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For many people, limited living space, lack of knowledge, and
challenging indoor conditions make it difficult to grow their own
food. Beginner gardeners often struggle with questions such as
when to sow, how much water plants need, and how to maintain
healthy growth. While many existing smart growing systems address
these issues through extensive automation, they are often expensive,
technically complex, and reduce user involvement. As a result, users
learn little about the growing process because the system takes over
most tasks instead of supporting learning.

This project presents the Smart Indoor Growing System: a compact,
modular indoor growing solution that combines a physical growing
frame and tray with a supportive app. The design focuses on guiding
and educating users rather than fully automating plant care,
allowing users to actively engage with the growing process while
receiving clear feedback and support.

Overall, the Smart Growing System demonstrates strong desirability
by addressing real user needs for learning, accessibility, and space
efficiency. The final design includes a fully wooden, modular frame
with fixed-length posts, a slide-in mechanism for compact storage,
and integrated LED lighting with a fixed timer. The growing tray
features a raised edge, a lid that fits inside the base, a moisture
sensor with four levels, and a removable inlay suitable for multiple
plant varieties and P9 pots. The product enhances sturdiness,
usability, and intuitive interaction, while supporting the growth of a
wide range of crops in limited indoor spaces.

Material and production choices were guided by feasibility, sustainability, and cost-efficiency. Pinewood, Birch, and polypropylene ensure durability, low environmental impact, and scalable
manufacturing. By combining injection moulding and thermoforming, the system can be produced efficiently at scale. With an estimated production cost of approximately €47 per unit, the
product remains significantly more affordable than most existing smart growing systems, strengthening its market viability.

The accompanying app provides step-by-step guidance, sowing and harvest calendars, notifications, community interaction, and includes a feature for assembling the frame, further
supporting active learning, user confidence, and a seamless user experience.

Overall, the Smart Indoor Growing System demonstrates strong desirability by addressing real user needs for learning, accessibility, and space efficiency; feasibility through validated materials,
production methods, and tested mechanisms; and viability through affordable production, modular scalability, and sustainable material choices. The project introduces a meaningful
alternative to fully automated systems by creating educational value, encouraging sustainable behavior, and strengthening users’ connection with food production and nature.
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Writing this thesis, I used ChatGPT to help rewrite and clarify my selfwritten texts. In addition, ChatGPT
made some figures for context. All content is entirely my own work.

Dear reader, 

With this final thesis, I bring both my graduation project and my studies at TU Delft to a close. After
five and a half years of learning, experimenting, and developing as a designer, this thesis represents
the final milestone of my academic journey.

My interest in this subject began about two years ago. I was walking through a garden center with my
partner when we came across a small growing table and some lettuce seedlings. We decided to start
sowing all kinds of plants and placed them on my windowsill (top left images). At that time, we were
mostly experimenting without really knowing what we were doing; about half of our attempts failed,
and we did not fully understand how the growing process actually worked. What started as a small
growing table gradually developed into a larger planter for tomatoes in my parents’ garden. The
tomatoes secretly turned out to be very dry, but the feeling that we had grown them ourselves
together was indescribable (top right image).
When I moved in together with my partner a year later and we got a large garden, I began to read
more about gardening and our harvests improved significantly. I noticed how happy I became from all
the fresh vegetables growing in the garden, and how delicious they were (bottom images). From that
moment on, I knew that I would love to share my enthusiasm with others while continuing to learn
more myself.

Finally, thank you, reader, for taking the time to engage with my thesis. I hope you find it both insightful
and inspiring.

First of all, I would like to thank my client, Simon Eurlings. He always took the time to speak with me
and truly listen. His input was extremely valuable throughout this project and provided me with many
new insights.
I would also like to thank my supervisors, Adrie Kooijman and Jotte de Koning. I always experienced our
meetings as pleasant and constructive. You were always willing to listen and provided feedback that
helped me grow as a designer. You challenged me to think in new ways, and I learned a great deal from
our collaboration, thank you very much.
In addition, I would like to thank my partner Remco, who was always willing to think along with me and
supported me through the busy period of renovating our home. I would also like to thank my friends at
TU Delft, who were always interested in my work and happy to help when I felt stuck.

Warm Regards,
Iris Baart
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https://docs.google.com/document/d/1CWO0-J_mZI21HovF-qxQa6_7KIWw_7JrnH9QUZjn0dI/edit?pli=1&tab=t.0#heading=h.h0nsofioyboe
https://docs.google.com/document/d/1CWO0-J_mZI21HovF-qxQa6_7KIWw_7JrnH9QUZjn0dI/edit?pli=1&tab=t.0#heading=h.p712sej0kz8o
https://docs.google.com/document/d/1CWO0-J_mZI21HovF-qxQa6_7KIWw_7JrnH9QUZjn0dI/edit?pli=1&tab=t.0#heading=h.p712sej0kz8o
https://docs.google.com/document/d/1CWO0-J_mZI21HovF-qxQa6_7KIWw_7JrnH9QUZjn0dI/edit?pli=1&tab=t.0#heading=h.grmbil89a34i
https://docs.google.com/document/d/1CWO0-J_mZI21HovF-qxQa6_7KIWw_7JrnH9QUZjn0dI/edit?pli=1&tab=t.0#heading=h.grmbil89a34i
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Urbanization and modern lifestyles have increasingly distanced people from the origins of
their food (Xu et al., 2024). Many individuals no longer understand how vegetables are grown,
how much care this process requires, or how seasonal cycles affect cultivation. This
disconnection contributes to misconceptions about agriculture, poor dietary habits, and
increased food waste (Rittgarn, 2023).

(Indoor) gardening offers a meaningful counterbalance. It promotes healthier eating, mental
well-being, and social interaction, while also supporting sustainability by providing local
produce (Avonts et al., 2023). Yet, despite its benefits, many novel gardeners face a steep
learning curve. They often struggle with timing, watering, light intensity, and the right soil
conditions. Indoors, limited space and inconsistent light make seed starting even more
challenging, leading to weak growth and frustration.

This project is situated in the context of home gardening, focusing on novel vegetable
gardeners who wish to learn to grow their own vegetables. Common situations include
overcrowded windowsills and lack of knowledge (as stated above). These challenges highlight
the need for a system that provides guidance and insight, not by taking control, but by helping
users learn and build confidence.

The aim of this project is to design a smart, space-efficient growing system that assists novel
gardeners in caring for their seedlings. Rather than prioritizing automation, the design focuses
on education and empowers the users through clear, intuitive feedback. By combining smart
technology with meaningful interaction, the design encourages learning by doing, helping
users build confidence, understand plant care, and reconnect with the natural process of
growing food.

In the following chapters, the design process is outlined, beginning with the research phase.
The main goal of the research was to identify the key challenges faced by beginner gardeners,
so the design could effectively address their needs. The research was conducted on two levels:
human aspects of home gardening and plant-focused aspects. Based on these insights,
conclusions were drawn to develop the design vision. From there, a list of requirements was
established, and the initial concepts were created. The report then continues with concept
development, iteration 1 and a detailed explanation of the final design. This is followed by
validation, discussion, conclusion, recommendations, references, and finally, the appendix.



T H E  P R O B L E M  O W N E R
Simon Eurlings, also known as 'De Moestuinman' (The Vegetable Garden Man), is a young
nature enthusiast from Heerlen who left his career in the commercial sector to follow his
passion for greenery and sustainability. During the COVID-19 pandemic, he discovered how
calming working with plants could be. A few broccoli seeds and an avocado pit marked
the beginning of a new life direction, which developed into an active engagement with
gardening and environmental education.

What started on his balcony quickly grew into a deep interest in gardening and the
tranquility it provides. His nephews jokingly called him 'De Moestuinman', a name under
which he began sharing his experiences on Instagram. Through his open, humorous, and
approachable style, he has reached a wide audience and inspired others.
With his enthusiasm and down-to-earth approach, Simon encourages people to
appreciate and actively engage with nature. He demonstrates that making mistakes is part
of the process and emphasizes the enjoyment and experience of growing plants. His
mission is to help people of all ages experience how happiness, growth, and calm can
often be found literally in the soil.

Simon discovered that his followers have many questions about gardening. He also
noticed that he has very little space on his windowsills for starting seeds. In response, he
made a DIY solution using an IKEA cabinet, but it could still be more professional. Together
with Simon, I, as a designer, am exploring how we can solve these two problems.
As a client, Simon provides an inspiring foundation for this project: his vision of accessible
gardening and his desire to connect people with nature align perfectly with the design of
a smart growing box that guides and motivates users in growing their own plants.
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H U M A N  A S P E C T S  O F
H O M E  G A R D E N I N G  

03
This chapter explores the human aspects of home gardening. Literature
research was conducted to understand how people learn most effectively and
how they develop a connection with nature, as these are two essential
considerations for the final design.

Further desk research examined current gardening practices and similar
design solutions to identify where this project fits within that spectrum and
what is still missing. To better understand the environments in which people
live and the space available for the design, the human environment was
explored, including housing types, windows, and indoor temperature.
Additionally, research was conducted into indoor seed starting and optimal
indoor conditions, to inform the design.

Finally, 3 interviews with experienced gardeners (experts) and a questionnaire
among around 200 beginners were conducted to uncover their main
challenges and needs.

3 . 1  H O W  D O  P E O P L E  L E A R N ?
Research has been conducted on how people learn most effectively.
The goal of the final design is not only to transfer information, but
also to make learning enjoyable, since indoor growing is often a
hobby. The following section summarizes effective learning methods
based on literature research, focusing on active engagement,
learning through experience, and improving long-term retention
while keeping the process motivating and accessible for users.

3 . 1 . 1  S T R A T E G I E S  F O R  L O N G - T E R M  R E T E N T I O N
Based on the meta-analysis, the most effective ways to learn are distributed practice
and practice testing. Distributed practice means spreading study sessions over time
instead of cramming, which helps long-term memory. Practice testing involves actively
recalling information through quizzes or flashcards and works best with feedback to
correct mistakes (Donoghue et al., 2021). 

Although this technique is mainly discussed in the context of how information is best
retained in school, it is generally important for learning that information is presented in
a spaced manner. Presenting too much information at once can lead to forgetting.
When information is spread out over time, it is easier to remember and is more likely to
be stored in long-term memory. Repetition of information is also crucial for effective
retention.

3 . 1 . 2  L E A R N I N G  T H R O U G H  F A I L U R E

Education often focuses on avoiding mistakes, which can limit opportunities for deep
learning. However, research shows that errors can play a crucial role in the learning
process. When learners make mistakes and subsequently receive corrective feedback,
their understanding is strengthened and information is more likely to be retained over
time. This process encourages active engagement with the material, as learners are
required to reflect on what went wrong and how to improve.
Learning through failure also supports the development of problem-solving skills and
resilience. By encountering and overcoming challenges, learners become more
comfortable with trial and error, which fosters a growth mindset and reduces fear of
failure. Although incorporating mistakes into educational design can be challenging, it
can lead to more meaningful and long-term learning outcomes. Embracing errors as
part of the learning process therefore supports constructive and sustainable learning
experiences (Mera, 2022).
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3 . 1 . 3  L E A R N I N G  B Y  D O I N G

Learning by doing helps learners develop skills and understanding by actively taking
part in the learning process. Instead of only focusing on learning new information, this
approach also supports skills such as critical thinking, creativity, problem-solving,
collaboration, and communication (Desrani, Ritonga, & Lubis, 2024).
By participating in hands-on activities, learners are encouraged to think about what
they are doing, make choices, and reflect on the results of their actions. This active
involvement keeps learners mentally engaged and helps them develop clearer and
more structured ways of thinking, which makes learning more meaningful and long-
lasting.
Learning also becomes more effective and motivating when ideas are applied in real-
life situations. Seeing how concepts work in practice helps learners connect theory to
real-world use. This not only improves understanding but also keeps learners engaged
and helps them remember information for a longer time (Haraldsson et al., 2024).
Combining hands-on activities with real-life applications therefore creates a strong and
effective way of learning. This method differs from practice testing (as mentioned
before) by actually doing it, instead of recalling information.

3 . 1 . 4  C O N C L U S I O N

Learning by doing, learning through failure, and distributed practice all focus on active
learner engagement rather than passive learning. They encourage learners to think,
reflect, and interact with the learning material, which supports deeper understanding.
Learning by doing and learning through failure overlap in their emphasis on experience,
as hands-on activities naturally involve making mistakes and learning from them
through reflection and feedback. When gardening, every next year, there is another
chance to improve and learn and improve over and over again (from mistakes).
Distributed practice strengthens both methods by spreading learning over time, helping
learners better retain knowledge and skills gained through practice and error.
Together, these methods create a coherent approach that supports meaningful, long-
term learning.

3 . 1 . 5  M A I N  T A K E - A W A Y S

Based on this information, it can be concluded that the design should take the
following points into account:

Learning by doing: People learn best through hands-on experience, and this should
be reflected in the final design. There needs to be a balance between automation
and activities that users can perform themselves. Smart features are helpful, but
users should still have opportunities to actively engage in the process. So the final
design should not be too automated. The user could be supported by some
automated features, but will still need to do a lot themselves (R12, Active learning).

Learning through mistakes: It is not a problem if users make errors, even if
immediate correction is not possible. The design will provide guidance and helpful
tips, but not everything has to be perfect. It is important to note that the system
should not intentionally cause users to make mistakes, as this can be demotivating.
Since opportunities for retrying may only occur much later, users should be able to
learn from initial attempts without relying on instant feedback. Users can still learn
effectively from trial and error over time.

Strategies for long-term retention: Information should be presented gradually. It is
not necessary to provide all information at once. Distributing information over
different periods helps users remember it better and supports long-term retention.
This is often already the case when growing vegetables. Tasks are usually carried out
step by step: first sowing, then transplanting, and eventually harvesting. This
information is naturally distributed over time, making it ideal for applying the
principle of distributed practice.

Next to each takeaway, a letter with a number is indicated (for example R1). This refers
to the Requirement (R) or wish (W) associated with it. The list of requirements and
wishes is described in Chapter 8.

L E A R N I N G  B Y
D O I N G

L E A R N I N G
T H R O U G H
F A I L U R E

L O N G - T E R M
R E T E N T I O N

Figure 1: How do people learn?
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3 . 2  C O N N E C T I O N  W I T H  N A T U R E

To help restore the connection with nature, it is important to understand how people
connect with the natural environment. What feelings do they experience, and what are
the effects of spending time outdoors? This knowledge guides the design of gardening
activities that strengthen people’s connection to nature.This subchapter addresses these
questions based on literature research.

People connect with nature through both emotional and psychological engagement
and through mindful, attentive activities such as smelling flowers, observing birds, or
walking. Indirect contact with nature, such as through books, media, or learning about
natural environments, can also strengthen this connection. Importantly, it is not the
amount of time spent in nature that matters, but meaningful moments of focused
experience and attunement to the natural environment (Richardson et al., 2021).

Connection to nature is also influenced by personal affinity and familiarity with natural
environments. Individuals with a strong sense of connectedness tend to engage more
consciously and purposefully with nature, for example through walks or observing
natural elements. This sense of connectedness enhances the mental benefits
experienced, including reduced stress, anxiety, and depression, and can also provide
cognitive benefits such as improved attention and focus. In contrast, people with a
weaker connection to nature often experience fewer well-being benefits, even with
frequent exposure (Chang et al., 2024). 

Activities such as gardening promote healthier eating habits, social interaction, and
mental well-being, even boosting serotonin levels in the brain for a mood-enhancing
effect (Avonts et al., 2023).

3 . 3  I N D O O R  G A R D E N I N G

Although gardening mostly takes place outdoors, an equally important part occurs
indoors, namely the preparation phase and sowing phase. Many people start seeds
indoors or grow small plants such as herbs and leafy greens. To better understand this
context, research was conducted into participants’ living environments, including
housing types, available indoor and outdoor space, and conditions such as windows,
windowsills, and temperature. This paragraph also briefly explains the advantages of
starting seeds indoors and the most important factors of growing seeds indoors.

According to the World Health Organization (WHO), an indoor temperature between
18°C and 25°C is recommended for residential buildings. Each room has a different
temperature, the bedroom is often a few degrees cooler than the living room, while the
bathroom is much warmer. Also per person the preference can be different due to
health and level of activity. Despite these differences, a general guideline is that a
temperature between 18°C and 22°C is considered comfortable for most residents
(Edwards et al., 2025). This is a perfect temperature for seedlings to grow.

Seed starting is a common practice that allows gardeners to control key conditions such
as temperature, light, and moisture. Another reason is to start the season earlier, then
only sowing outside. 
By moving seed trays between indoors and outdoors depending on the weather,
seedlings can develop into strong, healthy plants (Plukkers, 2025). However, not all crops
require indoor sowing. Root vegetables like radishes and carrots, as well as spinach,
generally perform better when sown directly outdoors due to their resilience and
preference for cooler conditions (Plukkers, 2025).

3 . 3 . 1  W H Y  S T A R T  S E E D S  I N D O O R S ?

For indoor seed starting, warmth and light are crucial and must be balanced for optimal
growth (Plukkers, 2025). Average indoor temperatures are usually sufficient, but
excessive heat without enough light can cause seedlings to become elongated and
weak. Seedlings require approximately 12 to 16 hours of light per day (and when they are
bigger 12-14 hours per day), which can be supplemented with grow lights if natural
sunlight is insufficient. It is not about the strength of the light, but about the amount of
time the lights are on. Imbalances, especially low light combined with high
temperatures, lead to stretching, weaker roots, and increased susceptibility to disease.

3 . 3 . 3  A V E R A G E  I N D O O R  T E M P E R A T U R E

3 . 3 . 2  O P T I M A L  I N D O O R  C O N D I T I O N S
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3 . 3 . 5  W I N D O W S I L L S

The dimensions of windowsills vary considerably, as each house is different with its own
characteristics. On average, the height of a windowsill ranges between 70 and 90 cm.
The width is often the same as the width of the window, which can vary significantly
from one house to another. The depth of the windowsill largely depends on its intended
use. For instance, when designed to fit plants, windowsills are often made deeper to
provide sufficient space. In contrast, windows in smaller areas may have shallower
windowsills. In practice, the depth generally falls between 20 and 30 cm
(Hundredworries, 2025).

