
AI-Driven Sustainable Practices in Aqua-based  

Entrepreneurship: Challenges and Opportunities 
 

Dr. E. Jyothi Kiranmayi 

Lecturer  in Computer Science 

S.C.I.M Govt. College (A), Tanuku  

Andhra Pradesh       

jkiranmayi1@gmail.com 

Abstract—Aquaculture is emerging as a key driver of the blue economy, providing both nutritional security 

and entrepreneurial opportunities. However, the sector faces pressing challenges in sustainability, resource 

optimization, and market competitiveness. This paper explores how Artificial Intelligence (AI) can transform 

aqua-based entrepreneurship by enabling predictive analytics, smart resource management, automated 

monitoring, and decision-support systems. The study highlights AI-driven innovations such as water quality 

prediction, disease detection in aquatic species, and optimized feed management, which can reduce costs 

while improving yield and environmental sustainability. Further, it examines the role of AI in enhancing 

market strategies, financial access, and policy alignment for small-scale entrepreneurs. The paper also 

discusses implementation challenges such as infrastructure, digital literacy, and data privacy, while proposing 

future directions to integrate AI with sustainable aquaculture practices. By bridging computer science and 

aquaculture, the work underscores the prospects of AI as a catalyst for inclusive and sustainable 

entrepreneurial growth. 
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I. INTRODUCTION 

Aquaculture, the farming of fish, crustaceans, mollusks, and aquatic plants, has become one of the fastest-

growing sectors in global food production. According to the FAO (2022), aquaculture already contributes 

more than 50% of the fish consumed worldwide, and its role is expected to increase significantly in the 

coming decades. With the rising demand for protein-rich diets, aquaculture not only contributes to nutritional 

security but also creates avenues for entrepreneurship and rural livelihood generation (Subasinghe et al., 

2021). In the context of the blue economy, aqua-based enterprises play a significant role in promoting 

economic growth, employment, and sustainability (World Bank, 2020). However, the sector is not without 

challenges. Issues such as disease outbreaks, high input costs, poor resource management, and volatile market 

conditions often hinder the growth of small and medium-scale aqua entrepreneurs (Tidwell & Allan, 2021). 

At the same time, the advent of computer science and emerging digital technologies presents transformative 

opportunities for this sector. Among these, Artificial Intelligence (AI) has gained prominence as a tool that 

can revolutionize the way aquaculture is practiced and managed. AI-driven approaches enable farmers and 
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entrepreneurs to make data-informed decisions optimize resource utilization, predict risks, and adopt 

sustainable practices (Béné, 2022). For instance, predictive models powered by AI can forecast water quality 

changes, detect early signs of diseases in aquatic species, and recommend optimal feeding schedules—

ultimately improving productivity and reducing environmental impact (Xu et al., 2021). Beyond production, 

AI also extends its benefits to entrepreneurial activities. Through integration with digital platforms, IoT 

sensors, and block chain-based systems, AI can facilitate transparent supply chains, provide better financial 

access for small-scale entrepreneurs, and enable data-driven market strategies (Shahzad et al., 2022). This 

positions AI not just as a technological tool but as a catalyst for inclusive and sustainable aqua-based 

entrepreneurship. Nevertheless, adopting AI in aquaculture is not without obstacles. Entrepreneurs often face 

barriers such as inadequate digital infrastructure, high costs of technology, lack of skilled workforce, and 

concerns related to data privacy and ownership (Gatto et al., 2021). These challenges highlight the need for a 

balanced approach that combines technological innovation, capacity building, and supportive policy 

frameworks. This paper seeks to explore the intersection of AI, sustainability, and aqua-based 

entrepreneurship. It examines how AI can be leveraged to address key challenges, identifies prospects for 

enhancing entrepreneurial opportunities, and discusses the barriers that need to be overcome for effective 

adoption. By bridging computer science and aquaculture, the paper underscores the potential of AI to shape 

the future of sustainable aquatic enterprises and contribute to long-term economic and environmental goals. 

II. LITERATURE REVIEW 

The use of Artificial Intelligence (AI) and digital technologies in aquaculture is an emerging field that 

intersects with sustainability, entrepreneurship, and policy development. This section reviews key 

contributions under four major themes: AI applications in aquaculture, sustainability and resource 

management, digital entrepreneurship and financial access and policy and implementation challenges. 

