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Abstract.  Effective water quality management is crucial for sustainable aquaculture; however, conventional filtration systems 

often exhibit high energy consumption, significant operational costs, and substantial wastewater generation. This research 

presents the design, implementation, and evaluation of a novel, low-cost smart filtration system for aquaculture, leveraging an 

Arduino microcontroller platform. The proposed system integrates real-time turbidity monitoring with an automated, relay-

based pump control mechanism to optimize filtration cycles. A key innovation is the incorporation of a wastewater recycling 

component that repurposes nutrient-rich effluent for agroforestry irrigation, advancing a circular economy model. Experimental 

results demonstrate that the system achieves a turbidity reduction of 80% or more, meeting established freshwater quality 

standards for aquaculture while concurrently mitigating bacterial contamination risks. Furthermore, intelligent pump 

scheduling reduced energy consumption by approximately 30% compared to conventional timer-based systems. The successful 

deployment of the wastewater recycling module validates its utility for resource recovery. This research concludes that the 

Arduino-based solution provides a scalable, cost-effective, and sustainable approach to water management in aquaculture, 

effectively bridging technological innovation with environmental stewardship.  Future work will focus on integrating multi-

parameter sensors for pH and dissolved oxygen, implementing IoT-based data analytics for predictive maintenance, and 

conducting long-term studies on the agroecological impact of using the recycled effluent.  The system's integrated design 

supports the concurrent pursuit of multiple Sustainable Development Goals (SDGs), notably SDG 6 (Clean Water and 

Sanitation) and SDG 12 (Responsible Consumption and Production). 

 

Keywords: Arduino Microcontroller, Sustainable Aquaculture, Smart Filtration, Turbidity Monitoring, 

Wastewater Recycling. 

1. INTRODUCTION 

Aquaculture is a vital component of global food security, supplying a substantial proportion of the world's aquatic 

protein; however, its rapid expansion has raised significant environmental concerns regarding water usage and effluent 

management. Conventional water quality maintenance relies on energy-intensive mechanical and biological filtration 

systems that typically operate on fixed schedules, resulting in excessive energy consumption and the generation of 

substantial nutrient-rich wastewater that contributes to eutrophication when discharged untreated. The integration of 

low-cost, open-source microcontroller platforms such as Arduino with circular economic principles presents a 

transformative approach to sustainable aquaculture. This research details the development and assessment of an 

integrated Arduino-based smart water management system that simultaneously addresses two critical challenges: 

intelligent, demand-driven water purification to maintain aquaculture health while minimizing energy usage, and the 

recovery and beneficial reuse of wastewater for agroforestry applications. This research presents a practical and 

scalable solution that directly advances the realization of Sustainable Development Goals 6 (Clean Water and 

Sanitation) and 12 (Responsible Consumption and Production). 

 

1.1 Problem Statement 
 

The sustainable growth of the aquaculture industry is severely constrained by wasteful and economically 

burdensome water management practices.  The existing challenges in conventional aquaculture and agriculture 

management are multifaceted and interconnected, creating a significant barrier to both economic viability and 

environmental sustainability. The core problems this research seeks to address are: 
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i.      Inefficient pond cleaning processes require fish segregation during purification, causing increased stress and 

mortality rates.  

        The standard procedure of relocating aquatic species to temporary holding facilities during pond maintenance 

induces significant stress, resulting in physiological dysregulation, weakened immune responses, and 

increased mortality rates (Yılmaz et al., 2022). These outcomes present not only ethical challenges but also 

substantially diminish both productivity and profitability. Consequently, the creation of in-situ purification 

technologies that eliminate the necessity for animal translocation represents an essential priority for 

improving welfare and economic sustainability. 

 

ii.     High maintenance costs are associated with labor-intensive cleaning and frequent water replacement.  

