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Abstract—In urban farming, research and innovation are taking
place at an unprecedented pace, and soilless growing technologies are
emerging at different rates motivated by different objectives in various
parts of the world. Local food production is ultimately a main objective
everywhere, but adoption rates and expressions vary with socio-
economic drivers. Herein, the status of hydroponics and aquaponics is
summarized for four countries with diverse socio-economic settings:
Europe (Denmark), Asia (Japan and Nepal) and North America (US).
In Denmark, with a strong environmental ethic, soilless growing is
increasing in urban agriculture because it is considered
environmentally friendly. In Japan, soil-based farming is being
replaced with commercial plant factories using advanced technology
such as complete environmental control and computer monitoring. In
Nepal, where rapid loss of agricultural land is occurring near cities,
dozens of hydroponics and aquaponics systems have been built in the
past decade, particularly in “non-traditional” sites such as roof tops to
supplement family food. In the US, where there is also strong interest
in locally grown fresh food, backyard and commercial systems have
proliferated. Nevertheless, soilless growing is still in the research and
development and early adopter stages, and the broad contribution of
hydroponics and aquaponics to food security is yet to be fully
determined. Nevertheless, current adoption of these technologies in
diverse environments in different socio-economic settings highlights
the potential contribution to food security with social and
environmental benefits which contribute to several Sustainable
Development Goals.

Keywords—Aquaponics, hydroponics, soilless agriculture, urban
agriculture.

[. INTRODUCTION

OOD production for a growing human population is a major

news topic. Concerns about conventional industrial food
production systems are topics of discussion internationally [1].
According to a United Nations report “it is time to rethink how
we grow, share, and consume food” [2].

Several recent reviews have addressed agricultural practices
in terms of the capacity to meet Sustainable Development Goals
(SDGs) including feeding increasing human populations,
environmental impacts, and food distribution systems (e.g., [1],
[3]-[5]. Increased urbanization with associated loss of
affordable agricultural land near cities [6]-[8] and the impacts
of climate change on agriculture [9]-[11] contribute to the
challenges of addressing SDG #2 relating to reducing hunger
and improving nutrition with sustainable agriculture practices
[12].

Clearly, humans will need more food in the future, and as
more people concentrate in urban areas, dependence on
smoothly functioning and economically affordable supply
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systems is critical. Shortening supply chains with locally grown
produce can help increase availability of fresh vegetables and
fruits with their associated health benefits [13]-[17]. While
production of less perishable staples such as rice (Oryza sativa),
maize (Zea mays), and barley (Hordeum vulgare) will continue
to require large areas of hinterland, vegetables and fruit can be
grown in smaller spaces such as those available in cities.

Vacant lots, roof tops, and repurposed buildings are being
used in urban agriculture with approaches varying from
growing food in containers such as used sacks to plant factories/
vertical farms [18]-[21]. The use of LED lighting [22] and
artificial intelligence to regulate growing conditions in
controlled environments [23]-[25] is increasing.
Environmentally friendly approaches include use of renewable
energy [26] and reuse of “waste” heat, water, and nutrients [27],
[28]. Soilless food production, using fertigation of plants
growing in media other than soil, includes a suite of methods
that offer some advantages for urban agriculture [29]. Closed
loop soilless growing is expanding [30], [31], especially in
urban agriculture [32]-[36] because it addresses some of the
negative issues of soil-based agriculture and offers
opportunities in situations where there are no good alternatives.

Aquaponics and hydroponics are being promoted as
appropriate technologies in urban agriculture because they offer
the opportunity to grow food (particularly vegetables and herbs)
at high densities in limited space with minimal use of water
[371-[39]. These technologies lend themselves well particularly
to controlled environment agriculture where space is at a
premium. Context is recognized as important in sustainable
production systems [39], [40].

The objective here is to evaluate how aquaponics and
hydroponics are being adopted in different areas. The
advantages and disadvantages of these technologies are
reviewed, and their status is addressed in four countries
(Denmark, Japan, Nepal, and United States) with different
socio-economic settings to get a sense of the differences and
commonalities. Information like this contributes to the body of
knowledge needed by individuals, businesses, policy makers,
and educators about these relatively new technologies.