Several studies emphasize the role of AI in improving aquaculture productivity and operational efficiency. 

AI-driven models have been applied to tasks such as water quality prediction, automated feeding, and disease 

detection. For instance, Xu et al. (2021) demonstrated that machine learning algorithms can accurately predict 

dissolved oxygen levels and optimize feeding schedules, significantly reducing mortality rates. Similarly, 

Béné (2022) highlighted how computer vision systems and AI can detect fish health issues at an early stage, 

thereby preventing large-scale losses. These applications indicate that AI has the potential to transform 

aquaculture into a more predictive and proactive industry. Sustainability is a critical concern in aquaculture, 

as the industry often faces issues such as environmental degradation, water pollution, and inefficient resource 

use. AI and IoT-based monitoring systems can help address these concerns. Gatto et al. (2021) reviewed 

digital tools that reduce environmental footprints by improving resource efficiency and ensuring compliance 
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with sustainability standards. Tidwell and Allan (2021) further argued that AI-guided sustainable practices 

can contribute to food security by balancing high productivity with environmental responsibility. 

In addition to production, AI can enhance entrepreneurship and market strategies in aquaculture. Block chain 

and AI-enabled digital platforms improve supply chain transparency, increase consumer trust, and support 

entrepreneurs in reaching wider markets. Shahzad et al. (2022) proposed block chain-integrated platforms that 

improve financial access for small-scale aqua-entrepreneurs by reducing dependency on intermediaries. 

Subasinghe et al. (2021) stressed the importance of digital skills and platforms for entrepreneurs to effectively 

participate in global aquaculture markets. Together, these studies highlight the entrepreneurial prospects of AI 

in strengthening competitiveness and market inclusion. 

While the opportunities are promising, barriers remain in adopting AI for aquaculture. Limited digital 

infrastructure, high costs, lack of local datasets, and insufficient technical skills are among the major concerns 

(World Bank, 2020). Gatto et al. (2021) argued that policies promoting capacity building, subsidies for digital 

tools, and public-private partnerships are necessary to encourage adoption. Furthermore, issues of data 

privacy, inclusivity, and ethical AI use require careful regulatory oversight (FAO, 2022). These findings 

indicate that while AI offers transformative potential, policy frameworks and institutional support are critical 

for scaling adoption across diverse contexts. 

III. ROLE OF AI IN AQUA-BASED ENTREPRENEURSHIP 

Artificial Intelligence (AI) has emerged as a transformative technology in aquaculture, enabling entrepreneurs 

to enhance productivity, sustainability, and market competitiveness. By integrating AI with aquaculture 

operations, entrepreneurs can leverage real-time data, predictive analytics, and automated decision-making 

tools to optimize both production and business outcomes. The role of AI can be broadly categorized into 

production optimization, sustainability management, and entrepreneurial decision support, supported by 

specific techniques and methodologies. 

3.1 AI in Production Optimization 

AI techniques help entrepreneurs maximize output while minimizing risks and costs. Common applications 

include: 

Predictive Analytics for Growth and Yield: Machine learning models, such as Random Forests, Support 

Vector Machines (SVM), and Neural Networks, predicts growth rates, mortality risk, and optimal harvest 

times. Example: Predicting feed conversion ratios to optimize feeding schedules and reduce wastage. 

Disease Detection and Health Monitoring: Computer Vision and Deep Learning algorithms analyze images 

and video of fish to detect early signs of disease or stress. Techniques like Convolutional Neural Networks 

(CNNs) are widely used for automated visual diagnosis. 
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Automated Feeding Systems: AI-driven actuators and sensors adjust feed amounts in real time based on 

water quality, fish behavior, and growth stage. Reinforcement learning models can continuously improve 

feeding strategies by learning from historical outcomes. 

3.2 AI in Sustainability and Resource Management 

Sustainable aquaculture is essential to protect natural resources and reduce environmental impact. AI 

methodologies enable real-time monitoring and proactive management: 

Water Quality Prediction and Monitoring: Techniques used are Time Series Analysis (ARIMA, LSTM 

networks) for predicting dissolved oxygen, pH levels, and temperature fluctuations. Sensors provide live data; 

AI models forecast critical changes, helping prevent fish mortality and environmental damage. 