3 . 3 . 4  W I N D O W S

As there is most light near a window (and thus a suitable place for seedlings), research
was conducted on windows and windowsills. Understanding the amount of space
available on and around windowsills in an average household is an important
consideration for the design process.

Although it is difficult to determine the exact number of windows in a house, building
regulations do set requirements for the amount of natural light in a space. According to
the Dutch Besluit bouwwerken leefomgeving (Bbl), at least 10% of the floor area must
consist of “equivalent daylight area,” which corresponds to a minimum of 0.5 m² of
equivalent daylight area per living space (Kenniscentrum Overheid, n.d.). 

Using this guideline, it is possible to estimate the minimum number of windows a house
should have. For instance, a 50 m² apartment must have a minimum equivalent daylight
area of 5 m², which could be achieved with two medium-sized windows or three smaller
ones. Similarly, a 25 m² living room requires at least 2.5 m² of equivalent daylight area,
which can be provided by one large window or several smaller windows (Bosch, 2015).

The amount of light coming through these windows can vary significantly. This depends
on the size of the window, as well as its orientation (north, east, south, or west). To gain a
better understanding of this, further research was conducted using a questionnaire,
which is discussed in more detail in Chapter 5.

The target group, novel
gardeners, lives in a wide variety
of types of homes. Because it is
such a broad group, there is no
single type of home that they
most commonly live in.
Additionally, the difference
between urban and rural areas
can greatly influence the type of
home and the amount of
available land. Table 1 provides an
overview of ages and the types of
homes people live in.
The majority of households
consist of adults aged 35 to 75,
who mainly live in single-family
homes. Young adults under 35
are more likely to live in multi-
family homes, while seniors aged
75 and over still mostly reside in
single-family homes, though the
difference with multi-family
homes is smaller. Overall, single-
family homes remain the most
common type of home.

3 . 3 . 7  T Y P E  O F  H O U S I N G

Although a part of the target group lives in apartments or flats, this does not necessarily
mean that people cannot engage in gardening. Some individuals have small balconies
where they can grow vegetables and fruits on a limited scale, for example in pots.
According to the results of the WoonOnderzoek Nederland 2021, at least 75% of people
who rent privately (i.e., renting from a private landlord, such as an individual or a
company, rather than a housing corporation) have a balcony or other outdoor space
(Ministry of the Interior and Kingdom Relations, 2021).

3 . 3 . 6  A P A R T M E N T S

According to other sources, this number may be even higher. Bakker et al. (2022) report that
over 80–90% of all households (i.e., across all types of dwellings) have some form of outdoor
space, such as a garden, balcony, terrace, or other.

Table 1: Household characteristics(CBS, 2025)

Figure 2: How many space do people have outside? (Ministry of the Interior and Kingdom
Relations, 2021)
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The research shows that people live in different environments, have varying
amounts of space, and experience significant differences in indoor conditions.
Several insights from this research are particularly relevant when developing a
concept:

Modularity and compactness: The system should fit on various windowsills
and in different living spaces, ranging from small apartments to larger homes
(R5, Compact Design and W2, Usability/Several locations).

Lighting: Insufficient natural light can be supplemented with integrated
grow lights or reflective surfaces (R3, Manual adjustments). It's not about
the strength of the lights, but the amount of time the lights are on.

Safety and stability: The system must be stable on windowsills and safe for
indoor use (R9, Sturdiness).

Amount of space: The amount of space available differs for every person or
household. Nevertheless, there is always a possibility to get started, as
everyone has some space where something can be grown. Whether this is on
a large plot of land or on a balcony in pots does not matter.

It is important to take factors such as limited space and varying indoor
conditions into account. The design must be suitable for use in any household.

3 . 3 . 8  M A I N  T A K E - A W A Y S

Trend Description
Location/

Application
Picture (s)

Indoor
gardening
& Smart
systems

Growing herbs, leafy
greens, hydroponics
indoors; using LED
lights, automation, IoT
sensors, and smart
gardening systems.

Houses,
apartments,
and urban
settings
where
outdoor
space is
limited.

(Hill, 2025

Vertical
gardening

Vertical racks, wall-
mounted plants,
vertical hydroponics to
maximize small spaces.

Indoors (on
walls,
shelves, or
alcoves) but
also
outdoors on
balconies or
building
facades.

To gain insight into current practices in vegetable gardening, research was conducted into
existing trends. To provide context for the trends presented below, desk research was
conducted using articles, reports, and online gardening sources. This research aimed to
understand current practices and emerging developments within home gardening,
including the methods, tools, and technologies that are commonly used or rapidly gaining
popularity. It also examined how people obtain their food and which priorities, such as
sustainability, convenience, or self-sufficiency, influence their gardening behaviour.
Additionally, the research is categorized based on similarities in scale, context, purpose,
and use of technology. This resulted in logical clusters such as indoor and technology-
driven solutions, space-efficient gardening, sustainable practices, and collective gardening
initiatives. While the findings cannot capture every possible development in this evolving
field, they offer an accurate and representative overview of the key themes relevant today.
An overview of the trends can be found in table 2.

3 . 4  G A R D E N I N G  P R A C T I C E S  A N D  H A B I T S

Table 2: Trends and themes

3 . 4 . 1  T R E N D S  A N D  T H E M E S

(Hill, 2025)

(Mijnverticaletuin, 2023)



Trend Description
Location/

Application
Picture (s)

Sustainability
& Eco-Practices

Organic fertilizers,
water-saving irrigation,
compost, eco-friendly
pots, material reuse;
focus on environmental
choices.

Both indoors
and outdoors,
with an
emphasis on
eco-friendly
choices, for
both hobbyists
and serious
growers.

Urban/
community
gardens

Increased participation
in community gardens ,
mainly due to COVID-19
people encouraged
outdoor hobbies and
were searching for
social interaction.

Primarily
outdoors, in
locations
where
multiple
people come
together to
garden.

Container/Pot
gardening

Planting in pots; flexible
for small spaces, not
ideal for all crops but
easy to manage

Outdoors or
on balconies.
This can even
be done
indoors as
well.

Community
Picking
Gardens

People can harvest
their own vegetables
and learn how crops
are grown; a new form
of shopping directly
from gardens.

Happens
outdoors.
People who
want to, can
visit.

Trend Description
Location/

Application
Picture (s)

Community
gardens

Nowadays, many
larger cities have
designated spaces,
such as community
gardens, where
people can grow
their own
vegetables.

In most cases, you can
register and rent a
small plot of land for a
fee in a lot of cities.
However, if demand is
high, there is a chance
that you may be
placed on a waiting
list.
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As shown in Table 2, gardening takes place both indoors and outdoors, depending on
available space and personal preference. Indoor gardening mainly focuses on smart, vertical,
and technology-supported systems, while outdoor gardening emphasizes social,
educational, and ecological aspects through community gardens, community picking
gardens, and balcony container gardening.

Table 2: Trends and themes

For developing an indoor growing system, one insight is most important. For indoor use, it is
important that the design is compact and space-efficient. This corresponds with
requirement 5, and 6.

3 . 4 . 2  M A I N  T A K E - A W A Y S

(Tuinartikelen.nu,
2025)

(Groen, 2025)

(Kluiter, 2025)

(Phoodfarm, n.d.)

(Ebbers, n.d.)



ComplicatedSimple

Desk research was also conducted using Pinterest and other online sources to explore
existing approaches to home gardening, ranging from outdoor to indoor methods and
from large-scale to small-scale setups. To gain an overview of the collected material,
images were printed and cut out. These images were then grouped to bring some
structure to the collection (see appendix 2). Based on this, two graphs were created to
compare extremes: in Figure 3, the X-axis represents simple vs. complicated and the Y-axis
represents limited vs. extensive growing possibilities. In Figure 4, the X-axis represents
small vs. big and the Y-axis represents non-automated vs. automated systems. From these
analyses, the positioning of the final concept within the field was determined (the white
dot)

3 . 5  W H E R E  I N  T H E  F I E L D ?

Extensive growing possibilites

Limited growing possibilities

BigSmall

Automated

Not automated

3 . 5 . 1   C O N C L U S I O N S
Based on the analysis presented in Figure 3 and 4, the design should not be too
complicated so that beginner gardeners can easily understand it. However, due to the
added smart features, the grow box will be slightly more complex than a fully ‘simple’
model. In the examples of the simplest designs, no additional guidance or support is
provided. The final design, on the other hand, will offer extra support by growing
vegetables. Is it important that the product will guide the user, but that it will not be fully
automated. 
At the same time, the design does not limit what can be grown. Since the box is
specifically intended for seed starting, some crops like carrots and spinach are better
sown directly in the soil, but otherwise the box offers a wide range of possibilities, from
herbs and lettuce to other vegetable varieties.

Based on the analysis in Figure 4, the final design will remain relatively compact, allowing
it to fit on a windowsill or elsewhere in the home. It would also be nice if it could be
scaled up if desired, placing it between the size of a standard grow box and larger racks.
Some features, such as the moisture sensor and potentially the lighting, will be
automated, but the design emphasizes that users can perform most tasks themselves.
This, to encourage learning and experimentation. The smart functions serve primarily as
supportive tools rather than replacing hands-on interaction.

Figure 3: Field 1: Extensive growing possibilities vs Limited growing possibilities,
simple vs complicated

Figure 4: Field 2: Automated vs not automated, big vs small.
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E X P E R T  I N T E R V I E W S 04
To gain a deeper understanding of the motivations, challenges, and learning
processes of (novel) gardeners, three in-depth interviews were conducted with
individuals at different experience levels: Gerda (30 years of experience), Erwin
and Laura (14 years), and Simon (the problem owner) (5 years). Despite their
differences in background and approach, several clear patterns emerged that
provide valuable insights. The main data are summarized in the text below. All
detailed questions and answers can be found in Appendix 3.

4 . 1  M O T I V A T I O N  A N D  B A C K G R O U N D

All three participants started gardening for different reasons, but share similar
intrinsic motivations: a desire for relaxation, connection with nature, and the
satisfaction of growing their own food. They were introduced to it through family and
the urge to try new things.

The gardeners favor plants that grow quickly and show visible progress, such as lettuce,
tomatoes, herbs, and small fruits. They prefer flexible planning methods and intuitive
experimentation over rigid schedules. Combinations such as beans, maize, and
pumpkin (the “three sisters”) were mentioned as successful planting strategies.

4 . 2  P O S I T I V E  E X P E R I E N C E S
For all participants, the harvest is the most rewarding moment; the tangible result of
their efforts. They also enjoy experimenting with new plant varieties and learning
through hands-on experience. Gardening offers them a sense of achievement and
closeness to nature.

4 . 3  C H A L L E N G E S  A N D  F R U S T R A T I O N S
Despite their experience levels, the gardeners face similar challenges:

Timing and planning (when and how to sow, water, or prune).

Limited space and pest problems (slugs, mice).

Time investment and maintenance, especially weeding.

Disappointment when crops fail despite care and effort.

4 . 4  L E A R N I N G  A N D  
K N O W L E D G E  D E V E L O P M E N T

All participants emphasized that they learn best
through experience and interaction with others. Most
of them learn from other gardeners but also books and
online videos.

All participants emphasized the importance of starting small and keeping it enjoyable.
They view mistakes as a natural and necessary part of the learning process. Success with
simple crops builds confidence and encourages further experimentation.

4 . 5  P R A C T I C A L  A P P R O A C H  A N D  P R E F E R E N C E S

4 . 6  T I P S  F O R  B E G I N N E R S
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The interviews show that gardening is driven by experience, relaxation, and
satisfaction rather than by productivity alone. Several insights from the interviews are
particularly useful when developing a concept:

Clear, Practical Guidance: Beginners need accessible, step-by-step instructions
(R8, Practical Use).

Visible Success & Motivation: Small harvest moments or visible progress helps
build motivation and confidence (W3, Visible Progress).

Support for Learning by Doing: The design should encourage experimentation
and discovery without strict rules, allowing beginners to make mistakes safely and
learn from them (R12, Active Learning).

Positive Reinforcement & Enjoyment: Focus on enjoyment, relaxation, and
achievable successes rather than perfection; start small and let beginners grow
what they like (to eat).

Success and Failure: Failure is part of the gardening process. What succeeds one
year may fail in another, and this is a natural part of gardening.

4 . 7  M A I N  T A K E - A W A Y S
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Q U E S T I O N N A I R E
N O V E L  G A R D E N E R S

05
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A questionnaire was conducted among Simon’s followers to gain insight into
why people start (or have started) gardening, where they sow their seeds, and
how much space they have available. Most importantly, it aimed to uncover
the main challenges that beginning gardeners face. On average, there were
100 responses to the open-ended questions and 200 responses to the multiple-
choice questions. Simon’s followers are generally in the age group of 20 to 35  
years, although there may be some outliers. They are all people interested in
vegetable gardening and tips. This chapter presents the key findings, while the
complete list of multiple-choice responses can be found in Appendix 4.

W H Y  D O  P E O P L E  G A R D E N ?

People garden mainly for relaxation and mental well-being, to grow healthy and tasty
food, and to feel connected to nature and the process of growth. In addition, self-
sufficiency, sustainability, and enjoyment or a sense of accomplishment play an
important role. For many, gardening is also a way to teach children or spend time
outdoors together.

W H E R E  D O  P E O P L E  T A K E  T H E I R  S E E D L I N G S ?

Most respondents transfer their seedlings to their own garden, while a smaller group
uses community gardens, balconies, or indoor spaces when outdoor space is limited .

I F  Y O U  D O N ’ T  H A V E  A  G R E E N H O U S E ,
H O W  M U C H  S P A C E  D O  Y O U  H A V E  F O R
I N D O O R  S O W I N G ?

Most gardeners primarily use windowsills for sowing, with
others using tables, shelves, or greenhouses. A smaller group
has little or no suitable indoor space

W H E R E  D O  P E O P L E  S O W  T H E I R  S E E D S ?

Most respondents sow their seeds on a windowsill, while others use grow lights, a mix
of methods, or greenhouses

H O W  M A N Y  S O U T H - F A C I N G  W I N D O W S  A R E  A V A I L A B L E
F O R  S O W I N G ?

Most respondents have one or two south-facing windows, while only a few have more
or a greenhouse

W H A T  C H A L L E N G E S  D I D  B E G I N N E R S  F A C E  W H E N
S O W I N G  S E E D S ?

Beginners often struggle with timing, overcrowding, insufficient light, high
temperatures, and limited space, as well as pests and uncertainty about sowing and
care (figure 5)

Main challenges beginners face 
when sowing seeds

0 5 10 15 20

Timing (too early/too late)

Sowing too much at once

Light/temperature issues

Soil, depth and water uncertainty

Space limitations

Pests and outdoor conditions

Lack of patience, forgetting care

Number of mentions

Figure 5: Main challenges beginners face when sowing seeds
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5 . 1  C O N C L U S I O N  Q U E S T I O N N A I R E

Both the survey and interviews show three main motivations for gardening:

Relaxation
Mental peace
Connecting to nature

Most beginning gardeners start their seedlings indoors, often on the windowsill, due
to limited space. Many have only one or two south-facing windows, meaning that
light and space are scarce. Some find creative solutions such as using shelves or
tables, but others clearly struggle with a lack of space. 

Most of the problems take place in the beginning phase of growing plants: the
sowing phase. The main challenges involve timing, space, and knowledge. Beginners
often sow too early or too late, too many seeds at once, or too close together. They
also face issues with insufficient light, high indoor temperatures, and uncertainty
about soil type, watering, and transplanting.

5 . 2  M A I N  T A K E - A W A Y S

When designing a solution for novel gardeners, it is essential to:

1.  Take limited space and light as a starting point: consider compact, space-
efficient, or modular solutions (R3, Manual adjustments, R5, Compact Design
and R6, Space efficiency).

2.  Provide ease of use and guidance. Show it when the user has to do something:
for example, through clear instructions, visual aids, or smart timing tips (R7,
Simplicity & Intuitiveness and R8, Practical Use)

3.  Encourage motivation and enjoyment: since relaxation and satisfaction are
major drivers (W3, Visible Progress).

4.  Offer support with planning and moderation: to help beginners know when,
how much, and how to sow (R1, Seed planting guidance and R2, Water
monitoring).

As also highlighted in the conclusion of this chapter, most problems occur in the
early stages of growing plants—the sowing phase. Because many challenges arise at
this stage, focusing the design on seed starting indoors is a strong starting point.
Addressing problems during sowing and germination will help beginner gardeners
get off to a good start and tackle the most common struggles.

Figure 6,7 : AI-generated context pictures



Macronutrients: vital for structural growth,
photosynthesis, and protein formation

Micronutrients: regulate enzyme activity
and chlorophyll synthesis

Nitrogen (N), Phosphorus (P), Potassium (K),
Calcium (Ca), Magnesium (Mg), and Sulfur (S).

Iron (Fe), Zinc (Zn), Copper (Cu), Manganese
(Mn), Boron (B), Molybdenum (Mo), and

Nickel (Ni).

P L A N T S 06
This chapter focuses on how to create optimal conditions for plant growth. It
explores what plants need, such as light, nutrients, water, and soil types, and
how these needs can be actively managed. Through desk and literature
research, methods for regulating and supporting plant growth have been
identified, including the use of water sensors, grow lamps, and strategies to
prevent pests and diseases. This knowledge highlights which aspects can be
automated or controlled and which are essential to monitor, providing a
foundation for designing a system that ensures seedlings can grow as
effectively as possible.

6 . 1  P H O T O S Y N T H E S I S

A plant needs very different
elements to grow: water,
(sun)light, and CO2. Plants
obtain energy from sunlight.
This energy is converted into
oxygen and glucose by
chloroplasts, water, and CO2.
The plant uses this glucose as
food and can therefore largely
grow. This process, in which
light energy is converted into
chemical energy, is called
photosynthesis (Wageningen
University, 2020), (Gaiseanu,
2022). The process is also
shown in figure 8.

Figure 8: Process of photosynthesis (Gaiseanu,
2022)

6 . 2  N U T R I E N T S

Plants require water, (sun)light, and essential nutrients to grow. Nutrients are
absorbed through roots and are divided into macronutrients (needed in large
amounts) and micronutrients (needed in trace amounts), (Zewide, 2021),(Johnson,
2020). These are shown in Table 3.

