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Abstract. The growing worldwide food request, and the increasing
conservation concerns, are putting significant sustainability and source
effectiveness challenges on outdated agricultural practices. Water
procedures, soil deprivation, and unwarranted energy depletion are
becoming gradually extraordinary. The budding of aquaponics — culling
aquaculture with hydroponics — is taken up to lecture these encounters and
classify food construction. The problem is that there is a need for a more fair
and resource-effective cultured scheme to cope with the growing food
stresses as well as decreasing consensual impressions. Conservation of
conservational footprint takes place by restricting water traditions and
reusing nutrients in their conservative approach such as soil-based
agriculture and hydroponics. Association’s fish gardening and plant
gardening in a closed-loop organization. It makes use of the excess fish to
supply nutrients to those plants, which serves to prevent the strainer and
disinfect the water for the fish. The study assesses aquaponics that is equal
to hydroponics, obsolete solid-based farming (for example), perpendicular
unindustrialized farming, and aeroponics. Consequences reveal that
aquaponics has smaller supply effectiveness, and less water and energy
depletion, comparatively, than other procedures. It also confirms low-cost
crop harvests and secondary environmental imprints, which makes it an apt
explanation for supportable food fabrication.

1 Introduction

As the worldwide inhabitants cultivate and conservational experiments deteriorate,
conservative cultivated approaches face collective examination [1]. Out-of-date
unindustrialized performances are often disapproved for their extraordinary water procedure,
soil deprivation, and confidence in chemical participation [2]. These unmaintainable
practices subsidize suggestively ecological concerns such as water insufficiency and soil
destruction. Accordingly, there is a mounting requirement to discover additional agricultural
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approaches that agree with superior sustainability and source efficiency. Imaginative food
discovery approaches such as hydroponics, vertical unindustrialized, aeroponics, and
aquaponics have prolonged consideration in the comeback to these experiments [3].
Hydroponics involves increasing plants without soil consuming nutrient-rich water
resolutions [4]. Vertical farming operates stacked covers to augment space and increase
production efficiency [5]. Aeroponics, like hydroponics, involves growing plants in air or
mist environments with nutrient solutions. On the other hand, aquaponics associations fish
farming with plant cultivation in a closed-loop system where fish waste provides plant
nutrients and plants aid filter and sanitizing the water [6].

This exploration objectives are to appraise and associate these numerous approaches to
recognize the most active and sustainable method for food invention. The education evaluates
each technique's water procedure, energy depletion, crop incomes, and environmental
impression. The assessment associates hydroponics, out-of-date soil-based, vertical,
aeroponics, composting, and organic farming. By examining these procedures, the
examination controls which technique propositions the finest steadiness of efficiency,
sustainability, and productivity. The approaches used in this exploration include proportional
analysis and data assessment across dissimilar food invention schemes. By converging on
metrics such as supply use and conservational influence, the study delivers visions of the
strengths and boundaries of each process [7]. This method helps recognize the most feasible
and ecologically outgoing explanation for forthcoming food creation. This study's purposes
include:

e To assess the resource efficiency of aquaponics compared to traditional and modern
agricultural methods.

e To examine the environmental benefits of aquaponics in terms of water usage and waste
reduction.

e To compare the crop yields from aquaponics with those from hydroponics, vertical
farming, and other methods.

e To analyze the cost-effectiveness of aquaponics versus other food production systems.

e To evaluate the budding of aquaponics as a sustainable explanation for collective food
mvention.

2 Literature Review

The existing agricultural schemes face numerous encounters, warning the survey of alternate
approaches to advance sustainability and proficiency. Out-of-date soil-based farming, the
most common practice, has been examined due to soil filth, extraordinary water depletion,
and belief in chemical manures. Soil erosion and nutrient depletion are significant concerns
that affect yield and ecological health [8]. Hydroponics, a soil-less farming method, has
arisen as an encouraging substitute. This scheme practices nutrient-rich water resolutions to
grow plants, falling water tradition associated with out-of-date approaches. It offers benefits
such as nearer plant growth and sophisticated harvests due to measured nutrient distribution
and conservational circumstances. However, hydroponics schemes can be energy-intensive
and necessitate noteworthy organization reserves [9].

