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Abstract: Meeting the demand for food through sustainable agro-industrial systems has become a
concern due to the current state of the planet’s natural resources, population growth, and climate
change. To address this, the 2030 Agenda has laid out several strategies to enhance human well-being
and protect the planet. This paper focuses on Goal 2, which aims to end hunger, achieve food
security, improve nutrition, and promote sustainable agriculture. The first three targets of this goal
are as follows: 2.1, ending hunger and ensuring access to nutritious food; 2.2, ending all forms of
malnutrition; and 2.3, doubling the agricultural productivity of small-scale food producers. The
purpose of this manuscript is to demonstrate how aquaponics can positively impact these three
targets by guaranteeing food security through the production of high-quality protein. Aquaponic
crops are enriched with organic nutrients from the water they grow in. This not only increases their
nutrient content but also their bioactive molecule content, making them excellent for fighting hunger
and malnutrition. Moreover, these practices can be adjusted to different scales, making them a viable
option for small farmers, women, and rural communities to produce their own food. Consequently,
aquaponics can play a crucial role in achieving Zero Hunger locally, with appropriate support.

Keywords: sustainable agriculture; aquaponics; zero hunger; agenda 2030; organically-enriched
waters; food security

1. Introduction

The conventional method of food production and consumption, together with the
rising population, has caused an imbalance in planetary ecology. This has consequently
led to a state where our existing linear economic structure falls short in guaranteeing
adequate sustenance for society. Agriculture faces a variety of significant challenges. These
include over-utilization of cultivated land and groundwater, which can lead to heavy metal
contamination and decreased crop production. To create a regenerative and distributive
economy, we must shift our focus toward sustainable food production and consumption,
and cultivate a new perspective that prioritizes sustainability and increases Agricultural
Development Resilience (ADR). In this way, we can be prepared to respond to national
and external challenges and risks, provide stability to regional markets, and affirm the
status and position of agriculture [1–3]. Different pathways have emerged to achieve
global sustainability, re-establish the biological planetary cycles, and enhance resilience [4].
The most prominent strategy is the Agenda 2030 and its 17 Sustainable Development
Goals (SDGs) [5]. The 17 SDGs contain 169 targets, relating to which at least 3823 events,
1344 publications, and 7554 actions were performed by June 2023 [6].
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International publications related to agriculture, food safety, aquaculture, and fisheries
have established that the current production and consumption trends need to change
drastically, starting at the local level. If not, it will take at least another decade to meet most
of the SDGs and achieve the common goal of “leaving no one behind” [7,8]. Aquaponics
is a sustainable farming technique that combines fish farming and hydroponics and is
considered to be sustainable because it takes into account the three pillars of sustainability:
environment, economy, and society [9]. This innovative technology has the potential to
speed up the adoption of sustainable practices and help tackle the challenges of the 2030
Agenda for Sustainable Development at the local level, such as in Mexico. Its design is
inspired by nature to create a sustainable system. Nature provides efficient solutions with
minimal energy expenditure, which humans can adapt to their environment. Aquaponics
mimics the ecosystem of flowing lakes that transform into rivers, where stones gradually
filter sediments, which then flow into wetlands. Eventually, plants growing on the wetland
shores and sand absorb all the nutrients [10]. This can be seen in the coupled system with
the Recirculating Aquaculture System (RAS) as counterpart of rivers, settler & biofilter as
counterpart of stones, and a sump as counterpart of the wetlands (Figure 1). In decoupled
systems, water lost through plant evapotranspiration is harvested, comparable to the way
clouds capture and return water to lakes.

