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The unsustainability of the current food system raises food security concerns worldwide due to the population’s increased demand for fresh food and food safety. Unsafe food incidents lead to a high risk of poverty and economic loss. This includes food waste, safety, and security during the sustainable food system process from farm production to consumer. There is a need to implement a fast traceability system like Radio Frequency Identification (RFID) in the sustainable food system to ensure food quality and safety, meet customer demands, and achieve Sustainable Development Goals (SDGs): 1—No poverty, 2—Zero hunger and 13—Climate action for 2030 target. The study objective was to explore the factors that affect the adoption of Radio Frequency Identification (RFID) in the food supply chain. The study adopted the TOE (technology-organization-environment) framework to explore factors that affect RFID adoption in the food supply chain. The study utilized a systematic literature review to examine the TOE factors influencing the adoption of RFID in the food supply chain. The results indicate that technological (complexity, cost, and security), organizational (technical skill and management support), and environmental (maintenance and support, IT policies and regulations) are the major factors that affect the adoption of RFID in the sustainable food system industry. The study recommends organisations intending to adopt RFID allocate enough resources and be prepared to overcome RFID adoption external challenges. The study concludes that technological factors, organizational factors, and environmental factors are important factors for RFID adoption in the food supply chain. However, further empirical studies are necessary to overcome the challenges of systematic literature review based on secondary data and convenience sampling.
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1 Introduction

Food is essential for life and fundamental to survival, making food security crucial for ensuring that everyone has consistent, physical, social, and economic access to sufficient and nutritious food (de Oliveira Veras et al., 2021). However, many people lack access to food due to factors such as low income, rising prices, disasters, and an unsustainable food supply chain, with approximately 70% of the global population suffering from hunger due to conflict and violence (Otekunrin, 2024). Food waste and safety are also growing concerns worldwide (Shah, 2023). The COVID-19 pandemic exacerbated food insecurity, with an estimated 720 to 811 million people facing hunger in 2020 (Bessachi and Announ, 2023). The pandemic significantly impacted the sustainable food system, leading to increased food demands, distribution challenges, and a 12% rise in food waste and traceability issues (FAO, 2021). Additionally, COVID-19 accelerated digital innovation as organizations sought novel solutions. As noted by Amusan and Oyewole (2022), food security has become a top priority globally, with the United Nations Food and Agriculture Organization (FAO) reporting a rise in the number of people experiencing hunger to 925 million.

The challenges of food imports and distribution are expected to persist as long as developing countries struggle to produce their food. Enhancing food security is a key Sustainable Development Goal (SDG) aimed at reducing the risk of malnutrition (“safe food for everyone”: FAO, 2021). In 2015, the United Nations established 17 SDGs to promote planetary and human sustainability, with a target deadline of 2030 (Sorooshian, 2024). These goals include combating poverty and malnutrition (SDG-1: No Poverty), achieving zero hunger (SDG-2: Zero Hunger), and addressing climate change (SDG-13). Ensuring safe food security can help reduce food waste and mitigate global health issues (Garcia et al., 2020).


1.1 RFID in the food system

Given the rising population and increasing demand for safe and fresh food, achieving the end-hunger targets of the Sustainable Development Goals (SDGs) by 2030 may be challenging unless more immediate and effective actions are taken to advance food security and meet zero hunger objectives (FAO, 2021). Traditional food systems are struggling to keep pace with evolving environmental demands for optimization, making digital technologies a potential solution to enhance the sustainability of food systems (Colicchia et al., 2022). Smart sensors, a key component of Food Processing 4.0 technology, play a crucial role in data acquisition, automation, and quality control (Jambrak et al., 2021). Radio Frequency Identification (RFID) has already contributed to improvements and digitalization in sustainable food systems by enhancing food quality assurance and supply chain traceability.

RFID technology, which replaces traditional barcodes, uses small device tags with wireless microchips to track food items during transportation and storage, thus improving traceability and business innovations (Wen et al., 2020). Although RFID has been around for decades, it remains a contentious innovation in sustainable food systems, with 73.68% of review papers addressing its role in food quality and safety (Kineber et al., 2023). Despite its potential, challenges related to RFID adoption persist, with only 57% of the food industry successfully implementing the technology (Zhang et al., 2022). A sustainable food system is essential to addressing food insecurity in alignment with the United Nations Sustainable Development Goals (SDGs; Djekic et al., 2021). Despite the availability of technological solutions, the adoption rate of Radio Frequency Identification (RFID) technology in the food supply chain remains low, with organizations facing various challenges and barriers to implementing RFID (Agarwal and Ankolikar, 2022). The study explores factors affecting the adoption of RFID technology in sustainable food systems using the Technology-Organization-Environment (TOE) framework to review relevant literature and analyze the findings.



