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Abstract

In today’s world, where artificial intelligence and digital technologies are widely used, this study seeks to
investigate their impact on food security activities. The key role of digital technology in this area is highlighted, in
particular in addressing challenges and providing opportunities for safe and affordable food for the whole population.
The article discusses how supply chain monitoring and tracking, smart agriculture implementation, and the use of data
analytics and artificial intelligence can all help to ensure the food system s sustainability and efficiency. These can be
supplemented successfully with communication and awareness via mobile applications and online platforms that increase
consumer engagement and responsibility. On the other hand, the article also highlights the challenges associated with
the intensive use of artificial intelligence and digital technologies in terms of accessibility and data security. To
summarize, rational use of digital technologies and artificial intelligence is critical for developing a sustainable, safe,
and crisis-resilient food system.
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1. Introduction

Background and importance of food security. Food security is a fundamental concept in an
ever-changing world. In light of global population growth and turbulence in the global food
production and distribution system, guaranteeing universal and sustainable access to adequate food
becomes a significant challenge.?

Food security refers to the availability, accessibility and appropriate use of food for each
individual. It is closely linked to health, the economy and the environment. As of 2020, more than
820 million people worldwide suffer from chronic hunger or malnutrition, highlighting the scale of
the problem and its impact on billions of people experiencing nutritional deficiencies.?

Key Factors Influencing Food Security:

Population growth: The global population has grown significantly in recent decades and is
projected to reach around 9.7 billion people by 2050. This demographic growth puts immense
pressure on existing agricultural and food systems, while jeopardising food security.*

Climate change: Climate change has a significant impact on agricultural production. Extreme
phenomena such as drought, floods and heat waves can destroy crops and drastically reduce
agricultural yields. Rising global average temperatures are also affecting the distribution of water
resources and soil productivity, thereby increasing the risk of food insecurity.®
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Urbanization: The continuous growth of the global urban population leads to the need to adapt
food production and distribution systems to meet the needs of these communities. The importance of
developing urban and peri-urban agriculture becomes indispensable to ensure an adequate and
sustainable supply.

Globalisation and international trade: International trade has brought both benefits and
challenges in terms of food security. Opening up international markets may allow access to cheaper
and varied food, but import dependency and price volatility can create vulnerabilities in a country’s
food security.

Food security is crucial for sustainable development and human well-being. People who do
not have access to adequate food experience a variety of negative consequences for their health and
development, from malnutrition and related diseases, to long-term effects on their ability to engage
in activities characteristic of today’s society.

Stressing the importance of food security for the stability of society and governance, it plays
a crucial role in maintaining social and political stability. Lack of access to food or rising prices can
generate social unrest and political instability.®

In addition, food security plays an important role in the economy. For example, the
agricultural sector is the main source of employment for rural communities and contributes
significantly to the GDP of many countries. Ensuring access to safe and high-quality food supports
economic development and poverty reduction.

The Role of Digital Technology in Agriculture and Food Security. Digital technology plays
an increasingly important role in agriculture and has a significant impact on food security. It brings a
number of advantages and innovations that help optimize agricultural processes and increase
production, which can ultimately support food security.

Crop monitoring and management: Digital technologies such as soil sensors, drones and
satellite imagery enable farmers to monitor and manage crops more efficiently. They provide real-
time information on soil quality, irrigation needs and the general condition of plants. Farmers can
make decisions based on accurate data and intervene quickly to prevent and manage problems such
as diseases or pest invasions. This more precise control over crops can help increase the yield and
quality of agricultural production.

Precision farming: Digital technologies such as GPS and guidance systems help to perform
more accurate agricultural operations. Farmers can manage their resources, such as seeds, fertilisers
and pesticides, more efficiently, thereby reducing waste and environmental impact. This is important
for long-term food security, as it helps conserve resources and protect the environment.’