Mexico has 11,592 km of coastline, a network of rivers, and 633 km of streams, along
with systems of lakes and lagoons that can supply aquaculture [11]. Mexico is the fourth-
largest aquaculture producer in the Americas, with 82% of fishing and 18% of aquaculture;
the practices of marine aquaculture accounted for 69% of the production, while inland
aquaculture contributed 31% [7]. The potential for using what is often referred to as “aqua-
culture wastewater” in aquaponic systems is enormous. Rather than calling it wastewater,
it would be more accurate to refer to these waters as organically-enriched waters (OEW),
because they contain a diverse range of nutrients, dissolved organic molecules (DOM),
and microorganisms [12]. Although aquaponics has not yet been adopted in all areas of
Mexico, its beginnings can be traced back to the Aztecs (1150–1350 CE) and their floating
islands called Chinampas in the streams of the Mexico Valley [13]. There are many suc-
cessful cases of small and medium-scale aquaponics globally that can serve as examples
to encourage local use. In addition, this country has seven different types of climates,
which are: Warm Subhumid, Dry and Semi-Dry, Very Dry or Dry Desert in its majority;
Warm Humid, Temperate Subhumid with a smaller surface area, and Temperate Hu-
mid and Cold with the minimum surface area. This makes it a place with climates with
appropriate growing seasons for a wide variety of both aquatic and horticultural food
(https://gisviewer.semarnat.gob.mx/aplicaciones/Atlas2015/atm_climas.html, accessed
on 21 January 2024). Furthermore, Mexico has committed since 2017 to collaborate in the
establishment of the 17 SDGs [14]. Nowadays, the status of SDG2 is “Greater challenges
remain/Stagnating”; the possibilities offered by aquaponic technology in this country could
modify the status towards “Moderately increasing” [15]. This paper aims to explore how
aquaponics can help achieve SDG2-Zero Hunger locally in Mexican territory. The use of
aquaponics in certain areas can increase ADR and have a positive effect on neighboring
cities and collaboration among local food producers, government, and universities. We will
examine the advantages of aquaponics and its potential to address hunger in the region.

https://gisviewer.semarnat.gob.mx/aplicaciones/Atlas2015/atm_climas.html
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Figure 1. Traditional Coupled Aquaponic System layout. (a) Recirculating Aquaculture System 
(RAS) tank; (b) Settler for sludges; (c) Biofilter with aeration; (d) Different hydroponic units; (e) 
Sump and one pump; * The different hydroponic units depend on the crop species, space, and 
budget. Modified from [16]. 

2. Aquaponics Can Contribute Significantly to Achieving the Sustainable  
Development Goal 2 of Zero Hunger at a Local Level 

Aquaponics is a technology that integrates the benefits of the two most productive 
systems, aquaculture and hydroponics [17]. This type of system includes (but is not lim-
ited to) the following units: RAS, sludge settler, different hydroponic units, two-stage an-
aerobic reactor (biodigester), and thermal distillation/desalination technology. This tech-
nology recovers fertilizer and clean water for the tank and hydroponic unit (Figure 2). We 
will delve into its benefits in detail in the following sections while describing its contribu-
tions to achieving the SDG2 at local level. This goal aims to eradicate hunger, enhance 
food security, improve nutrition for all, and promote sustainable agriculture. This goal 
has eight targets, and in the year 2020, 737 actions were taken globally across 42 events 
and 42 publications. As of June 2023, at least 1304 actions have been recorded towards 
achieving this goal https://sdgs.un.org/goals (accessed on 21 January 2024) [6]. 

Figure 1. Traditional Coupled Aquaponic System layout. (a) Recirculating Aquaculture System (RAS)
tank; (b) Settler for sludges; (c) Biofilter with aeration; (d) Different hydroponic units; (e) Sump and
one pump; * The different hydroponic units depend on the crop species, space, and budget. Modified
from [16].

2. Aquaponics Can Contribute Significantly to Achieving the Sustainable
Development Goal 2 of Zero Hunger at a Local Level

Aquaponics is a technology that integrates the benefits of the two most productive
systems, aquaculture and hydroponics [17]. This type of system includes (but is not limited
to) the following units: RAS, sludge settler, different hydroponic units, two-stage anaerobic
reactor (biodigester), and thermal distillation/desalination technology. This technology
recovers fertilizer and clean water for the tank and hydroponic unit (Figure 2). We will
delve into its benefits in detail in the following sections while describing its contributions
to achieving the SDG2 at local level. This goal aims to eradicate hunger, enhance food
security, improve nutrition for all, and promote sustainable agriculture. This goal has
eight targets, and in the year 2020, 737 actions were taken globally across 42 events and
42 publications. As of June 2023, at least 1304 actions have been recorded towards achieving
this goal https://sdgs.un.org/goals (accessed on 21 January 2024) [6].
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fertilizer recovery for the hydroponic unit; (g) Hydroponic units; (h) Thermal distillation/desalina-
tion technology with recovery of salts and nutrients for crops and demineralized water for RAS. * 
In DAQs, more than one pump is required for independent recirculation, the amount will depend 
on the design. The color in the arrows indicates the water loop. Modified from [18,19]. 
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chronic malnutrition” and 2n.2.1 “Percentage of population with moderate or severe food 
insecurity” (Appendix A). As shown in Level and Trends of the 2021 Sustainable Devel-
opment Goals dashboard, there is still work to be done for this goal to be completed in 
Mexico [15]. The challenge faced in Mexico is not a lack of available food, as Latin America 
and the Caribbean have over a quarter of the necessary energy food requirement [20]. The 
actual concern resides in the population’s inclination towards unhealthy, inexpensive di-
ets, instead of healthier alternatives. 

