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Abstract: Additive Manufacturing techniques are more and more popular in the word. The
most popular name of it is 3D printing. This solution is used in many different areas and
applications. This work is a review that concentrate the applications of 3Dprinting in
agriculture. The paper discusses the different tools and devices used in agricultural producing,
sensors that can be used for process monitoring. In both fields There are many types of raw
material that use in this technology, but the most popular at the PLA and the ABS. The
popularity of these come from the low prise and the easy and many side usability. An interesting
area of printable materials is the usage of agricultural wastes such as nut and crab shells, etc.
An interesting usage of 3D printing when we are printing food. This should be helps for sick
person who has swallowing problems or unique look at can be created with it for example for
a restaurant.
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Osszefoglalas: A 3D nyomtatist - hivatalos nevén additiv gyartds - szadmos kiilonbozo
alkalmazasban hasznaljak mar sikeresen a vilagon. Ez a cikk a 3D nyomtatas mezdgazdasagi,
¢élelmiszer-feldolgozasi és felligyeleti felhasznalasi eseteinek attekintését mutatja be. A munka
bemutatja a mezdgazdasagi termelésben hasznalt kiilonboz6 eszkozoket €s berendezéseket,
valamint olyan érzékeldket, amelyeket ennek a technoldgidnak a segitségével lettek
hatékonyabbak/olcsobbak/jobbak. Bar szamos nyomtatési alapanyagot ismeriink a miianyagtol
a fémig, mégis a PLA és az ABS hdére lagyuld miianyagok a legelterjedtebbek, mivel a tobbihez
képest olcsdak ¢és konnyen nyomtathatoak. Az alapanyagok koziil érdekes teriilet a
mezOgazdasagi hulladékok, melyekre kivalo példaul a dio- és rakhéjak felhasznalasa. Egy
masik fontos alkalmazéds az ¢lelmiszerek kozvetlen extrudalasa, amely segitséget tudnak
nyujtani a nyelési nehézségekkel kiizdé embereknek, hogy konnyebben és jobb mindségben
tudjanak taplalkozni. Tovabbi eldnye ennek az eljarasnak, hogy specialis étrendek alakithatdak
ki, amely testre szabhatd és valtozatos étrendet eredményez. A 3D nyomtatds alkalmazasi
tertilete1 varhatoan boviilni fognak és egyre ujabb és tjabb teriiletek fog megjelenni.

Kulcsszavak: 3D nyomtatas; mezogazdasag, élelmiszer feldolgozas
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1. Introduction

In various industries, there is a growing focus on 3D printing in the field of manufacturing. Due
to its widespread adoption, it offers a sustainable and efficient method for creating various
objects layer by layer (Dizon et al., 2018). This technology significantly reduces waste and
production time compared to traditional manufacturing, which often involves subtractive
processes, where a portion of the material is removed from a larger whole to create the desired
product. An undeniable advantage of 3D printing over traditional manufacturing is its ability to
create complex shapes, some of which may be unachievable with current technologies. The
burden of high costs associated with traditional manufacturing is also greatly reduced through
additive manufacturing (Dizon et al., 2020).

Additive manufacturing is widely used in various fields, including the construction industry,
electronics, automotive manufacturing, personal protective equipment, space exploration, the
study of various marine life forms, defence, and more (Carolo and Haines, 2020, Espera et al.,
2019, Advincula et al., 2020, Al-Dulimi et al., 2021, Wong, 2016, J. Mohammed, 2016, Peels,
2017). Furthermore, 3D printing is becoming increasingly prevalent in industrial applications
where time is a critical factor, such as rapid prototyping, rapid tooling, and fast production
(Dizon et al., 2018, Diego et al., 2021, Dizon et al., 2021, Valino et al., 2019, Dizon et al., 2019,
Dong et al., 2015). Additive manufacturing is also finding broader applications in the medical
field (Advincula et al., 2020), water purification and desalination (Dong et al., 2015, Tijing et
al., 2021). In agriculture, 3D printing is primarily used for the production of agricultural tools
(Pearce, 2015) and components (Podchasov, 2021a). The food industry primarily uses 3D
printing to accelerate personalized nutrition (Derossi et al., 2018) and to assist individuals with
swallowing difficulties in increasing their food intake (Pant et al., 2021). Regarding
environmental protection, relevant applications of additive manufacturing include the use of
recycled filaments (M. I. Mohammed et al., 2019) and components for devices used in air
quality monitoring (Salamone et al., 2015) and wastewater treatment facilities (Martin de
Vidales et al., 2019).

