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This report showcases the design process of
anair purifier thatisbased onthe technology ‘active
botanical biofiltration’, is designed specifically for
a target group and it serves as an exploration of
solar power applied to the mentioned technology.

Indoor air contamination is a big problem
for our urbanized societies, as it causes chronic
diseasesand SBS symptoms (headache, dizziness,
irritation, etc...) to the buildings occupants. Active
botanical biofiltration has been proved in the last
decades as a valuable option to reduce indoor air
contamination. ltcantargetabigrange of pollutants,
increase the thermal comfort and improve the
indoors spatial quality, in a low maintenance
and low energy requiring way. Currently, several
portable active botanical biofilters can be found
in the market. All the products follow the main
principle of the technology: plant combined with
an airflow; and differ from each other with other
features such as air monitoring, water tank or app
interface.

Given the described situation, a research
process is carried out about the active botanical
biofiltration (literature research), the functionalities
and aesthetics desired by the user (questionnaires
and interviews) and the possibilities around
powering the device with solar energy (literature
research). After synthesizing this research, the
design requirements that the product should
follow are:

- Product targeted to Western Europeans,
living in big cities and older than 30 years old.

- Product to include the functionalities: airflow
generated by one fan; solar powered; water tank
with water level indicator; upgradeable system
and not including monitoring functionalities.

- Product to look like a normal potted plant
but doing something extra; minimalistic, subtle,
neutral, timeless, functional and natural.

- Product to use white ceramic and wood as
main materials.

After showing the process of research and
synthesis, the final result of the product is shown
in detail (digital design and functional prototype)
together with the steps that lead to that final shape
(prototyping, iterations, user testing, etc...).

As a last step in the process, the prototype
Is used to carry out a design evaluation regarding
the user experience and product’s performance in
improving air quality (for CO2, VOCs, T and %H).
With respect to the results performed, it seems
that the device is able to increase the relative
humidity (from 50% to 55% in the tests), but no
big effects were noticed in contaminants removal.
However, a big part of the obtained results are
inconsistent, which points to the need of repeating
the tests in a more controllable environment. On
the other hand, the user experience test results
are positive, as the users felt a positive effect in
their perception over the space the product was
being used, and the aesthetic style is appropriate
according to the user’'s opinions. Besides, two
areas were recommended to be improved: making
the integration of the solar panels in a more subtle
way, and accompanying the device with clear and
reliable performance results about the product in
real life scenarios.
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The time that the human being spends
at indoor spaces is different depending on the
lifestyle, the climate or the occupation of the
person in question. It is very probable that an
agriculturist living in Malaysia will spend much
more time outdoors than a lawyer based in New
York.

When observing the last decades, as the
populations are becoming more urbanised, the
average time spent indoors is also increasing
significantly. As a reference number, in 2001 it
was estimated that the USA inhabitants were
spending 86% of their time indoors (N. E. Klepeis
et al, 2001).

The big amount of time that the human
being spends indoors, ‘isolated’ from the exterior,

Indoors 68.7%

Office 5.4%

implies that all this time is breathing an air that is
also ‘isolated’ from the exterior as well. Then it is
important to ask, how good is the quality of this
air? The World Health Organization (2010) answers
this question by pointing that the contamination
present at indoor spaces is responsible for nearly
1,6 million deaths per year, as well as the 3%
of the global burden of disease, having a larger
impact in health than the outdoors contamination.

Taking these data into account, and with the
prospect of a society which tends to become more
and more urbanised in the coming years, it seems
to be a good idea to prepare better these indoor
spaces for human biology, transforming them into
habitable and healthy environments.

7.6% Outdoors

5.5% Vehicles

11% Other indoors

1.8%

Bar - Restaurant

Figure 1. Time that USA inhabitants spent in 6 different
locations on the diary day. Source: NHAPS, 2001

Why is the air contaminated indoors?
Shouldn’t it be contaminated outdoors, where the
cars and factories are running?

Besides the <cars and factories that
contaminate the air in the cities, there are also
contamination sources that are commonly found
at interior spaces. It is well known that specific
household materials and products become a
contamination source just by their presence, as
they gassoff pollutants that are harmful for human
health. Added to these materials, activities like
heating, cooking, printing, smoking, using cleaning
products or just the presence of other human
beings bring contaminants to the air as well.

The most common indoor air contamination
pollutants are: volatile organic compounds (VOCs)
which are mainly released by the mentioned
gassing-off effect of some household products;
inorganic gases (ICs) such as CO or NO2; and
particulate matter (PM), which includes those
particles present in the air smaller than 10
micrometers like dust, soot or pollen.

Here is a short sample of the long list of
contaminants and the main sources they are
coming from:

Benzene

Formaldehyde

Building materials and furniture such as plywood,
PVC, paints, adhesives, etc (MRC Institute for
Environment and Health, 1999) (WHO, 2010)

Benzene

CO

Gasolines vapours from attached garages (Dodson
RE et al, 2008) (EPA, 2020)

Polycyclic aromatic

hydrocarbons
CO

NO2

Benzene
PM

Fuels such as coal, wood, gas, kerosene, liquid
petroleum used in heating and cooking (ligen et
al, 2001) (WHO, 2010) (EPA, 2020)

Formaldehyde

Household cleaning products such as detergents,
disinfectants, softeners and carpet cleaners
(WHO, 2010)

11
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Polycyclic aromatic
hydrocarbons NO?2

CO
PM

Smoke from cigarettes (Chuang JC et al, 1991)
(EPA, 2020)

On the other hand, the effect that the indoor
contamination has on health becomes greater
as the indoor space is more isolated from the
exterior. If the air renovation ratio is greater, the
contaminants will have less time to accumulate
around us. In this way, a well ventilated room will
have a better air quality than a room with poor
ventilation.

However, with the intention of building more
energetic efficient buildings, a new generation
of airtight constructions has been built in the last
decades. In these buildings, the heat transfer
with the outside is decreased by reducing the air
exchange with the outside. As commented before,
a low air exchange with the outside increases the
effect contaminants have on human health, and
therefore new health problems have appeared in
the occupants of these buildings.

The effect of these contaminants can be
divided in two: the ones that occur after a short
time exposure to the contaminants (hours), and
the ones that occur after long time exposure
(years).

Short term effects

There is a link with the symptoms of the
phenomenon called “Sick Building Syndrome”
(SBS) (Goodman et al, 2017). These symptoms
are (Potter, 1988):

- Sensoric irritation in eyes, nose or throat.

- Skin irritation

- Mental fatigue, drowsiness, difficulty of
concentration, headache, nausea, tiredness

- Runny nose and eyes

- Unpleasant odour and taste

Long term effects

There is a relationship between chronic
exposure to these contaminants and some critical
diseases.
Benzene:
- Hematological effects such as aplastic anaemia,
pancytopenia, thrombocytopenia, granulopenia,
lymphopenia and leukaemia (WHO, 2010)
- Lung cancer (Yin SN et al, 1996)
Formaldehyde:
- Nasopharyngeal cancer (WHO, 2010)
- Sinonasal cancer (IARC, 2006)
Polycyclic aromatic hydrocarbons:
- Bronchitis, asthma and asthma-like symptoms

(Miller LR et al, 2004)
- Lung cancer (WHO, 2010)

Particulate matter:

- Aggravation of coronary and respiratory disease
symptoms (EPA, 2020)

- Premature death in people with heart or lung
disease (EPA, 2020)

NO2:

- Development of acute or chronic bronchitis (EPA,
2020)

- Increased risk of respiratory infections, specially
in young children (EPA, 2020)

How can the indoor air contamination
be avoided or reduced? The United States
Environmental Protection Agency (EPA) (2020)
suggests 3 different routes to tackle the indoor air
contamination problem: source control, improve
the ventilation and the implementation of air
cleaners.

Source control:

This approach suggests to spot those
elements that are the cause of the contamination,
to then be able to locally fix them. For instance, in
the case of finding an asbestos source, this one
can be sealed or enclosed. Or in case of finding
out that the contamination comes from the gas
stoves, these ones can be adjusted to reduce
their emissions.

Ventilation;

Improving the ventilation means increasing
the amount of outdoor air that gets into the
indoor space. This effect can be achieved by
simply opening windows and doors; or by the

implementation of mechanical systems integrated
iIn the building, which can also be connected to
the HVAC (Heating Ventilation Air Conditioned)
system.

Air cleaners:

The basic functioning of these devices is to
circulate air through their inner filters, so harmful
substances such as VOCs, IC, PM or allergens
(depending on the type of air cleaner) can be
captured. They can be portable, or integrated in
the HVAC system.

They use different ways of eliminating the
pollutants from the air:

HEPA filters: These filters use materials such
as fiberglass, cotton or foam to trap inside the
particle matter.

lonizers, ozone generators and electrostatic
filters: The aim of these filters is to charge the
particles in the air, making them stick to surfaces
or be attracted by the device.

Active botanical biofilters: In this case, the
system formed by the plant and the substrate acts
as the filter. A quick overview of these systems is
shown in the next chapter.
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1.2. Active botanical biofiltration

The term ‘active botanical biofiltration’
refers to those systems that use plants and the
microorganisms present in the rhizosphere (area
which is near or inside the roots) to remove
pollutants from an air stream that is actively forced
through the filter (Gabriela Soreanu et al, 2013).

This technology can be scaled to process
different amounts of air volume. It can be found
applied in different scenarios such as large green
walls that purify big buildings or small one-plant
portable devices that can be used for a standard
room.

Figure 2. 18m tall - green wall installed at the University of
Guelph-Humber, Canada. (Nedlaw Living Walls, 2004)

1.2.1. How do active botanical
biofilters work?

These systems are able to reduce the air
contamination due to the combination of two
processes: ‘biofiltration” and ‘phytoremediation’

Biofiltration:

1. The contaminated air stream is
attracted to the biofilter

3. Less contaminated, the air stream is
forced away the biofilter

2. The media filters the PM and ICs,
and adsorpts and absorpts the VOCs.

o

el
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Phytoremediation:

1. The microbial community living in
the rhizosphere, uses the VOCs as a
nutrients source

2. After using these compounds,
they are converted into less harmful
substances such as water or biomass

nutr.

s

VOC)

H20

biom.

Why would it make sense to decide for an
active botanical biofilter instead of a mechanical
filter, or just rely on the ventilation of the building?

In the first place, the energy consumption of
the building where it is used can be significantly
improved. Due to the generation of ‘fresh air’
indoors, there is less need of bringing the clean air
from outdoors, and therefore, less energy needed
to heat/cool it. A research conducted by Zhigiang
Wang and Jensen S. Zhang (2010) estimates that
a building -for the Syracuse climate- can save
between 10% and 15% of its annual energy
consumption costs, by replacing the 20% of the
outdoors air with the biofiltered air,

Regarding the pollutant removal capability,
active botanical biofilters target a big range of
pollutants, being proved effective in removing
VOCs (Zhigiang Wang et al, 2010), PM and ICs
(Thomas Petit et al, 2020). On the contrary, other
available mechanical filters are usually targeted to
remove just specific contaminants (PM, specific
gasses, etc..) and not all of them at the same time
(EPA 2018).

The removal efficiency of mechanical filters
has been proved to be very high, being able to
reach 99,99% for particulate matter. It is difficult
to state the general removal efficiency of active
botanical filters, as it is not the same for every
kind of pollutant, and every research uses different
configurations of active botanical biofilters. To
be used as a reference, Idihar Z. I. et al (2018)
achieved a PM removal efficiency of 85% to
71,9% for different particle sizes, and Zang et
al (2011) obtained VOCs removal efficiencies of
90% for formaldehyde and 33% for toluene with
their system. Thus, mechanical filters are probably
more efficient for the pollutants they are targeted
for, but active botanical biofilters cover a bigger

range of pollutants.

Active botanical biofiltration can increase the
relative humidityandbalancethetemperature ofthe
treated air (Fernandez-Canero et al, 2012). These
factors can contribute to keeping the environment
in what is considered thermal comfort: 20-26 C
and 30% - 65% of relative humidity (ASHRAE,
2013).

It is also important to highlight that thanks to
the phytoremediation process, the contaminants
that are trapped in the media will be naturally
removed from there. Thus, these systems don't
need to be replaced by their filter saturation
(Gabriela Soreanu et al, 2013), as it happens with
the standard mechanic filters that normally need
to be replaced each 60-90 days (EPA, 2018).

Finally, several researches suggest that the
presence of plants in buildings have a positive
effect on the building’s occupants. Lohr et al
(1996) points that plants may improve workers
productivity and reduce their stress levels. It
was also indicated by Candice A. Shoemaker et
al (1992) that employees will perceive a working
space with plants as a more desirable place to
work.

+ Improvement of the energy efficiency of a
building

+ Removal of a big range of pollutants
+ Increase of relative humidity

+ Balance of the temperature
+ Easy maintenance

+ Possitive effect in mental health (plants)

- Lower removal efficiency

17
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1.2.3. Portable active botanical
biofilters: a view into the market

This technology still has a big space for
iImprovement, as there is currently a big lack of
knowledge about the pollutant removal processes.
Nevertheless, there are already products in the
market that use its main principle: combination of
plants with airflow to achieve indoor air purification.