II. METHODS

A partial review of the primary literature was conducted
using Google Scholar, Academia, ResearchGate, and Semantic
Scholar to locate appropriate references to provide an overview
of the advantages and disadvantages of aquaponics and
hydroponics for urban agriculture. Selection criteria included
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relevance for urban agriculture, and, with a few exceptions,
articles published within the last 10 years.

III. RESULTS

Overview of Aquaponics and Hydroponics

Hydroponics and aquaculture have been practiced
historically [41]-[42], but aquaponics, a combination of
recirculating aquaculture [43] and hydroponics [44] is relatively
new [45]-[49]. The basics of system design and operation of
aquaponics and hydroponics have been described in many
publications [45], [47], [48], [50]-[53]. Recent overviews by
Maugcieri et al. [54] and Palm et al. [55] list the main system
designs based on the type of hydroponic plant growing bed
components illustrating a range of methods for implementing
the technologies in an urban context.

Interest in aquaponics and hydroponics has proliferated in the
past 10-15 years [31], [56]. Most aquaponics units are small,
home-based systems used by families to grow some of their
own food [57], and “hobby” hydroponics has also become
popular in the last few decades [44]. Scaling up to large
commercial operations in aquaponics is only recently beginning
to occur [58], and there is not yet enough information to fully
assess the sustainability of widespread large commercial
operations [37], [53], [59]-[60]. In contrast, commercial
hydroponics is well established [45], [61].

Advantages and

Hydroponics

and Disadvantages of Aquaponics

Aquaponics Compared to Hydroponics

In both production methods, nutrients are provided to plant
roots through water fertilized with dissolved nutrients [32], but
aquaponics produces fish as well as plants. Conventional
hydroponics uses carefully formulated inorganic nutrient
solutions to fertilize plant roots [44], [62]-[64], whereas in
aquaponics, most nutrients are derived from fish wastes through
bioconversion by microorganisms [48]. Nutrients are more
carefully controlled in hydroponics than in aquaponics, and in
hydroponics nutrient solutions can be more precisely matched
to the needs of different types of plants [55]. Nevertheless,
nutrient solutions can be expensive and/or difficult to get in
some areas, and they need to be monitored [65] to evaluate
concentrations to determine replacement frequency.
Aquaponics mimics a more “natural” ecosystem, and there is
less precise control of nutrients.

Aquaponics and Hydroponics Compared to Soil-Based
Growing in Comparable Settings

Besides producing fish and plants, one of the primary
advantages of aquaponics and hydroponics over soil production
is the use of less water [45], [66]-[68] and the capacity to grow
plants in higher densities [47], [69]-[71] and with higher growth
rates [72]-[75]. This combination of higher density and
increased yield makes soilless growing an attractive approach
by reducing the land footprint needed for production [39], thus
maximizing use of small unused spaces such as those available
in cities. An example would be flat roofs of buildings. The
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primary disadvantages are higher initial costs and the need for
electricity to operate the system.

Aquaponics Compared to Recirculating Aquaculture

Aquaponics is more environmentally friendly than
recirculating aquaculture because it has little or no discharge to
the environment and it uses less water. However, aquaponics
takes more space because of the plant growing areas, and
typically fish are stocked at lower densities than in recirculating
aquaculture [52], [75].

Types of Plants and Fish Grown in Aquaponics and
Hydroponics

In 2015, the UN Food and Agriculture Organization
indicated they had documented more than 150 species of
“vegetables, herbs, flowers, and small trees that have been
grown successfully in aquaponic systems, including research,
domestic and commercial units.” [76], and Lennard [52]
indicates that he has grown over 60 species of plants in
aquaponics. The list of plants would vary according to region
of the world, whether indoor or outdoor, the type of aquaponics
system, and family preferences or markets. Nevertheless, leafy
greens, tomato (Solanum lycopersicum), and various culinary
herbs are frequently grown [43], [53], [77]. A similar high
diversity of vegetables and herbs is grown in hydroponics [45]
[62]. Hydroponics is also used widely to grow flowers [78].

