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From seed to profit: a
comparative economic study of
two ltalian vertical farms

Alessandro Sebastian Amici, Diego Appicciutoli,
Deborah Bentivoglio*, Giacomo Staffolani, Giulia Chiaraluce,
Mattia Mogetta and Adele Finco

Department of Agricultural, Food and Environmental Sciences (D3A), Universita Politecnica delle
Marche (UNIVPM), Ancona, Italy

Objective: This paper assesses the economic profitability of vertical farms
producing microgreens. The study aims to estimate the financial sustainability
of this class of farming systems, by classifying the most impacting costs for this
sector, and if they are suitable in the Italian territory.

Methods: The study is performed by comparing key performance indicators
of two vertical farms in the North of Italy. Data was obtained through semi
structured interviews. Key factors considered included variable costs such as
energy consumption, raw materials and labor cost, and fixed costs such as
amortization and initial investment. The adopted indicators were the operational
margin and the cost revenue ratio.

Results and discussion: Findings indicate that, under current conditions in
Italy, microgreens vertical farming systems are economically profitable. From
the results, it emerges that the real energy consumption is not an impacting
factor as stated in literature, along with the important water efficiency of the
systems and the capability to digitalize the workflow, supporting the need for
technical experts to manage efficiently all procedures. The economic outcome
shows a positive operational margin for both companies. The low-cost revenue
ratio confirms the financial feasibility of the systems. The framework provides
valuable guidance for future research and investment strategies, emphasizing
the importance of fundings for agronomic strategies suited to combine
profitability and sustainability.

KEYWORDS

soilless agriculture, hydroponic, sustainability, economic profitability, microgreens,
cost analysis, Italy

1 Introduction

As a consequence of urban population growth, the need for more sustainable and healthy
food has never been more urgent (Salisu et al., 2024). The agricultural sector should find a way
to feed an ever-growing world that faces global challenges, like natural resource scarcity (i.e.,
agricultural area and water) and climate change. To do so, innovative technologies are
becoming essential to develop efficient and sustainable solutions (Hajyzadeh and Egi, 2023).
Among different alternatives, soilless farming, also called vertical farming or controlled
environment agriculture (CEA) has recently garnered attention as a good approach to ensure
food for everyone (Benke and Tomkins, 2017). These systems refer to the cultivation of
vegetables without traditional soil as a rooting medium (Putra and Yuliando, 2015; Appicciutoli
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etal,, 2025). Hydroponics delivers nutrients via a water-based solution
(Swain et al., 2021; Tkrang et al., 2022), aeroponics relies on nutrient
mist sprayed directly onto roots without a growing medium (Lakhiar
etal, 2018; Kumari and Kumar, 2019), while aquaponics integrates
plant cultivation with aquatic species, reducing the need for chemical
fertilizers through symbiosis (Goddek et al., 2015; Ibrahim et al.,
2023). Vertical farming applies these techniques within vertically
oriented structures, optimizing space and resource efficiency
(Appicciutoli et al., 2025). These systems offer several significant
advantages, including optimized water usage, minimal or no pesticide
application, and higher yields. However, it is important to note that
vertical agricultural technologies have still limited application in
agriculture, but at the urban level, they have qualified as a means for
urban farming (Despommier, 2013; Bhargaw and Chauhan, 2020). Tt
is worth noting that worldwide, 800 million people are involved in
urban and peri-urban agriculture (Food and Agriculture Organization,
2022). As urban populations grow and rural-to-urban migration
increases, urban agriculture will gain recognition for its benefits and
services (Orsini et al,, 2013). In this context, the revitalization of
peripheral areas and the repurpose of abandoned industrial buildings
present valuable opportunities for expanding vertical farming. These
spaces, often overlooked, can be transformed into productive
agricultural hubs, helping to address the growing demand for food
while reducing urban brownfield (Boganini and Casazza, 2016; Zhang
etal., 2021).

Although vertical farms are frequently acknowledged for their
efficiency and sustainability, they also present significant obstacles as
identified in the literature (Srivani and Manjula, 2019; Bihari et al.,
2023; Martinez, 2024; Kumar and Verma, 2024; Sharma et al., 2024).

The main disadvantages of vertical systems are:

i High level of technical expertise: operators need specialized
knowledge to manage systems and maintain optimal conditions
for plant growth.

=

ii High initial investment: setting up vertical systems is expensive

due to the need for equipment, infrastructure, and technology.

=

iii Complex monitoring requirements: factors such as pH,
electrical conductivity, and nutrient concentration must
be closely monitored and adjusted regularly in accordance with
the vegetable species.

iv Energy dependency: vertical systems entirely need electricity

for lighting, pumps, and climate control.

However, while research efforts have explored those technical and
agronomic aspects, studies on its economic implications remain scarce
and recently investigated.

Banerjee and Adenaeuer (2014) aimed to construct a profitable
vertical farm and investigate its economic feasibility. Avgoustaki and
Xydis (2020) compare traditional farming with greenhouses and
indoor vertical farming, focusing on the challenges and opportunities
for each category. Most recently, the work of Souza et al. (2023) builds
upon these studies by focusing on small rural properties in southern
Brazil and conducting an economic analysis of lettuce production,
advancing the research in this field. According to a sensitivity analysis
and Monte Carlo simulation, the paper shows that even when
exposed to risk and uncertainty, the hydroponic project proposed
remains attractive and economically feasible. The study also
highlights the potential for financing through funds from the
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National Program for Strengthening Family Agriculture. This
program provides access to funding options such as subsidized loans,
grants, and rural credit at favorable interest rates for Brazilian
family farms.