6 . 2 . 1  S O I L

In a natural environment, plants
get their nutrients out of soil. Soil
is a living ecosystem composed of
organic matter, minerals, water,
air, and countless organisms
including bacteria, fungi,
nematodes, and earthworms.
Healthy soil supports plant
growth by providing nutrients,
water retention, aeration, and a
balanced environment for
(micro)organisms. An overview of
the living organisms in the soil is
shown in the Soil Food Web in
figure 9. There are different soil
types which have distinct
characteristics, shown in table 4 at
the next page (Augustijns, 2014;
Koomen, 2025) Figure 9: The food soil web (bodemwereld, 2023).

Table 3: Macronutrients and Micronutrients
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Type of soil Characteristics

Clay Soil

Heavy, compact, and firm soil that
retains nutrients and water well but can
be difficult for roots to penetrate if low

in organic matter (Maslen, 2025).

Sandy Soil
Light-colored, loose soil with a well-

drained structure that does not retain
water or nutrients well (Nielsen, 2024).

Silty Soil

Yellow-brown soil, finer and more
compact than sand, retaining moisture
while remaining well-drained and rich
in organic matter (Lawnseeds, 2025).

Loam Soil
Balanced mixture of clay, sand, and silt,
retaining both moisture and nutrients

efficiently (Dirt connections, 2021).
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6 . 3  L I G H T
Light is a key factor for
photosynthesis, plant growth,
pigmentation, flowering, and
overall plant health. Plants rely
on the photosynthetically
active radiation (PAR)
spectrum (400–700 nm), where
blue light (~450 nm) promotes
compact growth and strong
leaves, and red light (~660 nm)
encourages flowering and
fruiting. Each color has a
different impact on plants,
which is shown in figure 10 (Liu
et al., 2021).

For artificial lighting, LED grow lights are preferred for
small setups because they are energy-efficient,
produce low heat, allow spectrum customization, and
have a long lifespan, unlike fluorescent or high-
intensity discharge lamps which have limitations in
efficiency, heat, and size.
For optimal seedling growth, it is important that they
receive enough light, as they need between 12 and 16
hours of light per day. When starting seeds (sometimes
as early as February), this amount of light is simply not
yet available. In addition, not everyone has the space to
place seedlings in a very sunny spot. For these reasons,
this factor will definitely be taken into account in the
final design.

When sunlight is insufficient, artificial lighting supports plant growth. Common types include
fluorescent, HPS, MH, and increasingly LEDs, which are energy-efficient, low-heat, and allow
tailored light spectra (Americanbright, 2024). Modern systems use innovations like diffusers, multi-
channel modules, and solar spectral shaping to ensure even light distribution, improve growth,
and even help manage pests and diseases (Neo, 2022).
Optimal growth depends on balancing light intensity and duration. The light compensation point
(LCP) is the intensity at which photosynthesis equals respiration; extending the duration of light
rather than increasing intensity can improve growth without harming plants (Li et al., 2025). This
can also be taken into account creating a design.

Figure 10: The role of different light qualities on
plants (Wu et al., 2025).

Table 4:  Types of soil

Figure 11: Led strip (amazon, n.d.)

6 . 4  M O I S T U R E  S E N S O R S
A review of existing moisture sensors was
conducted to determine suitable options
for a smart grow box. Details are shown
below, with the full study in Appendix 5.
For indoor seedling growth, maintaining
optimal soil moisture is essential.
Capacitive sensors are most suitable for
small grow boxes due to their accuracy
and durability, with ideal moisture levels
around 25–35% VWC during germination
and 20–30% during the seedling stage.

Figure 12: Capacitive soil moisture sensor (amazon,
n.d.)



Type Symptoms/effects

Fungi
Cause wilting, leaf or stem rot, and gray

mold (Hudelson, 2024).

Bacteria
Leads to spots, rot, and leaf wilting

(NVWA, 2025).

Viruses
Can result in stunted growth and

reduced crop quality (Schadbild, 2025).

Nematodes Can damage roots (NVWA, 2024).

Mites
Suck sap from leaves, weakening the

plant (NVWA, 2024).
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6 . 5  D I S E A S E S  A N D  P E S T  M A N A G E M E N T
Plants can be affected by various diseases and pests, including fungi, bacteria, viruses,
nematodes, and mites, shown in table 5.

Indoor growing environments often pose extra challenges due to warm, humid, and
poorly ventilated conditions, which can promote pests and diseases. The most
significant threats to young plants are aphids, whiteflies, and fern weevils, as they can
slow growth or weaken seedlings. To prevent these problems, early detection is
crucial. Simple measures, such as proper ventilation, controlled humidity, and correct
watering, can greatly reduce the risk. Additionally, treatments like rinsing leaves with
water or introducing natural predators (e.g., ladybugs, lacewings, or parasitic wasps)
can help manage infestations if they occur. 

Table 5: various diseases and pests explained

6 . 6  M A I N  T A K E - A W A Y S

From this plant-focused research, several points can be applied to the final design:

1.Light: Light is essential for the optimal growth of seedlings. Since seedlings need
between 12 and 16 hours of light, a light source is highly desirable in the final
design. It does not need to have high intensity, but it is better to provide a longer
light duration to avoid damaging the plants (R3, Manual adjustments).

2.Humidity: Use capacitive sensors for accurate moisture measurement; 25–35%
VWC during germination, 20–30% during the seedling stage. To better support
the user, it would be nice if a moisture sensor is added, to help watering (R2,
Water Monitoring). The humidity is not only important for the plants themselves,
but also for fungi to develop (too wet will cause rots).

3.Nutrients & Soil: Use potting soil or compost-rich soil; replenish nutrients
regularly to maintain optimal levels (R1, seed planting).

4.Pests & Diseases: Ensure good air circulation, inspect plants early, and use
natural predators where possible.

5.Growing System: Hydroponic or soil-based systems are practical for small
containers; vertical or modular setups save space (R5, Compact design and R6,
Space Efficiency).

6.Automation: Sensors and grow lights improve success and make maintenance
easier; controlling the microclimate is crucial. Therefore, a combination of these
are desirable for the design (R2, Water Monitoring and R3, Manual
adjustments).



M A I N  C O N C L U S I O N S
R E S E A R C H
In this chapter, the main findings of the research will be presented. Based on
this research, several important conclusions have been drawn that are essential
to the design process. For the next stages, a number of aspects are of particular
importance, namely: how people learn, how people establish a connection with
nature and what the main challenges are for a novice gardener. These are
(together with the  main take-aways) linked to the requirements which can be
found in the next chapter.

07

7 . 1  L E A R N I N G  P R O C E S S

There are various ways in which individuals acquire knowledge. Primarily, people
learn through hands-on experience and by making mistakes, from which valuable
insights are gained (R12, active learning). Furthermore, it is important to distribute
information over time rather than presenting it all at once, as this supports better
retention and understanding. When gardening, everything happens step by step
anyway, because of all the different steps you go through from seed to fruit (first
sowing, repotting, planting outside, etc.)

7 . 2  C O N N E C T I N G  W I T H  N A T U R E
Individuals establish a connection with nature in different ways. Some engage in
activities such as walking or running, while others appreciate the natural
environment through sensory experiences, such as smelling and listening. What
matters is not the duration of this interaction, but the quality of the moments
experienced (W4, connection nature). This connection to nature offers numerous
mental and physical benefits, contributing to reduced stress levels and, ultimately,
improved concentration.

7 . 3  M A I N  C H A L L E N G E S

During the questionnaire, several problems experienced by novice gardeners were
identified. These issues primarily arise during the sowing stage. The seven most
significant challenges are illustrated in Figure 13:

3.The conditions for pre-sowing can also be challenging. Since pre-sowing usually takes
place indoors, the balance between light and temperature is not always optimal. While
indoor environments are often relatively warm, this is not always compensated for by
sufficient light (R3, manual adjustments).

4.Watering remains particularly difficult for beginners. Questions such as “How much water
should I give?” and “When should I water?” are common. In addition, people often forget
to water the seedlings (R2, water monitoring).

5.It is also difficult to know exactly what is needed when sowing seeds. This usually starts
with selecting suitable soil and determining how deep the seeds should be planted (R1,
seed planting).

6.Overall, caring for plants is challenging. Beginners often struggle to understand what
plants truly need and which steps must be followed to successfully grow from seed to
harvest.

7.Finally, space is a major challenge. Windowsills quickly become overcrowded with
seedlings, leaving very little remaining space. Moreover, not everyone has a large
windowsill on which to place their seedlings (R5, compact design), (R6, space efficiency).

1.First, it is difficult to know when to start sowing. As a result, this often goes wrong
because people begin sowing either too early or too late (R1, seed planting).

2.People also tend to sow too much at once. Too many seeds are placed in seed
trays, leaving them with insufficient space to grow. In addition, people often sow
more than they can ultimately plant out, resulting in a large number of seedlings
that are unlikely to survive (R1, seed planting).
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B E G I N N I N G  T O O  
E A R L Y / L A T E

T O O  M U C H  A T  O N C E
L I G H T / G R O W I N G
C O N D I T I O N S

A M O U N T  W A T E R /
W H E N  W A T E R I N G
A N D  F O R G E T T I N G  I T W H I C H  S O I L ?

H O W  D E E P ?
S P A C E
L I M I T A T I O N S

Figure 13: Most significant challenges

P L A N T  C A R E



L I S T  O F  R E Q U I R E M E N T S
A N D  W I S H E S
Based on the research take-aways, a list of requirements and wishes has been established that the design must/can meet. These lists are primarily based on the conclusions drawn from the
research described above. In table 6, the list of requirements can be found and in table 7, the wishes can be found.

08
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Requirement Explanation

R1 Seed planting
guidance

The product shall provide clear step-by-step
guidance for seed planting, including depth and
spacing.

R2 Water
monitoring

The system shall monitor soil moisture and give
feedback to the user when values fall outside the
optimal range for seedlings.

R3 Manual
adjustments

The user shall be able to manually refill water and
adjust lighting (not everything should be
automated).

R4 Plant variety
The system shall support a wide variety of plant
categories. These will overarch the easiest plants
to start with, where success is guaranteed.

R5 Compact
design The product shall fit on a desk, shelf or windowsill.

R6 Space
Efficiency

The product shall optimize planting capacity in
limited indoor spaces by enabling vertical or
modular use.

R7 Simplicity &
Intuitiveness

A first-time user shall be able to start easily, using
only the provided instructions. 

Requirement Explanation

R8 Practical Use

The product must be practical and
convenient to use in everyday
situations. Its use and required actions
should be clear to the user at all times,
ensuring that plant care can be carried
out easily and without confusion.

R9 Sturdiness

The structure must safely support the
expected load of plants, soil, and water,
including a safety margin to account for
growth and watering, without
permanent deformation or loss of
stability.

R10 Reusable

The product shall be designed for long-
term indoor use, with structural
components maintaining their function
and stability under normal use
conditions without requiring
replacement.

R11 Storage

The product shall be able to be
disassembled or folded to a storage
volume reduced by at least 50%.

R12 Active
Learning

The product should stimulate the user
to learn actively.

Table 7: List of Wishes

Table 6: List of Requirements

Wishes Explanation

W1 Notifications
Alerts when attention is needed, e.g. too dry or too
wet.

W2 Usability/ several
locations

It would be useful if the user could choose where to
use the product: on the windowsill, on the table, or
somewhere else in the house.

W3 Visible progress
It should be nice if the user will get visible progress
by using the product. Showing the progress that you
made helps building motivation and confidence.

W4 Connection with
nature

It would be nice if people get connected to nature
(again) in some way by the design.

W5 Adjustability

It would be useful if the design is adjustable to the
size of the plants, so that they have space for the
entire pre-sowing phase (around 30cm high, depends
on the plants).

W6 Aesthetics

It would be nice if the product, besides being easy to
use, also looks nice. After all, it has to be in
someone's (living) room.



Page | 46 Page | 47

T H E  D E S I G N  V I S I O N 09Based on the seven main challenges, explained in chapter 7, two design directions emerged: lack of knowledge and space limitations. As these design directions
can be effectively combined, a clear design vision was formulated that will serve as input to the conceptualization phase. Figure 14 shows where the words in the
sentence originate from. These can be traced back to the research mentioned above.

The user will be a novel gardener
who wish to learn grow their own
vegetables. The interest is already
there, but the knowledge isn't yet.

Not fully automated. Automated
functions that will help the user.
For example lighting and water
sensors that can inform the user

Learning by doing is most
important. The user should

be able to learn by doing
and experimenting. Not

everything has to be perfect

As one of the struggles is
the available space, the

design should take this into
account

Not the whole product
should be automated. The
design should guide the

novel gardener.
The user gets information
about watering, lighting
and how to care for the

seeds.

The connection with nature will
be restored. The user will get
informed about how to grow

food. Gardening will help people
be more (consistent) in nature.

The Smart Growing System empowers novel gardeners to learn,
experiment, and enjoy home gardening in a space-efficient design

while offering guidance and real-time information fostering a
meaningful connection to nature and its process of growing food.

The smart growing system gives users the opportunity to actively learn gardening,
rather than relying entirely on automation. It provides support during the first steps of
planting and caring for seeds, while allowing experimentation, mistakes, and
discovery of how plants grow. Users have the freedom to choose which plants to
grow, from herbs and leafy greens to other varieties, offering plenty of room for
creativity. Its compact, space-efficient design makes it suitable for almost any home,
and the ergonomic, clear layout makes it easy and enjoyable to use. In this way, it
combines the convenience of a smart growing system with the freedom, learning
experience, and enjoyment of traditional gardening.

9 . 1  W H A T  V A L U E  D O E S  T H E  P R O D U C T
P R O V I D E  O N  A N  I N D I V I D U A L  L E V E L ?

This smart growing system does more than support individual learning; it encourages
a deeper connection between people and the natural world. By making gardening
accessible and engaging, it allows users to learn more about the food they eat, how it
is grown, and to enjoy the benefits of fresh, healthy produce. This promotes not only a
more responsible and thoughtful approach to food use, but also a healthier lifestyle,
while raising awareness of sustainable practices and natural cycles. The design
supports experimentation and curiosity, helping people appreciate the process of
nurturing life and making mindful, health-conscious choices. In this way, the system
adds value not only to personal growth but also to a broader understanding of
sustainability, well-being, and living in harmony with nature.

9 . 2  T H E  O V E R A R C H I N G  G O A L  O F  T H E  D E S I G N

Figure 14: Design vision



1.

D E S I G N  P R O C E S S 10
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In order to develop the final design, several methods were employed to
generate ideas and gain a broader understanding of what is possible. For idea
generation a variety of techniques are used, namely a co-design session with
fellow students, How-To guides, and a morphological chart. These
brainstorming activities produced three concept ideas. To select which idea to
develop further, a Harris profile was used. This chapter explains each method
step by step and presents the attendant conclusions.

1 0 . 1  H O W  T O ' S

In the early phase of the design
process, there were still many
questions as a designer about what
was possible. In the “How To’s,” you
ask yourself as a designer the
question: How to solve problem X?
Then, you write down as many
possible solutions as you can to solve
the given problem or answer the
given question. In Figure 15, you can
see one of the brainstorming sessions
on adding growing lamps to the
design. The remaining How To’s can
be found in Appendix 6.

1 0 . 2  C O -  D E S I G N  S E S S I O N

1 0 . 2 . 1  O B J E C T I V E

The primary goal of the session was to explore the two design directions: Lack of
knowledge and space limitations. This, to generate potential solutions for both
directions without restrictions.

1 0 . 2 . 2  M E T H O D

To explore innovative designs, a collaborative brainstorming session was conducted
with class mates. Because they did not know a lot about the topic, this could result in
different (out of the box) ideas, that i did not think of yet. This offered a new
perspective on the design. 

The session was structured around two design questions:
1. In what ways can knowledge be transferred?
2.How can the space for a grow box be used efficiently?

These were explained verbally to
four classmates. The group was then
divided into two so no one had to
wait and the ideas would be less
influenced by one another. Each
classmate was given 3 minutes to
come up with ideas for both design
directions. After everyone had drawn
or written down their ideas, each
one was explained in detail. This
ensured that the ideas were clear to
everyone and allowed for further
brainstorming afterward.

From this brainstorming session, the most promising ideas were selected together with my
classmates. These are shown with numbers in Figure 17. These are the ideas that we believed
had the most potential, based on the program of requirements and wishes.

3.

2.

Figure 15: How to: Add growing lamps to
your concept?

Figure 17: Outcomes co design session

Figure 16: Co-design session
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Figure 18: Morphological Chart

1 0 . 3  M O R P H O L O G I C A L  C H A R T

To organize all the ideas and simultaneously explore unanswered questions, a
morphological chart was created. I used the chart as a flexible tool for overview and
brainstorming, rather than strictly following the classic sub-function–solution model.
This allowed me to quickly gather ideas, explore possible combinations, and
creatively connect them, making it a practical tool for my design process. As a result,
it provided a comprehensive overview of all ideas for further concept development.
The colors are divided according to different parts of the concept: yellow indicates
elements useful for the app, blue highlights aspects I want to see reflected in the
physical design, and other colors were used to indicate possible combinations (Figure
18). Only a part is shown, the rest can be found in appendix 7.



Concept 1 is called: the Windowsill Extension.
As the name suggests, this growing system is
designed as an extension of the windowsill.
According to the questionnaire conducted
among novice gardeners, it became clear that
people generally have limited space on their
windowsills for placing seed trays. With this
concept, the growing tray can be pulled
outward, thereby creating twice as much
usable space (R6, space efficiency). The tray is
additionally reinforced by support legs that
fold out underneath the box, including anti-
slip feet (R8, Practical use).  Moreover, this
concept makes efficient use of the natural
light that already enters through the window
(R7, Simplicity & Intuitivity).

Sliding box

30 cm

C O N C E P T S 11After applying these methods, a selection of the most valuable ideas was made
,taking the preference of Simon in account. These ideas were further developed into
concepts. The final concept will be combined with the two design directions: space
efficiency and information transfer. The concepts presented in this chapter belong
to the space-efficiency design direction (not yet the smart functions integrated). 
After several brainstorming sessions, the decision was made to transfer information
through an app; this will be explained further in Chapter 11.4.1.

1 1 . 1  C O N C E P T  1 :  W I N D O W S I L L  E X T E N S I O N
There is also no height restriction, so any
crop could grow in it (R4 ,Plant variety).
To identify a suitable sliding mechanism,
a short brainstorming session was
conducted on possible mechanisms (see
Appendix 8). Eventually, one of these
mechanisms was tested using a small
3D-printed prototype. Figure 19 illustrates
a technical drawing of the working
principle of the concept.

