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BACKGROUND AND OBJECTIVES: Sustainable aquaculture offers a promising solution 
by merging eco-friendly fish farming with urban development strategies. Sustainable 
aquaculture can enhance food security by adopting innovative technologies and 
resource-efficient practices while minimizing ecological impact. This research explores 
the integration of Tilapia farming into urban management strategies in Phayao, Thailand, 
focusing on its economic and social implications.
METHODS: A structured questionnaire was distributed to 436 Tilapia farmers in Phayao 
to gather data on farm productivity, income levels, market access, and sustainability 
practices. The data analysis employed descriptive statistics, t-test, multiple regression 
analysis, and Return on Investment calculations to assess the financial viability of Tilapia 
farming and the influence of various socioeconomic factors on production. 
FINDINGS: Key variables influencing Tilapia farming include farm size, access to quality 
feed, market access, pond management practices, water source, and government 
support. These factors are analyzed to assess their impact on profitability, sustainability, 
and social development. Results reveal that farm size, access to quality feed, and market 
connectivity are significant determinants of profitability. Furthermore, policy support 
and urban infrastructure are crucial to the long-term sustainability of Tilapia farming. 
This research illustrates how urban-integrated Tilapia farming can stimulate local 
economies and create careers while decreasing dependence on external food sources. 
All predictors showed statistical significance, with farm size (p< .001), quality feed (p< 
.001), market access (p< .001), and government support (p< .001) having strong effects. 
Pond management (p = .022) and water source (p =.041) had moderate but significant 
effects.
CONCLUSION: It proposes that Tilapia aquaculture could provide a scalable model for 
sustainable urban economies, which is useful for creating a framework of aquaculture in 
urban planning. Tilapia farming strengthens local food networks, enhances livelihoods, 
and promotes sustainable urban growth, making it a vital aspect of urban sustainability 
efforts in Phayao and other comparable locations.
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INTRODUCTION
Aquaculture is the fastest-growing food sector in 

the world and generates half of all seafood for human 
consumption. The total global fisheries landings have 
averaged about 90 million tons annually. Aquaculture 
is the most sustainable source of protein and is 
anticipated to be critical in addressing the global 
challenge of feeding over 9 billion people by the 
year 2050 (Sarker, 2023). Aquaculture is anticipated 
to generate 109 million metric tons of fish by 2030, 
representing a 158% increase from 2000 to 2018. 
Feed consumption in the aquaculture industry has 
reached essentially 60 million metric tons, with 73.15 
million tons expected by 2025 (Othman et al., 2024). 
Aquaculture has developed as an essential catalyst for 
global food security and economic development, and 
Tilapia farming has emerged as a prime instance of a 
sustainable, cost-effective, and resilient freshwater 
species (Alsaleh, 2024). Tilapia is recognized as an 
important source of affordable protein for many 
emerging nations due to its fast growth potential and 
resilience to farming practices (Piate et al., 2024). 
Tilapia farming is a source of nutrition, employment, 
poverty alleviation, and public welfare. By enhancing 
aquaculture practices, cultivating skill sets, and 
producing market access, Tilapia aquaculture can be a 
significant tool for economic growth and social change 
(Kardgar et al., 2024). Sustainable aquaculture is gaining 
recognition as a key driver for local development, with 
the most talented pathway to create integrated social 
and economic opportunities with Tilapia farming. This 
aquaculture species has low production costs and 
is a powerful intervention to achieve food security, 
rural trades, and sustainable socio-environmental 
development (Thompson et al., 2024). The farming of 
Tilapia can connect aquaculture to urban management, 
resource planning, or urban agriculture methods to 
promote more inclusive economic growth, enhance 
local incomes, and create more resilient communities 
in Phayao (Abdel-Hady et al., 2024). Aquaculture, 
particularly Tilapia aquaculture, plays a pivotal role 
in enhancing the resilience of rural communities to 
climate and economic uncertainty. By incorporating 
aquaculture into prevailing localized agriculture 
systems, farmers have a better capacity to adjust to 
the variable conditions of the environment and the 
demands of consumers, which is vital to guarantee 
a future of food security (Chagwaya and House, 
2024). The purpose of this research is to investigate 

the potential role of sustainable Tilapia farming in 
promoting local economic growth and community 
welfare in Phayao, Thailand. The research also intends 
to integrate features of aquaculture as an industry 
and associated processes into urban management 
techniques to encourage equitable local growth. 

Related works 
Aquaculture, a developing food production 

technology, raises environmental and social challenges. 
An investigation analyzed data from 57 global 
aquaculture systems using aquaculture performance 
indicators and discovered that economic, social, and 
environmental effects were often mutually reinforcing 
(Garlock et al., 2024). However, research found 
considerable differences in sustainability levels across 
systems. Some systems’ poor performance in specific 
areas created opportunities for new policy initiatives 
and investment to align sustainability goals. The 
findings demonstrated the requirement for additional 
investment and regulations to tackle aquaculture’s 
environmental, social, and economic implications. 
Solar energy was employed to power two Integrated 
Multi-Trophic Aquaculture (IMTA) aquaponics systems 
that grow Nile Tilapia, African catfish, freshwater 
mussels, and other vegetables, which were examined 
by Goda et al., (2024). The IMTA system used solar 
energy to power ponds, controlling nutrient flow, 
and gaining biomass for aquatic species, with a 0.90 
feed conversion ratio. Rizal et al., (2023) explored the 
most promising urban farming aquaculture business 
ideas for food and economic security during the 
COVID-19 pandemic in Jakarta’s suburbs. Data were 
collected and utilized field surveys, interviews with 
200 respondents, questionnaires, and secondary data 
from the Central Bureau of Statistics. The primary data 
was analyzed by quantitative descriptive methods and 
Analysis of Variance (ANOVA), whilst the secondary 
data was evaluated with graphics. The investigation 
suggested that Tilapia and catfish business models 
can encourage food security, whereas manfish, 
goldfish, guppy, and Siamese fighting fish company 
models can boost financial well-being. The urban 
agriculture supervision and aquaculture industry in 
Jakarta were generally carried out by members of 
the community who have completed their education 
through college. Mitra et al., (2023) compared the 
efficacy and productivity of farms with and without 
access to open water resources in Bangladeshi Tilapia 
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Pond aquaculture. According to 311 connections with 
Tilapia manufacturers, farms with access to open water 
resources were more effective but less creative than 
those with incomplete access. The investigation also 
discovered that production could be raised by 29% and 
40% without collective input in places with acceptable 
and limited water supply, respectively. The research 
highlighted the consequences of the accessibility of 
fresh water in Tilapia Pond aquaculture for ecological 
sustainability and efficiency. Rossignoli et al., (2023) 
identified the farm-level data from 402 aquaculture 
producers in Egypt and revealed that variation in 
production features and techniques had significant 
effects on the sustainability effectiveness of Tilapia 
farming systems. The research discovered that yields in 
monoculture systems were substantially greater than 
in mixed farming systems, emphasizing the importance 
of sustainable strengthening of aquaculture systems 
to fulfill anticipated requirements for fish and aquatic 
products. A solar-powered oxygen compressor, paired 
with water electrolysis and fuel cells, was intended 
to enable sustainable aquaculture and ecosystems 
(Erdemir and Dincer 2024). The devices utilize Proton 
Exchange Membrane (PEM) electrolyzers to produce 
oxygen from water splitting, which was later utilized as 
a clean fuel in fuel cells stacked to generate power. The 
technique endeavors to accomplish the United Nations’ 
sustainable development goals by encouraging cleaner 
aquaculture. The structure has been tested in five 
impoverished cities, with a 1 MWp solar power plant 
capable of producing oxygen in each city, attaining 
12.2% energy and 66% energy efficiency. The research 
utilized an online survey to investigate stakeholder 
perceptions of the aquaculture sector and assess their 
alignment with scientific data (n = 400). The research 
suggested that stakeholders in the aquaculture sector 
have negative perceptions, which were determined 
by requirements such as geography, occupation, and 
income. These beliefs include low-quality farmed fish, 
potential health hazards, and poor-quality water. Fish 
traders and merchants also add to these concerns. 
To eliminate these issues, preventive actions were 
required, such as transparent information, effective 
communication, regulatory methods, constructive 
associations, and transparent verification standards. 
These procedures were critical to the aquaculture 
sector’s long-term viability and consumer health. 
Elmessery et al., (2025) suggested a technique for 
feeding control in Recirculating Aquaculture Systems 