A different approach is taken in the paper by Michalis et al.
(2023), which explores the feasibility of hydroponic tomato
greenhouse farms situated in Greece. The work demonstrates that,
despite the high implementation and operational costs, the
investment proves beneficial under the current market circumstances
and prices, in accordance with three hypothetical scenarios. The
three situations explored variable costs and pricing changes for
hydroponic tomatoes. Scenario 1 featured a 100% increase in variable
costs and a 10% rise in producer prices. Scenario 2 involved an 80%
increase in variable costs with a 40% state subsidy for installation
costs, based on Greece’s Rural Development Program. Scenario 3
combined an 80% rise in variable costs, a 20% increase in installation
costs, and a 5% increase in producer prices. Another model is
explored by Mishra et al. (2024), through a comparison between
hydroponic and conventional farms in India. The study analyzed
initial set-up costs, operating costs and yields of real farms. Apart
from the higher initial investment for hydroponic compared to
traditional farming, hydroponics has lower annual operating costs
because of reduced labor and water requirements. Additionally,
hydroponic systems demonstrate higher yields for crops such as
tomatoes (15kg/m?) and lettuce (30kg/m?) compared to
conventional farming. While the first two papers explore hypothetical
scenarios, this is the only paper that evaluates economic profitability
of soilless systems in real farms.

The findings from previous studies reveal significant gaps in the
existing literature, particularly concerning the economic profitability
of soilless agriculture. The insufficient focus on this component is a
critical issue required to transcend theoretical assumptions and
evaluate the actual performance of real-world farms. Therefore, the
objective of this study is to deliver a thorough empirical evaluation of
the profitability of hydroponic production, utilizing data gathered
from semi-structured interviews in two Italian case studies and
considering both variable and fixed costs to establish Key Performance
Indicators (KPIs) for assessing the economic viability of this
innovative systems.

Among other countries, Italy is one of the most active in
microgreens research, a field that is emerging and rapidly growing
(Ferreira et al., 2024). Europe’s vertical farming market is projected to
grow at an annual average rate of 22% over the next 5 years, reaching
approximately $5.11 billion by 2029 (Vgreens, 2025). Given that cost
remains a primary challenge, this research represents a significant
advancement in the field. It provides critical insights for the scientific
community, fosters greater interest in vertical agriculture, and offers
essential guidance for policymakers and farmers to make informed
decisions. This study is not merely theoretical; it presents real data,
underscoring its relevance in the broader context of the ongoing
green transformation.

2 Materials and methods

In this section, the selected case study selection and data collection
(Section 2.1), case study description (Section 2.2) and the data analysis
(Section 2.3) will be described.
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2.1 Case selection and data collection

Figure | provides a summary of the research framework, including
sampling acquiring, theoretical sampling, data collection, case
construction and data analysis.

This study is based on Yin’s case study methodology. This
methodology provides a structured framework for investigating
contemporary phenomena within real-life contexts, making it
particularly suitable for analyzing complex, context-dependent issues
like the economic profitability of vertical farming. The sample
selection aligns with this approach, as it focuses on a current issue
defined by a small number of early adopters of vertical farming (Vin,
2018). The current issue is defining the economic profitability of
vertical farming systems in Italy. In this context, a quantitative analysis
alone would not be sufficient. The case study method is the most
appropriate because the issue is context-dependent and requires
detailed exploration of specific real-world cases to capture the
complexities and challenges unique to each farm. The applied
methodology encompasses the adoption of semi-structured
interviews. A semi-structured interview is a qualitative research
method that combines predefined questions with open-ended
discussions. Semi-structured interviews fit perfectly for these cases, as
they allow for flexibility in exploring the perspectives of farm operators
while ensuring that key topics relevant to the research are covered.
Additionally, this method enabled the acquisition of a wide variety of
data covering several soilless systems, without being restricted to a
single technology (e.g., not only hydroponics or aquaponics, but other
systems and their adaptation to the farm) (Kallio et al., 2016).

Since the aim of this study is to evaluate the economic profitability
of vertical farms in Italy, it is important to find businesses that can
explain their reality. A web search for any vegetable producers using

10.3389/fsufs.2025.1584778

soilless technology was done to identify potential candidates for the
sampling acquisition. Thirteen Italian businesses that use soilless
technology were identified based on this. Potential subjects were
contacted via email, with one follow-up email sent a week later if no
response was received. However, only five of the 13 companies agreed
to participate to the analysis (interview response rate: 38%). As stated,
technique used to gather data include semi-structured interviews
based on an ad hoc protocol.

The accuracy of the protocol was ensured by the approval of six
researchers prior to data collection. In detail, the interview protocol was
divided into 9 sections, arranged as follows. The first section explored the
general aspects of the company, and the role of the person interviewed.
Section 2 investigated the adopted technology. The third section explored
the economic profitability of vertical farming through questions about:

o Growth area (including all vertically stacked growth layers).

« Initial investment costs (land, infrastructure, and technology)

« Initial funding (private investors, public funds, etc.)

« Main operational costs (maintenance, insurance, licenses, energy
and water consumption, raw materials, external consulting, and
staff costs)

« Depreciation of vertical systems

« Current annual revenue.

