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Abstract— The food sector is one of the most relevant at
global level and nowadays it faces new challenges coming from
the emerging trends of personalized nutrition, food
customization and by the growing number of people with food
allergies and intolerances. Additive Food Manufacturing
(AFM), a new technology having a considerable growth of
interest in the last years by researchers and food experts, seems
to be a promising solution to address those issues. Nowadays the
academic studies on 3D food printing, another popular name of
AFM, are still under development and they are focalized on
technological and technical elements of the production process.
The studies leave outside in most cases practical implications
that the adoption of the technology will have from an economic,
social or sustainability perspective. This paper has the objective
of develop an economic model to evaluate the introduction of the
additive manufacturing technology in the food market. More in
detail the model describes possible changes due to the adoption
of 3D food printing in relation to small food business, like
restaurants and confectionery. The study is focalized on the
economic aspect, analyzing also effect and changes that the new
technology will have along the supply chain.

Keywords—3D food printing; Additive Food Manufacturing;
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I. INTRODUCTION

This paper aim is to study Additive Food Manufacturing
(AFM), most commonly known as 3D food printing, possible
applications in a real world business context. Its main
objective is presenting a model for the evaluation of the
introduction of 3D printing technology in the food sector; this
model wants to be a roadmap to help firms and practitioners
to effectively drive the implementation process. The purpose
of the model is to investigate how the possible adoption of
3D food printing will change the landscape of the food sector,
studying the effect of the technology not only on the firms
that directly adopt it, but also on the players upstream and
downstream in the supply chain. The analysis of the business
context shows three possible scenarios of application: home
users, small-batch production and industrial scale production
[13][15]. At the current status, anyway, the small batch
production, meaning B2C companies, like restaurants,
bakeries and similar activities, seems to be the most
promising one for the adoption of the technology. In the
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following section the paper discusses how the study was
performed, the main findings and the possible future steps of
the research. The first section of the paper gives an overview
about the scientific literature existing at the moment on the
3D food printing topic, its actual direction, and analyzes the
possible gaps and lacks in the stream of studies. The second
section gives an overview about Additive Food
Manufacturing technology and then presents the
methodologies used in the study to develop and validate the
model. The third section presents the main findings of the
study, including a detailed discussion of the model structure,
its purpose and validation. The fourth and last section of the
paper discloses the achieved objectives and the possible
future directions to improve the conducted research.

II. RELATION TO EXISTING THEORIES AND WORK

Additive Manufacturing (AM) also known as “3D printing”
is a term that includes a broad range of manufacturing process
technologies that are emerging to offer the prospect of on-
demand, mass personalization, with more localized, flexible
and sustainable production [1] [6]. One of the big advantages
of AM is the opportunity to produce customized pieces, even
in small quantity, at low price compared to traditional
processes [18][20][21][32]. AM applied to the production of
food can be a solution to effectively address the new trends
arising in the market. This technology is called Additive Food
Manufacturing (AFM) or 3D food printing and it is still under
development [8][14][15][20]. Several production techniques
have been developed during years; the main are extrusion
based process, inkjet printing process and powder binding
deposition [7][18][20]. Extrusion process is the most
promising and developed, because all the research studies use
it as the printing method for the study of process and material
improvement thanks to its advantages: higher degree of
freedom in the design of pieces and a wider array of foods
suitable for the production process [5] [10][12][17][19][22].
The purpose of AFM is not to concentrate manufacturing
processes of products in a single step, but it is associated with
the design of food with new textures and potentially enhanced
nutritional value [7][16][32]. The real potentiality of 3D food
printing is the opportunity to produce 3D customized-