Sliding box

20 cm
30 cm

Dimensions
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Figure 19: Concept 1,
windowsill extension
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Modular Stacking is a concept made up of multiple components that can be
expanded based on the user’s needs. The foundation is a growing box with a base
and a transparent lid. This box can be placed on a windowsill and makes use of the
natural light coming from outside (R7, Simplicity & Intuitivity). Both the base and
the lid contain magnets in the corners, allowing additional boxes to be added and
stacked as desired (R5, compact design, R6, Space efficiency). The ventilation slider
provides extra airflow after germination. Modular Stacking is suited for gardeners
who want to sow just a little or a lot, its size and configuration can be fully adapted
to the user’s preferences (W5, adjustability).

1 1 . 2  C O N C E P T  2 :  M O D U L A R  S T A C K I N G

Stacking

Click on each otherDifferent shapes

Dimensions

Ventilation on topMagnets on edges

20 cm
10 cm

Figure 20: Concept 2, Modular stacking



The third concept is the Modular Drawer. This idea works like a drawer in
which growing trays can slide into a frame. The tray includes basic features
such as LED lighting for healthy growth and simple ventilation (R7, simplicity
and intuitiveness). As the seedlings grow, the lid can be flipped and used as
a bottom support, keeping the components neatly organized during use (R5,
compact design).

The tray can be filled with either small compartments or P9 pots, making it
suitable for both germination and further plant development (R4, plant
variety). The possibility of using both a sowing tray and a P9 pot, was a wish
of De Moestuinman. Finally, multiple trays can be stacked in a frame, which is
height-adjustable so the system can grow along with the plants (W5,
adjustability).

1 1 . 3  C O N C E P T  3 :  M O D U L A R  D R A W E R

Figure 21: Concept 3, Modular drawer
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Requirement -2 -1 +1 +2

R1 Seed planting guidance

R2 Water monitoring

R3 Manual adjustments

R4 Plant variety

R5 Compact design

R6 Space Efficiency

R7 Simplicity & Intuitiveness

R8 Practical Use

R9 Sturdiness

R10 Reusable

R11 Storage

R12 Active learning

Total 18

Concept 1: Windowsill
Extension

Concept 2: Modular Stacking Concept 3: Modular Drawer

-2 -1 +1 +2
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This chapter further elaborates on the selection of the
chosen concept. The decisions made during the design
process are explained in more detail. Since the concept
combines two design directions, these choices will be
discussed separately.

1 1 . 4  C O N C E P T  S E L E C T I O N

1 1 . 4 . 1  D E S I G N  V I S I O N  I N F O R M A T I O N
T R A N S F E R R I N G

The design choice was made
based on the list of
requirements and in
consultation with Simon. During
this discussion, we concluded
that an app is the most suitable
solution for information transfer.
An app is user-friendly, clearly
readable, and always within
reach.

Compared to the other ideas
mentioned in appendix 9, an
app offers functionality and
flexibility without additional
hardware costs. Almost everyone
already owns a smartphone, and
the app can be easily installed
and updated. This allows for
clear, step-by-step instructions,
while keeping costs low and
ensuring an optimal user
experience.

1 1 . 4 . 2  D E S I G N  V I S I O N  S P A C E  E F F I C I E N C Y
To select one of the concepts from the space-efficiency design direction, a Harris Profile was used to visually compare
the strengths and weaknesses of the three different concepts against a set of criteria.

The requirements for the physical design (as previously described in Chapter X) were listed, compared, and ranked
according to these criteria (see Table 8). As the information will be transfered via an app, R1 and R12 are ranked the
same, as this will be determined by the use of the app.

From this comparison, it becomes clear that Concept 3: the Modular Drawer concept scores the highest. 
Compared to concepts 1 and 2, Concept 3 scores significantly better on practical use and sturdiness. The sliding legs of
the windowsill extension, in particular, make it less stable than Concept 3, which has a solid base. Therefore, this
concept will be further developed.

Table 8: Harris Profile

Figure 22: App
development
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-2 -1 +1 +2
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Besides, engaging with gardening, in this way strengthens
your connection with nature (W4, connection nature).
Besides being fun, you learn something new about the
wonders of nature every time (R12, Active learning).

Finally, an app can easily be updated. If things change or if
information needs to be adjusted based on weather
conditions, it can be updated at any time. This is more
difficult with a book, which is fixed at the moment it is
printed.



C O N C E P T
D E V E L O P M E N T
This chapter will show the steps taken from concept to iteration 1. For the
design, it is important that the different components work well together. The
growing tray itself still needs to be further developed and must be able to slide
easily into the frame. In addition, several iterations and tests have been carried
out with the structure of the app. In this chapter, more will be explained about
designing the growing box, iterations and user tests.

1 2 . 1  N E W  V S  E X I S T I N G  T R A Y

The design of the growing tray did not need to be too complicated. A base, a lid, and
an inlay are sufficient to allow seedlings to grow larger. Several iterations were made
in the design, mainly focusing on ease of use. A design was created in SolidWorks (see
Appendix 10) and then 3D printed at a 1:2 scale. This allowed all components to be
properly tested.

1.First, the lid: in the initial developed concepts,
lighting was integrated into the lid itself. In the
second concept, the mounting was simplified by
adding a continuous channel for the LED light. In a
later iteration, the light was integrated into the
frame instead of the lid. The shape and size of the
ventilation hole were also changed to make it more
practical to use (R8, practical use). In the first design,
the ventilation slide could not be properly fixed to
the lid and did not slide smoothly. In the following
iteration, this issue was resolved by adjusting the
shape and the mounting system.

Several iterations were made for the tray itself: the white/transparent 3D
print is the first print, and the black print is an iteration based on it: 

2.Second, the bottom: In the bottom, it is important that
any excess water has a place to go. As stated in the
research, one challenge for a novel gardeners is watering
(this can be too little, but also too much). In the first
design, this consisted of small round indentations, but
during testing with a large amount of excess water, these
did not provide enough space. In the second iteration,
more space was created using long channels.
Additionally, in the first iteration, the inlay did not fit
properly into the bottom. It was therefore made slightly
wider so that it could slide in easily.

Figure 23: Lid iterations

Figure 24: Bottom iterations
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Before discussing the iterations of designing a new growing tray, it is important to
explain why I, as a designer, chose to develop a completely new growing tray, despite
the many options already available. Although the modular option of using an existing
tray offered lower costs and broader compatibility, designing a frame to fit various
trays would have required extra adjustability, making the design more complex and
limiting control, consistency, and user experience.

A custom tray allows full control over lighting, ventilation, and moisture, ensuring all
components work seamlessly together (R2, Water monitoring, R3 Manual
adjustments). This results in more reliable measurements and predictable growing
conditions. Usability for beginners is also improved, as a single integrated system
provides a clear workflow, reducing uncertainty and lowering the learning barrier
(W2, Usability).

Furthermore, a complete system enhances innovation and aesthetic consistency
(W6, Aesthetics), allowing the tray, frame, and app to form one coherent product.
While a new tray involves higher production costs and slightly lower material reuse,
the benefits in functionality, reliability, learning support, and user experience
outweigh these drawbacks. The custom growing tray therefore best supports the
project’s goal of providing an accessible, reliable, and educational growing system for
beginners.

1 2 . 2  I T E R A T I O N S  G R O W I N G  T R A Y

3.Third, the inlay: An inlay has been made so that a
variety of crops can be planted (R4, plant variety),
without being mixed up. The different compartments
make it easier to get specific seedlings out of the tray.
The inlay met expectations fairly early on. After a user
test, feedback was given to add something that would
make it easier to remove the inlay from the bottom.
When the compartments are filled with soil, you have
to dig in with your fingers, which is inconvenient.
Therefore, two surfaces were added to allow the inlay
to be lifted more easily (see Figure 25).

Figure 25: Inlay iterations

12



1 2 . 4  S L I D E  M E C H A N I S M S

1 2 . 3  V E N T I L A T I O N  S L I D E S

Six iterations of the ventilation slide were printed.
The slide needed to click securely into the lid,
which required the connecting piece to fit perfectly.
Because this required precise work, quite a few
iterations were needed (left are the first iterations,
right the last iterations).

In addition, the tray itself needs to slide smoothly
into the frame. Various dimensions and methods
were tested for this (see Figure 27). Ultimately, I
found that an angled rail would also be a good
and more cost-effective option for the final design.
These rails are sturdy, and the tray rests securely
on them. In addition, they allow for more
tolerance when sliding the growing tray into place.

Page | 60 Page | 61

Figure 26: Ventilation slides iterations

Figure 27: Slide Mechanisms iterations

During the different iterations of the app,
changes were made to the wording and layout
to improve clarity and usability (R8, practical
use). In addition, feedback from user testing led
to the inclusion of several new ideas and
features within the app.

1 2 . 5  A P P

Figure 28: Iterations app

Before After

1 2 . 6  P R O T O T Y P E  F R A M E

To test the frame, a prototype was built using steel tubes and wooden
beams. This prototype was mainly intended to test the mechanism, gather
user feedback, and evaluate whether it functions as intended. The prototype
can be seen in the image below.

1 2 . 7  P R O T O T Y P E  G R O W I N G  T R A Y

To see if everything works well together, the growing tray was 3D printed.
This gave me, as a designer, good insight into what works and what doesn't.
So far, everything in the growing tray fits together very well, and all the
components seem to work well together. However, we still need to see how
connecting the moisture sensor and placing the tray in the frame will
actually work. The functionality, such as the inlay, the holes in the bottom,
and the surfaces on the bottom where water can slide in, will also need to
be tested later. For now, this is a very positive step.

Figure 29: Prototype frame

Figure 30: Prototype growing tray



I T E R A T I O N  1 13The main parts of iteration 1 consists of the frame,
the growing tray, and the app. Together, with the
moisture sensor and led lights, these form the
complete design. Every smaller components will be
explained step by step in this chapter. In figure 31,
the desing for iteration one can be found in context.

Figure 31: Design iteration 1
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1 3 . 1  F R A M E

1 3 . 1 . 1  W O O D E N  F R A M E

The frame consists of several components: the
wooden beams, adjustable tubes with push
buttons, LED lighting, and an angle profile on
which the growing tray can be slid. These
components will be explained individually in
this sub-chapter.
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The base of the frame consists of wooden beams
measuring 2 by 2 cm. These dimensions look still
clean, but create also enough strength to the
design (W6, Aesthetics, R9 ,Sturdiness). The
overall frame is approximately 36 cm wide and 27
cm long. The most important function of these
beams is to provide support and stability for the
entire structure. The frame must be able to carry
the weight of the growing trays and, if the user
wants to save additional space, an extra frame
can be attached on top of it, using bolts (R6,
Space efficiency).
The frame consists of two parts: a bottom section
and a top section. The top section contains two
additional beams to which the LED strips can be
attached, allowing the seedlings to grow
optimally. By adding light, the user can put the
system everywhere, as there is no dependency on
light from the windows (W2, Usability).The use of
wood gives the entire frame a warm, natural, and
sustainable appearance (W4, Connection with
nature). In addition, the beams have rounded
edges for an elegant look, and the wood will be
stained to enhance its visual appeal even further.

Most of the structural strength is provided by the
extendable rods, connected with screws. These
rods are made of aluminium, ensuring that the
frame remains lightweight while still being strong
and stable (R9, Sturdiness). In addition to
providing structural support, the rods also serve
an adjustable function, allowing the height of the
frame to be modified (W5, Adjustability).

1 3 . 1 . 2  A L U M I N I U M  R O D S

The thin inner tube slides into the two thicker outer
tubes and can move up and down by pressing the
spring button clips. In this way, the rods allow each
“level” of the frame to be adjusted to three different
height positions, which helps the growth of the
plants over time. The maximum height each level
can reach is 30 cm, which corresponds
approximately to the height of a fully grown seedling
(in a P9 pot).

Figure 33: Leg
button clip
(Fruugo, n.d.)

1 3 . 1 . 4  L E D  S T R I P S

Pre-sowing can be challenging, especially at the beginning of the year.
Seedlings can quickly become long and thin because the balance
between heat and light is often not optimal. To restore this balance and
support healthy growth, LED strips have been integrated into the design.
The LED strips ensure that seedlings receive between 12 and 16 hours of
light during the germination phase. LEDs consume very little energy,
making it acceptable for them to remain on for long periods throughout
the day. In addition, LEDs are relatively inexpensive and energy-efficient,
which makes them an ideal addition to the frame. The LEDs are powered
through a low-voltage system using an off-the-shelf 5V or 12V adapter.
This reduces safety risks associated with mains electricity and makes the
system safer for indoor use. The leds will be glued to the frame and
bottom for optimal light for both sowing trays.

1 3 . 1 . 3  C O R N E R  L I N E
The growing tray can easily be slid into the frame
using an angle profile. This angle profile provides a
simple yet efficient support on which the growing
tray can rest securely. The profiles are fixed at a set
position on the aluminium rods, ensuring that they
remain at the same height when the rods are
adjusted. They are made of aluminium, which
provides sufficient strength while visually matching
the rest of the design.

One rod consists of three components:
Two thicker outer tubes with a diameter of 15
mm and a wall thickness of 2 mm. Each tube is
17 cm long and contains one adjustment hole.
One thinner inner tube with a diameter of 8 mm
and a wall thickness of 1 mm. This tube is 27 cm
long and contains 6 holes, allowing the two
thicker tubes to be positioned at three different
height settings. In this way, the frame could be
adjusted per growing stage.

Figure 34: Corner
line
(Metaalshopper,
n.d.)

Figure 32: Designed frame with and without growing
tray.



1 3 . 2  G R O W I N G  T R A Y

1 3 . 2 . 1  B O T T O M

1 3 . 2 . 2  L I D

1 3 . 2 . 3  I N L A Y

1

1

2

2

3

3

The growing tray consists of several
components, including the lid, the
base, and the inlay, combined with
lighting and a moisture sensor. These
will be explained more in detail in
this chapter, including dimensions.
The numbers correspond with the
right information.

The base of the growing tray is a relatively
simple design. It is rectangular in shape,
allowing the lid to fit perfectly on top. The
protruding edges are used to slide the
entire tray into the frame. Indentations have
been made in the base itself to collect any
excess water, preventing it from remaining
in the soil around the plants up to a certain
level. In addition, magnets are in a specific
part of the bottom so the moisture sensor
can be put on. Finally, a LED strip can be
attached to the underside of the base to
provide additional light for the tray below.

1 3 . 2 . 5  D I M E N S I O N S
The dimensions of the growing box are 35 cm (length) × 27 cm (width) ×
15 cm (height). These dimensions were chosen primarily because the
tray fits perfectly on a windowsill. The average depth of a windowsill
generally falls between 20 and 30 cm, as explained in Chapter 3.3.5.

In addition, the base was designed to accommodate the dimensions of
a P9 pot (9 cm × 9 cm × 10 cm). Once the seedlings have grown in the
inlay, they can be transplanted into P9 pots, six of which fit perfectly in
the base (2×3). This allows the design to be used beyond the sowing
phase, extending its functionality (W5, Adjustability).

The transparent lid of the growing tray fits
perfectly onto the bottom, resting over the
bulging edges. It is made transparent so
that sunlight can easily pass through. The
lid also contains ventilation holes where the
ventilation slide can be mounted. The
ventilation slide can be clicked into the lid
and moved back and forth. When the
seedlings require less humidity (usually after
germination), the slide can be opened to
increase airflow.

Once the seedlings have grown taller and
reach the lid, the lid can be placed upside
down beneath the base. This provides a
convenient storage solution when the lid is
no longer needed (R11, Storage). The LED
strip that was previously attached to the
base can then be mounted on the inverted
lid. In addition, the lid is also provided of
magnets to put the moisture sensor on.

The inlay consists of 24 compartments, each with a hole at the bottom,
and fits perfectly into the bottom. The compartments are big enough
for the plants to grow out of the 'seedlings stage'. After that, the plants
can be put in a total of 6 P9 pots, allowing them to grow even bigger
(W5, Adjustability). Because there are many compartments, a wide
variety of crops can be grown (R4, Plant variety). If fewer types of crops
are needed, multiple seeds of the same crop can be sown, allowing the
strongest seedlings to survive. It is also helpful to sow slightly more
seeds than needed, as not every seed will germinate.
The holes at the bottom serve a dual purpose. First, they allow any
excess water to drain away. Second, when a seedling needs to be
transplanted, it can be pushed up from the bottom using a small pin.
This allows the grown seedling to be moved easily with minimal
damage to the roots.
Finally, the inlay has two protruding edges, which the user can hold to
lift the inlay out of the bottom when needed (W2, Usability).

1 3 . 2 . 4  M O I S T U R E  S E N S O R
On the bottom of the tray the moisture sensor can
be put on with magnets. The sensor can be placed
in the soil to check whether there is enough
moisture. The readings are indicated as follows:

Green: Sufficient moisture in the soil (VWC
between 25–40%).
Yellow: Moisture is still adequate, but
approaching dryness (VWC between 20–25%).
Orange: The soil is too dry, but still slightly
moist (VWC between 10–20%).
Red: The soil is very dry (VWC between 0–10%).

These LED indicators clearly show the user when
additional water is needed (R2, Water monitoring),
making vegetable cultivation easier and more
reliable. The code (sketch) and the breadboard
scheme are shown in appendix 11.
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Figure 35:
Moisture sensor
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1 3 . 3  P R O D U C T I O N / M A T E R I A L  C H O I C E S

1 3 . 3 . 1  R E C Y C L E D  A L U M I N I U M
For the frame of the design, recycled aluminium was chosen. aluminium
combines lightweight properties with high strength, making it ideal for a
frame that needs to be both sturdy and easy to handle. To check this, a
force (100N) test simulation has been done with solidworks. Only one
aluminium pipe could already withstand 10 kg (see appendix 13).

Compared to recycled steel, aluminium offers similar structural strength
while remaining much lighter, which improves usability and reduces
transportation effort. Plastic poles were also considered; however, they are
less strong compared to aluminium. Since sturdiness is an important
requirement in the design, aluminium was therefore chosen.
In terms of environmental impact, recycled steel and recycled aluminium
have a comparable eco-intensity during production, but aluminium has a
significantly lower impact when recycled (figure 36). Recycling aluminium
requires much less energy and produces less CO₂ than steel, making it an
excellent choice for this design in terms of both functionality and
sustainability. The filled in LCA sheet can be found in appendix 12.