Sections 4 and 5 analyzed the product and financing aspects,
respectively, by investigating:

o Average selling prices of products

« Annual production volume (tray) and total production data
« Product margin

« Initial funding.

""""""""" ottt el oo o ittt ot st bt
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! : - construction ; !
1 1 1 ] 1
1 1 1 ] ]
1 1 1 1 1
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! » ! ! companies ! !
! territory g : e i !
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FIGURE 1
Overview of the four steps of the study, starting from the left: sampling acquiring, sampling and data collection, case studies construction and data
analysis. Own source.
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Section 6 assessed the level of the sales market, while the seventh
section evaluated the general company’s performance. The concluding
sections, 8 and 9, focused on sustainability and environmental impact
and the corporate legal framework.

The interviews were conducted in October 2024 and lasted
between 65 and 158 min. Four farms had in-person interviews, and
one company used video communication software (Google Meet).
Each interviewee provided the informed consent form. To preserve all
the subjects’ information, interviews were transcribed verbatim.
Transcripts were subsequently subjected to further analysis to build
the case study in alignment with the research objectives. Starting from
a transcribed sample of five companies (n = 5), and following the
methodology proposed by Flick (2015), the final sample included two
farms (n = 2) that were suitable for the analysis since they provided
viable economic indicators. According to this author, this phase of the
analysis pathway is the case construction, which refers to the process
of selecting, defining, and structuring the cases to be studied in
qualitative research. It involves choosing cases based on theoretical
assumptions or empirical observations to ensure they align with the
research objectives. In this study, the selected companies were chosen
for their comparability, as both produce the same vegetable
(microgreens) using the same vertical farming technology
(hydroponic), making them suited to answer the research question.

Microgreens have become one of the most widely adopted crops
in vertical farming due to the ease of their cultivation using hydroponic
systems (Zhang et al., 2021). Despite their growing popularity, it is
important to note that, to date, limited research on the economic
feasibility of microgreens as a vertically produced vegetable is present.

2.2 Case study description

To clarify the case study and ensure complete comprehension of
these new products, it is important to provide further details about
microgreens. Microgreens can be defined as immature edible greens,

10.3389/fsufs.2025.1584778

characterized by their peculiar texture and their intense flavor (Singh
et al, 2024). Depending on the species, microgreens are generally
collected from 7 to 21 days after germination. The edible part
comprises stem and cotyledons, usually harvested when they are 5 to
10 cm long.

The term “microgreens” is not properly scientific, it is used for
marketing purposes (Wojdylo et al, 2020). They should not
be confused with similar products such as sprouts or baby greens that
have different characteristics (D'Imperio et al., 2016; Ansah et al,
2018; Peng and Simko, 2023; Rouphael et al,, 2021; Ebert, 2022). A
detailed classification of microgreens and other products is illustrated
in Figure 2.

Common varieties of microgreens include amaranth, mustard,
parsley, radish, cabbage, celery, chard, chervil, coriander, cress, fennel,
kale, rocket, beetroot, basil and sorrel. Sometimes cereals such as rice,
oats, wheat, maize and barley are also cultivated, as well as legumes
such as chickpeas, beans and lentils (Puente et al., 2024). Microgreens
are rich in bioactive compounds, especially secondary metabolites or
phytochemicals, providing antioxidants, anti-inflammatory, and
potential anticancer benefits, making them a valuable dietary addition
(Galieni et al.,, 2020). Due to their numerous advantageous attributes,
microgreens are increasingly integrated into the current market.

They are usually cultivated in small enterprises due to the fact they
do not need high-tech equipment. This shows how possible it is to
grow these crops in small spaces using vertical farming technology.
Other articles have already explored the possibility of growing
microgreens in small places like containers or garages in cities
(Michelon et al,, 2019; Astapova et al., 2021). Thanks to this spatial
flexibility, microgreens are often sold close to where they are produced,
creating sustainable short supply chains. The potential of distributing
goods in a short supply chain is associated with reduced distance to
distribution, less quality losses during handling and transportation,
and closer manufacturing to the target market (Puente et al., 2024).
Microgreens’ segment corresponds mainly to high-cuisine restaurants.
However, in developed countries, the population is willing to pay a

A

Typology Sprouts Microgreens Baby Greens Mature counterparts
i) 5 NYRRX T
vy (" % g
Growing duration 3-7 days 7 to 21 days 20-30 days 28 to 84 days

Harvesting stage

e

Germination stage,
harvested as seedlings
medium

Cotyledon leaves,
harvested above growing

Young leaves, harvested
as young leaves

Fully developed,
harvested as mature
stage

Plants part used

(@

Germinated seeds

Leaves and stems

Leaves and stems Full mature parts

FIGURE 2

each category. Own elaboration adapted from Gunijal et al. (2024).

Sprouts-microgreens-baby greens and mature counterparts’ classification. Days of growing, harvesting stage, and vegetative part used are ascribed for
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high price to obtain good quality, local and nutritious products, so the
market segments are expanded to organic supermarkets and local
markets (Yanes-Molina et al., 2019). Considering commercial
distribution, the study of Yanes-Molina et al. (2019) localizes three
distribution pathways represented in Figure 3.

The Italian scenario encompasses only the first two levels,
excluding the presence of microgreens in supermarkets. They are sold
directly from producers to consumers and/or restaurants.