2018 IEEE International Conference on Engineering,
Technology and Innovation (ICE/ITMC)



designed food objects with higher production efficiency and
reducing manufacturing cost for customized food products
fabrication [15][21]. AM in the food sector is carried by the
possibility to design complex structures which are not
possible to design manually by an artisan, and through the use
of 3D food printing to answer specific nutrition-related
problems [21][22]. However, nowadays 3D food printing is
more a novelty linked to small niche market than an industry
changer: restaurant chains and packaged-food big firms seem
unlikely to convert entire production lines to print most of
what customers eat and buy [2][13]. This paper wants to
address the research questions of how AFM will be adopted
in real world application and the effects that it will have on
the context in which it will be implemented. The analysis of
the existing scientific literature about the state of the art of
the academic research on 3D food printing shows that the
basics of the technology, its functioning and the different
production processes are well known and discussed in
literature [7][18][20]. In 2014/2015 the research studies were
mainly on two topics: the possible advantages in the
implementation of this technology, issues and field of
application with future direction and the study of material
properties and process parameters needed to optimize the
printing process. However, in 2016/2017 the research studies
leave the first theme of discussion to focus on the second
topic: the optimization of the process [4][11][12]. This new
interest seems to be related to the need of improving the
general performances of speed, reliability and final products
quality and enlarges the range of materials suitable for 3D
food printing [22]. This review of existing literature shows
the lack of studies on the possible business implementation
of 3D food printing and its evaluation in the food industry
from economic, social, and environmental point of view. The
food industry, worth $5 trillion represent 10 percent of global
consumer spending, 40 percent of employment, and 30
percent of greenhouse-gas emissions[25]. Due to its
economic relevance, understanding the effects, that AFM
will have on it, will help to foresee future direction of
development and possible economic impacts. Some of the
biggest trends that is expected to influence the sector in the
future are related to customization on individual preferences
or on individual needs [20][21]. The first is related to the
offer of new foods to customers and the real challenge of this
trend is to create individual personalized foods, in terms of
shape, color, flavor and, generally, of all the element that
compose the eating experience [20]. The second is related to
personalized nutrition, so adapt the nutritional values of foods
to individual needs [14]. In the last few years nutritional
experts have criticized the traditional approach [24][25] to
nutritional advice, as it fails to consider individual’s
surroundings, habits, and DNA, along with many other
complex contributing factors there is the need to find new
method to address this issue. Companies are starting to offer
personalization services, and also some big player in the food
industry are experimenting into this space. One of the biggest
problem to satisfy these two trends is related to the difficulty
to create personalized products at small batches and with low
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costs with actual mass production process used in the food
sector by big firms. Both trends are pushing the industry
towards solutions that enable the production of customized
products at low volumes with acceptable costs, that will be
translated in affordable prices for final customers. On the
other hand customized and personalized food is the core
business of small batch production companies, such as
confectionery shops, bakeries, restaurants and similar
activities Considering the above scenario, the technology
looks to be more suitable of adoption by those last small
companies, than a mass production industry. In literature, for
instance, it is already available one research study [9] that
analyzes how the adoption of 3D food printing could change
the supply chain of the chocolate sector and the economic
effect of this technological implementation. Anyway, a more
general study on the real-world effect of the implementation
of 3D food printing is still missing and the research presented
in this paper is an attempt to cover that big gap found in
literature.

III. RESEARCH/TECHNOLOGY/INNOVATION APPROACH

The research study has been conducted, as already stated
above, starting from a deep scientific literature analysis of the
state of the art about 3D food printing and the possible
adoption of the technology in real world context. Other than
scientific papers, also additional sources of information have
been used such as web sites, market and positioning reports.
Interviews to researchers, to food players and to members of
3D food printing firms have been performed with the purpose
of collecting info, verifying acquired knowledge and validate
the research results. The “3D Food Printing Conference” in
Venlo on 17" June 2017, has been used as an additional
source of information, subsequently used in the research to
develop the model, and to understand the possible future
dynamics of the market. Here researchers and business
managers were contacted and then subsequently employed as
experts in the validation phase in order to gather as much
information as possible directly from the industry.

