
Clay 3D Printed Hydroponics 
 A Paradigm to Address Global Food Insecurity 

Abstract 

Clay 3D Printed Hydroponics is a novel, replicable, deployable, environmentally conscious urban farming 
solution, and architecture proposition. The model is posited to address broader concerns of food deserts 
and food insecurity in urban and rural areas in light of climate change, water scarcity, soil infertility, food 
supply chain issues, and civil unrest exacerbated by a growing population. Mitigating global hunger and 
increasing sustainability and resilience are among the greatest challenges and opportunities of our time. 
This paper introduces additively manufactured clay hydroponics as a promising soilless agriculture 
technique, fostering a dialogue on urban farming and food self-sufficiency and reporting on a pilot study 
conducted in Atlanta, Georgia. By harnessing the power of technology and innovation, the paper, the first 
in a series of technology implementations, integrates machinery, materiality, and ecology, aspiring to 
create deployable systems capable of addressing pressing challenges while deepening human connection 
to the natural world. 
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1. Introduction 

Rising global temperatures lead to intense, prolonged, and frequent droughts that impact the agricultural 
sector, causing substantial crop losses, while declining soil fertility from extensive farming practices 
diminishes crop productivity and nutritional quality.1  Fig. 1 illustrates unprecedented worldwide 
demands for food as the global population is projected to surge by additional 3 billion people by 2050, 
necessitating an extra 109 million hectares of farmland.2 However, only 80% of the Earth's arable land is 
currently suitable for farming, with significant portions rendered unusable due to poor management and 
climate change. 3 According to the United Nations, about 2.4 billion people worldwide endured prevalent 
moderate to severe food insecurity in 2022, with 900 million experiencing severe food insecurity. 4  
 

 
 

Fig.1. Worldwide population growth and climate change effects on arable land. 



Increasing urbanization casts significant changes in agri-food systems in the rural–urban continuum as 
seven in ten people will be living in cities by 2050.5 Urban expansion and increased demand for food also 
affect people having access to affordable healthy diets. It means insufficient availability of vegetables and 
fruits to meet the daily requirements of fresh food and healthy diets for everyone; in the year 2021, more 
than 3.1 billion people, or 42% of the world population, were unable to afford a healthy diet.6  

In the United States alone, there are over 6,500 food deserts scattered across the country, mostly in run-
down and impoverished neighborhoods, affecting 13.5 million households.7 More than 53 million or 17% 
of Americans are considered low-income and have little to no access to supermarkets or similar large food 
stores, according to the US Department of Agriculture.8 More than 33% of residents in the United States 
must travel inconvenient distances to reach the nearest supermarket or grocery store; at least 1 mile in 
urban areas and 10 miles in rural areas (Fig. 2.).9 The lack of accessible supermarkets or food shops in 
certain locations impairs inhabitants’ ability to maintain a healthy and balanced diet, albeit awareness of 
healthy eating is another barrier as well. Localizing healthy food and enabling accessibility should be 
married to innovative solutions that foster dialogue and awareness within the domain of public health. 

 

Fig. 2. Food Deserts in USA. This infographic map presents food deserts in metro-urban areas. Charting low-income populations ranging from 
those living 0.5 miles from urban grocery stores, or 10 miles from rural grocery stores in black. While charting low-income populations ranging 
from those living 1 mile from urban grocery stores, or at least 20 miles from rural grocery stores in red. Input data adopted from USAFacts.10 

The Global South (Fig.3 and 4) bears the brunt of hunger, particularly Sub-Saharan Africa. Arable land 
limitations, water shortages, famine, and socioeconomic challenges compound hunger issues and have led 
to the emergence of 'Climate Change Refugees', underscoring the urgent need for sustainable, local, and 
equitable food systems globally. The World Bank estimates that climate change will displace over 140 
million people in the Global South by 2050, with Sub-Saharan Africa expected to witness the highest 
number of climate migrants, around 86 million, 80% of whom are women.11 



 

Fig.3. The Global South. The red color represents countries in the Global South that requested external assistance for food. The black color 
represents countries/territories that did not meet the GIEWS but experienced a shock to food security. Input data adopted from Global Report on 

Food Crises (GRFC) 2023.12 

 

Fig.4. The Global South. The diagram highlights countries that endured the most mass displacement due to food insecurities and other systemic 
issues. Input data adopted from WFP.13 



In a time of dire challenges and hopeful opportunities, the focus on sustainable creative solutions to 
ensure food security while promoting learning and economic growth is highly sought after. Hydroponic 
systems offer promising avenues to tackle fresh food scarcity, especially in resource-constrained regions 
and urban food deserts in densely populated and low-income neighborhoods. Hydroponics can also 
effectively bypass some of the effects of climate change on agriculture farming, especially in the Global 
South and Sub-Saharan Africa. Hydroponics conserves water by recycling and delivering nutrient-rich 
solutions directly to plant roots, eliminating the need for soil and significantly reducing water 
consumption compared to traditional farming methods. 