In Mexico, meals rich in nutrients can cost up to five times more than those that only 
provide sufficient energy and about 60% more than meals that contain only essential nu-
trients [8]. Consuming food without proper nutrition causes hidden hunger and chronic 
diseases such as diabetes and metabolic syndromes [21]. More than 50% of the Mexican 
population is at some level of food insecurity as they consume only easy-access food like 
cereal, roots, tubers, and plantains [8]. A healthy diet should consist of at least 400 g of 
fruits and vegetables daily; however, their consumption has declined [8]. According to 
Gaona-Pineda et al. [21], 18.5% of preschoolers and 42.3% of adults consume vegetables 
at least three days a week, while overall fruit consumption is around 39%; also, 60% of 
people under 20 years old consume snacks, sweets, desserts, and cereals at least three days 
a week, and 20% of the Mexican population consumes processed meat. 

If aquaponics were used more locally, fruits and vegetables could be obtained with 
the same amount of water and approximately the same yield as hydroponics, which 
would have a direct and positive impact on target 2.1: “By 2030, end hunger and ensure 
access by all people, in particular the poor and people in vulnerable situations, including infants, 
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Figure 2. Multi-loop Decoupled Aquaponic System (DAQs). (a) Recirculating Aquaculture System
(RAS); (b) Settler for sludges; (c) Biofilter with aeration; (d) Sump and pump; (e) The first stage of the
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anaerobic reactor with biogas production (mainly); (f) Second stage of the anaerobic reactor with
fertilizer recovery for the hydroponic unit; (g) Hydroponic units; (h) Thermal distillation/desalination
technology with recovery of salts and nutrients for crops and demineralized water for RAS. * In
DAQs, more than one pump is required for independent recirculation, the amount will depend on
the design. The color in the arrows indicates the water loop. Modified from [18,19].

In Mexico, since 2018, five global actions have been initiated with 2 specific national
actions, i.e., 2n.1.1 “Percentage of the population under 5 years of age with some type
of chronic malnutrition” and 2n.2.1 “Percentage of population with moderate or severe
food insecurity” (Appendix A). As shown in Level and Trends of the 2021 Sustainable
Development Goals dashboard, there is still work to be done for this goal to be completed in
Mexico [15]. The challenge faced in Mexico is not a lack of available food, as Latin America
and the Caribbean have over a quarter of the necessary energy food requirement [20]. The
actual concern resides in the population’s inclination towards unhealthy, inexpensive diets,
instead of healthier alternatives.

In Mexico, meals rich in nutrients can cost up to five times more than those that
only provide sufficient energy and about 60% more than meals that contain only essential
nutrients [8]. Consuming food without proper nutrition causes hidden hunger and chronic
diseases such as diabetes and metabolic syndromes [21]. More than 50% of the Mexican
population is at some level of food insecurity as they consume only easy-access food like
cereal, roots, tubers, and plantains [8]. A healthy diet should consist of at least 400 g of
fruits and vegetables daily; however, their consumption has declined [8]. According to
Gaona-Pineda et al. [21], 18.5% of preschoolers and 42.3% of adults consume vegetables at
least three days a week, while overall fruit consumption is around 39%; also, 60% of people
under 20 years old consume snacks, sweets, desserts, and cereals at least three days a week,
and 20% of the Mexican population consumes processed meat.

If aquaponics were used more locally, fruits and vegetables could be obtained with
the same amount of water and approximately the same yield as hydroponics, which would
have a direct and positive impact on target 2.1: “By 2030, end hunger and ensure access
by all people, in particular the poor and people in vulnerable situations, including infants, to
safe, nutritious, and sufficient food all year round”. According to Pantanella et al. [22], 1
kg of fish in 0.3 m3 can produce 20 heads of romaine lettuce in a coupled aquaponic
system, like its hydroponic counterpart, but without the need for synthetic fertilizers and
additional energy sources. Furthermore, Suhl et al. [23] described the Freshwater Use
Efficiency for a decoupled aquaponic system resulting in 270% greater production for each
m3 of aquaculture water compared to hydroponic control, plus 1.5 kg of tilapia (zero fish
produced in control). Also, its Fertilizer Use efficiency results were higher: aquaculture
waters were supplemented with only one kilogram of fertilizer compared to control.

