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Abstract 

With the origin in the development of space greenhouses and the technology it requires – a 

greenhouse for domestic use was developed.  

The inspiration laid in this technology and the positive impact it is able to provide the 

environment in general, as it is paying an extra thought of how to exploit resources to the 

maximum and this is a possibility to bring it down to earth. To develop a greenhouse for 

domestic use with this as a starting point is therefore a step forward in means of economy and 

health, both for the household and the environment.  

In addition to the requirements for optimization, dimensional as well as price, the greenhouse 

was also required to have usability independent of age and experience. The outcome is a light, 

wall hanged construction which can provide with plenty of herbs and some vegetables with its 

36 planting pockets. As for vegetables the greenhouse should be seen more as a pre-

cultivation or nursing construction as vegetables in general weighs too much to grow 

horizontally.  

It is designed for high moduling possibilities, possibilities that increase together with the 

associated stand’s great potential in assembly combinations. Thanks to the neat dimensions 

400300180  mm it can be put indoors without being bulky, and thanks to the resistant PET 

material it can be put outdoors and withstand ruff weather.  

The water system it uses, called the Nutrial Film Technology (NFT), is inspired from the 

plants’ natural water absorption. Together with the rock wool the herbs are planted in it is 

only necessary to run the system’s water pump two times a day, ten minutes per time – as 

long as the rock wool is kept moist.  

This greenhouse aims for bringing the economy and health up, and to bring the resource 

savings down to earth.  
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Sammanfattning 

Med avstamp i utvecklingen av rymdanpassade växthus och den teknik de behöver – 

utvecklades ett växthus för hemmabruk.  

Inspirationen låg i denna teknik och den positiva inverkan det har möjlighet att ha på miljön, 

genom att ägna en extra tänkte åt hur att utnyttja resurserna maximalt – detta är en möjlighet 

att ta ned det på jorden. Att utveckla ett växthus för hemmabruk med detta som utgångspunkt, 

är därför ett steg framåt såväl ekonomisk och för hälsan, både för hushållet och miljön.  

Utöver kraven på optimering, dimensions- och prismässigt, skall växthuset också medföra 

användbarhet oberoende av ålder och erfarenhet. Resultatet är en lätt, vägghängd konstruktion 

som kan ge rikligt med kryddväxter och vissa grönsaker i och med sina 36 planteringsfickor. 

När det gäller grönsaker bör växthuset ses mer som en förodlingsenhet eftersom grönsaker i 

allmänhet väger för mycket att växa horisontellt.  

Det är designat för höga modulingsmöjligheter, möjligheter som ökar tillsammans med det 

tillhörande stativets stora potential i monteringskombinationer. Tack vare sina nätta mått mm 

kan det placeras inomhus utan att vara klumpigt, och tack vare det resistenta PET-materialet 

kan det hängas utomhus och tåla tufft väder.  

Vattensystemet som används, kallat the Nutrial Film Technology (NFT), är inspirerat av 

växters naturliga vattenabsorption. Tillsammans med stenullen örterna planteras i är det 

endast nödvändigt att köra systemets vattenpump två gånger om dagen, tio minuter per gång – 

så länge stenullen hålls fuktig.  

Detta växthus siktar mot att öka ekonomin och hälsan, och ta ned resursbesparingarna på 

jorden.  
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PROJECT SPECIFICATION 

BACKGROUND 

In a study made by Orbital Technologies Corporation (Orbitec) [Companies 2] emerged, in 

talks with astronauts, that they generally miss odors and flavors from home, as well as 

something meaningful and engaging to do during long space missions. There are studies 

showing that meaningful employments strengthen the inner wellbeing, and then you talk 

about psychological ergonomics [Literature 1]. The fact that a stronger internal wellbeing, in 

turn, generates stronger work ethics is seen as a positive result and this effect obviously 

interest employers [Literature 2].  

There are also studies showing that a strong source of stimulation of the inner wellbeing is 

coping [Websites 1], and thereby extended to care and treatment at various levels. Partly 

because of this, the development of space shuttle greenhouses has been introduced, where a 

multi-year close cooperation between experts in different fields of space technology is the 

basis for the development. One of the participating companies in this cooperation is Aero 

Sekur SpA [Companies 1].  

However, there are limited resources available in space exploration, such as light, air and 

water, and waste products also mean additional weight to carry. The development of space 

greenhouses has thus generated a technology that takes advantage of the resources available – 

and exploits them fully. Additional artificial LED to compensate for sunlight, air pump 

system since the optimal air pressure for plant growth is 0,4 atm (normal air pressure is 1,014 

atm) [Studies 1] and constant water flow, are components of this emerging technology.
 