Waste Reduction and Eco-friendly Practices: AI optimizes feed usage and waste management using 

predictive models and optimization algorithms like Genetic Algorithms (GA). Example: Calculating ideal 

stocking density to minimize resource overuse and water contamination. 

Energy Efficiency in Operations: AI can automate aeration, lighting, and water circulation systems, reducing 

electricity usage while maintaining optimal growth conditions. 

3.3 AI in Entrepreneurial Decision Support 

Beyond production, AI assists entrepreneurs in market, finance, and operational decisions. 

Market Forecasting and Pricing Strategies: Techniques used are Regression Analysis, Time Series 

Forecasting, and Reinforcement Learning to predict demand and optimize pricing. Example: Predicting 

seasonal demand to align harvest and supply, reducing market risk. 

Supply Chain Optimization: AI-enabled block chain and IoT integration ensures traceability, reduces fraud, 

and enables efficient logistics. Techniques include Network Optimization Algorithms and Smart Contracts 

facilitate transparent transactions. 

Financial Access and Risk Management: AI models assess creditworthiness and predict loan repayment risk 

for small-scale aqua entrepreneurs. Techniques include Classification Algorithms (Decision Trees, Gradient 

Boosting, Neural Networks) evaluate multiple parameters like past revenue, operational scale, and market 

conditions. 

3.4 Methodologies Used in AI Applications 

The AI methodologies in aqua-based entrepreneurship can be grouped as: 

o Machine Learning (ML): Supervised and unsupervised models for prediction, classification, and 

clustering of fish health, yield, and market trends. 

o Deep Learning (DL): CNNs for image-based disease detection; LSTM for time-series water quality 

predictions. 

o Reinforcement Learning (RL): Dynamic decision-making for feeding strategies and adaptive resource 

management. 
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o Optimization Algorithms: Genetic Algorithms (GA), Particle Swarm Optimization (PSO) for resource 

allocation, stocking density, and logistics optimization. 

o IoT Integration: Sensors and smart devices collect live data; AI processes and provides actionable 

insights. 

o Block chain and Smart Contracts: Ensuring transparent transactions, supply chain traceability, and 

access to decentralized financing. 

IV.CHALLENGES IN AI ADOPTION IN AQUA-BASED ENTREPRENEURSHIP 

While Artificial Intelligence (AI) offers transformative potential in aquaculture, its adoption among 

entrepreneurs—especially small and medium-scale operators—faces several technical, economic, and social 

barriers. Understanding these challenges is critical to designing effective interventions and promoting 

sustainable, technology-driven aquaculture. 

4.1 Technical Challenges 

Data Availability and Quality: 

o AI models rely on large, high-quality datasets for accurate predictions. In aquaculture, data on water 

quality, fish health, and environmental parameters are often sparse, inconsistent, or unavailable. 

Infrastructure Limitations: 

o AI systems require reliable internet connectivity, cloud computing, and sensor networks. 

o Rural aquaculture regions often suffer from low bandwidth, intermittent electricity, or lack of cloud-

based services, limiting the use of real-time AI analytics. 

Integration with Existing Systems:  

o Many entrepreneurs still use traditional farming methods. Integrating AI into legacy systems requires 

technical expertise and can be costly or operationally complex. 

4.2 Economic Challenges 

High Cost of AI Tools and Devices: Sensors, automated feeders, and AI software require significant 

investment. Small-scale entrepreneurs often cannot afford these upfront costs.  

Return on Investment (ROI) Uncertainty: Entrepreneurs may be hesitant to adopt AI due to unclear short-

term financial benefits. AI-driven systems require time to show cost savings or yield improvements. 

4.3 Social and Skill-related Challenges 

Digital Literacy and Technical Skills: Implementing AI solutions requires knowledge of data interpretation, 

AI tools, and IoT devices. Many aqua-entrepreneurs, especially in rural areas, lack this expertise. Capacity-

building programs are essential. 