Target 2.1. considers food sovereignty, having enough food and access to it, and it
also includes food security which demands nutritious food, reflected more specifically
in target 2.2 which states: “By 2030, end all forms of malnutrition, including achieving, by
2025, the internationally agreed targets on stunting and wasting in children under 5 years of age,
and address the nutritional needs of adolescent girls, pregnant and lactating women, and older
persons”. A decoupled aquaponics resulted in a 1.4-fold increase in plant yield. Additionally,
the chlorophyll normalized difference index was 17.9% higher, indicating more efficient
photosynthesis and greater accumulation of primary metabolites in fruits. This led to a
lower rate of fruits being affected by blossom end rot (BER) [23].

Similar results were found by Delgadillo-Díaz et al. [24] where BER on tomatoes was
maintained constantly at <0.4% during the whole production cycle. Other research reported
a significantly higher antioxidant capacity of tomatoes grown in an aquaponic system
(2048.08 µM TEAC/100 g dm) than in organic soil regardless of whether the genotype was
commercial or wild. Aquaponically-grown plants exhibit unique behavior and show an
increase in the production of bioactive compounds. This phenomenon is attributed to a
wide range of dissolved organic molecules produced by fish metabolism, such as feces,
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urine, and respiration, along with the presence of microorganisms in the water. This leads
to the formation of organically-enriched waters (OEW), which act as potent biostimulants
and elicitors for crops [25,26]. The Organic Amendment (OEW) is composed of bacteria,
fungi, and protozoa. It contains a minimum of 13 nutrients, including NH4, NO3, PO4, SO4,
K, Mg, Ca, Fe, Mn, Zn, Cu, Bo, and Mo, which are present in various proportions. These
nutrients can provide at least 50% of the nutrient needs of crops. Consequently, plants and
fruits grown with OEW can be more robust and nutritious [27,28].

Incorporating fish consumption into the diet can be a smart nutritional decision that
promotes overall well-being. Research has demonstrated that it can also be beneficial in
addressing the global concern of overweight and obesity, which currently impacts around
13% of the world’s population [8]. There are numerous species suitable to aquaponics, of
which tilapia (Oreochromis niloticus) is the most frequently used. Consuming fish can help
prevent the onset of high blood pressure, coronary heart and inflammatory diseases, specific
types of cancer [29], and anemia in women of reproductive age [8], impacting directly and
positively on Target 2.2. Likewise, aquaponics is an ideal method for producing leafy
greens due to their low nutritional needs and short cultivation cycles. On the other hand,
it has been proven that consuming raw fruits and vegetables, as opposed to processed
ones, is linked to better mental health and lower rates of depression, stress, and negative
mood [30]. Examples of these crops are spinach [31], basil [32], and lettuce [33]; where all of
them are rich in nutrients like ascorbic acid, beta-carotene, Ca, Cu, Fe, Mg, Mn, K, and Zn.
Other vegetables easily adapted to this system are tomato, kale, cauliflower, Swiss chard,
cabbage, broccoli [34], and bell pepper [35]; all of them are also rich in health-promoting
bioactive metabolites.

Finally, using aquaponics at a local level can have an indirect positive impact on target
2.3: “By 2030, double the agricultural productivity and incomes of small-scale food producers, in
particular women, indigenous peoples, family farmers, pastoralists, and fishers, including through
secure and equal access to land, other productive resources and inputs, knowledge, financial ser-
vices, markets, and opportunities for value addition and non-farm employment”. According to
Suárez-Cáceres et al. [36], a quantity of fresh fish and various vegetable species can be
produced in 32 m2 corresponding to 155% and 129% of fish and vegetable annual require-
ments, respectively, for a family of four people. In countries where the climate is extreme,
aquaponics requires high-technology greenhouses, which raises production costs [37].
In certain areas, using gravity-fed water flow and other adaptations can make farming
more cost-effective [38]. In regions with tropical, arid, or semi-arid climates, expensive
heating systems and high-tech greenhouses are not necessary. Instead, using alternative
energy sources such as solar and gravity flows can be a viable option [39]. In decoupled
systems, recovering sludges to produce biogas by bio-digestion is a promising alterna-
tive. According to Zhu et al. (2021) [40], the effective digestion of the sludge from fish
wastewater can produce biogas composed of ≈59% methane, ≈39% CO2, and a fraction of
hydrogen sulfide.

