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1.0 Introduction 

The Blue Economy is a sustainable approach to oceanic resources, aiming to promote economic 

growth and marine ecosystem conservation. Agricultural engineering plays a crucial role in this 

paradigm by innovating aquaculture systems, optimizing coastal land for agricultural use, 

enhancing sustainable seafood production, and addressing environmental challenges through 

effective waste management practices (Loureiro et al., 2022; Costello et al. 2020; Farmery et 

al., 2021). Aquaculture is a sustainable method for increasing seafood production, which 

currently comprises over half of the world's fish available for human consumption (Anderson et 

al., 2019). Agricultural engineering solutions in aquaculture can improve feed conversion 

efficiency, yields, and food security by diversifying dietary sources and ensuring consistent 

supply (Farmery et al., 2021; Forleo & Bredice, 2023; Guillén et al., 2018; Anderson et al., 2019). 
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Abstract 

The Blue Economy encompasses the sustainable use of ocean resources for economic growth, improved 

livelihoods, and jobs while fostering the health of ocean ecosystems. It holds significant implications for 

agricultural engineering, particularly in embracing innovative practices that enhance resource efficiency and 

environmental sustainability in aquaculture and coastal farming. This study focuses on emerging technologies that 

promise to optimize agricultural processes within the Blue Economy. Key technologies such as the Internet of 

Things (IoT), Artificial Intelligence (AI), remote sensing, and automation play pivotal roles in transforming 

traditional practices into precision-driven methodologies. IoT enhances connectivity and data sharing among 

agricultural stakeholders, enabling real-time monitoring and decision-making, while AI applications streamline 

operations and predict agricultural outcomes. Remote sensing technologies provide critical data for precision 

agriculture, allowing for targeted resource application and environmental monitoring. The expected outcomes of 

integrating these technologies are substantial improvements in sustainability, operational efficiency, and economic 

growth within the agricultural sector of the Blue Economy. By optimizing resource utilization and reducing 

ecological footprints, these innovations can lead to enhanced food security and improved economic resilience for 

coastal communities. This study contributes to the field by providing a comprehensive overview of how these 

technologies can be strategically deployed to overcome existing challenges, thereby establishing a framework for 

sustainable development within the Blue  
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Strategic management of marine resources can satisfy current consumption and increase 

seafood availability by 2050 (Costello et al., 2020). Agricultural engineering also addresses 

waste management and pollution, promoting the sustainability of the Blue Economy (Loureiro 

et al., 2022; Farmery et al., 2021) and reducing the ecological footprint of seafood production. 

1.1 Challenges of Agricultural Practices in Nigeria’s Coastal Areas 

Current agricultural practices face numerous challenges that threaten their sustainability and 

efficiency. Among these challenges are significant environmental impacts such as pollution and 

habitat destruction, primarily due to conventional farming methods and chemical inputs 

(Oghenochuko et al., 2025). Agriculture is also confronting resource depletion, particularly in 

terms of water and feed, which are crucial for crops and livestock production. With growing 

concerns over climate change, farming systems are increasingly vulnerable to sea-level rise and 

extreme weather conditions, which complicate agricultural resilience (Rubio et al., 2019). 

Additionally, inefficiencies within supply chains and high post-harvest losses present significant 

economic challenges, exacerbated by a lack of real-time data for informed decision-making that 

could streamline operations (Engle & Senten, 2022). 

 

1.2 Opportunities Presented by Emerging Technologies 
 

Emerging technologies present vital opportunities to address these pressing challenges in 

agricultural practices. Innovations in agriculture, such as precision farming and biotechnology, 

have shown potential in increasing productivity and efficiency while reducing environmental 

impacts. For instance, advancements in genetic engineering and synthetic biology can enhance 

crop resilience and productivity, fundamentally transforming agricultural output (Siebert et al., 

2021; Zhu et al., 2021). Moreover, technologies such as aquaponics and vertical farming are 

offering new approaches to resource management, particularly in mitigating water usage and 

enhancing food security through localized production systems (Asmy et al., 2024). Enhanced 

product quality and safety can be achieved through improved monitoring technologies that 

ensure traceability throughout the supply chain, heightening consumer confidence and market 

stability (Rubio et al., 2019; Tiutiunnyk, 2023). 
 