Resistance to Change: Traditional practices are deeply ingrained. Entrepreneurs may be reluctant to adopt AI 

without proven case studies in their local context. 
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4.4 Policy, Regulatory, and Ethical Challenges 

Lack of Supportive Policies: Many governments lack clear frameworks to support AI adoption in 

aquaculture. Incentives, subsidies, and training programs are limited. 

Data Privacy and Ownership: Entrepreneurs may be concerned about who owns farm data, how it is used, 

and whether it will be exploited by external parties. 

Ethical Use of AI: Decisions made by AI (e.g., automated harvesting or resource allocation) may sometimes 

conflict with local practices or ethical considerations. 

V.OPPORTUNITIES AND PROSPECTS OF AI IN AQUA-BASED ENTREPRENEURSHIP 

5.1 Enhancing Productivity and Yield :AI enables precise monitoring and management of aquaculture 

operations, leading to: 

Optimized Feeding Practices: AI-driven predictive models determine the correct feed quantity and schedule, 

reducing wastage and improving growth rates. 

Early Disease Detection: Automated detection using computer vision and machine learning reduces 

mortality and increases yield. 

Environmental Monitoring: AI predicts water quality parameters, preventing losses due to sudden 

environmental changes. 

5.2 Sustainable Practices and Environmental  Benefits: AI facilitates eco-friendly aquaculture by: 

o Reducing water and energy usage through automated monitoring. 

o Optimizing stocking density and feed conversion, which minimizes waste. 

o Supporting precision aquaculture, where every decision is data-driven, ensuring minimal environmental 

impact. 

5.3 Market Expansion and Financial Access: AI supports entrepreneurship beyond production: 

o Digital Marketplaces: AI-powered platforms forecast demand, optimize pricing, and connect small-

scale entrepreneurs to broader markets. 

o Block chain Integration: Ensures transparency in the supply chain, increasing consumer trust. 

o Credit and Risk Assessment: AI-based financial models help small-scale entrepreneurs secure loans 

and investments. 

Conclusion 

AI presents a multi-dimensional opportunity for aqua-based entrepreneurs, ranging from operational 

optimization and environmental sustainability to market access and financial inclusion. Early adopters who 

integrate AI with IoT, big data, and block chain are likely to gain a competitive edge, while policy support 

and technological innovation continue to expand the sector’s prospects.  

Artificial Intelligence (AI) has the potential to transform aqua-based entrepreneurship by integrating 

production optimization, sustainability, and market strategies. This paper highlights how AI-driven predictive 

International Journal of Advances in Management Technology and Engineering Sciences

Volume XV, Issue XI, NOVEMBER 2025

ISSN NO : 2249-7455

Page No:413



analytics, computer vision, IoT, and block chain can enhance operational efficiency, reduce environmental 

impact, and expand market access for small- and medium-scale entrepreneurs. 

Despite significant opportunities, adoption barriers—such as technical limitations, high costs, digital literacy 

gaps, and regulatory challenges—remain. Addressing these obstacles through infrastructure development, 

skill-building programs, and supportive policy frameworks is essential to fully realize AI’s potential in 

aquaculture. 

In conclusion, AI acts not only as a technological enabler but also as a catalyst for sustainable, inclusive, and 

profitable aqua-based entrepreneurship, bridging the gap between innovation and traditional practices. Early 

adoption, strategic investment, and collaboration among entrepreneurs, researchers, and policymakers are 

critical to shaping a resilient and competitive aquaculture sector. 

Future Directions: 

The future of AI in aquaculture lies in climate-resilient models for predicting water and fish health, affordable 

AI solutions via cloud platforms for small-scale entrepreneurs, and integrated smart systems using AI with 

IoT, robotics, and blockchain for automation and transparency. Progress also requires collaborative data 

platforms to share insights, strong policy frameworks for ethical and sustainable AI adoption, and skill 

development programs to train aqua-entrepreneurs in digital and AI-driven practices.  

Despite the challenges in adopting AI, the potential opportunities for entrepreneurs in the aquaculture sector 

are vast. AI technologies not only enhance operational efficiency and sustainability but also open avenues for 

innovation, market expansion, and financial inclusion. This section explores key opportunities and future 

prospects. 
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