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 ABS TRACT  

This study evaluates the potential of electronic labeling (e-labeling) in promoting 
sustainable product package design (SPPD) within a circular economy framework. The 
research objectives are to categorize e-labeling types and develop a framework for 
understanding its role in SPPD. A modified Delphi technique, Interpretative Structural 
Modeling (ISM), and literature review were employed to achieve these objectives. 
Twenty anonymous Delphi participants contributed to the study, reaching a consensus 
on e-labeling classifications through a participatory approach. The findings indicate that 
e-labels can be categorized into three primary types: digital displays, website links, and 
machine-readable codes (e.g., QR codes). These categories can be further sub-classified 
based on tagging techniques, medium, and goal. The study reveals that e-labeling has 
significant environmental implications, including waste reduction, reuse promotion, 
improved public health, and decreased raw material usage. By classifying e-labeling, this 
research aims to increase awareness about its potential to support environmental 
sustainability and informed consumer choices. The proposed framework suggests that e-
labeling can be integrated into sustainable practices through Private-Public Sector 
Partnerships (PPP), Integrated Solid Waste Management (ISWM), and Extended 
Producer Responsibility (EPR). The framework also includes incentivizing consumers for 
promoting sustainable behaviors. Furthermore, the study finds that e-labeling can serve 
as a green application, enabling consumers to access information on waste classification, 
recycling reminders, and environmental impact assessments. The research recommends 
the adoption of the proposed framework to enhance the understanding of e-labeling in 
SPPD, ultimately contributing to a circular economy. 
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INTRODUCTION 
 

The phrase "green light" conveys a sense of signal to proceed 
with the adoption of e-labeling or not. "Green" is often 
associated with environmental sustainability. In green 
design, negative impacts on the environment are reduced to 
the minimal towards eco-friendliness of the environment and 
healthiness or well-being of the people. To be eco-friendly is 
to be less threatening or harmful to the environment and the 
living organism, most especially human being [1]. This aligns 
with a consumption pattern that prioritizes meeting current 
needs without compromising the ability of future generations 
to meet theirs [2]. In the environment, product packages can 
become evident waste when consumers drop the litter 
anywhere. After the use of a product's content, some 
consumers normally throw the product package away either 
on the road side, waste bin, forest, gutter, and anywhere 
convenient to the consumer. These wastes as nonrenewable 
fossil fuels remain in the environment for centuries, leading 
to negative impacts on the environment and human health 
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[3]. In due course, efforts are being made to minimize the 
package waste as well as maintain environmental cleanliness 
in most countries through waste disposal and conversion [1]. 
This has become a focal point in sustainability discourse due 
to its significant contribution to global plastic pollution and 
resource consumption [3]. For instance, Rwanda banned non-
biodegradable plastic bags in 2008, and Kigali was recognized 
by UN Habitat as one of Africa’s cleanest cities—a reflection 
of its commitment to environmental sustainability. Policies 
promoting environmental cleanliness can motivate 
manufacturers and consumers to make deliberate efforts to 
protect the environment [1, 4]. Candidly, product package’s 
end of life can be controlled by the consumer in the sense that 
a consumer can decide to throw it away after use, put it in the 
right bin or reused them after consuming the content inside 
the product package. According to [5], some of the packaging 
designs encourage consumers to reuse or suggest how to 
recycle the package by providing information on the package. 
However, such visual or text related features implying 
sustainable product package design (SPPD) does not seem to 
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be elaborate to consumers because of the limited space or 
pages available for display. E-labeling, the digitalization of 
product information and regulatory details, has gained 
attention for its potential to reduce material usage and 
environmental impact. Studies by Dursun, Tümer, and Kiliç in 
2024 suggest that e-labeling can promote eco-friendly 
behaviours, such as providing reminders about recycling or 
showing nearby recycling facilities through digital interfaces 
[6]. Likewise, Xin Yee Loh, Ai Ling Woo, Azwa Haris, Cheryl 
Shajini Pereira, and Bee Kim Tan reported that the Malaysian 
consumers demonstrated a moderately high level of 
acceptance of e-labeling for pharmaceutical products and 
other medicinal product information [7]. Thus, present study 
appraises e-labeling for SPPD by unfolding how e-labeling 
may enable sustainable packaging design by building on prior 
studies and the intuition of a variety of a few design experts 
in Nigeria.  

E-labeling is still new and not yet adopted across several 
products. For example, the United States only started 
allowing it for telecommunication products in 2017. Some 
other regions have also adopted e-labeling while many 
countries have not started e-labeling at all [8]. E-labeling is 
the digitization of essential product information, regulatory 
details and brand elements in an innovative approach which 
transcends conventional physical labeling in some aspects. 
One of such aspects is that consumers can access 
comprehensive and current product data by using digital 
devices for interacting with the embedded digital marker on 
the product package. This is line with information processing 
theory for the fact that it can provide the opportunity to have 
different forms of information combined to facilitate 
understanding [9] and educate consumers [10]. However, 
there are shortcoming such as attitude and social elements 
that can prevent such opportunity [9]. The inference is that, 
there may be some challenges to the adoption of e-labeling 
despite its advantages. Based on information processing 
theory, such challenges can still be ameliorated when 
convenience and health factors are prioritized in the product 
innovation [9]. Present study also builds on this prior existing 
body of knowledge and further study can still be carried out 
based on information processing theory to validate the study 
outcome [9]. Having more labels on product packages reduce 
one's effort in decision‐making situations [11]; however, 
contrasting evidence exists on which a single label might 
better support all relevant dimensions [11, 12] and can 
minimize confusion which prior studies suspected as a result 
of multiples of labels [11]. Regarding front-of-pack 
nutritional labeling in prior study by [11] , directive, semi-
directive, and non-directive schemes have varying effects 
[11] and e-labeling can fill a substantial gap as hybrid 
approach that can integrates elements of directive labeling, 
catering to both tech-savvy individuals and those who prefer 
simpler, traditional labels. Additionally, it remains relevant 
for individuals willing to engage in more extensive and 
detailed information processing. Also, it minimizes over 
dependence on physical label (i.e. tactile material) which may 
require raw material processing and a lot of production cost. 
This line of thought is in accordance with circular economy as 
it aims to reduce the use of raw materials and reduce the 
amount of waste. This emergence of e-labeling seems to be a 
beacon of hope casting a green light on the evolution of 
product packaging design where digital technologies can be 
harnessed to foster sustainability in a circular economy 
framework. By integrating digital technologies into product 
packaging, e-labeling can promote sustainable practices, 
responsible consumer behaviour, and waste reduction. When 
producers adopt a life-cycle perspective that considers 