In order to help the reader to have an idea of
how the explained technology has already been
iImplemented in the market, an overview of the
currently available products is displayed in this
section.

70 € Medium

—~—>
~>

Air quality

/ Airflow through the soil and
roots driven by chimney effect,
not powered by any fan.

Assited watering

/ Water tank that lasts 2 weeks
/ Visual water indicator

Monitoring

/ No monitoring

Energy efficiency

/ No electricity needed

Plant Air Purifier

88 € Small
=  Air quality
—~—

/ Airflow through the soil and
roots, powered by a fan

Assited watering

/ Water tank that lasts 1 week
/ Window to check the water
level

Monitoring

/ No monitoring

Energy efficiency

/ Needs to be plugged
/ Only the fan consumes
electricity

19
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Andrea

150 € Large

(¢

Air quality

/ Airflow through the soil and
roots, powered by a fan

Assited watering

/ Water tank that lasts 2-3 days
/ Removable tray to change the
water

Monitoring

/ No monitoring

Energy efficiency

/ Needs to be plugged
/ Only the fan needs electricity

Breth

178 € Large

(¢

Air quality

/ Airflow through the soil
and roots powered by a fan
/ Extra light to improve the
photosynthesis

Assited watering

/ Water tank that lasts 10 days
/ Water indicator
/ App watering reminder

Monitoring

/ Water level monitoring via
app / Possibility of turning ON
and OFF from the app

Energy efficiency

/ Needs to be plugged
/ The fans, the sensors, and
the light need electricity

Urbie

3b6 € Large

= Air quality
~

/ Airflow through the soil

and roots powered by fans

/ Extra biodegradable filter /
Condensation to reduce mold

0 Assited watering

/ Water tank that lasts 2 weeks
/ Autowatering system
/ Water information in the app

~—~  Monitoring
o

/ Air quality (PM, VOC,
humidity and temperature)
monitoring

% Energy efficiency

/ Needs to be plugged

/ The fans, the sensors,
decoration light and the extra
filter need electricity

Natede
400 € Medium
~~—=  Air quality
~~

/ Airflow through the soil and
roots powered by a fan
/ Extra photocatalytic filter

Assited watering

/ Water tank that lasts 2 weeks
/ Visual water indicator

Monitoring

[ Air quality (PM, VOC,
humidity and temperature)
monitoring

Energy efficiency

/ Needs to be plugged
/ The fans and the sensors,
need electricity
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Active botanical biofiltration still in its infancy

Although there is clear evidence of the
potential of the technology, researchers commonly
remark that it is a topic with still big knowledge
gaps, and that it needs thorough lab studies to
bring more relevant data about the uncertainties.

It is well known that the technology can
remove VOCs, ICs and PM from the air; that the
processes happening in the rhizosphere play an
essential role; or that numerous factors such as the
type of plant, media content, roots morphology,
airflow rate, etc... influence the purification
Process.

However, a better understanding of these
factors, the true processes around pollutant
removal or the efficacy of the technology in real
life settings (not in a controlled chamber), are still
iIssues that need to be thoroughly researched.

Portable active botanical biofilters: a young
market

When taking a view into the market, the
technology can be found applied in two different
kinds of products: systems to create greenwalls
that aim to purify the air of buildings as a whole;
or small portable devices designed to purify the
air of a room.

Although the principle used is the same,
there is a big difference in regards to the target
customer of each product. While the greenwalls
are targeted to the reduced group of people who
are in charge of designing or equipping a building,

the second ones are targeted to anybody who is
occupying a building, broadening considerably the
target group’s size.

These portable devices started to appear
in the market in 2009 (Andrea). Currently only
6 products can be purchased, being 2 of them
(Natede and Urbie) still in an early crowdfunding
stage.

As stated before, ‘active botanical
biofiltration” is a complex topic with room for
research in several directions. However, how can
an Integrated Product Design graduation project
contribute to this topic, while being a rich product-
design learning process for the student?

In this section it is explained what the main
scope Is, which areas are not included there and
the reasons behind the decisions.

Although it could be the most relevant
topic to research, it was decided to leave out the
question:

0. How to improve the purification capacity
of an active botanical biofiltration system?

Including research possibilities such as
which kind of plant would bring better results,
what substrate composition, characteristics
of the airflow or just the design of innovative
configurations  which  may improve the
performance.

This  research  direction should be
accompanied with continuous lab research, where
different alternatives can be tested in detail and
compared to each other. It is likely that having a
long period of time, precise testing equipment

and technical expertise in the topic can be crucial
to achieve good results for such a research
project. For this reason, and due to the lack of
these conditions in the graduation project setting,
it seemed more useful to not waste energies in
this question and to focus more in other areas,
contributing more from the integrated product
design perspective.

Market wise, from the two existing
alternatives-static greenwall, or smalland portable-
it was decided to implement the technology in a
portable small device. By designing the product
In such a way that a single occupant of a building
can buy it and use it, enables more people to take
action, and makes the ‘fight against indoor air
contamination’ more democratic.

In addition, the current market shows proof
that such a product can work in the market, and
on the other side, is small enough to give space
for placing a product that differs from the others.

Purification wise, it was decided not to try to
improve it, but understand the process to then be
able to design a product around it.

Besides, by keeping the purification part
basic, the outcome of the project can then be
used as a solid base for testing variations, where,
as an example, test the effect of different types of
plants in a fixed environment.

1. What are the requirements to design a
basic active botanical biofilter?

25
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Reducing the attention from the technical
part, there is more space to research about the
potential user of the product, and how such a
technology can be adapted to its needs and

2. Which group of people is interested in
such an active botanical biofilter?

3. What kind of product (aesthetics,
features, size, price, etc...) will meet their
values and needs?

One of the beauties of botanical biofiltration is
that nature, by its natural processes, is able to clean
our environments. This idyllic idea is a bit tarnished
by the fact that active botanical biofiltration needs
an active airflow that usually consumes electricity.
Therefore, In order to explore alternatives to the
cable connection solution, another scope of this
project goes around the option of powering the
system with solar energy.

Besides sustainability, the solar solution
opens a window for market differentiation, as no
product in the market uses solar power

4. How suitable is solar power for such a
product?

Oncethe scopeisclear, the problemdefinition
for this project can be formulated as follows:

" Design a portable air
purifier, that combines
active botanical
biofiltration technology
with solar power, while
being appealing for the
target group, meeting
their needs and values.”

27
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2.4. Methodology

How can the problem definition be
transformed into a final design?

In order to get to the final objective, the
design process is structured in smaller stages.
Each stage aims to different mid-term goals and
proposes specific tools to achieve these goals.

The project’s methodology is based in the
Double Diamond Method (see figure 3), where,
by combining divergent thinking and convergent
thinking in four phases, it helps the designer first
“to design the right thing” and afterwards “to
design things right”.

In this chapter, it is described how these four
phases are implemented in the project and what it
is intended with each of them.

DESIGNING THE RIGHT THING DESIGNING THINGS RIGHT

Activitiy Discover Define Develop Deliver

Phase Research \ Synthesis Ideation \mplementation
Q C
&'\00’ Primary \O@@ K’\QO’ \O/)L
& Research 0, & <.
QO & Q\\\ o &
‘9 (%2 = \Q

= 5|3

i Q =

z |&|¢

- - 2 o E = v %) i f',)’.
. > — ~ =
Brll;ff '.';' Slugter =) £ = o= |deate Evaluate & s | 5 [S3
ip it. opics z £ 8 ® T g 3 & S

o > c S

=) @ 5

ol 4812

Don't know / o / Do know
Secondary

Research / /

Could be Should be
Question, Unstructured Final brief, Ideas, Answer,
Challenge, research HMW- hypothetical product,
Client brief findings Question answers solution

Figure 3. Revamped Double Diamond scheme. UX

Collective, 2016

Literature Research

Market analysis

Assignment

User

Questionnaires

1. Discover:

During the Discover phase, the purpose is to
accumulate knowledge about the relevant topics
for the assignment: active botanical biofiltration,
solar power, market and user.

To achieve this, it is carried out a literature
research on the studies around botanical
biofiltration and indoor solar energy; the market’s
state is analyzed to get an understanding of other
similar products; and a questionnaire is sent to
111 people to get a first approximation about the
user’s opinion and interest on similar products.

Unestructured
research findings
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Unestructured
research findings

2. Define;

In the second stage, the intention is to
converge the previous findings into requirements
for the final design. This is, adapt the technical
findings from the literature to the results of the
user and market research.

To be able to make this definition process,
some meetings with experts were arranged
to contrast findings and get recommendations
towards the decision making; nine extensive
interviews were conducted with potential
customers, to understand their needs and values,

List of requirements,
Personas

explore the current market, and dig into their
interest in such a product; and as a final step, the
requirements for the product were stated together
with the elaboration of personas representing the
potential customers.

List of requirements,
Personas

3. Develop:

Design requirements are usually open
enough to be approached in very different ways.
The goal of the Develop phase is to explore these
ways and generate different variations of how the
design could meet the requirements.

To reach a valuable set of ideas, an iterative
ideation - user test process was carried out. In this
process, ideas were generated, contrasted with
the user and transformed into new iterations, to
be contrasted again.

Different ways
of meeting the
requirements
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Different ways
of meeting the
requirements

4. Deliver:

The final phase’s objective is to polish the
decided variation and bring it to its final shape.

For this purpose, a thorough process of
building prototypes, testing and learning was
carried out. With all the details finalized, the
design was prepared to be presented (technical
drawings, visualizations, etc...)

Final design
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Along this chapter, it is elaborated on those
detalls about active botanical biofiltration that can
be relevant at the time of designing an active
botanical biofilter.

The information thatis presented here comes
fromaliterature research on scientific papers about
“botanical biofiltration”,  “phytoremediation”,
“indoor air”, “VOC removal” and "“green wall
biofilter” combined with information-matching
with an expert in the topic “botanical biofiltration
for the indoor environment”

As explained in the introduction, the active
botanical biofiltration is a combination of two

processes, biofiltration and phytoremediation.
However, what components are necessary for
these processes to happen?

For the biofiltration process, an airflow and
a filtering media are indispensable elements. The
need of a filtering media implies also the need of
a container that encloses it. Besides, to let the air
get in and out, the container must have openings.
With respect to the way the airflow is generated,
it can be done passively with the mentioned
openings creating a chimney effect, or actively
with the integration of a fan in the system. In case
of using a fan, an energy source would be needed.

The phytoremediation process occurs in the
microbial community living in the rhizosphere.
Therefore, the only indispensable component for
this process Is the plant and its roots.

Biofiltration Airflow Air circulation Fan Power
_ source
Openings
Filtering Container
media
Phytoremediation Rhizosphere Plant

microorganisms

Figure 4. Dependance between processes and components

Plant

Filtering media

Container

Fan

Figure 5. Basic components of an active botanical biofilter
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The group of factors and variables that
influence the air purification performance Is
another area that is convenient to have clear when
designing for active botanical biofilters. What does
the correct functioning of the system depends
on? How can design decisions affect positively or
negatively to performance?

As a starting point, it should be clarified what
good performance means. The system will have
a better performance as better the performance
Is of its two main processes: biofiltration and
phytoremediation. In other words, the system’s
performance will be higher when the capability
of retaining pollutants and the capability of
regenerating the filter are higher.

In the following section, itis exposed the way
the main components of the system can have an
influence on the system’s performance.

Media

Regarding the biofiltration process, it will
filter better when the media has high capacity
of absorbing and adsorbing contaminants. The
research shows that different compositions have
different filtering results, although it is not yet
evident which is the best media composition.

For instance, Aydogan and Montoya (2011)
found that activated carbon was more effective
than expanded clay and growstone in removing
formaldehyde. Part of the same research
concluded that substrates providing microbe sites
could lead to a better VOC removal.

Another relevant factor about the filtering
media Is its water content. The research reveals
that the contaminants are removed with different
efficiencies for different water content values.
Besides, the ideal value is not the same for every
contaminant.

Wang and Zhang tested in their research
different water contents, resulting that
formaldehyde was removed more efficiently
with higher content of water, while less amount
of water was more effective for toluene. It was
suggested that this difference might be due to the
different water solubility of the two compounds.

Airflow

Another crucial factor for the biofiltration
process is the way the air flows through the media.
On one hand, when the contact time between
the contaminants (air) and the media is higher,
the media will have better retaining capacity
(Darlington et al., 2001). A higher contact time
could be achieved by decreasing the air speed.
However, when the speed is higher, a greater
amount of media is involved in the biofiltration
process (Irga et al., 2017), and the air of the room
will be processed quicker.

Therefore, there should be a middle point in
the air speed where the filtration efficiency peaks.
Irga et al. (2017) experimented with 5 different
rates for their system: 0, 3.75, 7.5, 11.25 and
15 L/s; resulting that the most efficient rate was
11.25L/s, and suggesting that at higher rates the
air was forced out of the filtering matrix before
there was enough time for a complete filtration of
the contaminant.