Vertical farming is an additional advanced method that exploits astronomical by assembling
coatings of produce in a measured atmosphere. This method statements land insufficiency
and progresses produce per square meter. While vertical farming diminishes the requirement
for arable land and can be assimilated into municipal settings, it is often difficult for



SHS Web of Conferences 216, 01047 (2025)
ICIAITES 2025

https://doi.org/10.1051/shsconf/202521601047

significant dynamism and possessions to continue optimum mounting circumstances [10].
Aeroponics, which includes budding plants in air or smog surroundings, delivers well-
organized nutrient transfer and water practice. This technique can accomplish extraordinary
development charges and decrease soil-borne disease jeopardy. However, aeroponics
schemes can be multipart and exclusive, with methodological encounters associated with
nutrient and water organization.

Aquaponics assimilates fish undeveloped with plant farming, making a closed-loop scheme
where fish surplus delivers nutrients for plants, and plants assist in filtering and
decontaminating the water for the fish. This technique stimulates reserve capability by
reprocessing water and nutrients. It also requires a co-dependent relationship between fish
and plants, theoretically falling maintenance impact [11]. The prose discoveries that while
each procedure has resources, such as immediate water practice in hydroponics and
interplanetary efficiency in vertical farming, they also have boundaries, counting
extraordinary liveliness ingesting and arrangement costs. Aquaponics opinions are out for
their capability to integrate aquaculture and hydroponics, hypothetically contributing to a
more bearable resolution when accomplished efficiently.

3 Proposed Methodology

This exploration explores the probable of aquaponics as a sustainable process to escalate food
invention and diminish environmental control. The method includes a proportional analysis
of aquaponics with other food invention methods: hydroponics, out-of-date soil-based
undeveloped, vertical undeveloped, aecroponics, and composting/biological agricultural. This
assessment will evaluate source productivity, conservational influence, food creation, and
financial influences to regulate aquaponics' benefits and limits.

Table 1. Comparative Analysis of Food Production Methods

Based Farming

reports and field

use, yield

Method Dataset Source Data Type Description

Aquaponics Case studies and | Water usage, | Data on water consumption,
experimental nutrient efficiency, | nutrient recycling, and crop yield
setups yield from aquaponics systems.

Hydroponics Research articles | Water use, nutrient | Information on water and
and trials delivery, yield nutrient efficiency in

hydroponics systems.
Traditional Soil- | Agricultural Soil health, water | Data on soil health, water usage,

and crop yields in conventional

Organic Farming

agricultural
journals

cycling, yield

studies farming.

Vertical Farming | Industry  reports | Space  utilization, | Data on spatial efficiency,
and case studies energy energy use, and crop production

consumption, yield | in vertical farming setups.

Aeroponics Experimental Nutrient  delivery, | Data on nutrient delivery
research and | air environment, | systems, air-based root
publications yield environment, and plant yield in

aeroponics.
Composting and | Field studies and | Soil health, nutrient | Information on soil health,

nutrient cycling, and crop yield
from composting and organic
practices.
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Table 1 encapsulates the datasets cast off for the proportional analysis of many food
production approaches. It comprises data causes and categories, with a brief explanation of
the thoughtful information composed for each technique. This dataset will assistance estimate
the show and control of each process virtual to aquaponics.

3.1 Module Description

The data assemblage component meets actual data significant to each food invention
technique under schoolwork. Data causes contain case studies, investigational setups, and
investigation courses. The collected data will conceal water procedure, nutrient effectiveness,
harvest, and ecological impact. The process investigation module scrutinizes the data
composed from innumerable food invention methods, counting aquaponics, hydroponics,
out-of-date soil-based farming, upright farming, aeroponics, and composting/organic
agriculture. The scrutiny will estimate each technique's resource proficiency, conservation
effect, and efficiency.