environmental, social, and economic dimensions, they can 
contribute to sustainable design, fostering a future where 
innovation and sustainability coexist [13]. Having conceived 
the aforementioned thoughts, an author envisaged that the 
6th wave of innovation in technology will diminish resource 
dependence by increasing resource efficiency in such a way 
that waste will become an opportunity for circular economy 
[14]. Circular economy involves several stages, from the 
initial design of products to their end-of-life management by 
keeping them in use for as long as possible. Circular economy 
is characterized as the regenerative system that will minimize 
waste and promote long-term environmental sustainability. 
This will responsibly manage the end of a product's life and 
minimize the amount of waste sent to landfills so as to 
contribute to a more sustainable and environmentally 
friendly system. One of the solution that should be embraced 
in a circular economy is the fact that it will enable proper end-
of-life management. The popular way of this type of 
management is the responsible disposal or recycling that 
ensures the reintegration of materials into the production 
cycle rather than ending up as waste.  

Also in the aspect of waste or pollution, there are ten (10) 
words that starts with ‘R’ that seems to relate to the ways of 
minimizing the pollution caused by packaging waste within 
the ecosystem. These ‘10R’ include ‘Reduce package’, ‘Reuse 
package’, ‘Recycle package’, ‘Renew package’, ‘Refill package’, 
‘Repair package’, ‘Re-manufacture package’, ‘Replace 
package’, ‘Refine package’ and ‘Remove package’ [15, 1]. It is 
the notation of this study that ‘Re-manufacture' and ‘Recycle’ 
may still contribute to air pollution depending on the 
materials and methods used.  Energy-intensive processes 
involved in recycling, such as melting and reprocessing 
certain materials can contribute to air pollution. They can also 
contribute to greenhouse gas emission. However, 
remanufacturing or using recycled materials to create new 
products, generally has lower air pollution impacts compared 
to new production from the raw materials. Remanufacturing 
can also have lower greenhouse gas emissions compared to 
producing new materials. It often requires less energy and 
resources than manufacturing from raw materials. For 
example, recycling aluminum requires significantly less 
energy than producing aluminum from bauxite ore. The 
aforementioned form the basis for the suggestion of prior 
study on green design or multiple re-useable product 
packaging as regards solid waste [1]. This prior study 
suggests that persuading the consumers through gainful or 
attractive means to return used product packages to the 
producers can be realistic for the opportunity to reduce, 
reuse, recycle, renew, refill, repair and replace package. Based 
on the limited space for display of several information on 
product package, present study builds on existing body of 
knowledge that e-labeling can help in providing more space 
for information display but in a digitized form; thus, reducing 
usage of materials for labels. Also, consumers can access 
comprehensive and current product data by using digital 
devices for interacting with the embedded digital marker on 
the product package. The question is: how can e-labeling be 
classified based on how it relates to circular economy 
towards enabling sustainable packaging design as well as 
promote responsible consumer behaviour, and reducing 
waste? Thus, present study appraises the green light of 
circular economy in e-labeling for SPPD by building on prior 
studies such as Dursun, Tümer, and Kiliç in 2024 and Xin Yee 
Loh, Ai Ling Woo, Azwa Haris, Cheryl Shajini Pereira, and Bee 
Kim in 2024 as well as other prior studies. 
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Problem Statement 
 

The growing demand for sustainable product packaging has 
sparked a quest for innovative solutions that minimize 
environmental impact while maintaining user-friendly 
interfaces for consumers. The limited space for display of 
several information on product package may not allow 
adequate information dissemination to consumers for more 
user-friendliness. For instance, consumers needs useful 
information to getting more educated for the need for 
environmental sustainability. Therefore, there is need for 
more studies propagating the prospect of e-labeling in filling 
this gap (based on the limited space for display of several 
information on product package). Although some countries 
may be contemplating whether to adopt e-labeling or not 
because of possible challenges that can be involved. 
Electronic labeling (e-labeling), a relatively new and 
underexplored approach, has shown promise in reducing 
waste and promoting eco-friendliness. Despite its benefits, e-
labeling faces significant challenges, including low adoption 
rates and limited acceptance, particularly in developing 
countries where digital divides persist. As a form of e-labeling 
begins to gain traction globally, with countries like Argentina, 
Australia, Brazil, Canada, China, Ghana, India, Japan, Malaysia, 
Mexico, New Zealand, Singapore, South Africa, South Korea, 
Taiwan, the United States, and Vietnam between 2010 and 
2021 already implementing its use [16], a comprehensive 
framework is needed to understand its potential and 
limitations. This study aims to address the knowledge gap by 
investigating the feasibility of e-labeling in promoting 
sustainable product packaging design (SPPD) in developing 
countries, with a specific focus on Nigeria. The Nigerian 
context is particularly noteworthy, as certification agencies 
and regulatory bodies have introduced Product 
Authentication Mark (PAM) and electronic labeling for e-
transactions, but its application in sustainable packaging 
remains underutilized. Building on recent studies (Dursun et 
al., 2024; Xin Yee Loh et al., 2024), this research seeks to 
explore the untapped potential of e-labeling in promoting 
circular economy principles and sustainability in SPPD 
because it is believed that the circular economy can help to 
enable alternative packaging solutions. 
 