There are numerous 3D printing technologies, each of which uses various materials. One of
the most popular technologies is fused deposition modelling (FDM) because it offers consumer-
grade materials (filaments) such as acrylonitrile butadiene styrene (ABS) and polylactic acid
(PLA) (Dizon et al., 2018). Additionally, it can be used to directly 3D print food using the
printer head. It can build food layer by layer or pour it into a mold (for example, 3D-printed
puree (C. Liu et al., 2018)), which can also be created using 3D printing technology.

The application of 3D printing represents the future of manufacturing across various
industries and sectors (Jan Lloyd at al., 2021). It is a revolutionary technology where efficiency
and sustainability go hand in hand, offering significant improvements in the way we design and
manufacture products. This overview article provides insights into the applications of 3D
printing in agriculture, food production, and monitoring, as well as the applied technologies and
materials used in these fields.

2. Overview of Additive Manufacturing

Manufacturing can be divided into groups according to many aspects. One such breakdown
defines two broad groups. One is the additive - and the other is subtractive manufacturing.
Subtractive manufacturing is the process of removing parts from a solid material to create the
desired tool. One of the best known of these techniques is CNC machining. While additive
production builds it layer by layer. Both technologies have advantages and disadvantages. We
will make an overview only from the latter now. 3D printing usually goes through a 5-step
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process. First, a 3D model is created using computer-aided design (CAD) software. Then this
model is converted into a Standard Tessellation Language (.STL) file. The 3D printer can read
the geometry of the surface with the help of STL file. The model is then sliced into several
layers so that printing instructions can be sent to the 3D printer. The model is then materialised
in the additive manufacturing system (3D printer) where the object is extruded layer by layer.
Finally, post-processing takes place to improve the print quality of the 3D printed object (Dizon
et al., 2018).

We know many different 3D printing technologies. In addition to fused deposition modelling
(FDM) based on extrusion, stereolithography (SLA) is a common 3D printing technology, often
using light-curing resin as a material. Digital light processing (DLP) uses a projected digital
image instead of a laser, which allows the printing process to proceed much faster, compared to
SLA. You can see schematic figure from the operating principles in the Figure 1. Another
solution the selective laser sintering (SLS) that uses a laser as a heating source that selectively
sinters a powdered polymer such as resin or metal to create a 3D printed model. Next to the
previous techniques there are other 3D printing for example the electron beam melting (EBM),
the multijet fusion (MJF), laminated object manufacturing (LOM) and direct metal laser
sintering (DMLS).

PLA and ABS are widely used materials for 3D printing. Both of them are associated with
consumer FDM printing technology. There are many kinds of colour variation of these
filaments. These are very popular because of their strength, rigidity, printability, cost-
effectiveness, and other favourable properties (Markforged, 2021). Resins belong to other
materials include, which exhibit high-quality prints with transparent and smooth surfaces.
Polyamide nylon-based powders are also popular because of highly detailed and flexible printed
items (Company, 2017). Jewellery industry can use precious metals such as gold, silver and
brass with this solution (i.materialise, 2021).

3. 3D printing in agriculture

Indeed, 3D printing can play a significant role in agriculture. This encompasses the creation of
tools and equipment to support production, optimization of production conditions, and even the
customization of end products. Additionally, it offers opportunities for recycling and reusing
waste generated in the food industry.

3.1. Printing tools and devices

3D printing indeed enables the rapid and flexible production of custom agricultural tools and
equipment. For instance, machine components (Garuda3D, 2023, Podchasov, 2021a), spray
nozzles (ProximityDesigns, 2023), fertilizer spreaders, hose splitters for irrigation (Pearce,
2015), seed planting tools (Halterman, 2023), or even garden implements can be easily and
cost-effectively produced using 3D printing. The most commonly employed technology for this
purpose is Fused Deposition Modeling (FDM), while thermoplastic materials like PLA and
ABS are frequently used for the printing process.
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Figure 1. Example for 3d printing technologies.

The technology also offers significant potential for manufacturing personalized tools that cater
to the unique needs of farmers and are often not commercially available. One example is the
fruit tree picker and shovel, where 3D-printed parts of the tools can be combined with
traditionally manufactured components like wooden handles, springs, and screws (Pearce,
2015). The advantage of the fruit picker shown in Figure 2 is that it allows for the retrieval of
high-hanging fruits without the need for a ladder, making the work faster, safer, and less
physically demanding.