The system thinking method has been the chosen
methodology to develop the economic model. This seems to
be a valid solution to the research question as it is an approach
that emphasizes the relationships among the system’s parts
rather than the parts themselves. The systems thinking
assumes that the understanding of a system has to take into
account an analysis of its individual constituents as well as of
their inter-linkages and relationships[2]. In systems thinking,
cause and effect do not always follow a straight line whose
end is set apart from its beginning. Instead, actions can be
circular; their effects fold back to become a cause[3]. Another
relevant feature of systems thinking is that it considers human
actions. British professor Ralph Stacey describes this aspect
[2]: “Systems thinking is a holistic way of thinking that
respects profound interconnectedness and... puts people, with
their different beliefs, purposes, evaluations and conflicts, at
the center of its concerns”. In this case there is a starting
hypothesis that will be the center of the model, and the
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objective was to understand, analyze and represent how this
hypothesis will influence the other elements of the system.
These elements, when modified will affects other parts of the
system, leading at the end to a more or less deep modification
of the whole environment considered.

The current status of the 3Dfood printing market adoption is
at the very beginning, since, as stated above, the AFM
companies are still experimenting on the technology issues
and there are not public market data available. This means it
is not possible to evaluate the model using real and reliable
data and then quantitative methods. The validation of the
model has then been carried out through a qualitative
validation method through sector experts. More in detail,
experts include 3Dprinters companies, small batch
production food companies and food enterprises. A double
check methodology has been used. In a first round, the model
has been submitted to experts. All the feedbacks and
information have been collected and used to improve the
model. When the new draft of the model has been completed,
a second round of validation has been done. The model, in
fact, has been sent back to the same experts to receive
additional feedbacks about further improvement or
correction.

IV. FINDINGS

This section presents the developed model and discusses the
main findings. The model is presented in figure 1.

Fig. 1 The AFM adoption economic model

The economic model, as stated above, has been developed
through the system thinking methodology and shows the
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changes that will arise in the small-batch production field of
the food sector after the adoption of 3D food printing, in order
to help early adopters to have the whole picture scenario
needed to evaluate the adoption of the AFM in their business
The model is composed of three main sections: raw material
suppliers, new skills and printer producers. All the three
sections born from the initial hypothesis of the adoption of
3D food printing in the small batch production sector and
each of them analyzes a different aspect of the activities
performed by small-batch production firms that will be
influenced by 3D food printing adoption. Each section is built
in order to analyze the effect of the adoption not only on the
small-batch production sector but also on the other element
of the supply chain. The three sections are designed also to
understand possible feedbacks effects that will happen after
the adoption of the technology, meaning how the changes
happening to the supply chain will influence the adoption
itself. Here follows the analysis of each section of the model
in more detail.

The first section is the raw material suppliers part, starting
from the analysis of the market for food capsules, as showed
in figure 2. These capsules contain the raw materials, so the
ingredients of food printed products, that will be pre-worked
to have the right set of characteristics to be printed.
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Fig. 2 The row material section of the economic model