By leveraging clay additive manufacturing as a method of fabrication and material sourcing, hydroponic 
systems can be efficiently deployed, enabling plant growth in resource-drained contexts and challenging 
environments. Employing clay as a prime material for fabrication localizes production and addresses 
issues of supply chain. Clay is widely available and eco-friendly due to its renewability, biodegradability, 
and nontoxic nature.  

The proposed 3D printed system discussed in this paper celebrates a juxtaposition of low-tech and high-
tech innovations that makes the system deployable, agile, and easy to integrate into local craftsmanship 
cultures, ensuring accessibility even for people with limited technical expertise. The configuration of the 
farming system combines and reintroduces a 4,000-year-old practice in pottery and clay coiling and non-
soil farming technique in a modern and efficient way (Fig. 5). With its modularity, users can set up and 
assemble the system efficiently, reducing adoption barriers. By sourcing materials and skills locally, 
communities can diminish dependence on external sources, customize the system to their specific needs, 
and enhance sustainability, resilience, and economic stability within their communities. 

 

Fig. 5. Conceptual Clay 3D Printed Hydroponics juxtaposes pottery and non-soil farming technique. 
 

 



2. Background 

Hydroponics represents a cultivation method devoid of soil, whereby plants receive vital nutrients directly 
at their roots through a nutrient-rich water solution. In contrast to conventional soil-based agriculture, 
which relies on soil as the primary source of nutrients for plants, hydroponics obviates the necessity of 
soil by configuring a meticulously controlled growth environment. This innovative approach circumvents 
the limitations of traditional agriculture and provides a sustainable solution for enhancing food production 
in resource-constrained regions. Within hydroponic setups, plants typically inhabit inert growing 
substrates such as perlite, coconut coir, or rock wool.14 A meticulously formulated nutrient solution, 
comprising of a balanced amalgamation of crucial nutrients, is systematically circulated, or dripped onto 
the plant roots. Such precise administration enables stringent regulation of nutrient concentrations, pH 
levels, and other pertinent environmental parameters, thereby fostering an environment conducive to 
optimal plant development.15  

Hydroponic methodologies encompass a spectrum of typologies, each characterized by distinct attributes 
and operational modalities. For instance, the Nutrient Film Technique (NFT) entails the deployment of a 
slender film of nutrient solution that courses over the plant roots,16 whereas Deep Water Culture (DWC) 
immerses the roots directly within a reservoir brimming with nutrient-rich water.17 Aeroponics, yet 
another methodological variant, envelops the roots in a mist of nutrient solution. The selection of a 
particular system hinges upon considerations such as spatial constraints, resource optimization, and the 
botanical varieties under cultivation. One of the salient merits of hydroponics pertains to its applicability 
in urban and indoor agricultural paradigms. By abstaining from traditional soil mediums, cultivators can 
efficiently leverage available space and engender crops within meticulously controlled settings, thereby 
facilitating year-round production cycles and mitigating reliance on arable expanses. Hydroponic 
frameworks adopt water conservation principles by virtue of their capacity to recycle water resources, 
thereby curtailing wastage and redressing apprehensions associated with water scarcity within agricultural 
contexts. Collectively, hydroponics epitomizes a sustainable and pioneering ethos in botanical cultivation 
endeavors.  