Emerging data analytics tools can also bridge the gap in real-time decision-making processes 

within agricultural systems. By employing sensor technologies and the Internet of Things (IoT), 

farmers can gain immediate insights into crop health, soil conditions, and market demands, 

enabling more precise and timely interventions (Engle & Senten, 2022; Ahrens et al., 2022). 

Consequently, these technologies may not only enhance agricultural yields but could also foster 

greater transparency within supply chains, thus driving sustainability across the sector (Engle & 

Senten, 2022).  
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Specifically, the study aims at: 

1. Identifying and Describing Relevant Emerging Technologies. 

2. Analyzing their Potential for Business Process Optimization 

3. Evaluating their Economic and Environmental Implications:  

4. Providing Recommendations for Technology Adoption 

2. Emerging Technologies for Business Process Optimization 

2.1 Internet of Things (IoT) and Sensor Networks 

The Internet of Things (IoT) encompasses a network of interconnected devices that collect, 

share, and analyze data, facilitating smarter decision-making across various sectors, including 

agriculture and aquaculture (Kien et al., 2024). Sensor networks, essential to IoT, enable real-

time data acquisition for effective monitoring and management of agricultural systems. In the 

Blue Economy context, IoT enhances aquaculture and coastal farming by improving 

sustainability and productivity. 

 

In aquaculture, IoT and sensor networks allow for real-time monitoring of critical water quality 

metrics, such as temperature and dissolved oxygen, which are vital for fish health and growth 

(Kien et al., 2024). Wireless sensor networks (WSNs) facilitate continuous water quality 

assessment, informing management decisions swiftly (Shao & Zhang, 2014). Additionally, 

monitoring environmental conditions helps optimize feeding schedules and overall system 

management, thereby increasing yields and reducing risks associated with unfavorable 

conditions (Kien et al., 2024). 

 

In coastal agriculture, smart sensors monitor soil moisture and nutrient levels, enabling more 

sustainable practices by optimizing resource use and minimizing environmental degradation 

(Wuwung et al., 2022). The adoption of IoT technologies encourages a transition from 

traditional farming methods to data-informed practices aligned with the Blue Economy 

principles. 

 

The implementation of IoT and sensor networks offers numerous benefits, including improved 

data accuracy and monitoring systems that enhance decision-making through real-time 

insights. Automation of processes in aquaculture can reduce labor costs and increase 

operational efficiency (Kumar et al., 2024). Furthermore, integrating smart technologies 
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enhances supply chain transparency, potentially improving traceability and food safety for 

consumers. (Doce et al., 2024). 

2.2 Artificial Intelligence (AI) and Machine Learning (ML) 

Artificial Intelligence (AI) encompasses computer systems that replicate human cognitive 

functions, while Machine Learning (ML), a subset of AI, develops algorithms for data-driven 

predictions. These technologies are increasingly vital in agriculture, enhancing decision-making, 

operational efficiency, and sustainability within the Blue Economy (Zhu et al., 2021). 

 

In agriculture, AI and ML are applied in predictive modeling for fish growth and yield, analyzing 

factors like water quality and feeding regimens to optimize harvesting times and manage fish 

populations sustainably (Zhu et al., 2021; Nazeer et al., 2017). Additionally, ML algorithms 

facilitate early disease detection in aquaculture by analyzing health data patterns, enabling 

timely interventions to reduce disease-related losses (Vo et al., 2021; Zhu et al., 2021). 

 

AI also optimizes feeding schedules by using real-time data from sensor networks, allowing 

aquaculture operators to tailor feeding regimens to fish needs, thus minimizing waste and 

enhancing growth (Zhu et al., 2021; Λιάκος et al., 2018). This approach extends to crop health 

monitoring in coastal farms, where AI-powered image analysis tools assess plant health through 

aerial imagery, identifying stress or disease early (Sahoo et al., 2024). 

 

Integrating AI and ML into agriculture yields significant benefits, including improved resource 

allocation through accurate predictions, reduced risks via early issue detection, and enhanced 

operational efficiency. These advancements contribute to lower production costs and greater 

adaptability to market changes, fostering resilient agricultural systems within the Blue Economy 

(Zhu et al., 2021; Nguyen, 2023). 