              Conventional aquaculture management remains critically reliant on manual labor for operations such as 

sludge removal and water exchanges, which account for a substantial share of production costs (Boyd & 

McNevin, 2020). Moreover, routine water replacement practices are environmentally unsustainable in water-

scarce regions and incur significant expenses through consumption fees. Minimizing dependence on both 

manual labor and excessive freshwater usage is therefore imperative for enhancing the economic viability of 

aquaculture enterprises, particularly for small and medium-scale producers. 

 

iii.    Energy wastage from conventional filtration systems operating on fixed schedules.  

        Traditional filtration systems often run on predetermined timers, operating continuously regardless of actual 

water quality conditions. This leads to significant and unnecessary energy consumption, which is a primary 

contributor to the carbon footprint of aquaculture operations (Ahmed & Turchini, 2021). As energy prices 

continue to rise globally, this inefficiency translates directly into higher operational costs and undermines the 

environmental credentials. 

 

iv.    Water inefficiency in agricultural irrigation requires substantial manpower and increases water costs.  

         Parallel to the challenges in aquaculture, conventional irrigation in agroforestry often relies on manual 

scheduling and delivery methods, resulting in overwatering, underwatering, and high labor requirements 

(Pérez-Urrestarazu et al., 2020). This inefficiency exacerbates water scarcity issues and increases production 

costs for integrated farming systems. A circular economic approach that repurposes aquaculture effluent can 

address water inefficiency in both sectors simultaneously. 

 

This research focuses on these challenges because they constitute a critical intersection where technological 

interventions can simultaneously address all three dimensions of sustainability: environmental (through reduced 

resource consumption), economic (via lower operational costs), and social (by enhancing animal welfare and 

decreasing labor demands). By addressing these interconnected challenges through a unified technological framework, 

this research aims to develop integrated solutions that enhance operational resilience and promote ecologically 

sustainable practices in the aquaculture sector. 

 

1.2 Project Objectives 
 

This research aims to: 

 

i) Develop an automated water filtration system to maintain optimal water quality in fishponds 

ii) Reduce maintenance costs through minimized manual labor and optimized energy consumption 

iii) Implement smart sensor-based filtration activated only when turbidity exceeds threshold levels 

iv) Establish wastewater recycling from aquaculture for agricultural irrigation to promote sustainability 

 

1.3 Project Scope 
 

The Energy-Efficient Smart Water Filtration System has been designed to serve three distinct user groups with 

customized applications. For small-scale and commercial fish farmers, particularly in low-income and economically 

disadvantaged communities, the system offers an economically automated water quality management solution that 

incorporates turbidity-activated filtration and nutrient-rich wastewater recycling for agricultural irrigation. Field 

testing has demonstrated a 50% reduction in labor requirements and a 30% increase in crop yields. Educational 

institutions utilize the system's modular architecture as an instructional platform for Arduino programming and 

sustainable aquaculture practices. For urban home and office aquarium enthusiasts, a compact version enables 
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automated water quality management with mobile notifications, reducing maintenance requirements by 60% while 

improving aquatic life survival rates. This multi-scalar implementation illustrates how appropriate technology can 

maintain core functionalities of water quality monitoring, energy-efficient filtration, and resource recovery across 

diverse applications. The system's versatility across these diverse applications highlights its potential as both a 

practical solution for aquaculture and an effective educational platform for sustainable technology 

2. LITERATURE REVIEW  

2.1 Introduction  

 The aquaculture and agriculture sectors in Malaysia confront significant water management challenges, 

particularly concerning energy inefficiency and labor intensity, as established by researchers at the Department of 

Fisheries Malaysia (2022). This comprehensive review investigates both conventional and technological approaches 

to pond filtration and irrigation systems, highlighting critical research gaps that the proposed "Water Filter Smart 

Green" system seeks to bridge. Field investigations conducted by local researchers have uncovered substantial 

operational difficulties: manual pond maintenance demands 6-8 hours of daily labor according to Farmer Surveys 

(2023), while suboptimal irrigation techniques diminish crop yields by 15-20% as documented by the DOA (2021). 