Hydroponics has a rich history dating back to ancient civilizations. One of the earliest instances of 
hydroponic principles in practice can be seen in the Hanging Gardens of Babylon around 600 B.C. 18 
These gardens, one of the Seven Wonders of the Ancient World, utilized a sophisticated chain pull system 
to irrigate plants, overcoming the challenges of the dry Babylonian (modern day Iraq) climate. Similarly, 
Ancient Egyptian hieroglyphics show scenes of plants being grown along the Nile River without soil 
suggesting early experimentation with soil free farming methods.19 In the 11th century, the Aztecs created 
floating gardens called "chinampas" on Lake Tenochtitlan in Mexico.20 These ingenious systems 
consisted of rafts made from stalks and roots, layered with sediment from the lake bottom, upon which 
plants were grown.21 During his journeys, in the 1200s Marco Polo came across floating gardens 
resembling those found in China showcasing the adoption of hydroponic techniques in various cultures 
and societies.22 However, the scientific investigation into hydroponics traces back to Leonardo da Vinci’s 
observations in the 15th century.23 Da Vinci acknowledged the significance of minerals in supporting plant 
growth, setting the stage for further research development. In 1600s, Belgian scientist Jan Baptist van 
Helmont carried out experiments proving that plants derive nutrients for growth from water, contributing 
to the progress in plant nutrition research.24 

During the 17th century, significant advancements were made in hydroponic research. Sir Francis Bacon 
contributed to soilless cultivation techniques that sparked interest in the scientific community. John 
Woodward showed that plants actually thrive better in impure water than distilled water, which 



challenged existing beliefs about plant nutrition.25 Hydroponic farming became more popular during 
World War II when it was used to grow crops for soldiers on the Pacific Islands.26 In the following years, 
hydroponics was widely adopted for farming and greenhouse cultivation worldwide. The 1970s marked a 
milestone with the mainstream use of plastics, which made hydroponics cost-effective and led to the 
development of various hydroponic systems still used today.27 Over millennia of innovation and 
experimentation, hydroponics has become an efficient method for plant cultivation, offering solutions to 
agricultural challenges. 

Clay 3D Printed Hydroponics is a continuation of this farming technology evolution, offering yet another 
pioneering non-soil farming solution by facilitating the growth of healthy food locally, especially fruits 
and vegetables. This pioneering farming technique breaks away by entirely dispensing with traditional 
growing mediums, opting instead to nourish plants in custom ceramic 3D printed substrates that are 
biofilm accommodative, deployable and architecture integrative. 

3. Methods 

 
 

Fig. 6. water circulation and nutrient uptake concept. 
The multi-level units are geometrically designed with bumps as habitats to accommodate seedlings’ rhizosphere. 

3.1. Verticulture 

Clay 3D Printed Hydroponics configures itself as an alternative verticulture (vertical farming), where 
plants are housed in ceramic 3D-printed multilevel towers. The system integrates solar-powered 



atomizers to recycle and deliver nutrient-rich water to the roots of the plants. Micro-droplets of water are 
periodically circulated in a low-pressure and closed loop configuration to create a rich misted 
environment inside the ceramic towers conducive to the plants’ growth, (Fig. 6 and 7). Within this 
innovative approach, which leverages the aeroponic concept, plant roots are suspended in the air inside 
ceramic 3D printed enclosures, receiving periodic sprays of a nutrient-dense solution. While technically 
the roots of the plants are openly hung in the air inside the hollow ceramic 3D-printed growing champers, 
the leaves are exposed to the indoor/outdoor ambient environment for a better photosynthetic response.  

 

Fig. 7. multilevel 3D printed ceramic structures. 

3.2. Germination and Transplanting  

To promote successful plant habitation and accelerated growth in the system, seeds are first uniformly 
germinated in an inert mineral water culture. After germination, the seedlings are then transplanted into 
the towers. This off-site germination process allows the seedlings to develop adequate and strong roots 
with sufficient length, enabling them to directly access the nutrient-rich water circulated in the tower.  

In this experiment, leafy greens were separately germinated in inert mineral rockwool submerged in water 
with 40 ppm (1 mM) calcium (Ca). Germination was carried out in indirect sunlight between 20 and 50 
μmol m-2s-1. Less light might be inadequate and can lead to hypocotyl elongation.28 The temperature was 
between 20 and 25°C. Higher temperatures can accelerate germination time, but they might also decrease 
root elongation uniformity because the oxygen solubility in water will plummet at such temperatures.29 30 
 



3.3. Design Parameters 

In general, the design and configuration of hydroponic systems should largely be informed by the 
performance criteria of the implemented technology in addition to many other parameters such as plant 
species, local climatic conditions, aesthetic considerations, etc. Clay 3D Printed Hydroponics, the first in a 
series of technology explorations, presents one of many potential design approaches. Subsequent papers 
will explore different system configurations and forms, focusing on various plant types and hydroponic 
technologies. 