Blockchain and food chain tracking: Blockchain technology can be used to create transparent
food chain oversight. This means that consumers and regulators can easily verify the origin and all
stages of food production. This transparency ensures food safety, as it is easier to detect any problems
or contamination and take appropriate action in a timely manner.8

Urban agriculture: Digital technology has also had a significant impact in urban agriculture.
Vertical gardens, smart irrigation systems and LED lighting can be used to grow food in cities. It can
help reduce dependence on food imports and increase the availability of fresh and nutritious produce
in urban communities.®
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Food Security: Adopted by the 127" Session of the FAO Council, November 2004 (Rome: Food and Agriculture Organization of the
United Nations, 2005); “Digital transformation: EU strategy explained," Themes | European Parliament, April 23, 2021,
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2. The purpose and objectives of the work

This study focuses on analysing the impact of digital technology on food security, exploring
the various challenges and opportunities it brings to food.

Objectives of the work:

1. Investigate how digital technology can influence and improve all stages of the food chain.

2. ldentify the main challenges facing digital technology in the context of food security.

3. Examine the opportunities that digital technology offers in managing food resources
efficiently, improving food safety and reducing risks associated with food contamination and fraud.

4. Analysing the impact of digital technology on the efficiency and sustainability of the food
chain, including reducing food loss and waste, optimising agricultural production and improving
environmental impact.

5. Assess the role of digital technology in promoting transparency, information and
communication in the food chain, facilitating consumers’ access to detailed information about the
source, quality and sustainability of food.

6. Identify practical solutions and recommendations for the efficient and responsible use of
digital technology in improving food security, taking into account ethical, social and data protection
aspects.

2.1. Working methodology

The working methodology was based on systematic research of existing literature, using
academic databases such as Web of Science, Scopus and Google Scholar, and as search terms were
used key phrases such as ‘digital technology’, ‘food security’, ‘precision agriculture’, ‘internet of
things’, ‘big data’, etc., so that searches generate the most relevant articles for study. 30 Google
Scholar articles, 25 Scopus articles, and 50 Web of Science articles were identified. Of these, the
most relevant is the bibliography. The websites of institutions and organizations with responsibilities
in the field of food security, both nationally and internationally, were also accessed. The most relevant
information can be found on the websites: www.ansvsa.ro, www.fao.org, www.who.int,
Www.europa.eu, www.acad.ro, www.forbes.ro.

3. Food security — a global perspective

The global perspective of food security involves the entire food chain, from food production
and processing to distribution and final consumption. It is important to approach this perspective in a
sustainable and responsible manner, as global food resources are limited.

There are some key challenges associated with global food security. These include climate
change and vulnerability to extreme weather events, such as droughts or floods, which can affect
agricultural production and thus food availability. In addition, population growth and accelerated
urbanisation make it urgent to develop efficient and sustainable farming systems.©

Other important challenges include unequal access to food resources, social and economic
inequalities, conflicts and political instability, and changes in consumption patterns and food
preferences.

To address these challenges and ensure global food security, coordinated action and
cooperation between governments, non-governmental organisations, the private sector and civil
society are needed. It is crucial to develop and promote sustainable agricultural policies, invest in
research and innovation to improve agricultural productivity, and education and awareness on healthy

10 Elisabeta-Emilia Halmaghi, Alin Cirdei, and lleana-Gentilia Metea, “Food Security and Armed Conflicts,” Land Forces Academy
Review 28, no. 4 (December 1, 2023): 329-37, https://doi.org/10.2478/raft-2023-0039; Augustin Rina Herawati, Tri Yuniningsih, and
Ida Hayu Dwimawanti, “Assessing the Impact of Digital Technologies on Governance Policies for Food Security: A Case Study of
Indonesia,” KnE Social Sciences, October 2, 2023, 166-84, https://doi.org/10.18502/kss. v8i17.14112.
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and sustainable diets.?

It can be seen that food security is not just an individual or national issue, but a global
challenge that requires concerted efforts to be addressed and solved in a sustainable and equitable
way for all people on the planet.

Digital technology at the service of agriculture. Artificial intelligence (Al) plays a crucial role
in food security, helping to improve agricultural processes and reduce risks.

3.1. Predictive analytics and crop optimization

Data analysis: Al can process large amounts of data to predict weather conditions, soil
condition, and risks of diseases or pests. It helps farmers make informed decisions about the optimal
timing for planting, irrigation and harvesting.

Resource optimisation: Al can calculate the optimal numbers of fertilisers, water and
pesticides needed to maximise crop yields and minimise waste.

