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ensure functionality. These AVCs actors are continually seeking opportunities to transform their businesses 
and ensure they become more cost-effective and competitive. Since 2020, the COVID-19 pandemic has 
led to an increasing number of digital solutions that facilitate connectivity and reduce the barriers to the 
flow of goods in the region. In the NENA region, the Global System for Mobile Communications Association 
(GSMA) report shows that the number of mobile internet users exceeded 300�million in 2021 (70�percent 
of the population) with 4G as a leading mobile technology, with 5G services projected to reach an adoption 
rate of 17� percent by 2025.10 According to the International Telecommunication Union (ITU), NENA�s ICT 
development index11 is estimated at 5.28 versus 4.93 for the world average; the penetration rate of active 
mobile-broadband subscriptions is 67�percent versus 87�percent and 41�percent respectively in Asia�Pacific 
and Africa; 30�percent of total connections in NENA have 4G; 65�percent of individuals have basic ICT skills 
in 2020; and ICT prices are affordable with mobile data and voice basket representing only 2� percent of 
gross national income (GNI) per capita in 2021. Nevertheless, as shown by the recent publication, digital 
technologies for improving traceability and transparency in NENA are still in their infancy and the region is not 
yet ready to take advantage of the opportunities.12,13

1.2 Rationale 

Rationale of the study subject  

To achieve sustainable transformation of agricultural value chains, through application of digital technologies, 
it is pivotal to �design systems to support the most vulnerable, least-connected farmers, and employ 
technology and data to create business models for new income streams, while ensuring that systems of 
redress and feedback exist for those in the system to highlight problems and find solutions.�14 Thus, it is 
necessary to analyse how the regional characteristics of agrifood systems affect the feasibility and type of 
digital technologies to apply and analyse how the technologies can benefit marginalized populations such as 
small and medium-sized producers and SMEs. 

In view of this regional context in NENA, a feasibility study was undertaken on application of digital technologies 
to improve traceability and transparency along AVCs and improve our understanding of the readiness 
(maturity) of the olive oil and date sectors, benefits of the technologies in generating profits, in relation to 
their potential for enhancing inclusion and sustainability of rural communities, and the responsibilities of 
different actors in applying and promoting the digital technologies.

There are several reasons why it is important to study digital traceability and transparency systems in AVCs 
in the NENA region:15

 » Food safety and quality: Improved traceability and transparency by digital technologies can help 
ensure food safety by tracking the journey of food products from farm to table and identify any potential 
contamination or safety issues. This can help protect consumers, maintain the quality of food products 
and increase marketability of produce particularly for small and medium-sized producers.

 » Consumer confidence: In the NENA region, consumers are increasingly concerned about the origin 
and quality of the food they consume. By providing transparent and accurate information about 
the journey of food products, digital traceability and transparency systems can increase consumer 
confidence in the food they buy and consume, and increase willingness to pay for premium products 
that could contribute to higher income-generation for the most vulnerable actors.
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 » Supply chain efficiency: By improving visibility and accountability in the AVCs, improved traceability 
can help streamline operations and reduce inefficiencies. This can result in cost savings for producers, 
distributors and retailers.

 » Fair value distribution: Consumers are more aware of ethical and social information underlying a 
specific product.16  Improved transparency, achieved by digital technologies, can address information 
asymmetry for marginalized VC actors such as the small and medium-sized and can ensure value is 
equally distributed to enable sustainable production.

 » Sustainability: Traceability systems can be used to support sustainable practices by tracking and 
verifying environmentally responsible production methods, reducing food loss, and minimizing CO2 
emissions from logistics and distribution. Traceability can address the issues related to the inefficient 
use of natural resources by smallholder producers and low capacity of business operations in small 
and medium enterprises (SMEs).

 » Food fraud prevention: Digital traceability systems can help prevent food fraud by ensuring food 
products are accurately labelled and preventing the intentional misbranding of food products. 
Producers can decrease the risk of negative impacts of a distorted market mechanism, stabilize the 
source of income and improve the evaluation of produce quality. 

Rationale for selection of sector and country 

Rationale for selecting the horticulture sector

This study specifically focuses on the horticulture sector in the NENA region for the following reasons:

 » High value crops/cash crop: Horticultural crops usually have higher value-addition and a comparative 
advantage compared to staple crops. The study aims to provide possible recommendations with 
a particular focus on the horticulture sector to increase profitability for small and medium-sized 
producers and enterprises. 

 » Contributions to food security and nutrition: Horticultural products contain a variety of nutrients 
for healthy diets and improved well-being of populations but most of them, such as fresh vegetables 
and fruits, are perishable and contribute to increased food loss and waste. Therefore, immediate action 
is required to attain efficient supply chain management for horticultural products so as to improve 
food security and nutrition.

 » Land and water scarcity: NENA countries are mostly affected by climate change and face increasing 
difficulties in terms of arable land and water scarcity, thus posing challenges to cultivating and 
producing quality horticultural crops. The adoption of digital technologies can help improve not only 
productivity but also quality and marketability.

 » Demand for traceability and transparency: Currently, the region is not very competitive on the 
international market, partly because of the limited capacity to meet international quality standards 
and the labelling and certifications required by different export destinations. Horticultural products are 
relatively perishable and the existing quality control system is underdeveloped. Moreover, consumers 
have become more cautious about sourcing sustainable products, while unfair value distribution is 
likely to occur with horticultural crops, as opposed to staple, since intermediaries control market 
information for export. Consequently, the demand for food traceability and transparency has forced 
NENA countries to address the above-mentioned issues along the horticulture VCs.
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1.5 Conceptual framework
The conceptual framework has six elements: key guiding questions; digital ecosystem for sustainable 
development of VCs; digital technologies as a business opportunity; the concept of traceability and 
transparency; concept of horticulture VCs; and barriers to, benefits and drivers of adoption of digital 
traceability and transparency systems. Key criteria are defined using the framework supported by the 
literature.