In this episode of Clay 3D Printed Hydroponics, which leverages aeroponic concept and verticulture, 
multi-level units are precisely designed to support leafy greens transplantation. Every module is 
geometrically designed with bumps and apertures to provide the optimum habitat suitable for the leafy 
greens’ rhizosphere (Fig. 6 and 8). The topographical nature of these geometries (alternating peaks and 
valleys) also increases water turbulence and, therefore, improves aeration and oxygenation opportunities.  

 

Fig.8. modular multilevel Prototypes. 

3.4. Fabrication (Additive Manufacturing) 

Additive Manufacturing Technology, the industrial application of 3D printing, has spurred materials 
explorations, leading to the development of clay hydroponic farming systems. The computer and printer 
make it possible to use “particles of light, jets of water, and bits of data” to transform dust into utilitarian 
outcomes and products. 31 Such transformation involves high means of technical innovation in additive 
manufacturing and mundane materials such as clay, engaging opposing ends of the technological 
spectrum. 32 Such a practical fabrication process comprises successive incremental deposition of clay 
paste, layer by layer, directly driven from 3-dimensional data. This automotive process is no different 
than the traditional manual clay coiling concept (Fig. 5) except the fact that robotic fabrication follows a 
toolpath that represents an already scripted geometry, while hand-coiling builds a geometry in real-time 
and is heavily influenced by the actions of the potter in response to material behavior i.e. clay. 

Fig. 9 illustrates the manufacturing method, which involves machine craft informed by a series of 
computational moves. To 3D print the hydroponic model, geometries that make up the system 
configuration must first be scripted and sliced then translated into a toolpath, which represents points in 
the 3-dimentional sphere (x, y, z).  These 3-dimentional points are then computed to generate a g-code 
language, marking a threshold between digital fabrication and machine craft. Eventually, the g-code pack, 
which includes toolpath variables and cartesian coordinates are sent to a paste dispenser (ceramic 3D 
printer). The g-code also includes instructions such as homing, movement speed, extrusion rate, etc. to 
command the printer. This seamless workflow made it possible to efficiently produce custom, intricate, 
and modular multilevel ceramic substrates capable of accommodating plant growth. 



 
 

Fig. 9. Manufacturing workflow: digital fabrication and machine craft. 

3.5. Material exploration 

Clay 3D Printed Hydroponics takes advantage of a novel, inexpensive, and locally harvested clay as a 
prime material for fabrication. Clay, one of the earliest materials used by humans, remains integral to 
modern construction and fabrication. Some of the pottery fragments found date back to around 14,000 
BC.33  Besides traditional ceramics and pottery products, clay is widely used in many modern industrial 
processes, including painting, paper making, chemical filtering, cement production, medical applications, 
cosmetics, etc.34 Clay is unique among types of soil with its size and mineral makeup. It can also include 
varying levels of minerals on or around planetary surfaces, such as metals, alkaline earth, magnesium, 
iron, and other positively charged ions. Though clay has different compositions with different minerals 
and formations, it has similar characteristics with slight variations. Clay is characterized by its plasticity 
and malleability when hydrated and its ability to harden when dried, albeit susceptible to fragility. When 
fired, clay crystallizes, changes its structure, and binds its particles to become ceramic. 

Clay is low-cost, widely available, and environmentally benign with little to no ecological footprint. 
Another key advantage of the material in juxtaposition with additive manufacturing lies in the 
unparalleled design and production flexibility. Recycling clay in 3D printing underscores an 
environmentally conscious and sustainable approach to additive manufacturing. Clay, unlike some non-
biodegradable materials utilized in 3D printing, is naturally recyclable, which helps reduce its impact on 
the environment. The growing focus on sustainability across sectors has brought attention to the potential 
of using clay in 3D printing for recycling purposes, showing a dedication to manufacturing and holding 
promise for supporting the growth of plants. 

Versatility is another salient benefit of clay 3D printing, offering applicability across a spectrum of 
creative farming technologies and space design configurations. A notable advantage lies in the innate 
aesthetic qualities that clay imparts to printed items, evoking an organic and earthy ambiance, and 
enriching the visual allure of farming technology as artwork and architecture with palpable and authentic 
essence. 