It’s important to note that while the PLA materials used here may vary slightly in their
properties, such as rigidity and heat resistance, they are still the most commonly used
thermoplastic filaments due to their low cost and ease of use in 3D printing. Another significant
advantage is that the 3D printing process avoids the generation of unnecessary waste associated
with traditional manufacturing. Additionally, since PLA is biodegradable and recyclable, its use
promotes sustainability. Table 1 summarizes the applications of tools, materials, and 3D printing
techniques used in agriculture (ProximityDesigns, 2023, Pearce, 2015, Halterman, 2023,
Garuda3D, 2023).

Figure 2. Fruit picker from 3D printed material and wood.
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Table 1. Applications examples on 3D printing in agriculture (Jan Lloyd at al., 2021).

Printed part Application Printing technique Material
Tube distributor Irrigation FDM PLA
Sprinkler Irrigation FDM ABS
Paddle and handle Urban farming FDM PLA
Picker Urban farming FDM PLA
Packing bottom Testing equipment FDM ABS
Spigot Water management FDM PLA
Corn auger Spare part FDM PLA

3D printing opens up the possibility of creating various cultivation systems and accessories.
This can include containers, supports, frames, or even plant containers needed for hydroponic
or aeroponic systems (3Dponics, 2023). Another opportunity is the manufacture of irrigation
and water treatment equipment through 3D printing. An example of this is the fruit picker that
you can see in Figure 2. (Pearce, 2015), which demonstrates how you can modify an accessory
to allow for multi-directional water flow from a garden hose. Thermoplastic materials are also
used here to produce the components, which can greatly assist in replacing costly original parts
in farm water distribution systems.

Figure 3 show an example for spigot that was printed with the help of 3D printing technique
(Pearce, 2015), (Jan Lloyd at al., 2021). PLA was the raw material in this exact example and of
course the applied technology was FDM (Fused Deposition Modelling). Unique size and
scaling are needed many times in the practice. The Additive Manufacturing can give solution
for this challenge in easy way. We can do personalisation our ideas with the help of 3d planning
solutions. Today, this technology provides efficient and cost-effective solutions to the
challenges mentioned above.

Figure 3. A 3D printed spigot.

3.2. Sensors and data logging

Absolutely, in modern agriculture, the use of various sensors and data collection solutions has
become essential across many areas, whether it's crop cultivation or animal farming. Each field
has its own unique characteristics and requirements. With 3D printing, it's possible to create
customized tools and enclosures that, when combined with traditional sensors, can effectively
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support agricultural applications. This allows for tailored solutions that can enhance efficiency
and precision in farming practices.

Monitoring air quality can be crucial in many places. The "nEMos" is such a device produced
with 3D technology (from PLA material), which, due to its ease of portability, can be applied
in various contexts and even over large geographical areas. (Salamone et al., 2015). In the case
of various wastewater treatment solutions, flexible materials that can be used to build
specialized filters can be particularly useful. Nylon, as a 3D printing material, combined with
sensors and alternative automated adjustable water pathways, can create an efficient water pre-
filter (Podchasov, 2021b). The further treatment of this process can be aided by the application
or combination of ceramic (Natives, 2019) and/or membrane-based (Tijing et al., 2020) 3D-
printed water filters in the aforementioned solution.

It's essential to recognize that 3D printing opens up new possibilities for the location-specific
deployment and application of traditional sensor solutions. In practice, this can involve housing
or integrating sensors with specialized, otherwise difficult-to-assemble solutions that can
enhance the efficiency of the intended application. Collecting and transmitting sensor data to a
central database is a crucial part of this process, and there are several methods to achieve this.

In the simplest case, the deployed data collector (equipped with sensors and/or actuators)
locally stores the data (e.g., on an SD card) and, from time to time, a person collects this data
and inputs it into the central database. In more advanced scenarios, this process can be fully
automated, with data flow occurring through a communication channel. It's important to prepare
these systems for potential disruptions, such as intermittent server connectivity.

In this context, 3D printing plays a significant role in creating specialized enclosures and
housings that are ideal for the specific operating environment. This can encompass everything
from meeting specific attachment and spatial requirements to resistance against various
environmental factors, including exposure to organic materials.