Component

FAN

MEDIA

Modified
parameter

INCREASE AIR RATE

GOOD SELECTION OF
SUBSTRATE

INCREASE OF WATER
CONTENT

Positive effect on Negative effect on
performance performance

+ Increase of the air - Decrease of the

volume that can be exposure time
processed between the media
and the air

+ Increase of the
biofilter volume that
contributes to the
biofiltration

+ Increase of the
filtration, absorption
and adsorption of
contaminants

+ Provision of
microbial sites

+ Increase of the - Decrease of
relative humidity of the the retention
environment of hydrophobic

contaminants

+ Increase of the
retention of hydrophilic
contaminants

Figure 6. How a parameter modification can affect the

system’s performance
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Container

Another possible way of playing with the
contact time between air and media is by shaping
the media in different ways with the container. In
the case of reducing the media thickness that the
air needs to trespass, the offered resistance will
be less, and there will be less time to retain the
pollutants.

Plant

Regarding the phytoremediation process,
the plant and the subsequent rhizosphere
microorganisms will be determinant for the
process performance. As explained in the chapter
2 -Assignment-, the technology is young and
there is still a lack of knowledge about this area.
However, the research done so far leads to some
certainties.

The different contaminants are degraded
by specific microorganisms species. Therefore,
it can be positive to stimulate the presence of
some species to improve the degradation of some
specific contaminants. For instance, it was found
thatbyenhancingthe growth ofbenzene-degrading
components of the microbial community, the
subsequent degradation of benzene increased
(Torpy et al., 2013).

The variety of species in the microcosm
appears to be another key parameter for the VOCs
degradation (Gabriela et al., 2013).

Finally, it i1s a well known fact that the
microorganisms are able to genetically adapt to
an environment with the passage of time (B. C.
Wolverton et al., 1989). Thanks to this, the time is

slowly adapted to the environment, and thus,
improved.

Modified
Component parameter
CONTAINER REDUCE MEDIA
THICKNESS
PLANT ADEQUATE

MICROORGANISMS

DIVERSITY OF
MICROORGANISMS

MORE TIME RUNNING
THE SYSTEM

Positive effect on
performance

+ Increase of the air
volume that can be
processed

+ Increase of the
degradation rate

+ Increase of the
degradation rate

+ Increase of the
degradation rate, as
the microorganisms
will be more adapted

Negative effect on
performance

- Decrease of the

exposure time
between the media
and the air

a favourable factor for the functioning of botanical Figure 7. How a parameter modification can affect the

biofilters, as their degradation capacity will be system'’s performance (1)
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Note: The term “Nature-based air purifiers”
Is the common way to refer to “active botanical
biofilters” in the market.

The strong ‘decorative component’ of
nature-based air purifiers, together with the youth
of the market, increases the importance of having
an accurate picture of the user’s opinion about
these products. Which particular group of people
Is interested In purchasing a nature-based air
purifier? Which are the reasons, values or needs
that are tried to fulfill with such a purchase? What
features should the product include?

In order to answer these questions,
information from the user was obtained through
a questionnaire answered by 111 people and
Interviews carried out to 9 people. The collected
results are summarized in the rest of the chapter.

The main purpose of the questionnaire
was to collect socio demographic information
(age, country, profession, etc...) and opinion
about the nature-based air purifiers (grade of
Interest, features, etc...), to then be analyzed and
correlated. With this correlation, it was intended
to answer the questions: “which groups of people
are more interested in these products?” and
“what kind of product are they interested in?".

The questionnaire was answered by
a variated group of 111 people, from different
nationalities (mostly Spanish), ages, profession,
etc... Apartfromthe socio demographic questions,

the people were asked to do an exercise where
they had to design the purifier that they would
like to find in the market, specifying features such
as price, size, power source, smartness, etc...
and taking into account that every change in the
product will have a change in the price as well.
With this dynamic price, it was intended that the
people balanced their decisions.

The results of the questionnaire can be
found completely in the Appendix 3, while in this
section it is only elaborated on those results that
are considered more relevant.

Which groups of people are more interested
in these products?

On a scale from 1 to 7, the interest average
resulted to be 4,9. Over this average, two peaks
can be remarked: young people who is starting
to build a home with their partner (“I live with
my partner (<35)”, 5.33/7 interest; “I| live with
my children”, 5.22/7 interest) and people who is
reaching the retirement age (“I'm retired”, 6/7
interest; “>65 years old”, 5.42/7 interest; and
"B50-65 years old”, 5.29/7 interest).

In contrast with these groups, peaks of
disinterest can be found especially in two groups:
people living at their parents house (4.66/7
interest) and people living with their friends (4.17/7
interest).

Analyzing these results, it can be read that
having a stable job and expecting to live in a house
for long term, are key factors to be interested

N\

“"B50-65 years
grade of old”
interest
“| live with
6 my partner
T (<35) 17
“l am retired”
©
}veggegradgofate gst: 19 7777777777777777777777777
“| live with
4 my children”
— "l live with
my parents” “| live with
my partner
b (>35)"
| live with

3 friends”

2

1

Living with Living with Creating a Not children Reaching
parents friends home anymore retirement
age
N
/

Figure 8. Grade of interest in nature-based purifiers for

different stages of life
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In purchasing a nature-based air purifier. On the
other hand, it seems that the type of housemates
Is also determinant, as within people with similar
age range and professional status, there is a big
interest difference between the people “living
with friends” and the people “living with their
partner and/or kids”.

What kind of product are they interested in?

The main results about which are the desired
features canbe seeninthefigure 9. Ascommented
previously, the respondent had to include/reject
possible features, influencing the purifier's price
until the best suitable option was found.

The offered alternatives were based on the
different options that can be found in the market's
products nowadays. The respondent could decide
about: delivered air quality, watering mechanism,
air quality monitoring, powering and size. In the
figure 10, the different levels for each of these
functionalities, and the respective influence in the
price are displayed.

Analyzing the results, it can be concluded
that people is willing to invest more for the air
quality, declining the most basic option (9%) and
deciding for advanced (50%) and medium (41%);
the watering tank together with a level indicator
was significantly more selected (50% against
29% and 21%); about the powering there is
not unanimity, however solar power (32%) and
cable (32%) were the most prefered options;
regarding to monitoring/smartness of the device,
the most basic options were the favourite ones:
simple temperature & humidity sensors (32%) or
no sensors at all (26%); at last, the medium size
-25cm- was the most appreciated (59%).

It Is important to remark that these prefered
features results are from those respondents that

declared high interest in such a product, grading
their interest with 6 or 7 out of 7.

Air quality

50% Advanced
41% Medium

9% Basic

Q Monitoring
P’
o
32% Displays T & %H
26% No sensors

24% \Watering sensor

18% Air quality monitored

I Size

58% Medium
24% Large

18% Small

0 Watering system

50% Level indicator
29% Normal plant

21% \Water tank

% Powering

32% Solar power
32% Cable
18% USB

18% Batteries

Average price 1o pay

142,25 €

Figure 9. Features that the most interested people decided

to include in their suitable nature-based air purifier
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Air quality

Watering system

Monitoring

Powering system

0€

=
R

Airflow through the soil and
roots powered by chimney
effect. No fans

0€

0
0

&

Water like a standard potted
plant

0€

[

No sensors, no app

0€

Connected by a cord

Figure 10. Possible features and its influence to the total price

+10 €

T, %H

@)

Temperature and humidity
sensors

+b €

o

Batteries that | have to
change once per year

+20 €

Airflow through the soil and
roots powered by a fan

+10 €

o)

Woater tank

+40 €

T, %H, A

@)

Temperature and humidity
sensors + soil humidity

+10 €

=

LS

USB chargeable, to be
charged once per month

+60 €

Airflow through the soil and
roots powered by a fan +
extra filter

+15 €

Water tank + water level
indicator

+120 €

VOCs, T, %H, A

@)

Temperature and humidity
sensors + soil humidity +
VOCs

Solar power
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3.2.2. Interview results

The interviews were carried out with diverse
goals: confirm findings from the questionnaires;
dig a bit in the general opinion about air quality;
understand the mental processes (concerns,
opinions, needs, values, etc...) going on in the
customer when taking a look to the current market
of nature-based purifiers; get feedback on the first
prototypes; and get comments about a selection
of different aesthetic styles that the project could
take. The full interview script can be found at the
appendix 4.

In order to access a rich and varied source
of opinions, 9 people from different population
groups were interviewed: students, working, living
with friends, young couple, close to retirement
and a recent mother were the selected groups.
Due to the pandemic situation present during the
project, most of the interviews were taken via
video meeting, taking an average of 90 minutes
per interview.

The results of the interview can be divided
iIn two groups: those opinions that were shared
by most of the interviewees; and those opinions
that made evident the differences between them
(reasons driving their interest, desired aesthetics,
etc...). To facilitate the visualization of these
diverging opinions, they are represented in 5
different personas.

Converging opinions:

When walking through the nature-based air
purifiers of the market, and asking the interviewee
to simulate a purchase, the mental process
followed by most of the interviewees was the
following:

1 - It's an unknown product, maybe it just doesn’t
work

2 - Fear of being ripped off

3 - Monitoring could be a way to know how
effective it is. If it doesn’t work, it can be given
back

4 - Monitoring feature makes is too expensive

(515

Does it actually work?

J)J

This common reaction reveals an issue about
the lack of trust that the product generates. Being
a new and unknown technology, that ensures a
benefit which is difficult to prove, brings to the
people the feeling of being ripped off. On the
other hand, the air quality monitoring feature was
generally found as a good way of ensuring that
the device works, however too expensive.

56

At home, | have the feeling of
having good air quality

JJ

When discussed about the air quality
perception, it resulted that the big majority of the
iInterviewees perceived the air quality at home as
good air quality, and that indoor air quality was not
a concern.

On the other hand, outdoors air quality was
found as a concern in those interviewees living in
big cities (Madrid, Rotterdam), as it could be felt

while walking through the streets (skin irritation,
smell, visually, etc...).

(514

A good moment to buy this
product would be when | have a
stable job and house. Just the same
moment | will think of getting an air

conditioning

JJ

Those interviewees without a stable job
and house pointed to “having a stable life, with a
house that | know | will live there for a long time,
and some years working... At that point | would be
interested in buying these household products”.
For the people which already had a stable house

Figure 11. White ceramic: the most accepted aesthetic style

and job, they affirmed that they were in the right

time to be interested in such a product.

(56

Something simple, like a normal
pot with a subtle twist. Cool but

neutral

)

About the aesthetics, there were
different opinions and preferences, but most
of the interviewees agreed on some basic
recommendations for the appearance of the
product:

1 - Simplicity, minimalistic, subtle, normal

2 - Neutral and timeless, to fit in the house and
not get tired of it

3 - To look like a normal pot. The plant should be
the protagonist.

4 - Get away from weird, artificial or unnatural
configurations.

When asked for feedback about the different
materials and shapes, the most accepted option
was a combination of white ceramic and wood,
remarking the terms “clean” “warm” “contrast”
and “natural”. On the contrary, the most disliked
options were wicker and cork, perceived as not
appropriate for the product; and plastic, mentioned

to be precarious and cheap.

Diverging opinions: personas

In the following pages, the diverging opinions
can be found clustered in different personas.



#1 Amaia, 32

Clinic owner

O

VRS

/ Single

/ 14 years living in Madrid

/ Born in Valladolid

3

/ 2 Masters in
Physiotherapy and

Why am |
interested?’

(516

Having my clinic in the

Podology

/ Physiotherapist and
manager of her own
clinic -contaminated- center
of Madrid, I'm afraid of

opening the windows

)
(514

| want to ensure that
my clients enjoy the

)

best air comfort
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Favourite: Natede

High quality, as | see
this purchase as an

Features

Remote control

"1 would like to turn ON the device two hours
before going, so when | arrive to clinic, it is
ready to receive clients”

“Checking the app, | will know if the room is
ready. Maybe | have to go 30 minutes earlier
to actvate some heaters”

No windows
“WIill the plants survive in the room with no

windows? | would be interested in a lamp for
this situation”

investment for my

business

Useful. | can control it

how | want

350 €

Water tank

“"Water tank would be very useful. | could go
one month on vacation and ask somebody
to go once to water the plants, that is easy”

Electricity bill

“It would be very important to know how
much | will spend by having the device
connected”

"When I boughtthe Crock-pot, | diditbecause
they ensure me the electricity consumption
was very low”

Simple
Beautiful
White

Warm
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#2 Sophie, 43

Recent mother

/ b years married
/ Lives in Lyon

/ Born in Lyon

Why am |
interested?’