 
Figure 1, Comparison between the natural water absorption and the NFT-technology’s counterpart 

As for the constant water flow, a plant’s natural water absorption is through the roots when 

necessary. The water system, called the Nutrial Film Technology (NFT), is inspired from the 

plants’ natural water absorption and the comparison can be seen in Figure 1. 

To return to Aero Sekur, the core of their competence is design and development of advanced 

designs using flexible materials. The company is also a specialist supplier to the global 

aerospace and defense market with these advanced flexible materials for, for example, 

security systems and other purposes. The eye-catcher ports under "other purposes", because of 

the earlier discussion of the astronauts’ work, thus the development of space custom 

greenhouses. 

A further effect of the technology developed for space greenhouses, is the positive impact it is 

able to provide the environment in general – by paying an extra thought of how to exploit 

resources to the maximum. 

To develop a greenhouse for domestic use with this technique as a starting point, is partly 

therefore a step forward in means of economy and health, both for the household and the 

environment. 

evaporation rain 

pump 
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PROBLEM SPECIFICATION 

Inspired by a technique specially developed for the production of space adapted greenhouses 

and a business concept that has its heart in the development of advanced flexible materials 

such as security systems and other purposes, a greenhouse for domestic use will be developed. 

In addition to the requirements for optimization, dimensional as well as price, the greenhouse 

is also required to have usability independent of age and experience, see Requirements 

Specification. 

The company is Aero Sekur and the technology is based on plants’ natural water absorption 

process, see Background. 

PURPOSE 

The purpose of this work was to, under normal working conditions and by using the product 

development process, create an aesthetically pleasing greenhouse for domestic use, which 

from a design and production standpoint met the requirements. The development of a 

greenhouse is a step forward regarding both economy and health, in times where prices and 

average weight is increasing.  

In addition, a prototype was made as a base for decisions about eventual modifications of the 

product, for optimization.  

LIMITATIONS 

The spreading of this work was limited by time and the ability to optimally distribute it to get 

a well-conceived product. Therefore, only one concept was developed – even though there 

were several concept proposals. Aero Sekur also had several material suggestions for flexible 

materials in case the design of the greenhouse was flexible, but since the construction was 

rigid none of these were used.  

Even late suggestions for development and accessories were not implemented for this reason, 

these were instead proposed as further work, see Proposals of further work.  

ASSUMPTIONS 

Since water weighs 1 kg/l when it reaches its maximum density at 3.98° C, and that it at 20º C 

only has changed marginally to 0.99 kg/l, the assumption that water weighs 1 kg/l was made.  

For calculations it was assumed that g = 9.81 kg/s
2
.  

METHOD 

The work was divided into three stages, structured after to how the company visits were 

planned, and they included concept generation and development, information search and 

production. By this workflow milestones were created, and the product development process 

was applied in a structured and effective way.  

The first step in the implementation was driven by how the first company visits were planned, 

which means that the first period ranges between 2010-01-06 - 2010-02-10. The project was 

introduced and all parties met during a company visit the first week in January. 

Documentation of available materials and equipment was obtained, along with information 

about previous projects and studies in the field [Studies], and the results they generated. The 

work during the first period mainly concerned the development of concept proposals with the 

starting point "greenhouse on the balcony” developed after a market research, which was then 

presented for the stakeholders at the company, see Appendix 2. On this basis they decided on 
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one concept to continue with, and at the same time left comments and requests regarding this 

concept. 

The second stage ranges between 2010-02-09 - 2010-04-04 During this period in-depth 

information searches were conducted, together with further development of the chosen 

concept with the gained information as a basis.  

The third step in the implementation was driven by the work at the company and therefore 

extends between 2010-04-05 - 2010-05-05. In this step the product got its final appearance, a 

prototype was made and tests was performed on it. The product came to life with a number of 

necessary accessories.  

REQUIREMENTS SPECIFICATION 

The company produced a number of requirements on the product to be developed, which are 

compiled in an initial requirements specification, see Appendix 1. This was seen as the basis 

for the preliminary work, though; there was a few modifications during the project.  

Revision was made of the paragraphs: 

 The product should provide vegetables for € 100 a month.  

A study made by Valentina Bornisacci in 2004 [Studies 2] showed that € 100 a month 

provides about 17 kg vegetables (based on green salad since they have the shortest roots, 

because the starting point was NFT), which is the amount a family of three consume. 