(RAS) based on a Deep Deterministic Policy Gradient 
(DDPG) reinforcement learning algorithm. The 
equipment incorporated feeding rate optimization and 
water quality management to enhance reliability and 
efficiency. Although opposed to traditional approaches, 
the DDPG controller achieved higher tracking precision, 
lower feed consumption, and more operating 
predictability. It also provided speedier recovery times, 
more long-term rigidity, and substantial economic 
benefits. This study aims to evaluate the economic 
and social contributions of sustainable Tilapia farming 
and to examine how it can be integrated into urban 
management strategies to support local development. 
The research was conducted in Phayao Province, 
Thailand, between January and November 2024.

MATERIALS AND METHODS
The research employed a standardized 

questionnaire issued to (n=436) farmers to assess 
the economic and social benefits of incorporating 
Tilapia farming into urban management techniques 
in Phayao, Thailand. It evaluated the profitability, 
sustainability, and financial viability of sustainable 
aquaculture operations. The investigation employed 
SPSS Statistics Version 26 to evaluate data on 
Tilapia farming profitability, sustainability, and 
Return on Investment (ROI), with the goal of 
better understanding its contribution to economic 
development and urban food system resilience in 
Phayao.

Profitability analysis
To evaluate the financial performance of Tilapia 

farming, profitability was assessed using several 
financial indicators, including total yield, gross 
income, net profit, and profit margin. The core 
formula used for determining Net Profit is:

    Net Profit Total Revenue Total Cost= −

Where: 
Total Revenue=Quantity Sold × Selling Price per Unit

   Total Cost Fixed Cost VariableCost= +

Fixed Costs include land, infrastructure, and 
equipment, while Variable Costs cover feed, labor, 
utilities, and other recurring expenses. This analysis 
enables the identification of primary profitability 
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drivers such as production efficiency, input quality, 
and market access.

Sustainability assessment
Sustainability in Tilapia aquaculture was assessed 

through a multidimensional framework incorporating 
ecological, economic, and social indicators. One key 
metric used was Resource Use Efficiency, calculated as:

( ) ( )     /   ResourceUse Efficiency FishOutput kg Feed Input kg=

The Ecological Footprint was calculated based 
on land and water use in kilograms of fish produced. 
Some of the indicators used to measure social 
sustainability included employment generation, 
improvement of community livelihoods, and 
contributions to food security. These metrics helped 
assess the overall impact of Tilapia farming on 
sustainable development.

ROI
To understand the financial returns relative 

to capital invested, ROI was computed using the 
following formula:

( ) ( ) %  /  100ROI Net Profit Total Investment= ×

Total investment includes all capital expenses at 
the beginning, such as infrastructure, equipment, 
and fish stocking. This indicator helps to assess the 
economic efficiency of the farming system and allows 
for comparisons between different farming models. 
A higher ROI indicates better financial performance.

Data collection
Research in Phayao, Thailand, analyzed the 

economic and social impacts of Tilapia aquaculture. 
Data was collected from 436 farmers, focusing on 
farming techniques, income generation, market 
access, and sustainability. This research used 
structured questionnaires and interviews to gather 
information on demographics, productivity levels, 
income, input usage, market links, environmental 
practices, and government support. The mixed-
methods strategy improved data reliability and 
validity, revealing Tilapia as a potential driver for 
urban and economic growth. Table 1 shows the total 
number of Tilapia farmers involved in the research.

Table 1: Characteristics of demographic variables 
 

Demographic Variable Category Frequency (n) Percentage (%) 

Age (Years) 

18–30 62 14.2% 

31–45 158 36.2% 

46–60 145 33.3% 

>61 71 16.3% 

Gender 
Male 289 66.3% 

Female 147 33.7% 

Education Level 

No formal education 35 8.0% 

Primary education 179 41.1% 

Secondary education 142 32.6% 

Higher education 80 18.3% 

Household Size 

1–3 members 95 21.8% 

4–6 members 248 56.9% 

More than 6 members 93 21.3% 

Marital Status 
Single 115 26.4% 

Married 321 73.6% 

Occupation 

Full-time Tilapia farmer 198 45.4% 

Part-time Tilapia farmer 149 34.2% 

Others 89 20.4% 

 

  

Table 1: Characteristics of demographic variables
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According to the age distribution of the 
respondents, 14.2% were aged between 18 and 30, 
and 36.2% were aged between 31 and 45. Of the 
respondents, 33.3% were between the ages of 46 and 
60, and 16.3% were 61 years of age or older. Therefore, 
most farmers reported that they are in the age 
range of 31-60, which means it is indicative of active 
working family members in aquaculture. In terms of 
gender, 66.3% of respondents were male and 33.7% 
were female, suggesting that Tilapia farming in the 
region is predominantly male-driven, though women 
also play a significant role. Fig. 1 depicts the age and 
gender-differentiated pie chart. In terms of education, 

8.0% of respondents had no formal education, 41.1% 
had primary education, 32.6% completed secondary 
education, and 18.3% had attained higher education. 
Fig. 2 visualizes the relationship between household 
size and levels of education. This reflects a reasonably 
educated farming population with the potential for 
adopting improved practices. Household size: 21.8% 
of respondents had 1–3 members, 56.9% had 4–6 
members, and 21.3% had more than 6 members. 
Most households were mid-sized, likely contributing 
to family-based farm labor.

Marital status: 26.4% of respondents were single, 
and 73.6% were married. The high proportion of 

 
Fig. 1:  Graphical representation outcomes of (a) age, (b) gender 

  

 Fig. 1:  Graphical representation outcomes of (a) age, (b) gender

 
Fig. 2:  Graphical representation of outcomes of (a) Educational Level, (b) Household Size 

  

 Fig. 2:  Graphical representation of outcomes of (a) Educational Level, (b) Household Size
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married individuals suggests family involvement in 
farm operations. Occupation: 45.4% of respondents 
were full-time Tilapia farmers, 34.2% were part-time 
farmers, and 20.4% reported other non-farming 
occupations. A visual summary of the association 
between marital status and occupations is provided in 
Fig. 3. This indicates that Tilapia farming is a primary 
livelihood for many, while others supplement it with 
additional income sources.

Study design
This research occurred in Phayao Province in 

Northern Thailand, and it focused on the economic 
feasibility, sustainability practices, and social 
effects of Tilapia farming, as well as its relationship 
to urban management systems. The study uses 
a cross-sectional survey design to determine the 
economic viability of Tilapia farming, sustainability 
measures, and social effects of Tilapia farming in 
Phayao, Thailand. This approach involves generating 
quantitative and qualitative data from a diverse 
group of Tilapia farmers at one time. Using structured 
questionnaires, the study captures critical metrics 
including farm productivity, income, cost structure, 
and sustainability indicators, which help analyze 
how different parameters influence profitability and 
environmental practices. Additionally, the design 
integrates qualitative insights from interviews, 
providing a deeper understanding of social 
implications such as employment generation and 
community development. This comprehensive 
approach allows for an evaluation of the 

multidimensional impacts of Tilapia farming for the 
benefit of policymakers and stakeholders interested 
in improving sustainable aquaculture practices. 
The investigation was conducted in the chosen 
location because of its strategic geographic location, 
agricultural potential, and potential for aquaculture 
integration.