Considering the interest from the scientific community,
United States, Italy and India represent the most active countries on
this subject (Ferreira et al.,, 2024). Driven by their high revenue
potential, among the variety of indoor crops, in United States
microgreens stand out with a recorded profitability of 60% (State of
Indoor Farming Report, 2017). The microgreens market is globally
spread in regions including the United States, Canada, Asia, and
Australia. This growth was driven by increased demand from chefs
and the cosmetics industry. As a result, the market is becoming
increasingly competitive on a global scale (Paraschivu et al., 2021).
Figure 4 represents the microgreens market size by region in 2020.

After this complete overview of the production and microgreens,
the two case studies can be described. The two microgreens’ farms
considered are indicated as M1 and M2 throughout the text.

M1, located in Trentino Alto Adige (northern Italy), specializes in
producing organic-certified sprouts and microgreens using vertical
farming techniques. Their products are distributed through the Ho.Re.
Ca. channels (Hotels, Restaurants, and Catering). With a real
cultivation area of 150 m?, in accordance with the total shelf surface
within the growth chamber, they achieve a production capacity of
300,000 microgreens trays per year. The company employs 8 workers,
with an initial investment of 320,000 € in 2020. Among the two farms
analyzed, M1 is the only company to have received regional funding
to support its operations.

M2 is situated in Veneto, northern Italy, and specializes in
hydroponic microgreens production. This small family-run business
employs 2 workers, and it was born in 2020 with an initial investment
of 300,000 €. Their products are distributed exclusively through the
Ho.Re.Ca. channels. Operating with a real cultivation area of 64 m?,
they produce up to 46,000 microgreens trays annually.

The work presented contains certain peculiarities; thus, a prior
clarification is necessary for the comparison between the two
companies. An initial elucidation should be made regarding the
selling unit. While it is common to use kilograms or individual units

10.3389/fsufs.2025.1584778

for other vegetables products, applying these units to microgreens
may not be a suitable approach. The microgreens analyzed in this
study are sold live with their growing medium, which helps to extend
their shelf life when kept under optimal conditions. The average
dimensions of the trays in which they are sold are similar for both
companies, measuring 13.5 x 7 cm. The edible portion per tray
typically weighs 35 grams (slight variations can occur). Based on this,
the paper will refer to trays (microgreens bowls) as the production
unit throughout the article. This approach allows the comparison
between the two farms. If needed, knowing the grams per tray, it is
possible to calculate economic indicators per kilogram. However, the
choice to express data per tray arises from the need to protect the
privacy of the two farms.

A second aspect that must be highlighted is the nature of
production throughout the year. In traditional farms, production is
generally limited to seasonal cycles. This is not the case with vertical
farming, where plants can grow over an extended-continual period
(Martinez, 2024). With microgreens, production remains constant
throughout the year. Additionally, production is continuous thanks to
the stability of the local demand (microgreens are distributed to the
Ho.Re.Ca. sector locally).

This leads to a third point: due to the continuity of production, the
labor needed for harvesting and other farming operations is also
constant. For this reason, through the paper, labor costs will
be considered as fixed costs rather than variable (as usually intended
in traditional farms).

Moreover, as the growing time is relatively short, usually
microgreens do not need pesticides. Due to the fact neither M1 nor
M2 uses pesticides, they are not part of variable costs. The absence
of pesticides adoption cannot be awarded by the organic
certification; as current regulations require organic crops to
be grown in soil to qualify for the organic label. However, by selling
microgreens as sprouts (<7 days after germination), M1 overcome
regulation boundaries gaining the organic certification for
their microgreens.

A last assumption to be underlined is the strong differences of the
microgreens farms under analysis. If from one side we have strong-
rooted companies with 8 workers such as M1, on the other side M2 is
a small family business that comprises two members and a relatively
small production. These differences were deeply investigated in the
results section using the KPIs. A description summary is represented
in Table 1.

I
I
FIGURE 3

Molina et al. (2019).
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Representation of the three levels of microgreens distribution pathways in accordance with the actor of the food supply chain. Adapted from Yanes-
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FIGURE 4
Global microgreens market—market size by region in 2020. The darkest color represents the highest market relevance, while the lightest represents
the lowest. Source: Paraschivu et al. (2021).

2.3 Data analysis

The economic analysis aims to evaluate the economic profitability
of microgreens produced in Italian vertical farms. According to the
case study construction, the economic analysis attempts to examine
farms profitability by comparing two case studies: farm M1 and farm
M2. Focusing on the economic sphere, collected data concerning the
economic profitability of microgreens refers to 2023 production. This
economic performance was evaluated in accordance with the method
proposed by other similar articles considering fixed and variable costs
and some indexes (Lazo and Gonzabay, 2020; Finco et al., 2021;
Bentivoglio et al., 2022; Staffolani et al., 2024). All production costs
were gathered through in-depth semi-structured interviews. Based on
this data, comparisons were made, and observations were drawn. To
assess the economic performance and profitability of the two farming
models the study categorizes costs into fixed and variable. The first
evaluation focused on variable costs, which include the expenses
incurred annually for cultivation operations in a vertical
farming system.

The fixed costs include labor (salaries and wages), amortization
and structure maintenance, insurance and rental. Amortization costs
refer to partially depreciable goods, the only cost considered in this
case is the amortization of vertical systems. The detail of variable and
fixed costs is listed and descripted in Table 2.