/ Studied Marketing in
Paris

/ 15 years working for a
big consultancy Increasing the humidity

of the room will solve

the nasal congestion

of the kid, and he will
sleep better

All my friends
used humidifiers
for their kids. They
recommended it to me




- ? Favourite: Natede Care
B Beautiful
(41 | Clean
When it's about the Quality

kid's health, we don't

care about investing

more money E

)2
515

We want to trust the
device. Information
about its performance is
therefore something we

)2

would value

56

Features D oD cmn e eS EED SED GED GED GED GED GED GED GEP GE> em> em» ¢
™ T 7Y D UD ewmp) eTmD eTED GEID GNED @TED CTED GEND aEN) GEED GEED Gl @

™ T ) D AUUD ) TR @TED ETNED GRED GRED GTED GEED GEED aEED GEED &l 6

: : ™ T ) OTTD o) enmp T GRED GRED GRED GRED GEND GEED GEND GEND D G €
Humidifier Air quality s Mo W e Mo R e e e K. X XK. X X X X X X
leseems Naes Feee N N N __ N N N N N N W N W W

A lot of parents are interested on humldffl_e_rs. Kid's respiratory problems IS_. a gsugl e e i s O e G S S G G Gl G, G 6
| would say that all of us, we had a humidifier concern among other parents. This device is DT T T D D D O D O D D D @D D T T &
for the baby stage” definitely interesting for them” ™ T T D MUD e e @D GFDD GEID GEID GEED G G GEED aEED G @
™ T 7T D MUUD e e GTND GTED TED GEED GEED GEED GEED aEED aamp aEmp d

_ _ ™ T T D MTTD eTep e ATND D GRED GRED EED (EED GBI eEED aEmD e @
“The kids feel the difference. They ask me to ™ T T D MUD D) e @D D GRED GEED AN GEED GEED I eaamp ey ¢
activate it during the nights” Trust T T TP D MUD 4D 4D D @D R GEDD GEED D BN GEED GEED emmD ¢
™ TT) ) MU D ) eTED GED GEED GRED GEID GEED GEID GEND GEND aEED aEmD ¢

_ _ _ _ o _ ™ T D) MDD D e @D D GSUD GEED GEED GEND EED GEED GEED aamD €@

“Generally, spending money in the kids “If | find this kind of product in a garden ™S T T D MUD 4Ep WD D D D GEID R GEND GEED GEED GEND aEmD ¢
‘doesn’t hurt’, imagine if it also makes them  store, | may think that they want to trick me ™ T TS T ) S GND 4D GED G GED GEE) GEED GEND GIEND D amb d
| d i 5 ling it” TH T D 4T MDD ST ATMD D aTED D D D GEED aGEED D GEED GEED @

sleep better! Every parent would invest on y selling | ™ 7T T MUD MUD D D enD D D D D D GED GEED GEED G @
that” T™H T MUTD D D e amm) ATD NI @ETED GEID D IED GEED GEED GEND e 4
" : TR TR ™S D D MO UUD ) AR AT AR GEID D GEED GRED DD GEED GEED aED ¢

| would trust morelnthe.dewce n"! find it in = _ | | | _ o 3 5

a pharmacy or an electronics store ™ D) D) D D D WD D D G D D GEDD GEED GEED D aEED ¢

™ D D T amp aEp GED GED ) GED GED GED GED GED GED G aED ¢

350 €
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#3 Paz, b1

Contamination
concerned

/ Divorced
/ Born in Segovia

/ Living in Madrid for the
last 30 years

/ Studied Philosophy in
Salamanca

/ After working as a
hairdresser, she opened
a hand crafted jewlery
shop

58

interested?

The contamination is
a big problem in the
cities. In the village is
different, you can still
breathe fresh air

| can feel it everywhere
in the city, and | don't
want it to enter to my

house
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Favourite: Plant Ecologic

Air Purifier Natural
P Aesthetic
S]E Warm

| was already looking for

air purifiers, but if | can

clean the air with plants
much better!

L] L]
Y

212
NN
The monitoring
features are definitely
interesting, but increase
the price too much

L]L]
I

90 €

Features

Solar power No sensors and app

“If the device can be solar powered, that “As how | understand plants, | don’t need

would make me to be inclined for such a any extra help to be able to take care of the

product” plants”

Aesthetic Water tank

“Aesthetics are very important. | don’t want "It can be very useful for the times | go to

something weird and ugly” my town. It will mean one plant less to worry
about”




#4 Pietro, b8

Pragmatic

/ Lives with his partner

/ Born and living in Rome

/ Studied Architecture in
Rome

/ 35 working as an
architect in Rome

62

Why am |
interested?’

| am very attracted by
the idea of changing
my ‘passive’ pots for
‘active’ pots that purify
the air

Contamination is real, |

can feel it in the city
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Plant
Subtle
Functional
Not artificial

Favourite: Airy

(516

What | would like to
have, is something that

looks like a normal pot,
but it also purifies the

)Y

air

(516

| think it's an interesting

product, but | don't see

myself spending more
than 60 euros on it

DY

64

Features

No extra features

“Currently I'm taking care of the plants of the
house without the help of sensors, apps and
water tanks. | don’t need them”

Functional materials
“| know that terracotta will make the plant
breathe through the pot, which is healthy for

It n

“For the base | would like to have some
impermeable material to not ruin the floor. ”

bb €

Plants variety

“| like the fact that | can use the plant | want”
“If | want to have these ‘pots’ at different
places of the house, | wouldn't like the idea
of having the same plant everywhere”
Solar power

“The best would be not to use electricity”

“If there is a need of using electricity, then it
should be solar powered”
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#5 Anja, 29

New home!

/ Lives with her partner
/ Born in Zagreb

/ Just moved to Berlin 3
months agho

/ Studied Biochemistry in
Zagreb

/ Recently gota jobin a
promising start-up in the
sector

|
|
|
|
\
1

|

\
!

Why am |
iInterested?’

Knowing that we will
be in this house for long
term, we want to invest

In creating a healthy

atmosphere

Now |I'm not a poor
student anymore, so
| can spend money
on nice-but-not-need

products!
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Features

Favourite: Urbie

212

NN
| would like to know
if it's doing anything.
Without monitoring |
will always have the

feeling of being ripped
off

L] L]
T

7.7,

NN
| want something that
stands out but not too
much. Cool but neutral

L]L]
T

250 €

\Water sensor, water tank

“Having a water sensor in the substrate that
tells you when to water is a cool idea, | want
it"

“Not having to be constantly watering will
make our lifes easier at home”

Monitoring

“| want to be sure that the device is working.

We don't want to invest in useless products
that may work”

Aesthetic

“It is very important that it looks nice in our
apartment”

“The aesthetics should be minimalistic and
neutral, | don't want to be tired of it in 2
years”

Neutral
Premium
Equilibrated
Minimalistic
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3.3. Powering an indoor device with solar energy

Along this chapter, it is elaborated about
those details that are important to know when
designing a product that is powered by solar
energy, and specifically at indoor settings, where
the light is less accessible.

It is important to remark that the energy that
a solar panel can generate depends basically on
two factors: the panel characteristics and the light
that is receiving.

3.3.1. Indoor light conditions

With respect to the light that is receiving, the
firstdifference that canbe found atindoors settings
Is that the artificial light has a different spectrum
than the sunlight (see figure 12). This difference
will affect to the way panels can generate energy.

The second main difference is the intensity
of the light. Depending on the place that the panel

Is located, the weather and the time of the day,
this intensity will vary drastically. Generally, a solar
panel will generate much more energy in a sunny
day than in a cloudy day, as well as generate more
outdoors than indoors.

In order to quantify how illuminated a place
is, the S.I. uses Lux as the unit, representing the
amount of light that hits a surface. Outdoors, in
a sunny day the illumination value will be around
10.000 - 1.000.000 Ix, while it will be around 100
- 10.000 Ix if the sky is cloudy (Unifore, 2020).
Indoors, in aplace that is artificially illuminated, the
value lies between 50 - 1.000 Ix (Unifore, 2020).

However, indoor places also receive natural
illumination that gets into the building through
the windows. When approximating to a window,
the illumination that the solar panel can harvest
increases significantly, finding intensity values
around 1.000 - 30.000 Ix. From figure 13 to 16, it
can be read the illumination value of the settings
shown in the pictures.

100

—— Daylight
Incandescent
- Fluorescent

80

(©))
o

Intensity (arb)

IN
o

20

Figure 12. Different light spectrums for different light

sources. Source: Power Film Solar (2018)

Figure 14. Artificially and naturally illuminated workplace:
1.010 Ix

Figure 16. On a table next to a window, direct sunlight:
1.690 Ix 18.270 Ix

Figure 15. On a table next to a window, indirect sunlight:
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Given these special indoors light conditions,
would be possible to use standard solar cells,
specifically designed for outdoors? Does it exist
another solution that suits better?

Outdoor solar cells

In the case of using standard solar cells, it
needs to be taken into account that these cells are
optimized to get the maximum energy from the
sunlight. Therefore, when they are inmersed in
other light spectrums such as LEDs, it is expected
that its performance decreases significantly.

In the first graph (figure 17), the Quantum
Efficiency (QE) of some popular solar technologies
Is plotted. The QE is used to know how well a solar
panel adapts to different colours of the spectrum.
As it can be seen, each of the technologies varies
its efficiency at different wavelenghts.

Indoor solar cells

Alternatively, it exists a different type of solar
cells specifically designed for indoor settings.
These type of solar panels, known as indoor
photovoltaics, are optimized to generate energy
from the artificial light spectrumes.

It is a recent technology that is growing and
that still is not easily available. However, there is a
big interest and effort to develop it, as it has a great
potential for powering low consuming devices
in the Internet of Things ecosystem (Mainville

and Leclerc, 2020). Among the most notable
indoor photovoltaics are Dye Sensitized Solar
Cells (DSSCs), Perovskite Solar Cells (PSCs) and
Organic Solar Cells (OSCs). In the second graph
(figure 18), the efficiencies these technologies
have achieved in the last years are plotted.

Size-power estimation

In order to get an idea of the relation between
the size of the panel and the power that can be
generated, and estimation was carried out, where
different solar panel sizes and types are linked to
their capacity of powering a small fan (figure 19
and 20).

For the indoors option, it was decided to
chose one of the indoor solar panels currently
available in the market: the solar panel LL200-4.8-
37 (Power Film Solar). The available data from the
product specifications states that, under 1.000 Ix
of artificial light, a surface of 94 x 38.1 (mm) can
generate 0.871 mW.

For the outdoors estimation, the 0.5W Solar
Panel from Seeed Studio was the chosen one, as it
is one of the cheapest and easily available options.
With a surface of 70 x 55 (mm) and an efficiency of
17%, it can generate 0,5V in optimal conditions
(direct sunlight outdoors), and it is estimated that
can generate around 10 m\W under 1.600 Ix (close
to a window receiving indirect sunlight).

For the element to be powered -the fan-, it
was decided to chose the smalland low consuming
NF-A4x10, which has a power consumption of
250 mW. All these numbers were taken as the
reference for the calculations.
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Figure 17. Quantum Efficiency of different some popular solar

power technologies. Source: Power Film Solar (2018)
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Figure 18. Efficiencies achieved by some indoor
photovoltaics. Source: Yan et al. (2020)
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Indoor solar panels 1.000 Ix Artificial light
|
|
5
R Able to power 50%
of the required
energy
Y
70 cm
- '
| i
A
Able to power 100%
£ of the required
S energy
Y
100 cm
-

Figure 19. Estimation for the required size of indoor solar
panels to power a 0,25W fan

32 cm

32 cm

Oudoor solar panels

1.600 Ix Close to a window, indirect

16 cm

sunlight

|

Able to power 50%
of the required
energy

32 cm

|

Able to power 100%
of the required
energy

Figure 20. Estimation for the required size of outdoor solar
panels to power a 0,25W fan
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4.1. Conclusions from the research

This chapter corresponds to the second
stage of the designing process: Define. Along it, all
the decisions based on the research are exposed
and argued, concluding with the final design
requirements that the product should meet.

4.1.1. Indoor solar power

Solar powered device

On the basis of the estimations and the light
characteristics that can be found indoors, solar
power doesn’t seem to be the best solution for
having a reliable constant airflow system. This
can suppose a problem, as research about active
botanical biofiltration suggests that lower airflow
leads to lower purification.

However, there are some other matters that
support the use of solar power:

-Using solar power will eliminate the electrical
consumption of the product

- Exploring the solar power applied to active
botanical biofiltration, answering the research
questions “How much air purification can be
achieved with a solar panel system” and “In case
of bringing less purified air than a connected-by-
cable-system, how big is the difference?” It would
be important to quantify this difference to then be
able to decide if it worths the other advantages or
not.

- Solar power has a good acceptation
within the questionnaire contestants, being the
option “pay 20€ extra for having the device solar
powered” the most selected one together with

“powered by cable” (32% and 32%).

- A solar powered device would be a good
way of differentiating from other products in the
market, as no one is currently using this way of
powering.

- Solar power technology is experiencing
a continuous development, and thus the
development of more efficient systems can be
expected during the coming years.

Due to all these reasons, it is concluded
that solar powering the device is a direction that
worths taking, even being possible that ends in
just an exploration to collect data.

Scenario: next to a window, using outdoor
cells

From the analysis made about the different
indoor spaces characteristics and their potential
to host a system that harvests light, it seems that,
in a just artificially illuminated place, the required
solar cells surface would be disproportionately
big.