Pest Monitoring and Detection:

Computer vision: Al can detect pests and diseases using images and sensors. For example, it
can identify leaves affected by diseases or insects.

Early warning systems: Al can alert farmers to the appearance of pests or diseases, allowing
rapid interventions.

Precision Agriculture and Agricultural Robots:

Autonomous tractors and drones: Al can control driverless tractors and drones to perform
tasks such as sewing, irrigation or crop monitoring.

Harvesting robots: Al can guide robots to harvest crops at the optimal time.

In conclusion, Al can improve efficiency, sustainability and food safety, but it needs to be
used responsibly and tested in experimental environments to minimise risks.

4. The impact of digital technologies on food security

In recent years, digital technologies have revolutionised various aspects of our lives, including
the way we produce, distribute and consume food. This rapid development has also brought
significant changes in the field of food security. Food security, defined as the availability, access and
use of nutritionally adequate and safe food, remains a critical global challenge. However, integrating
digital technologies into the food system has the potential to address several food security issues.*?

One of the most significant impacts of digital technologies on food security is improved
agricultural productivity and efficiency. Digital tools such as precision farming, remote sensing and
data analytics allows farmers to monitor and manage their crops more efficiently. With real-time data
on soil quality, weather patterns and plant health, farmers can optimize the use of fertilizers, pesticides
and water resources. This not only improves crop yields but also minimizes environmental
degradation. In addition, digital platforms provide farmers with access to vital information, including
market prices, weather forecasts and best agricultural practices. Such information empowers farmers
to make informed decisions about when to plant, harvest and sell their products.

In addition, digital technologies have revolutionised the supply chain, facilitating a more
efficient and transparent flow of food from producers to consumers. Blockchain technology, for
example, enables secure and transparent recording of food transactions and movements. This allows
consumers to trace the origin and quality of the food they purchase, thereby ensuring food safety and
reducing the risks associated with fraud and food contamination. In addition, digital platforms have
facilitated a direct connection between farmers and consumers, avoiding traditional intermediaries
and reducing marketing and distribution costs. This direct interaction between producers and
consumers fosters trust and encourages the consumption of fresh and nutritious locally sourced food.

11 Raul Gouvea et al., “Innovation, ICT & Food Security,” Global Food Security 35 (December 1, 2022): 100,653, https://doi.org/10.
1016/j.gfs.2022.100653.
12 _orena Costa, Marilia Gomes and Davi Lelis, op. cit., p. 202-11.
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Digital technologies also play a crucial role in promoting food security by reducing food
waste. Food waste is a significant challenge, with around a third of all food produced globally being
lost or wasted. Digital platforms and applications offer various solutions to address this problem. For
example, smart inventory management systems use artificial intelligence algorithms to track
expiration dates, manage stock levels, and minimize waste in both retail and households. In addition,
online platforms and mobile applications connect producers, retailers and consumers, facilitating the
redistribution of surplus food that would otherwise be thrown away. This reduces food waste while
ensuring that surplus food reaches those in need.

However, it is important to recognise that the impact of digital technologies on food security
does not come without challenges. Access to digital tools and knowledge remains a barrier for many
smallholder farmers in developing countries. The limited availability of internet connectivity, lack of
digital literacy and costs of technologies hamper the adoption of digital solutions in these contexts.
Overcoming this digital divide is crucial to ensure that the benefits of digital technologies are
accessible to all, especially those most vulnerable to food insecurity.

Digital technologies have had a transformative impact on food security by improving
agricultural productivity, improving efficiency in the supply chain and reducing food waste. While
challenges remain, integrating digital tools into the food system has great potential to address urgent
food security issues. It is essential that policymakers, researchers and stakeholders work together in
harnessing digital technologies to create sustainable and resilient food systems that can meet the
nutritional needs of a growing global population.

Food chain management.

Traceability: Al can trace the origin and transport of food, ensuring transparency and safety.

Blockchain technology enables transparent recording of every step of the food chain, from
production to consumers. Thus, the origin, storage and transport conditions of each product can be
traced.

Authenticity verification: By recording each transaction in a block, Al can confirm the
authenticity and integrity of products.