3.3. 3D Printing Applications in Food

At first glance, it may seem strange that 3D printing can be used in the food industry, but there
are many useful applications. Of course, we work with completely different materials than
classic 3D printing technology. In this sector again, extrusion-based 3D printing (FDM)), is the
most widely used printing technology. In this case, the raw material is mostly edible. In a
significant number of cases, classic materials have to be reworked, made denser or softer, i.e.
printable. In practice, this means mixing 3D-printed purees with a certain number of thickening
additives. It should be for example include meat slices mixed with gelatin and the use of pectin
in fruit-based snacks (Derossi et al., 2018), (C. Liu et al., 2018). Another example is Mashed
potatoes are made from potato flakes containing gelatinised starch, which is known to be an
ideal raw material for the production of finished products due to its low post-processing
requirements (Z. Liu et al., 2018). Important to know there are many vegetables such as corn,
carrots, peas and turnips that can also be 3D printed, as they are relatively easy to produce and
inexpensive food colours.
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Figure 4. Example for 3D Printing Applications in Food.

Next to the raw materials the usage is also important. There are many areas where this
technology is more accurate, faster, more predictable and more standardizable than the
traditional way. In the case of confectionery, for example, using a cake decorating robot, we
can make the layer-by-layer production of a cake (Wolf, 2019). We can repeat this process again
and again as often as we want. Other uses may include direct preparation of desserts, pasta and
pizzas (Z. Liu et al., 2017).

In certain diseases and special cases, this technology can be particularly useful. One example
is the people who live with dysphagia and the other is when a person needs special diet.
Dysphagia is a disease where the patient has difficulty in swallowing and therefore unable to
swallow solid food. In this case, only pulp food is an option. In the disease mentioned earlier,
not only can you get pulp and free-formed food, but this technology also helps you to formulate
a diet. This can be achieved by manipulating (even automating) the exact nutritional ingredients
before printing. Vegetables are an important part of a balanced diet and, as we have read before,
many vegetables can easily be used as a raw material. We can enhance the visual appeal of the
dish by shaping and colouring the food so that the dining experience is not or only minimally
compromised (Pant et al., 2021).

Of course, there are also disadvantages of the technology, which are important to mention,
such as the large space requirements, the need for cleaning and maintenance of equipment. All
in all, there have been useful developments in this area and there are also advances in the field
of operation, so we can expect this technology to become widespread in the near future.

3.4. Printing from agricultural waste

Printing in 3D from agricultural waste is indeed an exciting and emerging area of research.
While these materials are originally unsuitable for technical use due to their properties and
perishability, food and agricultural products generate a significant amount of waste globally.
Food wastage is a serious issue, and from a recycling and waste reduction perspective,
agricultural waste represents a potential resource (Yu and Wong, 2023).

3D printing allows the transformation of these wastes into useful and recyclable products,
such as agricultural tools, packaging materials, or even construction materials. This way,
recycling food waste can contribute to sustainable development and environmental protection
while creating economic value. Furthermore, such technologies can aid in more efficient
resource utilization and waste reduction in agriculture.

Drying and grinding have provided a solution to the problem of poor condition and
perishability. After mixing with known plastics such as PLA, these processes result in
composites that can be used in 3D printing. Numerous experiments have been conducted using
various plant waste materials. The most commonly used composite materials from plant sources
include rice husks, coffee grounds, sugarcane bagasse, walnut shells, eggshells, and fruit peels.
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Other intriguing experiments have involved PLA combined with buckwheat husks or even PLA
reinforced with shrimp shells. In most cases, the aim is to enhance the static properties of
traditional plastics. However, the combination of powdered banana peels and guar gum, for
example, could be an excellent choice for packaging materials (Shepherd and McKay, 2021).

It’s essential to examine how the finished composite is processed because it significantly
impacts the strength of the final product. For instance, Fused Deposition Modelling (FDM) has
been shown to create the strongest and most durable structures when working with these
composites (Yu and Wong, 2023).

4. Conclusion

3D printing is now a widespread technology with many applications. This review article looks
mainly at the agricultural applications of this technology. Due to the technological capabilities,
a wide range of parts/devices with specific dimensions and solutions can be produced with this
solution. As a result of it, time and money can be saved. In addition to the efficient application
options, the sustainability options are also an important advantage of this technology. One
example is the use of agricultural waste as raw material. Another advantage is that it improves
the possibilities for maintenance, repair and further development. The article clearly shows that
3D printing is already being used successfully in a number of areas in the context of agriculture
and is expected to become more widespread in the future.