Key guiding questions 

The study was developed to respond to the following questions:

 » Is it feasible to apply digital solutions to improve traceability and transparency in selected VCs, and 
more broadly, the horticulture sector in NENA?

 » What would be the recommended system for digital traceability and transparency systems and how 
would it be applied, and what would be the best approach to adopt in consideration of the risks and 
barriers to small and medium-sized producers as well as SMEs?

 » What would be the role of the government and other stakeholders, including international development 
organizations, as well as FAO, to ensure the contribution of digital traceability and transparency 
systems in the sustainability and inclusiveness of the horticulture sector?

Digital ecosystem for sustainable development of agrifood value chains 

First, it is necessary to understand the digital ecosystem for sustainable development of AVCs and its possible 
benefits. Figure 2 helps rationalize this with a capability � benefit model.

Figure 2: Capability benefit model

• Internet of things (IoT) – Sensors
• Artificial intelligence (AI) and machine learning
• Social media
• Blockchain
• Digital skilled personnel
• Nutritional labelling
• Data framework
• Oracles (often big data sources)

• Traceability
• Transparency
• Brand development
• Food safety
• Premiums
• Adulteration detection
• Customer binding
• Sustainability 

Digital capabilities: Benefits:

• Internet of things (IoT) – Sensors
• Artificial intelligence (AI) and machine learning
• Social media
• Blockchain
• Digital skilled personnel
• Nutritional labelling
• Data framework
• Oracles (often big data sources)

Digital capabilities:

• Traceability
• Transparency
• Brand development
• Food safety
• Premiums
• Adulteration detection
• Customer binding
• Sustainability 

Benefits:

Source: Authors adaption of van de Wetering, R., Kurnia, Sh. & Kotusev, S. 2020. The Effect of Enterprise Architecture Deployment Practices on Organizational Benefits: A 
Dynamic Capability Perspective. Sustainability. 12. 1-21. 10.3390/su12218902 
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A recent report clarified the importance of the traceability data framework behind the VC,19 and mentioned 
the concepts of key data elements (KDE) at critical tracking events (CTE).20 Every actor in the agrifood system 
should/could generate KDEs at CTEs. The food commodity chain can be described as eight steps: agricultural 
inputs; farm operations; primary commodity trade; food processing; packaging; transport; storage; retail and 
consumption.21 Every step may have one or more CTE where KDEs can be collected or transmitted. All this 
data can help realize the desired benefits. Likewise, the date palm and olive oil VCs work traditionally in silos 
and consumers are not well connected with producers. 

Furthermore, producers suffer from weak bargaining power because they have limited market information 
(transparency issue). With digital capabilities, this situation can be changed completely, provided there is 
a clear vision of the required digital ecosystem. Overarching institutes can be of great value, when driving 
development of the data framework, to ensure all stakeholders speak the same digital language through 
sensors, mobile phones, big data, etc. This will ensure profitability and therefore sustainability. A high level 
of recognition of sustainable practices is required at any point in the agrifood system and a standardized 
data framework would support this objective. Speaking the same digital language requires interoperability of 
sustainability concepts. 

Digitalization as opportunity

Digital technologies are becoming more available and open to everyone, thus providing potential 
opportunities. For example, the alliance behind digital public goods (DPG)22 has formalized digital �things� 
such as open-source software, open data, open content, etc. for a more equitable world. Related to the 
previous section, the question is which DPGs are needed to support a flourishing sustainable agrifood system 
for VCs? What if all the fraud detection algorithms could be available to the public to eliminate fraud in VCs? 

Every actor in the agrifood system would then only need to buy low-cost sensors to feed those algorithms. 
The same line of thinking can be applied to all the DPGs required to claim a premium price. If there were a 
plethora of DPGs for every actor in the agrifood value chain, the entry-level costs for entrepreneurs could 
be significantly lower. This would ultimately contribute to the promotion of inclusive agrifood systems that 
would benefit producers by increasing their bargaining power. Producers would gain more value by having 
equal access to information. Therefore, policymakers can support the large-scale development of DPGs for 
business development. 

Adoption of digital technologies for improved traceability and transparency

Based on the theoretical framework,23 it is important to consider the following points when adopting new 
technologies for improved traceability and transparency: understanding traceability and transparency, 
barriers to, benefits of, and drivers of adoption of digital traceability and transparency systems. 
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Structure of the paper 

This paper is organized as follows: based on the identified key criteria in three categories (benefits, barriers 
and drivers), Section 2. Situational analysis presents case studies to demonstrate the situational analysis of 
the VC in each country regarding aspects of traceability and transparency. Section 3 . Discussion, summarizes 
the case studies and conducts a comparative analysis. Similarities and scalability of the diagnosis is also 
analysed to identify if the conclusion of the case studies will be able to represent the horticulture VC in the 
region. Finally, Section 4 . Conclusion discuses the feasibility of traceability and transparency at the regional 
level, the role of stakeholders, and the support required from FAO and the risk assessment.

Figure 6: Illustrative flow of the study
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1.6 Limitations of the study 
The information and data presented in this study are a result of a comprehensive assessment of the available 
literature and consultation of known technologies. The collected information was not exhaustive, but 
nonetheless the evidence in this study can provide an accurate image of the status of the issues faced in the 
region and is sufficient for drawing informed conclusions and making practical recommendations concerning 
the feasibility of digital technologies within the scope of this study. 
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2. Situational analysis
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