These capsules have a higher cost compared to the same kind
of ingredients in their rough form, due to the additional
activities performed on the raw materials. Nowadays, due to
the extremely low number of 3D food printers used around
the world, this market almost doesn’t exists, but it can be
assumed that with the adoption of 3D food printing
technology in the small-batch production food sector the
request for the capsules increase significantly, creating a
market and giving the possibility to study the consequences
on the rest of the supply chain. In this case the focus of the
model is on the changes that the producer of capsules will
face and, on the changes, that traditional supplier of that
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market may face. The analysis considers a generic capsules
and ingredients market, to see how these two elements
influence each other and how they react to the new situation,
without focusing on a specific kind of capsules or ingredients.
The first effect faced by producers of capsules, when the
adoption of 3D printing technology starts and capsule market
born, will be an increase of the demand for their products.
With the increase in demand and the following increase in the
production volumes they could face the rise of economies of
scale that will reduce the production cost of capsules. The
economies of scale could arrive from the adoption of more
advanced manufacturing techniques or machines that enable
the production of higher volume of products at a lower
unitary cost in respect to the ones actually employed. This
will be true in both the cases were capsules producers make
themselves all the capsule or use external suppliers for some
components. With the reduction of the capsules price, 3D
printing technology can start to become an interesting
alternative also in the direction of substituting traditional
production method other than for create new, complex and
customized products, that is currently its greater advantage
and the main reason for its adoption at the beginning. More
the cost of capsules becomes closer to that of the raw
ingredients more this phenomenon will grow, leading to a
higher use of capsules, consequently to an increase of the
demand that creates a positive loop for the capsules market
for all the reasons discussed above. The last point to consider
is about the supply chain of raw materials and the effect that
3D food printing could have on the producers of traditional
ingredients. As the traditional ingredients will be used also in
the creation process of the filling for food capsules here, there
will be two possible alternatives for the supply chain. The two
supply chains proceed in the same way until the point in
which raw materials instead of going directly at small-batch
production firms through wholesale suppliers, could make an
additional step passing from capsule producer companies.
This will introduce the new raw material supplier area into
the supply chain. After the adoption of 3D food printing both
path will remain valid as long traditional ingredients continue
to be used in activities of small-batch production firms, but
considering a longer period of time the possible evolution of
the employment and adoption of the technology could led to
different effects on traditional ingredient producers. From the
supplier’s side, at a first sight, the increase in demand for raw
materials for capsules will result in an increase of profit.
Actually this can be a misleading conclusion, because to
determine the real impact of the adoption of 3D food printing
on that variable, several aspects have to be taken into account.
First, the adoption of the new technology and the following
increase in the use of capsules may lead to a decrease in the
use and so in the demand for traditional ingredients. Since the
producers and suppliers of raw materials are the same in both
cases of capsules and traditional ingredients they may
experience both an increase of demand coming from the
capsule market and at the same time a decrease of demand
coming from the old market of traditional ingredients.
Nowadays, it is difficult to foresee the value of these changes
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in demand and the effect that their balancing has on the
overall demand for the raw material market.

The second aspect to discuss about the model is related to
new skills required by small batch production firms after the
adoption of the technology. This part of the model is reported
in figure 3.
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Fig. 3 The skills section of the economic model

Although 3D printers are easy to use and with a short training
and some trials people are able to use them without problem
as a basic tool, they require some specific knowledge to
exploit their full potentiality. This knowledge is of two main
type: computer aided design (CAD) knowledge and food
characteristics knowledge. CAD knowledge is fundamental
to create the 3D models of the objects, that transferred to the
printers are the starting point for the production process. Food
characteristics don’t refer only to the knowledge and ability
to create possible combination of ingredients and the way to
treat them to have good taste, consistencies and in general
required properties for the eating experience of customers.
They include also knowledge of the material properties that
may influence the printing process and that need to be taken
into account when a new piece will be designed to assure its
feasibility, stability and safety. In addition, specific skills are
needed to create optimized capsules, and this increase the
difficulty for firms to develop the fills on their own. In the
small-batch production sector there is a big lack of the two
kinds of knowledge just discussed. Regarding food
characteristics, small-batch production firms already have
some knowledge on foods and ingredients and have
capabilities to manage them in a proper way. This can help
the process, but is not enough to be able to use 3D food
printers appropriately. For CAD knowledge the actual
situation is even worse, because nowadays these skills are
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completely absent in small-batch production firms, but can
be easily developed in the future. The first solution for small-
batch production firms to solve the skills problem and cover
the gap is to call on practitioners that already possess these
kinds of knowledge. On the market nowadays, CAD skills are
common, and firms will easily find a CAD designer for their
needs. From now on we call food experts the food
technologists that possess specific knowledge on food
characteristics that are needed and that are not common and
even less easily find on the labor market. These experts in
most of the cases are researchers that work in universities or
similar institutes and for small companies can be difficult to
reach them and ask for consultancy or to try to hire them. As
at the beginning of the adoption process this is the only way
to find the kinds of expertise needed to exploit all the
opportunity offered by the new technology. Considering a
longer period of time firm may start to think about the
possibility to internally develop these skills. At the end the
need for these professional roles, completely new for the
sector will be translated in new employment opportunities.