Evaluation and statistical tools
A combination of statistical and financial 

procedures is used to examine the obtained data 
and assess the economic and social viability of 
Tilapia farming in Phayao. The statistical analysis, 
IBM SPSS Version 26, is employed to evaluate the 
Descriptive Statistics, Multiple Regression Analysis, 
and ROI. Descriptive statistics were utilized to 
characterize respondents’ demographics and 
sustainable practices. This provided a foundation for 
understanding the present circumstances and the 
distributions of key variables. Furthermore, multiple 
regression analysis assesses the relationships of 
other variables that could affect farm profitability and 
productivity. The ROI was examined to measure the 
return on money spent and the financial feasibility 
and efficiency of Tilapia farming. These analytical 
tools assessed the potential of the sector for economic 
growth, contributing to social development, and 
potential integration into sustainable urban planning 
(Akbulut Basar, 2024). To use the combination of 
statistical and financial procedures in analyzing data 
obtained from Tilapia farming in Phayao, first, data 
collection is done using structured questionnaires 

 
Fig. 3: Graphical comparison of (a) marital status and (b) occupation 

  

 Fig. 3: Graphical comparison of (a) marital status and (b) occupation
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administered to Tilapia farmers. Once the data is 
collected, IBM SPSS Version 26 is used for statistical 
analysis. Descriptive statistics are initially used 
to summarize and describe the demographics 
of respondents and their sustainable practices, 
providing an explicit picture of the current situation 
and variables’ distribution. After this preliminary 
examination, multiple regression analysis is carried 
out to check the relationships between factors that 
could influence farm profitability and productivity. 
This method helps researchers determine variables 
such as farm size, feed quality, and market access 
that largely affect financial results. Simultaneously, 
the ROI is estimated to determine the financial 
viability and efficiency of Tilapia farming, considering 
the returns from investments made.

Y = β₀ + β₁X₁ + β₂X₂ + β₃X₃ + ⋯ + βₙXₙ + ε

Where:
•	  Y is the dependent variable (e.g., Net Profit or 

Productivity),
•	  X₁, X₂, ..., Xₙ are independent variables (e.g., 

Farm Size, Feed Quality, Market Access, etc.),

•	  β₀ is the intercept,
•	  β₁, β₂, ..., βₙ are the regression coefficients, and
•	  ε is the error term

RESULTS AND DISCUSSION
This research explores sustainable Tilapia 

farming for promoting local economic development 
and community welfare in Phayao, Thailand, and 
integrating aquaculture industry characteristics 
into urban management techniques. This research 
reveals that Tilapia farming has experienced growth 
and development, with increased production over 
time. Key farm characteristics, such as size, quality 
feed, market access, and government support, are 
key profitability drivers. The economic viability 
of sustainable Tilapia farming in urban contexts 
is confirmed by RoI analysis. Larger farms with 
commercial feed and regional market access maximize 
return on investment. Government assistance 
and adequate pond management techniques also 
increase returns.

Growth of Tilapia farming 
Fig. 4 illustrates the goal of the research, which is 

 
Fig. 4: Growth of Tilapia aquaculture production 

  

 Fig. 4: Growth of Tilapia aquaculture production
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to analyze how sustainable Tilapia aquaculture helps 
to enhance economic and social development efforts 
in Phayao, Thailand. It indicates an average upward 
trend in revenue from 2018 to 2022, and that the 
potential for growth from aquaculture could indeed 
translate to growth in revenue. Tilapia aquaculture 
is becoming a reliable income source for local 
communities, supporting the research of promoting 
inclusive growth (Fig. 4). The rapid revenue rise in 
2020 and 2021 can indicate the success of targeted 
acquisitions in improving aquaculture practices.

The above figure suggests that sustainable 
aquaculture is a viable economic strategy and can be 
expanded to create resilient, self-sustaining urban 
and rural economies while enhancing social growth 
through environmentally sustainable practices.

The development period of Tilapia farming       
The current advancement in three key categories 

of Tilapia fish production is shown in Fig. 5. 
Aquaculture production, farmed and wild Tilapia 
production, and aquaculture and fisheries production 

over 20 years from 2005 to 2025.
These data points indicate growth across all three 

areas, with growth in Tilapia production standing 
out. Aquaculture production appears to be steadily 
advancing from around 48% in 2005 to approximately 
85% by 2025, indicating an apparent shift toward 
controlled and sustainable fishing and agriculture 
methods. Farmed and wild Tilapia production 
continues to exhibit an increased rate of change from 
a low of 18% in 2005 to nearly 90% in 2025, paying 
attention to expanding its role in food systems as 
well as economic development. The category of 
aquaculture and fisheries production also perceives a 
substantial increase from around 15% to 80% during 
that period, refocusing attention on the combination 
of traditional and modern practices.

Descriptive analysis
In the framework of this research, descriptive 

analysis is being utilized to characterize essential 
aspects of Tilapia farming in Phayao. Descriptive 
analysis provides an extensive overview of 

 
Fig. 5: Graphical representation of the development period for Tilapia farming     

  

 Fig. 5: Graphical representation of the development period for Tilapia farming    
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demographics and on-farm factors about farmer 
behavior and can be used to evaluate statistical 
testing. Table 2 provides descriptive statistics of the 
demographics of the respondents. The mean age 
category was between 19 and >61 years, with a mean 
= 2.52. Predominantly male respondent population 
(Mean = 1.33). Most respondents were predominantly 
primary or secondary-level educated (Mean = 2.61), 
lived with moderately sized families (Mean = 1.99), 

and were married (Mean 1.26). The mean occupation 
status indicates that the respondents were between 
part-time and full-time Tilapia farmers (Mean = 2.25). 
The mean and Standard Deviation (SD) values for a 
variety of demographic characteristics are shown in 
Fig. 6. Education level has the greatest mean, whilst 
gender and married status have the lowest. Standard 
deviations generally appear stable across variables, 
showing modest variability.

Table 2: Numerical outcome of descriptive analysis  
 

Variable Mean  SD Minimum Maximum 

Age (Years) 2.52 0.89 1 (18–30) 4 (>61) 

Gender 1.33 0.47 1 (Male) 2 (Female) 

Education Level 2.61 0.89 1 (No formal) 4 (Higher) 

Household Size 1.99 0.66 1 (1–3) 3 (>6) 

Marital Status 1.26 0.44 1 (Single) 2 (Married) 

Occupation 2.25 0.81 1 (Full-time) 3 (Others) 

 

  

Table 2: Numerical outcome of descriptive analysis 

 
Fig. 6: Comparison between mean and SD  

 

 Fig. 6: Comparison between mean and SD 
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Findings of multiple regressions
This research used multiple regressions to explore 

factors influencing the profitability of Tilapia farming 
in Phayao, Thailand. The relationship between farm 
profitability (dependent variable) and a range of 
independent variables was examined. The regression 
model allowed for a classification of influence on 
profitability for each variable included in the model 
while controlling for the influences of other factors. It 
assesses the relative influences of relevant concepts 
to develop a more thorough understanding of the 
economic contributors to the sustainability of Tilapia 
aquaculture. The outcomes of the regression analysis, 
as shown in Table 3, indicate that several predictors 
are significantly associated with the profitability of 
Tilapia farming in Phayao, Thailand. 