1 3 . 3 . 2  P I N E W O O D

Initially, a comparison was made between wood and plastic. HDPE was considered as an option because it is
very strong and suitable for bearing relatively heavy loads. However, this comparison showed that plastic has a
significantly higher eco-intensity than wood, making it a less sustainable choice for the frame material.

Based on these findings, pinewood was chosen due to a combination of low cost, good workability, and low
environmental impact. Firstly, pinewood is considerably cheaper than beechwood and birch, making it an
attractive option for an affordable design. Although pinewood may initially appear less ‘refined’ than the more
expensive wood types, it can be finished through sanding, staining, or oiling to achieve a visually comparable
result while maintaining the lower cost.

Furthermore, as shown in figure 37, pinewood has a much lower eco-intensity than beechwood, birch, and
HDPE (during the manufacturing stage). This makes pinewood an optimal balance between aesthetics,
functionality, cost, and sustainability, making it the best choice for the frame of the design.

Figure 36: Impact by
component. Manufacturing
and end of life.

Figure 37: Impact by
component, manufacturing

M A N U F A C T U R I N G

E N D  O F  L I F E

MANUFACTUR ING

In this subchapter, the choices for recycled aluminium, pinewood,
polypropyleen and the production of the growing trays will be
explained.

1 3 . 3 . 3  P O L Y P R O P Y L E E N

ABS, PP, and HDPE are strong materials with many similar properties, making them all
suitable for sturdy growing trays. PP was ultimately chosen because it offers the same
mechanical performance as ABS and HDPE, but with a significantly lower
environmental impact (see Figure 38). The material requires less energy to produce, is
highly recyclable, and is also cheaper than both ABS and HDPE. PP combines stiffness
and impact resistance, ensuring the container reliably withstands daily stresses, and it is
well-suited for both injection moulding and thermoforming, providing great flexibility in
design and manufacturing. ABS is also strong and rigid, but more expensive and harder
to recycle, while HDPE would require thicker walls to achieve the same performance as
PP.

LDPE was included in the comparison because it is lightweight and flexible, but it is less
suitable for this container: it wears out faster and cannot provide the required rigidity,
resulting in a higher environmental impact over the long term.

Based on this assessment, PP offers the best combination of strength, durability, low
environmental impact, cost-effectiveness, and processability, making it the most
suitable choice for this application.

M A N U F A C T U R I N G

E N D  O F  L I F E

Figure 38: Impact by component.
Manufacturing and end of life.



1 3 . 3 . 4  P R O D U C T I O N  G R O W I N G  T R A Y S

For the production of the growing tray, a combination of injection moulding and thermoforming is
selected. The inlay and the lid contains complex details such as thin walls and small holes, which
require high precision and consistent quality. Injection moulding is therefore used, as it allows
accurate reproduction of complex geometries and high repeatability (Hertz et al., 2022) (see figure 39).

The bottom has a relatively simple, flat geometry with limited detail. For this part, thermoforming is a
cost-effective and efficient manufacturing method with lower tooling costs and fast production setup.

By combining these two production techniques, an optimal balance is achieved between product
quality, production cost, and scalability.

Figure 39: Injection moulding (Toolcraft plastics, n.d.)

Figure 40: Thermoforming (CustomPartNet, 2023)
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1 3 . 3 . 5  P R O D U C T I O N  C O S T S
The production costs are shown in Table 9. Please note that
this is an estimate of the total costs. These figures have been
calculated conservatively and may ultimately differ from the
actual total production costs. The whole calculation and
sources can be found in appendix 14.

What Costs (€) per product

Materials: 
1.Aluminium
2.Pinewood
3.PP

1.€0,60
2.€4,80
3.€ 1,00

Processing costs:
1.Aluminium holes/cuting
2.Aluminium powdercoating
3.Pinewood sawing
4.Pinewood sanding
5.Pinewood pickling
6.Pinewood milling
7.PP malls, production

1.€ 1,95
2.€5,57
3.€2,00
4.€4,95
5.€1,98
6.€1,98
7.€2,00

Electronics:
1.Moisture sensor
2.Leds
3.Led strips

1.€1,00
2.€0,10
3.€4,50

Other:
1.magnets
2.Leg button clips

€0,075
€3,44

Total €35,-

Table 9: Production costs



1

21

2

To convey the desired information to the user, it was decided to do this through an app. An app is user-friendly, clearly readable, and always within reach. This subchapter provides
an overview of the app’s various features, including explanations. The app highlights the most common challenges for beginner gardeners (also shown in Chapter 7.3). For
example, novice gardeners often have questions such as: “When should I sow?”, “How much should I sow?”, or “How deep should my seedlings be?”. The app guides the user step
by step on how and when to sow, addressing these major challenges for beginners. In addition, the app includes features such as notifications and a community where users can
share and receive extra information. A selection of these features will be shown, while the rest can be found in Appendix 15. The numbers of the 'homepage' on the left of the page
correpsond with the numbers with explanations.

1 3 . 4  A P P
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The “Sowing and Harvest Calendar”
provides an overview of when to sow
(green bars) and when to harvest
(yellow bars). By clicking on a specific
crop, you can access additional
information about the conditions it
grows in and the timeline of its
growth (including explanations of the
definitions). This gives a clear overview
of when to sow and harvest each crop
and what the different growth stages
look like. There has been made a
selection of 13 different crops, all
suitable for beginner gardeners, as
these are relatively easy to grow. This
correspomds with (R4, Plant Variety).

“This Month in the Garden”
shows what tasks can be
done during the current
month. For each month,
there is an overview of
everything that can typically
be done in the garden.
Some months are busier
than others, but there is
always something to do.

In the “Sowing” tab, you are guided step by step on
how to sow a specific crop. First, you receive
information about the crop itself, followed by
detailed instructions on how to plant the seedlings.
This includes what you need, how deep and how
many seedlings to plant, how much water they
require, and the best conditions for optimal growth,
such as light and temperature. 
People learn actively which corresponds with (R1,
Seed planting and R12, Active Learning)

3

3

The app is designed in such a way that
everyone can use it. Icons and images
support the text, making the app intuitive
to use. This corresponds with (R7,
Simplicity & Intuitiveness).



4

6

5

4 5

7

7

The app also provides notifications about the growth
stage of your plant. This way, you can see whether it is
growing properly and receive additional information if
something is not going as expected. In this way, the
user can learn by doing (R12, Active Learning and
W3, Visible Progress). 

In the community, you can
connect with others. You
can share what you have
grown yourself, but you can
also see what others are
doing to learn more.
Additionally, there is the
option to ask questions if
you get stuck. This way, you
can enjoy the growing
process together with others.

The heart tab provides an
overview of all your
favorites so they can be
quickly found. The user
can add or remove when
wanted.

The calendar shows what is currently in your
garden and what you can do with your crops at
that time. This provides a clearer overview of
what you have planted and what tasks you can
focus on during that period.

6
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1 3 . 5  R E F L E C T I O N  D E S I G N  1

During the green light presentation, feedback indicated that the next phase of the
project should focus more strongly on detailing and technical development of the
design. While the overall concept and functionality are clear, further refinement is
needed to make the design suitable for production and implementation. In particular,
the frame and growing trays require additional attention regarding, dimensions,
manufacturing methods, assembly techniques, and structural performance. Elements
such as tube thickness, stiffness, and robustness need to be evaluated to prevent
potential weaknesses, for example in the corner connections where diagonal loads could
lead to instability or failure.

In addition, the integration of electronic components requires further development. The
positioning and integration of LED strips, moisture sensors, indicator LEDs, wiring, and
the power supply need to be clearly defined, ensuring both safety and logical integration
within the product. The moisture sensor itself should not be treated as a separate
element, but as an integrated part of the overall system and user interaction.

The feedback also emphasized the importance of developing the design to a level where
it could realistically be transferred to a manufacturing context. This means reconsidering
design decisions beyond the first practical solution and evaluating alternatives, such as
frame segmentation, tray placement and fixation, and the integration of components
within the structure.

As a next step, the design will be further detailed by optimizing material thickness and
robustness, refining construction and assembly solutions, and reviewing all components
for potential improvements. This development phase will be supported by detailed
renders or prototypes showing the product in different stages of use, as well as an
exploded view to clearly communicate the product structure and components.
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14F I N A L  D E S I G N
In this chapter, the final design will be explained. Just like in iteration
1, it is divided into subchapters for the frame, the growing box, and
the app. Some components will have been changed, while others
remain the same and/or have been supplemented. Whenever
components remain the same or have been supplemented, this will
be clearly indicated and, if necessary, referenced back to iteration 1.
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Figure 41: Exploded view final design frame
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The fully wooden frame from pinewood (as the same reason told in chapter 13.3.2)
consists of several components that can be slotted together or screwed in place. A
step‑by‑step explanation of how the frame is assembled will be provided. An exploded
view can be found in Figure 41 on the previous page, and an overview of the different
components is provided in Appendix 16.

1 4 . 1  F R A M E

1 4 . 1 . 1  W O O D E N  F R A M E

The frame in the final design consists of several components: the wooden frame,
the LED lights with a timer, and the wiring. These components will be further
elaborated in this subchapter. 

1.Top frame: The top frame will be assembled with screws just once. It consists of two
long beams, which house the LED lights, and two short beams, into which the posts
can be inserted. The short beams feature an extrusion, and the top part of the posts
has a corresponding cut, allowing them to slide together easily. Additionally, the top
frame includes a slot where another frame can ultimately be placed to ensure
stability (R9, Sturdiness) (Figure 43).

Figure 42: Whole frame

Figure 43: Top frame 

2.The posts: The aluminium telescopic posts used in iteration 1
have been replaced with two fixed-length wooden posts. The
reason for this change is that the aluminium tubes in the
corners of the frame could make the structure vulnerable. The
tubes might bend or break out of the frame under diagonal
loads (R9, Sturdiness). A brainstorming session for this
component was conducted again, which can be found in
Appendix 17.

It was ultimately decided to replace the aluminium telescopic
posts with pinewood posts (as the same reason told in chapter
13.3.2). There are now two fixed lengths of 20 cm, which can easily
be slotted into the top and bottom frames using a sleeve-and-post
mechanism (R8, Practical use). Both posts have cuts and
extrusions that fit together precisely, which will be milled. At the
connection between the two posts themselves, an extrusion/cut of
6 cm depth was chosen to ensure that the posts fit securely
together and do not easily come apart or slide, while also
preventing them from breaking easily (see Figure 44).

During the germination phase, the first height of 20 cm is
sufficient. The plants initially germinate with the lid on the growing
box and continue growing without the lid afterwards. When the
plants grow larger and can be transferred to a P9 pot, the second
level can be added (W5, Adjustability). In this way, the seedlings in
the germination phase and the vegetative growth phase have
enough space to grow properly (R4, Plant variety).

Figure 44:  
Sliding wooden poles

3.Bottom frame: Like the top frame, the
bottom frame consists of two long beams
and two short beams that are assembled
with screws just once. In addition, the
bottom frame includes two wooden
panels, 2 mm thick, made of birch
plywood. This material was chosen
because it is both moisture-resistant and
strong for its thickness (better than
pinewood and Beechwood shown in the
LCA in Figure 37 in the previous chapter).
The lower panel is attached beneath the
bottom frame with screws. It serves as a
base where the individual posts can be
placed when not in use or for storage of
the entire frame (R11, storage).

Rubber triangles can be inserted into the bottom of the lower panel. These ensure that the frame
remains stable and does not slide (R9, Sturdiness), but they can also be placed on top of another
frame. The triangles allow the frames to remain securely stacked in this way (Figure 47). This setup also
enables more efficient use of space (R6, Space efficiency).

Figure 45: Base frame 
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Figure 46: Base frame with
rubber  triangles

Finally, the bottom frame also includes a second panel made from birch, which will be
slid on top of the base panel. This panel serves as the foundation on which the growing
box will be placed. In iteration 1, this was a corner line, but after a brainstorm (appendix
19) , this seemed a better option. The lower posts of the frame have a notch where this
panel can be inserted. This allows the panel to be easily slid in and out of the frame while
still remaining securely in place (R7, Simplicity & Intuitiveness).

Figure 48: Base frame with
upper plate

Figure 49: Slide-in mechanism

Once the (pre‑)sowing phase is over, the frame can be easily stored. The posts can be laid in
the bottom frame (Figure 50). On top of them, the top frame can be placed (these fit together
precisely) (Figure 51). In this way, a flat frame remains (along with any loose cables), which can
be slid into a bag and closed. This allows the frame to be stored safely while keeping all
components together (R11, Storage and R10, Reusable). The bag is made of organic cotton, a
durable and strong material that is easy to clean. In addition, it gives a natural look that fits the
product perfectly.
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Figure 50: Base frame with all
poles inside.

Figure 51: Frame taken apart
and put on each other.

Figure 52: Cotton bag for storage

Figure 47: Frames on top of each other

1 4 . 1 . 2  D I M E N S I O N S
The dimensions of the frame are as follows: length 37 cm, width 28.5 cm, height 20 cm or 40
cm. The square posts measure 2 × 2 cm. The reasoning behind these dimensions is as follows:

Firstly, the length was designed to fit the growing box precisely. There is minimal clearance
around the growing box to use as little material as possible, but still easy to get it in.
The width was determined both by the dimensions of the growing box and the depth of a
windowsill. The user can choose where to place the frame. Research showed (Chapter 4.3.5,
Windowsills) that the average windowsill depth is between 20 and 30 cm. The points of the
frame that rest on the windowsill fall within this range.
The height of the frame is based on how tall the plants can grow. For the first height (20
cm), the LED light is positioned just above the growing box, which is 14.6 cm high. When
the plants grow larger and can be transferred to a P9 pot, they reach approximately 25 cm
(so 35 cm including the P9 pot within the frame). Therefore, a second level was designed
with the same height of 20 cm.
The thickness of the posts was chosen for two reasons: it must be sturdy (R9, Sturdiness)
and still aesthetically pleasing (W6, Aesthetics). A force test was performed in SolidWorks to
determine the load a double 2 × 2 cm post could bear, which was 40–50 kg (see Appendix
18). To keep the frame from becoming too bulky while maintaining strength, a thickness of
2 × 2 cm was selected.
Finally, the cuts and extrusions needed to be strong enough to slide together securely.



The frame includes LED lights. When sowing indoors, it is often observed that heat and light
are not balanced. The temperature indoors is frequently too high, relative to the amount of
light, especially when starting sowing in February, which can result in leggy seedlings. To
prevent this, LED lights have been added to the design. This allows the product to be placed
anywhere in the home, making it independent of the light coming through a window (R8,
Practical use and W2, Usability/several locations).

1 4 . 1 . 3  L E D  L I G H T S

The color of the LED light is pink, which is a combination of red and blue light. The blue light
promotes healthy leaf growth, while the red light supports root development and
germination (see Chapter 6.3, Light). In this way, the seedlings can grow optimally.

Figure 53: Led light in frame 

Seedlings typically require 12–16 hours of light per day. When the plants reach the vegetative
growth stage, they generally need 12–14 hours of light per day. To accommodate both of
these needs, a timer switch has been added, ensuring that the LED light will stay on for 14
hours. When the user presses this timer switch, the 14‑hour cycle begins. This duration
provides sufficient light for healthy seedling development while avoiding unnecessary energy
consumption. A fixed cycle was deliberately chosen instead of user-adjustable settings to
keep the system intuitive and accessible for beginner users (R7, Simplicity & Intuitiveness).
This reduces the risk of incorrect use and supports a low-threshold learning experience.

Figure 54: Timer switch

The wiring for the LED light runs through the right short beam (Beam B in Figure 41). It exits at the
back so that it remains as unobtrusive as possible for the user. At the rear right posts, there is a
notch where the wiring can be inserted, ensuring it stays securely in place (Figures 55 and 56).

1 4 . 1 . 4  C A B L I N G

Figure 55: Cabling at the back side of the frame Figure 56: cut in wood for cabling

To improve safety and make the product more suitable for indoor use, the LED lighting is powered
through a low-voltage system. An off-the-shelf 12V adapter converts the mains voltage externally,
so only low voltage enters the product. The adapter connects to the frame through a single power
cable, after which the LED strips and other electronic components are powered internally.

A 12V system was chosen because it allows the LED strips to be powered efficiently across the
length of the frame while reducing current, heat generation, and voltage drop. This makes the
system safer and more reliable, especially in a product where electricity and water are used in
close proximity, and helps create a more practical solution for real-world use.
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Additionally, DC connectors are used so that when two
frames are stacked on top of each other, they can share
the same power source and timer. This eliminates the
need for an extra cable to the wall outlet, allowing both
frames to receive power from the same supply (R7,
Simplicity & Intuitiveness). Figure 57:  DC connector



1 4 . 1 . 5  P R O T O T Y P E  F R A M E

To test the functionality of the frame, a 3D-printed model was created. This was done to determine
what works well and what does not. Although the model was made from PLA instead of pinewood,
it provides a clear understanding of how the frame functions.

It was particularly important to test whether the two fixed-length wooden posts could slide
smoothly into each other using the sleeve-and-post mechanism. Would this work as conveniently
as expected, or would it prove less practical? The results showed that the posts slid together easily
and that adjusting the height was simple, as intended.

The model also demonstrated that the frame is very sturdy and that the growing tray developed
earlier (see Chapter 13.7) fits properly within the structure. H
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Figure 58: 3D printed frame
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This subchapter will focus on the growing tray. No major changes have been made to
this component of the design from iteration 1. This chapter will cover the points that
have been modified, while the smaller parts of the base and lid, the inlay, dimensions,
material, and overall product remain the same as in iteration 1 (see Chapter 13.2).

1 4 . 2  G R O W I N G  T R A Y
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In iteration 1, the lid fits over the base. This fits perfectly; however, a disadvantage was that if
there was moisture in the tray and the ventilation slides were closed, water could escape
along the edges. In the final design, the base has been given a raised edge, which captures
any water that may seep down along the lid, keeping it contained within the bottom itself
(Figure 59). The rest of the bottom remains the same as in iteration 1.