The third part of the model is about the new business
opportunity enabled by the technology, as shown in figure 4.
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Fig. 4 The technological section of the economic model
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The adoption of 3D printing in small-batch production food
sector gives the opportunity to firms to create new type of
offers with higher values for final customers. The increase in
the offer’s value will come mainly from the new
customization opportunities that the technology enables.
Nowadays the creation of food and dishes with strange or
personalized shape requires a lot of expertise, time and
manual labor making it very costly and difficult to obtain, and
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not all the companies offer such services. With 3D food
printing every firm will be able to offer a high level of
customization possibility to its clients, at a reduced cost
compared to actual situation. At the end all these factors will
impact on the profit of firms. These impacts may regard costs,
savings and new possibilities of profit. Here comes the
opportunity for the producers of 3D food printers. The market
for 3D food printers is currently small and it is still in
development phase. The players are showcasing their
products and they expect to commercialize them in the
market soon. Despite the attempt made by these companies
to spread knowledge and information and to advertise people
and firms about 3D food printing, the majority of food
organization and general people are still unconscious about
the existence of the technology. This can be caused by the
novelty, that makes difficult to reach the larger part of the
audience, but also from some mistakes or wrong choice that
printer producers make in the way they publicize their
products. Under the initial hypothesis of the adoption of 3D
food printing it is possible to expect that these issues will be
overcome and that the demand and so the market for 3D food
printers will start to grow. With this growth of the market, the
interest for this new technology will start to grow as well. In
the scientific community there are already a lot of
expectations around this technology and the interest of
researchers and scholars is high. The growth of the market
and the adoption of 3D food printing by business firms may
also increase the interest in the technology by firms that
operate in the food sector. They might start to check the
technology and its potentiality and the advantages offered, in
a perspective of a possible adoption. The other element to
consider is that the increase in profits means a higher
financial availability, that can be reinvested in R&D activities
by firms to further innovate. This can increase the research of
scientific community and firms about the 3D printing
technology in the food sector, providing new solutions,
improvements and innovations.

The economic model about the evaluation of AFM, just
discussed, has been validated through interviews and
question to experts in the 3D food printing sector and small-
batch production food sector. For this last category of experts,
different restaurant and confectionery owners have been
contacted. The purpose of interview to those experts was to
get information about the real use that firms in the small-
batch production food field will make of the technology, their
concerns about it and to have a comparison with traditional
production methods currently used. The model has been
submitted to them through e-mails and direct interviews,
explaining the model’s objective, the way in which it was
built with all the assumption, hypothesis and information
used to give a complete picture of the research. After this
explanation phase, it has been asked them if the assumption
and hypothesis are correct, as they are the basics of the model
and have impact on all the following pieces of the analyses.
The most critical hypothesis is the one related to the need for
firm of using pre-filled capsules instead of creating
themselves the fills, as it influences the part of the model
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related to raw materials. Another critical hypothesis is that
one about the skills required by small batch production food
firms. Both these assumptions were developed according to
the literature review and the participation to the 3D printing
conference in Venlo. The experts’ answers have confirmed
both of those assumptions and it has been possible to proceed
and validate the whole model. The validation has been made
with both categories of experts, technology producers and
small batch production food companies, as each of them can
give different feedbacks and suggestion, according to their
different perspective on the issues addressed in the model.
This has also helped in having the best and complete picture
of the supply chain and of the impacts the hypothesis can
have on it. During these interviews several feedbacks have
been collected on different elements that weren’t previously
considered. Those feedbacks have been subsequently
included in the final version of the model. At the end the
model has been considered correct by all the interviewed
experts, so it can be possible to assess its validity.