Aquaponics involves both aquaculture and hydroponics and therefore requires some
level of assessment and consultation to manage associated risks. It is possible to implement
aquaponics technology in different models, ranging from high-tech to low-tech systems [41].
However, the initial investment required for establishing an aquaponic system can be high,
making it financially unfeasible for some individuals or businesses [42]. Therefore, it is
important to carefully select the type of system. Before setting up an aquaponic system, it
is important to consider all the necessary engineering elements, including pipes, pumps,
biofilters, and mechanical filtration.

When engaging in cultivation, it is important to consider various factors such as
the availability and affordability of inputs, location, climate, access to water, chemical
quality, and others. It is necessary to take into account seasonal variations when selecting
aquatic and vegetable species to grow. A proper balance between fish and crops should be
maintained [43,44]. According to Iriarte-Rodríguez et al. [45], a Low-Intensity Aquaponic
System in a backyard pond of 12 m3 for fish culture and 9 m2 for a vegetable crop costs



Sustainability 2024, 16, 1130 6 of 14

around 800 USD only for infrastructure; after a cultivation period of 178 days, an initial
income of 270 USD was recovered, resulting in a total profit of 330 USD. The system was
expected to have a useful life of at least 5 years and generates an internal rate of return
ranging between 30–40%. This profitability will be realized at the end of the system’s useful
life. This additional income can be earned by selling food after taking into account the local
market’s needs and preferences.

There are several manuals available that provide theoretical training on how to culti-
vate and install aquaponic systems and offer guidance on general aspects. Basic training
is sufficient for people to manage small-scale and low-tech aquaponic systems, and main-
tenance does not require considerable time. Daily tasks such as planting and harvesting
are relatively easy and quick, making it possible for people of all genders and ages from
rural communities, small-scale farmers, fish farmers, and rural areas to participate in
aquaponics [10,46,47].

Lastly, Table 1 provides a summary and enhances the benefits of using needs-focused
aquaponic systems to achieve SDG2’s Zero Hunger Goals 2.1, 2.2, and 2.3 at the local level.
These benefits are based on the potential sustainability outcomes of aquaponics, which
König et al. [9] identified in the next areas: water efficiency, nutrient efficiency, energy
efficiency, closed cycles, decentralized production and local markets, employment, income,
food security, urban development, social cohesion, freshness, diet diversification, food
sovereignty, and education.

Table 1. Potential sustainable outcomes of aquaponics have been evidenced in diverse regions over
time. Own elaboration based on [9].

Aquaponics’ Potential Sustainability
Outcomes Evidence References

Water efficiency

Aquaponics gives the crops the majority (>50%) of nutrients. [48]

The freshwater use efficiency (FWUE) for an aquaponic
tilapia-tomato was 13.05 kg plant−1 (i.e., 1.55 kg of fish plus 46.1 kg
of tomato per m3 of fresh wastewater used).

[23]

The production of 1 kg of fish by aquaponics requires only 0.32 m3

of freshwater.
[49]

Fish production has the lowest water footprint of animal protein
production, with 400 L per kg. [50]

Nutrient Efficiency

The Fertilizer Use Efficiency (FUE) is higher in tilapia-tomato
cultivation as compared to hydroponics. [23]

At least 13 nutrients were found in the aquaculture wastewater:
NH4, NO3, PO4, SO4, K, Mg, Ca, Fe, Mn, Zn, Cu, Bo, and Mo. [27]

Depending on the species, the fish retains 20–50% of N and 15–65%
of P and excretes 30–65% of N and 40% of P. [51]

According to research, aquaponics has a higher total biomass
assimilation rate of 30–41% compared to hydroponics, which has a
rate of 14–24%.

[28]

Energy Efficiency

Easily adapted to use alternative energy supply. [37]

The effective digestion of the sludge from fish wastewater can
produce biogas composed of ≈59% methane, ≈39% CO2, and
another important fraction of hydrogen sulfide.

[40]

Aquaponic systems can be designed to work by gravity, reducing
energy costs. [38]
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Table 1. Cont.