The predictor variables refer to certain factors 
that are believed to impact the profitability and 
sustainability of Tilapia farming. These variables 
shed light on the connection that exists between 
the different aspects of the farming system and the 
results that farmers experience in terms of their 
economic situation. These predictor variables are 
very important as they help determine the most 
significant factors that influence the economic 
viability and sustainability practices of Tilapia 
farming. Knowledge of these associations will 
allow researchers to make recommendations on 
how to improve farm management and the overall 
contribution of aquaculture to the local economy 
and people’s well-being. Farm size has a strong and 
positive effect (B = 3200, p < .001), meaning that 
larger farms are associated with increased income. 
Access to quality feed (B = 2050, p < .001) and 
market access (B = 1800, p < .001) also demonstrated 
significant contributions to improved profitability. 
Pond management practices (B = 1150, p = .022) and 

having access to a reliable source of water (B = 920, 
p = .041) demonstrated moderate but meaningful 
contributions as well. Government support emerged 
as a strong predictor (B = 3800, p < .001), indicating 
the importance of institutional support for farm 
outcomes. Farm size, quality feed supply, and market 
access all had an apparent impact on income levels, 
whereas pond management and water source had 
a minor instead of a substantial effect. Overall, 
all predictors were statistically significant, and all 
predictors highlight the multiple drivers of economic 
success across sustainable aquaculture.

Role of RoI in economic assessment
ROI is applied to measure the financial feasibility 

of Tilapia culture in Phayao. It is useful to measure 
profitability, compare the performance of farm types, 
and identify variables that explain variation in returns, 
such as farm size, feed quality, and government 
assistance; these findings are represented in Table 4. 
Additionally, RoI can also be used in city development, 
support policy recommendations, and promote 
better aquaculture practices.

It emphasizes that the size of the farms is a major 
determinant of profitability; larger farms achieve an 
ROI of 28%, due to economies of scale, while small 
farms have a return of 12%, based on less capacity to 
produce, and medium farms have a return of 20%. 
Another major determining factor is the quality of 
feed; producers who purchased commercial feed 
found a higher ROI (26%) due to improved growth 
and yield than those who used locally available feed 
(14%). The location of farmers’ market access also 
determined profitability; farmers connected to 
regional or export markets received better pricing 
and demand, yielding an RoI of 27%, compared to 
farmers with local market opportunities who yielded 

Table 3: Predictors of multiple regression 
 

Predictor Variable Regression Coefficients (B) Std. Error t-value p-value 

Farm Size 3,200 550 5.82 <0.001 

Access to Quality Feed 2,050 430 4.77 <0.001 

Market Access Score 1,800 390 4.62 <0.001 

Pond Management Practices 1,150 500 2.30 0.022 

Government Support 3,800 720 5.28 <0.001 

Water Source 920 450 2.04 0.041 

 

  

Table 3: Predictors of multiple regression
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an ROI of 18%. The availability of government 
support, in terms of training and subsidy program 
participation, increased farm profitability with an ROI 
of 25%; meanwhile, farms that did not receive 
support realized lower profitability with an RoI of 
13% due to high cost and risk. Furthermore, improving 
pond management practices results in the desired 
RoI improvement, achieving 24%, based on improved 
seasonal fish survival and management of disease, 
versus relying on traditional methods that yielded an 
ROI of 15%. Tilapia farming is a scalable model for 
sustainable urban development, food security, and 
income generation, with the potential to be modified 
for similar situations in Phayao. To characterize and 
benchmark aquaculture systems, stakeholders should 
strengthen the database for their particular features 
and performance, enhancing current statistical 
databases (Rossignoli et al., 2025). Aquaculture policy 
and investment decisions should be based on 
comprehensive developments that generate data for 
significant species and ecosystems. Digital 
technologies can encourage the development of 
dynamic assessment tools for benchmarking the 
performance of systems and data accumulation. The 
research investigates how incentive function 
elements affect system efficiency, multi-target 
optimization methodologies, adaptive compensation 
functions, energy-aware control strategies, and 
renewable energy integration in RAS facilities 

(Elmessery et al., 2025). It also investigates the 
application of modern control technologies for 
energy optimization and using sustainable energy 
sources to decrease environmental impacts. The 
findings of this research provide a complete 
understanding of significant economic and social 
factors that shape sustainable Tilapia aquaculture in 
Phayao, Thailand. From the descriptive analysis, most 
Tilapia farmers were middle-aged, mostly males, had 
a moderate level of education, and were either part-
time or full-time engaged in fish farming. These 
demographic factors contribute to identifying how 
the farms would decide on a course of action, and the 
farms are forced to seek external innovation, ideas, 
or support programs. Several factors significantly 
impact the profitability of Tilapia farming, including 
farm size, access to quality feed, market connections, 
pond management practices, government support, 
and water sources. Government support, farm size, 
and access to commercial feed have the strongest 
positive effects on income levels, indicating the 
importance of both structural resources and 
institutional support for sustainability in aquaculture. 
Higher farm size allows for economies of scale, while 
feed enhances production and profitability. Farmers 
connected to a regional or export market can achieve 
better prices, thereby maximizing RoI. Government 
support programs and modern pond management 
practices significantly boost profitability, with 

Table 4: Evaluating RoI influencers in Tilapia aquaculture in Phayao 
 

Factor Category Average ROI (%) Observation 

Farm Size 

Small 12% Reduced ROI related to constrained capacity for 
manufacturing. 

Medium 20% Optimal price and efficiency 

Large 28% Increased ROI through efficiencies of scalability. 

Feed Quality 
Local Feed 14% Reduced productivity and efficiency in conversion 

Commercial Feed 26% Higher production yield 

Market Access 
Local Market 18% Insufficient pricing authority. 

Regional/Export Market 27% Improved demand and supply 

Government 
Support 

With Support 25% Supports and instructions for improved ROI  

No Support 13% Increased operational threats and the expense of 
inputs 

Pond Management 
Traditional 15% Fundamental procedures for handling freshwater and 

trash. 

Improved 24% Increased fish survivability and reduced illness 
frequency 
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supported farms achieving an average 25% ROI. It 
emphasized the importance of integrated urban 
aquaculture planning that exploits both internal 
capacities and external support in the detection of 
better economic outcomes. Sustainable aquaculture 
stands as a vital factor for regional economic growth 
and social development, focusing on Phayao, 
Thailand, because it merges environmental protection 
with financial progress and social harmony. The main 
aquaculture pursuit in the region, which is Tilapia 
production, supports economic targets through 
proper management solutions and innovative 
operational methods. Sustainable aquaculture 
practice has gained significant emphasis in recent 
years. Md Noor and Harun (2022) explain that proper 
management methods serve as critical elements to 
sustain aquaculture systems in the long run. Engle 
and van Senten (2022) confirm that community 
resilience, together with the regulatory environment, 
plays a vital role in developing sustainable aquaculture 
systems. According to their research, governance 
systems need to modify their structures to fit each 
place while guaranteeing local communities receive 
sustainable practice advantages. Laktuka et al., (2023) 
present an investigation of sustainable aquaculture 
intensification through maximizing productivity 
without creating negative environmental effects. 
Phayao’s Tilapia farming requires this approach since 
it enables local economic growth by maintaining 
natural resource health despite higher productivity 
levels. Technology integration in aquaculture serves 
as an approach to enhance sustainability, according 
to Kassem et al., (2021). Modern technological 
systems enable better checks on water state and fish 
wellness and resources management, thus lowering 
disposal rates and enhancing operational efficiency. 
The authors da Silva Morales et al., (2022) advocate 
using energy synthesis as an assessment methodology 
to understand aquaculture sustainability since it 
analyzes energy consumption and water management 
practices alongside waste management systems. 
Managing Tilapia farms in Phayao through this 
approach would provide vital benefits by maximizing 
the sustainable use of water resources. The health 
and welfare condition of farmed fish demonstrate 
vital significance in maintaining sustainability by 
complementing technological and management 
strategies. According to Rocha et al., (2024), immune 
nutrition stands as an essential tool for improving fish 