Acknowledgemant

This work has been implemented by the TKP2021-NKTA-21 project with the support provided
by the Ministry of Culture and Innovation of Hungary from the National Research,
Development and Innovation Fund, financed under the 2021 Thematic Excellence Programme
funding scheme.

We acknowledge funding by the National Multidisciplinary Laboratory for Climate Change,
RRF-2.3.1-21-2022-00014 project.

References

3Dponics. 2023. 3d printing + hydroponics. Retrieved October 10, 2023, from
https://www.3dponics.com/

Jan Lloyd B. Crisostomol, John Ryan C. Dizon. 2021. 3D Printing Applications in Agriculture,
Food Processing, and Environmental Protection and Monitoring. Advance Sustainable
Science, Engineering and Technology (ASSET). 3 (2) 0210201-01-0210201-10.
https://doi.org/10.26877/asset.v3i2.9627

Advincula, R. C., Dizon, J. R. C., Chen, Q., Niu, L., Chung, J., Kilpatrick, L., & Newman, R.
2020. Additive manufacturing for covid-19: Devices, materials, prospects, and challenges.
MRS Communications. 10 413—-427. https://doi.org/10.1557/mrc.2020.57

Al-Dulimi, Z., Wallis, M., Tan, D. K., Maniruzzaman, M., & Nokhodchi, A. 2021. 3D printing
technology as innovative solutions for biomedical applications. Drug Discovery Today. 26
(2) 360-383. https://doi.org/10.1016/j.drudis.2020.11.013

Carolo, L., & Haines, J. 2020. All3dp: 3d printed house: 20 most important projects. Retrieved
June 26, 2023, from https://all3dp.com/2/3d-printed-house-3d-printed-building/

52


https://www.3dponics.com/
https://doi.org/10.26877/asset.v3i2.9627
https://doi.org/10.1557/mrc.2020.57
https://doi.org/10.1016/j.drudis.2020.11.013
https://all3dp.com/2/3d-printed-house-3d-printed-building/

Georgikon for Agriculture 27 (2) 2023

Company, S. P. (2017). What materials are used for 3d printing? Retrieved October 3, 2023,
from https://www.sharrettsplating.com/blog/materials-used-3dprinting/

Derossi, A., Caporizzi, R., Azzollini, D., & Severini, C. 2018. Application of 3d printing for
customized food. a case on the development of a fruit-based snack for children. Journal of
Food Engineering. 220 65-75. https://doi.org/10.1016/].jfoodeng.2017.05.015

Diego, J. R. R., Martinez, D. W. C., Robles, G. S., & Dizon, J. R. C. 2021. Development of
smartphone-controlled hand and arm exoskeleton for persons with one-arm disability
(schax). Open Engineering. 11 (1) 161-170. https://doi.org/10.1515/eng-2021-0016

Dizon, J. R. C., Gache, C. C. L., Cascolan, H. M. S., Cancino, L. T., & Advincula, R. C. 2021.
Post-processing of  3d-printed  polymers. Technologies. 9 3) 61.
https://doi.org/10.3390/technologies903006 1

Dizon, J. R. C., Valino, A. D., Souza, L. R., Espera, A. H., Chen, Q., & Advincula, R. C. 2019.
3d-printed molds and materials for injection molding and rapid tooling applications. MRS
Communications Prospectives Journal. 9 1267-1283. https://doi.org/10.1557/mrc.2019.147

Dizon, J. R. C., Espera Jr, A. H.,, Chen, Q., & Advincula, R. C. 2018. Mechanical
characterization of 3d-printed polymers. Additive manufacturing. 20 44-67.
https://doi.org/10.1016/j.addma.2017.12.002

Dizon, J. R. C., Valino, A. D., Souza, L. R., H, E. A., Chen, Q., & Advincula, R. C. 2020. 3d
printed injection molds using various 3d printing technologies. Materials Science Forum.
1005, 150-156. https://doi.org/10.4028/www.scientific.net/MSF.1005.150