Aquaponics’ Potential Sustainability
Outcomes Evidence References

Closed Cycles

Coupled (one-loop) aquaponic systems are considerably more
efficient in water use and protein production. [52]

A lifecycle assessment in tilapia-lettuce coupled aquaponic systems
use over ten years shows 80–88% less damage associated with
human health, 49–75% less damage to ecosystems, and 47–50% less
damage to resources compared to conventional growing methods.

[33]

Decoupled aquaponic systems yield 36% more produce when
compared to coupled aquaponic systems. [53]

Decentralized production & Local Market It can be applied in tropical climates, arid, semi-arid zones, or
during very long cold periods. [39,44,54]

Employment

Aquaponics is intended to be an extension of aquaculture practices,
including 14% of women’s participation, 19% in aquaculture, and
12% in fishing practices. [7]
The number of Latin American people engaged in fisheries and
aquacultural activities is 4%.

Income

A backyard aquaponic system can generate a profit of 330 USD
within 178 days of operation. [45]

Culinary herbs are an excellent choice for growth in aquaponics,
with profitability depending on the demand. [38]

Ornamental fish can be introduced, and traceability in production
is guaranteed. [55]

Food Security

Fish, mainly produced by aquaponics, is rich in B12, Lysine,
Leucine, and Valine. [56]

Leafy greens are easily produced in aquaponic systems and are rich
in ascorbic acid, beta-carotene, Ca, Cu, Fe, Mg, Mn, K, and Zn. [29]

Technology, from high-tech to low-tech, is easily adapted to all
production levels, and can be managed by people with basic
training as well as cultivation experts.

[47]

Urban Development & Social Cohesion

Aquaponics can be implemented on small or commercial scales: in
abandoned buildings, rooftops, backyards, or urban gardens,
considering the structure’s materials and electricity needs.

[57]

Living walls and other aquaponic designs contribute to thermal
and carbon sequestration, microclimate regulation, or landscape
improvement.

[58,59]

In a backyard, fresh fish and various vegetable species can be
obtained in 32 m2, corresponding to 155% and 129% of fish and
vegetable annual requirements, respectively, for a family of
4 people.

[36]

Green Infrastructure, such as aquaponics, increases urban resilience
and social welfare and mitigates the post-pandemic impact. [60,61]

Freshness & Diet diversification & Food
Sovereignty

Species best produced by aquaculture: Tilapia, catfish, eel, trout,
turbot, sea bass, sole, shrimp, crayfish, prawn, pikeperch,
and tench.

[55]

Vegetable species best adapted to aquaponics are spinach, kale,
basil, lettuce, tomato, cauliflower, Swiss chard, cabbage, broccoli,
and bell pepper.

[34,62]
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Table 1. Cont.

Aquaponics’ Potential Sustainability
Outcomes Evidence References

Education

A micro-aquaponic system of 1.5 m2 can imitate a full-scale system
of >50 m2 and be established in a classroom for 25 students.

[63]

With an aquaponic system in a classroom, more teachers and
students became more interested in sustainability. Math and science
teachers engaged their students on the topics, and the students,
their families, and friends promoted the use of aquaponics.

[64]

3. Some Cases of the Application of Aquaponics
3.1. Mexico

In Mexico, the research institutions most known for working with Aquaponics are
the Autonomous University of Querétaro, the Autonomous University of Guadalajara,
the Autonomous Juarez University of Tabasco, the Centre for Higher Studies of the State
of Sonora, the Centre for Scientific Research and Higher Education of Ensenada, the
Technological Institute of Boca del Río, and the College of Postgraduates in Agricultural
Sciences. At a corporate level, the best-known companies are Acuicultura del Desierto in
Baja California; South Frontier South School (ECOSUR) with units in Campeche, Chetumal,
San Cristobal, Tapachula, and Villahermosa; and BOFISH in Jalisco [65]. Mexico does not
have updated statistical aquacultural registers [66,67], and only a few records exist about
aquaponics and their current operation. Many marine and coastal institutions developing
aquaculture and aquaponics are unreported, along with their research, and therefore cannot
be considered in this work.

The Autonomous University of Guadalajara began in 2001 with experimental tests
focused on commercial scale-up. Species of tilapia and Australian lobster were tested,
along with cucumber, lettuce, and tomato [68]. From this research, BOFISH was established,
which is the only company to date dedicated explicitly to producing aquaponic technology
for home/ornamental (50 × 150 cm), orchard (42 m2), agrotourism (504 m2), commercial
pilots (825 m2), medium-scale (3300 m2), and large scale (10,000 m2) [69].