Combined with the requirement of modules this requirement can be changed to “the product 

should provide vegetables for (100 / 3) € 33 a month”. In other words, (17 / 3) 5,6 kg. 

According to Livsmedelsverket
1
 [Websites 2] it is recommended for an average adult to 

consume a pound of fruits and vegetables per day. This means 200 grams per person per day 

only in vegetables, thus about 6 kg a month. Therefore, the revised requirement was 

considered justified.  

 The market price should be set at € 2000.  

Due to the above modification this requirement was amended to ”the market price should be 

set at (2000/3) € 670”.  

 The product should provide vegetables for € 33 a month. 

The meaning of the wording was changed in this paragraph. The project henceforth focused 

on the cultivation of herbs, to create a small greenhouse that is possible to have indoors 

without being bulky. However, the necessary dimensions for vegetables were sought. The 

phrase "should provide vegetables" was therefore left with the knowledge that the goal is a 

greenhouse for herbs, and secondarily vegetables.  

 

                                                 
1
 The Swedish NFA 
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IMPLEMENTATION 

CONCEPT GENERATION 

Initially, a brainstorming session without regard to the specified requirements was made. The 

balcony was then divided into four main groups with respect to the greenhouse’s placement 

opportunities, which is a step that was taken for structuring the concept generation. 

 

Figure 2, Placement opportunities for the greenhouse, where the balcony is symbolized by a cube.  

The main groups, from left to right according to Figure 2, are the following: 

 On or against the railing 

 From the ceiling  

 On or against the wall 

 On the floor  

With this structure as a base, the ideas generated during the brainstorming developed into 

concept proposals which was compiled for a first presentation, in 2010-02-09 (see Appendix 

2). At that time, only rough estimates had been made in order to get an overview of 

approximate dimensions. More detailed calculations in this step was unnecessary, those were 

later made for the chosen concept, see Calculations under Concept Development. 

Therefore only the main design was presented in this presentation, and each concept was 

demonstrated by assemblies made in the 3D modelling programs Solid Edge ST [Software 1] 

and Rhinoceros 3.0 [Software 2], together with handmade sketches. It was also pointed out 

that all the concepts in the presentation could be combined, changed and evolved freely 

according to how they met the requirements. This was to optimize the final product.  

The following discussion with the decision-making party culminated in a selected concept.  

MATERIAL 

The materials that were proposed for the rigid structure by Aero Sekur and the prototype 

maker were PET plastic and high density polystyrene. Material characteristics, production and 

the material’s reaction when in contact with water needed to be taken into consideration when 

deciding what material to produce the greenhouse in.  

INFORMATION SEARCH 

The information search was conducted with the selected concept as a basis.  

A number of gardeners were consulted independently about vegetable’s reaction to vertical 

planting (in other words, when the plants are forced to grow horizontally). They were also 

asked for information on water needs for herbs and vegetables, to find out the necessary water 

volume. The work proceeded with a search for European consumer habits in which Italy and 
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Sweden in particular were considered. This was to find out how much the greenhouse should 

house, in other words, its necessary dimensions. The sources used for statistics were 

Statistiska Centralbyrån
2
 (SCB) [Companies 3] for Swedish statistics and Eurostat 

[Companies 4] for European/International statistics. 

The reason for comparing Sweden and Italy when the work is performed in Italy is to design 

for a broad market and further on, be functioning and attracting even internationally.  

CONCEPT DEVELOPMENT 

The concept chosen at the presentation was developed with the information as a base. Among 

other things the design was modified to create a neater silhouette. Another development, that 

also affected the design, was the insight that there was no need for a water reservoir at the top 

as the water just as well could pour directly from the hose connected to the water pump. The 

developed concept was specified with drawings and other information such as material and 

technical data. The drawings were updated along the process. Accessories for optimal 

greenhouse usage were chosen and tested on the prototype.  

ACCESSORIES 

Necessary accessories for using the greenhouse are: 

 A water pump: To pump up the water from the reservoir to the top of the sections. 

 A lighting system: To attach on the top, for optimal growth.  

 A hose: To attach to the water pump, at least 70 cm long  (to reach the far end at the 

top) or 110 cm (to reach down to the reservoir again, for the excess water).  

o The optimal length will be examined by using the prototype. 

 A switch: The pump starts when it is plugged in, which makes it desirable to have a 

switch to avoid the inconvenience of having to plug in and unplug it too often.  