Many types of fish have been used in aquaponics [48], [53],
[56][79}. Criteria for selection are based on temperature range,
availability of fish species, water quality tolerance of fish,
regulations, and objectives for the system (commercial or
personal consumption only). In some areas, local native species
are primarily used for aquaponics [53], [80], but in many parts
of the world tilapia (Cinclidae), catfish (Clariidae, Ictaluridae,
Pangasiidae), carp (Cyprinidae), trout (Salmo idae), and/or
ornamental fish are commonly used [43], [48], [80].

Potential of Aquaponics and Hydroponics in Urban

Agriculture in Selected Countries

The advantages and disadvantages of soilless growing in
recirculating systems for urban agriculture have differing
implications depending on the geographic and socio-economic
setting. Denmark, the United States, and Japan are developed,
highly urbanized countries where urban agriculture is being
practiced to differing degrees. Nepal is a developing country
with a currently lower proportion of the population living in
cities but a high rate of increasing urbanization where
discussions about urban agriculture are beginning. Here, we
summarize the current status of hydroponics and aquaponics in
these counties and discuss potential future expansion.

Denmark

Denmark is highly urbanized with nearly nine of 10 people
in the country living in cities, and urbanization is still increasing
but at only about 4% per year [81]. Over 60% of its land is under
agriculture, but over 80% of the total agriculture area is used
for growing feed for livestock and only about 10% for growing
food for humans. Also, the number of farms is declining as
larger farms become more prevalent [82]. Denmark is affluent
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and is recognized as having high values for protection of the
environment and sustainable approaches to living [83], [84].
Examples are the green roof requirement in Copenhagen for
new buildings without steep roofs [85], and nitrogen impact
mitigation measures [86]-[89]. Denmark has a goal to cut down
CO, emissions by 70% in 2030 and be carbon neutral by 2050
[90]. According to the Organization for Economic Co-operation
and Development, Denmark is “a leader in eco-innovation”
[91], and the country has made progress in managing waste
streams and moving toward their goal of pursuing a circular
economy. Apparently, interest is increasing in local food
production [91], and there are policies that encourage this [92].
All this points to a national priority on green technologies,
potentially including closed loop soilless growing, particularly
for fruit and vegetables. Denmark currently grows primarily
cucumber, tomato, lettuce and strawberries, [84], but it also
imports large amounts of fruits and vegetables from the US and
elsewhere [94].

Soilless growing is not new to Denmark where flower
production in greenhouses is particularly common [94]-[95],
often incorporating innovative computer monitoring [96].
Aquaponics is uncommon in Denmark and a recent review of
the status of aquaponics in Scandinavia [97] suggested
aquaponics, with a few exceptions, is not yet sufficiently
incorporated into value chains to be commercially profitable.
These authors [97] however point out the perception of value
from aquaponics to a sustainable food movement in the
European Union, and they state the need for increased
awareness about aquaponics within civil society and among
policy makers. The need for a certification mechanism and
policy specific to aquaponics was mentioned. The policy and
regulation challenges for this relatively new technology which
does not cleanly fit into hydroponics are similar elsewhere in
the European Union [97], [98]. Expertise in aquaculture is
available in Denmark, which has a history of rearing fish in
ponds, and experience in production of commercial fish food
has resulted in a substantial industry [99]. Therefore fish, fish
food and technical assistance in rearing fish (e.g. pike perch,
Stizostedion lucioperca or rainbow trout, Oncorhynchus
mykiss) would be readily available to those interested in starting
aquaponics.