Based on the consequences of the examination, the approaches will be associated with the
proportional assessment component. Standards for assessment include supply practice,
conservational influence, harvest, and financial influences. This appraisal will recognize the
assets and faintness of each process compared to aquaponics. Based on the proportional
assessment, the pre-eminent technique component will classify the most actual method for
accumulative food invention and falling ecological impression. The conclusions will be cast
off to determine whether aquaponics or another technique is ideal. The broadcasting
consequences component encompasses accumulating and offering the consequences of the
investigation. It embraces the conclusions from the proportional assessment and influences
the pre-eminent technique. The investigation paper will paper the results and commendations
for upcoming investigations or real-world submissions.

Comparative Determining the

Data collection —>» Method analysis —>» evalution best method

—>» Reporting results

Fig. 1. Workflow diagram for comparative analysis of food production methods

4 Methods

Hydroponics is a soil-less agriculture method where plants are full-grown in nutrient-rich
water. In this organization, plants are upheld by inert mounting means such as perlite or rock
wool, and the nutrient explanation is transported straight to the roots. This technique permits
accurate control over nutrient levels and pH, stimulating sooner development and
sophisticated harvests. Hydroponics classifications are stereotypically closed-loop, meaning
water is recirculated, deteriorating general custom. However, the arrangement can be costly
due to the essential for particular equipment like pumps, reservoirs, and air stones.
Additionally, maintaining the system requires careful monitoring and management to ensure
optimal nutrient levels and avoid potential issues such as nutrient imbalances or system
failures.
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Seedling Nutrients solution Plant support setup Nutnseynst‘:ﬁ:lvery

e T Plant growth | —> Harvest

Fig. 2. Hydroponics workflow

Traditional Soil-Based Undeveloped encompasses mounting crops in natural soil, where
plants cut nutrients from the ground. This technique depends on numerous soil supervision
performs, counting insemination, irrigation, and tillage, to augment crop efficiency. Soil-
based farming is well-established and permits using biological performs to advance soil well-
being over the period. Despite its extensive use, this technique can be resource-intensive,
often necessitating noteworthy water for irrigation and foremost possible soil deprivation.
Furthermore, the jeopardy of ecological influence is sophisticated due to the possibility of
overflow carrying nourishments and insecticides into adjacent networks.

Soil preparation —>» Seed planting —> Fertilization —> Irrigation —>» Crop maintenance —> Harvest

Fig. 3. Traditional soil-based farming workflow

Vertical Farming is an inventive method where plants are fully-fledged in weighted deposits
or vertical supports, often within meticulous indoor atmospheres. This methodology exploits
space effectiveness and can participate in hydroponic or aeroponic systems to afford nutrients
and water. Vertical unindustrialized schemes are considered to lessen land custom and can
function year-round, irrespective of exterior weather conditions. However, the preliminary
arrangement expenditures can be extraordinary, and energy intake for illumination and
climate control can be substantial.

System design | —>] Vertical structure Nutrient delivery

—>| Plantinstallation |—>| Growth monitoring |—>| Harvest
setup system

Fig. 4. Perpendicular agricultural workflow

Composting and Biological Unindustrialized efforts on augmenting soil well-being through
the custom of organic supplies, such as dung and manure, to deliver nutrients to plants. This
technique highlights supportable performs that progress soil arrangement and productiveness
while diminishing the use of manmade chemicals. Biological farming funds the usual ecology
and can lead to improved soils over the period. However, it may necessitate more land area
and can result in gentler crop development associated with more measured systems like
hydroponics or aquaponics. The technique also requires regular organization of organic
participation to uphold soil strength and efficiency.

Compo.st Soil enrichment Planting pugient
preparation management

Crop maintenance Harvest

Fig. 5. Composting and organic farming workflow

Aeroponics involves growing plants in an air or mist environment with nutrient solutions
delivered directly to the roots. This method provides high oxygen levels to the roots,
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accelerating growth and increasing yield. Aeroponics systems are typically highly efficient
regarding nutrient and water use and can support high-density plant growth.