1 4 . 2 . 1  B O T T O M

The lid has first been adjusted to fit the new base. It no longer fits over the base but instead
fits inside it. Additionally, a suitable location needed to be found for the housing of the
moisture sensor (which contains the LEDs and the PCB). It was decided to place it on the lid
so that it sits as close as possible to the soil being measured. Placing it inside the lid would
bring it even closer, but this is not ideal due to moisture concerns. In iteration 1, the sensor
was placed on the base. Initially, this seemed very convenient, but over time, as the plants
grew and the lid could move off the base, the sensor housing no longer fit properly.
Therefore, it was decided to attach it to the lid using magnets. This allows it to be easily
placed, removed, and rotated when needed in every growing stage.

1 4 . 2 . 2  L I D The cap of the moisture sensor itself has also been significantly changed. In iteration 1, it
could indicate four levels: too dry (red), almost too dry (orange), nearly optimal (yellow), and
good (green). This has now been updated to the following values:

Red: The soil is very dry (VWC between 0–10%)
Yellow: Not too dry, but not moist either (VWC between 10–25%)
Green: Sufficient moisture in the soil (VWC between 25–40%)
Blue: Too much moisture (VWC above 40%)

In iteration 1, the difference between the orange and yellow levels was very small, making
this distinction inefficient. Therefore, these were combined into a single yellow level.
Additionally, beginners often overwater plants, which was not accounted for in iteration 1. To
address this, a blue LED was added to indicate excessive moisture in the soil (R2, Water
monitoring).

1 4 . 2 . 3  M O I S T U R E  S E N S O R

Since the housing of the moisture
sensor (including the LEDs) is attached
to the lid, the sensor itself must
somehow reach into the tray. To achieve
this conveniently, a small slot measuring
2 × 25 mm was created in the lid,
through which the moisture sensor (1
mm thick and 23 mm wide) can pass. In
this way, the housing, which is not
resistant to significant moisture,
remains on the outside, while the sensor
can still reach the inside of the tray (see
Figure 60).

Figure 60: Slot moisture sensor

Figure 59: Final design growing tray

Figure 61:  Box moisture sensor

Additionally, the LED housing itself indicates what
each LED color represents. In this way, it is clear
what actions need to be taken without additional
instructions (R7, Simplicity and Intuitiveness) (see
Figure 61).



1

1

Since most of the iteration is focused on the physical product, few changes were made to the app. However, a few features have been added, which will be explained in this chapter. The rest
of the app can be found in iteration 1, Chapter 13.4: App. Again, the numbers on the “homepage” on the left of the page correspond with the numbers in the explanations of the features.

1 4 . 3  A P P

Because it is important that a first-time user
can get started easily using only the
provided instructions, an explanation of how
to assemble the product is included in the
app (R7, Simplicity & Intuitiveness). The app
provides a step-by-step guide on assembling
the product, along with additional
information. This feature can be seen in
Figure 62.
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Figure 62: Guide in the
app: assembling the
product 



1 4 . 4  A E S T H E T I C S 1 4 . 4 . 3  C O L O R  G R O W I N G  T R A Y :
B L A C K

1 4 . 4 . 2  S H A P E S

Market research shows that consumers in residential
environments generally prefer neutral and natural color
schemes for furniture and household objects. White and black
are often perceived as calming and timeless, while black is also
associated with elegance, modernity, and clarity (Van der
Voordt et al., 2017).

For the final design, a combination of black accents and wood
was therefore chosen. The black elements give the product a
modern and refined appearance and emphasize its clean lines
and technical character. The wooden components, on the other
hand, add warmth, playfulness, and a natural quality,
reinforcing the connection to sustainability and living materials.

Together, this combination creates a balanced contrast
between a contemporary, high-end look and a welcoming,
organic feel. As a result, the design appears both chic and
warm, making it suitable for integration into a home
environment without dominating the interior.

Additional research shows that rounded shapes are
generally perceived as friendlier, more comfortable,
and more positive than angular shapes, which are
associated with strength, structure, and precision.
Rounded forms evoke feelings of safety and calm,
which aligns well with products related to plants
and well-being.

Angular shapes are used in the corners and straight
sections to emphasize stability, clarity, and a
modern, technical character. Rounded edges are
applied in user-interaction areas to improve comfort
and approachability (Palumbo et al., 2015), (Manippa
et al., 2023)

In te final design, this will be combined which
creates a balanced design that feels both functional
and inviting, making it suitable for a home
environment.

1 4 . 4 . 1  W O O D

The frame is made of pinewood to create a natural
and warm appearance that supports the product’s
goal of encouraging a stronger connection with
plants and nature. 

Additional research indicates that wood is
associated with comfort and calm, and many
people also associate it with sustainability and
environmental responsibility. This makes wood a
suitable material choice for a product that promotes
growth, care, and long-term use. In contrast, plastic
is often perceived as functional but less warm and
less emotionally engaging (Kwak & Choi, 2025). 

Choosing wood therefore helps the product feel
more inviting, environmentally conscious, and
appropriate for use in a home environment.

In this subchapter, the aesthetics of the final
concept will be further explained. The use of wood,
shapes, colors and the production costs will be
substantiated (W6, aesthetics).

1 4 . 4 . 4  C O N N E C T I N G  W I T H
N A T U R E
One of the wishes (W4, connection to nature), and an
important objective of this project, is to strengthen the user’s
connection with nature. This subchapter explains how this
connection is supported through different design decisions.

As described in Chapter 3.2, people connect with nature in
different ways. The design therefore enables this connection on
multiple levels, combining material, interaction, and learning:

1.First, the choice of material plays an important role. Wood
was selected for its natural character and sustainable
appearance, allowing the product to feel more connected
to natural environments rather than purely technical indoor
products. The visual and tactile qualities of the material can
already evoke a sense of closeness to nature.

2. In addition, soil was deliberately chosen as the growing
medium instead of alternatives such as hydroponics.
Handling soil when filling the inlay or P9 pots creates a
direct, sensory interaction with nature. The physical act of
working with soil, getting one’s hands dirty, and
experiencing its smell contributes to a more tangible and
personal growing experience.

3.Finally, the app supports this connection by increasing the
user’s understanding of natural processes. Through learning
about sowing, growth stages, and plant care, users become
more aware of how plants develop and how their actions
influence this process. Although the interaction takes place
digitally, it strengthens the user’s engagement with nature
through knowledge and awareness.
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1 4 . 5  P R O D U C T I O N  C O S T S
The production costs are shown in Table 10. Please note that
this is an estimate of the total costs. These figures have been
calculated conservatively and may ultimately differ from the
actual total production costs. The whole calculation and
sources can be found in appendix 20.

What Costs (€) per product

Materials Frame:
1.Pinewood
2.Birch

1.€9,60
2.€6,20

Processing costs:
1.Pinewood/Birch sanding
2.Pinewood/Birch pickling
3.Pinewood milling
4.PP malls, production

1.€5,29
2.€2,12
3.€2,12
4.€4

Electronics:
1.Moisture sensor
2.Leds
3.Led strips
4.Led strip connectors
5.Dc-connectors
6.PCB
7.Digital timer module

1.€1,00
2.€0,08
3.€5.67
4.€0,95
5.€0,53
6.€0,40
7.€4

Other:
1.magnets
2.Storing organic cotton bag
3.Packaging cardboard

1.€0,075
2.€3,55
3.€0,90

Total €47,46

Table 10: Production costs final design
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15V A L I D A T I O N
1 5 . 1  F E A S I B I L I T Y

1 5 . 2  D E S I R A B I L I T Y

1 5 . 3  V I A B I L I T Y

The Smart Growing System is feasible due to the combination of existing
technologies and straightforward mechanical design. The frame uses lightweight
pinewood and birch panels, which are readily available and easy to process, ensuring
structural stability.

The growing tray is made of polypropylene, which is compatible with both injection
molding and thermoforming, allowing precise and scalable production. Components
such as LED strips and capacitive moisture sensors are standard, commercially
available, and compatible with small-scale indoor gardening systems. 

Some functions have already been tested such as the moisture sensor, the growing
tray and the frame. These are made from PLA which will not be the final material. Still
it is a really nice test to see if everything works well (together).
The integration of the app for sowing guidance is feasible as it relies on existing
smartphone platforms.

Beyond demonstrating feasibility, this project develops a new approach for indoor
smart gardening: a modular system that combines hands-on learning with guided
automation, designed specifically for novice gardeners with limited space. By
combining compact physical design with app-driven knowledge transfer, it opens a
pathway for future home gardening systems that are both educational and practical,
offering a new standard for indoor seed starting solutions.

The combination of hands-on seed sowing and gentle automation
supports learning by doing, fulfilling the need for active
engagement rather than passive observation. Additionally, the
system creates new value for users and the wider community by
encouraging sustainable practices, awareness of plant growth
cycles, and healthy, self-grown produce. It offers a meaningful,
educational, and emotionally rewarding experience, turning a
practical product into a tool that enriches users’ lifestyle and
deepens their connection with nature.

The Smart Indoor Growing System addresses the main challenges of novice
gardeners identified in the research: knowledge gap and lack of space. By providing
clear step-by-step guidance in the app, users gain confidence and knowledge,
reducing frustration and increasing motivation. Real-time feedback from the
moisture sensor ensures that the learning process is interactive, aligning with the
desire for visible progress.
Although many growing trays already exist, this system stands out by combining a
space-efficient, modular frame with integrated moisture sensors and a supportive
app. This combination creates a product that is not only practical but also interactive
and educational, adding unique value to the market.
Its modular and compact design fits easily into the small spaces of typical urban
homes, making it possible for users to enjoy gardening even if they only have a small
windowsill.

The Smart Growing System is viable because it is designed with affordability,
durability, and long-term user engagement in mind. With an estimated production
cost of around €47 per unit (which will result in a retail price of (100-150 euros), the
system is much more affordable than many existing smart growing systems. These
often use complex electronics and full automation and therefore end up being far
more expensive for consumers. This makes the product accessible to a wider group of
users, while still remaining realistic for large-scale production.
The chosen materials (pinewood, birch, and PP) offer a good balance between cost,
strength, and sustainability. They ensure a long product lifespan, require little
maintenance, and can be recycled or reused at the end of their life, helping to reduce
environmental impact.

The modular structure of the system increases its economic resilience and scalability.
Individual components such as frames, growing trays, and sensors can be produced
and sold separately, enabling users to expand or replace parts instead of purchasing
an entirely new system.
The app further enhances viability by enabling updates, notifications, and community
support, fostering continuous engagement and brand loyalty. Through the
community building, users become fans and ambassadors which helps growing the
app and thus the product alive. By addressing both physical and digital aspects of
gardening, the system ensures long-term relevance in the indoor gardening market.

Although everything seems to work well at the moment, for viability it is important
that the product will be tested through the whole season. This way, things that do
and do not work come to light.

Furthermore, the project sets an example for how home gardening products can
combine sustainability, learning, and a positive user experience. It shows that small
indoor growing systems can offer more than just productivity; they can also support
education, mental well-being, and awareness of nature and the environment. This
positions the project as a fresh and innovative approach within the home gardening
field, offering a meaningful, sustainable, and socially responsible way of developing
products.



16D I S C U S S I O N  &  R E C O M M E N D A T I O N S

During the design process, several promising features were developed, but some
aspects of the system remain untested and require further evaluation.

Firstly, sleeve-and-post mechanism for the frame has been designed to allow
easy height modification and stacking of multiple levels. The prototype from PLA
and the simulations show it works well. It is important to test its usability,
strength and stability with pinewood. It remains uncertain whether the
mechanism functions as smoothly as the prototype and whether users find it
intuitive and practical.

Secondly, the supporting app has been designed and prototyped in the
program Figma. While the interactive flow and interface are clearly defined, the
app has not yet been developed in a functional platform. Therefore, features
such as notifications, growth tracking, and community interactions cannot yet
be fully assessed for usability or effectiveness.

Finally, the complete system, including the frame, growing tray, LED lighting,
moisture sensor, and app integration, has not yet been tested as a whole. The
combined functionality is crucial to ensure that seedlings grow optimally, that
sensors provide clear guidance for beginners, and that the app effectively
supports learning. As the physical product has not been fully built, these
comprehensive tests remain outstanding.

In general, the discussion highlights that while the design vision and individual
components are promising, the project is currently limited by the lack of full-
scale integration testing. 

Based on the discussion, a few key steps are recommended to further develop
and validate the Smart Growing System:

1.Test the sleeve-and post mechanism with pinewood: Build the complete
frame and test it in real conditions. This will help confirm that the system is
stable, easy to adjust, and simple for beginners to use. Feedback from actual
users will show whether it really works as intended and feels intuitive. Also
test another scale mechanism, are there better options?

2.Develop a fully functional app: Move the Figma prototype into a working
mobile app. This will allow testing of notifications, growth tracking, and
community features, making sure the app genuinely supports learning and
keeps users engaged.

3.Test the system as a whole: Once the full system is assembled, including the
frame, growing tray, LED lighting, moisture sensor, and app, carry out
comprehensive testing. This will check how all parts work together, whether
the moisture sensor feedback is clear, and if beginners can successfully grow
seeds and seedlings.

4.Use iterative feedback: Collect continuous feedback from users throughout
these tests. Adjustments to the frame, tray, sensors, or app interface can then
be made to improve usability, learning support, and overall user experience.

5.For the further development of the app, it would be a great idea to introduce
different user levels. For example, are you a complete beginner, or someone
who already has some knowledge but lacks practical experience? This way,
beginners can stay engaged with the app for longer, and the product
becomes appealing to an even wider audience.

6. It would also be useful to include a Frequently Asked Questions (FAQ) section
in the app. This would allow us to tackle common questions proactively and
provide immediate clarity. This section could be combined with instructional
videos, featuring Simon, for instance, to provide clear and engaging
explanations.

Following these steps will help ensure that the Smart Growing System is not just
technically solid, but also easy and enjoyable to use, while remaining a viable
and sustainable solution for beginners over the long term.

1 6 . 1  D I S C U S S I O N 1 6 . 2  R E C O M M E N D A T I O N S
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17CONCLUS ION
The Smart Growing System provides a well-considered solution to the challenges that
beginner indoor gardeners often face: lack of knowledge and limited space. By
combining a modular, compact, and adjustable physical system with a supporting app,
the product makes gardening accessible, educational, and enjoyable. Users can actively
learn by sowing and caring for plants themselves, while the system supports them with
practical tools such as LED lighting, a moisture sensor, and clear step-by-step guidance in
the app.

The design is both feasible and implementable: the materials (pinewood, Birch, and PP)
and production methods (thermoforming and injection moulding) ensure durability,
lightweight construction, functionality, and costefficiency, with an estimated production
cost of approximately €47 per unit. This makes the system more affordable compared to
many existing smart growing systems while maintaining quality and reliability.

Furthermore, the Smart Growing System creates new value for users and society. It
encourages active engagement with the plant growth process, increases knowledge
about food and sustainability, and promotes a healthier and more environmentally
conscious lifestyle. By combining education, ease of use, and sustainability, the system
goes beyond existing solutions, offering a meaningful and accessible experience for
beginner indoor gardeners.

In short, the project demonstrates that a smart, modular, and affordable indoor
growing system can be not only functional but also educational, sustainable, and
enjoyable. It serves as a concrete example of how innovation in home gardening can
bridge technology, learning, and a connection with nature.
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With this thesis, I finalize my Master’s studies in Integrated Product Design at TU Delft. During my Bachelor’s at TU
Delft, I was not always equally enthusiastic about the program and the projects I worked on. I often found myself
losing interest quickly, simply because the projects did not fully suit me. At times, I questioned whether this was the
right field of study for me and whether I wanted to continue. Nevertheless, I decided to continue and give it another
chance during the Master’s in Integrated Product Design. This thesis has made me realize that designing can truly be
enjoyable when the subject genuinely interests you, and I am very happy to have discovered that.

Before starting this project, I found it quite difficult to choose a topic for my thesis. There were several projects
available through TU Delft, but none of them really felt right to me. During this period, while searching for a suitable
topic, I spent a lot of time working in my vegetable garden. It was the first year that I had enough space to really
develop it and grow a variety of crops. I noticed that this gave me a great deal of energy, and I wanted to do
something with that enthusiasm. It all started when I began pre-sowing my seeds and realized I did not have enough
space on my windowsill. I remember thinking, “Why has a designer never come up with a solution for this?” That
moment made me realize I could combine my passion for vegetable gardening with my graduation project.

When I started this project, I had a clear idea of what I wanted to research and how I wanted to approach it. I had
many ideas and began with great motivation. However, once I started the research phase, I realized how much
information exists on a wide range of gardening-related topics. At some point, it became difficult for me to
distinguish what was truly relevant to my project and what was simply interesting from a gardener’s perspective. My
supervisors supported me greatly during this process and helped me maintain focus.

I also greatly enjoyed collaborating with Simon. Although he has limited experience with design and the design
process itself, he has extensive knowledge of vegetable gardening and the market surrounding it. Simon was able to
help me when I struggled with making decisions. I was not designing for him as a client; instead, it felt like we
developed the design together as a team.

In my learning goals, I stated that I wanted to spend more time experimenting with iterations and actually making a
product. During previous projects in this study, there was often little time left for iteration and prototyping, as these
phases usually took place at the end and were sometimes reduced to recommendations rather than fully explored.
During this project, I was finally able to focus on iterating different components, 3D printing, creating SolidWorks
models, and working hands-on. I gained a lot of energy from making something tangible again, rather than
developing a concept that never fully materializes.

In addition to learning more about 3D modeling, I also learned a great deal about vegetable gardening itself.
Although I already had some knowledge, there were many new things I discovered along the way. I also learned a lot
from working with Simon and my supervisors, Adrie and Jotte. I realized that everyone brings a different perspective
to situations, which made the process especially valuable and enjoyable.