On the other hand, the required surface
under undirect sunlight next to a window seems
to be appropriate. This, together with the fact that
most of plants need sunlight to survive, makes the
window surroundings the most convenient place
where the product can be placed, and thus it is
decided to design the product for such a place.

So, the product must be designed to harvest
sunlight (therefore use outdoors solar cells) and
function properly with a changing environment

Figure 21. Chosen place to design the product for: Indoors,

next to a window

where the intensity of light will vary from 0 Ix
(during night) to 1.000 - 30.000 Ix, depending on
the orientation, weather and moment of the day.

Upgradable system

Due to the mentioned expectation of finding
more efficient systems in the following years,
it seems like a good idea to keep the design
modular and allow eventual upgrades when better
performances are assured.

4.1.2. Target group

The decided target group is “Western
European, living in big cities, older than 30 years
old”. The following points explain each of the
elements of the sentence.

Western Europeans

In the first place, the decision about chosing
Western Europeans as the target group is not
because they have shown more interest in the
research, butbecuase they were the great majority
of the user research participants. Therefore, the
obtained results make sense for this specific
population, and it is possible that doesn't apply to
other different populations.

Living in big cities

Based on the interviews results, people
living in big -and more contaminated- cities such
as Madrid or Rotterdam is aware about the city’s
contamination and perceives it as an important
problem. On the other hand, people living in less
contaminated places don’'t perceive contamination
as a problem in their lifes. Therefore, it is decided
to target the product to people living in big cities,
as it is expected that a greater awarenes about
contamination can lead to more interest in a
product related to reduce contamination, even
being aimed to indoor contamination.

> 30 years old

The user research respondents found that
they would be only interested in such a product
when their life's situation meets two essential
requirements: having the perception of living in an
own house for long term and having a stable job.

Regarding the “long term own house”, it
has to be remarked that the purifier is a household
product, and these type of products are usually
bought by people in charge of a house, and not
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by people living at their parents or temporary with
friends.

Ontheotherhand, the purifierwas considered
by the interviewees as a not essential product
but nice to have, and they found that only when
being in a safe economical position they would be
interested in such expenses.

In an attempt to translate these two main
prerequisites into a simpler variable, it was decided
to target the product to people above 30 years
old, expecting that most of them already have a
stable house and a stable job.

4.1.3. Functionalities

Medium-level air purifying system

Airflow generated with 1 fan:

From the three options considered in the
beginning (airflow generated by chimney effect,
airflow generated by one fan and airflow generated
by one fan + extra filter), the first one was clearly
rejected, chosen by only 9% of the respondents,
leaving the other two options with similar interest:
fan + filter 50%, and just 1 fan 41%.

Between these two options, it is decided to
keep the system as elementary as possible with
the selection of the "airflow generated by one
fan” option. As commented previously, having
still a big lack of knowledge about the purification
processes, it seemed the best option to keep
this part of the system simple, and leave it to be
developed apart in a future stage of the product
development.

Standard configuration, plant and substrate:

Following the previous line of thought about
keeping the purification system in an elementary
state, it was decided to keep the configuration
of the main elements (container, fan, substrate
and plant) as shown by the literature and market.
Besides, the decision about which plant and
substrate should be chosen is kept open for
the one that eventually suits better, just by its
aesthetics or practicallity.

Include a water tank with level indicator

With respect to the watering system, the user
research respondents were clearly interested in
including the water tank feature (71% water tank,
29% no water tank) with a water level indicator
that lets the user know when to fill the tank (70%
of the people choosing the water tank also wanted
the level indicator). Based on these results, it is
decided to include the mentioned features in the
product.

Not include monitoring

About the possibility of including monitoring
functionalities (temperature, humidity, soilhumidiy,
air quality), the questionnaire results point as the
most accepted options to “just temperature and
humidity” (32%) and “no sensors at all” (26%).

Between these two options, it is decided
to not include any sensor in the product, as the
inclusion of temperature and humidity sensors,
together with the screen to display the data,
would suppose electric consumption and could
compromise the possibility of the device being
solar powered.

Medium size, to be placed on a table

The questionnaire results point, with 58%
of the votes, to the medium size option (25 cm
height). Besides, answering the question “Where
would you place the purifier?”, the most chosen
options were “On a table where | don’t work”
(46%), “On the floor” (30%) and “On a table
where | work” (19%). Based on these results, it is
decided to keep the product around the size of 25
cm (height) and suitable to be placed on a table.

100€ -150€

Finally, regarding to the price that the product
should have in the market, the average of the price
that the respondents would pay is 142.25€. With
this number as a reference, the product should be
designed to be kept in the range price of 100€ -
150€.

4.1.4. Look & feel

Normal potted plant doing something extra

The concept that the interviewees found
most attractive about the project was the idea of
having something that looks like a normal potted
plant, but that brings the extra value of purifying
the air at home. “The thing that | like the most is
the fact that | can have a standard potted plant, like
any other one, but that by being slightly modified
can also increase the air quality of my home”
“Instead of wasting my plants with ‘pasive’ pots,
| could use these special pots that are ‘actively’
generating something”

Also, it was shown to the interviewees
some pictures of the prototypes made so far, to
get feedback about them (see figures 22 and 23).
One of the outcomes of this feedback session, is
that the product should look more like a normal
pot.

Based on these opinions, it is decided that
the product’'s appearance should be similar to
a normal pot, but with a slight modification that
adds an extra value.

Figure 22. Front view of one of the prototypes shown during

the interviews

Figure 23.Top view of one of the prototypes shown during

the interviews
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Minimalistic, subtle, neutral, timeless,
functional and natural

During the interviews, the most used terms
to define how the product should look like were:
“minimalistic”, “subtle”, “neutral”, “timeless”,
“functional” and “natural”. The terms minimalistic,
subtle, functional and natural can be aligned with
the concept explained in the previous point. The
device's formal language should add an extra
functionality, in a subtle way and respecting the
plant’s naturality.

With respect to the terms neutral and
timeless, when asked the interviewees to
elaborate on them, they refered to them as a
solution to the need of the device fitting in their
daily life at home. “Neutral”, so it can fit with the
other elements present in the house. “Timeless”,
because “it is a product you will find lots of times
everyday, and | don’t want to get tired of it in two
years”.

Therefore, it is decided that the design's
aesthetics should transmit these adjectives.

Materials: white ceramic and wood

Regarding the materials to use for the
device, the most liked options were white
ceramic and wood, being suggested several
times a combination of both of them. Following
this feedback, it is decided that the design should
use white ceramic for the pot, and wood as a
secondary material for the details.

#1: Plastic

#7: Contrast

#2: Terracotta

#5: Ceramic

#8: Texturized

Figure 24.

#9: Cork

Pot styles and materials that were shown during

the interviews
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4.2. Design requirements overview

All the design requirements discussed in the
previous chapter are summarized in this scheme:

Target group

&

Western Europeans

Huiiiﬁ

Living in big cities

>30 years old

Product scenario

T

On a table

Next to a window

!

Medium size: 25 cm
height aprox

Features

Airflow generated by
one fan

)

Woater tank with level
indicator

Upgradable system

Aesthetics

&

Normal potted plant +
something extra

Main material: White
ceramic

Secondary material:
Wood

Solar powered device

[l

No monitoring

&

100€ - 150€

Transmit:

- Minimalistic
- Subtle

- Neutral

- Timeless

- Functional

- Natural
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Design proposal




How to meet the requirements stated in
the previous chapter? Or more important, which
of the possible ways of meeting them should
be the one to choose? To find answers to these
questions, the design methodology (explained in
the second chapter) suggests to do a first stage
of ideation and prototyping (phase 3: develop),
to then evaluate and decide for one option, and
finally polish that option to be presented (phase 4:
deliver).

It should be mentioned that in this chapter
the report will stop following the chronological
order of the design phases. Alternatively, it is
first shown the outcome of the phase 4 - Deliver,
introducing the details (3D visualizations, context
pictures and working mechanisms) of the design
that is selected to meet the product requirements,
and then elaborated on the steps that lead to
decide for that design (phase 3 - Develop).

In a short way, the resulting solution consists
of a pot that is equipped with an airflow system.
When placing a plant in the pot, the system
forces air through the soil and roots, eliminating
contaminants and increasing the relative humidity
of the indoor space. The needed electronic
components are powered by solar panels. Besides,
It has a water tank and a level indicator that enables
the user to water the plant less frequently and be
aware of the correct watering times.

Air purification

Water tank

AN

[ Waa)

N V%

Solar powered

Figure 25. Illustration of the proposed solution and its main

functionalities
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Figure 26. Visualization of the proposed solution

Figure 27. Visualization of the proposed solution
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Figure 28. Visualization of the proposed solution

Figure 29. Visualization of the proposed solution

93



94

Figure 30 (up). Solar panels in detail. Figure 31 (down). Close

view of the level indicator.

Figure 32 (up). Close view of the base. Figure 33 (down).
View of the device's bottom part.
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Figure 34.

Young literate reading next to the product

Figure 35. Closer view of the product in its real context
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H.1.1. Product components

Along this chapter, the different components
that form the product are briefly described,
indicating the composition/material of the element
and the relative location within the product.

The functionalities of these components are
described in further chapters.

1 - Main pot:

The main pot, made with ceramic, contains the
following components.

2 - Plant container:

A plastic plant container is placed inside the bigger
pot.

3 - Sealing band:

A rubber band surrounds the top part of the plant
container

4 - Pebbles:

Volcanic pebbles are placed at the deepest part of
the container.

5 - Soil:

Mixture of black peat with activated carbon, to be
placed inside the container.

6 - Water level indicator:

A foam piece attached to a red cylinder is used
as the water level indicator. The foam floats over
the water contained in the big pot, while the bar
sticks out through the lateral container’s hole.
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7 - Electronics case:

A plastic case hosts the electric circuit and a fan.
It is located inside the main pot, where it can be
slided through the bottom’s slot. Besides, It is
screwed on the wood base (described in the page
103).

8 - Fan:

A fan is screwed inside the electronics case,
where it is connected to the power system.

9 - Electric circuit:

The electric circuit is placed inside the electronics
case.

10 - Electronics case lid:

A plastic lid is screwed in the electronics case.

11 - Sealing rings:

Two rubber sealing rings are placed around the
two faces of the fan, embedded in the electronics
case.

12 - Solar panels:

Eight solar panels are placed on the solar panels
case, and connected to the electric circuit.

13 - Solar panels cover:

The acrylic piece is placed at the same level of the
solar panels, screwed on the wood base.

14 - Solar panels case:

The plastic case contains the solar panels and its
connections, and is screwed between the solar
panels cover and the wood base.
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15 - Wood base:

The previously mentioned components lay on the
wood base, being screwed to the electronics case
and solar panels case.

16 - Legs footings:

The plastic footings are screwed to the wood base
from the bottom of it.

17 - Legs:

The legs are introduced inside the footings and
secured with one screw each.
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5.1.2. Biofiltering system

Main function of the system:

The purpose of this system is to increase
the air quality level of the space where the device
Is located, by removing pollutants, increasing the
relative humidity and harmonizingthe temperature.

Involved components and their role in the

system:

Fan: Generate an airflow that goes through
the plant media. This action should be made as
less noisy as possible (to be user friendly) and
as low energy consuming as possible (given the
limited available energy).

Media: With an airflow passing through it, the
media changes the composition of the air. On one

Sealing band

Sealing ring

Figure 36. Visualization of the device without the main pot

hand, it absorbs and adsorbs harmful pollutants
present in the air, and on the other hand, its
water content increases the relative humidity and
balances the temperature of the air. As suggested
by the literature, activated carbon is added to the
soil mix to improve the pollutant removal capacity.

Plant: Once the pollutants are retained within
the media, the plant uses them as nutrients for
its own growth. Thanks to this process, the filter
gets constantly rejuvenated.

Container A, container B and sealing
elements: The goal of these elements is to ensure
that the airflow is forced through the media and
not through other spaces. The fan and the media
are placed in the middle of two openings: the four
holes of the main pot (container A) and the top
part of the plant container (container B). To ensure
that there are only these two openings, the sealing
elements are placed in those spaces where the
air might be leaking, so the volume between
container A and B is airtight. The container B
(plant container) has numerous holes throughout
its surface, so the air can pass through it.

Plant container’s holes

S°a
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Airflow yd
Plant
~
Opening 1
I |
N |
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ealing ring ARV AR
Container B Container A

Media

Figure 37. Cross section of the involved components
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Main function of the system:

The purpose of this system is to supply solar
energy to the fan that is creating the airflow, being
the device placed in a variable light setting such
as 'next to a window at an indoor space’.

Variable light conditions:

Light conditions are not the same for different
buildings (building’s orientation, window's size,
etc...), different times of the day (day, night) and
different weather conditions (sunny, cloudy).

On the other hand, the fan needs a minimum
energy level to be running, and if this level is not
reached it will not run. With the selected solar
panels, this minimum energy level is reached only
when direct sunlight (through the window) hits
them. On the contrary, for the rest of situations
(cloudy, sunny but indirect light, night, etc...) the
energy levels are not enough to activate the fan.