Perhaps the most favorable attributes that align with clay’s potential benefits for plant growth and 
development is its physical, chemical, hydrologic, and geological composition properties. The slow 
absorption and release of water by ceramic helps maintain a level of moisture in the rhizosphere, 
preventing both waterlogging and drying. This reduces water circulation frequencies and over-reliance on 
atomizers. Its aeration porosity helps to oxygenate plants’ root zones. Furthermore, clay’s ability to 
enhance plants’ nutrient uptake is superior to that of other commonly used materials in hydroponics.  

In this experimental project, specimens of raw ultisol clay were harvested from local sites in Darfur, 
Sudan, to make up the optimum clay body suitable for 3D printing and, more importantly, to enhance 
plant growth. Like expanded clay aggregate, hydrated ultisol was processed to be inert, pH-neutral, and 
low-dense. After fabrication, the multilevel models were then sun-dried, and bisque fired. Afterwards, the 
models as ceramic substrates were post-processed by adding a layer of glaze outside the ceramic surfaces 
only. These processes reduce water loss via evaporation at the outer surface of the ceramics while 
maintaining a porous structure at the inner side, creating a perfect biofilm growth environment. The inner 
surfaces of the ceramics regulate moisture and provide essential minerals due to their porous nature, which 
facilitates optimal root aeration and prevents waterlogging, thereby fostering healthier plant growth and 
higher crop yields. 

Introducing 3D printed ceramics as growing mediums along with the working air maintains a high rate of 
photosynthesis by managing oxygen levels in the air and around the plants. This condition, coupled with 
the uniformity of nutrient concentration in the water droplets and pH values accelerates plants growth. The 
presence of minerals inherent in the clay body can supplement nutrient deficiencies in the soil, 
contributing to improved crop quality and resilience against environmental stressors. The comparative 
advantages of clay, in general, over commonly used plastic and other mediums in supporting plant growth 
warrant exploration regarding their impact on nutrient and oxygen delivery as well as photosynthetic 
performance. 

3.6. Assembly 

           

Fig. 10. Mechanical joining details and assembly. 



Each tower of the Clay 3D Printed Hydroponics is made of kit of parts that includes a water reservoir and 
serval modular multilevel units stacked on top of each together. It also includes a vertical pipe with a dual 
purpose that serves as a vital instrument to circulate water and mechanically knit the modular multilevel 
units (Fig. 10). Critical objectives such as deployability, stability, safety, and leakage prevention were 
addressed during both design and fabrication as well as assembly phases. An emphasis on agility and 
deployability requires an alternative platform, in which case a network of wooden bases was introduced. 
The multilevel towers were anchored to this alternative ground. The resiliency of the whole system’s 
configuration facilitates assembly, disassembly, and reassembly (Fig. 11,12,13). 

   
 

Fig. 11,12,13. Onsite assembly. 

4. Results & Discussion 

4.1. Clay 3D Printed Hydroponics Pilot 

Clay 3D Printed Hydroponics was deployed as a pivotal pilot project in the Atlanta Metropolitan Area 
(Fig.14,15,16). The pilot comprises 100 modular units assembled into variant 20 towers. From June to 
August 2023, where average temperature, humidity, and rainfall were 77 Fahrenheit, 73%, and 4 inches 
respectively, 600 seedlings were transplanted and flourished under the system and these conditions. The 
pilot yielded over 160 pounds of fresh vegetables crucially supplied to local food pantries in the Atlanta 
Metro Area. The yield, which includes a harvest of cabbage, chard, green sorrel, arugula, lettuce, bibb 
lettuce, and kale, contributed to feeding over 500 homeless individuals.  

In addition to overhead, the 20-tower pilot cost about 30 thousand US dollars to fabricate, assemble and 
maintain. Such cost includes sourcing and processing clay, production, erection, plant germination and 
transplantation. It also includes solar power system installation in addition to supplies such as automizers, 
timers, wiring, etc. 

This pilot project marks a significant stride towards addressing food insecurity as it achieved exceptional 
performance metrics, notably saving up to 90% of water compared to traditional soil-based cultivation 
methods, while also requiring 50% less time for cultivation cycle. The verticultural configuration of the 
model and its soil-free nature significantly reduces risks of soil-borne diseases, pathogens, and pests. This 
revolutionary approach to farming efficiency improves agricultural practices and reduces dependence on 
chemical pesticides and herbicides, promoting eco-friendly farming principles. 