Aim and Objectives 
 

The aim of this study is to appraise the green light of circular 
economy in e-labeling for SPPD with the view of unfolding a 
framework for its better understanding. The first objective is 
to classify e-labeling and the second objective is to create a 
framework for the better understanding of e-labeling for 
SPPD. The study's structure includes an introduction, 
literature review, methodology, results, discussion, and 
conclusion. Apart from the introduction section already 
narrated, the next section is about some relevant literatures 
concerning product package design, sustainable product 
package design (SPPD), life cycle assessment (LCA), reuse as 
option for reducing waste and electronic labeling (e-labeling) 
advancements in sustainable packaging for circular economy 
practices. Immediately after this is the methodology section, 
where the methods for first and second objectives are 
mentioned. Also, presentation of data concerning 
classification of e-labeling are also done based on prior 
studies. This is because the study is built on the body of 
knowledge from prior studies. This then followed by a 
discussion of the results. The last section is then based on 
outlining the key points that emerge from the study. 

 

LITERARTURE REVIEW  
 

Product Package Desıgn 
 

The Packaging Institute International defines packaging as 
the enclosure of products, items or packages in a wrapped 
pouch, bag, box, cup, tray, can, tube, bottle or other container 
form to perform one or more of the following functions: 
containment, protection, preservation, communication, 
utility and performance [17]. Physical protection, barrier 
protection, information transmission, reducing theft, 
convenience, and marketing to mention a few are vital 
significance of product package design [18]. Packaging 
preserves and protects its products from the hazards of the 
distribution cycle. It is the act of wrapping or covering an item 
or group of items in order to contain, identify, describe, 
protect, display, promote and otherwise make the product 
marketable and keep them clean [19]. While packaging 
ensures product cleanliness, maintaining environmental 
cleanliness is equally critical. Just as the product is claimed to 
be clean as a result of the package design so also the 
environmental cleanliness should be maintained [19][20] 
[21]. Proper disposal of packaging waste, along with reuse 
and recycling, are essential strategies for sustainability [20].  

It is true that a package design needs to be interesting enough 
for someone to notice it. Apart from attention grabbing, the 
comprehensibility of the product package design is also 
important [22, 23, 24]. In the context of this study, 
consumers' ability to comprehended information on product 
package towards environmental sustainability will be 
beneficial in maintaining environmental cleanliness. 
Gradually, consumers are getting educated for the need for 
environmental sustainability [20]. In a supermarket, 
someone may notice a package but that does not mean he or 
she is not also considering other products on the same shelf. 
The fact that some packaging designs encourage consumers 
to reuse or suggest how to recycle the package by providing 
information on the package is a green light for the readiness 
to educate consumers about environmental sustainability. It 
may be surprising that, some consumers are now making 
their choices based on such environmental sustainability 
criteria not entirely because of attractiveness [20]. In such 
situation, potential consumers might eventually make their 
choice not because of the attention grabbing quality but 
because of the comprehensibility or other vital criteria. Young 
(2003) in [3] considers some threats to packaging design and 
expresses his attitude in the following statement: “The most 
attractive or popular design is not necessarily the most 
effective one at the point of sale, because it may get lost in 
shelf clutter and/or fail to communicate key message quickly 
and clearly” (Young, 2003, p. 3). Present study is of the notion 
that features implying sustainable product package design 
(SPPD) does not seem to be elaborate to consumers because 
of the limited space or pages available for display; thus, 
present study appraises the green light of circular economy 
in e-labeling for SPPD. 
 

Sustainable Product Package Design (SPPD) 
 

Basic features unfolding sustainability is believed to be 
revealed through sustainable product package design [20]. 
Mostly, this can be revealed through visual communication 
such as the use of labels and logos [25]; however, SPPD is 
more dependent on the package materials. Example might be 
either package that is made of sustainable materials, or that 
is collected properly to be recycled later (i.e., sustainable 
strategies for packaging that focus on circularity which might 
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either be from “recycled” material or adopting “recyclable” 
solutions) [19, 2]. The emergence of the actual term 
“sustainability” is based on a 1987 United Nations report 
defining sustainable development as “the development that 
meets the needs of the present without compromising the 
ability of future generations to meet their own needs” [20].  
Sustainable design play an important role in reducing energy 
costs, reducing greenhouse gas emissions, and controlling 
waste and pollution [13, 26, 21]. Accordingly, various 
corporations including McDonald’s, Unilever, Nestlé, Kraft-
Heinz, PepsiCo, and Coca-Cola set targets to achieve 
sustainable product package design (SPPD) by 2025 and 
beyond [20]. The following words are related to SPPD; 
namely: 'Returnable', 'Reusable', 'Recyclable', and 
'Biodegradable' and to mention a few. This terms are both 
concerned about the future and the present. When a package 
is returned it may be reused, refined or recycled by the 
manufacturer.  In situation whereby the package material is 
biodegradable (i.e. made from materials healthy throughout 
life cycle), it becomes needless to be too bordered about the 
danger it can cause in the nearest future to the ecosystem.  
Thus, it will be beneficial, safe and healthy for individuals and 
communities throughout its life cycle. In terms of minimizing 
environmental pollution and health, it will reduce the 
following pollution as well; namely: 'Reduces it in terms of 
airborne', 'Reduce it in terms of waterborne', 'Reduce it in 
terms of greenhouse gas emission', 'Reduces it in terms of 
toxicity', and 'Reduce it in terms of litter impacts'. Packaging 
sustainability is defined as the endeavour to reduce the 
product’s footprint through altering the product’s packaging, 
for example, by using more environmentally friendly 
materials. By considering SPPD, packaging materials, visual 
characteristics and verbal communications on packages 
signal sustainability [27]. In the case of SPPD in relation to e-
labeling, digitization inculcated to the product package design 
can help in reducing usage of materials. Thus, help in 
providing more space for information display but in a 
digitized form; thus, reducing usage of materials for labels. 
Also, consumers can access comprehensive and current 
product data by using digital devices for interacting with the 
embedded digital marker on the product package. Thus, it is 
believed that linking sustainability data with digital 
technology through e-labeling can inform consumers on 
proper packaging disposal (recycling, composting, etc.) in the 
area in which the product is used and this would provide 
much-needed connection for the consumers [20]. 
 