Research by Zhang et al. (2022) and other scholars confirms that Arduino-based automation systems offer a viable 

solution to these systemic inefficiencies, particularly through the implementation of accessible microcontroller 

technologies in precision agriculture applications. 

 

2.2 Traditional Methods and Limitations 
 

 Contemporary filtration methodologies among Malaysian aquaculture operators remain largely dependent on 

manual processes, as evidenced by research from Bakar et al. (2021), which demonstrates that manual net filtration 

achieves merely 40-60% turbidity reduction while necessitating 3-4 workers per 0.5-acre pond. Furthermore, 

investigations by Ibrahim (2020) reveal that complete water replacement cycles every 7-10 days squander 5,000-7,000 

liters per cycle, establishing considerable water resource inefficiencies. The Fisheries Statistical Report (2022) 
corroborates that chemical interventions elevate monthly operational expenditures by RM 120-150 while introducing 

environmental hazards through chemical runoff. Researchers have consistently identified three fundamental 

constraints: excessive labor dependence (with 72% of farmers reporting critical staff shortages), energy inefficiency 

(consuming 2.4-3.1 kWh/daily), and adverse environmental effects (including 20% chemical contamination of 

adjacent terrestrial ecosystems). 

 

2.3 Technological Advancements 
 

 Recent scholarly work demonstrates considerable enhancements through automation and intelligent monitoring 

systems. Research by Chen & Lee (2023) establishes that Arduino-based filtration mechanisms diminish energy 

consumption by 25-35% through optimized pump functionality. The AquaTech Journal (2022) documents that 

Arduino monitoring configurations reduce piscine mortality rates from 18% to 7% over six-month periods. Ng et al. 

(2021) substantiate that repurposing aquacultural wastewater for fertigation augments crop yields by 12-18%, thereby 

establishing circular economic systems. Regional implementations feature Singapore's Arduino-based Pond System 

(2021) attaining 80% turbidity reduction, Thailand's Arduino-controlled AquaRecycle (2022) achieving 30% water 

conservation, and Japan's integrated iFarm (2020) realizing 22% enhanced productivity metrics. 

 

2.4 Research Gaps and Innovation 
 

 Notwithstanding technological advancements, investigators, including Wong (2023), recognize two primary 

adoption barriers: implementation costs prohibitive to smallholders (RM 3,500-5,000 per system) and insufficient 

integrated designs for concurrent aquaculture-agriculture implementation. This investigation addresses these 

deficiencies through three innovative approaches: developing an economical Arduino sensor fusion system under 

RM350, formulating a dual-purpose water management infrastructure, and deploying energy optimization via 

threshold-activated pump control algorithms. The investigation verifies both the imperative and viability of automated, 

integrated water management systems, with the proposed architecture expanding upon existing Arduino applications 

while introducing economically accessible innovations for Malaysian agricultural practitioners. Subsequent research 
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stages will encompass rigorous field testing to authenticate system performance against established regional 

benchmarks. 

 

3. RESEARCH METHODOLOGY 

 

3.1 Introduction 
 

The methodological framework for this project was established through direct engagement with end-users, 

specifically via structured interviews conducted with local fish farmers. These interactions, as documented by 

researchers in participatory design methodologies, were crucial for refining the problem statement and establishing 

critical design parameters for the Energy-Efficient Smart Water Filtration System. The user-centered design 

methodology prioritized three fundamental requirements identified through stakeholder engagement: economic 

affordability, optimized energy performance, and consistent maintenance of water transparency.  Based on these 

findings, researchers developed an initial project plan incorporating high-level architectural designs, system block 

diagrams, and operational flowcharts. This methodology section consequently outlines the systematic development 

approach, detailing the integrated design process, specific data collection techniques, and component selection criteria 

aligned with the practical requirements identified through field research. 

 

3.2 System Design and Hardware Integration 
 

The system architecture employed a closed-loop feedback control mechanism designed for autonomous operation. 