 A fertilizer: Preferably to pour nutrient solution in the water.  

 A magnetic aquarium cleaner: To clean the inside of the water tank from traces 

from the plants and fertilizer. 

 A lid: To cover the water reservoir to avoid evaporation. 

 A plug: To empty the water reservoir the most convenient way is to pull a plug in the 

bottom, like in a bathtub. This must be made absolutely watertight.  

MANUFACTURING 

The manufacture of the product shall, in economic order as well as for production, be 

simplified as much as possible. The work was therefore driven towards creating an easily 

manufactured and ditto assembled product – one step in that direction was a minor product 

modification consisting of that the attachments of the dividers were made glue-free. 

CALCULATIONS 

The weight was calculated when the product is in and out of service, that is, both with water, 

herbs and other accessories as well as without. The centre of mass was also detected, to check 

whether there was necessary to have more than two fixing points for the calculated weight. 

                                                 
2
 Statistics Sweden 
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PROTOTYPE 

A first step was to make a paper model in scale 1:3,33 in stiff paper according to the approach 

in Appendix 5, as an underlay for the manufacture of the prototype. The paper model together 

with the drawings was used to explain the product, when a visit was paid to Tecnform S.r.l. 

[Companies 5] with the intention to produce a prototype in scale 1:1.  

TESTS 

The main purpose of the prototype was to use for tests – as an aid in troubleshooting and to 

facilitate detail explanation. The prototype was tested from a user point of view, together with 

an examination of the water pump and the hose. This was to establish if the hole size in the 

hose had to be with increasing diameter to get the same amount of water to all six sections, 

and to examine if there would be any excess water that made it necessary to have the hose 

going down to the water reservoir again.  

A STAND 

During the presentation, there was also expressed a desire for a stand, if the user for instance 

does not want or can drill into the wall. Possibilities for further moduling were examined, and 

the keywords were easy, simple and practical with an appealing design. Design-wise, the 

stand should be a good complement in comparison of the more robust greenhouse. One goal 

in this matter was that the general feeling should be that the composition does not steal space.  

The stand should be light to be easy to move around with or without wheels, as one of the 

initial desires for the stand was to have it on wheels.  

MATERIAL 

Aluminium was preferred, both for low weight and because aluminium is weather resistant 

enough to be visually appealing for outdoor use during a long time. As for the weather 

resistance it should be said that aluminium corrodes, but between pH 4-9 it forms a protective 

oxide film called bauxite. What for aluminium is bauxite, is rust for steel. 

CALCULATIONS 

Calculations were made on the stand's upper part to verify the feasibility of using aluminium, 

in terms of deflection in the most challenging situation.  

The construction-wise weakest point of the stand is the thinner rod in the top part’s bottom. 

Therefore, its behaviour with forces at maximal load applied at this point was calculated – and 

if it turned out to maintain its shape it was assumed that the rest of the structure would also 

support the load. Maximal load was obtained when there was only one greenhouse hanging on 

one side.  
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RESULTS 

CONCEPT GENERATION 

The concept generation resulted in six floor located concepts, one hanging from the ceiling, 

one wall-mounted and one hanging on the railing. These can be seen in the first presentation 

in Appendix 2.  

   

Figure 4, The chosen concept and its moduling possibilities 

The concept that raised the most interest was the wall-mounted greenhouse in Figure 4, 

because of high productivity and high potential for both manufacturing and in sales terms. 

The choice of concepts was founded with the following words, which are taken from an 

exchange of views between Ing. Silvio Rossignoli and Prof. Gene Giacomelli: 

 “It’s practical, and it doesn’t steal space from the balcony. Plus every 

balcony has a wall which means everyone could use it. It will be appealing to 

a greater number of people.”  

MATERIAL 

For the rigid backbone PET plastic was the first-hand option due to its material properties – it 

is UV resistant and can withstand very high temperatures, which is advantageous in the 

situations where the greenhouse will be exposed. Furthermore, its Young’s modulus and 

tensile strength can reach high values which make the material strong. In addition it has the 

advantage of being recyclable. High density polystyrene has advantageous benefits such as 

strength combined with flexibility. This material is also weather resistant and can be made 

very thin, which would mean a reduced weight for the greenhouse. Though, the disadvantages 

weigh over when it comes to deciding what material to produce the greenhouse in: 

 The material is not UV resistant and highly flammable.  

 There is a risk of traces of productional toxics, which is a big disadvantage when it 

comes to the greenhouse’s purpose – to provide fresh (and eatable) herbs. 