2.3 Remote Sensing and Geospatial Technologies 

Remote sensing includes technologies like satellite imagery, aerial surveillance, and drone data 

collection to analyze terrestrial and aquatic environments from a distance. Geographic 

Information Systems (GIS) enhance remote sensing by enabling the capture, storage, analysis, 

and visualization of spatial data. Together, these tools significantly improve resource 

management within the Blue Economy, particularly in agriculture. 

 

In agriculture, remote sensing and GIS are crucial for mapping and monitoring coastal 

resources, helping stakeholders assess the availability and condition of natural resources. For 
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example, satellite data allows researchers to map aquatic habitats and monitor changes over 

time, which is vital for sustainable management (Toming et al., 2016; Carvalho et al., 2023). 

Additionally, these technologies assist in site selection for aquaculture farms by ensuring that 

water quality parameters are suitable for fish farming (Carvalho et al., 2023). 

 

 

 
 

 

Figure 1 shows the use of satellite imagery for aquaculture site selection. 
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Figure 2: Satellite Imagery for Aquaculture Site Selection. (A map showing a coastal area with 

different colors representing water quality parameters derived from satellite data. Satellite 

imagery such as this can be used to identify suitable locations for fish farms that will thrive in 

Nigeria’s coastal regions). 

The benefits of implementing remote sensing and GIS technologies in agriculture are 

substantial. First, they facilitate large-scale monitoring and data acquisition over extensive 

areas, making it possible to generate comprehensive and timely datasets that would be 

impractical to collect manually (Shofiyati, 2022; Gholizadeh et al., 2016). Additionally, the cost-

effectiveness of remote sensing compared to traditional ground survey methods allows for 

broader implementations without prohibitive financial investments (Paul et al., 2022). 

Improved spatial analysis capabilities foster enhanced decision-making processes, empowering 

stakeholders to make informed choices that promote sustainable resource management and 

conservation efforts (Md-Tahir et al., 2024; Singh & Jha, 2022). 

2.4 Automation and Robotics 

Automation and robotics in agriculture are transformative technologies designed to enhance 

efficiency, reduce labor costs, and improve productivity. Automation involves using control 

systems to operate equipment, while robotics focuses on designing robots to perform tasks 

traditionally done by humans, particularly in agriculture and aquaculture (Paul et al., 2022). 

 

In the Blue Economy, these technologies are innovatively applied to benefit agricultural 

practices. Automated feeding systems in aquaculture utilize precision technology to dispense 
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feed based on real-time data about fish activity and environmental conditions, minimizing 

waste and ensuring optimal fish growth (Zuriati et al., 2022; Silalahi et al., 2023).  

 

Additionally, Autonomous Underwater Vehicles (AUVs) are used for inspection and 

maintenance in aquaculture, monitoring underwater conditions and infrastructure while 

reducing the need for human divers in hazardous environments (Liu et al., 2023). Automated 

systems for seaweed cultivation also monitor growth conditions and optimize harvest times, 

supporting sustainable practices recognized for their environmental benefits, such as carbon 

sequestration (Schmid et al., 2023). 

 

Integrating automation and robotics into agricultural practices within the Blue Economy offers 

significant benefits, including enhanced efficiency and productivity through reduced labor time 

and continuous operations without human intervention (Eastwood et al., 2022). This minimizes 

reliance on manual labor, lowering costs and risks, which is especially advantageous in labor-

short contexts (Narsale et al., 2024). Ultimately, these advancements boost the economic 

viability of agricultural operations and support food security by optimizing marine resource 

supply. 

2.5 Blockchain Technology 

Blockchain technology is a decentralized digital ledger system that securely and transparently 

records transactions across a distributed network. Each transaction, or block, is linked to the 

previous one, forming an immutable and verifiable chain of records. This technology enhances 

traceability and accountability, fostering trust among stakeholders. In the Blue Economy, 

particularly in agriculture, blockchain has transformative potential for improving supply chain 

sustainability and efficiency (Akella et al., 2023; Sharma et al., 2023). 