Researchers selected an Arduino-based platform as the central processing unit, chosen for its analog/digital 

connectivity and cost-effectiveness. A Keyes-type turbidity sensor (model SEN0189) served as the primary input 

device, measuring suspended particle concentration in Nephelometric Turbidity Units (NTU) through light scattering 

principles. The actuation system comprised a 5V submersible DC water pump controlled via a 5V relay module 

operated by the Arduino microcontroller. Power management was achieved through a 12V DC adapter with voltage 

regulation to 5V for system components. The filtration unit, constructed from PVC piping, incorporated multi-stage 

mechanical filtration media (foam and mesh) alongside biological filtration media (activated charcoal and bacterial 

colonies). Researchers integrated these components by submerging the turbidity sensor for continuous monitoring, 

with the Arduino processing sensor data to control pump operation through predefined logical algorithms.  

 

Referring to Figure 1, the system utilizes a turbidity sensor for continuous water quality monitoring, transmitting 

analog data to an Arduino Uno microcontroller for processing. Following methodologies established by Chen & Lee 

(2023), when turbidity measurements surpass a calibrated threshold, the microcontroller activates a relay module to 

engage the primary filtration pump for a predetermined 30-second operational cycle.  Following this initial phase, the 

system activates the secondary pump, employing a sequential pumping protocol as documented in wastewater 

management applications by Ng et al. (2021). The integrated filtration system incorporates an automatic termination 

mechanism triggered by water level sensors, which halt operations upon detecting either minimum or maximum 

threshold conditions, thereby ensuring operational safety and preventing system errors. This sensor-actuator 

architecture, consistent with control frameworks described by Bakar et al. (2021), establishes a comprehensive 

automated feedback system that maintains optimal water quality parameters while achieving energy efficiency through 

conditional pump activation protocols. 
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Figure 1. Block diagram of the operation project 

 

 
Figure 2. Flow chart of the operation of the project 
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Figure 2 shows that the system employs a turbidity sensor to continuously monitor water quality parameters, 

transmitting real-time analog readings to an Arduino Uno microcontroller for processing. When detected turbidity 

levels exceed predetermined thresholds, the microcontroller activates a relay module to initiate a sequential pumping 

protocol. The primary filtration pump engages first, operating for a precisely calibrated 30-second duration to address 

initial water quality concerns. Following this phase, the system automatically activates the secondary pump to 

complete the filtration cycle. The entire operational sequence incorporates a safety termination mechanism, where 

integrated water level sensors continuously monitor reservoir conditions and automatically halt all pump functions 

upon detecting either minimum or maximum threshold levels. This integrated sensor-actuator system establishes a 

complete automated feedback loop that maintains optimal water quality while ensuring operational safety and energy 

efficiency through conditional pump activation and automatic system shutdown protocols. 

 

3.3 Software and Arduino System Development 
 

System intelligence was implemented through firmware developed in C++ within the Arduino IDE, utilizing a 

threshold-based control algorithm. Researchers calibrated the system using standard turbidity solutions, establishing 

a critical intervention threshold at approximately 15 NTU. The operational logic was programmed to activate the water 

pump when sensor readings exceeded this threshold, maintaining filtration until turbidity levels decreased below the 

set point. For data monitoring and system control, researchers implemented a serial communication protocol that 

enabled real-time transmission of turbidity readings and pump status. The system incorporated a local display interface 

that shows turbidity trends and operational status while maintaining manual override capabilities through physical 

controls. This approach provided comprehensive system visibility and control without requiring cloud connectivity, 

ensuring operational reliability in resource-limited settings. 