 



     

Fig.14,15,16.  Clay 3D Printed Hydroponics pilot: fresh vegetables for food pantries. 

The pilot in Atlanta provides a tangible pathway towards creating eco-friendly and robust food production 
systems that can adapt to environmental obstacles and navigating uncertainties. It asserts the potential 
scalability of Clay 3D Printed Hydroponics to address larger issues of food insecurity and food deserts. 
As it continues to evolve, this innovative approach holds strong promise for communities worldwide, 
ushering in a new era where access to nutritious food is no longer a luxury but a fundamental right. The 
deployability merit of the model facilitates its placement and integration into the built environment in 
urban centers and around human settlements, reducing transportation costs and bolstering local 
economies. The rapid prototyping capabilities of the technology make it more adaptable, allowing for 
effective custom adjustments to meet the requirements and circumstances of clay hydroponics. 
Localization of production and material sourcing, in alignment with the sustainable additive 
manufacturing practices, addresses issues of supply chain and contributes to the affordability and 
adoption of farming technology. Moving forward, the technology could be disseminated in the Global 
South and post-disaster regions where it is needed the most. At its core, Clay 3D Printed Hydroponics is a 
horizontal knowledge and technology transfer. Given its rapid deployablity and agility, the system could 
be responsive to dire and urgent situations like refugee crises and natural disasters. 

4.2. Clay 3D Printed Hydroponics as Architecture, Meditation and Educational Agency 

Clay 3D Printed Hydroponics not only supports sustainable food production but also heavily speculates 
on the wider implications of farming technology on the built environment. A dedication to creating 
physical environments and postulating on technologically informed ceramics as disruptive to the culture 
of buildings and farming is paramount. Rooted in the principles of innovation and environmental 
consciousness, this horticulture example serves as a living laboratory, community hub, social utility, 
educational platform, and an example of ecological design all in one, fostering discussions on sustainable 
agricultural practices and community resilience. 

Wide implementation and integration of Clay 3D Printed Hydroponics into urban contexts contribute to 
mitigating Urban Heat Island (UHI). Research suggests that urban vegetations lower temperatures by 
2.9°F. 35 The flexibility and easy, quick integration of the system into the built environment, facilitates 
strategic deployment of Clay 3D Printed Hydroponics in locations that makes the difference in UHI 
mitigation. Installing the system around buildings, paved areas, and parking lots can contribute to 
lowering surface and air temperatures via shading, evapotranspiration, and evaporative cooling. 



 

Fig. 17. Clay 3D Printed Hydroponics integrates architecture and speculates on the wider implications of the system in the built environment. 

As architecture, Clay 3D Printed Hydroponics frames physical spaces where humans, technology, and 
nature all cohabit and thrive (Fig. 17). This merging of nature and technology represents a harmonic 
combination of modern design and natural components. The elegant simplicity of the spatial 
configurations improves the overall functionality and visual appeal of the environment and establishes 
dynamic communal areas in between that encourage guests to explore and connect. 

The introduction of the system as a meditative space amplifies its impact, inviting individuals to engage 
with nature in a contemplative and immersive manner. Extensive research has shown that regular access 
to green spaces, natural environments, and the outdoors engages humans physically and psychologically, 
improving their health and well-being.36 37 

Clay 3D Printed Hydroponics offers a wide spectrum of therapeutic experiences by communicating to the 
soul, mind, and spirit of our bodies through multitudes of sensations: sighting, hearing, smelling, 
touching, and tasting – the five human senses. From the moment individuals encounter the system, 
whether in an educational setting or a public space and horticulture garden, they are fully involved in a 
sensory experience that transcends mere food production.  

Visual engagement emerges as a key element of this urban farming model. The vertical configuration of 
the garden optimizes space and creates a captivating showcase of ceramic elegance and lush greenery. By 
including a range of plant types including ornamentals and edibles, the pavilion caters to our aesthetic 
sensibilities while also promoting both biodiversity and food choices. The system not only stimulates 
touch sensory but also dictates physical engagement through transplanting and harvesting. The system 



offers olfactory stimulation through the cultivation of fragrant plants. When people engage with the 
garden, they can smell the scents of herbs and flowers, enhancing their journey and heightening their 
sensory experience, creating a stronger bond with nature. The auditory dimension allows people to enjoy 
the musical sounds of water trickling through the ceramic structures. Such spiritual sound not only 
enhances the ambiance of space, but also acts as a gentle nudge and reminder about the system’s 
dependence on water — a valuable resource that needs careful handling and preservation. 