Furthermore and according to the prototype maker, to produce the greenhouse in polystyrene 

it is necessary to stamp out the product. The fixed cost of the stamp is very high – so even 

though the variable costs of manufactured products are very low, per product, this also 

affected to the decision not to use this method. This decision is subject to change with 

eventual mass producing, because then the fixed cost is a small percentage of the variable, 

instead of the opposite. In that case the material has to be thoroughly examined to make sure 

it is not toxic.  
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INFORMATION SEARCH 

The consulted gardeners claimed that it is not possible to grow vegetables planted vertically 

(that is, when the plants are forced to grow horizontally) because of their own weight. 

However, it would be possible if the greenhouse design allows the plants to grow vertically, 

although the actual greenhouse is hanging on a wall. 

As for the consumption habits in Sweden, these are increasing, see Consumption in prices: 

Sweden. Interest and awareness of environment and health is increasing and with that, also the 

consumption of fruit and vegetables. With higher consumption come higher prices. The same 

trends were also noted for Italy. 

CONSUMPTION IN PRICES: SWEDEN 

Information about how sales have fluctuated in recent years was retrieved from SCB, see the 

whole table in Appendix 3, to investigate if a greenhouse is financially in the right time to 

produce. The table from SCB was compiled and an upward trend emerged. Note that there is a 

jump between 2000 and 2004 in the table. 

Furthermore, information was retrieved about price changes for the same foodstuffs during 

the same period, to determine if the increase in sales in SEK is due to increase of interest or 

only due to a price increase. CPI for fruit and vegetables were retrieved from a comprehensive 

market overview of fresh fruits and vegetables made by Jordbruksverket
3
 [Websites 3], see 

Appendix 4. Seen from 2002 and onwards there has been, according to that chart, a CPI 

increase for fruit while it rather has decreased for vegetables. The result is that prices barely 

fluctuated since mid-2002, which yet resulted in an increase in sales. 

CONSUMPTION IN PRICES: ITALY 

The same survey was conducted for Italy by using statistics from Eurostat. Unfortunately 

there were no more detailed data in the requested fields, which resulted in large jumps 

between the years in the measurement period. However, the same sales trends as in Sweden 

emerged. In Chart 2, red is for fruit, green for vegetables and blue for total. 

 

Chart 2, Sales and CPI for fruit and vegetables 

                                                 
3
 The Swedish Board of Agriculture 
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CONSUMPTION IN QUANTITIES 

For diets statistics were collected from Folkhälsoinstitutet
4
 (FHI). This also showed that diets 

in an increasing range are consisting of vegetables. The conclusion is that the interest and 

consumption of fruit and vegetables increases quite independently from the price raise, why 

the production of this greenhouse is in the right time; for the households’ economy and health.  

The necessary quantity of herbs for a household in a month, as well as varieties and space 

requirements, were discussed with people considered to be familiar with the area, including a 

number of gardeners and a chef. It resulted in the decision that the required number of 

planting holes are 3065   with 5 cm between the planting pockets’ centre. In full-grown 

state herbs require a diameter of 10 cm, but as seeds they require a much smaller distance. To 

gain maximum pre-cultivation combined with optimal space in full-grown state the distance 

between the planting pockets were set to 5 cm. With that number of planting opportunities, it 

is possible to achieve the necessary amount of herbs to provide for one household’s monthly 

consumption. 

CONCEPT DEVELOPMENT 

Naturally, the product went through a couple of development stages before it reached its final 

design. The aspects that were taken into consideration in the development process and in the 

decisions whether or not to change the design were optimization in weight, capacity, what 

was aesthetically appealing – and of course, the combination of these.  

The development from the left proposal in Figure 5 consisted of removing the upper water 

tank and attaching the connecting wall in front of the bottom water tank – to create an 

inclination. Sidewalls were added to cover the interior of the greenhouse. The next 

development step consisted of shrinking these sidewalls to reduce the weight and to gain 

space for the herbs to grow. There were also holes cut out from the sidewalls, to make the 

attachments of the series dividers glue-free.  

   

Figure 5, Three designs in the development process 

The finally developed concept (the right one in Figure 5) consists of a wall-mounted module, 

with two holes as hanging device. In order to simplify production and thereby reduce costs, 

the product was designed so that the backbone consists of a cut-out disc to create a flat pack, 

see Appendix 5. The product’s overall size is 400300   mm and the maximum distance from 

the wall is approximately 180 mm. Detailed dimensions and technical data can be seen in 

Appendix 7. With these dimensions there was also the possibility to have 3666   planting 

pockets, which was six more than required, see Consumption in quantities.  