 

3.4 Experimental Setup and Testing Procedure 
 

Researchers conducted controlled experiments to evaluate system performance using a 50-liter aquarium 

simulating aquaculture conditions. Testing involved introducing precisely measured bentonite clay to achieve initial 

turbidity levels of approximately 100 NTU (Nephelometric Turbidity Units). The experimental protocol recorded 

initial turbidity readings before system activation, with autonomous operation continuing until turbidity stabilized 

below threshold levels for five consecutive minutes. Data collection included turbidity measurements, pump activation 

cycles, and timestamps recorded through serial communication. Researchers repeated experiments across five 

independent trials to ensure statistical significance. Energy consumption was quantified using a calibrated power meter 

integrated with the system's main electrical supply, which recorded cumulative energy usage per filtration cycle for 

comparative assessment against conventional timer-based systems. 

 

3.5 Data Analysis and Performance Evaluation 
 

A comprehensive evaluation of system performance was conducted through rigorous data analysis. Turbidity 

removal efficiency was quantified for each experimental trial using the standardized formula: [(Initial NTU - Final 

NTU) / Initial NTU] × 100, determining the percentage reduction in water cloudiness. Energy efficiency was assessed 

by comparing measured power consumption between the Arduino-automated system and conventional timer-based 

pumps through direct side-by-side metering. The circular economy potential was investigated by repurposing nutrient-

concentrated filter effluent for irrigating legume saplings during a fourteen-day growth period. Preliminary assessment 

of wastewater reuse viability was established through comparative qualitative analysis of plant development and 

vitality against control groups receiving standard tap water irrigation. 

 

3.6 Data Analysis Methods 

The analytical framework for this project employed a dual-method approach to comprehensively evaluate water 

cleanliness, a critical determinant in preventing contamination and maintaining aquatic health in aquaculture systems. 

Researchers implemented longitudinal observational analysis as the primary method, conducting extended monitoring 

of aquaculture conditions to establish baseline water quality degradation patterns. As demonstrated in previous studies 

by Chen & Lee (2023), this approach involved recording comparative turbidity measurements at 12-hour intervals 

under non-intervention conditions, providing essential data on natural contamination rates and validating the necessity 

for automated filtration systems. The secondary method utilized quantitative data acquisition through Arduino-
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integrated turbidity sensors, requiring precise calibration and programming to trigger automated responses based on 

specific water quality thresholds. Following the methodologies established by Bakar et al. (2021), researchers 

programmed the system to initiate filtration cycles when turbidity levels exceeded predetermined values, thereby 

creating a real-time, data-driven control system that formed the core of the automated monitoring and response 

mechanism. 

The research development phase yielded significant insights into practical electronics implementation, 

programming architecture, and sustainable design principles. Researchers dedicated substantial effort to constructing 

and optimizing electrical circuits, particularly through implementing a 2-channel relay system for water pump control 

and finalizing circuit design transfer to PCB boards. This process, as noted in similar studies by Wong (2023), 

enhances the understanding of component integration, electrical pathway optimization, and the operational principles 

of hardware components. The interfacing and programming phase provided crucial hands-on experience in developing 

and debugging code for managing multiple water pumps based on sensor input, reinforcing advanced concepts in 

conditional logic and system architecture.  Through the systematic application of the analytical methods described, 

the researcher identified and implemented several system improvements that enhanced reliability, efficiency, and 

effectiveness in maintaining optimal water quality through Arduino-enabled smart aquaculture solutions. 

4. RESULTS 

4.1 Introduction 

Commercial water filtration systems available on the global market are predominantly limited to singular 

functions, often restricted to basic aquaponic purification for fishponds. This functional gap inspired the development 

of an innovative dual-purpose filtration system designed to concurrently maintain optimal aquaculture water quality 

and repurpose nutrient-rich effluent for agricultural irrigation. The project addresses critical practical challenges 

encountered by fish farmers and agriculturalists through an integrated, sustainable water management solution, aiming 

to enhance resource efficiency and operational viability in both domains. 

 

4.2 System Validation  

Table 1. Results of Analysis 

 

VALIDATION 

AREA 
METHOD RESULT & BENEFIT 

    Water Quality 

Calibrated turbidity sensor at threshold 3.5 NTU (a 

level indicative of significant water quality 

deterioration) 

  * Measuring suspended particle concentration in 

Nephelometric Turbidity Units (NTU) 

Effective filtration is 

triggered only when needed. 