 

A key application of blockchain in Blue Economy agriculture is the traceability of seafood 

products from farm to consumer. By utilizing blockchain, every step in the supply chain—from 

catching and processing to distribution and sale—can be recorded and verified. This 

transparency provides consumers with detailed information about the source of their seafood, 

increasing trust and confidence in the products, which is crucial amid rising concerns about 

food safety and authenticity (Varavallo et al., 2022; Nassar et al., 2024). Research shows that 

implementing blockchain in the seafood supply chain significantly enhances traceability, 

offering proof of sustainable practices and ethical sourcing (Jimenez-Castillo et al., 2023). 

Additionally, blockchain facilitates the verification of sustainable fishing practices by creating a 
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transparent system that records fishing quotas, catch volumes, and locations, ensuring 

compliance with regulations.  

3. Case Studies and Applications 

3.1 Case Study 1: Smart Aquaculture Farm with IoT and AI 

This case study focuses on a pioneering smart aquaculture farm located in Southeast Asia, 

which has successfully integrated Internet of Things (IoT) technologies and Artificial Intelligence 

(AI) to enhance operational productivity and sustainability. The farm utilizes a range of smart 

devices to monitor environmental conditions in real-time and make informed decisions based 

on data analytics. 

 

Technology Implementation 

The implementation at the smart aquaculture farm is characterized by the deployment of 

various IoT sensors and data platforms that monitor critical water quality parameters such as 

temperature, pH, dissolved oxygen, and turbidity, as well as environmental factors like rainfall 

and salinity (Gleiser & Moro, 2023; Stojanović & Chaudhary, 2023). These sensors feed data 

into a centralized cloud-based analytics platform where AI algorithms process the information. 

For instance, machine learning algorithms are employed for predictive modeling, which enables 

farm management to forecast fish growth rates and optimize feeding schedules based on real-

time conditions (Aung et al., 2024; Vo et al., 2021). In addition, automated feeding systems are 

integrated with the IoT sensors, allowing for precise control over the amount of feed provided 

to the fish. This automation minimizes waste and ensures that the fish are fed optimally, 

promoting better growth outcomes (Munif et al., 2024).  

 

Results and Outcomes 

The implementation of these technologies has resulted in several notable outcomes: 

1. Increased Yield: The smart aquaculture farm has reported an increase in fish yield by 

approximately 30% due to optimized feeding practices informed by real-time data 

analytics (Gleiser & Moro, 2023; Stojanović & Chaudhary, 2023). This increase has 

directly contributed to improved profitability. 

2. Reduced Disease Incidence: The early disease detection capabilities provided by IoT 

sensors and AI-driven data analysis have enabled farmers to identify potential health 

issues in fish populations before they escalate into widespread outbreaks. This proactive 

approach has reportedly culminated in a 40% reduction in disease-related losses (Islam 

et al., 2024; Er-rousse & Qafas, 2024). 
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3. Optimized Feeding: By utilizing real-time data to determine feeding requirements, the 

farm has achieved a reduction in feed waste by 25%. This optimization not only improves 

feed conversion efficiency but also lowers operational costs and environmental impact 

(Stojanović & Chaudhary, 2023; Florestiyanto et al., 2020). 
 

3.2 Case Study 2: Precision Coastal Farming with Remote Sensing 

This case study explores a precision coastal farming operation located in the Mediterranean 

region, utilizing advanced remote sensing technologies to optimize agricultural practices. This 

innovative approach leverages satellite imaging, drone surveillance, and Geographic 

Information Systems (GIS) to gather and analyze data, thereby enhancing crop productivity 

while ensuring environmental sustainability. 
 

The coastal farming operation primarily focuses on high-value crops, including various fruits and 

vegetables. The farm encompasses approximately 100 hectares situated near the coastline, 

providing it with rich soil and favorable climatic conditions for cultivation. Historically, reliant on 

conventional farming practices, the farm management team identified the need for more 

sustainable methods to increase yields and mitigate environmental impacts. Consequently, they 

adopted a precision agriculture strategy incorporating remote sensing technologies. 
 

Data Acquisition and Analysis Methods 

Data acquisition at this coastal farm involves multiple remote sensing methods. Satellite 

imagery from Earth-observing satellites is utilized to monitor crop cover and agricultural health 

continuously. Multispectral and hyperspectral sensors provide detailed information about plant 

health indicators such as chlorophyll content and moisture levels, allowing for early signs of 

stress to be detected (Kumawat et al., 2023; Lu et al., 2020). Drones equipped with high-

resolution cameras conduct regular aerial surveys to gather additional data on crop growth, 

enabling finer details on crop conditions to be captured more frequently than traditional 

satellite passes allow (Vitousek et al., 2022). 

