).
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Spent coffee grounds (SCGs) reduce the twin challenges of waste
elimination and resource constraint by substituting virgin plastic
components with organic residues (Campos-Vega et al., 2015).

3. Product Performance and Material Properties

SCG-based materials have improved biodegradability without affecting
mechanical strength when blended with biopolymers like PLA. Studies
show a 20% increase in tensile strength when SCGs are incorporated into
PLA composites (Kim et al., 2020).

Higher thermal resistance and water barrier properties make SCG-based
films well-suited for food packaging, particularly in uses that require
moderate heat resistance (Gouw et al., 2022).

Market Feasibility Insights

The research suggests that packaging based on coffee grounds is becoming

popular, particularly in sustainable-market-oriented markets. Nevertheless, it is

influenced by economic factors and consumer perception towards it.

1. Market Acceptance and Growth Potential:

The sustainable packaging market, which is projected to grow at a CAGR
of 6.2% between the years 2024 and 2030, is increasingly moving toward
biodegradable packaging (Market Research Insights, 2024).

Consumers, especially in North America and Europe, are willing to pay a
premium for green packaging. Around 60% of consumers who took part in
a survey showed a preference to have biodegradable over plastic
packaging at increased prices (Lee et al., 2024).

The key industry players, such as BioBean, Coffeeform, and NEXE
Innovations, have combined business models with SCG, which
demonstrate economic viability as well as buyer acceptability.
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2. Economic and Production Challenges

The cost of processing raw materials and the uncertainty of SCGs limit
economic scalability.

Integrating SCG-based packaging into established supply chains is
logistically challenging, particularly in sourcing consistent-quality coffee
waste.

While economies of scale will eventually reduce costs, initial investments
in processing technology and consumer education are still significant
barriers.

Implementation Challenges:

While positive sustainability statistics are encouraging, technical problems
and regulatory uncertainty still prevent widespread adoption.

SCG composition variation affects product consistency, and high moisture
sensitivity erodes packaging toughness in humid conditions (Hossain et
al., 2022).

Compliance with international biodegradable packaging standards is
challenging, owing to different regulatory conditions in different
geographies.

5.2 Strategic Recommendations

To boost the adoption and commercialization of packaging based on coffee

grounds, the socioeconomic as well as the technical challenges identified need

471

© 2025, IRJEAT Volume: 08 Issue: 04 | Apr-2025



https://www.irjweb.com/

®.
Il-,lgﬂl\l International Research Journal of Education and Technology

IRJEAT Peer Reviewed Journal
ISSN 2581-7795

to be addressed. Policy advocacy, industry collaboration, and consumer
participation are the targets of the recommendations presented below.

1. Policy Recommendations to Facilitate Coffee Waste-Based Packaging

Government backing and open regulatory regimes are necessary to promote
SCG-based packaging.

a. Creating Biodegradable Packaging Standards:

e The governments need to set standard specifications for biodegradable
packs, especially for SCG-based products.

e Standard labeling procedures need to indicate compostability,
biodegradation rates, and disposal modes to enhance consumer
confidence.

e Tax rebates to companies adopting organic waste-based pack production
can be incentives.

b. Public-Private Partnerships for Waste Management

e Collaboration with coffee producers and waste management firms to
enhance SCG collection and processing can offer a guaranteed raw
material supply.

e Municipal assistance to facilities with the capability of processing SCG-
based packaging will also render it more environmentally friendly.

c. Encouraging Research and Innovation:

e Government grants and subsidies should be left to coffee ground
processing technology innovation, and the focus may be on producing
coffee grounds with better moisture resistance and mechanical strength.
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e Subsidizing pilot projects and collaborative efforts with packers and
universities can accelerate technological innovations.

2. Industry Collaboration and Investment Policies
a. Developing Supply Chain Resilience:

e Creating relationships with major coffee chains to provide a stable supply
of SCGs will minimize supply chain issues.

e Creating centralized processing facilities near coffee production areas will
be cost-effective in logistics.

b. Processing Technology Investment:
e Scale-up drying and mixing technologies will save on production costs.

e Researching additive manufacturing processes can make SCG-based
composites tougher and more flexible.

c. Cross-Industry Synergy

e Activating non-coffee retail sectors, such as food and beverage packaging,
will increase market penetration.

e Cooperative R&D will focus on hybrid materials, combining SCGs with
various organic waste streams to achieve superior performance.

3. Awareness and Promotion Strategies towards Green Packaging
a. Consumer Awareness Campaigns:

e Applying awareness campaigns to point out the environmental benefits
associated with SCG-based packaging will help improve customers'
willingness to pay a premium.
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Social media campaigns can spot successful uses by market leaders,
creating positive attitudes.

b. Brand and Labelling Transparency:

Transparency in informing the origin and benefit of SCG-based packaging
will increase brand loyalty.