Total cost refers to the sum of all expenses incurred by the two
farms including both variable and fixed costs. Equation 1 shows the
total cost formula:

Total costs = Fixed costs+ Variable costs (1)

To calculate total costs, the annual costs for each category were
initially considered. The annual percentage of variable costs was then
determined by dividing the total annual variable costs by the total
annual costs and multiplying by one hundred. For comparison, the
total annual costs were subsequently converted into per-tray costs.
This approach provides a comprehensive understanding of cost
distribution while maintaining privacy for both farms. The other

Frontiers in Sustainable Food Systems

TABLE 1 Summary of M1 and M2 characteristics.

M1 M2
Implant area 250 m? 80 m’
Real cultivation area* 150 m? 64 m*
Initial investment 320,000 € 300,000 €
Production (trays per year) 300,000 46,000
Distribution channels Ho.Re.Ca. Ho.Re.Ca.
Number of employers 8 2
Organic Certifications Yes No
Regional funding support Yes No

Our elaboration. *Area intended as the sum of the shelves of the growth chambers intended
for the microgreens growing.

factor in this economic sphere is represented by revenues, described
as the total income generated by a business from selling its goods or
services. It is calculated as the price per unit (tray) multiplied by the
quantity sold in 1 year (Equation 2). In this case, trays of microgreens
are sold to the Ho.Re.Ca. sector, which represents businesses in the
food service and hospitality industry.

Revenues = Price per Tray *quantity sold (2)

The difference between revenues and total costs results in a third
important economic component: profit. It represents the financial gain
a business makes after covering all its expenses (Equation 3). If profit
is positive, the business is making money; if negative, it is
incurring a loss.

Profit = Revenues —Total costs 3)
Knowing the initial investment of both farms and their annual net
profit, the payback period can be calculated. The payback period

represents the time required for an investment to generate enough net
profit to recover its initial cost. It is a key financial metric for assessing
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TABLE 2 Representation of variable and fixed costs.

Description of costs

Variable costs

Consumables:
Seeds Cost for microgreens’ seeds
Costs for materials used to support plant
growth, such as rock wool or coconut
Growing medium coir
Costs for trays, containers, labels, and
other materials used for packaging
Packaging materials microgreens

Operating costs:

Logistics Transportation and distribution costs

Cost related to lighting, climate control,

Energy consumption and other electrical needs

Cost of water used for irrigation in the

hydroponic system and for the cleaning

Water consumption procedures
Fixed costs
Labor cost:
Salaries reflect higher responsibility and
Family work expertise

Wages based on expertise in a specific
area, considering also digital technology

Paid employment associated with engineer members.

Amortization:

Gradual allocation of the cost of systems

Vertical systems over its useful life

Structure quotas:

Regular equipment checks, cleaning,

Maintenance and necessary repairs
Insurance expenses for protecting the
Insurance vertical systems
Monthly payments for the use of the
Rental of the buildings building

Costs are listed on the left while a brief description of each cost is on the right. Own source.

the risk and efficiency of an investment, with shorter payback periods
indicating quicker returns and lower financial risk. It is calculated
following the formula (Equation 4):

initial i t t
Payback period _ mihar myvestment merf (4)
annual net profit

All those factors were considered during the assessment of the
economic profitability of the farms. Economic profitability refers to
the ability of a business or investment to generate financial returns
(revenues) that exceed their total economic costs.

Moreover, the economic efficiency of the case studies was
calculated through two KPIs: the operating profit margins and the
cost-revenue ratio. The first indicator is a profitability ratio that

Frontiers in Sustainable Food Systems

10.3389/fsufs.2025.1584778

expresses operating profit as a percentage of total revenue. It indicates
how efficiently a company can generate profit through its core
operations, and is represented by Equation 5:

operating profit

Operating profit margin = (5)

revenue

where the operating profit corresponds to Earnings Before Interest
and Taxes (EBIT). High operating profit margins indicate effective
management of operating costs from a company (Marr, 2012). The
second KPI is a measure of the efficiency that compares company’s
expenses to its earnings (Equation 6):

total cost
Cost revenue ratio =———— (6)

revenue

A lower cost-revenue ratio means that a company can produce
more using fewer resources.

Based on the analyzed data, it was decided to return to the
interviewees after processing the interviews to add any missing
information and allow them to review the content. This approach aims
to prevent misunderstandings and enhance the reliability of the
study’s methodology.

3 Results and discussion

In this section the results of the analysis were discussed. Table 3
provides production costs, total costs, and revenues of the farms
considered in the study.

3.1 Variable costs

Following Table 3 flow, the first impacting variable costs are
consumables. This expenditure includes seeds, growing medium, and
packaging materials. Packaging represents the highest cost for both
M1 and M2. Looking at the same table, those consumables accounts
for the highest cost for both M1 (13%) and M2 (24%). To better
understand the relevance of each variable cost, in Figure 5, the annual
percentage of only variable costs impact is shown.

As shown, for M1, the cost distribution is more balanced, with
packaging materials (36%) and seeds (36%) contributing similarly,
indicating how raw material inputs are significant factors. The growing
medium accounts for 18%, while energy consumption takes only 11%.
Notably, water consumption is 0.14%, suggesting that water is a
negligible cost and is managed very efficiently in hydroponic systems.
Due to this minimal amount, in the order of 0.14% for M1 and 0.38%
for M2, water consumption is not visually represented in Figure 5 for
both farms.