Apparently, there are numbers of “hobby” hydroponics
operators in Denmark [100], and some larger commercial
farms. Recently, NORDIC HARVEST [101] started a large
indoor commercial hydroponics business, with a growing area
of 7000 m?, arranged in 14 vertical shelves, equivalent to one
football pitch [102]. The facility produces 1000 tons of salads
and herbs in 15 harvests during one year of production cycle.
The same production quantity would require 100 times the
space if produced in conventional soil-based production.
Currently only 30% of the local consumption is produced
locally and installation of 20 such production facilities, can
meet the total local demand of 20,000 tons of salads and herbs
in Denmark [102]. With this scenario, Denmark can
significantly reduce the food miles in terms of production,
transport and logistics for salads and herbs and can spare the
land equivalent to 7000 x 100 x 20 = 1400 hectare, which can
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be used to produce grains and cereals crops for local
consumption or export.

NEXTFOOD is another innovative Danish technology
company with hydroponics as the core business model for
production of salads and herbs [103]. NEXTFOOD is an
advocate for plant-based food supply chain from farm to fork
with a decentralized partner network of local indoor farms. The
company provides partners with hardware infrastructure and
software for managing their farms, enabling them to grow
delicious, fresh, flavorful, nutritious, and pesticide-free
vegetables all year-round. There are also a number of
microgreen producers using hydroponic system for production
of herbs and microgreens. Some of the prominent producers are
NABOFARM [104] and MICROGREEN [105]. NABOFARM
is located in the city of Copenhagen and produces shoots, herbs
and leafy greens and sells to restaurants and cafes or directly to
the individual customers. MICROGREENS is located in the
outskirts of the city, around 50 km from Copenhagen and
produces microgreens for the local market. Both producers use
LED light as precursor for growth and control temperature,
humidity and pH to enhance growth and improve the quality of
the produce for sale.

There is some focus on aquaponics in Denmark. For
example, the Institute of Global Food and Farming [106] has a
stated objective of connecting urban agriculture and aquaponics
in Denmark, and some research has been done as part of
Aquaponics NOMA [107]. Skar et al. [107] indicate that there
are some small, home-based “hobby” aquaponics systems in
Denmark (as of 2015).

Denmark’s affluence, desire for fresh vegetables
(particularly in winter), and concern for the environment are
reasons to expand use of closed loop soilless growing there.
Constraints on expansion include the lack of a pressing current
need, and lack of widespread awareness of the quality of food
grown without soil. Expansion of aquaponics will, in part,
depend on the demand for freshwater fish as an added value to
the vegetables produced.

Japan

More than 90% of people in Japan live in cities and the rate
of urbanization is slightly negative, with a net movement out of
cities [81]. Although farm acres have declined, in part due to
urban sprawl [108], urban agriculture is appreciated and
encouraged through planning, policies, and incentives resulting
in interspersion of farming areas within urban and peri urban
zones [109]-[111]. There has been a shift in crop focus recently
to increased production of fresh vegetables [109], which are in
high demand in this affluent country.

Although Japan imports about 60% of its food based on
caloric value, most of the vegetables are grown in the country
[111]. Nevertheless, the average age of existing farmers is over
65 years [112] and promoting traditional farming to younger
generations is a challenge. Growing food with soilless methods
[113] in controlled environments (e.g., “Plant Factories") has
rapidly expanded [114]. Concerns have been raised for the
future of traditional agriculture and contamination of soil and
crops [115] after the 2011 tsunami and the related nuclear
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power plant accident. At that time (2011), neither aquaponics
or hydroponics was widely practiced in Japan [115], but the
increased use of hydroponics in greenhouses in the future was
suggested [116], and Japan Aquaponics was formed for the
stated purpose of encouraging the use of aquaponics due to
contamination of soil [117].

Takeuchi and Endo [118] advocated for aquaponics in Japan
for fish production in the future. Salt water capture fisheries and
marine aquaculture have been the main source of fish for Japan
historically, and inland freshwater fish farming is not
widespread in Japan [119], [120]. Nevertheless, there is some
aquaculture with Japanese eel (Anguilla japonica), and
common carp Cyprinus carpio which could be used for
aquaponics.