                                                 
4
 Swedish Public Health Institute 
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ACCESSORIES 

For planting the seeds cubes of rock wool was used, a material that absorbs moisture which 

means that the necessary pumping capacity could be reduced. The cubes were cut diagonally 

since the planting pockets were designed that way. The fertilizer was proposed to be liquid 

but the decision was left to the consumer.  

Other accessories can be seen in Appendix 6.   

DETAIL EXPLANATION 

  

Figure 6, Hole for the hose and where the water can pour through 

The water is pumped up from the water reservoir in the bottom by a submersible pump to 

which a hose with 12 mm in diameter is attached. This is led through either hole located on 

opposite sides of the top; one hole can be seen to the left in Figure 6. Therefore the holes’ 

dimensions were set to 5,135,13   mm seen from above. Furthermore, the hose is perforated 

with increasing diameter by each section at the top of the greenhouse, so that the water (as the 

NFT technology is described in the introduction) could flow over the roots with the same flow 

rate in each section. In order for the water to reach all the plants’ roots in each section the 

series dividers are not sealed to the inclined plane which is seen to the right in Figure 6.  

The plane has an inclination of 20 degrees compared to the vertical rear of the house plant. 

Together with the slope of the section edges, this means that plants can grow almost 

vertically. 

CALCULATIONS 

The estimates below are subject to a material thickness of 3 mm, and calculated using PET a 

product weight of 1.087 kg was obtained. These are figures from Solid Edge using the tool 

"Physical properties".  

The lower part of the product is shaped like a water reservoir, which holds 1.8 litres of water, 

calculated by using the dimensions specified in Appendix 7. Water's contribution to the 

weight is therefore 1.8 kg. In addition, there should be a small water pump and associated 

tubing. Total weight of the product in use is therefore about 3 kg. Preference was not given to 

the plants in this calculation, as it was assumed to be marginal much due to the absence of 

soil.  

The above combined with a centre of mass located 6.8 cm from the wall, was the basis for the 

decision that more than two fixing points was unnecessary – in this case two holes at the top 

of the structure, marked with an arrow in the figure.  
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PROTOTYPE 

    

Figure 7, The prototype  

The prototype (see Figure 7) was produced in five editions according to the manufacturing 

method in Appendix 5. Since the thickness is 5 mm the drawings made for a thickness of 3 

mm are not entirely accurate, however, this was disregarded in that it was only a prototype. 

The main dimensions were retained, such as the inclined plane’s width 300 mm. During 

manufacturing, grooves were cut into the inclined plane to make the section dividers stay in 

place.  

 

Figure 8, The hose marked in green  

The right picture in Figure 7 the green hose can be discerned, which is attached to the water 

pump seen in the middle picture, and led through the hole in the top as described in Figure 8. 

The horizontal part of the hose is perforated at each section to get water to pour down there.  
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TESTS 

The tests showed that with the low water flow it was not necessary to drill holes with 

increasing diameter, nor to have the hose going down to the water reservoir again, as there 

was no excess water. See Figure 9.  

  

Figure 9, The water flow 

The rock wool absorbs water and holds it for a long time; therefore it would be preferred to 

have a timer connected to the pump since it is only necessary to run it two times a day, ten 

minutes per time. This depends on the plants’ specific needs, but long enough to keep the rock 

wool cubes moist. The timer also means that there is no necessary for a switch as specified, 

see Accessories under Implementation.  

THE STAND 

The stand that has been designed was given a sleek profile to take as little attention as 

possible, while being aesthetically pleasing. Detailed drawings can be seen in Appendix 8-9. 

  

Figure 10, The stand  

The stand’s base can be seen to the left in Figure 10. The upper transverse beam is provided 

with two pairs of screw heads, one pair on each side, to hang the greenhouse on. The gap 

between the transverse beams is equal to the opening on the back of the greenhouse, in order 

to facilitate access to, for instance, the water pump. If there is a desire to hide the back 

something can easily be placed in front of it, for example, another greenhouse, or a plain disc.  
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In order to increase the capacity and moduling possibilities, a top part to the stand have been 

designed, to the right in Figure 9. It is placed with the thinner rods in the cut-out on the upper 

side of stand’s base and the number of part combinations is unlimited.  

Of course, the base part can also be used without a top part. 