Dong, Y., Fan, S. Q., Shen, Y., Yang, J. X., Yan, P., Chen, Y. P, Li, J., Guo, J. S., Duan, X. M.,
Fang, F., & Liu, s. Y. 2015. A novel bio-carrier fabricated using 3d printing technique for
wastewater treatment. Scientific Reports. 5 12400. https://doi.org/10.1038/srep12400

Espera, A. H., Dizon, J. R. C., Chen, Q., & Advincula, R. C. 2019. 3d-printing and advanced
manufacturing for electronics. Progress in Additive Manufacturing. 4 245-267.
https://doi.org/10.1007/s40964-019-00077-7

Garuda3D. 2023. 3d printing in agriculture. Retrieved October 10, 2023, from
https://garuda3d.com/3d-printing-in-agriculture

Halterman, T. E. 2023. 3d printing helpds test crop seeding system. Retrieved October 10, 2023,
from https://3dprint.com/48469/3d-printing-groundbreaking/

L.materialise. 2021. Metals 3d printing. Retrieved October 3, 2023, from
https://i.materialise.com/en/3d-printing-materials/metals#preciousMetals

Liu, C., Ho, C., & Wang, J. 2018. The development of 3d food printer for printing fibrous meat
materials. IOP Conference Series: Materials Science and Engineering. 284 012019.
https://doi.org/10.1088/1757-899X/284/1/012019

Liu, Z., Bhandari, B., Prakash, S., & Zhang, M. 2018. Creation of internal structure of mashed
potato construct by 3d printing and its textural properties. Food Research International. 111
534-543. https://doi.org/10.1016/j.foodres.2018.05.075

Liu, Z., Zhang, M., Bhandari, B., & Wang, Y. (2017). 3d printing: Printing precision and
application in food sector. Trends in Food Science & Technology. 69 83-94.
https://doi.org/10.1016/1.tifs.2017.08.018

Markforged. 2021. Pla vs abs vs nylon. Retrieved October 3, 2023, from
https://markforged.com/resources/blog/pla-abs-nylon

Martin de Vidales, M. J., Nieto-Marquez, A., Morcuende, D., Atanes, E., Blaya, F., Soriano, E.,
& Fernandez-Martinez, F. 2019. 3d printed floating photocatalysts for wastewater treatment.
Catalysis Today. 328 157—-163. https://doi.org/10.1016/j.cattod.2019.01.074

53


https://www.sharrettsplating.com/blog/materials-used-3dprinting/
https://doi.org/10.1016/j.jfoodeng.2017.05.015
https://doi.org/10.1515/eng-2021-0016
https://doi.org/10.3390/technologies9030061
https://doi.org/10.1557/mrc.2019.147
https://doi.org/10.1016/j.addma.2017.12.002
https://doi.org/10.4028/www.scientific.net/MSF.1005.150
https://doi.org/10.1038/srep12400
https://doi.org/10.1007/s40964-019-00077-7
https://garuda3d.com/3d-printing-in-agriculture
https://3dprint.com/48469/3d-printing-groundbreaking/
https://i.materialise.com/en/3d-printing-materials/metals#preciousMetals
https://doi.org/10.1088/1757-899X/284/1/012019
https://doi.org/10.1016/j.foodres.2018.05.075
https://doi.org/10.1016/j.tifs.2017.08.018
https://markforged.com/resources/blog/pla-abs-nylon
https://doi.org/10.1016/j.cattod.2019.01.074

Georgikon for Agriculture 27 (2) 2023

Mohammed, J. 2016. Applications of 3d printing technologies in oceanography. Methods in
Oceanography. 17 97—117. https://doi.org/10.1016/1.mi0.2016.08.001

Mohammed, M. 1., Wilson, D., Gomez-Kervin, E., Rosson, L., & Long, J. 2019. Ecoprinting:
Investigation of solar powered plastic recycling and additive manufacturing for enhanced
waste management and sustainable manufacturing. 2018 IEEE Conference on Technologies
for Sustainability, SusTech, 1-6. https://doi.org/10.1109/SusTech.2018.8671370

Natives, 3. 2019. The 12 initiatives that combine 3d printing and sustainability. Retrieved
October 3, 2023, from https://www.3dnatives.com/en/3d-printing-sustainability-
220420194/

Pant, A., Lee, A. Y., Karyappa, R., Lee, C. P., An, J., Hashimoto, M., Tan, U.- X., Wong, G.,
Chua, C. K., & Zhang, Y. 2021. 3d food printing of fresh vegetables using food hydrocolloids
for dysphagic patients. Food Hydrocolloids. 114 106546.
https://doi.org/10.1016/j.foodhyd.2020.106546