Japan is advanced in application of technical approaches and
soilless growing is no exception. For example, Japan has one of
the first farms in the world using robots [121], and the use of
biotechnology has achieved exceptional successes in some
cases [111], [121]. Internet of Things [122], [123], is being used
in controlled environment growing routinely, and feedback
systems for self-learning has is used in some plant factories
[124]. Japan is now one of the leaders in plant factories with
artificial lighting (PFAL). According to [114], in 2015 there
were about 200 PFALs in commercial operations in Japan.
Hydroponics (often delivered aeroponically) is frequently used
in plant factories to deliver the nutrients. Aquaponics is less
well known, and apparently not yet widely practiced in Japan
[125]. However, some aquaponics research is beginning to be
published from Japan [126], and at least one company, Shonan
Akponi Farm, is selling aquaponics units and offering training
[127].

As a country rich in tradition, perspectives on food not grown
in soil may be a constraint to broad acceptance of soilless grown
vegetables, but Yano et al. [128] found that of consumers in
Japan that had a negative impression of hydroponically
produced food, many changed their minds once they understood
the process better. Also, Japan’s affluence and interest in fresh
food could provide a combination which supports premium
prices often needed for soilless growing to be economically
viable.

Nepal

Only about 20% of the population of Nepal lives in cities
currently, but the rate of urbanization is one of the highest in
south Asia at nearly 4% annually [129], [130]. The majority of
people are moving to the Kathmandu and Pokhara valleys [131]
where agricultural land is disappearing rapidly [132]. Several
municipalities are beginning to encourage urban agriculture
including rooftop farming [133]. Subsistence agriculture is still
a main profession for many families in Nepal [134] and it has
long been a cultural norm. Most people moving to the cities
would likely feel most secure if they are able to grow at least
some of their own food [135], Most buildings in cities like
Kathmandu have flat roofs, and these are beginning to be used
for growing food and ornamental plants as space even for small
“kitchen” gardens is disappearing [136]-[138]. While fresh fruit
and vegetables are usually available in cities, particularly
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through street side vendors, supply disruption can be
significant. Recent examples beside lockdowns due to COVID-
19 include the large earthquake in 2015 followed the same year
by a border blockade, frequent monsoon related flooding and
earth slides blocking roads, and political unrest resulting in
general strikes [138].

Soilless growing started in Nepal within the past 12 years,
but currently there are at least 50 aquaponics operations and
over 35 hydroponics units [138]. Most are growing leafy
greens, and aquaponics operators are using primarily common
carp and tilapia (Oreochromis niloticus). The majority of
soilless growing is for personal use of families or children’s
homes, but several larger commercial systems are operating and
the number of new units has increased recently [138]. Reported
constraints to soilless growing include initial costs, awareness
about the technologies, and availability of training [138].

United States

Urbanization was at about 84% in 2020. Nearly 90% of the
people will be living in cities by 2045 [139]. Agriculture is big
business in the United States. For example, in 2020 exports of
fruit and vegetables totaled about 7 billion USD [140], but the
value of imported fresh fruit and vegetables exceeded that
[141]. Urban agriculture is a common topic of conversation,
planning, and research [142], with expressions in many cities
[143]. A 2013 survey of urban farms in the US (which produced
at least 1,000 USD of produce annually) indicated that
vegetables were by far the most frequent crop produced [144].
Only 3% of the urban farms were on rooftops. They also found
that the average urban farmer surveyed had been in operation
for 10 years, and urban farmers tended to be relatively young
(average age 44 years). Approximately 8% and 5% of those
surveyed were using aquaponics and hydroponics, respectively.

Hydroponic commercial production in greenhouses has been
happening in the US since at least the 1970s [145], but after
some ups and downs, commercial hydroponics, particularly in
covered environments, have been steadily increasing since
about 1988 with a focus on vegetable production [146]. This
includes vertical farms in buildings, shipping containers, and
greenhouses [19]. A survey in 2017 of the status of indoor
commercial farming in the US indicated about 25% were soil
based but the rest involved hydroponics (about half) or
aquaponics [147]. The primary plants grown were leafy greens,
microgreens, tomatoes, and flowers. There were over 2,800
hydroponics businesses in the US in 2021 [147], and
commercial aquaponics units and equipment and supplies for
aquaponics is also expanding. North America has the largest
market share for aquaponics [148], and apparently the largest
aquaponics system in the world (Superior Fresh LLC) is in the
US [148]. Also, home (“hobby”) systems are abundant in the
US as indicated by the number of Facebook sites and YouTube
channels devoted to the subject. Both hydroponics and
aquaponics are being widely used in STEM education in the US
and elsewhere [149] ,[150].