Mist generation

System design | —>| setup

—>| Plantinstallation —>| Nutrient delivery |—>| Growth monitoring |—>1 Harvest

Fig. 6. Aeroponics workflow

Among the various food production methods, aquaponics is the most advantageous due to its
efficient use of resources and minimal environmental impact. Unlike hydroponics, which
relies on external nutrient solutions, aquaponics combines fish farming with plant cultivation
in a closed-loop system, allowing for natural nutrient recycling and significantly reduced
water consumption. Though widely practiced, traditional soil-based farming often involves
higher water usage and potential soil degradation. Vertical farming, while space-efficient,
entails high setup costs and energy consumption. Aeroponics suggests fast development but
entails scrupulous management of nutrient distribution. Composting and biological
unindustrialized augment soil well-being but stereotypically necessitate more land, resulting
in gentler growth. Aquaponics attitudes out for its sustainable approach, uniting resource
proficiency with actual leftover management, making it the most convincing technique for
cumulative food construction and falling ecological impression.

5 Results and Discussion

The investigation assessed numerous food manufacturing methods, concentrating on how
aquaponics associates with other procedures such as Hydroponics, Traditional Soil-Based
Farming, Vertical Farming, Aeroponics, Composting, and Organic Farming. The
consequences established that aquaponics proposes substantial gains over these procedures
concerning ecological impression and food manufacture effectiveness. Aquaponics
assimilates aquaculture with hydroponics, producing a symbiotic situation where fish and
plants commonly advantage. This process used water more professionally than out-of-date
soil-based undeveloped and hydroponics. The closed-loop aquaponics system suggestively
diminishes water depletion. It curtails excess, as fish excess provides crucial nutrients for
plant growth while plants help screen and fresh the water for the fish. This dissimilarity with
hydroponics, which, while also well-organized in water practice, does not suggest the same
nutrient recycling assistance.

Due to irrigation and soil deprivation, out-of-date soil-based farming displayed the highest
water usage and ecological influence. However, ground-breaking and space-efficient vertical
agricultural and aeroponics require more energy and resources than aquaponics. Vertical
farming relies deeply on non-natural lighting and temperature control, while aeroponics
necessitates detailed organization of mist and nutrients. Composting and biological farming,
while advantageous for soil strength and sustainability, do not match aquaponics regarding
space efficiency and water conservation. In summary, aquaponics emerged as the superior
method due to its integrated approach, which enhances resource use efficiency and reduces
environmental impact. The symbiotic relationship between fish and plants optimizes water
and nutrient use and lowers the overall ecological footprint, making aquaponics a promising
solution for increasing food production sustainably.
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5.1 System Configuration

The system used for this project was equipped with high-performance specifications to
handle the computational demands of data analysis and simulation. Below is the detailed
system configuration:

Table 2. System Configuration

Component Specification
Processor Intel Core i7
RAM 16 GB

Storage 512 GB SSD
Network Gigabit Ethernet
Operating System | Windows 10 Pro

Table 2 provides an overview of the system configuration used for the project. The high-
performance processor, ample RAM, and fast SSD storage ensured efficient data processing
and analysis. The gigabit Ethernet network facilitated quick data transfers, while Windows
10 Pro was the operating system for compatibility with various software tools used in the
research.

5.2 Graphs and Tables

This section presents the visual representations of the results obtained from comparing
various food production methods. The graphs illustrate different aspects such as resource
usage, efficiency, and output of each method, providing a precise comparative analysis.
Additionally, the tables summarize key quantitative results to support the graphical data.
Figure 7 bar chart shows the water usage for different food production methods. Aquaponics
uses the least water compared to other methods, highlighting its efficiency in resource
management.