By recording each transaction in a block, the blockchain can confirm the authenticity and
integrity of food products. This helps prevent fraud and ensure quality.

Inventory and data management:

Data storage: Blockchain can record information about stocks, shelf life, and storage
conditions. This facilitates efficient inventory management and prevention of product expiration.

Reducing intermediaries: Blockchain technology enables direct communication between
manufacturers, distributors and merchants, eliminating unnecessary intermediaries and reducing
delivery times.

Donation and redistribution of food surplus:

Smart Contracts: Blockchain can automate the process of donating surplus food to charities
or food centers. Smart contracts can trigger product transfers depending on certain conditions (e.g.
expiration date).

Donation transparency: Blockchain can ensure transparency and tracking of donations so as
to avoid waste or misappropriation of funds.

Blockchain can help create a more efficient, transparent and sustainable food chain, reducing
waste and ensuring food safety.

Using blockchain to accurately track and record information about the source, processing and
transportation of food, making it easier to verify its provenance and authenticity.

Application of blockchain technology to monitor and manage food supply chains to prevent
food adulteration and fraud.

Using blockchain to create transparent and decentralized digital marketplaces that can reduce
intermediaries and promote direct relationships between producers and consumers.

Blockchain plays a significant role in reducing food waste.
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5. Challenges and barriers in adopting digital technologies

The adoption of digital technologies in food security faces various challenges and barriers that
can hinder or delay progress in this area. Thus, a number of obstacles have been identified, obstacles
that science aims to minimize in the next period of time. Among the obstacles identified are:

Technical Obstacles: The deployment of digital technologies requires adequate infrastructure,
such as internet connectivity and stable electricity. In rural areas or developing countries, these
elements may be insufficient or unavailable, making the efficient use of digital technology difficult.
In addition, the technical capabilities and skills required to use these technologies may be limited,
allowing them to be underutilized.

Financial barriers: The upfront costs of digital technologies, such as sensors, specialized
software or necessary infrastructure, can be high, making access difficult for small farmers or
countries with limited resources. In addition, the need for updates and ongoing maintenance may
involve additional expenses that may be difficult to bear.

Regulations and Policies: Regulatory and policy issues can constitute significant barriers to
the implementation of digital technologies in food security. The existence of complex legislation and
strict regulations can hinder the adoption and development of these technologies. In addition, the
absence of clear regulations on the use of data or IT&C resources can create uncertainty for potential
users.

Socio-economic impact: The adoption of digital technologies can have a significant impact on
society and the economy. Technological change can lead to changes in the labour market, which may
require adaptation and reskilling of the workforce. In addition, there are concerns about the
accessibility of digital technologies and the potential for increasing socio-economic inequalities
between those who can access them and those who cannot.

Data security: With the increasing use of digital technologies, there is an increased concern
about data security. Protecting personal data and confidential information becomes crucial to avoid
cyber-attacks or compromising digital resources, especially in a sensitive context such as food
security.

By overcoming the main obstacles identified in this study, the adoption of digital technologies
can significantly contribute to improving food security and promoting sustainable agricultural
practices.

The deployment of digital technologies and the use of Al in ensuring global food security is
multidimensional, involving investments in infrastructure, training and education programmes, the
development of appropriate policy and clear regulations, and concerted efforts to ensure data security
and minimise negative impacts on the economy and society as a whole.

6. Opportunities and future directions

The integration of digital technologies is crucial for the future of food security as the world
faces a growing population and finite resources. Improvements made by these technologies can
increase agricultural productivity, reduce post-harvest losses and better manage market risks and
volatility. Therefore, adopting digital technology is not only a means to meet today’s challenges, but
also a necessity to ensure sustainable and equitable food security.

To advance in this area, we recommend that future research focus on cost-benefit analyses of
digital technologies in different geographical and socio-economic contexts, ensuring that the
solutions developed are accessible and scalable. Moreover, research efforts should include the
development of predictive models and intelligent decision-making systems to ensure rapid responses
to food crises.