health and catching performance, especially when 
applied to Tilapia farming. The support of fish immune 
systems at fish farms decreases the dependence on 
external ingredients such as antibiotics while making 
the operations more sustainable. Urban growth and 
sustainability are closely connected because the 
expansion of built-up areas impacts fish farming 
operations in Phayao. Alqahtani et al., (2021) report 
that sustainable urban development faces multiple 
obstacles, requiring complete integration to achieve 
balanced growth and preservation of natural 
resources. Urban aquaculture integration offers 
pioneers a chance to simultaneously address food 
market security problems and city planning 
difficulties. Urban management is transforming 
digital tools and integrated modeling systems, as 
noted by Grotto et al., (2024). Their research sheds 
light on how digital solutions can enhance 
sustainability in urban planning through digital twin 
technology for urban mobility management. 
Bennedetti et al., (2023) explain that urban agriculture 
sustainability faces challenges, but properly 
integrated agricultural systems in cities can strengthen 
food systems. Tilapia farming in Phayao could benefit 
from adopting urban-based strategies to enhance 
food sources and sustainability levels. The sustainable 
development of aquaculture relies heavily on 
optimizing resource utilization, including energy 
consumption. Adibhesami et al., (2023) explore how 
sustainable urban energy strategies can benefit urban 
health and well-being. Implementing sustainable 
energy solutions in aquaculture practices across 
Phayao could reduce operational costs and minimize 
environmental impact, thereby increasing the long-
term success potential of Tilapia farming. The 
development of regions, including Phayao, Thailand, 
depends heavily on sustainable aquaculture because 
it provides essential support for local food stability 
and economic expansion through Tilapia farming 
activities. The latest studies on sustainable 
aquaculture practices provide methods to boost 
production levels, decrease environmental hazards, 
and increase social value for developing areas hosting 
aquaculture farms. The Phayao region can benefit 
from sustainable development methods within smart 
city platforms, as described by Yigitcanlar et al., 
(2019), for future aquaculture development. Smart 
city technologies based on data management and 
digital infrastructure systems would enhance 
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aquaculture operations and management practices, 
according to this research evidence. Such applied 
technologies would allow Phayao’s Tilapia farms to 
monitor their resources, fish health, and water quality 
more effectively, thus enhancing operational 
sustainability and efficiency. Small-scale fish farming 
households operate as the fundamental basis to 
advance sustainable aquaculture practices. Research 
by Aung et al., (2021) develops an understanding of 
how sustainable aquaculture practices benefit 
communities in Myanmar through positive changes. 
Small-scale fish farms can achieve higher production 
rates and lower operation costs after implementing 
advanced feed management practices, integrated 
pest management methods, and water quality 
improvement methods. The introduction of specific 
technologies for Tilapia farming in Phayao would 
strengthen local communities while creating more 
profitable farms that advance regional economic 
expansion. Majeed et al., (2025) deliver an extensive 
study that examines freshwater macrophytes within 
aquaculture systems to explain their beneficial roles 
in water purification and nutrient management, 
alongside their contribution to ecological stability. 
The adoption of macrophytes in Phayao Tilapia 
farming operations provides a suitable solution to 
decrease aquaculture environmental effects through 
runoff management and water quality stabilization. 
This method enhances both ecological sustainability 
and leads to improved fish stock quality and better 
resource effectiveness. The approach to sustainable 
aquatic resource management requires 
interdisciplinary and transdisciplinary work according 
to Schiemer et al., (2024). The authors demonstrate 
that managing inland fisheries and aquaculture 
systems effectively demands joint participation 
between numerous scientific fields, together with 
local community stakeholders and policy systems. A 
structured approach in Phayao will help stakeholders, 
such as farmers with environmental scientists, join 
forces alongside policymakers to build an enhanced, 
sustainable, resilient aquaculture sector. A joint 
working approach between stakeholders would 
create improved policies and resource optimization 
and enhance community participation in managing 
aquaculture operations. The investigation by 
Campanati et al., (2021) about sustainable 
aquaculture intensification examines the 
implementation of nutrient recycling along with 

circular economic principles. The authors point out 
that sustainable aquaculture development involves 
waste reduction and resource reuse along with 
minimal environmental influence. Philippine 
aquaculture can achieve major environmental 
benefits through implementing nutrient recycling 
systems in Tilapia farms in Phayao, which will 
decrease waste output, improve water efficiency, and 
decrease aquaculture’s ecological footprint. Local 
farmers experience increased long-term profitability 
together with sustainability through this system. The 
future development of aquaculture in Phayao 
depends strongly on uniting sustainable technologies, 
interdisciplinary approaches, and circular economy 
principles. The region will improve Tilapia farming 
through these strategies, which will boost productivity 
and economic value while preserving environmental 
sustainability to support local progress and regional 
environmental protection. The development of 
sustainable Tilapia farming in Phayao’s region of 
Thailand requires multiple strategies involving 
practical management techniques, modern 
technologies, and united urban development 
methods. Studies suggest that Phayao should use 
these findings to create sustainable aquaculture 
models that drive economic development, protect 
the environment, and preserve the social well-being.

CONCLUSION
The integrated Tilapia aquaculture systems in the 

urban management approach of Phayao, Thailand, 
serve as a strategic framework to create sustainable 
economic and social progress. The increase in urban 
food localization continues to push urban management 
toward sustainable, intensive aquaculture of Tilapia 
as an adaptable food production approach that 
promotes sustainability, combined with food security 
and community empowerment. The investigation 
shows that all-purpose components, including 
farm dimensions and high-quality feed availability, 
together with ideal market locations and effective 
government assistance, determine Tilapia farming 
success rates. These factors influence individual 
farm results while maintaining community economic 
stability, indicating that aquaculture functions beyond 
agricultural operations by becoming an advanced 
urban development method. Data from the research 
shows that proper pond care combined with reliable 
water sources among farmers strongly influences 
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their production levels. The study confirmed that 
these variables demonstrated a statistical relationship 
with success potentials, which demonstrates why 
technical education and resource planning should 
become essential aspects of aquaculture practice. 
When properly managed, Tilapia farming enables job 
establishment alongside reduced city food needs, 
which facilitates domestic security through regular, 
affordable protein provision for residents. The 
development of social betterment proves substantial 
through the practice of Tilapia aquaculture. The 
Phayao communities’ benefit from aquaculture 
practice since it serves as a stable career path while 
expanding both nutritional offerings and family 
wealth. The model develops entry opportunities 
that support farmers, including marginalized groups, 
to start local agricultural businesses and small-scale 
entrepreneurship. The decentralized food production 
helps cities gain better control over their food systems 
in times of worldwide uncertainties, including 
supply chain disruptions and climate change. The 
investigation presents compelling evidence that 
supports the intentional suspension of Tilapia 
farming within urban organizational plans. Urban 
policymakers, together with local governments, 
NGOs, and community organizations, should build 
infrastructure that allows for the sustainable growth 
of aquaculture operations. For maximum success 
in this practice, supportive policies, infrastructure 
investment, training accessibility, and streamlined 
supply chains must all be established. The field 
requires future research with specified priorities to 
enhance the theoretical foundation and practical 
usability. To determine the sustained economic effects 
of aquaculture, research needs to follow changes over 
time at both the household level and the municipal 
level. The study of climate change interactions in 
aquaculture systems gains increasing significance 
because it affects areas that face temperature 
changes, along with water scarcity. Investigating the 
capability of urban infrastructure systems, especially 
water distribution and waste management systems, 
to handle aquaculture operations will determine 
their widespread potential for adoption. The 
understanding of market connections, along with 
consumer preference studies, will help companies 
develop products while creating their brand identity. 
Comparative research across various urban areas will 
identify flexible models of sustainable aquaculture as 

well as best practices that become part of a global 
resource base. Tilapia farming represents an essential 
strategic tool for urban development because 
it delivers food production synergistically with 
development advantages that enhance community 
resilience and sustainable urban growth in Phayao 
and surrounding areas.