 

The data is processed using GIS tools and specialized software that integrates remote sensing 

data with historical farming datasets. By employing machine learning algorithms, the farm’s 

management can analyze trends and patterns in the data, facilitating better decision-making 

regarding irrigation schedules, fertilizer application, and pest management strategies (Angelini 

et al., 2023; Nazeer et al., 2017). This integration allows the farmers to adjust their practices 

based on real-time data, optimizing resource use. 
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Results and Outcomes 

The implementation of remote sensing techniques at the coastal farm yielded significant 

positive outcomes: 

1. Optimized Irrigation: Using satellite data, the farm was able to implement precision 

irrigation systems that adjust water delivery based on real-time soil moisture levels and 

crop needs. This process led to a 30% reduction in water usage compared to previous 

practices (Ben-Romdhane et al., 2016). 

 

2. Reduced Fertilizer Use: By analyzing crop health indicators derived from remote sensing 

data, the farmers adjusted their fertilizer application schedules and quantities. This 

approach enhanced nutrient efficiency and resulted in a 25% decrease in fertilizer use 

without compromising crop yield, thus minimizing environmental runoff (Ying et al., 

2020). 

 

3. Improved Crop Health: Regular monitoring through remote sensing allowed for timely 

interventions. This proactive approach contributed to a noticeable increase in overall 

crop health and quality, with reports indicating a yield increase of approximately 20% 

(Bertolini et al., 2021). 

4. Discussion 

4.1 Integration of Technologies 

The integration of technologies, particularly the combination of the Internet of Things (IoT), 

Artificial Intelligence (AI), and remote sensing, is essential for optimizing agricultural practices 

within the Blue Economy. As these technologies evolve, the need for integrated systems that 

allow for seamless communication and operational coherence becomes increasingly apparent. 

Such systems not only enhance agricultural productivity but also promote sustainable practices 

by enabling better resource management and decision-making. (Szira et al., 2023; Ghodake 

2024). 
 

However, the integration of these technologies comes with its own set of challenges, primarily 

revolving around data interoperability and standardization. Different systems generating data 

may utilize distinct formats and protocols, which complicates efforts to consolidate and analyze 

information across platforms (Manurung et al., 2024). Without common standards and 

frameworks, achieving meaningful insights from accumulated data becomes difficult, thereby 

hindering the potential benefits of advanced technological applications (Mukherjee et al., 

2022). 
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4.2 Strategies for Seamless Technology Integration 

Several strategies can be employed to address these challenges and foster a more integrated 

framework for technological adoption in agriculture: 

1. Development of Common Standards: In collaboration with industry stakeholders, 

regulatory bodies, and technology providers, establishing universal data standards is 

critical for enhancing compatibility among different technologies. This collaborative 

approach can facilitate easier data exchange and better interoperability across 

platforms (Batool et al., 2023; Alkhammash et al., 2022). 
 

2. APIs and Middleware Solutions: Utilizing Application Programming Interfaces (APIs) and 

middleware solutions can help bridge the gap between disparate systems, enabling 

them to communicate effectively. Such technologies act as intermediaries, allowing data 

from various sources to be amalgamated and utilized seamlessly within a centralized 

monitoring and control system (Ghodake, 2024; Upadhyay et al., 2021). 

 

3. Training and Skill Development: Workforce training is indispensable for ensuring that 

personnel can effectively leverage integrated systems. Educational programs focusing 

on the intersection of IoT, AI, remote sensing, and their combined applications can 

empower farmers and agricultural managers to utilize these technologies adeptly (Szira 

et al., 2023). 
 

4. Pilot Projects and Incremental Implementation: Initiating pilot projects can allow 

farmers to adapt to integrated systems gradually. These projects facilitate the 

identification of best practices and potential obstacles, providing valuable insights that 

can inform broader implementation strategies across larger farms (Szira et al., 2023; 

Wang, 2024). 
 

5. Collaboration with Research Institutions: Engaging with universities and research 

institutions can provide access to cutting-edge knowledge and innovative approaches, 

which can enhance the system’s effectiveness and operational efficiency. Such 

collaborations can catalyze technological advancements tailored specifically to regional 

agricultural needs (Yontar 2022; Manurung et al., 2024). 
 