5. Conclusion  

In conclusion, the advent of Clay 3D Printed Hydroponics marks a transformative milestone in 
sustainable agriculture and urban farming. By integrating additive manufacturing and ceramic fabrication, 
this novel innovative system not only addresses food insecurity but also reimagines the relationship 
between technology, nature, and human habitation. 

Through its deployment as ecological levers and architectural elements, Clay 3D Printed Hydroponics 
cultivates nutritious food locally while also serving as a platform for learning, mindfulness, sensory-
therapeutic experience and leisure activities within an environmentally conscious framework. Its adoption 
offers immense potential for revolutionizing urban farming, providing solutions to food insecurity 
through enhanced design flexibility, reduced material waste, rapid prototyping capabilities, customization 
options, and cost-effectiveness.  

While the system represents significant progress, its full potential remains to be realized. Moving 
forward, improving and scaling up the system for wide implementations, especially in regions facing 
water and food shortages in developing countries, requires concerted efforts. This involves streamlining 
fabrication and assembly processes, maximizing resource efficiency, and customizing the system to fit the 
factors and cultural backgrounds of the areas targeted. 

 

 

 

 

Acknowledgement  

The author would like to acknowledge the support and generosity of Georgia Institute of Technology, 
College of Design, School of Architecture and Ventulett NEXT Generation Fellowship program. 

Funding 

The author discloses receipt of the following financial support for the fabrication of Clay 3D Printed 
Hydroponics pilot project exhibited in the paper: This work was supported by the Ventulett NEXT 
Generation Fellowship, Georgia Tech. [grant number DE00007657]. 

Declaration of conflicting interests 

The Author declares that there is no conflict of interest. 

 



References 

 
1 Naumann G, Alfieri L, Wyser K, et al. Global changes in drought conditions under different levels of 
warming. Geophysical Research Letters. 2018, pp 3285-96 
2 Gopinath P, Vethamoni PI, Gomathi M. Aeroponics soilless cultivation system for vegetable crops. 
Chem. Sci. Rev. Lett. 2017;6(22):838-49, p. 838 
3 Gopinath P, Vethamoni PI, Gomathi M. Aeroponics soilless cultivation system for vegetable crops. 
Chem. Sci. Rev. Lett. 2017;6(22):838-49, p. 838 
4 FAO, WFP, WHO et al. The State of Food Security and Nutrition in the World 2023. Urbanization, 
agrifood systems transformation and healthy diets across the rural–urban continuum. Rome, p18 
5 FAO, IFAD, UNICEF, WFP and WHO. 2023. The State of Food Security and Nutrition in the World 
2023, Urbanization, agrifood systems transformation and healthy diets across the rural–urban continuum. 
Rome, p.2 
6FAO, IFAD, UNICEF, WFP and WHO. 2023. The State of Food Security and Nutrition in the World 
2023, Urbanization, agrifood systems transformation and healthy diets across the rural–urban 
continuum. Rome, p.2 
7 Dutko P, Ver Ploeg M, Farrigan T. Characteristics and influential factors of food deserts 
8 USDA. Food Access Research Atlas. https://www.ers.usda.gov, (2022, accessed March 13, 2024). 
9 Ver Ploeg M, editor. Access to affordable and nutritious food: measuring and understanding food 
deserts and their consequences: report to Congress. Diane Publishing; 2010. 
Ver Ploeg M, Breneman V, Farrigan T, et al. Access to affordable and nutritious food: measuring and 
understanding food deserts and their consequences: report to congress. 
10 USAFacts. “Which Cities Have the Most People Living in Food Deserts?” USAFacts, June 23, 2021. 
https://usafacts.org/articles/which-citieshave the-most-people-living-in-food-deserts/. 
11 Rigaud KK, De Sherbinin A, Jones B, Bergmann J, et al. Groundswell: Preparing for internal climate 
migration. 
12 UN World Food Programme. Accessed January 29, 2024. https://www.wfp.org/publications/globalreport- 
food-crises-2023. 
13 Global Report on Food Crises 2023. UN World Food Programme. Accessed January 29,2024. 
https://www.wfp.org/publications/globalreport-food-crises-2023. 
14 Asao, Toshiki, ed. Hydroponics: A standard methodology for plant biological research. BoD–Books on 
Demand, 2012. 
15 Neina D. The role of soil pH in plant nutrition and soil remediation. Applied and environmental soil 
science. 2019 pp1-9. 
16 Joiner, J. N., and T. A. Nell. Fired montmorillonite clay as a propagation and hydroponic growing 
medium. Florida State Horticultural Society, vol. 93. 1980, pp. 214-215. 
17 Hamza, A., R. E. Abdelraouf, Y. I. Helmy, et al. Using deep water culture as one of the important 
hydroponic systems for saving water, mineral fertilizers and improving the productivity of lettuce crop. 
Int. J. Health Sci 6 (2022), pp 2311-2331. 
18 Hershey DR. Solution culture hydroponics: history & inexpensive equipment. The American Biology 
Teacher. 1994 p111 
19 Hughes JD. Sustainable agriculture in ancient Egypt. Agricultural history. 1992, pp12-22. 
20  Ebel R. Chinampas: An urban farming model of the Aztecs and a potential solution for modern 
megalopolis. HortTechnology. 2020, pp 13-9. 
21  Ebel R. Chinampas: An urban farming model of the Aztecs and a potential solution for modern 
megalopolis. HortTechnology. 2020, pp 13-9. 
22  Kumar S, Fandan R. Hydroponics and Aeroponics: Advancement in Soilless Cultivation 
23  Papadopoulos, Ioannis. "Hydroponic systems manufacturing using 3D printing." (2021). 
24  Schwarz, M. Soilless. Culture Management. In Advanced Series in Agricultural Sciences. Springer, 
Volume 24 Berlin/Heidelberg, Germany,199, p 197 