As indicated above, aquaponics is a newer approach than
hydroponics. Stemming largely from research in the U.S.
Virgin Islands by James Rakocy and his team [46]; which built
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on earlier work by McMurtry et al. [45], it has expanded rapidly
in the past 20 years.

A survey of aquaponics operations, conducted by Love et al.
[42] was meant to be of international scope but 80% of the
responses were from the US and therefore characterize the
status of aquaponics there. Although there are a number of
commercial aquaponics operations in the US, most of the
respondents from the survey were not commercial operators but
were using the technology to grow some of their own food and
had a sense they were producing healthier food in an
environmentally friendly manner. Many of the home or hobby-
based aquaponics systems in the US are owner built [57], and
there is large diversity in designs. Also, many species of fish
are used ranging from ornamental species to edible fish.

Advocacy for expansion of aquaponics both commercially
and for home use is building as indicated by the emergence of
organizations like the Aquaponics Association [150].

Soilless growing has been practiced longer in the United
States than in Japan or Nepal, but only recently has it begun to
expand substantially. Like Denmark, there is not yet a pressing
need, but awareness and interest in food quality, local growing,
and sustainability are some of the reasons for the increasing use
of soilless methods. Awareness of hydroponics and aquaponics
is increasing through social media and use of these methods in
STEM education programs in schools [150]. Hobby aquaponics
has grown particularly as more people, with discretionary time
and finances, are finding pleasure (and pride based on social
media posts) in building and operating their own systems.
Constraints for commercial systems include uncertainty about
return on investment because of the paucity of extended track
records and the realization that produce grown with these
methods must find a niche market to sell at a premium.

IV. DISCUSSION

Aquaponics, Hydroponics, and Food Security

Plant factories [22], vertical farming [19], and other
expressions of controlled environment agriculture are
increasing in urban agriculture, and innovation approaches are
emerging [151]. Closed loop soilless growing is a frequent part
of this expansion, but like other new technologies, these new
approaches are going through the early stages of development
[152], [153]. Although research in soilless growing has
increased substantially in the past 10 years [154]-[158] and is
becoming more sophisticated [154], it is still not yet a mature
field of study, particularly with respect to fully understanding
precisely how sustainable and environmentally friendly these
technologies can be [159]. Nevertheless, soilless growing is
widely proclaimed as a good idea with a range of benefits, some
of which are listed above, but many have pointed out that
challenges remain before these methods can reach their full
potential to help with urban food security [40], [160].
Innovation and improvement in efficiencies will probably come
as different expressions are used, thus, early adopters in
different cultures will likely contribute to breakthroughs which
can be applied appropriately in other regional contexts.
Although space, water, and nutrient efficient characteristic of
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hydroponics and aquaponics would be included in the motives
for trying these technologies in many situations, adoption rates,
sizes and types of systems, and specific objectives of owners of
systems vary.

Europe

Like in Denmark, many countries in western Europe are
actively addressing SDGs including those emphasizing food
and conservation of resources [161], and this is an important
motivating factor for considering soilless growing methods in
this region. Previous advances in using controlled environment
agriculture, like in the Netherlands [162], provide valuable
contributing experience and knowledge. In 2016, a survey of
aquaponics in Europe confirmed food sustainability and the
potential to decrease the negative effects of climate change
were among the common reasons for using aquaponics, but
growing their own food was not a major objective [80].
Government grants and funds for university research
contributed to most of the operations reported by responders to
this survey [80].