MATERIAL 

The stand’s base weighs a little less than 2 kg if it is made of aluminium, the top part is in turn 

about 1.2 kg. These weights, like the weight of the greenhouse, were developed using the tool 

"physical properties" in Solid Edge. Though, aluminium could mean construction-related 

problems, see Calculations.  

MANUFACTURING 

For manufacturing the construction there are pre-produced parts ready to use, which is a 

simplifying factor. This includes the mounting of two pipes, which is illustrated here by a 

cylindrical thin rod placed in a hole with the same diameter. Though, the pre-produced parts 

have a square cross-section. Therefore, the drawings are seen as a basis for the manufacturing 

and the calculations as an insurance of the sustainability.  

The company providing these aluminium rods is the Italian Alumina [Companies 6]. 

CALCULATIONS 

 

Figure 11, The forces creating the deflection  

Searched is the deflection δ of the thin rod, which is calculated using equation (1): 

 
EI

FL

3

3

 ,  (1) 

where primarily the force F, affecting the thinner rod, is searched.  

The greenhouse’s approximate weight is 3 kg why the force is set to 29.5 N. The distance 

0.068 m is the distance from the greenhouse’s back to the centre of mass according to results 

from Solid Edge. The force F, which must affect the thinner rod to achieve equilibrium, is 

calculated by a torque equation (2): 

 0068,05.2905,0 F , (2) 

from where F is dissolved and thus becomes 40 N. In the above calculation the unit [m] has 

been used. The following calculations are made entirely with the unit [mm]. 

0,068 m 

0,05 m 

29.5 N 
F 
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Young's modulus E for aluminium is 70 kN/mm
2
 and the Moment of Inertia I for a circular 

cross section is 
4

4r
I





 kg/mm
4
. For the thinner rod the radius is 5 mm: 

 9,490
4

54







I  kg/mm
4
.  (3) 

Inserted in equation (1) it is, when the length L of the thinner rod is 50 mm: 

 
9,490700003

5040 3




 ,  (4) 

which gives a deflection δ equal to 0.05 mm. This together with the fact that the thinner rod is 

inserted in a cut-out from the base part. As soon as the greenhouse is hung in place the force 

begins to affect the rod, which will want to bend, but it will directly get contact with the 

facing wall in the hole so any deflection is again countered.  

 

Figure 12, The deflection of the thinner rod 

The conclusion is that since the deflection is only 0.05 mm for the most sensitive point (see 

Figure 12), the remaining structure will not significantly alter for a similar strain.  

0,05 mm 
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CONCLUSIONS 

The greenhouse is a light, wall hanged construction for domestic use, which can provide with 

plenty of herbs and some vegetables since it has 36 planting pockets. As for vegetables the 

greenhouse should be seen more as a pre-cultivation or nursing construction as vegetables in 

general weighs too much to grow horizontally.  

It is designed for high possibilities to module, possibilities that increases together with the 

stand’s great potential in part combinations. Thanks to the neat dimensions it can be put 

indoors without being bulky, and thanks to the PET material it can be put outdoors and 

withstand ruff weather.  

An explanation of how to assemble the product’s components can be seen in Appendix 5.  

DISCUSSION 

The work went smoothly and no major obstacles affected the products development. Though, 

there were a lot of wishes and demands for the product and its accessories which might give 

the report a bit of a sprawling feeling to it. This has been tried to be circumvented by clear 

structuring and as a last step to recommend some of it for further work, see Proposals for 

further work.  

 The revision of the requirements specification in the first stage of implementation was 

based on records from 2004 [Studies 2]. Since the Italian consumption habits differ 

from Swedish for instance, and since the conditions and behaviour may have changed 

since 2004, it is relevant to question the records accuracy.  

On the other hand, the differences between Italian and Swedish consumption habits in 

2004 and the differences today (2010) can be assumed to be about equal. Plus the 

main focus is Italy since this work is performed for an Italian company and therefore 

little attention is paid to the differences to Swedish consumption habits. The reason it 

would be interesting is simply for an internationally broad market, and in that case the 

differences between consumption habits have minimal impact.  

 The pump is placed in the water reservoir’s bottom, and since the greenhouse is 

hanging on the wall the electrical socket is probably located below the greenhouse. 

This is against recommendations for the pump since there might run drops down the 

cord and into the electrical socket; however, it is circumvented since the cord is placed 

over an edge higher than the water surface. Still, it is recommended to connect the 

pump to an electrical socket located higher than the greenhouse, to prevent accidents.  