Life Cycle Assessment (LCA) 
 

The key measurement tool to assess a product’s 
environmental impact is the life cycle assessment. LCA can 
evaluate all the environmental impacts associated with a 
product, covering all stages in a product’s life, from cradle to 
grave [28]. According to Glavič and Lukman (2007) in [5], 
sustainable packaging has a relatively low environmental 
impact based on LCA [27] but consumer may not have an 
understanding of LCA for it may require some level of 
education. Consumers opinions on what is a sustainable 
package do not always align with the actual sustainability of 
a package[20]. The spaces available on product package to 
reveal information pertaining to LCA may not be enough and 
the use of logo may not be explicit enough. Therefore, it is 
believed that e-labeling can be useful for the unfolding of all 
these kind of useful additional information.   
 
 
 
 

Reuse as Option for Reducing Waste 
 

Both academia and industry are looking towards reuse as a 
viable option to reduce resource consumption [29]. Reusable 
packaging is not a new development; for it existed in form of 
crates and bottles in those days; where by, used Coca-Cola 
glass bottles must be returned to the supplier before you can 
purchase a new product. If a buyer do not have a bottle, he or 
she have to pay for the bottle to purchase a Coca-cola drink in 
those days. During this period, waste caused by packaging 
were not prominent because they must be returned before 
new product can be purchased. It seems it was when bottles 
need not to be returned to the suppliers that package waste 
became very prevalent. In those days, waste caused by 
package materials are only mostly caused by those non-
biodegradable package that do not need to be returned to the 
supplier after use. The Netherlands for example previously 
sold dairy products (milk, yogurt etc.) in glass and plastic 
reusable containers [30]. It is surprising that in this modern 
days, single use is now the most popular and there is no more 
observable reusing of package. But now, it is good to hear that 
Coca-Cola and Nestlé which have recently been tagged the 
largest plastic polluters for the third consecutive year are 
now pledging that from 2025 onwards their products will 
only be sold in reusable and recycled bottles [30]. Present 
study appraises the green light of circular economy in e-
labeling for SPPD based on the notion that e-labeling will be 
very helpful in the reuse of packaging because of the 
advantage of the continual presentation of comprehensive 
and current product data by using digital devices. This is also 
more beneficial because the packages are reused without the 
need of repetiting of any printed label on the product again. 
 

E-Labeling Advancements in Sustainable Packaging for 
Circular Economy Practices 
 

E-labeling as a digital alternative to traditional labels, plays a 
pivotal role in aligning product packaging with circular 
economy ideals. Circular economy emphasizes waste 
prevention and dematerialization to mention a few; thus, e-
labeling involvement in sustainable packaging can bring 
about positive contribution to circular economy practices. 
Some countries (such as Canada, Japan, and the United States) 
have started discussions about how to extend e-labels to 
other product categories [8] beyond ICT products. Although 
some countries may be contemplating whether to adopt e-
labeling or not because of possible challenges that can be 
involved. Thus, present study appraises the green light of 
circular economy in e-labeling for SPPD because it is believed 
that the circular economy can help to enable alternative 
packaging solutions, such as reusable packaging (i.e. 
packaging which has been designed to carry out multiple trips 
in its lifetime by being refilled or reused for the same purpose 
for which it was conceived”) [29]. Also, it is believed that e-
labeling can help in providing more space for information 
display; thus, reducing usage of materials for labels. Also, 
consumers can access comprehensive and current product 
data by using digital devices for interacting with the 
embedded digital marker on the product package. 
Furthermore, an e-label provides an easier way for 
manufacturers to provide details to consumers on how to 
environmentally dispose product waste. With better and 
more accessible information, compliance as regards 
recycling, may increase [11]. According to [8] displaying 
regulatory and other product information electronically is 
more practical than using small, confusing physical labels. 
Another prominent function is the function of feedback about 
the environmental benefits of users’ recycling behaviour [6]. 
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According to [6], nonmonetary incentives, information and 
news about municipalities’ actions for recycling, the 
opportunity to report a problem with the recycling facilities, 
and feedback about recycling amount in the neighborhood 
are rarely covered functions. “Lack of knowledge” on what, 
why, and how to recycle is among the most common barriers 
to individual recycling. The incorporation of technology such 
as bar codes, QR codes, NFC (Near Field Communication), 
RFID (Radio-Frequency Identification), augmented reality 
(AR), or other interactive elements to enable consumers to 
access additional information, promotions, or experiences 
related to products can be considered as integral of the E-
Labeling Advancements. The term Radio Frequency 
Identification (RFID) describes a real-time procedure that 
facilitates information flow pertaining to product labeling 
[31]. We could embed RFID readers in devices that people 
usually carry, such as cell phones. Placing a cell phone in front 
of a tagged product would bring up product information on 
its display [32]. 

It is also hoped that block chain technology can also be 
harnessed with other digital marker such QR code. According 
to [33], blockchain technology-certified information on 
packaging design affects consumers’ perceptions of flavor 
and healthiness. Blockchain-based solution provides 
consumer protection by providing detailed information about 
products, sources of materials and production processes [33]. 
Technologies such as Radio Frequency Identification (RFID) 
and Near Field Communication (NFC) are also used as smart 
packaging components that enable tracking and tracing of the 
product from production to consumption [34]. Information 
about the product's location, temperature, etc. can be 
monitored instantly with RFID tags or NFC-enabled tags 
added to the packaging [34]; thus, theft and counterfeiting are 
reduced, while product safety is increased. 

The term “Augmented reality with its abbreviation (AR), was 
coined by Caudell and Mizell (1992), as the superimposing 
environment, which was merged with augmented computer-
generated images which lead to mixed reality. “AR” reflects 
the augmentation of a virtual object over the real world, 
therefore, this technology enhances the user’s existing 
environment by superimposing an image or animation over 
the user’s view of the real world [35].  

Augmented Reality (AR) revolutionizes product visualization 
by enabling customers to see how products would look and 
function in their own environments [36]. For example, users 
can scan an AR marker on packaging with their smartphone 
to verify authenticity, ensuring they receive genuine items. 
This added security layer protects the brand's reputation, 
builds trust, and reduces costs associated with physical 

prototypes and material waste. By addressing design flaws 
before production, AR enhances packaging design 
optimization, leading to improved outcomes and a more 
sustainable future [36]. 