AUTHOR CONTRIBUTIONS
W. Madhyamapurush: Conceptualization, project 

administration, writing—original draft preparation, 
supervision. N. Somyarone: Methodology 
development, data analysis, investigation, 
validation. K. Mairin: Literature review, visualization, 
writing, review, and editing. S. Makkhun: Data 
collection, fieldwork coordination, resources. K. 
Ratanasanguanvongs: Technical support, software 
development, environmental assessment. K. 
Seetapan: Funding acquisition, stakeholder 
engagement, final manuscript approval.

ACKNOWLEDGEMENT
This research was supported by the Program 

Management Unit on Area-Based Development (PMU 
A), Thailand, for the fiscal year 2024 (B.E. 2567). The 
study was conducted with the approval of the Human 
Research Ethics Committee of the University of 
Phayao on Humanities and Social Sciences (Approval 
No. HREC-UP-HSS 2.2/020/68). The authors would 
like to express their sincere gratitude to the University 
of Phayao for the academic and institutional support 
throughout the research process.

CONFLICT OF INTEREST
The authors declare no potential conflict of 

interest regarding the publication of this work. In 
addition, the ethical issues, including plagiarism, 
informed consent, misconduct, data fabrication and/
or falsification, double publication and/or submission, 
and redundancy, have been completely witnessed by 
the authors.

OPEN ACCESS
©2026 The author(s). This article is licensed under 

a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, 
distribution, and reproduction in any medium or 
format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the 



121

Int. J. Hum. Capital Urban Manage., 11(1): 107-122, Winter 2026

Creative Commons license, and indicate if changes 
were made. The images or other third-party material 
in this article are included in the article’s Creative 
Commons license unless indicated otherwise in a 
credit line to the material. If material is not included 
in the article’s Creative Commons license and your 
intended use is not permitted by statutory regulation 
or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view 
a copy of this license, visit: http://creativecommons.
org/licenses/by/4.0/ .

PUBLISHER NOTE
Tehran Urban Research & Planning Centre 

(TURPC)  takes a neutral position about claims on 
disputed territories, place names, international 
boundaries, jurisdiction in published maps, and 
institutional affiliations. TURPC is committed to 
retracting a paper after its publication if it becomes 
apparent that there are serious problems in its 
content, in terms of research and publication ethics 
(https://www.ijhcum.net/journal/process?ethics).

ABBREVIATIONS (NOMENCLATURE)
ANOVA         Analysis of Variance
DDPG            Deep Deterministic Policy Gradient
IMTA              Integrated Multi-Trophic Aquaculture
PEM               Proton Exchange Membrane 
RAS                 Recirculating Aquaculture Systems
RoI                  Return on Investment 
SD                   Standard Deviation 

REFERENCES
Abdel-Hady, M.M.; El-karashily, A.F.; Salem, A.M.; Haggag, S.M., 

(2024). Sustainable fish production in Egypt: towards strategic 
management for capture-based aquaculture. Aquac. Int., 32(5): 
6381–6406 (26 pages). 

Abdel-Hady, M.M.; El-Noby, T.; Nasr-Allah, A.M.; Hashem, S.A.; 
Abdel-Khalek, Z.M.; Haggag, S.M.; El-Sayed, A.F.M., (2024). 
Challenging the negative perceptions of key stakeholders 
towards aquaculture sector in Egypt: evidence-based solutions. 
Mar. Policy, 169: 106331 (10 pages).

Adibhesami, M.A.; Karimi, H.; Sharifi, A.; Sepehri, B.; Bazazzadeh, 
H.; Berardi, U., (2023). Optimization of urban-scale sustainable 
energy strategies to improve citizens’ health. Energies, 16(1): 
119 (18 pages).

Akbulut Basar, A. (2024). Participatory urban planning for social 
sustainability: A combination of the Analytic Hierarchy Process, 
with Strengths, Weaknesses, Opportunities, Threats analysis, and 
the Technique for Order Preference by Similarity to Ideal Solution 
(A’WOT-TOPSIS). Sustainability., 16(24): 10862 (18 pages).

Alqahtani, F. K.; El Qasaby, A. R.; Abotaleb, I. S. (2021). Urban 

development and sustainable utilization: Challenges and 
solutions. Sustainability., 13(14): 7902 (20 pages). 

Alsaleh, M., (2024). Assessing governability in aquaculture coastal 
zones: new insight from the international level. Aquac. Res., 
2024(1): 7197832 (10 pages).

Aung, Y. M.; Khor, L. Y.; Tran, N.; Akester, M.; Zeller, M. (2021). The 
impact of sustainable aquaculture technologies on the welfare 
of small-scale fish farming households in Myanmar. Aquaculture 
Economics & Management, 27(1): 66–95 (30 pages).

Bennedetti, L. V.; de Almeida Sinisgalli, P. A.; Ferreira, M. L.; Lemes 
de Oliveira, F. (2023). Challenges to promote sustainability in 
urban agriculture models: A review. International Journal of 
Environmental Research and Public Health, 20(3): 2110 (1 page).

Campanati, C.; Willer, D.; Schubert, J.; Aldridge, D. C. (2021). 
Sustainable intensification of aquaculture through nutrient 
recycling and circular economies: More fish, less waste, blue 
growth. Reviews in Fisheries Science & Aquaculture, 30(2): 143–
169 (27 pages)

Chagwaya, K.A.; House, L., (2024). Towards sustainable fish 
production: Tilapia production and farming in semi-arid and arid 
areas. Afr. Res. J. Educ. Soc. Sci., 11(3): 210–225 (16 pages).

da Silva Morales, Ú.; Rotta, M.A.; Fornari, D.C.; Streit, D.P. Jr., (2022). 
Aquaculture sustainability assessed by emergy synthesis: The 
importance of water accounting. Agriculture, 12(11): 1947 (15 
pages).

Elmessery, W.M.; Abdallah, S.E.; Oraiath, A.A.T.; Espinosa, V.; 
Abuhussein, M.F.A.; Szűcs, P.; Elwakeel, A.E., (2025). A deep 
deterministic policy gradient approach for optimizing feeding 
rates and water quality management in recirculating aquaculture 
systems. Aquac. Int., 33(4): 253 (20 pages).

Engle, C.R.; van Senten, J., (2022). Resilience of communities and 
sustainable aquaculture: Governance and regulatory effects. 
Fishes, 7(5): 268 (14 pages).

Erdemir, D.; Dincer, I., (2024). Development of renewable energy 
based green hydrogen and oxygen production and electricity 
generation systems for sustainable aquaculture. J. Clean. Prod., 
434: 140081 (18 pages).

