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ABSTRACT

Digitalization and sustainable development present a twin transition to the industry 5.0-based new nor-
mal. Companies try to achieve sustainability transformation through new business strategies in order
to respond to the demand of their stakeholders. For this reason, food companies are striving to apply
sustainability principles in product packaging design while considering the complete life cycle of a
product. Therefore, intelligent packaging with sensor technologies and extended functions is emerging.
It uses digital systems to package food to obtain real-time information on the features of goods during
transportation or storage. While controlling the condition of food and the surrounding environment,
it informs the manufacturer, retailer, or consumer of the state of the food. Therefore, the demand for
intelligent packaging is growing in the food industry. This chapter explores intelligent packaging and
defines the current trends in this innovative field.

1. INTRODUCTION

The focus of the modern age is shifted towards the interaction between humans and manufacturing machines
to urge economic and social welfare while contributing to sustainable development goals. Unprecedented
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Intelligent Packaging

digitalization accelerates sustainable production and consumption as well as a novel perception of food
products. Intelligent packaging not only enables tracing and monitoring the quality and safety of a product
but also increases the shelf-life of a food product. Advancing technologies require new business strategies
and hence, cutting-edge and expert insight to research this transition. Moreover, volatile, uncertain, com-
plex, and ambiguous (VUCA) environment implies companies to center on consumers’ needs and wants
to recognize their power for their business models as customer relationship has become essential.

Intelligent packaging with sensor technologies includes extended functions and uses digital systems
to package food, cosmetics, medicaments, and other kinds of products. It is also adopted by brands in
healthcare, logistics, transport, consumer electronics, and home care industries. Intelligent packaging
provides information on the product quality during shipping and storage. It monitors the state of food
and the surrounding environment and notifies the producer, retailer, or consumer of the condition of
the food. Such smart, and interactive packaging enables tracing, and monitoring functions to ensure the
quality and safety of a product, and hence, can help increase the expiration date of foodstuffs. Therefore,
the demand for intelligent packaging is growing in the food segment.

In accordance with the changes in consumption, lifestyle, and consumer preferences (Palazzo et al., 2022),
packaging strategy should respond to consumers’ needs for safe and quality of food products as well as recy-
clable or environmental-friendly packaging. Thus, food packaging is evolving by applying new technologies
to improve the quality of the product, prolong shelf-life, reduce waste and beneficially impact the environment.

Intelligent packaging is an innovative field of research. The era of globalization and digitalization
has given rise to innovative solutions in a wide range of domains. As a result, Intelligent packaging is
offering commercial benefits and further expansion. The sales of electronic packaging are expected to
increase to USD 1.45 billion by 2023 (Akhzar, 2021). The intelligent packaging market is anticipated
to be worth USD 26.8 billion by 2028 (Globe Newswire, 2022).

In addition, globalization of the food industry has created logistical challenges to distribute food
from manufacturers to retailers to end users while preserving its quality and safety. The packaging ma-
terial must prevent foods from microbial contamination and decrease the risks of food-related illness.
Consequently, innovative packaging devices should monitor the food quality and environment around
the product to enhance the safety and shelf-life of a product. Intelligent packaging allows companies
receive actual information about the product without taking the samples to the laboratory for a costly and
time-consuming analysis. Such packaging facilitates the transportation of frozen food not only between
countries but also to remote areas by monitoring the conditions of food without touching the product.

Furthermore, a low-touch economy has emerged as a consequence of the Covid-19 pandemic that
accelerated digital transformation (Gigauri, 2021a). Brands need to adjust the altered behavior of keep-
ing physical distance, and deliver safe and sustainable products. In this regard, digitalization, seen as
a solution to many of the grand challenges, is adopted also by the food industry to develop innovative
packaging. New technologies such as RFID, EAS, QR codes, Data loggers, and other emerging tech-
nologies give rise to extending functions of intelligent packaging.

2. LINKING PACKAGING, SUSTAINABLE DEVELOPMENT
GOALS AND SUSTAINABLE MARKETING STRATEGY

Previous studies found that consumers waste more food compared with other subjects in the value chain
(Miiller & Schmid, 2019). Preserving food quality and minimizing waste are among global sustainable
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