Bar codes are a particular combination of light and dark bars, 
reflecting different signs in a specific particular way. These 
may be numeric codes, or other characters (alphanumeric 
codes) to be read by a machine. Barcode is still the dominant 
player in supply chain industries and departmental stores 
[37]. However RFID is replacing barcode technology and 
enjoys the major advantage of being independent of line of 
sight problems and scanning the objects from a distance. It 
offers the promise of reduced labor levels, enhanced visibility, 
and improved inventory management. RFID tags have a 
memory capacity of 16 - 64 Kbytes which is far more than the 
barcodes (1 - 100 bytes)[37].Among the well-known global 
companies that have started to implement RFID technologies 
for electronic product marking, are: Wal-Mart, Target, 
Albertsons, Metro, Tesco, Marks&Spencer, Procter&Gamble, 
and Gilette[38] Globally, the shift towards e-labeling has 
become inevitable but is progressing very slowly due to lack 
of universal labeling standards.[38]. While the green light 
illuminates the path to sustainable packaging, challenges such 
as regulatory compliance and technological barriers must be 
addressed. Yet, these challenges present opportunities for 
further innovation, collaboration, and the establishment of 
industry standards. Thus, as the green light of circular 
economy principles illuminates the horizon of E-Labeling for 
sustainable product packaging design, it beckons graphic 
designers, engineers, businesses, and consumers to 
collectively embrace a circular paradigm. 
 

METHOD  
 

This study involves the use of modified Delphi techniques 
together with the use of interpretative structural modelling 
and some related literatures in Table 1. The Delphi method 
does not require large samples [39]. Thus, some variables are 
drafted through literature review as to present them to 20 
Delphi participants to reach consensus for better 
understanding. The aforementioned is mainly for the first 
objective. The second objective is achieved through the use of 
interpretive structural modelling (ISM). This involves the use 
of the recent computer application software for ISM. This was 
first proposed by J. Warfield (1973) as a computer assisted 
learning process [40, 41]. ISM is computer aided methodology 
to study complex issues and to structure them in terms of 
words and directed graphs which can be easily understood 
[41]. 

 

Table 1. Some related literatures 

E-labeling Classification Authors 

(1.) A digital display on a device’s screen, a link to a website via a text 
URL, or a machine-readable code (e.g., a QR code). 

Cory (2021)[8] 

(2.) An easy to scan code for communication: 
Fuente & Sonia Ibarreche Domínguez Carbonell, 
(2020)[19] 

(3.) QR code communication process is Using QR code for anti-
counterfeiting Product information and risk minimization via the use 
of QR 

Dou and Li [43], [44], [45], [46], [47], [46] 

(4) QR codes and 2D barcodes in packaging Ângelo, Barata, Cunha, & Almeida, (2017)[46] 

(5) An app that provides verbal instructions via QR code [38], [48] 

(6) A Mobile System (App) [49] 

(7) Uniform Resource Locator (URL); QR code or GS1 bar code/ two-
dimensional (2D) code 

Matsui et al.(2023)[47] 
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Having considered the classification of elabeling by [8], there 
are three main types of e-labels: a digital display on a device’s 
screen, a link to a website via a text URL, or a machine-
readable code (e.g., a QR code). Through a participatory 
approach, ten anonymous Delphi participants are allowed to 
understand e-labeling through some literature reviews (see 
Table 1) and finally the consensus reached is used in creating 
the framework for the better understanding of e-labeling for 
SPPD. 
 

RESULT AND DISCUSSION  
 

Table 2 presents the education qualification of the 
participants that are involved in the research activities. Four 
(40%) of them have university education. Participants with 
postgraduate education are four (40%) while two 
participants representing 20% of the participants are 
graduates. 
 

Table 2. Educational qualification of participants 

Qualification   

University 8 40 

Postgraduate 8 40 

Graduate 4 20 

Total 20 100 

 

 
Figure 1. First classification through brainstorming with 
Delphi participants 
 

QR codes and barcodes, Near Field Communication (NFC), 
RFID, AR, smart packaging, digital screen and displays, 
blockchain certified information, online product portals and 
Apps are grouped under e-labelling (see Figure 1). 

Regulatory compliance, industrial application, technological 
implementation, environmental impact, user interaction, 
accessibility features, security and anti-counterfeiting are 

also grouped under e-labeling. This classification in Figure 2 
is considered based on different perspective unlike the first 
classification. 
 

 
Figure 2. Second classification through brainstorming with 
Delphi participants 
 

 
Figure 3. Third classification through brainstorming with 
Delphi participants 
 

In Figure 3, digital display on a device 's screen is actually well 
understood as e-labeling. But, since not all products have 
screen where e-labeling can be displayed then other devices 
with screen can be used to scan the digital code printed on 
such product. That is the reason for including the machine 
readable code as a good example of e-label. Examples 
includes QR codes, barcodes, NFC and RFID. Blockchains are 
generally defined as a particular type of electronic ledger 
where data is replicated across multiple servers (“nodes”) in 
a peer-to-peer network [53]. It is a modern technology that 
can be used for food traceability and the young age segment 
appreciates the positive effects of using blockchain 
technology [52]. Blockchains present authentic information 
related to a product and ensure the exchange of all 
information between the different counterparties throughout 
the supply chain without compromising privacy and security 
[51]. Others such as smart packaging and Apps are 
technologies that can give information about the product 
when used in collaboration with the tagging technology such 
as the machine readable codes. Smart packaging technology 
is a technology that enables the product inside the package to 
communicate with the consumer [34]. smart packaging has 
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features such as enhanced protection, traceability and safety, 
realtime monitoring, and interactive features by using 
sensors, indicators, and monitoring systems to monitor and 
communicate the status of the product. Sensors added to the 
packaging, or its design are the most important component of 
smart packaging [34]. 
 