1.2 Sustainable food system

A Sustainable food system refers to all food processes from farm production to consumer this includes production, handling and storage, processing and packaging, transportation, and consumption. Recently, there has been a surge in customer demand for both high-food product quality and real-time visibility of their products (Chanchaichujit et al., 2020). There has been concern about food insecurity and food waste. Joubert and Jokonya (2021) mentioned that the unsustainability of the sustainable food system is the major reason for food waste and quality standards. Food companies must implement traceability systems due to the high incidence rate of food-related issues, which leads to economic losses and impacts market value (Sezer et al., 2022). According to Tan and Sidhu (2022) organizations in the retail industry continue to face several challenges with RFID adoption.

The 4th Industrial Revolution (4IR) has driven rapid digital transformation across various industries, shifting the focus toward customer perspectives and enhancing human life. It introduces the Food 4.0 processing concept which automates food processes in the sustainable food system industry to improve food security sustainable development goals (SDGs), reduce waste and cost, save time, save energy and resources, and improve the quality and safety of food products (Hassoun et al., 2023). The sustainable food system sector uses smart sensors like Radio Frequency Identification (RFID) technologies to trace food items, capture data, and improve the transparency between partners during food product movement.

Agarwal and Ankolikar (2022) define Radio Frequency Identification (RFID) as a wireless smart device that transmits information via radio waves. RFID technology adoption in the food supply chain can enhance business efficiency, daily productivity, and customer experience. However, its implementation in sustainable food systems remains limited (Zhang et al., 2022). This study investigates the barriers to adopting RFID technology in sustainable food systems, focusing on technological, organizational, and environmental factors. The study reviewed existing studies on factors affecting RFID technology adoption in sustainable food systems using the Technology-Organization-Environment (TOE) framework.



1.3 Previous studies

Several studies have been conducted on RFID technology’s benefits in sustainable food systems (Bhattacharya and Wamba, 2015). Rahaman and Batcha (2023) noted that RFID technology is considered the best new solution in sustainable food systems due to the GPS installations and ability to monitor the temperature compared to the traditional barcode system. They added that RFID technology is expected to grow fast in the future as many organizations consider adopting it. Existing studies conducted in developed countries show that RFID still has a great opportunity in the market, in the sustainable food system, and better performance in terms of productivity.



1.4 Technological environmental and organisational theoretical framework

In the digital age, technological innovation is often seen as a quick solution for integrating sustainability principles into business decision-making. The Technology-Organization-Environment (TOE) framework focuses on various aspects: for the technological component, it examines RFID implementation, flexibility, ease of use, data security, and the overall success or failure of RFID adoption in the food supply chain (Tornatzky and Fleischer, 1990). Aparnna (2022) highlights that while Industry 4.0 emphasizes automation and data exchange through advanced sensors, the food industry still faces challenges with adopting these technologies, as the pace of technological integration is slower than anticipated.

The need for technology experts for implementation and maintenance remains a significant hurdle. Organizational factors such as culture, size, management support, technical skills, and readiness also play a role in innovation (Gertze and Jokonya, 2020; Bhattacharya and Wamba, 2015). According to Agarwal and Ankolikar (2022), cost is a major barrier to RFID adoption; although individual RFID tags are inexpensive, the cumulative cost for large quantities of products can be high. Additionally, network-related costs for data sharing, system setup, maintenance, and the lack of technical standards and normalization further complicate RFID adoption in the retail sector (Sasi et al., 2023). Environmental factors influencing RFID adoption in the food supply chain include the organization’s willingness to adopt, competitive pressures, IT policies, and customer considerations (Tornatzky and Fleischer, 1990; Rafique et al., 2022).




2 Methods

Research design refers to a structured plan outlining how data will be collected, analyzed, and measured to address research questions and objectives (Cooper and Schindler, 2014). The study employs a systematic literature review as its research design. The systematic literature review was preferred over empirical research because it allowed the synthesis of existing knowledge on RFID adoption in the food supply chain. In addition, it helped to address research gaps by identifying key factors influencing RFID adoption in the food supply chain. As a non-empirical and exploratory study, it aims to tackle the problem by synthesizing findings from relevant articles (Mouton, 2001). The study focused on peer-reviewed articles published from 2013 to 2023 to understand factors influencing RFID adoption in the food supply chain. The selection criteria for the articles were peer-reviewed and published within the 10 years from 2013 to 2023, with a focus on RFID adoption in the food supply chain. There was no exclusion about which region the article was published. The study explored factors influencing RFID adoption in the sustainable food supply chain which is important to supply chain stakeholders interested in adopting RFID technology.