Certification by credible environmental organizations can increase
product authenticity.

c. Corporate Social Responsibility (CSR) Activities:

Enabling companies to incorporate SCG-based packaging in CSR activities
can increase brand reputation and consumer trust.

Businesses can initiate community-based activities by donating used
coffee grounds and increasing the worth of sustainability practices among
individuals.

Chapter 6: Conclusion

6.1 Summary of Research Contributions

This study explored the feasibility of spent coffee grounds (SCGs) as a
green alternative to traditional plastic packaging. After a comprehensive
literature review and secondary data analysis, this study has determined
the environmental benefits, market potential, and limitations of coffee
ground-based packaging.

The results of this study identify that coffee ground-based packaging can
reduce environmental pollution by lowering plastic waste and using an
easily accessible organic waste byproduct. SCG materials, once treated,
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possess adequate mechanical properties that can be harnessed in various
packaging applications. Moreover, the application of SCGs follows the
concept of a circular economy, transforming waste into a valuable
commodity and, hence, aiding sustainable development.

e From a commercial perspective, SCG packaging is promising since there is
increased demand by consumers for eco-friendly products and business
interests in sustainability. Yet, the research also finds technical
disadvantages of SCG processing such as vulnerability to moisture and
inconsistency in raw material composition, which affect product
consistency and shelf life. Moreover, economic factors such as cost of
production and supply chain limitations remain a challenge.

e By overcoming these challenges through policy interventions and
technological innovation, the commercial feasibility of SCG-based
packaging can be greatly boosted. These recommendations, such as policy
advocacy, industry cooperation, and consumer education, by this study,
seek to close the gap between innovation and effective application,
leading to a more sustainable packaging system.

6.2 Directions of Future Research and Future Innovations

While this study is a good addition to knowledge in terms of SCG-based
packaging feasibility and challenges, it also offers new research areas. Future
studies can explore the following to expand further the applicability and
scalability of coffee ground-based packaging alternatives:

1. Advanced Material Engineering:

e Research on the use of high-performance blends of biopolymers to
improve the moisture barrier and mechanical properties of SCG-based
films.

e Exploring the potential for mixing SCGs with other organic wastes (e.g.,
crop residues or fruit peels) to create composite materials of improved
quality.
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e The development of coating and additives that improve the barrier
function of SCG-based packaging without compromising biodegradability.

2. Life Cycle Assessment (LCA) Studies:

e Conducting complete LCAs between SCG-packaging and other
biodegradable and conventional plastic packaging to quantify long-term
environmental benefits.

e It includes factors like energy consumed in production, transport
emissions, and end-of-life to provide an overall environmental analysis.

3. Economic Feasibility Analysis:

e Analyzing the cost-benefit analysis of increasing coffee ground-based
packaging production in geographic areas.

e Examining the economic impact of subsidies and government incentives
on SCG-based packaging production and adoption.

e Researching consumer willingness to pay across different markets to learn
about demand patterns in different regions.

4. Consumer Behavior and Acceptance Studies

e Examining ways SCG-packaging can be rendered more appealing and
acceptable to customers through branding, labeling, and marketing
procedures.

e Investigating the impact of demographic characteristics (i.e., income, age,
and environmental consciousness) on consumer decision-making in the
context of sustainable packaging.

5. Policy and Regulatory Framework Analysis

e |dentifying policy gaps in current packaging regulations that block the
entry of biodegradable alternatives.

e Proposing guidelines for standardization of compostability, recyclability,
and labeling to create consistency in the global markets. By addressing
these gaps in knowledge in the research, future research will have a better
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platform to present a more detailed perspective on the use and scalability
of coffee ground-based packaging.

By combining knowledge in material science, economics, consumer
behavior, and policy studies, a more robust platform will be created for
establishing sustainable packaging solutions.

6.3 Final Remarks on the Integration of Sustainability and the Circular Economy

The application of coffee ground packaging in mass usage is a major step
towards the accomplishment of a circular and sustainable economy. In a
world that is increasingly plastic-polluted and waste-contaminated,
innovative solutions that transform organic waste into desirable products
hold a bright promise.

With growing global interest in environmental sustainability, the need for
innovative packaging solutions will naturally be generated. Packaging of
coffee grounds, with the promise of reducing waste, reducing carbon
footprint, and enhancing circularity, is aptly situated in today's
environmental agenda. However, its take-up will depend on collective
efforts by industry players, policymakers, scientists, and consumers.

By creating synergy and investing in research and development,
businesses can utilize SCG-based packaging not only as an environmental
solution but also as a brand-building strategic initiative and a customer-
retention strategy. Educating and openly communicating consumer
acceptance of sustainable packaging will also ensure a shift to a more
sustainable future.

Overall, the future of green packaging is subject to creative solutions that
reconcile economic viability, ecological sustainability, and consumer
engagement.

Coffee ground packaging is one possibility, demonstrating the way waste
can be converted into a resource. As governments, researchers, and
businesses increasingly look at this potential technology, the prospect of
a green circular economy becomes more concrete.
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