In terms of the total annual percentage of variable costs, M2 shows
a different profile. Packaging materials dominate at 55%, suggesting
that a small farm could have issues accessing packaging materials
suitable for microgreens production at affordable prices. Reflecting on
this, it is important to consider the peculiarity of packaging materials
gained from the semi-structured interview. Microgreens are sold in
their growing trays, which means the materials must be suitable for
prolonged water contact throughout the entire period. Given the size
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TABLE 3 Production costs, total costs and revenues of M1 and M2.

10.3389/fsufs.2025.1584778

Consumables 0.50 € 32% 0.93 € 37%
Seeds 0.20 € 13% 0.15€ 6%
Growing medium 0.10 € 6% 0.18 € 7%
Packaging materials 0.20 € 13% 0.60 € 24%

Variable costs

Operating costs 0.06 € 4% 0.17 € 7%
Logistics 0.00 € 0% 0.09€ 3%
Energy consumption 0.06 € 4% 0.07 € 3%
‘Water consumption 0.00 € 0,05% 0.01€ 0,49%

Labor cost 0.72 € 46% 1.04 € 41%
Family work 0.00 € 0% 1.04 € 41%
Paid employment 0.72 € 46% 0.00 € 0%

Amortization 0.21€ 14% 0.00 € 0%
Buildings 0.00 € 0% 0.00 € 0%

Fixed costs
Vertical systems 0.21€ 14% 0.00 € 0%

Structure quotas 0.06 € 4% 0.40 € 16%
Maintenance 0.04 € 3% 0.00 € 0%
Insurance 0.02 € 1% 0.00 € 0%

Rental of the buildings 0.00 € 0% 0.40 € 16%

Total costs 1.55€ 254 €

Revenues 1.95€ 3.90 €

To make the results comparable, costs are presented in €/tray. Our elaboration.

of the market, it seems reasonable to attribute this disparity to a lack
in terms of specialty tray makers. Because microgreens are marketed
with their moisture-retaining substrate, their packing materials differs
from those for common vegetables. By employing recycled substrates
created by different agri-food waste and trays made by paper, M1
adopts an eco-friendly strategy. In addition to cutting expenses, this
also implies a stronger bond with the sellers of these specialty
products. M2, on the other hand, employs traditional peat as a
substrate, and its plastic trays are better suited to the wetter conditions
that the peat creates.

Going on with the cost considerations, for M2 the share for seeds
drops to 14%, implying that raw material input is less critical in M2
than in M1. The growing medium is similar at 16%, energy
consumption is reduced to 6%, and water consumption is still at
0.38%, which might imply it is not a significant cost factor and is very
efficiently used in both companies. Moreover, logistics represent an
additional cost for the M2 farm, accounting for 8%, whereas this
expense is borne by the buyers in M1. This extra service offered by M2
could be reasonably connected to the capability to sell the product at
a higher price, given the fact they offer an additional service.

Scientific studies commonly highlight energy costs as a major
expense in soilless cultivation (Barbosa Lages et al., 2015; Casey et al.,
2022). For example, a comparison between soil-based and soilless
systems shows that the former requires 29,808 kWh/ha of electricity
compared to just 629 kWh/ha for soilless systems, representing
approximately 4,637% more energy consumption (Maestre-Valero
et al., 2018). According to the study by Cai et al. (2025), the energy
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consumption for soilless farming for the same crop is over 17 kWh/
kg, while greenhouse farming consumes only about 3 kWh/kg, and
open-field farming consumes around 1 kWh/kg. This highlights the
significantly higher energy requirements of soilless farming compared
to traditional farming methods. Although this comparison does not
specifically focus on microgreens, it provides insight into the broader
energy consumption patterns of soilless cultivation systems that reflect
on costs. If it was reasonable to assume energy as critical costs, the
data obtained in this study indicates that energy account for only 4%
of the total costs for M1, where they represent the only significant
operational expense as the company does not incur logistics expenses.
In contrast, for M2, energy costs make up 3%, with logistics
contributing an additional 4%, resulting in a combined operational
cost of 7%. It can be hypothesized that these results are linked to the
high level of digital progress in modern systems, which are now
capable of consuming less energy thanks to technical advancements.
Another contributing factor is that microgreens, as previously
mentioned, have a short growth period, which reduces the operational
time of energy-dependent systems. Compared to leafy vegetables,
which usually need longer photoperiods, typically microgreens
require less than 12 h. During the initial germination phase, which
lasts around 2 to 5 days, the seeds only need a warm and moist
environment, without the need for light. Considering that growth
cycle lasts from 7 to 21 days, with a part of those days in darkness, this
phase relies on the seeds” stored energy, further reducing energy
consumption in the early stages of growth (Peng and Simko, 2023;
Amitrano et al., 2023). The need to clarify the specific energy
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FIGURE 5
Total annual percentage of variable costs impacts for M1 on the left and M2 on the right. Our elaboration.

consumption of microgreens further emphasizes the importance of
such an analysis.

In summary, the primary variable costs for M1 and M2 are
consumables, with packaging materials representing the highest
expense (36% for M1 and 55% for M2), highlighting challenges in
accessing affordable specialty trays for microgreens. Seeds are a
significant cost for M1 (36%) but lower for M2 (14%), while energy
costs are low (4% for M1 and 3% for M2), due to technological
advancements and the short growth cycle of microgreens. Water
consumption remains negligible (0.14% for M1 and 0.38% for M2),
confirming the efficiency of hydroponic systems in managing
this resource.