2.1 Design of the Research Instrument

The study adopted a systematic literature review to identify relevant published articles on the factors affecting the adoption of Radio Frequency Identification (RFID) in the food supply chain. Keywords such as “Food Supply Chain,” “Radio Frequency Identification (RFID),” “Food Security,” “Technology Factors,” and “TOE Framework” were used to locate relevant published articles. The review focused on literature from 2013 to 2023. The study was guided by TOE framework technological factors (e.g., complexity, cost, compatibility, perceived usefulness, and security), organizational factors (e.g., readiness, resources, firm size, technical skills, management support, and strategic objectives), and environmental factors (e.g., competition, vendor capabilities, maintenance and support, IT policies, marketing, and government pressure; Morawiec and Sołtysik-Piorunkiewicz, 2023). The framework constructs guided the study in exploring the factors affecting RFID adoption in the food supply chain.

The study converted qualitative data to quantitative data in a systematic literature review (SLR), using quantitative content analysis, which involved systematically categorizing and quantifying the occurrence of factors in the reviewed articles. The conversion allowed the study to present clear, numerically represented findings that were analysed statistically. The qualitative phase reviewed the articles and identified factors that are associated with RFID adoption in the food supply chain based on the TOE framework. The factors were textual descriptions which were coded based on whether the articles mentioned these variables or not. The study created a coding scheme to classify the articles based on the presence or absence of each factor. The coding scheme was used to convert the qualitative content of the articles into quantitative data. If an article mentions a factor (e.g., Cost), assign a value of 1 (present). If an article does not mention a factor (e.g., Cost), assign a value of 0 (absent) (Table 1).



TABLE 1 Technology-organizational-environmental factors affecting RFI adoption in food chain supply.
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2.2 Data sources, sampling strategies, and techniques

Etikan (2016) defines data sampling as the process of selecting data that meets specific research criteria. The study conducted literature searches in electronic databases such as Scopus, Web of Science, IEEE Xplore, Google Scholar, Taylor & Francis Online, Elsevier, ResearchGate, JSTOR, and Science Direct for relevant literature on the factors influencing RFID adoption in the food supply chain. The focus was on using consistent search terms while expanding the search scope. The results were then filtered and refined to extract only those articles most relevant to the research problem.



2.3 Data collection techniques (research methods)

A systematic literature review involves examining and synthesizing existing literature to test hypotheses and develop new theories (Xiao and Watson, 2017). To address the research problem concerning the factors affecting the adoption of Radio Frequency Identification (RFID), this method was employed to formulate the problem statement, incorporating Sustainable Development Goals (SDGs) 1, 2, and 13. The review process involved identifying and selecting relevant literature, including review articles, journals, and research papers, to explore the factors affecting RFID adoption in the food supply chain.



2.4 Data analysis

The systematic literature review followed a structured process of data extraction, coding, and synthesis, using the TOE framework to categorize and analyze the factors affecting RFID adoption in the food supply chain. The process categorized the findings into technological, organizational, and environmental factors, that influence RFID adoption in the food supply chain. The data analysis for the study was quantitative, involving the examination of qualitative data patterns across multiple articles. The qualitative collected data was analysed quantitatively after coding based on the TOE framework factors affecting RFID adoption. The Excel software was used to capture the qualitative coded data. After capturing data from Excel was imported into the statistical package. The SPSS statistical package was used to analyse the coded data to produce statistical results. This study’s data analysis included interpreting findings from previous research, synthesizing and analysing results through the Technology-Organization-Environment (TOE) framework, to explore the factors affecting the adoption of Radio Frequency Identification (RFID). The coded quantitative data was analysed to identify patterns, trends, or relationships between factors. Frequency analysis helped to identify which factors are most discussed in the literature. Correlation analysis helped to identify relationships.




3 Results

This section presents the results from the data collected on the factors affecting RFID adoption in the food supply chain. The first section presents demographic frequencies, followed by TOE frequencies and lastly, the correlations results of the TOE framework constructs.