Table 3. E-labeling classification basis 

E-labeling Classification Classification Basis 

QR Codes and Barcodes e-
labels 

Tagging 
Method/Techniques 

Near Field Communication 
(NFC) e-labels 

Tagging 
Method/Techniques 

Radio-Frequency 
Identification (RFID) e-labels 

Tagging 
Method/Techniques 

Smart Packaging e-labels Medium/Channel 

Argumented Reality (AR) e-
labels 

Medium/Channel 

Digital Screen and Display e-
labels 

Medium/Channel 

URL or Websites e-labels Medium/Channel 

Mobile Applications (App)  Medium/Channel 

Blockchain Certified 
Information 

Goal-Based 

Regulatory Compliance e-
labels 

Goal-Based 

Industrial Application e-labels Goal-Based 

Technological 
Implementation e-labesl 

Goal-Based 

Environmental Impact e-
labels 

Goal-Based 

User Interaction e-labels Goal-Based 

Accesibility Features Based e-
labels 

Goal-Based 

Security and Anti-
Conterfeiting e-labesl 

Goal-Based 

 

Table 3 shows the criteria for the classification. Some of the 
e-labels are based on a particular technology for sensing, 
detecting, tracking, recording, and communicating 
information about a particular product. RFID, NFC, QR codes 
and barcodes are method or technique based. 

Digital screen, URL, and Apps are classified medium or 
channel through which information about a particular 
product can be communicated. The goal based basis for the 
classification is according to the usefulness or responsibility 
of the e-labels. For instance in Table 3, regulatory complinace, 
industrial application, technological advancement, 
environmental impacts, user interection, acccesibility 
features, security and anti-counterfeiting are among the 
usefulness or responsibility of e-labeling. Thus, some of the e-
labels based on what they are used for can be classified based 
on the goal of e-labeling. E-labeling in term of enviromental 
impacts pertains to the aspect of environmental sustainability 
of reducing waste, encoutraging reuse, good health and well 
being, and reducing usage of raw materials to mention a few. 
With this classification, this study assumes to have increased 
awareness about the signal to proceed with the adoption of e-
labeling as it can be associated with environmental 
sustainability and improvement of consumers' informed 
choice. 
 
 

 
Figure 4. Third classification through brainstorming with 
Delphi participant 
 

The variables V1 to V15 in Table 4 are analyzed based on 
acceptance and the result is shown in Figure 5. Figure 5 is a 
chart showing that majority of the participants are in 
agreement with the variables concerning e-labeling ın 
cırcular economy as regard sustainable product package 
design. This means that ındustrial application of e-labeling to 
product packaging will encourage circular economy (V1). 
Technological implementation of e-labeling for all products 
towards ensuring return, reuse, and recycling of product 
package will foster circular economy (V2). E-labeling in terms 
of regulatory compliance will encourage circular economy by 
minimizing waste of raw materials as well as packaging waste 
(V3). Sixty percent (60%) out of the 20 participants 
considered that V1 to V3 are applicable to the possible 
relationship beteeen the use of e-labeling foe SPPD towards a 
circular economy. 

Majority consider e-labeling in terms of regulatory 
compliance as a means to encourage consumers to reuse or 
suggest how to recycle the package by providing information 
on the package (V4). Sixty percentage (60%) out of the 
participants consider e-labeling as digital display of 
visual/verbal information in terms of recycling, reuse, and 
how to return package after use of product content. This is 
believed to have the potential of encouraging environmental 
sustainability and circular economy. Moreover, majority of 
the participants consider the use of E-labeling for SPPD will 
make a product to be beneficial, safe and healthy for 
individuals and communities throughout its life cycle (V7). To 
achieving SDGs 11, e-labeling can inform consumers on 
proper packaging disposal and diversion but the problem of 
conserving waste that will be caused by the numbers of 
electronic gadget such spoilt mobile phones will still 
contribute to circular economy because the spoilt electronic 
gadget can be put into further use such as recycling and 
remanufacturing. The point is that many consumers are 
novice to recycling; thus, they need the education about how 
they can return such waste to the appropriate collection 
centre. This study suggests that e-labeling can serve this 
purpose. E-labeling can serve as green applications designed 
to support environmental behaviors such as energy and 
water saving, eco-friendly mobility, waste reduction, and 
recycling (V11). E-labeling will enable consumers to access 
additional information such as proper waste classification, 
reminders about recycling, analyzing both the waste impact 
and the environmental impact of users, conveying current 
environmental news, and showing the nearest recycling 
facilities (V12). V11 and V12 are in accordance to the study of 
[6]. In Figure 6, it is hoped that the green light which have 
been sensed as result of some packaging design which 
encourages recycling by just using text such as 'RECYCLE ME' 
(see Figure 5) can be more effective when e-labeling are 
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adopted for the purpose of sustainable package design 
(SPPD). Just 'RECYCLE ME' is not enough because consumer 
needs to be informed about what to do in order to recycle the 
used product package. This is the gap that e-labeling can 
easily fill by providing the appropriate direction and 
education. This is in accordance to the study of [6] where the 

publication mentions that this innovation such as some of the 
classification of e-labeling have huge potential to promote 
individual recycling by alleviating critical barriers such as 
lack of knowledge or laziness, social barriers of believing that 
others do not recycle, and structural barriers such as hard-to-
access recycling bins or lack of incentives. 

 

Table 4. Statements about e-labeling in circular economy in relation sustainable product package design 

VAR Statements about E-Labeling in Circular Economy 

V1 Industrial application of e-labeling to product packaging will encourage circular economy 

V2 
Technological implementation of e-labeling for all products towards ensuring return, reuse, and recycling of 
product package will foster circular economy 

V3 
E-labeling in terms of regulatory compliance will encourage circular economy by minimizing waste of raw 
materials as well as packaging waste 

V4 
E-labeling in terms of regulatory compliance will encourage consumers to reuse or suggest how to recycle the 
package by providing information on the package 

V5 
E-labeling as digital display of visual/verbal information about recycling, reuse, and how to return package after 
use of product content will encourage circular economy 

V6 E-labeling can revealed visual and verbal communication that can suggest sustainability 

V7 
The use of E-labeling for SPPD will make a product to be  beneficial, safe and healthy for individuals and 
communities throughout its life cycle. 

V8 
There is a relation between e-labeling and packaging materials, visual characteristics as well as verbal 
communications towards signaling SPPD 

V9 E-labeling can help in reducing usage of raw materials 

V10 e-labeling can inform consumers on proper packaging disposal and diversion 

V11 
E-labeling can serve as green applications designed to support environmental behaviors such as energy and water 
saving, eco-friendly mobility, waste reduction, and recycling . 