In La Paz, Baja California Sur, Desert Aquaculture began its research in 2004 with a
pilot module that was established for the use and maximum efficiency of salinized water
coupled to a unidirectional aquaponics-agriculture system, which was in operation from
2016 to 2017 [70].

In 2008 the Center for Scientific Research and Higher Education of Ensenada (CICESE)
established aquaponic cultivation of tilapia-strawberries [71].

The Center for Higher Studies of the State of Sonora signed an agreement in 2016
with the Institute of Aquaculture of the State of Sonora (IAES) to train fish farmers and
fishermen on integrated aquaculture production systems [72].

In 2009, the College of Postgraduates established experimental modules for aquaponic
production on its different campuses [65,73].

In 2013, Colegio de la Frontera Sur (ECOSUR) Villahermosa Unit, Tabasco “Low
Impact Aquaponic System (SABI)” was designed, and financial viability for backyard
polyculture was verified [45]. A year later, the system was established in the Tabasco area,
and to date, 14 systems are working.

3.2. International

Rakocy et al. (2007) [27], pioneers in aquaponics development, demonstrated the
cost-effectiveness of a floating raft with tilapia, basil, and okra (Abelmoschus esculentus) in
the Virgin Islands. The profits of this system reached 117,700 USD per year with batch
production and 110,210 USD with staggered production in a cultivation area of 214 m2.

Kotzen & Appelbaum et al. (2010) [74] proved some advantages of aquaponics under
arid conditions in Israel. They used a brackish water system polyculture on a small scale.
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The system showed high conductivity levels (4500 µS/cm) that caused chlorosis in some
plants like lettuce, grape, coriander, and spinach. This secondary effect was corrected by
adding iron chelate, calcium, and potassium. Other vegetables (celery, chard, chili pepper,
chives, and parsley) grew successfully without undesired effects.

An international survey conducted by Love et al. (2015) [75] studied commercial-
scale aquaponic systems, including their design, employee count, and the species they
grow (69% tilapia and 43% ornamental species). The study also reported on revenue,
profitability, and investment, and developed a model to better understand the operation of
such facilities. The survey concluded that aquaponics is a technology best suited for local
and regional applications, generating local employment and resulting in good profits from
locally produced food sold directly to consumers.

Al-Arfan Farms, located in Oman, is a commercial-sized aquaponic facility that has
successfully operated in an extremely arid environment. The farm produces around four
to five tons of Tilapia fish and various vegetables annually. The farm’s slogan is “90%
less water and 52% less carbon footprint,” reflecting their commitment to sustainability.
Additionally, Al-Arfan Farms has made agreements to sell their products to several local
companies, including Al Bustan Palace, Ritz Carlton Hotel, InterContinental Muscat, The
Chedi Muscat, and The Sultan Centre [76]. Another recent example of sustainable farming
practices in the Middle East is Agrico Agricultural Development in Carrefour, located in
Qatar’s West Bay. The facility, which opened in March of this year, is the first internal
aquaponic farm within the city of Doha. The farm is expected to have a capacity of 32,000
tons annually for different plant species [77].

Kloas et al. (2015) [78] also developed a program to implement commercial-scale
aquaponic systems in Berlin, Germany. First, in 2015, they created a prototype for im-
proving sustainability, increasing productivity, and reducing environmental impact. The
project was named ASTAF-PRO, where the closed loop system of the water to plants forms
two loops, one for the fish and the other for the plants. A year after the prototype was
successfully tested, they developed the INAPRO technology for an area of ~500 m2 which
is currently in operation [60]. This technology is available worldwide and is financed by
the Seventh Framework Program of the European Union within a program for research,
technological development, and demonstration with at least 16 partners. Kloas and collab-
orators pioneered the commercial use of decoupled systems, which are still being studied
to verify their economic profitability in different scenarios and scales [79].