Pearce, J. M. 2015. Applications of open source 3-d printing on small farms. Organic Farming.
1 19-35. https://doi.org/10.12924/0f2015.01010019

Peels, J. 2017. 3d print: 3d printing in the military. Retrieved February 23, 2017, from
https://3dprint.com/165561/3d-printing-in-the-military/

Podchasov, E. O. 2021a. Design and technological features of 3d-printing usage in agricultural
machines gearings repair. International Journal of Mechanical Engineering and Robotics
Research. 10 32-37. https://doi.org/10.18178/ijmerr.10.1.32-37

Podchasov, E. O. 2021b. Design and technological features of 3d-printing. work, 5, 9.

ProximityDesigns. 2023. Retrieved October 10, 2023, from
https://proximitydesigns.org/service/farm-tech/

P.s, A. 2022. The top applications in food 3d printing. Retrieved October 3, 2023, from
https://www.3dnatives.com/en/food-3d-printing220520184/

Salamone, F., Belussi, L., Danza, L., Ghellere, M., & Meroni, I. 2015. Design and development
of nemos, an all-in-one, low-cost, web-connected and 3d-printed device for environmental
analysis. Sensors. 15 (6), 13012—13027. https://doi.org/10.3390/s150613012

Shepherd, J., & McKay, R. 2021. Alternative possibilities on some issues of mass transportation
systems. International Journal of Science and Technology. 11 558-563.

Tijing, L. D., Dizon, J. R. C., & Cruz, G. G. 2021. 3d-printed absorbers for solar-driven
interfacial water evaporation: A mini-review. Advance Sustainable Science, Engineering,
and Technology. 3 (1) 0210103-1-0210103-9. https://doi.org/10.26877/asset.v3i1.8367

Tijing, L. D., Dizon, J. R. C., Ibrahim, 1., Nisay, A. R. N., Shon, H. K., & Advincula, R. C.
2020. 3d printing for membrane separation, desalination and water treatment. Applied
Materials Today. 18 100486. https://doi.org/10.1016/j.apmt.2019.100486

Valino, A. D., Dizon, J. R. C., Espera, A. H., Chen, Q., Messman, J., & Advincula, R. C. 2019.
Advances in 3d printing of thermoplastic polymer composites and nanocomposites. Progress
in Polymer Science. 98 101162. https://doi.org/10.1016/j.progpolymsci.2019.101162

Wolf, M. 2019. 3d food printing startup beehex debuts a cake decorating robot. Retrieved
October 3, 2023, from https://thespoon.tech/beehex-ships-hi-volume-cookie-
cakedecorating-robot/

Wong, J. Y. 2016. 3d printing applications for space missions. Aerospace Medicine and Human
Performance. 87 580-582. https://doi.org/10.3357/AMHP.4633.2016

Yu, I. K. M., & Wong, K. -H. 2023. Food waste-derived 3d printable materials: A carbon neutral
solution to global foodloss. Trends in Food Science and Technology. 137 156-166.
https://doi.org/10.1016/.tifs.2023.05.014

54


https://doi.org/10.1016/j.mio.2016.08.001
https://doi.org/10.1109/SusTech.2018.8671370
https://www.3dnatives.com/en/3d-printing-sustainability-220420194/
https://www.3dnatives.com/en/3d-printing-sustainability-220420194/
https://doi.org/10.1016/j.foodhyd.2020.106546
https://doi.org/10.12924/of2015.01010019
https://3dprint.com/165561/3d-printing-in-the-military/
https://doi.org/10.18178/ijmerr.10.1.32-37
https://proximitydesigns.org/service/farm-tech/
https://www.3dnatives.com/en/food-3d-printing220520184/
https://doi.org/10.3390/s150613012
https://doi.org/10.26877/asset.v3i1.8367
https://doi.org/10.1016/j.apmt.2019.100486
https://doi.org/10.1016/j.progpolymsci.2019.101162
https://thespoon.tech/beehex-ships-hi-volume-cookie-cakedecorating-robot/
https://thespoon.tech/beehex-ships-hi-volume-cookie-cakedecorating-robot/
https://doi.org/10.3357/AMHP.4633.2016
https://doi.org/10.1016/j.tifs.2023.05.014