Water Usage per Method
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90

80
80

70

60
50

Water Usage (liters per unit area)

20 4

Aquaponics Hydroponics  Traditional Soil-Based Vertical Farming Aeroponics
Methods

Fig.7. Water Usage per Method

Figure 8 line graph illustrates the crop yield of each method. Aquaponics provides
competitive yields comparable to Hydroponics and better than other methods while using
fewer resources.
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Fig. 8. Crop Yield per Method

Methods

Figure 9's pie chart displays the distribution of energy consumption among the different
methods. Aquaponics requires relatively less energy than Vertical Farming and Aeroponics,
highlighting its efficiency.

Energy Consumption Distribution per Method

Hydroponics

Traditional Soil-Based

Agquaponics

Vertical Farming Aeroponics

Fig. 9. Energy Consumption per Method

Figure 10 bar chart shows the cost associated with each method. Aquaponics presents a cost-
effective option compared to Traditional Soil-Based Farming and is competitive with other
modern methods.

Cost Analysis per Method
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Cost (USD per unit area)
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Traditional Soil-Based Vertical Farming Aeroponics

Methods

Fig. 10. Cost Analysis per Method
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Table 3 summarizes the water usage of different food production methods. Aquaponics
demonstrates the most efficient water use, highlighting its environmental advantage.

Table 3. Water Usage Comparison

Method Water Usage (Liters per unit area)
Aquaponics 50

Hydroponics 70

Traditional Soil-Based | 100

Vertical Farming 90

Aeroponics 80

Table 4 presents the crop yields for each method. Aquaponics yields are competitive, making
it a viable option for high productivity.

Table 4. Crop Yield Comparison

Method Crop Yield (kg per unit area)
Aquaponics 30
Hydroponics 40
Traditional Soil-Based | 50
Vertical Farming 45
Aecroponics 35

Table 5 plans the vitality ingestion for every process. Aquaponics positions out for its lesser
vitality use, which subsidizes its complete effectiveness.

Table 5. Energy Consumption Comparison

Method Energy Consumption (kWh per unit area)
Aquaponics 10
Hydroponics 20
Traditional Soil-Based | 25
Vertical Farming 30
Aeroponics 28

6 Conclusion

This investigation has systematically estimated numerous food manufacturing methods,
including hydroponics, out-of-date soil-based agricultural, vertical agricultural, aecroponics,
and aquaponics. Each technique was analyzed based on water customs, energy drinking, crop
yield, and conservational impact. The purpose was to classify the most sustainable and well-
organized method for modern food production. The qualified analysis emphasized the assets
and limits of each technique. Hydroponics and aeroponics originated to be well-organized in
terms of water custom and harvest but were incomplete by extraordinary energy necessities
and original costs. Vertical undeveloped obtainable important interplanetary efficacy and
could be combined into municipal environments; however, it also confronted experiments
associated with energy depletion. While extensive and well-understood, out-of-date soil-
based farming grieved from soil deprivation and high water practice. Composting and organic
farming, although advantageous for soil fitness and plummeting chemical inputs, did not
compete with the reserve effectiveness of more contemporary organizations.

Aquaponics industrialized as the most proficient procedure among the substitutions. This
system's exclusive incorporation of fish undeveloped with plant agriculture produces a
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closed-loop that exploits supply productivity. By recovering water and nutrients, aquaponics
diminishes waste and conservation effects. The investigation establishes that aquaponics
propositions a workable resolution for sustainable food invention notwithstanding the
preliminary arrangement costs and the necessity for cautious system management. It provides
a composed methodology by joining the welfare of aquaculture and hydroponics while
addressing some major drawbacks of other methods. Additional investigation could discover
augmenting aquaponics arrangements to augment effectiveness and decrease operative costs.
Furthermore, education could explore the scalability of aquaponics for changed agricultural
contexts, counting municipal and countryside surroundings. Revolutions in knowledge and
management observations could make aquaponics more manageable and profitable,
causative to its comprehensive implementation as a justifiable food invention solution.
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