Overall, I am very happy with how this project developed. There were moments when working individually was
challenging, as the responsibility ultimately lies with yourself, but this is also where much learning takes place. I am
grateful for the enjoyable collaboration and proud of the product that resulted from this project. 
It feels like my passion for design has blossomed again! I am already looking forward to using it myself in the
upcoming gardening season :)

REFLECT ION 18
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REFERENCES 19A M A Z O N . N L  .  ( N . D . )  5 P C S  G R O W  B O X , G R O W  B O W L  F O R  P L A N T S , M I N I  G R E E N H O U S E  G R O W  S E T  W I T H  R A I S E D
L I D , S E E D L I N G  S TA R T E R  W I T H  F U L L  S P E C T R U M  P L A N T  L I G H T S , 1 0  L A B E L S  2  T O O L S .
H T T P S : / / W W W . A M A Z O N . N L / D P / B 0 C 1 B W 7 V 7 T / R E F = S Y N _ S D _ O N S I T E _ D E S K T O P _ 0 ?
I E = U T F 8 & P D _ R D _ P L H D R = T & A R E F = E P O 1 S G V D X D & T H = 1

A M E R I C A N  B R I G H T .  ( 2 0 2 4 ) .  E C O ‑ F R I E N D L Y  A N D  E F F I C I E N T :  T H E  R I S E  O F  L E D  H O R T I C U L T U R A L  L I G H T I N G  I N
M O D E R N  F A R M I N G  T E C H N O L O G Y .  R E T R I E V E D  O C T O B E R  2 4 ,  2 0 2 5 ,  F R O M
H T T P S : / / W W W . A M E R I C A N B R I G H T L E D . C O M / E C O - F R I E N D L Y - A N D - E F F I C I E N T - T H E - R I S E - O F - L E D - H O R T I C U L T U R A L -
L I G H T I N G - I N - M O D E R N - F A R M I N G - T E C H N O L O G Y /

A V O N T S ,  D . ,  K E U N E ,  H . ,  &  R E M M E N ,  R .  ( 2 0 2 3 ) .  N AT U U R  O P  D O K T E R S V O O R S C H R I F T :  H O E  B U I T E N  Z I J N  O N S
G E Z O N D  H O U D T .  L A N N O O  M E U L E N H O F F - B E L G I U M .

  B A K K E R ,  J .  V A N  D E R  M O O R E N ,  F . B O O N S T R A ,  H . J .  ( 2 0 2 2 ,  S E P T E M B E R  1 1 ) .  1 1 .  B U I T E N G E B R U I K .  C E N T R A A L  B U R E A U
V O O R  D E  S TAT I S T I E K .  H T T P S : / / W W W . C B S . N L / N L - N L / L O N G R E A D / A A N V U L L E N D E - S TAT I S T I S C H E -
D I E N S T E N / 2 0 2 2 / W AT E R G E B R U I K - T H U I S - - W G T - - - 2 0 2 1 / 1 1 - B U I T E N G E B R U I K ?

B O S C H ,  J .  S .  ( 2 0 1 5 ) .  D A G L I C H T T O E T R E D I N G ,  B E R E K E N I N G E N  C O N F O R M  D E  N E N  2 0 5 7 : 2 0 1 1 ,  E E N  I N L E I D I N G .
H T T P S : / / K L I M A P E D I A . N L / W P - C O N T E N T / U P L O A D S / 2 0 1 6 / 1 0 / D A G L I C H T T O E T R E D I N G - V 4 . 0 . P D F

B O D E M V O E D S E L W E B  -  B O D E M W E R E L D .  ( 2 0 2 3 ,  O C T O B E R  1 2 ) .  B O D E M W E R E L D .
H T T P S : / / B O D E M W E R E L D . N L / B O D E M V O E D S E L W E B - B O D E M W E R E L D /

C B S  ( 2 0 2 5 ,  J U N E  5 ) .    B E W O O N D E  W O N I N G E N ;  K E N M E R K E N  W O N I N G  E N  H U I S H O U D E N ,  R E G I O ,  3 1  D E C E M B E R .  C B S
S TAT L I N E .  R E T R I E V E D  S E P T E M B E R  2 2 ,  2 0 2 5 ,  F R O M
H T T P S : / / O P E N D ATA . C B S . N L / # / C B S / N L / D ATA S E T / 8 6 0 6 5 N E D / TA B L E ? D E F A U L T V I E W

C H A N G ,  C .  C . ,  L I N ,  B .  B . ,  F E N G ,  X . ,  A N D E R S S O N ,  E . ,  G A R D N E R ,  J . ,  &  A S T E L L - B U R T ,  T .  ( 2 0 2 4 ) .  A  L O W E R
C O N N E C T I O N  T O  N AT U R E  I S  R E L AT E D  T O  L O W E R  M E N TA L  H E A L T H  B E N E F I T S  F R O M  N AT U R E  C O N TA C T .  S C I E N T I F I C
R E P O R T S ,  1 4 ( 1 ) ,  6 7 0 5 .

C U S T O M P A R T N E T  ( 2 0 2 3 ) . P R O C E S S E S  -  P O L Y M E R  T H E R M O F O R M I N G .
H T T P S : / / W W W . C U S T O M P A R T N E T . C O M / L I B R A R Y / T H E R M O F O R M I N G

D E S R A N I ,  A . ,  R I T O N G A ,  A .  W . ,  &  L U B I S ,  M .  ( 2 0 2 4 ) .  L E A R N I N G  B Y  D O I N G :  A  T E A C H I N G  P A R A D I G M  F O R  A C T I V E
L E A R N I N G  I N  I S L A M I C  H I G H  S C H O O L .  J O U R N A L  O F  E D U C AT I O N  A N D  E - L E A R N I N G  R E S E A R C H ,  1 0 ( 4 ) ,  7 9 3 - 7 9 9 .
Z E W I D E ,  I .  ( 2 0 2 1 ) .  R E V I E W  P A P E R  O N  E F F E C T  O F  M I C R O N U T R I E N T S  F O R  C R O P  P R O D U C T I O N .
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D I R T  C O N N E C T I O N S .  ( 2 0 2 1 ,  D E C E M B E R  1 5 ) .  W H AT  I S  L O A M  S O I L  A N D  W H AT  I S  I T  U S E D  F O R ?  D I R T  C O N N E C T I O N S .
R E T R I E V E D  S E P T E M B E R  2 5 ,  2 0 2 5 ,  F R O M  H T T P S : / / W W W . D I R T C O N N E C T I O N S . C O M / W H AT - I S - L O A M - S O I L - A N D - W H AT - I S -
I T - U S E D - F O R /
D O N O G H U E ,  G .  M . ,  &  H AT T I E ,  J .  A .  ( 2 0 2 1 ,  M A R C H ) .  A  M E TA - A N A L Y S I S  O F  T E N  L E A R N I N G  T E C H N I Q U E S .  I N  F R O N T I E R S
I N  E D U C AT I O N  ( V O L .  6 ,  P .  5 8 1 2 1 6 ) .  F R O N T I E R S .

E D W A R D S ,  J .  R . ,  D E  R O O S ,  A .  J . ,  H A M P O ,  C .  C . ,  H U A N G ,  W . ,  L I N C O L N ,  E . ,  H O Q U E ,  S . ,  &  S C H I N A S I ,  L .  H .  ( 2 0 2 5 ) .
R E S I D E N T I A L  I N D O O R  T E M P E R AT U R E S  A N D  H E A L T H :  A  S C O P I N G  R E V I E W  O F  O B S E R V AT I O N A L  S T U D I E S .  S C I E N C E  O F
T H E  T O TA L  E N V I R O N M E N T ,  9 7 9 ,  1 7 9 3 7 7 .

G A I S E A N U ,  F .  ( 2 0 2 2 ) .  I N F O R M AT I O N  I N  P L A N T S :  T H E  I N F O R M AT I O N A L  M O D E L  O F  T H E  P L A N T  C E L L S  A N D  P L A N T
S T R U C T U R E S .  C E L L  B I O L O G Y ,  1 0 ( 1 ) ,  3 1 - 4 0 .

G R O E N ,  E L I Z A B E T H .  ( 2 0 2 5 ,  J U N E  4 ) .  K O M  M O E S T U I N I E R E N  I N  D E  B U U R T T U I N  V A N  E L I S A B E T H  G R O E N .  E L I S A B E T H
G R O E N .  H T T P S : / / W W W . E L I S A B E T H G R O E N . N L / P R O E F L A P J E S /

H A R A L D S S O N ,  K . ,  G Ö R A N S O N ,  M . ,  &  L I N D G R E N ,  E .  C .  ( 2 0 2 4 ) .  “ I T  I S  E A S I E R  T O  L E A R N  W H E N  Y O U  A R E  O U T ” :  A N
E T H N O G R A P H I C  S T U D Y  O F  T E A C H I N G  S C I E N C E  S U B J E C T S  T H R O U G H  O U T D O O R  L E A R N I N G  AT  C O M P U L S O R Y
S C H O O L .  J O U R N A L  O F  O U T D O O R  A N D  E N V I R O N M E N TA L  E D U C AT I O N ,  1 - 1 6 .

H I L L ,  J .  ( 2 0 2 5 ,  J U N E  3 0 ) .  5  T R E N D S  S H A P I N G  H Y D R O P O N I C S  I N  2 0 2 5  |  U R B A N  G A R D E N I N G  G U I D E .  U R B A N  H O U S E
G A R D E N .  H T T P S : / / U R B A N H O U S E A N D G A R D E N . C O M / 5 - T R E N D S - S H A P I N G - H Y D R O P O N I C S - I N - 2 0 2 5 /

H U D E L S O N ,  B  ( 2 0 2 4 ) .  P O W D E R Y  M I L D E W  –  V E G E TA B L E S .  R E T R I E V E D  O N  S E P T E M B E R  4 ,  2 0 2 5
F R O M : H T T P S : / / H O R T . E X T E N S I O N . W I S C . E D U / A R T I C L E S / P O W D E R Y - M I L D E W - V E G E TA B L E S /

H U N D R E D W O R R I E S .  ( 2 0 2 5 ) .  W I N D O W  S I L L  H E I G H T  F R O M  T H E  F L O O R  I N  A  P R I V AT E  H O U S E ,  A P A R T M E N T  A N D
B A L C O N Y :  S TA N D A R D S  -  S E TA F I .  H U N D R E D W O R R I E S .  R E T R I E V E D  S E P T E M B E R  2 2 ,  2 0 2 5 ,  F R O M  H T T P S : / / H U N D R E D -
W O R R I E S . C O M / E N / A D V I C E S / 2 7 4 2 2

J O H N S O N ,  V .  J . ,  &  M I R Z A ,  A .  ( 2 0 2 0 ) .  R O L E  O F  M A C R O  A N D  M I C R O N U T R I E N T S  I N  T H E  G R O W T H  A N D  D E V E L O P M E N T
O F  P L A N T S .  I N T .  J .  C U R R .  M I C R O B I O L .  A P P L .  S C I ,  9 ,  5 7 6 - 5 8 7 .

K E N N I S C E N T R U M  V A N  D E  O V E R H E I D .  ( N . D . )  D A G L I C H T T O E T R E D I N G :  R E G E L S  B I J  N I E U W B O U W  ( N E N - E N  1 7 0 3 7 ) .
I N F O R M AT I E P U N T  L E E F O M G E V I N G .  R E T R I E V E D  S E P T E M B E R  2 2 ,  2 0 2 5 ,  F R O M  H T T P S : / / I P L O . N L / R E G E L G E V I N G / R E G E L S -
V O O R - A C T I V I T E I T E N / T E C H N I S C H E - B O U W A C T I V I T E I T / N I E U W B O U W / R I J K S R E G E L S / D A G L I C H T T O E T R E D I N G - N E N - 1 7 0 3 7 /

K L U I T E R ,  H .  ( 2 0 2 5 ,  A U G U S T  7 ) .  Z O  C O M B I N E E R  J E  P O T T E N ,  B A K K E N  E N  P L A N T E N  T O T  J E  D R O O M T U I N .  G A R D E N E R S
W O R L D .  H T T P S : / / W W W . G A R D E N E R S W O R L D M A G A Z I N E . N L / I N S P I R AT I E / T U I N I E R E N - I N - P O T T E N /

K O O M E N ,  J .  ( 2 0 2 5 ) .  T H U I S  I N  D E  M O E S T U I N :  M A A K  V A N  I E D E R E  V I E R K A N T E  M E T E R  R O N D O M  J E  H U I S  E E N  E E T B A A R
P A R A D I J S .  N I J G H  AT E L I E R .
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K W A K ,  S . ,  &  C H O I ,  K .  ( 2 0 2 5 ) .  V I S U A L  P E R C E P T I O N S  O F  W O O D - I N T E G R AT E D  M AT E R I A L  C O M B I N AT I O N S :  E F F E C T S  O N
P S Y C H O L O G I C A L  A N D  P H Y S I O L O G I C A L  R E S P O N S E S .  J O U R N A L  O F  W O O D  S C I E N C E ,  7 1 ( 1 ) ,  2 0 .

L A W N S E E D S .  ( 2 0 2 5 ,  M A Y  1 4 ) .  S I L T  S O I L  F O R  Y O U R  G A R D E N  O R  L A W N .  L A W N  S E E D S .  H T T P S : / / L A W N -
S E E D S . C O M / T I P S / 2 0 2 4 / 1 0 / 3 0 / S I L T - S O I L - F O R - Y O U R - G A R D E N - O R - L A W N /

L I ,  M .  W . ,  &  G E N D R O N ,  J .  M .  ( 2 0 2 5 ) .  E X P L O R I N G  T H E  M E TA B O L I C  D A Y L E N G T H  M E A S U R E M E N T  S Y S T E M :  I M P L I C AT I O N S  F O R
P H O T O P E R I O D I C  G R O W T H .  N E W  P H Y T O L O G I S T ,  2 4 5 ( 2 ) ,  5 0 3 - 5 0 9 .

L I U ,  J . ,  &  V A N  I E R S E L ,  M .  W .  ( 2 0 2 1 ) .  P H O T O S Y N T H E T I C  P H Y S I O L O G Y  O F  B L U E ,  G R E E N ,  A N D  R E D  L I G H T :  L I G H T  I N T E N S I T Y
E F F E C T S  A N D  U N D E R L Y I N G  M E C H A N I S M S .  F R O N T I E R S  I N  P L A N T  S C I E N C E ,  1 2 ,  6 1 9 9 8 7 .

M A N I P P A ,  V . ,  &  T O M M A S I ,  L .  ( 2 0 2 3 ) .  T H E  S H A P E  O F  Y O U :  D O  I N D I V I D U A L S  A S S O C I AT E  P A R T I C U L A R  G E O M E T R I C  S H A P E S
W I T H  I D E N T I T Y ? .  C U R R E N T  P S Y C H O L O G Y ,  4 2 ( 1 2 ) ,  1 0 0 4 2 - 1 0 0 5 2 .

M A S L E N ,  S .  ( 2 0 2 5 ,  M A Y  8 ) .  W O R K I N G  W I T H  C L A Y  S O I L .  T U R F  O N L I N E .  H T T P S : / / W W W . T U R F O N L I N E . C O . U K / B L O G / W O R K I N G -
W I T H - C L A Y - S O I L / ? S R S L T I D = A F M B O O O D F L - H H P 5 F _ C 0 B A N A I 8 N O I E 1 N D N W F S V TA F _ M J O 7 S M L C _ K T E L L Z

M E R A ,  Y . ,  R O D R Í G U E Z ,  G . ,  &  M A R I N - G A R C I A ,  E .  ( 2 0 2 2 ) .  U N R A V E L I N G  T H E  B E N E F I T S  O F  E X P E R I E N C I N G  E R R O R S  D U R I N G
L E A R N I N G :  D E F I N I T I O N ,  M O D U L AT I N G  F A C T O R S ,  A N D  E X P L A N AT O R Y  T H E O R I E S .  P S Y C H O N O M I C  B U L L E T I N  &  R E V I E W ,
2 9 ( 3 ) ,  7 5 3 - 7 6 5 .

M I J N V E R T I C A L E T U I N .  ( 2 0 2 3 ,  J U L Y  1 0 ) .  V E R T I C A L E  K R U I D E N T U I N  B U I T E N  |  V O O R  B A L K O N ,  M U U R  O F  S C H U T T I N G .  M I J N
V E R T I C A L E  T U I N .  H T T P S : / / M I J N V E R T I C A L E T U I N . N L / V E R T I C A L E - K R U I D E N T U I N - B U I T E N /

M I N I S T E R I E  V A N  B I N N E N L A N D S E  Z A K E N  E N  K O N I N K R I J K S R E L AT I E S .  ( 2 0 2 1 ) . W O N E N  L A N G S  D E  M E E T L AT :  R E S U L TAT E N
V A N  H E T  W O O N O N D E R Z O E K  N E D E R L A N D  2 0 2 1 .  I N .  R E T R I E V E D  S E P T E M B E R  2 2 ,  2 0 2 5 ,  F R O M
H T T P S : / / W W W . V O L K S H U I S V E S T I N G N E D E R L A N D . N L / D O C U M E N T E N / P U B L I C AT I E S / 2 0 2 2 / 0 6 / 0 8 / K E R N P U B L I C AT I E - V A N - H E T -
W O O N 2 0 2 1 - O N D E R Z O E K

N E D E R L A N D S E  V O E D S E L  E N  W A R E N A U T O R I T E I T ,  N V W A . ( 2 0 2 5 ) .  P L A N T E N Z I E K T E N  E N  P L A G E N  H E R K E N N E N .
P L A N T E N Z I E K T E N  E N  P L A G E N  |  N V W A .  H T T P S : / / W W W . N V W A . N L / O N D E R W E R P E N / P L A N T E N Z I E K T E N - E N -
P L A G E N / P L A N T E N Z I E K T E N - E N - P L A G E N - H E R K E N N E N

N I E L S E N ,  L .  ( 2 0 2 4 ,  S E P T E M B E R  1 6 ) .  H O W  T O  A M E N D  A N D  I M P R O V E  S A N D Y  S O I L .  E P I C  G A R D E N I N G .
H T T P S : / / W W W . E P I C G A R D E N I N G . C O M / S A N D Y - S O I L /

P A L U M B O ,  L . ,  R U TA ,  N . ,  &  B E R TA M I N I ,  M .  ( 2 0 1 5 ) .  C O M P A R I N G  A N G U L A R  A N D  C U R V E D  S H A P E S  I N  T E R M S  O F  I M P L I C I T
A S S O C I AT I O N S  A N D  A P P R O A C H / A V O I D A N C E  R E S P O N S E S .  P L O S  O N E ,  1 0 ( 1 0 ) ,  E 0 1 4 0 0 4 3 .