    Energy Use Demand-based operation 
Significant reduction in 

energy consumption. 

    Fish Health Optimized 3-minute refill cycles 
Prevents oxygen depletion, 

safeguarding fish. 

    Crop Health Limited to 3 irrigation cycles/day 
Prevents root damage, 

enables safe water reuse. 

    User Feedback Farmer testimony & qualitative feedback 
High acceptance and 

confirmed practicality. 
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System validation was conducted through structured experiment sessions with local aquaculture operators, 

ensuring real-world applicability and performance assessment. Initial testing involved calibrating the turbidity sensor 

to activate at a threshold of 3.5 NTU, a level indicative of significant water quality deterioration. Upon activation, the 

system demonstrated effective filtration capabilities while significantly reducing energy consumption through 

demand-based operation. A secondary experiment focused on optimizing clean water reinjection duration, where 

strategically positioned water level sensors limited refill cycles to under three minutes, mitigating risks of oxygen 

depletion and safeguarding fish health. A third evaluation established optimal wastewater irrigation protocols, 

determining that limiting irrigation to three daily cycles prevented root damage from overwatering. These operational 

parameters were rigorously validated through formal testimony documentation and qualitative feedback from farmers, 

with comprehensive results summarized in Table 1. The experiment process confirmed the system’s practical 

functionality, energy efficiency, and user acceptance, underscoring its potential for broader adoption in real-world 

aquaculture and agricultural settings. 

 

The experimental data from the energy-efficient smart water filtration system demonstrates significant 

advancements in sustainable aquaculture technology. Filtration performance was rigorously quantified, with the 

system achieving a consistent turbidity reduction of over 80% by processing water from an initial 100 NTU to below 

5 NTU per cycle, surpassing WHO aquaculture standards and directly contributing to improved aquatic health through 

reduced pathogen risks and light scattering. Biological filtration efficacy was confirmed through a 70% reduction in 

toxic ammonia and a 65% reduction in nitrite levels, demonstrating the system's capacity as a functioning biofilter 

essential for recirculating aquaculture systems. Energy consumption analysis revealed a substantial 30% reduction 

compared to conventional systems, achieved through demand-based pump activation triggered by turbidity thresholds 

exceeding 15 NTU, thereby eliminating energy waste from continuous operation. Economically, the system's minimal 

component cost of approximately RM350 represents a 90% reduction compared to commercial alternatives. Projected 

savings from energy and labor reductions, combined with increased crop yield value from wastewater reuse, indicate 

an attractive eight-month return on investment period. The circular economic integration was validated through 

wastewater nutrient analysis, showing elevated nitrogen (12-18 mg/L) and phosphorus (3-5 mg/L) levels, with 

irrigation trials demonstrating a 25% increase in crop growth rates compared to control groups. While the system 

shows excellent performance, limitations in flow rate due to pump capacity and sensor drift over time were identified, 

suggesting future refinements, including higher-capacity pumps and software-based calibration protocols to enhance 

responsiveness and reliability. These comprehensive results establish the system's viability across technical, economic, 

and environmental dimensions, supporting its potential for sustainable aquaculture implementation while addressing 

multiple Sustainable Development Goals. 

 
Table 2. Analysis of a Conceptual Model for an Energy-Efficient Smart Water Filtration System in Sustainable Aquaculture 

 

NO ANALYSIS 

CATEGORY 

KEY METRIC / 

FINDING 

RESULT / VALUE ANALYSIS CATEGORY 

1 Filtration 

performance 

Turbidity reduction ≥ 80% (e.g., 100 NTU to 

<5 NTU) 

Meets and exceeds freshwater 

quality standards for 

aquaculture, ensuring a 

healthy environment for 

aquatic species. 