4. Conclusions

Aquaponics is an innovative and promising solution to address various sustainability
challenges, including hunger and food scarcity. These innovative systems integrate multiple
species, allowing them to produce high-quality and nutritious food, which can enhance
food security. Consuming vegetables and animal protein that are rich in vitamins, minerals,
and healthy fats can promote physical and mental well-being, reduce stress, and prevent
illnesses. There are various manuals available that can assist individuals with basic technical
knowledge in utilizing this technology. It is essential to recognize the potential risks
involved in growing aquatic and plant species. In Mexico, adopting responsible practices
in aquaponics can significantly contribute to reducing hunger and malnutrition at the
local level. However, achieving this objective requires promoting community involvement
and local political support. This will help develop an effective strategy for the proper
use and dissemination of technology while improving measurement and accountability
mechanisms. A shift in mindset is required at the local level to promote sustainable
production and consumption. Aquaponics is a highly effective technique that can provide
economic, social, and environmental benefits. To gather data on the use of aquaponics and
update the National Aquaculture Registry, it is crucial to promote the implementation of
technologies developed both nationally and internationally and test their performance in
different environments across Mexico.
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Appendix A

Table A1. Description of the total Targets and Indicators of Goals 2—Zero Hunger—the 2030 Agenda
for Sustainable Development. The letter N indicates a national goal. Data extracted from [80,81].

Target Indicator Description

Zero Hunger

2.1 By 2030, end hunger and ensure access by all people, in particular the poor and people in vulnerable
situations, including infants, to safe, nutritious and sufficient food all year round

2.1.1 Prevalence of undernourishment

2.1.2 Prevalence of moderate or severe food insecurity in the population, based on the Food Insecurity
Experience Scale (FIES)

2N.1 Access to nutritious and quality food

2N.1.1 Percentage of the population under 5 years of age with some type of chronic malnutrition

2.2
By 2030, end all forms of malnutrition, including achieving, by 2025, the internationally agreed
targets on stunting and wasting in children under 5 years of age, and address the nutritional needs of
adolescent girls, pregnant and lactating women, and older persons

2.2.1 Prevalence of stunting (height for age <−2 standard deviation from the median of the World Health
Organization (WHO) Child Growth Standards) among children under 5 years of age

2.2.2
Prevalence of malnutrition (weight for height >+2 or <−2 standard deviations from the median of
the WHO Child Growth Standards) among children under 5 years of age, by type (wasting and
overweight)

2N.2 Food Security

2N.2.1 Percentage of population with moderate or severe food insecurity

2.3

By 2030, double the agricultural productivity and incomes of small-scale food producers, in
particular women, indigenous peoples, family farmers, pastoralists, and fishers, including through
secure and equal access to land, other productive resources and inputs, knowledge, financial services,
markets, and opportunities for value addition and non-farm employment

2.3.1 The volume of production per labor unit by classes of farming/pastoral/forestry enterprise size

2.3.2 The average income of small-scale food producers, by sex and indigenous status

2.4

By 2030, ensure sustainable food production systems and implement resilient agricultural practices
that increase productivity and production, that help maintain ecosystems, that strengthen capacity
for adaptation to climate change, extreme weather, drought, flooding, and other disasters, and that
progressively improve land and soil quality

2.4.1 The proportion of agricultural area under productive and sustainable agriculture
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Table A1. Cont.

Target Indicator Description

2.5

By 2020, maintain the genetic diversity of seeds, cultivated plants, and farmed and domesticated
animals and their related wild species, including through soundly managed and diversified seed and
plant banks at the national, regional, and international levels, and promote access to and fair and
equitable sharing of benefits arising from the utilization of genetic resources and associated
traditional knowledge, as internationally agreed

2.5.1 Number of plant and animal genetic resources for food and agriculture secured in either medium or
long-term conservation facilities

2.5.2 The proportion of local breeds classified as being at risk, not-at-risk, or at an unknown level of risk of
extinction

2.a

Increase investment, including through enhanced international cooperation, in rural infrastructure,
agricultural research and extension services, technology development, and plant and livestock gene
banks to enhance agricultural productive capacity in developing countries, in particular, the least
developed countries

2.a.1 The agriculture orientation index for government expenditures

2.a.2 Total official flows (official development assistance plus other official flows) to the agriculture sector

2.b
Correct and prevent trade restrictions and distortions in world agricultural markets, including
through the parallel elimination of all forms of agricultural export subsidies and all export measures
with equivalent effect, in accordance with the mandate of the Doha Development Round

2.b.1 Producer Support Estimate

2.b.2 Agricultural export subsidies

2.c
Adopt measures to ensure the proper functioning of food commodity markets and their derivatives
and facilitate timely access to market information, including on food reserves, in order to help limit
extreme food price volatility

2.c.1 Indicator of food price anomalies
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