Garlock, T.M.; Asche, F.; Anderson, J.L.; Eggert, H.; Anderson, 
T.M.; Che, B.; Tveteras, R., (2024). Environmental, economic, 
and social sustainability in aquaculture: the aquaculture 
performance indicators. Nat. Commun., 15(1): 5274 (12 pages).

Goda, A.M.S.; Aboseif, A.M.; Taha, M.K.; Mohammady, E.Y.; 
Aboushabana, N.M.; Nazmi, H.M.; Ashour, M., (2024). Optimizing 
nutrient utilization, hydraulic loading rate, and feed conversion 
ratios through freshwater IMTA-aquaponic and hydroponic 
systems as an environmentally sustainable aquaculture concept. 
Sci. Rep., 14(1): 14878 (15 pages).

Grotto, A.; Casas, P. F. i.; Zubaryeva, A.; Sparber, W. (2024). 
Formalizing sustainable urban mobility management: An 
innovative approach with digital twin and integrated modeling. 
Logistics, 8(4): 117 (10 pages).

Kardgar, A.K.; Doyle, D.; Warwas, N.; Hjelleset, T.; Sundh, H.; 
Almroth, B.C., (2024). Microplastics in aquaculture—potential 
impacts on inflammatory processes in Nile Tilapia. Heliyon, 
10(9): e30403 (8 pages).

Kassem, T.; Shahrour, I.; El Khattabi, J.; Raslan, A., (2021). Smart 
and sustainable aquaculture farms. Sustainability, 13(19): 10685 
(14 pages).

Laktuka, K.; Kalnbalkite, A.; Sniega, L.; Logins, K.; Lauka, D., (2023). 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://rpc.tehran.ir/en/
https://rpc.tehran.ir/en/
https://www.ijhcum.net/journal/process?ethics
https://link.springer.com/article/10.1007/s10499-024-01470-y
https://link.springer.com/article/10.1007/s10499-024-01470-y
https://link.springer.com/article/10.1007/s10499-024-01470-y
https://link.springer.com/article/10.1007/s10499-024-01470-y
https://www.sciencedirect.com/science/article/abs/pii/S0308597X24003294?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308597X24003294?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308597X24003294?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308597X24003294?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0308597X24003294?via%3Dihub
https://www.mdpi.com/1996-1073/16/1/119
https://www.mdpi.com/1996-1073/16/1/119
https://www.mdpi.com/1996-1073/16/1/119
https://www.mdpi.com/1996-1073/16/1/119
https://www.mdpi.com/2071-1050/16/24/10862
https://www.mdpi.com/2071-1050/16/24/10862
https://www.mdpi.com/2071-1050/16/24/10862
https://www.mdpi.com/2071-1050/16/24/10862
https://www.mdpi.com/2071-1050/16/24/10862
https://doi.org/10.3390/su13147902
https://doi.org/10.3390/su13147902
https://doi.org/10.3390/su13147902
https://doi.org/10.1155/2024/7197832
https://doi.org/10.1155/2024/7197832
https://doi.org/10.1155/2024/7197832
https://doi.org/10.1080/13657305.2021.2011988
https://doi.org/10.1080/13657305.2021.2011988
https://doi.org/10.1080/13657305.2021.2011988
https://doi.org/10.1080/13657305.2021.2011988
https://doi.org/10.3390/ijerph20032110
https://doi.org/10.3390/ijerph20032110
https://doi.org/10.3390/ijerph20032110
https://doi.org/10.3390/ijerph20032110
https://doi.org/10.1080/23308249.2021.1897520
https://doi.org/10.1080/23308249.2021.1897520
https://doi.org/10.1080/23308249.2021.1897520
https://doi.org/10.1080/23308249.2021.1897520
https://doi.org/10.1080/23308249.2021.1897520
https://arjess.org/towards-sustainable-fish-production-tilapia-production-and-farming-in-semi-arid-and-arid-areas/
https://arjess.org/towards-sustainable-fish-production-tilapia-production-and-farming-in-semi-arid-and-arid-areas/
https://arjess.org/towards-sustainable-fish-production-tilapia-production-and-farming-in-semi-arid-and-arid-areas/
https://doi.org/10.3390/agriculture12111947
https://doi.org/10.3390/agriculture12111947
https://doi.org/10.3390/agriculture12111947
https://doi.org/10.3390/agriculture12111947
https://doi.org/10.1007/s10499-025-01914-z
https://doi.org/10.1007/s10499-025-01914-z
https://doi.org/10.1007/s10499-025-01914-z
https://doi.org/10.1007/s10499-025-01914-z
https://doi.org/10.1007/s10499-025-01914-z
https://doi.org/10.3390/fishes7050268
https://doi.org/10.3390/fishes7050268
https://doi.org/10.3390/fishes7050268
https://doi.org/10.1016/j.jclepro.2023.140081
https://doi.org/10.1016/j.jclepro.2023.140081
https://doi.org/10.1016/j.jclepro.2023.140081
https://doi.org/10.1016/j.jclepro.2023.140081
https://doi.org/10.1038/s41467-024-49556-8
https://doi.org/10.1038/s41467-024-49556-8
https://doi.org/10.1038/s41467-024-49556-8
https://doi.org/10.1038/s41467-024-49556-8
https://doi.org/10.1038/s41598-024-14878-1
https://doi.org/10.1038/s41598-024-14878-1
https://doi.org/10.1038/s41598-024-14878-1
https://doi.org/10.1038/s41598-024-14878-1
https://doi.org/10.1038/s41598-024-14878-1
https://doi.org/10.1038/s41598-024-14878-1
https://doi.org/10.3390/logistics8040117
https://doi.org/10.3390/logistics8040117
https://doi.org/10.3390/logistics8040117
https://doi.org/10.3390/logistics8040117
https://doi.org/10.1016/j.heliyon.2024.e30403
https://doi.org/10.1016/j.heliyon.2024.e30403
https://doi.org/10.1016/j.heliyon.2024.e30403
https://doi.org/10.1016/j.heliyon.2024.e30403
https://doi.org/10.3390/su131910685
https://doi.org/10.3390/su131910685
https://doi.org/10.3390/su131910685
https://doi.org/10.3390/su152416952


122

W. Madhyamapurush et al.

Towards the sustainable intensification of aquaculture: Exploring 
possible ways forward. Sustainability, 15(24): 16952 (17 pages).

Majeed, L.R.; Sharma, D.; Rautela, K.S.; et al. (2025). Sustainable 
agriculture, aquaculture, and phytoremediation through 
freshwater macrophytes: A comprehensive review of mineral 
uptake, soil health, and water quality dynamics. Discov Water, 
5: 1 (18 pages).

Md Noor, N.; Harun, S.N., (2022). Towards sustainable aquaculture: 
A brief look into management issues. Appl. Sci., 12(15): 7448 (12 
pages).

Mitra, S.; Khan, M.A.; Rahman, M.T.; Nielsen, R., (2023). Effects of 
open water availability on productivity and efficiency of Tilapia 
fish farming. Aquac. Econ. Manag., 27(2): 315–334 (20 pages).

Othman, R.; Elabd, H.; Pratiwy, F.M.; Barzkar, N.; Lim, L.S.; 
Rodrigues, K.F., (2024). Biosecurity in aquaculture: nurturing 
health and ensuring sustainability. In: Essentials of Aquaculture 
Practices, Springer Nature Singapore, pp. 139–182.