3.2 Fixed costs

Labor costs emerge as the most significant expense. Labor
represents 46 and 41% of the M1 and M2 costs, respectively. Some
consideration regarding labor cost should be made to clarify the
impact of this item.

In vertical farms, labor is a fixed cost due to the lack of
microgreens seasonality and continuous production. For M1, labor
costs include the salaries of the two founders, who handle engineering
tasks and coordination, along with six waged workers.

Additionally, costs related to digital technology are included, as an
engineer is responsible for developing and maintaining software and
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managing digital systems. This engineer, contracted as part of the
operational team, focuses on system optimization, troubleshooting,
and seamless digital integration.

The team also includes an agricultural technician essential for
crop management and adapting technologies to agronomic needs.
While unskilled workers handle daily production, digital technology
supports operations, reducing overall labor costs. However, the
specialized technician remains crucial for optimizing production and
ensuring system efficiency.

This aspect is not in line with the broader scientific consensus
regarding soilless production. Numerous articles recognize vertical
farming as an agronomy practice that requires a higher level of
knowledge from the employees (in comparison with conventional soil
farming practices) (Khatri et al., 2024). M1 addresses this issue with a
higher degree of digitalization. By using tablets where the production
process is entirely digitized, M1 enables employees to efficiently grow
microgreens, even without strong agronomy training from the waged
workers. This shift lowers labor costs, as specialized agronomy
knowledge is partially supported by digital systems.

In M2, the distinction in family work is different, family members
take on not only operational tasks but also managerial and logistical
responsibilities, often working longer hours. This leads to higher labor
costs compared to M1, where digitalization helps reduce labor
expenses. The information was derived from the semi-structured
interview. In this context, the entrepreneur of the farm receives a
salary, while other family members receive wages, as their
responsibilities are less expensive.
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A comparison of the two companies reveals notable differences in
amortization. M1 incurs vertical system amortization costs of 14% per
tray, based on a five-year amortization period. M2, however, no longer
considers amortization expenses, having fully settled this cost
component after 1 year.

Even if M2 has already accounted for the amortization of its
vertical structures the farm pays monthly rental costs for its buildings.

Structural costs include maintenance and insurance. M1 is
responsible for both maintenance and insurance. For M1, these
amount to 3% for maintenance and 1% for insurance, with a total of
4%. In contrast, M2’s structure costs consist solely of rent, which
accounts for 16%, making it a more significant expense than
amortization. In fact, M2’s rental costs exceed M1’s amortization
expenses, underlining the importance of infrastructure in
M2’s operations.

Table 3 reveals that, for M1, total costs amount to 1.55 €, with
revenues of 1.95 €. For M2, total costs are higher at 2.54 €, but revenues
also increased to 3.90 €. Both farms are profitable, but while M2
operates with higher costs, it generates a higher profit compared to M1.

As stated before, the two farms under analysis are completely
different but profitable. Since M1 has a well-structured cost allocation,
it could reasonably serve as a reference model for microgreens
production in future research and analysis.

In summary, labor costs represent a major expense for both farms,
with M1 reducing costs through digitalization, while M2 incurs higher
labor costs due to family involvement in various roles. Additionally,
M1 includes amortization and insurance as part of its structure quotas,
whereas M2 does not have these cost components but instead allocates
16% to rental expenses, resulting in higher overall costs.

3.3 Microgreens farms economic
performance

Table 4 provides a comparison of the cost and revenue between
MI and M2, highlighting total costs, revenues, operational profit,
operational margin, and cost-revenue ratio.

With an operational margin of 34.87%, which is substantially
greater (+70%) than M1’s value of 20.47%, M2 exhibits superior
economic performance based on the KPIs displayed in Table 4. This
difference is further reinforced by the cost revenue ratio. In fact,
M2’s ratio of 0.65 indicates the requirement of less costs to generate
its revenue. Despite these differences, both M1 and M2 can
be considered financially healthy farms. A deeper analysis of M2’s

TABLE 4 Total costs, revenues, operational profit, operational margin,
and cost-revenue ratio.

Total costs 1.55€ 2.54€
Revenues 1.95€ 390 €
Operational profit (EBIT) 0.40 € 1.36 €
Operational margin 20.47% 34.87%
Cost revenue ratio 0.80 0.65

Our elaboration.
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higher operational margin must be done. As a family-run business,
M2 reinvests part of its own profits back into production. The
higher selling prices are dependent on M2’s strategic focus on a
specific production area. The company benefits from an absence of
competition and, thanks to the foresight of its management, has
positioned itself within the high-quality Ho.Re.Ca. channels in its
local area, offering a full-service model that includes weekly
microgreens distribution. On the other hand, M1 is a larger, well-
structured company with a well-defined marketing strategy. By
adopting advanced digitalization to simplify production processes,
the company operates effectively even with non-specialist
employees. The extensive use of tablets and digitized workflows
makes managing microgreens production more efficient, reflecting
how MI’s structured approach supports its market position.
Additionally, it is reasonable to think that the M1 scale economy
also depends on access to specific regional funding programs.