3.1 Demographic data

The following section presents demographic frequencies from the data collected on the factors affecting RFID adoption in the food supply chain. The selection criteria for the articles were peer-reviewed and published within the 10 years from 2013 to 2023 with a focus on RFID adoption in the food supply chain. There was no exclusion about which region the article was published. The research examined 42 peer-reviewed articles published between 2013 and 2023 from the data collected on the factors affecting RFID adoption in the food supply chain.


3.1.1 Article by year

Figure 1 presents article-by-year frequencies from the data collected on the factors affecting RFID adoption in the food supply chain. The results show that there were some increases and decreases from 2013 to 2023 with the highest number of articles published (19%) in the year 2020 before a significant decline in 2021 of 5%. The results therefore suggest there is a consistent increase and decrease in published articles over the years.

[image: Figure 1]

FIGURE 1
 Article by year.




3.1.2 Article by region

This section presents the frequency of article publication by region from 2013 to 2023. The research was limited to 4 continents, Africa had 7%, America 10%, Asia 52%, Europe 24%, and the others were not mentioned. The results show that the Asia continent had 52% the highest number of published academic articles related to the RFID technology adoption in the food supply chain and Africa had 7% the lowest number of published articles. However, 8% of the articles did not indicate the region (Figure 2).
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FIGURE 2
 Article by region.




3.1.3 Articles by the method

The section presents the frequency of the research methods used in the reviewed articles related to the factors that affect the adoption of Radio Frequency Identification technology in the food supply chain. Figure 3 results indicate that qualitative research at 76% was the most research method used to conduct the research, followed by the quantitative research method at 16% and mixed-method was the least research method used with 8% frequency.
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FIGURE 3
 Article by research method.




3.1.4 Article by framework

Figure 4 bar graph illustrates the frequency of the frameworks used in the selected 42 articles related to the research objectives published between the 2013 and 2023 period. The results showed only 4 types of frameworks were used. Analytical Hypothesis Process (AHP) at 2%, Technology–organization–environment framework (TOE) at 14%, Technological Product Management (TPM) at 2%, and Technology Quality Management (TQM) at 2%. The report shows that 78% of most of the related reviewed articles did not use any framework although they pointed out the factors that affect the adoption of RFID in the food supply chain.
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FIGURE 4
 Article by framework.





3.2 TEO framework factors

This section presents technological, organisational, and environmental factors that affect the adoption of Radio Frequency Identification (RFID) in the food supply chain based on the data collected from peer-reviewed articles published between 2013 and 2023.


3.2.1 Technological factors

This sub-section presents the frequency results of five technological factors that affect the adoption of Radio Frequency Identification (RFID) in the food supply chain based on the data collected from peer-reviewed articles published between 2013 and 2023. Technology factors include Complexity (85%), Compatibility (69%), Cost (97%), Perceived usefulness (57%) and Security (85%). Figure 5 presents the frequency of articles mentioning these factors as barriers to RFID adoption, demonstrated by number 0 or 1, zero (the article did not mention factors), and one (the articles mention the factors). The study only focuses on the articles that mentioned TOE factors, based on the 42 reviewed articles between 2013 and 2023, the results show that cost at 97% is the biggest barrier to the implementation and adoption of RFID followed by complexity and security at 85%.

[image: Figure 5]

FIGURE 5
 Technological factors.




3.2.2 Organisational factors

The study explores six organizational factors that affect the adoption of RFID adoption in the food supply chain including organizational readiness (53%), resource capacity (57%), firm size (43%), technical skill (69%), management support (62%) and strategic objectives (52%). The Figure 6 graph below depicts technical skills that had a huge impact on the adoption of RFID technology in the food supply chain followed by management support.

[image: Figure 6]

FIGURE 6
 Organisational factors.




3.2.3 Environmental factors

Figure 7 presents the frequency results of environmental factors that affect the adoption of RFID in the food supply chain, based on the peer-reviewed articles published between 2013 and 2023. Six Organizational factors include competition (45%), vendor capabilities (33%), maintenance and support (67%), IT policies and regulations (55%), Market structure (48%), and Government pressure. Maintenance and support had a higher frequency and that shows a huge impact on the implementation and adoption of technology in the food supply chain in organizations followed by IT policies and regulations.

[image: Figure 7]

FIGURE 7
 Environmental factors.





3.3 Technology-organization-environmental factors correlations

The table below presents the correlation results between Technology-Organization-Environmental factors explored from the selected academic articles published between 2013 and 2023. The correlation results are only significant from 0.05 and 1.01 levels. The results show that the correlation between the technological factor and organizational factor is significant at 0.009 and the technological factor and environmental factor is significant at 0.039. The correlation between organizational and environmental is significant 0.003 (Table 2).



