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Food security is one of the most important factors in the sustainable
development of any country. Among the key components ensuring
food security is food packaging, which is profoundly influenced by
technological advancements. Accordingly, the aim of this study is to
examine emerging technological trends and assess their impact on the
future of food security in Iran. Since the research is based on futures
studies, the trend analysis method was employed to achieve this
objective. To this end, relevant statements extracted from reports,
scholarly articles, and international documents were compiled and
presented to an expert panel, through which the main trends were
identified. To provide a clearer understanding, the findings are
presented in the form of trend descriptions accompanied by SWOT
analyses, a comparative trend table, key global technological events
and actions in the field of packaging, and major driving forces
affecting this domain. The five main trends identified in this research
include the development of packaging through the Internet of
Packaging, biodegradable packaging materials, digital printing,
packaging automation, and active packaging materials. Moreover,
drivers such as environmental concerns, the growth of e-commerce,
advancements in packaging materials, traceability for safety assurance,
and consumer preferences have influenced these trends. Based on the
conducted analyses, it can be concluded that packaging technology
will become one of the critical driving forces shaping the future of
food security. Achieving this requires comprehensive collaboration, a
strong focus on innovation, and reinforcement of technological
infrastructure to prevent potential surprises in this field. Finally,
considering the findings, challenges such as sanctions and import
restrictions, skill gaps, and financing constraints were addressed in the
study’s recommendations.
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Introduction

The global food industry is undergoing a paradigm shift driven by technological advancements aimed at
enhancing safety, reducing waste, and improving consumer communication. As food security remains a
paramount concern for Iran, particularly in the face of rising population demands and environmental
constraints, the role of innovative packaging becomes critical [1-3]. This research examines the emerging
trends in food packaging technology and their potential to bolster Iran’s food security by the year
1415(1415 SH). Despite the rapid global adoption of smart, sustainable, and automated packaging
systems, Iran faces a complex interplay of opportunities and challenges. While the nation possesses a
robust agricultural base and a growing community of knowledge-based enterprises [12-15], it is
simultaneously constrained by limited access to high-tech imports, infrastructure gaps, and the ongoing
necessity for local skill development [18-21]. The primary objective of this study is to bridge the gap
between global technological maturity and the local socio-economic realities of Iran. Through a
comprehensive analysis of trends—Internet of Packaging (IoP), biodegradable materials, digital printing,
automation, and active packaging—this study provides a prioritized roadmap for policy-makers and
industry stakeholders. As illustrated in Figure 1, the integration of these technologies into the domestic
supply chain is not merely an operational upgrade but a fundamental requirement for minimizing post-
harvest losses and ensuring a stable food supply.

Results and Discussion

Following an 11-step futures research methodology [22], this study synthesized global industrial reports
and academic literature to evaluate the impact of five key technology trends.

Key Technological Domains:

Internet of Packaging (l1oP): Integrating RFID, NFC, and QR codes facilitates real-time monitoring and
product authentication, essential for securing supply chain integrity [23, 24].

Biodegradable Materials: Utilizing agricultural side-streams for starch-based and bio-polymers offers a
sustainable solution to plastic waste, aligning with global environmental shifts [25].

Digital Printing: This trend allows for cost-effective customization and rapid production turnover,
reducing reliance on expensive traditional tooling [26].

Automation & Robotics: Al-driven systems significantly reduce human error and boost production
accuracy, a prerequisite for modern food manufacturing [27].

Active Packaging: By incorporating antimicrobial agents and oxygen scavengers, this technology
actively extends shelf life and reduces waste at the source [3, 28].

Analysis of the Iranian Context:

The SWOT analysis conducted across these domains reveals that Iran must adopt a tailored approach.
While international sanctions present hurdles for importing specialized automated machinery,
opportunities exist in “frugal innovation” and local knowledge-based development. As highlighted by
[67], the synergy between university research and industrial practice is vital for this transition. The
analysis underscores that the growth of these technologies globally—as reflected in industry-standard
CAGR projections—must be interpreted through the lens of local infrastructure readiness. Table 6
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provides the comparative analytical framework used to weigh these technologies against Iran’s current
constraints, such as funding, skill gaps, and energy access.

Conclusion

In response to the research objective, it is determined that while all five trends contribute to food
security, their prioritization for Iran must be strategic. The ranking provided in Table 1 reflects a balance
between economic/environmental impact, implementation feasibility, and the critical need to secure the
food supply.

Table 1: Prioritization of Technology Trends for Iran (Horizon 1415)

Food Security Implementation Econ./Env. Final
Technology Trend -
Impact Feasibility Impact Rank
Internet of Packaging Very High Medium High 1
Biodegradable . . .
. High High Very High 2
Materials
Automation Medium High Medium 3
Digital Printing Medium High Medium 4
Active Packaging High Medium High 5

The study concludes that loP should be the primary focus due to its high impact on food security,
followed closely by Biodegradable Materials, which capitalize on domestic agricultural resources. For
sustainable development, Iran should adopt a phased approach: prioritizing simple, achievable
automation and localizing material science for bio-polymers, while building the necessary digital
infrastructure for more advanced systems. By addressing skill gaps through targeted training and
leveraging local industrial strengths, Iran can transform its packaging sector into a cornerstone of a
resilient and waste-minimized food system by 1415.
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