V12 
E-labeling will enable consumers to access additional information such as proper waste classification, reminders 
about recycling, analyzing both the waste impact and the environmental impact of users, conveying current 
environmental news, and showing the nearest recycling facilities. 

V13 
QR code, Barcodes, NFC (Near Field Communication), RFID (Radio-Frequency Identification), augmented reality 
(AR), block chain technology, or other interactive elements, or experiences related to the product can be 
considered as integral of the E-Labeling Advancements. 

V14 
E-labeling can serve as avenue to provide encouragement  and knowledge for waste diversion and disposal in an 
apprpriate way towards reducing packaging wastes' environmental impact 

V15 E-labeling will promote SPPD interms of visual and verbal communication as well as enable dematrialization 

 

 
Figure 5. A chart showing participants agreement with the variables concerning e-labeling ın cırcular economy as regard 
sustainable product package design 
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Figure 6. 'RECYCLE ME' captions in product package design 
 

Having considered all these variables, including the 
concensus reaches that QR code, Barcodes, NFC (Near Field 
Communication), RFID (Radio-Frequency Identification), 
augmented reality (AR), or other interactive elements, or 
experiences related to a particular product can be considered 
as integral of the e-labeling advancements (v14), the 
framework for the better understanding of how the 
greenlight of circular economy in e-labeling for sustainable 
product package design is then shown in Figure 7a to 7e. 

In the framework, Figure 7b to 7d shows that e-labeling plays 
a crucial role in promoting sustainable product packaging 
design, contributing to a circular economy. The ISM graph in 
Figure 7b starts with technological implementation; 
technological implementation enables digital labeling 
solutions). The foundation of e-labeling lies in 
dematerialization, information supply, and goal-based 
categories. By leveraging digital labeling, companies can 
reduce their reliance on physical labeling materials, provide 
accurate and up-to-date product information, and categorize 
products based on sustainability goals. Sustainable packaging 
design is a critical aspect of e-labeling. This involves 
optimizing packaging design to minimize waste, selecting 
environmentally friendly materials, and designing clear and 

intuitive visual labeling. Additionally, verbal communications 
play a vital role in providing consumers with clear and 
concise product information. Reusable packaging is another 
essential consideration, as it enables consumers to reuse 
packaging materials, reducing waste and promoting 
recyclability. 

Consumer behaviour and awareness are also critical 
components of e-labeling (see Figure 7b to 7d). Consumers 
must be able to comprehend information on product 
packaging, and companies must ensure that product 
information is accurate, reliable, and secure. Anti-
counterfeiting measures are essential to prevent 
unauthorized replication or tampering. Furthermore, 
providing reminders about recycling, showing the nearest 
recycling facilities, and informing consumers about proper 
packaging disposal and diversion are crucial steps in 
promoting sustainable practices (see Figure 7c). 

The ultimate goal of e-labeling is to contribute to a circular 
economy. This involves reducing material waste, minimizing 
the usage of materials for labels, and promoting green 
applications for energy saving and eco-friendly mobility. 
Regulatory compliance is also essential, as companies must 
adhere to relevant laws, regulations, and industry standards. 
Finally, overcoming technological barriers is critical to the 
successful implementation of e-labeling (see Figure 7d). By 
providing a much-needed connection for consumers, 
companies can bridge the gap between consumers, products, 
and sustainable practices, ultimately contributing to a more 
circular economy. 
Figure 7e shows the graph generated through the ISM. It 
shows technological implementation as the base element and 
all the complex relationships between e-labeling, sustainable 
packaging design, consumer behavior, and circular economy 
principles leads to 'providing much needed connections to 
consumers'. This will be very advantageous to Nigeria and 
other developing countries towards the acceptance and 
adoption of e-labeling. 

 

 
Figure 7a. The framework for the better understanding of circular economy in e-labeling for sustainable product package 
design 
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Figure 7b. The framework for the better understanding of circular economy in e-labeling for sustainable product package 
design 
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Figure 7c. The framework for the better understanding of circular economy in e-labeling for sustainable product package 
design 
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Figure 7d. The framework for the better understanding of circular economy in e-labeling for sustainable product package 
design 
 

 
 

Figure 7e. The framework for the better understanding of circular economy in e-labeling for sustainable product package 
design 
 

CONCLUSION 
 

Circular economy principles prioritize resource efficiency, 
waste reduction, and the continual use of materials in closed 
loops. Building upon the concept of circular economy, which 
Ghisellini et al. (2015) define as a transition to a balanced 

interplay of environmental and economic systems, this study 
explores the role of e-labeling in promoting sustainable 
product packaging design. In the context of product 
packaging design, this approach seeks to minimize 
environmental impact, promote recycling, and contribute to 
the longevity of resources. The findings of the study suggest 
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that the three main types of e-labels; namely, a digital display 
on a device’s screen, a link to a website via a text URL, or a 
machine-readable code (e.g., a QR code). This can be further 
classified on the basis of tagging technology or techniques, 
medium and goal. Some of the e-labels are based on a 
particular technology or medium for sensing, detecting, 
tracking, recording, and communicating information, others 
are based on the goal of the stakeholders.  

Through this study, e-labeling's goal in term of enviromental 
impacts pertains to the aspect of environmental sustainability 
of reducing waste, encoutraging reuse, good health and well 
being, and reducing usage of raw materials to mention a few. 
Specifically, the classification of e-labels in this study draws 
inspiration from Cory (2021) and the principles of reduce, 
reuse, and recycle, which are core to the circular economy 
framework [3]. With this classification, this study assumes to 
have increased awareness about the signal to proceed with 
the adoption of e-labeling as it can be associated with 
environmental sustainability and improvement of 
consumers' informed choice.  Finding of the study also 
suggests that e-labeling can serve as green applications 
designed to support environmental behaviors such as energy 
saving, eco-friendly mobility, waste reduction, and recycling 
by enabling consumers to access additional information such 
as proper waste classification, reminders about recycling, 
analyzing both the waste impact and the environmental 
impact of users, conveying current environmental news, and 
showing the nearest recycling facilities in accordance to the 
study of Dursun, Tümer, and Kiliç in 2024. This is also in line 
with Vrabič-Brodnjak (2024) concerning sustainable 
packaging as an essential element in reducing the 
environmental footprint of industrial activities. Thus, the 
present study recommends the proposed framework for the 
better understanding of e-labeling for SPPD with the view of 
achieving a circular economy.  