P H O O D F A R M  ( N . D . ) .  C O M M U N I T Y  F A R M E R  P I C K I N G  G A R D E N  S U B S C R I P T I O N  
H T T P S : / / M E M B E R . P H O O D F A R M . O R G / E N / C O M M U N I T Y - F A R M E R - P L U K T U I N - A B O N N E M E N T /
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P H O O D F A R M  ( N . D . ) .  C O M M U N I T Y  F A R M E R  P I C K I N G  G A R D E N  S U B S C R I P T I O N  
H T T P S : / / M E M B E R . P H O O D F A R M . O R G / E N / C O M M U N I T Y - F A R M E R - P L U K T U I N - A B O N N E M E N T /

P L U K K E R S .  ( 2 0 2 5 ,  M A R C H  3 ) .  P R O P A G AT O R S ,  W A R M T E M AT J E S  E N  G R O E I L A M P E N  |  W AT  H E B  J E  E C H T  N O D I G ?🌱  [ V I D E O ] .
Y O U T U B E .  H T T P S : / / W W W . Y O U T U B E . C O M / W AT C H ? V = 5 Y P Z Y V X 6 X 6 Y

P L U K K E R S .  ( 2 0 2 5 ,  A P R I L  1 5 ) .  Z A A I E N  V O O R  B E G I N N E R S  |  T O M A AT ,  P A P R I K A ,  K O M K O M M E R  E N  A N D E R E  G R O E N T E N
S TA R T E N  [ V I D E O ] .  Y O U T U B E .  H T T P S : / / W W W . Y O U T U B E . C O M / W AT C H ? V = V U U G 0 J 0 O 3 N Y

R I C H A R D S O N ,  M . ,  P A S S M O R E ,  H .  A . ,  L U M B E R ,  R . ,  T H O M A S ,  R . ,  &  H U N T ,  A .  ( 2 0 2 1 ) .  M O M E N T S ,  N O T  M I N U T E S :  T H E  N AT U R E -
W E L L B E I N G  R E L AT I O N S H I P .  I N T E R N AT I O N A L  J O U R N A L  O F  W E L L B E I N G ,  1 1 ( 1 ) .

R I T T G A R N ,  A .  ( 2 0 2 3 ) .  I D E N T I F Y I N G  A  C O N S U M E R - P R O D U C E R  A G R I C U L T U R A L  K N O W L E D G E  G A P .

S C H A D B I L D  ( J A N U A R Y  3 0 ,  2 0 2 5 )  V I R E N  ( P O TAT O  V I R U S  P V Y ) ,  P O TAT O  L E A F R O L L  V I R U S  P L R V )  A N  K A R T O F F E L  ( S O L A N U M
T U B E R O S U M )  R E T R I E V E D  O N  S E P T E M B E R  8 ,  2 0 2 5 ,  F R O M :  .  S C H A D B I L D E R .
H T T P S : / / W W W . S C H A D B I L D . C O M / G E M % C 3 % B C S E / K A R T O F F E L / V I R U S /

T O O L C R A F T  P L A S T I C S  ( N . D . )  T H E  I N J E C T I O N  M O U L D I N G  P R O C E S S  -  C Y C L E  E X P L A I N E D .
H T T P S : / / W W W . T O O L C R A F T . C O . U K / P L A S T I C - I N J E C T I O N - M O U L D I N G / A D V I C E / H E L P - I N J E C T I O N - M O U L D I N G - P R O C E S S . H T M

T U I N A R T I K E L E N . N U .  ( 2 0 2 5 ,  F E B R U A R Y  1 8 ) .  D E  T U I N T R E N D S  V A N  2 0 2 5 .
H T T P S : / / W W W . T U I N A R T I K E L E N . N U / B L O G S / T U I N / T U I N T R E N D S - V A N - 2 0 2 5 - W AT - J E - K U N T - V E R W A C H T E N /

V A N  D E R  V O O R D T ,  T . ,  B A K K E R ,  I . ,  &  D E  B O O N ,  J .  ( 2 0 1 7 ) .  C O L O R  P R E F E R E N C E S  F O R  F O U R  D I F F E R E N T  T Y P E S  O F  S P A C E S .
F A C I L I T I E S ,  3 5 ( 3 / 4 ) ,  1 5 5 - 1 6 9 .

W U ,  W . ,  C H E N ,  L . ,  L I A N G ,  R . ,  H U A N G ,  S . ,  L I ,  X . ,  H U A N G ,  B . ,  . . .  &  Z H U ,  H .  ( 2 0 2 5 ) .  T H E  R O L E  O F  L I G H T  I N  R E G U L AT I N G  P L A N T
G R O W T H ,  D E V E L O P M E N T  A N D  S U G A R  M E TA B O L I S M :  A  R E V I E W .  F R O N T I E R S  I N  P L A N T  S C I E N C E ,  1 5 ,  1 5 0 7 6 2 8 .

X U ,  J . ,  L I N ,  T . ,  W A N G ,  Y . ,  J I A N G ,  W . ,  L I ,  Q . ,  L U ,  T . ,  . . .  &  Y U ,  H .  ( 2 0 2 4 ) .  H O M E  F O O D  G A R D E N I N G  I N  M O D E R N  C I T I E S :
A D V A N C E S ,  I S S U E S ,  A N D  F U T U R E  P E R S P E C T I V E S .  F R O N T I E R S  I N  S U S TA I N A B L E  F O O D  S Y S T E M S ,  8 ,  1 3 9 1 7 3 2 .

Z E W I D E ,  I .  ( 2 0 2 1 ) .  R E V I E W  P A P E R  O N  E F F E C T  O F  M I C R O N U T R I E N T S  F O R  C R O P  P R O D U C T I O N .
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A P P E N D I X 20
A P P E N D I X  1 :  P R O J E C T  B R I E F  
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A P P E N D I X  2 :  G R O U P S  C O L L E C T E D  M A T E R I A L  O F  E X I S T I N G  G A R D E N I N G  P R O D U C T S
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A P P E N D I X  3 :  I N T E R V I E W S  E X P E R T S

E R W I N  E N  L A U R A
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S I M O N  E U R L I N G S
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GERDA
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A P P E N D I X  4 :  Q U E S T I O N N A I R E  N O V E L  G A R D E N E R S
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A P P E N D I X  5 :  M O I S T U R E  S E N S O R S
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For a small indoor seed grow box, capacitive soil moisture sensors are the most
suitable due to their accuracy, durability, and reliability in small soil volumes.
Resistive probes are a cheaper alternative but less accurate and prone to
corrosion.

Optimal Moisture Conditions for Indoor Seedling Growth
For successful indoor seedling growth, maintaining the right soil moisture is
essential. Both too little and too much water can slow down germination and
weaken plants. Soil moisture is measured as VWC (Volumetric Water Content),
which shows how much of the soil volume is filled with water. For example, 25%
VWC means that one quarter of the soil consists of water.
Studies have shown that seedlings grow best when moisture levels stay within a
moderate range. Larson et al. (2016) found that roots developed best between
18–26% VWC, while Li et al. (2020) reported an ideal range of 23–28% VWC. Both
studies found that too dry (<20%) or too wet (>30–33%) conditions reduce
growth. According to Oklahoma State University Extension (2021), this roughly
corresponds to “field capacity,” or soil that is moist but not waterlogged—typically
20–30% VWC.
During germination, seeds need slightly more water—around 25–35% VWC—to
start sprouting. For the later seedling stage, a range of 20–30% VWC is
recommended. Values below 15% cause drought stress, while levels above 35–
40% can lead to oxygen deficiency, mold, or root rot.
In summary, for a smart indoor growing system, the ideal moisture range is 25–
35% VWC during germination and 20–30% VWC during seedling growth, with
alerts when conditions move outside these limits.



A P P E N D I X  6 :  H O W  T O ' S
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A P P E N D I X  7 :  M O R P H O L O G I C A L  C H A R T
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A P P E N D I X  8 :  M O I S T U R E  S E N S O R S
T E S T S
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A P P E N D I X  9 :  I D E A S  T R A N S F E R R I N G  I N F O R M A T I O N
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A P P E N D I X  1 0 :  S O L I D W O R K S  M O D E L

L I D

I N L A Y  S I D E  V I E W

I N L A Y  T O P  V I E W

B O T T O M V E N T I L A T I O N  S L I D E R
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A P P E N D I X  1 1 :  S K E T C H  A R D U I N O

/ /  = = = = =  P I N N E N  = = = = =
c o n s t  i n t  s e n s o r P i n  =  A 0 ;

/ /  L E D s
c o n s t  i n t  g r e e n L e d  =  8 ;  / /  2 5 – 4 0 %  →  g o e d
c o n s t  i n t  y e l l o w L e d  =  9 ;  / /  2 0 – 2 5 %  →  i e t s  t e  d r o o g
c o n s t  i n t  o r a n g e L e d  =  1 0 ;  / /  1 0 – 2 0 %  →  t e  d r o o g
c o n s t  i n t  r e d L e d   =  1 1 ;  / /  0 – 1 0 %  →  v e e l  t e  d r o o g

/ /  = = = = =  K A L I B R A T I E  = = = = =
/ /  P a s  d e z e  w a a r d e n  a a n  o p  j o u w  s e n s o r !
i n t  d r y V a l u e  =  5 5 0 ;  / /  S e n s o r w a a r d e  b i j  d r o g e  a a r d e
i n t  w e t V a l u e  =  2 0 0 ;  / /  S e n s o r w a a r d e  b i j  n a t t e  a a r d e

v o i d  s e t u p ( )  {
 p i n M o d e ( g r e e n L e d ,  O U T P U T ) ;
 p i n M o d e ( y e l l o w L e d ,  O U T P U T ) ;
 p i n M o d e ( o r a n g e L e d ,  O U T P U T ) ;
 p i n M o d e ( r e d L e d ,  O U T P U T ) ;

 / /  T e s t :  a l l e  l e d s  k o r t  a a n
 d i g i t a l W r i t e ( g r e e n L e d ,  H I G H ) ;
 d i g i t a l W r i t e ( y e l l o w L e d ,  H I G H ) ;
 d i g i t a l W r i t e ( o r a n g e L e d ,  H I G H ) ;
 d i g i t a l W r i t e ( r e d L e d ,  H I G H ) ;
 d e l a y ( 1 0 0 0 ) ;

 d i g i t a l W r i t e ( g r e e n L e d ,  L O W ) ;
 d i g i t a l W r i t e ( y e l l o w L e d ,  L O W ) ;
 d i g i t a l W r i t e ( o r a n g e L e d ,  L O W ) ;
 d i g i t a l W r i t e ( r e d L e d ,  L O W ) ;

 S e r i a l . b e g i n ( 9 6 0 0 ) ;
}

v o i d  l o o p ( )  {
 i n t  s e n s o r V a l u e  =  a n a l o g R e a d ( s e n s o r P i n ) ;

 / /  O m r e k e n e n  n a a r  V W C  ( % )
 i n t  v w c  =  m a p ( s e n s o r V a l u e ,  d r y V a l u e ,  w e t V a l u e ,  0 ,  1 0 0 ) ;
 v w c  =  c o n s t r a i n ( v w c ,  0 ,  1 0 0 ) ;

 S e r i a l . p r i n t ( " S e n s o r w a a r d e :  " ) ;
 S e r i a l . p r i n t ( s e n s o r V a l u e ) ;
 S e r i a l . p r i n t ( "  V W C :  " ) ;
 S e r i a l . p r i n t ( v w c ) ;
 S e r i a l . p r i n t l n ( " % " ) ;

 

 / /  A l l e  l e d s  u i t
 d i g i t a l W r i t e ( g r e e n L e d ,  L O W ) ;
 d i g i t a l W r i t e ( y e l l o w L e d ,  L O W ) ;
 d i g i t a l W r i t e ( o r a n g e L e d ,  L O W ) ;
 d i g i t a l W r i t e ( r e d L e d ,  L O W ) ;

 / /  = = = = =  L E D  L O G I C A  = = = = =
 i f  ( v w c  <  1 0 )  {           / /  0 – 1 0 %
  d i g i t a l W r i t e ( r e d L e d ,  H I G H ) ;
 }
 e l s e  i f  ( v w c  <  2 0 )  {        / /  1 0 – 2 0 %
  d i g i t a l W r i t e ( o r a n g e L e d ,  H I G H ) ;
 }
 e l s e  i f  ( v w c  <  2 7 )  {        / /  2 0 – 2 5 %
  d i g i t a l W r i t e ( y e l l o w L e d ,  H I G H ) ;
 }
 e l s e  i f  ( v w c  < =  4 0 )  {        / /  2 5 – 4 0 %
  d i g i t a l W r i t e ( g r e e n L e d ,  H I G H ) ;
 }
 e l s e  {
  / /  > 3 5 %  →  t e  n a t  /  g e e n  w a a r s c h u w i n g
  / /  a l l e s  b l i j f t  u i t
 }

 d e l a y ( 1 0 0 0 ) ;
}
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A P P E N D I X  1 2 :  L C A ' S

L C A  A L U M I N I U M  V S  S T E E L

L C A  H D P E  V S  W O O D

A P P E N D I X  1 3 :  S O L I D W O R K S  F O R C E
S I M U L A T I O N

The image shows a simulation of a vertically placed component under load, with colors
indicating von Mises stress. Stresses range from ~4.7 × 10⁵ to 1.49 × 10⁶ N/m², well below the
material’s yield strength of 2.75 × 10⁸ N/m². This means the component will not undergo
plastic deformation. The calculated safety factor is ~184, indicating the part can easily
withstand the load.

L C A  P P  V S  A B S  V S  L D P E  V S  H D P E

Note that the transport and use are not filled in, in
the tables. There is assumed that these are
approximately the same with each material
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Kostenberekening

Aluminium: buizen 15mm = 37,49 gram Metalimex.nl

buiten 8mm diameter= 6,23 gram

Materiaalkosten aluminium= 1.70/kg = 0,60 euro

Verwerkingkosten= 6 euro/kg= 1,95 euro

Poedercoaten= 42,50 per m^2 Coating.nl

Totale m^2 buizen=0,13104208

Dus poedercoating= 42,5x 0,13104208= 5,57 euro

Hout:

Totale lengte nodig: 2472 Praxis.nl

Bij praxis lengte vuren 2700= 4,80 euro

Zagen per snede= 0,50, 7 snedes nodig dus 3.50 (gratis als je klant bent)

Totale m^2= 0,1978

Verwerkingskosten:

Schaven= 25 euro/m^2-> 4,95 euro

Beitsen= 10 euro/m^2-> 1,98 euro Tuinweb.nl

Frezen= 10 euro/m^2 ->1,98 euro

PP gehele bak rond de 3 euro

Injection moulding Rob Thompson Boek

Materiaal= 0,80-1,20 euro (schatting op 1)

Mal= 2000-5000 euro

Productiekosten bij 1000 stuks= 1,50-2,00 euro

Thermoforming (2x)

Materiaal= 0,50-0,80 euro

Mal= 200-500 euro

Productiekosten per stuk (uitgaande van 1000 stuks)= 0,70-1,00 euro

Led button clips= 0,89 eurox 4= 3,44 euro rockwestcomposites.c

Electronica:

Moisture sensor= 1 euro bol.com

PCB= 0,40 euro jlcpcb.com

Leds= 0,10 euro hobbyelektronca.nl

Led strips= 4.50 euro Grandado.com

Magneten= 0,075 euro Cuboss.com

A P P E N D I X  1 4 :  C A L C U L A T I O N  P R O D U C T I O N  C O S T S  I T E R A T I O N  1

The above image shows the calculations for the production costs of iteration 1.
These calculations are based on facts and assumptions. Precise costs do not
need to be determined at this stage. The sources consulted are listed in the
table.
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A P P E N D I X  1 5 :  F E A T U R E S  A P P  
When sowing, you will get a whole list of
the steps you need to take. In this way, the
user knows exactly what to do

Per month, the user will get an overview of
everything that can be done. In this way,
the user can try out new things (and learn
from this).
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The user will get an overview of everything that you can sow with and
when. There is a lot information available per crop, such as the perfect
environment and a timelime of growing the crop.

As user, you can get messages to check if everything is allright with your
plants. You'll be given a comparison with how your plant should look
When something is wrong, you can get feedback from the app. In this
way, you can learn from your mistakes (if you made them).
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The orange color shows that there is
something that you can achieve that day
specific per crop. It will be explained what
you can do and how.
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In the community, you can ask your questions. Other people
using the app can answer. In this way, the users can help each
other out. There is also the possibility to share something that
you are proud of. People can learn from each other and inspire
each other.
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A P P E N D I X  1 6 :  O V E R V I E W  D I F F E R E N T  C O M P O N E N T S

A

B

2X

2X

D 2X

E 2X

F 3X

G 1 X

H 1 X

I 3X

J 1 X

L 1 X

K 1 X

N 2X

O 1 X

Q 1 X

C 8X

P 4X

M 1 X
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A P P E N D I X  1 7 :  S I M U L A T I O N  S O L I D W O R K S
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A P P E N D I X  1 8 :  S I M U L A T I O N  S O L I D W O R K S

To verify that the wooden supports are sufficiently strong and
stiff, a static FEA simulation was performed using a material
strength of 40 MPa.
Results:

Safety: The minimum Factor of Safety (FOS) is 9.2, indicating
that the structure can withstand loads much higher than
those tested.
Stresses: Maximum stress is 4.35 MPa, well below the yield
strength, with stresses concentrated at the connections.
Deformation: The displayed deformation is highly
exaggerated; in reality, deflection is very limited.

Conclusion:
 The wooden supports are more than strong and stiff enough
for the growing tray. For practical use, a conservative safe load of
40–50 kg per support is recommended, resulting in a total
capacity of 160–200 kg for four supports. The simulation
confirms that the structure provides a safe and robust
foundation for the modular growing system.
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A P P E N D I X  1 9 :  S L I D I N G  M E C H A N I S M

Iteration 1 used metal corner profiles to support the
growing tray. Because these were not optimal in
terms of attachment and required additional
precision, an alternative solution was explored. The
images below show several ideas that were
considered. From this exploration, the base panel
concept was selected, as it is simple and
simultaneously creates a storage compartment. This
directly supports Requirement 11: Storage.
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A P P E N D I X  2 0 :  C A L C U L A T I O N  P R O D U C T I O N  C O S T S  I T E R A T I O N  1

The above image shows the calculations for the production costs of the final
design. These calculations are based on facts and assumptions. Precise costs do
not need to be determined at this stage. The sources consulted are listed in the
table.
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