https://www.wfp.org/publications/globalreport-


 
25  Hershey DR. Solution culture hydroponics: history & inexpensive equipment. The American Biology 
Teacher. 1994 p111 
26  Kvapil R. Say'Hi'to. Hydroponics. Creating a fluid food production system for Alaska. Alaska 
Business Monthly. 2023, pp 88-93. 
27  Hindle RL. A vertical garden. Origins of the Vegetation-Bearing Architectonic Structure and System 
(1938). Studies in the History of Gardens & Designed Landscapes. 2012, pp 99-110. 
28  Van Gelderen K, Kang C, Pierik R. Light signaling, root development, and plasticity. Plant Physiol. 
2018;176: 1049–1060. doi: 10.1104/pp.17.01079		
29  Toole EE., Hendricks SB, Borthwick HA, Toole VK. Physiology of Seed Germination. Annu Rev 
Plant Physiol. 1956;7: 299–324. doi: 10.1146/annurev.pp.07.060156.001503	
30  Langenfeld NJ, Bugbee B. Germination and seedling establishment for hydroponics: The benefit of 
slant boards. Plos one. 2022 Oct 5;17(10):e0275710.	
31 San Fratello V, Rael R. Innovating materials for large scale additive manufacturing: Salt, soil, cement 
and chardonnay. Cement and Concrete Research. 2020 Aug 1;134:106097 p 3 
32 Rael R, San Fratello V. Printing architecture: Innovative recipes for 3D printing. Chronicle Books; 
2018, p 9 
33 Scarre, C. (2005). The Human Past. London: Thames and Hudson. ISBN 0500290636 
34 Nesse, William D. (2000). Introduction to mineralogy. New York: Oxford University Press. ISBN 
9780195106916. P 257 
35 Knight T, Price S, Bowler D, et al.  How effective is ‘greening’ of urban areas in reducing human 
exposure to ground-level ozone concentrations, UV exposure and the ‘urban heat island effect’? An 
updated systematic review. Environmental Evidence. 2021 Dec, pp10, 12. 
36 Dinu Roman Szabo M, Dumitras A, Mircea DM, Doroftei D, Sestras P, Boscaiu M, Brzuszek RF, 
Sestras AF. Touch, feel, heal. The use of hospital green spaces and landscape as sensory-therapeutic 
gardens: a case study in a university clinic. Frontiers in Psychology. 2023 Nov 24; 14:1201030. 
37 Carnemolla P, Debono D, Hourihan F, Hor S, Robertson H, Travaglia J. The influence of the built 
environment in enacting a household model of residential aged care for people living with a mental health 
condition: A qualitative post-occupancy evaluation. Health & Place. 2021 Sep 1; 71:102624. 