TABLE 2 Correlations.
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4 Discussion

The study adopted a systematic literature review to explore factors affecting the adoption of Radio Frequency Identification (RFID) technology in the food supply chain, using the Technology-Organization-Environment (TOE) framework. The study was based on data collected from peer-reviewed articles published from 2013 to 2023 on factors affecting the adoption of RFID in the food supply chain. The demographic data showed some important trends in publication frequency. There were fluctuations in publication frequency, with a notable peak in 2020 and a decline in 2021. The Asia region had the highest publications and Africa had the lowest publications. The study indicates that the qualitative research method was the most used research method of the published articles.

The study highlights cost as the most significant barrier to RFID adoption. The high initial investment and ongoing maintenance costs associated with RFID technology are major concerns for organizations, particularly small and medium-sized enterprises (SMEs). This finding aligns with previous studies (Shah, 2023), which emphasize that cost is a key challenge in technology adoption. Complexity and security concerns are also prevalent factors in RFID adoption. The technical difficulty of integrating RFID systems with existing infrastructure can discourage companies from adopting the technology (Shah, 2023). Furthermore, security concerns, such as the potential for data breaches, remain a significant challenge for organizations considering RFID adoption. Addressing these technological barriers requires companies to devise comprehensive strategies to mitigate costs, simplify the integration process, and enhance security measures.

Organizational factors, particularly technical skills and management support, were identified as important to successful RFID adoption. The availability of skilled personnel is vital for the integration and maintenance of RFID systems (Gertze and Jokonya, 2020). This finding underscores the importance of training and knowledge development within organizations. To overcome the skills gap, partnerships with external vendors and educational programs may help. Additionally, management support plays a crucial role in driving the adoption process. As Gertze and Jokonya (2020) suggest, top management’s commitment to innovation is essential for overcoming resistance and securing resources for successful implementation. Therefore, organizations must foster a culture of support for technological innovation at all levels.

Environmental factors, such as maintenance and support services and IT policies and regulations, also emerged as important influences on RFID adoption. Organizations must consider the costs associated with long-term technical support, ensuring that reliable maintenance services are available to avoid disruptions (Gertze and Jokonya, 2020). Furthermore, IT policies and regulations are critical to promoting standardization and ensuring interoperability across supply chains (Rafique et al., 2022. Agarwal and Ankolikar (2022) argue that a well-regulated environment can significantly enhance the effectiveness and widespread adoption of RFID technology. Therefore, both organizational efforts and external regulatory frameworks need to align to ensure successful RFID integration.

The correlation analysis further reveals that technological factors like cost and complexity are linked with organizational factors such as management support and technical skills. This finding suggests that organizations with higher technical capabilities are better positioned to overcome technological barriers. Additionally, environmental factors, such as market structure and government regulations, are closely related to organizational readiness and resource capacity. This indicates that external pressures can either facilitate or hinder RFID adoption, depending on an organization’s preparedness to meet those challenges. The positive correlations suggest that a holistic approach, involving technological, organizational, and environmental factors, is necessary for successful RFID adoption.



5 Conclusion

This study explored the key factors influencing the adoption of RFID technology in the food supply chain, with a focus on technological, organizational, and environmental factors. The findings indicate that cost, complexity, and security are the most prominent technological barriers, while technical skills and management support are critical organizational factors. Environmental factors, particularly maintenance and support services, as well as IT policies and regulations, also play significant roles in adoption success. The study’s findings contribute to the body of knowledge on RFID adoption in the food supply chain, offering practical insights for organizations considering implementing RFID technology.

As a recommendation, organizations should invest in cost-effective solutions and work to simplify the integration process of RFID systems. Collaborative efforts with external vendors and experts can help mitigate the technological complexity and enhance the security of RFID systems. Also, organizations should focus on developing internal technical skills through training and partnerships with technical service providers. Additionally, securing management support is essential for fostering a culture of innovation and ensuring the successful adoption of RFID technology. Governments and regulatory bodies should work towards creating policies that promote standardization and interoperability in RFID systems across the food supply chain. This will help overcome external barriers and encourage wider adoption.

Despite the study’s contribution, there are limitations worth mentioning. The study’s reliance on non-empirical data and convenience sampling limits the generalization of the findings to a broader population. Future studies should employ empirical data collection methods, such as surveys or case studies, to validate the findings and enhance the generalizability of the results. Further research could also explore the impact of regional differences on RFID adoption across different regions.
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