The suggested framework in this study also fills the gap as 
identified in the study of Vrabič-Brodnjak (2024) that 
consumers are affected by misconceptions, infrastructure 
limitations, economıc barrıers regardıng costs and are often 
unaware of the correct disposal methods. Thus, suggested 
framework in this study is also in accordance with Vrabič-
Brodnjak (2024) and other prior authors referring to the 
need for collective effort that prioritizes environmental 
protection and social responsibility. Present study also aligns 
with Choi et al, (2015) concerning the need for innovative 
design solutions towards sustainability by examining the role 
of e-labeling in sustainable product packaging deisgn that can 
be leveraged to enhance consumer awareness and drive 
sustainable behaviours. The suggested framework also 
reflects the mind of Choi et al, (2015) concerning the growing 
field of behaviour in terms of controling consumer behaviour 
to be more aware of their attitude toward sustainability 
through the possibility of packaging that communicate 
between designer, manufacture and consumer; packaging 
designed to remind, respond, help, guide, reward, return and 
as well as designed to be trusted. The findings of this study 
have further enhance understanding in this aspect through 
the possible technological implementation of e-labeing link to 
enabling dematerialization and availability of more spaces for 
adequate information for consumers' education or 
awareness. By adopting the suggested framework, the 
innovation and collaboration among stakeholders can pave 
the way towards a more sustainable future for the packaging 
industry. The implication of this innovation is that designers 
should be all-round in knowledge to apply every available 
technology to their design and never to fear if technology will 
disturb their job opportunities. Also, stakeholders should also 

focus on providing educational initiatives to enhance digital 
literacy among consumers and ensure that e-labeling 
platforms are accessible even in regions with limited 
connectivity by providing offline options for accessing e-label 
information, such as QR codes that can be scanned using 
smart phones without requiring a constant internet 
connection.The frame work also shows that e-label and 
physical label should co-exist so as to allow stakeholders to 
adapt gradually to the innovation and the framework 
comprise of visual information that can  contribute to recycle, 
reuse, return and rewarding of consumers as they 
wholeheartedly contributes to waste mangement. By 
adopting the suggested framework, innovation and 
collaboration among stakeholders can pave the way towards 
a more sustainable future for the packaging industry, which 
is in line with the principles of circular economy (Ghisellini et 
al., 2015). The proposed framework contributes to the 
existing body of knowledge on circular economy and 
sustainable packaging design, highlighting the potential of e-
labeling to reduce waste, promote recycling, and contribute 
to environmental sustainability. In line with this 
understanding, Cory (2021) recommends that policymakers 
should coordinate in developing standards and practices for 
e-labeling as the widespread smartphone ownership and the 
massive growth in the use of QR codes during COVID-19 has 
proved the possibility of unobjectionable adoption of e-
labelling. This is becase people around the world have gained 
familiarity with machine-readable codes, especially QR codes, 
during COVID-19 pandemic [8].  

The level of acceptance of e-labeling based on the 
stakeholders is also shown through the suggested 
framework. The greenlight of circular economy in e-labeling 
for sustainable product package design is considered positive 
when stakeholders accept this innovation. With the e-labeling 
classification explored in this study, this study assumes to 
have increased awareness about the signal to proceed with 
the adoption of e-labeling as it can be associated with 
environmental sustainability and improvement of 
consumers' informed choice. Building on the conceptual 
frameworks proposed by Tan [4], this study introduces a 
novel perspective on integrating e-labelling within product 
packaging design, offering a roadmap for practitioners to 
implement sustainable packaging solutions effectively with a 
focus on EPR. This can be enhanced through Private - Public 
Sector Partnerships (PPP), Integrated Solid Waste 
Management (ISWM), Integration of the Informal Sector (IIF) 
harmonized with Extended Producer Responsibility (EPR)  as 
the framework includes providing reminders about recycling, 
showing the nearest recycling facilities, and informing 
consumers about proper packaging disposal and diversion as 
well as consumers getting rewarded for promoting 
sustainable practices. This can be done by enhancing the 
concern of everybody. This can also enhance policy such as 
Deposit Refund System (DRS). Accordingly, integration of e-
labelling within EPR may enhance the following 
implementation strategies; namely: 

Digital Return Programs: Manufacturers can implement e-
labelling that provides specific procedures and digital 
channels for consumers to return used packaging. By 
integrating unique QR codes linked to return programs, 
consumers can be incentivised to return packaging instead of 
discarding it. This fosters a circular economy by ensuring that 
materials are reused and recycled. 

Real-time Feedback Mechanism: E-labelling can be integrated 
with digital platforms where consumers receive real-time 
feedback on their recycling behaviours and the broader 
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environmental impact. For example, suppose a consumer 
scans an e-label after returning packaging. In that case, they 
can receive updates on how many resources were saved, 
making them more likely to engage in EPR initiatives. 

Collaboration with Digital Waste Management Solutions: 
Companies can partner with digital waste management 
platforms to integrate e-labelling that guides consumer on 
properly recycling or disposing of their packaging. Providing 
links or QR codes directly on the packaging can lead 
consumers to resources that offer local recycling facilities, 
thus creating a link between producers and waste 
management. 

Incorporating Blockchain Technology for Traceability: By 
utilising e-labelling with blockchain technology, 
manufacturers can trace the lifecycle of their products; 
ensuring compliance with EPR regulations. This transparency 
can enhance consumer trust and support efforts to promote 
recycling and sustainability. 

Education and Awareness Campaigns: E-labels can serve as 
platforms for educational campaigns that outline the 
importance of EPR and how consumers can participate. 
Including information about legal obligations for producers 
and how they are being upheld can motivate consumers to 
engage more actively in sustainable practices. 
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