Piate, R.C.; Nsit, A.; Orok, U.N., (2024). Fish farming: assessing the 
process and economic benefits of establishing subsistent and 
commercial farming. J. Fish. Aquat. Sci., 19(1): 45–58 (14 pages).

Rizal, A.; Aliah, R.S.; Sachoemar, S.I., (2023). Urban farming 
aquaculture as an alternative business for food and economic 
security during the COVID-19 pandemic—case study in the sub-
urban area of Jakarta, Indonesia. Pol. J. Environ. Stud., 32(5): 
4023–4036 (14 pages).

Rocha, S.D.C.; Valenzuela, C.A.; Morales-Lange, B., (2024). 
Immunonutrition—contributing to the future of sustainable 
aquaculture by supporting animal performance, health and 
welfare. Animals, 14(15): 2275 (18 pages).

Rossignoli, C.M.; Manyise, T.; Shikuku, K.M.; Nasr-Allah, A.M.; 
Dompreh, E.B.; Henriksson, P.J.; Gasparatos, A., (2023). Tilapia 
aquaculture systems in Egypt: characteristics, sustainability 
outcomes and entry points for sustainable aquatic food systems. 
Aquaculture, 577: 739952 (14 pages).

Sarker, P.K., (2023). Microorganisms in fish feeds, technological 
innovations, and key strategies for sustainable aquaculture. 
Microorganisms, 11(2): 439 (12 pages).

Schiemer, F.; Amarasinghe, U.S.; Simon, D.; et al. (2024). Sustainable 
aquatic resource management and inland fisheries in tropical 
Asia: Interdisciplinary and transdisciplinary approaches. Ambio, 
53: 1050–1064 (15 pages).

Thompson, O.A.; Amos, T.T.; Oparinde, L.O.; Omosowone, O.O., 
(2024). Determining operational efficiency in aquaculture 
enterprise to boost fish production for improved food security in 
southwest Nigeria. Sci. Pap. Ser. Manag. Econ. Eng. Agric. Rural 
Dev., 24(3): 112–119 (8 pages).

Yigitcanlar, T.; Han, H.; Kamruzzaman, M. (2019). Approaches, 
advances, and applications in the sustainable development of 
smart cities: A commentary from the guest editors. Energies, 
12(23): 4554 (18 pages).

COPYRIGHTS

©2026 The author(s). This is an open access article distributed under the terms of the Creative Commons 
Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long 
as the original authors and source are cited. No permission is required from the authors or the publishers.

HOW TO CITE THIS ARTICLE

Madhyamapurush, W.; Somyarone, N.; Mairin, K.; Makkhun, S.; Ratanasanguanvongs, K.; Seetapan, K., 
(2026). Sustainable aquaculture and urban management: leveraging Tilapia farming for economic and 
social development. Int. J. Hum. Capital. Urban Manage., 11(1): 107-122.

DOI: 10.22034/IJHCUM.2026.01.07
URL: https://www.ijhcum.net/article_725120.html

https://doi.org/10.3390/su152416952
https://doi.org/10.3390/su152416952
https://link.springer.com/article/10.1007/s43832-024-00188-5
https://link.springer.com/article/10.1007/s43832-024-00188-5
https://link.springer.com/article/10.1007/s43832-024-00188-5
https://link.springer.com/article/10.1007/s43832-024-00188-5
https://link.springer.com/article/10.1007/s43832-024-00188-5
https://doi.org/10.3390/app12157448
https://doi.org/10.3390/app12157448
https://doi.org/10.3390/app12157448
https://doi.org/10.1080/13657305.2022.2154013
https://doi.org/10.1080/13657305.2022.2154013
https://doi.org/10.1080/13657305.2022.2154013
https://link.springer.com/chapter/10.1007/978-981-97-6699-4_8
https://link.springer.com/chapter/10.1007/978-981-97-6699-4_8
https://link.springer.com/chapter/10.1007/978-981-97-6699-4_8
https://link.springer.com/chapter/10.1007/978-981-97-6699-4_8
https://www.globalacademicstar.com/download/article/fish-farming-assessing-the-process-and-economic-benefits-of-establishing-subsistent-and-commercial-farming.pdf
https://www.globalacademicstar.com/download/article/fish-farming-assessing-the-process-and-economic-benefits-of-establishing-subsistent-and-commercial-farming.pdf
https://www.globalacademicstar.com/download/article/fish-farming-assessing-the-process-and-economic-benefits-of-establishing-subsistent-and-commercial-farming.pdf
https://doi.org/10.15244/pjoes/162671
https://doi.org/10.15244/pjoes/162671
https://doi.org/10.15244/pjoes/162671
https://doi.org/10.15244/pjoes/162671
https://doi.org/10.15244/pjoes/162671
https://doi.org/10.3390/ani14152275
https://doi.org/10.3390/ani14152275
https://doi.org/10.3390/ani14152275
https://doi.org/10.3390/ani14152275
https://doi.org/10.1016/j.aquaculture.2023.739952
https://doi.org/10.1016/j.aquaculture.2023.739952
https://doi.org/10.1016/j.aquaculture.2023.739952
https://doi.org/10.1016/j.aquaculture.2023.739952
https://doi.org/10.1016/j.aquaculture.2023.739952
https://doi.org/10.3390/microorganisms11020439
https://doi.org/10.3390/microorganisms11020439
https://doi.org/10.3390/microorganisms11020439
https://doi.org/10.1007/s13280-024-01970-8
https://doi.org/10.1007/s13280-024-01970-8
https://doi.org/10.1007/s13280-024-01970-8
https://doi.org/10.1007/s13280-024-01970-8
https://managementjournal.usamv.ro/index.php/scientific-papers/3846-determining-operational-efficiency-in-aquaculture-enterprise-to-boost-fish-production-for-improved-food-security-in-southwest-nigeria
https://managementjournal.usamv.ro/index.php/scientific-papers/3846-determining-operational-efficiency-in-aquaculture-enterprise-to-boost-fish-production-for-improved-food-security-in-southwest-nigeria
https://managementjournal.usamv.ro/index.php/scientific-papers/3846-determining-operational-efficiency-in-aquaculture-enterprise-to-boost-fish-production-for-improved-food-security-in-southwest-nigeria
https://managementjournal.usamv.ro/index.php/scientific-papers/3846-determining-operational-efficiency-in-aquaculture-enterprise-to-boost-fish-production-for-improved-food-security-in-southwest-nigeria
https://managementjournal.usamv.ro/index.php/scientific-papers/3846-determining-operational-efficiency-in-aquaculture-enterprise-to-boost-fish-production-for-improved-food-security-in-southwest-nigeria
https://doi.org/10.3390/en12234554
https://doi.org/10.3390/en12234554
https://doi.org/10.3390/en12234554
https://doi.org/10.3390/en12234554
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22034/IJHCUM.2026.01.07
https://doi.org/10.22034/IJHCUM.2026.01.07

	Sustainable aquaculture and urban management: leveraging Tilapia farming for economic and social dev
	Abstract
	INTRODUCTION
	Related works  

	MATERIALS AND METHODS 
	Profitability analysis 
	Sustainability assessment 
	ROI
	Data collection 
	Study design 
	Evaluation and statistical tools 

	RESULTS AND DISCUSSION 
	Growth of Tilapia farming  
	The development period of Tilapia farming        
	Descriptive analysis 
	Role of RoI in economic assessment 

	CONCLUSION
	AUTHOR CONTRIBUTIONS 
	ACKNOWLEDGEMENT 
	CONFLICT OF INTEREST 
	OPEN ACCESS 
	PUBLISHER NOTE 
	ABBREVIATIONS (NOMENCLATURE) 
	REFERENCES