6. Incorporation of Blockchain: Integrating blockchain technology can bolster data integrity 

and traceability by providing a secure, transparent framework for recording and sharing 

data across agricultural operations. Blockchain enhances information exchange 

arrangements, paving the way for more sustainable practices by ensuring accountability 

among stakeholders (Yontar 2022; Batool et al., 2023). 
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The integration of IoT, AI, remote sensing, and potentially blockchain technologies holds 

immense promise for advancing agricultural practices in the Blue Economy. However, 

addressing the challenges related to data interoperability and establishing effective 

communication protocols are critical for realizing the full potential of these technologies. By 

implementing the strategies outlined above, stakeholders in the agricultural sector can create a 

more cohesive framework that harnesses technological advancements for sustainable and 

productive farming. 

4.3 Role of Technology in Achieving Sustainable Development Goals (SDGs) 

The integration of technology in agriculture is essential for achieving Sustainable Development 

Goals (SDGs), especially zero hunger (SDG 2), responsible consumption and production (SDG 

12), and climate action (SDG 13). Technology enhances food production efficiency and reduces 

environmental impacts, improving food security and resource management (Hussein et al., 

2024; Qazi et al., 2022). 

 

Technology supports these goals through IoT and data analytics, which enable precise 

monitoring and management of agricultural resources. This optimization increases food 

production and minimizes waste (Jabbari et al., 2023; Marković et al., 2015). AI algorithms in 

predictive analytics also help adapt to climate variability, supporting climate action initiatives 

(Hussein et al., 2024; Fuyao, 2023). 

 

To fully leverage these technologies for sustainability, ongoing investments in research, farmer 

training, and stakeholder collaboration are crucial. An innovation-focused ecosystem can 

enhance agriculture's contributions to the SDGs. 

 

The economic and environmental impacts of advanced agricultural technologies are significant. 

Cost-benefit analyses and life cycle assessments help stakeholders understand the advantages 

of these innovations. Aligning technology adoption with SDG goals strengthens the 

commitment to sustainable practices, leading to a more responsible and viable agricultural 

future. 

 

4.4 Policies Promoting Technology Adoption in the Blue Economy 

Governments are essential in promoting technology adoption through policy frameworks that 

incentivize innovation. This includes financial incentives, grants, and subsidies to alleviate the 

costs of adopting new technologies in aquaculture and coastal farming (Saarani et al., 2023). 

For example, Malaysia has recognized the Blue Economy's potential and is implementing dual 
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approaches to encourage small and medium enterprises (SMEs) to adopt innovative practices 

through supportive policies (Saarani et al., 2023). 

 

Policies that promote knowledge, resource, and technology sharing among farmers significantly 

enhance technology adoption capacity (Wu et al., 2023). Encouraging cooperative memberships 

and associations through policy incentives creates networks for farmers to learn from one 

another and collaboratively tackle technological challenges (Wu et al., 2023). Furthermore, 

regulations that support research and development (R&D) in aquaculture technology foster 

ongoing advancements that improve productivity and sustainability (Ma & Abdulai, 2018). 

5. Conclusion 

The exploration of emerging technologies in aquaculture and coastal farming shows their 

potential for economic and environmental sustainability. Key findings indicate that integrating 

the Internet of Things (IoT), Artificial Intelligence (AI), remote sensing, blockchain, and 

advanced robotics can improve productivity and sustainability. Examples of smart aquaculture 

and precision coastal farming highlight gains in yield, resource efficiency, and reduced 

environmental impacts, supporting a robust Blue Economy. 

 

The evolution of aquaculture practices highlights the need for comprehensive policy 

frameworks that promote the adoption of advanced technologies. Collaboration among 

researchers, industry stakeholders, and policymakers is essential for addressing regulatory 

challenges and aligning technology implementation with sustainable development goals (SDGs). 

Stakeholders should engage in this research landscape to unlock the full potential of 

sustainable agriculture in the Blue Economy. 

 

The future of sustainable agriculture in the Blue Economy depends on integrating innovative 

technologies, strong policy frameworks, and ethical considerations. These elements must work 

together to tackle current challenges and ensure a resilient agricultural sector for the future. 
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