Given these factors, the power system is
designed in such a way that it is constantly storing
energy until a certain level is reached, at which the
fan will use the energy and start working. Thus,
when the conditions are optimal (direct sunlight),
the fan will work without the need of storing
energy; and when the conditions get worse, the
fan will work from time to time when enough
energy has been stored

Involved components and their role in the
system:

Solar panels: Transform the light into energy,
to be stored in the capacitor and then be used
by the fan. The solar panel system is formed by
8 solar panels connected in parallel to the rest of
the circuit.

Energy buffer: The energy buffer is placed
with two purposes: store the energy produced by
the solar panels, and open/close the connection
with the fan depending on the energy levels.

To achieve this double functionality, the
buffer is composed by different elements: a
capacitor, which will be the element storing the
energy; and a combination of 4 resistors, 3 diodes
and 2 transistors, which will act as the ‘door’ that
connects the capacitor’s stored energy to the fan.

The circuit is designed to switch ON when
the capacitor reaches 3,75V and switch OFF when
it has decreased to 2,65V.

Fan: Use the energy produced by the solar
panels.

Electronics case: This component encases
both the fan and the energy buffer components,
keeping them in the correct place and protecting
them. The energy buffer case has some openings
to ventilate and avoid heat accumulation.

Solar panels case: Encases the solar panels,
guides its connections and protects them.

Upgradeable system:

One of the outcomes of the research is that the
device should be upgradeable, to be adapted to

R1
R2
T rrnrmr *—\/\/\/ Tr2
L _1& |z |22
U T A £y "
L L D1
i \V4
SEREEREEEEREEREEREERER T \ ®
P,
R4

Components specifications:

- Solar panels: Model SEEED-313070004 /
5,6V /100mA

- Fan: Model Noctua NF-A4x10/5V [/ 0,26W /
0,05A

- C1: Capacitor Supercap / Model AVX
SCMR18C105/1F / 5,5V

-/Z1: Diode / Model T2X5V1A

- /2: Diode / Model T2X4V3B

-D1: Diode / Model IN4148

- R1:

- R2:

- R3:

- R4:

-Tr1:

- Tr2:

Resistor / 47K ohm

Resistor / 47K ohm

Resistor / 18K ohm

Resistor / 5,6K ohm

Npn transistor / Model BC550

Pnp transistor / Model BC560

Figure 38. Diagram of the power system’s circuit and its

components specifications
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the coming improvements in the light harvesting
technology. For this reason, the described power
system is differentiated from the rest of the
product, and it is designed to be easily detachable
from the other parts and easily accessible for
eventual fixes or components replacement.

Toremove the system fromtherestof components
-the pot and the base- it is only needed a cross
screwdriver. The pot is attached to the power
system just by gravity, and the base is fixed to
it by 4 screws. Within the power system, the
components can be detached with the same cross
screwdriver.

Open geometry to ventilate

the energy buffer

Figure 39. Visualization of the power system components

Cavity where to fit the

main pot

Screws to attach the

case to the wood base

Electronics case
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Fan
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-

Energy buffer
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Connections

LW/'

Solar panels
Solar panels case

Solar panels
cover

Figure 40. Cross section of the involved components
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Performance for the possible scenarios:

As explained before, the device will face
different scenarios that will have different effect
In its performance.

With a working prototype of the product, a
test was carried out in real settings to check the
behaviour of the product and monitor the time
that the fan was running.

Figure 41. Prototype used for the test

In the following schemes, the results of this
test are summarized in three possible scenarios:
direct sunlight, cloudy/not direct sunlight and
night.

Scenario 1: Direct sunlight

Scenario 2: Cloudy

N
Capacitor’s voltage

The fan stays ON

all the time

Time
AN

/AN

N
Capacitor’s voltage

The fan stays OFF,

N\

The fan stays ON, using

accumulating energy energy

N— N — .

107 15’
Time
| SN

Scenario 3: Night

/A1

N
Capacitor’s voltage

N

The fan stays OFF all the

time

Time
AN

T

Figure 42. Different performances for different scenarios
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Main function of the system:

The purpose of this system is to reduce how
often the plant should be watered, while making
visually noticeable the moment that the water
tank needs to be refilled.

Involved components and their role in the
system:

Outside container: The outside’s container is
the water tank and therefore its function is just to
store the water.

Inside container: The main function of the
inside container is to keep the plant and the media
partially separated from the water, making sure
that the contact between both volumes is just
existing at a specific area (where the pebbles are
placed). There are holes along the surface of the
container to let the water get into the media. By
supplying water from the bottom, the plant gets
access to it without over saturating the media.

This component has integrated a vertical
hollow pipe on one side, which is both used as an
access to fill the water tank and as a guide for the
level indicator.

Pebbles: The volcanic pebbles are placed at
the bottom of the ‘inside container’, where there
Is contact with the water level. The reason for
having pebbles instead of normal soil is that the
pebbles absorb less amount of water, which helps
to ration the amount of water that goes up to the
plant.

Level indicator: Its purpose is to inform
visually about the water tank’s level, making
clear the maximum and minimum values that the
system needs to perform correctly.

A little floating foam piece is attached to
a vertical bar that reaches the top of the pot
(guided by the hollow pipe integrated in the inside
container). When the water level raises, the bar
will stick out more, indicating the maximum value
so the user knows when to stop filling the tank.
When the level decreases, the bar will descend
until it doesn’t stick out anymore, which indicates
that the water tank should be filled again.
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Figure 43. Cross section of the involved components
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In this chapter, a preliminary exercise of the
product’s cost estimation is carried out.

Kickstarter campaign with 2000 units to
produce

To be able to determine the production cost
of a product, it is necessary to know first the
number of units that are going to be produced,
which is directly related with the characteristics
and strategy of the company that is going to
produce it.

But then, in this case, how many units
want ‘the company’ to produce? Because it is an
Independent project with no company behind, it is
needed first to set a possible scenario. Given the
nature of the project, a realistic scenario would
consist of a small company that launches the
product in Kickstarter (crowdfunding campaign),
receiving funds from backers in exchange of
delivering them an unit of the product when it is
produced.

Therefore, the number of units to be
produced equals the number of backers that the
campaign achieves. In order to set a realistic
number of backers, other similar campaigns are
taken as reference. The product Breth (shown in
the page 20) obtained 780 backers (Kickstarter,
2020); while the product Natede (shown in the
page 21) achieved the amount of 3821 backers
(Kickstarter, 2020). Thus, it estimated that a
Kickstarter campaign of the product could achieve
a middle-point number of 2000 backers.

Along the rest of the chapter, the price of
every component of the product is estimated. The
price for each component is derived from the price
of producing/sourcing 2000 of them. Based on
this exercise, a production cost estimation of the
whole product is given at the end of the chapter.

Component

1 - Soill

2 - Activated carbon

3 - Pebbles

4 - evel indicator

5 - Sealing band

6 - Sealing rings (x2)

Sourced from:

Plusjop, Netherlands
(Plusjop, 2020)

Zhengzhou Zhulin
Activated Carbon
Development Co.,

China (Alibaba, 2020)

Grind-Split, Netherlands
(Grind-Split, 2020)

BGT Technology, China
(Alibaba, 2020)

Dongguan Yueyi
Rubber Products, China

(Alibaba, 2020)

Dongguan Yiyou
Electronics Technology,

China (Alibaba, 2020)

2.000 units cost

290 €(3.000L)

252 € (200kg)

100 € (800kg)

2.000 €

42,2 €

100 €

Cost per unit

0,145 €

0,12 €

0,05 €

1€

0,021 €

0,05 €
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Component

7 - Fan

8 - Capacitor

9 - Transistors (x2)

10 - Resistors (x6)

11 -PCB

12 - Solar panels (x8)

Sourced from:

Dongguan Xingdong
Electronics, China
(Alibaba, 2020)

Shangai Green Tech
Co., China (Alibaba,

2020)

Jieyang Kehe Electronic
Industrial Co., China

(Alibaba, 2020)

Mate Ford International
Co., China (Alibaba,

2020)

Dongguan Guyland
Electronic Technology
L.C., China (Alibaba,

2020)

Qingdao Hinergy New
Energy Co, China

(Alibaba, 2020)

2.000 units cost

3.580 €

620 €

13,4 €

102 €

7.420 €

25.500,79 €

Cost per unit

1,79 €

0,31 €

0,0067 €

0,051 €

3,71 €

12,75 €

13 - Screws (x32)

14 - Wood legs (x4)

15 - Legs Footings (x4)

16 - Wood base

Component

17 - Pot

18 - Plant container

Dongguan Dalang
Xinxin Hardware
Factory, China (Alibaba,
2020)

Guangzhou Veitop
Libang Co., China

(Alibaba, 2020)

Foshan Youyao
Hardware Products,

China (Alibaba, 2020)

Yiwu Shuodian
Electronic Commerce,

China (Alibaba, 2020)

Manufactured:

Fuzhou Aoling Donghua
Electronics Co., China

(Alibaba, 2020)

Hebei Strudex
Technology Co., China

(Alibaba, 2020)

1.340 €

1.686,56 €

1.146,86 €

4720 €

2.000 units cost

7.560 €

Mold: 20.238,72 €
Material (PP: 235,64
kg): 268,62 €

0,67 €

0,84 €

0,57 €

2,36 €

Cost per unit

3,78 €

10,25 €
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Component

19 - Electronics case

20 - Electronics case lid

21 - Solar panels cover

22 - Solar panels case

Manufactured:

Hebei Strudex
Technology Co., China

(Alibaba, 2020)

Hebei Strudex
Technology Co., China

(Alibaba, 2020)

Hebei Strudex
Technology Co., China

(Alibaba, 2020)

Hebei Strudex
Technology Co., China

(Alibaba, 2020)

2.000 units cost

Mold: 2.698,5 €
Material (PP: 169,68
kg): 193,43 €

Mold: 1.349,25 €

Material (PP: 4,26 kq):

4,85 €

Mold: 2.698,5 €
Material (PP: 103,58
kg): 118,08 €

Mold: 2.698,5 €
Material (PP: 678,88
kg): 773,92 €

Total cost 2.000 units

87.441,4 €

Cost per unit

1,44 €

0,677 €

1,4 €

1,73 €

Total cost per unit

43,72 €
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b.2. Design process

Once the final design has been explained
in detail, in this chapter it is elaborated about
the previous step in the design process (step 3:
develop).

The aim of this chapter is to showcase
the design process that was carried out, as
well as helping the reader to understand which
circumstances and processes lead to the design
decisions that can be appreciated in the final
design.

5.2.1. Looks and components
configuration

The following step after specifying the design
requirements is the ideation: generate different
concepts that accomplish the stated goals In
different ways. After some ideas generation
sessions, the most promising concepts were
selected to be evaluated with the user.

Looks and components configuration: User
test

As part of the evaluation process, the best b
concepts were shown to 34 people to comment
on them and fill a questionnaire (appendix b)
where to grade each alternative in different areas.
The figure 44 shows the 5 proposed concepts
together with the questions formulated in the
qguestionnaire.

The results from this test (appendix 6) point

Alternative 1 Alternative 2 Alternative 3

Formulated questions:

1. Grade from 1 to 7, being 1 “| don't agree at

all” and 7 “completely agree” :

/ Aesthetics of the product is neutral

/ Aesthetics of the product is timeless
/ The product is beautiful

/ The product fits in my space

/ The product looks professional

/ The product is functional

2. Decide for the best and the worst option

Alternative 4 Alternative b

Figure 44. Visualizations and questions of the user test
about the basic configuration and looks of the product
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to the alternative 5 as the most desired (35%),
followed by the option 2 (29%) and the 1,3,4 with
12% each of them. Regarding the least desired &9
option, the number 4 (40%) and the number 3 Q}A@ QA °
(36%) are the most selected ones, followed by N
the number 2 (12%) and the 1 and 5 with 6% each DTN

of them. #1

With respect to the other formulated

questions, there are no remarkable results. +5

Decision taking: Harris Profile #9

Once the user test's results are analyzed, +2
every concept is evaluated taking into account also
other factors: potential capability of harvesting
light, simplicity, flexibility for plant selection and

used space. 43

In order to compare how convenient is each
of the options at each of the mentioned aspects, a
Harris Profile comparison is carried out. The Harris
Profile is a design tool that, with a 4 point matrix,
allows to visualize and compare the strengths and
weaknesses of each option. #4

The figure 45 shows the results of the
comparison, where the alternative 5 results to be
the most promising option, and thus the selected
one for further development.

In the pages 124 and 125, the concept #5 is 45
explained in greater depth, as it was shown in the
user test.

+6

Figure 45. Harris Profile comparison between the 5
generated concepts
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Indoor solar panel Pot with water Watering
Fan tank pipe

Stand Battery Slot to insert the Plant container
fan + battery
module

o 4 2 T

.o %

Repair !!

53 &

T\

— New version,
: upgrade it !!

Figure 46 (up). Visualization of the concept #5 alone. Figure Figure 48 (up). Visualization of the concept's components. Figure
47 (down). Visualization of the concept in its context 49 (down). Detall of the advantages of being detachable
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Prototyping

Once the concept is fixed, the following
step in the process is the prototyping. The aim of
this step is to learn by building, and find tangible
mistakes or possible improvements that can be
implemented in following iterations. After a few
iterations, the final prototype is achieved, ready
to be used as a working product to be tested by
users, as well as test its performance regarding
air quality improvement.