In terms of policy formulation, there is a need for strategies that facilitate technology adoption

13 Petruta-Elena Ispas, “Considerations on Official Controls and Hygiene of Food”, Acta Universitatis George Bacovia. Juridica, issue
1, 2012, p. 48-68.
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through improved infrastructure, support for innovation, regulations that encourage cross-sectoral
collaboration and sustainable financing of technology projects. It is vital to establish a legislative
framework that protects data and promotes the ethical use of digital technologies. Policymakers need
to work closely with researchers, technology industry and farming communities to ensure innovations
accurately meet the real needs of society and the environment.4

Addressing the untapped potential of digital technologies in food security is a crucial element
in analysing how technological innovations can help solve global challenges. This topic can be
examined through a number of key points:

Identifying barriers: It is vital to identify the main obstacles hindering the widespread
adoption of digital technologies in food security, such as lack of infrastructure, high costs, limited
access to technology in rural areas or developing countries, and a lack of technical knowledge or
skills.

Highlighting Low-Used Technologies: Evaluate individual cases where technologies such as
artificial intelligence, drones, advanced sensors or blockchain have proven to be effective at the pilot
or study level, but have not been widely deployed or in different regions.

Supply Chain Impact Assessment: Discuss how digital technologies could innovate every
segment of the supply chain, from agricultural production to the consumer, and identify where these
technologies are still underused.

Proposing Solutions and Strategies: Developing proposals for solutions and strategies that
can help unlock the potential of digital technologies. This could include suggesting public-private
partnerships, investing in education and training to improve technical skills and improving the
legislative and regulatory framework.*®

Open Innovation and Collaboration: Fostering an open innovation environment where
different actors can collaborate —such as farmers, technologists, food companies, governments and
academic institutions — to share knowledge and develop common solutions.

Awareness of those involved: Presentation and analysis of success stories where digital
technologies have been used with positive results, to provide a model to emulate and demonstrate
their viability in improving food security.

Discussing Sustainability: Integrating digital technologies into sustainable development
strategies to ensure that improvements in food security do not adversely affect the environment or
natural resources.*®

7. Conclusions

The analysis of the untapped potential of digital technologies in food security highlights
several critical findings. First, there are substantial barriers, such as limited access to technology, lack
of educational support, inadequate infrastructure, and skepticism and resistance to change among
those involved in solving food security issues. Secondly, it is clear that the deployment of digital
technologies can improve efficiency along the supply chain, from agricultural production and
resource management to distribution and rapid crisis response.

Food security is a complex global challenge in the context of population growth, climate
change and urbanisation. It is essential to understand the key factors influencing food security and to
develop appropriate policies and strategies to ensure universal and sustainable access to safe and
sufficient food. By addressing food security, we can contribute to a safer and more prosperous future

14 Annamarie Bindenagel Sehovié, “Food Fights for Life: Food Diplomacy for Food Security,” application/pdf, Julius-Kiihn-Archiv
Nr. 463 (2018): Proceedings of the 12™ International Working Conference on Stored Product Protection (October 18, 2018): 18-20,
https://doi.org/10.5073/JKA.2018.463.005.

15 Tong Zou et al., “Exploring Current Trends, Gaps & Challenges in Sustainable Food Systems Studies: The Need of Developing
Urban Food Systems Frameworks for Sustainable Cities,” Sustainability 15, no. 13 (January 2023): 10,248, https://doi.org/10.3390/sul
51310248.

16 Julius Huho and Margaret Muriuki, “Enhancing Food Security Through Home Gardening in Urbanizing Environment in Machakos
County, Kenya,” International Journal of Research in Business and Social Science (2147-4478) 10, no. 3 (May 1, 2021): 450-55,
https://doi.org/10.20525/ijrbs.v10i3.1132.
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on a planetary level.

In conclusion, digital technology brings solutions and innovations that not only support, but

can be fundamental to the growth and efficiency of agriculture, having a direct impact on food
security. Using these technologies can help farmers obtain the resources they need to produce food
sustainably and efficiently, thereby helping to reduce hunger and food insecurity around the world.
The digitalisation of agriculture can also facilitate access to information and technologies for farmers
in rural or remote areas, thereby increasing their chances of success in agricultural production. The
bears needed to produce food sustainably and efficiently, thereby helping to reduce hunger and food
insecurity globally. Investing in digital technology can thus be the key to ensuring sustainable food
security and tackling climate change is affecting agricultural production.
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