V. CONCLUSION

The developed model has been demonstrated to be an
instrument to understand how the small-batch production
food supply chain will be modified by the adoption of 3D
food printing technology. This model can help 3D printer
producers to understand what direction they have to follow to
speed up and improve the adoption of the technology and it
can be used by small-batch production food firms for
understanding how they can effectively use 3D food printing,
both to open new business opportunities and enhance existing
ones. Moreover, the adoption of 3D food printing could affect
significantly the supply chain of ingredients, until the raw
material suppliers and the labor market as small-batch
production firms will require new kinds of expertise. These
findings have been achieved thanks also to the methodology
to which the model was build: System thinking methodology.
This has enabled, in fact, to consider all the possible side-
effects that the adoption of 3D food printing will have on the
different players in the sector and on the different element of
the environment. The drawbacks of this approach is that it is
a qualitative method, so it is not useful to perform deeper
economic analysis that could give a better understanding of
the phenomena. It has not been possible to perform a
quantitative analysis during both the development and the
validation phase of the model also because data on the market
for printers and food capsules are not commercialized yet or
extremely difficult to find. This problem comes from the
extremely small, if not inexistent, market for these kinds of
products that consequently create a lack in information and
data availability. Retrieve data and information on their
demand and production cost is impossible using normal
researching methods. The few technology producers working
in this fields and the few identified end users are not willing
to release them. The reluctance to give outside these sensible
data can derive from the novelty of the market, in which be a
step-ahead of other firms can have a big impact as it gives a

978-1-5386-1469-3/18/$31.00 ©2018 IEEE

lot of advantages in the competition. Starting from this
situation it is possible to affirm that a great improvement
could be the assessment in a quantitative way of the economic
effects of the adoption of 3D food printing, gathering data
about the potential market of 3D food printers to understand
the real extend of the adoption phenomena. Another analysis
can be performed to understand why the technology is so
little known and what actions could be put in place to make
firms aware of its existence. There is also the need to assess
the real use that small batch production food firms will make
of the technology, studying first adoption use cases. Other
relevant points to highlight are 3D food printing social
impacts and sustainability, to fully understand the implication
of its adoption. Talking about the social implications of the
technology, firstly there is the need understand how many
people are aware about the technology and the degree of
acceptance that 3D food printing in general will have. As a
complete new way of produce foods, it will may face some
trouble at the beginning about the safety and healthy aspect
of products [23]. In this direction some studies on what
people think about this technology, their expectations and
concern can be made to assess the readiness of the final
markets for 3D food printers’ products. The other potential
advantage with a potential social impact, also linked with
sustainability refers to the use of alternative ingredients. This
issue is much more relevant in western countries as a lot of
alternative ingredients come from sources considered strange
and usually not edible like insects or seaweeds. Here there is
the need to understand how much these new ingredients will
be accepted by people, and which can be the action to take
for pushing people towards the acceptance of these
ingredients [15]. Another possible direction of study is
related to sustainability, which refers to a wide range of
topics, from the reduction in the consumption of resources to
solving social and environmental problems [16][23]. 3D food
printing theoretically has a lot of potentiality in addressing
sustainability issues, but so far no quantitative study was
performed. Some sustainability topics discussed in literature
are related to new alternative ingredients and the opportunity
to use them to solve the food scarcity problem. New
ingredients like insects and algae have higher nutritional
value and can be produced in high quantity with lower
resources compared to traditional ingredients [22]. 3D food
printing is highlighted as a possible solution to obtain food
products attractive from the point of view of their look but
created starting from these alternative ingredients that in
western countries are usually considered disgusting [5][7].
With the increase in the global population, researchers say
[8][16][21][23] that if we can use these alternative sources
we can be able to satisfy the overall demand for foods,
without further negative effect on the environment. Study in
this direction can be made assessing the real savings enabled
by the use of these resources and possible drawbacks. At the
end a further development of the study can be the creation of
two other models, studying changes that will arise in small-
batch production sector also from a social and from a
sustainability point of view.
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