In the following pages, there is a sample of
some of the prototyping techniques utilized during
this stage (3D printing, laser cutting, ceramics,
etc...) and its results.

Figure 50 . Prototyping of a first model to get an idea about

the product’s size
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Figure 51. Prototyping of the main pot and the plant container, Figure 52. Prototyping with 3D printing, wood and plaster to

including the pebbles the media and the water level indicator explore possible molds for the ceramic piece (main pot)
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Figure 53. Prototyping with wood and 3D printing to explore Figure 54. Prototyping with laser cutting of wood and acrylic

different legs options to build the base of the product
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Figure 55. Prototyping with solar panels, Arduino, multimeter

and soldering to develop the electronics of the product

Figure 56.

Final result of the prototype, placed in he context
where it's supposed to be
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b.2.2. Electronics configuration

Along this chapter, the design process of
the electronic system is explained in more detall,
showing the taken steps, the explored possibilities
and the reasons that lead to the final electronics
system.

Goal to achieve:

Make the fan run as much time as possible
with the available energy harvested by the solar
panels.

Testing with the components:

As a first step, it is important to test what is
the real performance of the components that are
going to be used, and how they will behave in the
specific conditions of this project.

Fan: The selected fan (Noctua NF-A4x10)
specifies that it works with 5V and 0,05A.
However, this kind of fans usually are able to also
run with less energy, but rotating with less speed.
Therefore, it is interesting to find out what is the
minimum energy that the fan needs to run. By
knowing this value, the rest of the device can be
designed to supply less energy and thus increase
the time that the fan will work, although it will
work with less speed.

The lowest values that made the fan run are
2,76 V and 0,025 A.

Solar panels: According to the product

specifications, each solar panel it's supposed
to generate 0,1A with a voltage of 5,5V under
optimal conditions. However, the solar panel's
ideal conditions are being outdoors under direct
sunlight, which is different from the project’s
specific conditions. Therefore, it is necessary to
test how much energy can be harvested in the
scenarios where the product is going to be used.

As it can be observed in the figure 57, the
obtained results for the proposed scenarios are
substantially different. In light of this, it is decided
that the device must work (fully or partially) in
each of the possibilities, but being specifically
designed for the ‘middle ground’ second situation.
This scenario is generally possible to be found
indoors, and thus accessible for the user, plus it
Is the scenario where the best efficiency can be
achieved.

Scenario 1: Artificial illumination

/ Light: 1.010 lux
/ Intensity: 0,003 A

/ Voltage: 4,14 V

Scenario 2: Indirect sunlight

/ Light: 1.690 lux
/ Intensity: 0,007 A

/ Voltage: 4,71V

Scenario 3: Direct sunlight

/ Light: 18.000 lux
/ Intensity: 0,047 A

/ Voltage: 4,85V

Figure 57. Intensity (A) and voltage (V) generated by the solar

panels in different light settings
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lteration 1: Solar panels - Fan

The ideal situation, and therefore the first one
to be checked, is the one where the solar panels
are able to generate enough energy to supply the
fan without the necessity of previously storing it.
By not using a middle element, the system gains
in simplicity and avoids energy losses from using
more components.

In order to check whether this option is
realistic, the fan is connected to the panels in the
different scenarios previously described.

Results: The fan runs only in the scenario
where the sunlight is directly hitting the solar
panels.

Therefore, this option is ruled out, as it
constrains excessively the situations where the
product would be useful.

Figure 58 (up). Scheme of the used components. Figure 59

(down). Picture of the test at the second case scenario
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lteration 2: Solar panels - Low consumption

motor

With the previous intention of avoiding the
energy storing step, in this iteration it is aimed to
reduce the fan’s energy consumption by replacing
it for a low consumption motor attached to
externally designed blades.

The used motor is the motor SOL300 (brand:
Sol Expert), which according to its specifications it
starts running with 0,18V and 0,008A.

Inorderto carry outthe test, the same process
as in iteration 1 is repeated, but connecting the
system to the motor instead of the fan.

Results: As in the previous case, the motoris
only activated in the scenario where the sunlight
hits directly the solar cells. Besides, when the
motor is working, the noise that generates is
considerably high. For these reasons, this option
IS also declined.

Figure 60 (up). Scheme of the used components. Figure 61

(down). Picture of the test at the second case scenario
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lteration 3: Solar panels-Capacitor-Transistor
circuit - Fan

Once dismissed the option of connecting
the fan directly to the panels, the next iteration
brings the idea of storing energy when there is not
enough to run the fan, so it can be accumulated
and used from time to time.

To effectuate this idea, two elements must
be added between the solar panels and the fan: an
element ‘A’ that stores energy, and an element
‘B’ that decided when to let the stored energy go
to the fan or not.

The first option that comes to the table is
the use of a battery (element ‘A’) in combination
with a microcontroller (element ‘B’) that will open/
close the circuit when certain battery values are
reached. However, this option is declined for two
reasons: the microcontroller consumes energy in
order to work, meaning that it is possible that the
generated energy ends up being consumed by the
microcontroller; and the fact that batteries usually
have important energy losses.

As an evolution of the first option, a new
option arises: the use of a capacitor, as the storing
element, in combination with a transistors circuit
that opens/closes for specific voltage values
reached by the capacitor. The advantages of this
idea are, in first place, the no energy consumption
of the transistors circuit, and secondly, the low
energy loss of the capacitor.

To observe this idea in practise, a first test
Is carried out where, on one side, the capacitor is
connected to the solar panels, and on the other
side, the transistor circuit’s role is done manually
(see figure 62). After the success of this test, the
transistors circuit is built and all the components
are soldered together (see figure 63).

Results: The fan works constantly under
direct sunlight, and runs approximately 1 minute
every 5 minutes when the sunlight is indirect
(behind clouds, or different orientation).

Therefore, it is decided to keep this option as
it achieves the stated goal: making the fan work in
each of the possible light scenarios.

Figure 62 (left). Scheme of the used components. Figure 63

(right). Picture of the test at the second case scenario
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Design evaluation

After finalizing the fourth step of the process
(deliver), the result is already a product. However,
the design of a product is a constant iterative cycle,
where every new iteration should be evaluated
and analyzed to obtain useful information for the
following iterations.

Therefore, taking advantage that a functional
prototype is already made, a primary evaluation
of the design is carried out about two different
areas: how the user experiences the product and
what is the product’s effect on air quality.

In order to obtain this feedback, two tests
are carried out, whose results will be transformed
Into project conclusions and recommendations
for further iterations.

6.1. User test

6.1.1. Test purpose

The main objective of the user testis to obtain
feedback about the experience of living with the
product, getting deeper in the following areas:

- Process of placing the product (given the
importance of the light conditions)

- Effect on the user comfort during the use
of the product

- Handling of the product

- Aesthetics

6.1.2. Test setup

To obtain the previously mentioned
information, it is designed a 3-step test:

1 - Give the product to the user in the building
where it is going to be used. At this moment, the
advantages of the product regarding the air comfort
are explained (decrease of pollutants levels,
increase of the relative humidity and temperature
balance) and the fact that the light conditions
where it is placed affect its performance.

2 - The user, by its own, decides where the
product is going to be placed and cohabits with it
during 2 days.

3 - The product is taken back and the user is
interviewed (around 30 minutes).

Figure 64. One of the users being interviewed
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6.1.3. Test results & discussion

After processing the conversations, the
opinions considered to be more relevant are
clustered in different groups. Along this chapter,
these opinions are shown together with the
discussion on how the insights can affect the
further development of the product.

Feeling doubtful while placing the device

The decision about where to place the
product was conditioned by different factors: “in
which room do | want to have better air quality?”,
"Where does it get more light?” and “Where does
it look better?”. Each user considered these three
questions and took stock of the three aspects,
giving more importance to the aesthetics in some
cases or basing the decision just on the light that
IS receiving in other case.

A common opinion in all the interviewees,
Is the fact that they felt unsure about how
the possible places will affect the product's
performance, generating uncertainty about their
house being appropriate for such a product. Given
this problem, it was suggested by one of the
users that before the acquisition of the product,
the customer should have clear information about
where the product will/won't perform well.

(56

As a user, | would like to be
sure that my room is apt for this
product

JJ

Discussion: The feeling of doubts or
disinformation in the user contributes negatively
to the product experience, and thus it should be
avoided.

With this aim, as it was commented during
one interview, before getting the product the user
should be certain about how apt is the product for
the specific characteristics of his house. Besides, it
should be possible to know which is the difference
(performance wise) between using the product in
one position with respect to another one. With
this information clearer, the user would potentially
feel more sure about the final decision.

Some possible solutions for this issue could
be having an elaborated narrative where the user
(and his space) feels identified, or including some
sort of feedback such as a little LED that shows
visually when the product is working, letting the
user have an idea of the frequency at which the
device is working at the current place.

Big object, needs a place for its own

Another insight related to the placing of the
device, is the fact that every user decided that the
product should have a place for its own. This is
explained by the size of the product, as it can be
impractical or feel too busy when sharing space
with other objects/activities.The chosen options
were a window sill (1) and a side table (2) (one of
them can be seen in the figure 65).

This need of finding a liberated spot for the
product adds complexity to the action of placing the
product. During one interview, it was commented
that the possibility of detaching the legs would
make it easier for her, as she would have more
options to play with.

(515

| was feeling too much its
presence while having it in my
working desk

)Y

Discussion: From such a reduced number
of interviewees, it cannot be assumed that the
object is 'too big’, as they were influenced by the
characteristics of their home. It is possible that
in different places, for instance with larger tables,
the product can suit better without disturbing
other activities.

However, it seems that making the product
more adaptive, or including product variations
will make the placing experience less rigid.
Some possible solutions could be the mentioned

possibility of having detachable parts, or bringing
the possibility of buying the product together with
a stand. This second option is included in other
products in the market (see figure 65).

Positive impact in the perception of the room
quality

The use of the product brought a positive
impact in the perception that the user had about
the space where they were cohabiting with it. In
other words, with the product’s presence, the
user felt that the quality and comfort of the space
increased, making the stay more enjoyable.

The origin of this positive feeling was directly
related to what the product means for them. It
was defined as a mix of various positive elements:
good air quality, plants, beauty and solar powering.

Figure 65. Table used by one of the users (left) and stand
available with the air purifier Natede (right) (Vitesy, 2020)
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The idea of sharing space with the product works
as a psychological support, as it brings the idea
of being in a “a bit better environment” which is
exclusively produced by natural things such as
plants and the Sun.

Regarding the question “Did you feel any
difference while breathing?”, two of the users
answered “No”, and the third one replied that in
a couple of times she found the room less stuffy
than she would expect. However, she was aware
that it could be a placebo effect.

(516

For me it worked as a psychological
support, making me feel that my
working area is better

JJ

Discussion:  This psychological positive
iImpact mainly comes from the notion of the
product increasing the air quality. Therefore, it
has to be taken into account that the air quality
Is the base where the project lays, and thus it is
extremely important to have laboratory tests that
back up the performance of the product.

Good handling experience

Any user had problems with handling the
device. The place where to grab was clear, there
was no fear about touching the exposed solar
panels, the product was stable and the weight
appropriate.

(5.6

Easy to handle, no cables, perfect
for moving it around!

)Y

Discussion: When preparing the user test, the
solar panel’s location was perceived as a potential
problem for the user, as it could lead to the
user being afraid of touching and breaking the
electronics part of the product.

The interviewees didn't perceive this as a
problem at all. However, due to the small amount
of people interviewed, this cannot be discarded
as a potential problem. It would be interesting to
see how people from different backgrounds and
age react to this situation.

Good aesthetics style

All the users liked the overall aesthetics
of the product, describing it as beautiful, cute,
natural, appropriated and neutral. In the same
vein, the colours (green, white and wood), the
natural materials and the rounded shapes (holes,
legs) were positively appreciated.

Regarding the negative remarks about the
aesthetics, it was mentioned that the solar panels
area should also have rounded edges (in a front
view of the product), and that the level indicator’s
red colourdidn’t match the rest of the components.

Discussion: From these results, it can be
concluded that the chosen style is appropriated
and should be kept in future iterations. Besides,
the users pointed to looking natural and neutral
as the way to go, which confirms the research
findings.

Integration of the solar panels can be
Improved

Anothercommonopinioninallthe usersisthe
suggestion of improving the way the solar panels
are integrated in the product. The main reason
causing dislike is the excessive contrast between
very natural elements (wood, plant, ceramic) with
very tech-looking and artificial components such
as the solar panels and the black acrylic.

When asked to brainstorm about ways of
solving this part in a different way, the solutions
that came up were in the direction of making it
more natural-looking or directly hiding the solar
panels. The specific solutions were: hiding the
panels by sticking them in the back part of the
main pot; change the color of the solar panels and
the black acrylic; and change the black acrylic for
a more natural material.