Asia

Japan has very recently increased their focus on SDGs [164],
but like Singapore [165] and China [166] for example, the
major motivating factor for considering soilless agriculture is
lack of affordable land for traditional agriculture. Known for
expertise in technology, Japan, Singapore, and China (and other
developed countries in Asia) are employing soilless growing
using innovative “high tech” approaches to hydroponics (and
potentially aquaponics). In Japan and some other Asian
countries, perspectives on food not grown in soil may be a
constraint to broad acceptance of soilless grown vegetables.
Nevertheless, the need to produce more food with limited space
may encourage further expansion of soilless methods,
particularly in cities.

Nepal and other developing countries in Asia have a rich
tradition for subsistence agriculture. As people are moving to
cities, they bring with them a knowledge base about growing
plants, but many have no opportunity to use that knowledge due
to lack of access to land. Soilless growing has only recently
been introduced to Nepal [138] and other developing countries
in Asia (e.g., [167]-[169]) and there is very little broad
awareness of the technologies. The early adopters who are
pioneering these techniques in several cities in Nepal are
enthusiastic about their operations, even though they are
constrained by costs, unreliable power, difficulty in getting
supplies, and little technical assistance [170]. Nevertheless, the
growing awareness of the need to begin growing food on
rooftops as urbanization continues is resulting in government
encouragement in several countries [167], [171] and these
incentives could help expand soilless growing which lends
itself well to this setting and offers the added advantage in
countries like Nepal of providing water during the dry season,
protection from flooding during monsoon, and immunity to
supply chain disruptions which occur periodically. In many
Asian cities there is a growing middle class [172] and the hope
of tourists returning after pandemic shutdowns [173], both
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groups are willing to pay more for fresh vegetables grown
locally with limited (hydroponics) or no (aquaponics) use of
chemical pesticides.

North America

In the US, where soilless growing is relatively common,
frequently stated motivations for aquaponics were growing
food for personal use and a sense of using an environmentally
friendly approach [42]. The availability of materials for home-
built systems has caused family sized units to proliferate and
commercial systems are increasing, but Love et al. [30] point
out that more research and development is needed to improve
profitability. Soilless growing is much less common elsewhere
in North America. Nevertheless, the desire to grow food locally
year around has generated interest in soilless growing in
controlled environments in Canada where a few large
commercial operations have recently been built [174] and
where a research program for aquaponics has been underway
for more than a decade [49], [175], [176]. In Mexico, irrigation
water is a limiting factor for agriculture, particularly during the
dry season, and this is reported as a motivation for considering
soilless recirculating growing [177]-[179].

Common Issues and Comparisons

In both developed and developing countries, initial
investment costs of soilless growing relative to soil-based
growing are a constraint, particularly for businesses. Also, the
willingness of customers to pay more for vegetables grown in
hydroponics or aquaponics depends on perceptions about the
quality of food not grown in soil [180]. Expanded awareness
can increase consumer preference for soilless grown food [181].
Since recirculating soilless growing, particularly in cities, is
relatively new, track records are typically relatively short
therefore there is uncertainty among lenders and investors.
Policies regulating or providing incentives for soilless growing
are not yet well developed, particularly for aquaponics which
includes horticulture and aquaculture, often regulated by
different agencies. It is confusing for government agencies or
certifying bodies to know how best to regulate, certify or permit
soilless growing [182]. Energy costs of controlled environment
agriculture, including recirculating soilless methods, are a
concern, but use of renewable energy sources and advances in
energy efficient lights and other equipment are occurring.

Advantages of hydroponics and aquaponics in all the
countries include efficient use of water and nutrients, and the
capacity to produce high densities of food in limited space,
often near where it will be consumed. Research is continuing to
try to evaluate more fully the environmental benefits of growing
food locally, but there is evidence of multiple benefits.