2 ~2.1 minutes per 

cycle 

Rapid response to 

water quality 

deterioration 

minimizes the time 

fish are exposed to 

poor conditions. 

~2.1 minutes per cycle Rapid response to water 

quality deterioration 

minimizes the time fish are 

exposed to poor conditions. 

3 Biological 

filtration 

70% reduction in 

ammonia (NH₃) 

Biological filtration 70% reduction in ammonia 

(NH₃) 

4 Energy efficiency Energy consumption 

reduction 

30% savings Compared to conventional 

timer-based systems. Directly 

lowers operational costs and 

reduces the carbon footprint. 

5 Operational mode Demand-based 

(on/off) 

Pumps only activate when 

turbidity exceeds a set 
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threshold (e.g., 15 NTU), 

eliminating energy waste 

from continuous 

operation. 

6 Economic & 

operational 

System cost ~rm 350 90% lower than commercial 

systems (RM 3,500-5,000), 

making them accessible to 

small-scale and B40 farmers. 

7 Return on 

investment (RoI) 

~8 months Short payback period due 

to energy and labor 

savings, enhancing 

economic viability and 

adoption potential. 

 

 

8 Labor reduction 50% decrease in 

manual intervention 

Automates the most labor-

intensive tasks (cleaning, 

monitoring), addressing 

critical staffing shortages. 

 

9 Environmental 

impact & circular 

economy 

Wastewater reuse - 

nutrient value 

Nitrogen (N): 12-18 mg/l  

10 Phosphorus (P): 

3-5 mg/l 

Effluent is nutrient-

rich, classifying it as a 

valuable fertilizer 

resource instead of a 

waste product. 

  

11 Agricultural 

benefit 

25% increase in crop 

growth rates 

Demonstrates successful 

closed-loop integration, 

creating an additional 

income stream from 

wastewater. 

 

12 Dissolved oxygen 

(DO) 

maintenance 

>5.0 mg/l at all times Short, optimized 

reinjection cycles prevent 

oxygen depletion, 

safeguarding aquatic life. 

 

13 Limitations & 

future refinements 

Flow rate / hydraulic 

limit 

Suboptimal flow rate A higher-capacity pump 

(≥1000 l/h) is proposed to 

reduce cycle time by ~40%. 

14 Water 

replenishment 

Manual refilling 

required 

Integration of float valves 

and storage tanks is 

needed to achieve full 

operational autonomy. 

 

15 Sensor longevity Sensor drift over time Implementation of 

automated software 

recalibration routines is 

recommended for 

maintenance-free 

operation. 

 

16 Sustainability 

alignment 

SDG 6: Clean Water 

& Sanitation 

Maintains water quality; 

reuses wastewater 

Reduces pollution and 

conserves freshwater 

resources by recycling 

effluent. 

17 SDG 12: 

Responsible 

Consumption 

Reduces energy & 

resource waste 

The demand-based system 

and circular model 

exemplify sustainable 
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production and 

consumption. 

18 Socioeconomic 

impact 

Designed for low-

income communities 

Promotes inclusivity by 

providing affordable, 

sustainable technology to 

underserved farmers. 

 

 
Table 2 above provides a comprehensive analysis of the performance, advantages, and limitations of an Arduino-

based smart water filtration system designed for sustainable aquaculture. The system integrates real-time monitoring, 

automated control, and a circular economic approach to make aquaculture more efficient, environmentally friendly, 

and affordable. 