M1 and M2 exhibit notable differences in both costs and
profitability. M1 maintains lower production costs at €1.55 per
tray, resulting in a limited profit of €0.40 based on its revenue of
€1.95. In contrast, M2 incurs higher costs of €2.54 per tray but it
generates substantially greater revenues of €3.90 per tray, yielding
a much higher profit of €1.36. Considering the overall profitability,
the net profit margin further demonstrates the economic
profitability of the farms. M1 shows a net profit margin % of
20,47% while M2 31%. Considering the initial investment, M1,
with an investment of €320,000, achieves a payback period of
around two and half years, indicating a faster recovery in its
investment compared to M2. In contrast, M2, with an investment
of €300,000, has a payback period of around five and half years,
suggesting a longer time to recover its initial costs and potentially
higher financial risk.

In summary, M2’s higher operational margin results from its
marketing strategy with a strong market positioning, by offerings
high-quality product, and a full-service model, while M1’s financial
success stems from its scale, digitalization, and streamlined processes.
Both companies maintain strong financial health, but their business
models differ significantly.

4 Conclusion and studies implications

This study demonstrates the growing importance of vertical
farming systems as a real economic entity in the agrifood sector.
Through the analysis of two case studies in Italy and a comparison
with existing data, this work demonstrates the economic profitability
of vertical farming systems involved into microgreens production. By
focusing on microgreens, this study further contributes to the limited
body of research evaluating the economic potential of such crops.
Data obtained from the semi-structured interviews suggests that,
while challenges such as high energy costs, the need for technical
expertise, and constant monitoring are commonly cited in the
literature, they may not pose the same level of critical barriers to the
feasibility of these systems in the specific contexts of the two farms
studied. However, as noted in the limitations section, these findings
may not be broadly generalizable given the limited scope of the
analysis. In accordance with our results, the challenge of technical
expertise may be counteracted through the high level of digitalization
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of the systems. The complex monitoring requirements can also
be efficiently addressed with advanced systems and sensors that
reduce the burden on operators. Moreover, while energy dependency
remains a consideration, it does not significantly impact the
operation. In accordance with the strong M1 financial reality, it is
reasonable to think that access to funding can result in well-
structured farms. However, the high initial investment remains a
major challenge representing the suggested focus for future research
that could pose attention to fundings access at national or
European level.

Also, certifications could play a cardinal role for the expansion of
these farms considering that vertical farming products are not eligible
for organic certification (current regulations require organic crops to
be grown in soil to qualify for the organic label). Remarkably, these
companies have achieved success at the national level without
consistent support. To overcome this barrier, policymakers should
consider providing targeted funding to enable farms to transition into
these sustainable systems.

In accordance with the aspects discussed in this study, several
theoretical, empirical and managerial implications could be identified.

Starting from policymakers, it is crucial to offer subsidies and
financial support to mitigate the high initial investment costs of
vertical farming systems, thereby promoting their growth and
accessibility. Encouraging the integration of renewable energy sources
into these systems could further lower operational costs while
enhancing economic feasibility and environmental sustainability. One
effective solution is the adoption of photovoltaics, which, despite
requiring a significant initial investment, can lead to substantial long-
term energy savings and should be carefully assessed.

Furthermore, clarity at the regulatory level is essential to include
microgreens into effective policies and strategies for a sustainable,
accessible, and low-impact agriculture of the future.

From a managerial aspect, the resilience of vertical farms that
have survived without substantial funding highlights the adaptability
of these systems. However, forming cooperatives among small-scale
farmers could strengthen their ability to share resources, access bulk
discounts, and adopt advanced technologies.

On a societal level, public awareness campaigns are essential to
emphasize the benefits of vertical farming, increasing acceptance and
encouraging greater consumption.

Moreover, urban farming integrated with soilless technologies
presents significant opportunities, including the revitalization of
unused urban spaces, the establishment of short supply chains, and
reduced transportation costs, all of which contribute to sustainable
urban development and environmental preservation. Defined as the
practice of cultivating, processing, and distributing food within or
around urban areas, urban cultivation aligns with the scientific
community’s strong interest in soilless farming as a strategy that
citizens could adopt in urban settings. As more people in cities
become interested in growing food, technology makes it easier for
them to try soilless farming, even without a background in agronomy.
Soilless farming systems are automated and require less knowledge of
soil health, while technology ensures precise control over water,
nutrients, and environmental conditions, making farming
more accessible.

This suggested improvements, would support the large-scale
adoption of vertical farming technologies and contribute to more
sustainable agricultural practices.
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5 Limitations and future research

The study’s limitations are primarily constrained by the poor
generalizability of the findings. These findings are contingent upon the
limited sample size (n = 2), the economic feasibility being confined to
hydroponic microgreens, and the study being restricted to a single
country, Italy.

As a result, the results may not be easily transferable to different
contexts without further research. These limitations also affect the
strength of the conclusions drawn, especially regarding the elevated
level of digitalization as a tool for improved workflow management.
While the semi-structured interviews provided valuable insights that
could not be captured through quantitative analysis, this approach
must be considered within the context of the study’s limitations. The
focus on microgreens trays could represent an additional limitation of
the study, as it may limit broader generalizability.

Therefore, while the findings are reasonable for the case study
analyzed, their broader validation in other contexts remains limited.

Based on this limitations, future studies should expand the sample
size by improving generalization. Moreover, increasing sample size
and comparing other crops could further demonstrate the economic
feasibility of vertical farms. Lastly, it would be necessary to analyze the
economic results of other vertical farms in the European area to verify
economic profitability of those practices.

Regardless, by demonstrating the economic feasibility of
hydroponic production, this work serves as a milestone for future
initiatives, setting the foundation for continued progress in these areas.
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