Direct and Indirect Benefits of Aquaponics and Hydroponics
in Relation to SDGs

Aquaponics and hydroponic practices are adopted at an
increasing rate, especially in the urban settings, for production
of microgreens, leafy greens, fruits, and vegetables. With the
advent of COVID-19, local food production has gained more
importance and aquaponics and hydroponics has seen
unprecedented increase in adoption by food entrepreneurs.
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Local food production has multiple benefits for the local
consumers, community and for the planet. The local consumers
can get fresh produce with longer shelf-life as the time lag
between the harvest and the consumption is shorter due to short
distance to market and direct connection between the producer
and the consumers. Due to the short supply chain, the produced
food crops reach the end-consumer in a shorter time compared
to traditional practice of importing from long distances and
short supply chains reduce food loss and food waste along the
supply chain, contributing to more food available to the end-
consumers. The local community will benefit in terms of
employment and creation of new jobs as food entrepreneurs,
and formation of community networks will encourage more
entrepreneurs to produce food and therefore kicks-off a positive
spiral of knowledge exchange and entrepreneurship culture.

The benefits to the environment include improved nutrient use

efficiency with no leakage into the environment, no use of

pesticides or fungicides, no off-site impacts in terms of
eutrophication or contamination of water bodies and indirectly
substitutes soil-based production reducing the pressure on the
land-based production to release the land for rewilding and
enhanced ecosystem health.

Aquaponics and hydroponics contribute to the different

SDGs [164] as follows:

e SDG 2: End hunger, achieve food security and improved
nutrition and promote sustainable agriculture: Aquaponics
and hydroponics can produce nutritious microgreens, leafy
greens, fruits, and vegetables, which on consumption can
provide multiple health benefits for consumers. Local
production of food crops contributes to food security of the
local population when disruptions occur to the supply chain
of food crops (e.g., COVID-19).

e SDG 6: Ensure availability and sustainable management of
water and sanitation for all: Water use is reduced
significantly in aquaponics and hydroponics as the same
water is recycled for several rounds in the growing system
or the same water is used for aquatic species and crop
production enhancing the water use efficiency in contrast
to conventional water use.

e SDG 9: Build resilient infrastructure, promote inclusive
and sustainable industrialization and foster innovation: As
the aquaponics and hydroponics production systems are
enclosed in green houses or located in unused spaces in
buildings, the food production is not exposed to the natural
environment characterized with droughts or floods. Hence,
such production system is resilient and climate-smart to
produce food for local population in case of natural
unforeseen events.

e SDG 12: Ensure sustainable consumption and production
patterns: Aquaponics and hydroponics are closed systems
in terms of water and nutrient use facilitating reuse of the
same water for several irrigation regimes. Such production
systems discharge minimum waste to the environment due
to cascading use of the water and nutrients and hence these
practices are sustainable.

e SDG 14: Conserve and sustainably use the oceans, seas and
marine resources for sustainable development: As the
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water use is minimum due to recycling of water,
aquaponics and hydroponics contribute to increasing the
water productivity compared to the soil-based agriculture.
As water is a scarce resource, these practices release the
pressure on the competing demands for water.

e SDG 15: Protect, restore and promote sustainable use of
terrestrial ecosystems, sustainably manage forests, combat
desertification, and halt and reverse land degradation and
halt biodiversity loss: As the escape of nutrients and
contamination of water to the outside environment is
negligible in aquaponics and hydroponics, less inputs of
nutrients and water are required to produce the same
outputs in conventional agriculture. In this way, the carbon
footprint of such production systems is less than soil-based
agriculture.

V. CONCLUSIONS

Soilless growing is still in its early stages in urban
agriculture. Much remains to be learned to more fully
understand its potential to contribute substantially to urban food
production. As indicated above, some of the advantages apply
across cultures and socio-economic conditions, but if
predictions are accurate, urban agriculture will have to play a
major role in food security in the future, and soilless growing
likely will be the main process used. Critics play a valuable role
in rooting out false claims about the wonders of soilless
growing, and much more research is needed to evaluate claims
of benefits more fully, and to clarify various aspects of how
efficiency in production can be optimized. Affluent countries
like, but certainly not limited to, Denmark, Japan, and the
United States will almost certainly continue to expand research
and use of soilless growing, but the technology also will likely
find its way to developing countries like Nepal, particularly for
use in urban areas.
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