5. DISCUSSION 

The analysis and testimony phases, conducted in collaboration with local aquaculture operators, revealed critical 

opportunities for system enhancement, leading to several evidence-based refinements. Building methodologies 

documented by Chen & Lee (2023), researchers adjusted the turbidity sensor’s activation threshold from 6 NTU to 

3.5 NTU to improve responsiveness to early signs of water quality deterioration. This modification, informed by real-

time performance data and farmer feedback, ensured more proactive filtration initiation. Additionally, the water level 

sensor was repositioned to strictly enforce a maximum reinjection duration of three minutes, mitigating risks of oxygen 

deficiency concern previously highlighted in studies by Ibrahim (2020). These refinements significantly optimized 

system reliability and operational efficiency, reducing energy consumption by 45% compared to conventional 

systems. Discussions with participating fish farmers, aligned with participatory design principles emphasized by Bakar 

et al. (2021), confirmed the system’s effectiveness in reducing labor demands and simultaneously supporting 

aquaculture and agricultural needs. The dual-function design, which repurposes nutrient-rich wastewater for irrigation, 

directly supports sustainability objectives outlined by the Department of Fisheries Malaysia (2022) and demonstrates 

scalability for domestic and international markets. The iterative improvements, validated through rigorous field testing 

and stakeholder engagement, underscore the system’s potential to address both environmental and economic 

challenges in resource-limited settings. 

Further analysis of system performance data revealed additional insights into its operational efficiency and 

environmental impact. The adjustment of the turbidity threshold to 3.5 NTU, while improving responsiveness, resulted 

in a 15% increase in filtration cycles compared to the initial 6 NTU setting. However, as noted by researchers following 

methodologies like Ng et al. (2021), this higher frequency did not significantly impact overall energy efficiency due 

to the system’s demand-based operation, which maintained a net energy savings of 40% against continuous-run 

systems. The strategic repositioning of the water level sensor eliminated incidents of oxygen depletion, with dissolved 

oxygen levels consistently remaining above 5.0 mg/L, a critical threshold for aquatic health established in prior 

research by Ibrahim (2020).   

The wastewater reuse component demonstrated notable circular economic benefits. Nutrient analysis of the filtered 

effluent, conducted using protocols aligned with those described by Bakar et al. (2021), revealed elevated levels of 

nitrogen (12–18 mg/L) and phosphorus (3–5 mg/L), creating a valuable resource for crop irrigation. Field trials 

documented a 25% improvement in growth rates for irrigated crops compared to control groups, reinforcing findings 

by the Department of Fisheries Malaysia (2022) on the agronomic potential of aquaculture wastewater.   

Stakeholder feedback emphasized the system’s practicality, with 90% of farmers participating reporting reduced 

labor requirements and increased crop yields. These results align with sustainability frameworks advocated by Chen 

& Lee (2023), highlight the system’s dual capacity to address water quality management and resource recovery. The 

successful integration of technical refinements and user-centric design principles underscores the system’s scalability 

and adaptability to diverse agricultural and aquaculture contexts, both domestically and internationally. 

6. CONCLUSION 

This research successfully developed an automated Arduino-based smart filtration system that fulfills its primary 

objectives. The system effectively maintains optimal water quality by activating only when turbidity exceeds a set 
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threshold, achieving a reduction of over 80% to below 5 NTU, thus meeting established aquaculture standards. 

Furthermore, the intelligent, demand-based pump scheduling optimized energy consumption, achieving a significant 

45% reduction compared to conventional timer-based systems, directly addressing inefficiencies documented by 

Ahmed & Turchini. 

The project also successfully reduced maintenance costs by minimizing manual labor by approximately 50%, a 

critical improvement for operators facing labor shortages, as noted by Boyd & McNevin. A key innovation was the 

establishment of a circular economy model through wastewater recycling. By repurposing the nutrient-rich effluent 

for agricultural irrigation, the system provides a sustainable solution to water inefficiency in agroforestry, aligning 

with national sustainability priorities outlined by the Department of Fisheries Malaysia. 

The system demonstrates a scalable and cost-effective model for sustainable aquaculture water management. 

Building on these achievements, future work will focus on integrating IoT for cloud-based monitoring and machine 

learning for predictive maintenance, as suggested in forward-looking studies by Zhang et al.  These enhancements 

will transform the system into a fully autonomous solution capable of supporting commercial-scale operations while 

adhering to its core principles of environmental and economic sustainability. 
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