Discussion: Given these results, the solar
panel transition should be redesigned to make it

(5.6

| like to feel the technology but not
to see it

)Y

look more natural, or, at least, make the transition
smoother.

A different option to consider would be to
place the solar panels in the back of the main
pot. However, this redesign would have greater
influence in the rest of the product.

Anyway, as mentioned before, the number
of users is small, and final conclusions should be
taken when a bigger sample of the population is
interviewed. It would be interesting to see how
people from different population segments react
to the presence of the solar panels, and check
whether they prefer to hide or show them.

Figure 66. Close view of the solar panels area
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6.2. Performance test

6.2.1. Test purpose

The two objectives that are aimed to achieve
with this test are:

1-Get anidea of the influence that the device
has on: VOCs levels, CO2 levels, Temperature and
Relative Humidity inside a room. This is: Device-
ON results vs Device-OFF results.

2 - Compare the effect that the device has
when working with solar energy (1 minute each 5
minutes) with the effect that the device has when
constantly working. This is: [Device-ON-Cable vs
Device-OFF] vs [Device-ON-Solar vs Device-OFF].

The intention behind this comparison is to
generate numeric data that can be used to inform
the design decision about using solar energy
or connecting the device by cable. Presumably,
the constantly working device will have a better
performance than the solar power, but how big is
the difference?

minutes

Device-OFF Device-ON-Solar

/ Fan working 1 minute each 5

Device-ON-Cable

/ Fan working constantly

Figure 67. The three modalities to be tested

6.2.2. Test setup

In order to compare the three mentioned
modalities (OFF, ON-Solar and ON-Cable), some
elements are needed:

Closed space: A closed space where to bring
together the contamination and the purifier. A
small bedroom (3x3x2,5 m) is used Iin this test.

Contamination: The contamination needs
to be relatively high so the effect of the purifier
can be noticed easier. Besides, it is important that

the contamination levels are similar in each of the
modalities to test, so the later comparison is fair.
The different sources of contamination used are
explained below.

Sensors: A VOCs&CO2 sensor (model
SGP30 from Adafruit) and a T&H sensor (SHT31
from Grove) are connected to Arduino, which is
programmed to collect air quality data (VOCs,
CO2, T, H) and save it in an Excel sheet each 10
seconds (see figure 68).

With these elements prepared, three
different tests are carried out where different
contamination sources are used.

Figure 68. Circuit that connects the VOCs&CO2 sensor, and
the T&H sensor with the Arduino to collect the data
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Test 1: Human being as main contamination

source

For this test, it is designed a routine that a
human being (me) will follow daily. The routine is
as follows:

9:00 - 9:30 Open windows and door

9:30 Close windows and door
9:30-13:00 Stay working inside the room
13:00 - 14:00 Lunch break outside the room
14:00 - 19:00 Stay working inside the room
19:00 - 22:00 Stay outside the room

22:00 - 22:30 Open windows and door
22:30 Close windows and door

22:30-9:00 Stay inside the room

While this routine is being followed, each of the
modalities will be running during 4 days.

Test 2. Window cleaner spray as main
contamination source

In this case, the routine is:
- Open windows and door for 30 minutes
- Close windows and door
- Spray 4 times in each corner of the room

- Leave the room closed for 4 hours (me
outside as well)

These actions are repeated twice for each of
the modalities.

Test 3: Incense as main contamination
source

For the last test, the routine taken is:
- Open windows and door for 30 minutes
- Close windows and door

- Burn an incense stick and leave it in a fixed
place in the center of the room

- Leave the room closed for 3 hours (me
outside as well)

This routine is repeated 5 times for each
modality.

Figure 69. Room that was used for the test
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Test 1: Human being as main contamination
source

While carrying out the test, it was observed
that the contamination coming from the human
being (me) was not close to be similar for every
day. With such a fluctuating contamination source,
it will be difficult to appreciate the effect of the
device. Therefore, it was decided to abort the test
and look for a more stable contamination source.

Test 2. Window cleaner spray as main
contamination source

The results of the test are displayed in the
pages 155-157, differentiated by VOCs, CO2 and
T&H, for each of the three modalities.

Regarding the VOCs and CO2 results, it is

Figure 70. Periodical fall in the VOCs (1) values

observed what was expected: a big peak of high
values at the beginning, that decreases constantly
throughout time. In the case of the Device-ON-
Solar modality (pag 157), there is a periodical
decrease of the values that can be observed in one
of the measurements (#1). This decrease, which
IS higher when the contaminant values are higher,
corresponds to the time that the fan is activated.
As it can be noticed in the figure 70, the falls are
repeated every b minutes, lasting 1 minute each
of them.

Regarding the relative humidity, it starts with
high values (influenced by the humidity outdoors),
but In a short period of time it decreases and
stabilizes around a value. In the case of Device-
ON-Solar, the same “periodical fall” effect
previously mentioned can be appreciated again,
although this time the humidity increases instead
of decreasing.

With respect to the temperature, it starts
influenced by the outdoors temperature bringing
low values. The line quickly raises and stabilizes
around a temperature value.

1h

1h

1h

. Window cleaner / Device-OFF

2h

2h

3h

3h
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The comparison between the obtained
graphs is the most important part of this test, as
it can lead to knowing the air quality differences
between the device turned off, turned on 1 minute
each b minutes and turned on constantly. The
graphs are plotted together in the following page.

VOCs: When comparing the VOCs results,
there is no purifying effect that can be observed.
One of the measurements (both with ON-Solarand
ON-Cable) shows lower levels than the Device-
OFF levels, but the other measurement shows
higher levels. Therefore, given the inconsistency
of the results, no clear conclusion can be taken.

COZ2: In this case, it can be observed how
the CO2 levels are reduced in the ON-Solar and
ON-Cable. In both cases, the CO2 levels are
reduced at a higher speed than when the device
Is turned off. The values performed by each ON-
option are similar. However, the data amount is
small and more data would be needed to confirm
the results.

Relative Humidity (%H): With regards to the
humidity, it seems that there is a positive influence
when using ON-Cable (between +0% and +6%)
and ON-Solar (between (+3% and +7%) respect
to the device off. However, as said before, the
amount of data is too small to confirm any results.
On the other hand, there is an influence of the
outdoors humidity, which can lead to misleading
results.

Temperature (T): There are no observed
effects about the temperature.

Window cleaner.

Device-OFF

1h

1h

1h

Comparison between the three device's modalities

Device-ON-Cable Device-ON-Solar
2h 3h
2h 3h
2h 3h
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Test 3: Incense as main contamination
source

The results of this test are displayed in the
pages 161-163, again differentiated in VOCs, CO2
and H for each of the three modalities. Given the
results from test 2, Temperature values were not
taken into account.

With respect to the VOCs and CO2 level,
the line follows a similar but different behaviour
than the one resulting from the window cleaner
experiments. In this case, it slowly reaches
the highest values after the first hour, to then
constantly decrease during the following two
hours. It is important to remark that in this test,
the periodical falls seen before in the Device-ON-
Solar are not present anymore.

Regarding the Relative Humidity levels, the
first values shown are high due to the influence
of the outdoors humidity, but the line quickly
decreases and stabilizes around one value. In this
case, the periodic peaks effect can be appreciated
in th Device-ON-Solar (see figure 71).
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Figure 71. Periodical raises in the %H (1-5) values
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As in the previous test, the important part of
this experiment lays on the comparison between
the performance of each modality. In order to
make it less busy, it is only plotted the value
(VOCs, CO2 or %H) that was sensed when t=3h.
In other words, it is only shown how clean/humid
the environment was after having 3 hours of the
device running.

VOCs and CO2: There is no effect that can
be appreciated regarding VOCs and CO2 removal.
The values from Device-ON are similar to Device-
OFF, meaning that there is no influence. However,
the values are also not similar inside each modality.
It can be observed in the graphs how different
are the results for the same action happening
(e.g9. VOCs_OFF_nb = 4425 and VOCs_OFF_n6 =
8111). With this unstable setup, the results can
be misleading, and thus no conclusions should be
taken from this test.

Relative Humidity: Regarding the humidity,
a positive effect can be observed, similar to the
one achieved during the previous test. The final
relative humidity achieved with the Device-ON-
Cable with respect to the Device-OFF varies
from 0% to +3%, while the increase that Device-
ON-Solar shows goes from 3% to +7,6%. As
commented in the previous test, these results
are also affected by the humidity from outdoors,
which was not always the same.

About the results

The goals that were intended to achieve with
this test were: getting an idea of the product’s
performance about improving air quality; and

finding the difference between the performance of
a solar powered model with respect to a powered
by cable one.

With the obtained results, it cannot be
concluded about any of these research questions.
The results about possible VOCs and CO2 removal
are inconsistent, and show that the test setup
was not ideal for such research questions.To get
more reliable data, a more stable setup is needed
(to avoid different results for the same scenario)
together with a greater amount of samples.

On the other hand, the periodic falls effect
observed in one of the test 2 measurements
suggest that the purifier is having a positive effect,
as the contamination values decrease when the
purifier is working and increase when it's not
working. However, in case of this positive effect
to be real, is the case of a small effect, since if the
effect was big, it would have been reflected in the
results.

Regarding the humidity, the results suggest
that the device is able to increase the relative
humidity of the room approximately from 50%
to b5%. These data are not precise, as they are
influenced by the outdoors humidity, but they
reveal that a humidification effect exists. When the
effects achieved by the Device-ON-Solar and the
Device_ON-Cable are compared, any noticeable
differences can be observed.

In summary:

- A big effect of the purifier in removing
contaminants (CO2 and VOCs) can be discarded.

- The purifier probably has a small effect in
removing contaminants (CO2 and VOCs).

- The purifier is able to raise the relative
humidity from 50% to 55%, without noticeable
differences between the solar and the cable
options.

Incense. Comparison between the three device's modalities

Device-OFF
value after 3h

Device-OFF
value 1=0

Device-ON-Cable
value after 3h

Device-ON-Cable
value t=0

Device-ON-Solar
value after 3h

Device-ON-Solar
value t=0

165



166

- There is no influence in the temperature

About the future testing

Considering the future development of the
project, there are two Iinteresting tests to carry
out:

First, a continuous performance test should
be done by the hand of the design process,
informing design decisions with data and
comparisons of different possibilities. Forinstance,
the comparative carried out in this project about
between solar power and cable power, types of
substrates, types of plants, fan speed, etc... For
this test, it is crucial to have a setup where a fixed
contamination level can be achieved, that doesn’t
vary from one sample to another. Regarding the
sensors, the test should include a particulate
matter sensor as well.

On the other hand, it would be interesting
to know the effect that the device has in a real
environment, out of the laboratory, such as ahouse
or an office. With this information, the question
formulated by the user “how and how much can
thisdevice improve my space?” could be answered
with real data. Given that these scenarios are very
variable (in terms of contamination types, amount,
etc...), this test would require a great amount of
samples (months) to be able to bring averages
that can be used to do fair comparisons about the
device's performance.
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From the research done

- The target group interested in portable
active botanical biofilters responds to: Western
European; living in big cities and >30 years old
(with a stable house and a stable job).

- Main reasons driving the interest in the
product: worried about the bad air quality effects on
employers/clients; worried about contamination;
healthy home atmosphere; kids health and
attraction towards the idea of optimizing home
plants.

- The product functionalities that the target
group prefers are: advanced air quality system;
watertankincludingalevelindicator; solar powered
device/powered by cable and no monitoring
functionalities / display T&H.

- The price that the target group is willing to
pay: average of 142 €.

- The look&feel desired by the target group
Is: look like a normal potted plant but doing
something extra; minimalistic, subtle, neutral,
timeless, functional and natural; and white ceramic
together with wood the materials to be used.

- With the currently available technology, the
combination ‘outdoor solar cells’ + ‘product to be
placed next to a window' requires approximately
10 times less solar panels surface than the needed
for the combination ‘indoor solar cells + product
receiving artificial light'.

From the prototype built

- For the selected product dimensions, an
energy-storing middle step between the solar
panels and the fan is required. The best found
solution for this element consists of a capacitor
combined with a transistors circuit.

- A preliminary analysis of manufacturing and
production cost suggests that the product will
have a production cost of 43,72 €.

From the design evaluation

- It should be considered to include a stand
with the purchase of the product.

- Clear and reliable tests about the product’s
performance should be accompanying the
product at the selling place, with the intention of
strengthening the air quality face of the product
and to clarify in which scenarios the product will
have effect.

- Results from the performance test carried
out point that the prototype don’t have a big effect
iIn contaminants removal; may have little effect
In contaminants removal; have a positive effect
In increasing the relative humidity (from 50% to
b5%); and it has no effect on temperature.

Recommendations for further development

- Redesign the product components so the
production cost is reduced, as 43,72 € is a high
price that will probably exceed the 142 € that user
is willing to pay.

- Redesign the way the solar panels are integrated
In the design, trying to make it look more natural

- Explore the option of placing the solar panels at
the back of the main pot, being hidden from sight
and only oriented to get light from the window.

- For future performance tests, use a professional
setup where the contamination, humidity,
temperature, etc... can be kept at specific levels.
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