PROPOSALS OF FURTHER WORK 

In case of mass production it might be relevant to use high density polystyrene for this 

greenhouse. Though, this must be examined in terms of economic achievements and material 

toxins. Recommendations of further work in this matter are therefore to: 

 Visualize the economic achievements of using the stamp.  

 Examine the production process for high density polystyrene to avoid accidental toxic 

remains.  
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Figure 10, The top part in profile 

A wish for an extra feature for the greenhouse that came up late in the process, was a sort of 

mill wheel that turns as the water pours down the inclined plane (see Figure 10) and an 

external watch or time counter that is driven by it. This is taking care of the force from the 

pouring water, but finding out flow rate and calculating a functioning time counter was 

unfortunately not in the time frame of this project but might be subject for further work.  

It is also proposed to add a switch to the water pump cord and to examine the most efficient 

way of emptying the water reservoir, for example by using a bath tub plug in the bottom as 

described in Accessories under Concept development.  
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APPENDIX 1: ORIGINAL REQUIREMENTS SPECIFICATION 

From the company, the following demands were put up for the product to be developed: 

 The product is desired to, additionally, have the most effective artificial lighting 

system available. 

 The product is desired to have an air pump system that includes a temperature- and air 

pressure control.  

 The product shall have a water flow system with a water pump to keep the flow 

running.  

 The product shall be able to build in modules.  

 The product should generate vegetables for 100 € a month.  

 The market price should be 2000 €.  

Necessary components, based on the above requirements are thus, among other things, the 

following: 

 Eventually Philips Green Power LED string.  

 Eventual air pump with temperature- and air pressure control.  

 A water pump. 

 A holdable framework of, for example, plastic or metal. 

 Eventually a flexible material to plant on.  

 For example F-Clean for covering outdoors, see Figure 1.  

  

Figure 1, F-Clean is easy cleaned and a tough flexible material with optimal light inlet for greenhouses 
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 APPENDIX 2: PRESENTATION 1, AERO SEKUR 2010-02-09  
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APPENDIX 3: SALES STATISTICS FOR FOODSTUFFS 

    
Sales including VAT, per capita, at current 

prices 

Coicop Order group 2000 2004 2005 2006 2007 2008 

01+02.1 Foodstuffs and beverages 16 867 19 214 19 517 20 315 21 221 22 251 

01 Foodstuffs and nonalcoholic beverages 14 085 16 370 16 644 17 361 18 140 19 037 

01.1 Foodstuffs 12 656 14 831 15 047 15 651 16 337 17 246 

01.1.1 Bread and cereals 2 155 2 439 2 465 2 485 2 685 2 831 

01.1.2 Meat 2 236 2 898 3 010 3 197 3 262 3 353 

01.1.3 Fish 828 931 961 1 025 1 076 1 073 

01.1.4 Milk, cheese and eggs 2 233 2 654 2 616 2 809 2 829 3 095 

01.1.5 Oils and fats 412 426 431 416 450 496 

01.1.6 Fruit 918 1 156 1 224 1 296 1 379 1 449 

01.1.7 Vegetables 1 488 1 670 1 679 1 768 1 870 1 966 

01.1.8 
Sugar, jam, honey, chocolate and 

confectionery 
1 714 1 952 1 969 1 901 1 989 2 099 

01.1.9 Other foodstuffs 671 704 691 753 797 885 

01.2 Nonalcoholic beverages  1 429 1 539 1 598 1 711 1 803 1 791 

01.2.1 Coffee, tea and chocolate 507 490 512 518 550 546 

01.2.2 
Mineral water, soft drinks, fruit and 

vegetable juices 
923 1 049 1 086 1 193 1 253 1 245 

02.1 Alcoholic beverages 2 782 2 844 2 873 2 953 3 082 3 214 

02.1.1 Spirits 820 722 704 703 718 700 

02.1.2 Wine 1 138 1 302 1 352 1 429 1 512 1 578 

02.1.3 Beer 823 820 817 821 852 936 

Source: SCB 

According to the table, an average Swede spent 1449+1966=3415 SEK on fruit and 

vegetables during 2008. That is about 285 SEK a month, where the distribution is about 40-60 

between fruit and vegetables. In other words, the average Swede spent 121 SEK on fruit and 

164 SEK on vegetables per month in 2008.  
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APPENDIX 4: CPI FOR FRUIT, VEGETABLES AND FOODSTUFFS 

The chart below shows the Swedish consumer price indices for fruit, vegetables and 

foodstuffs where 1890=100 and the measured period is 1980-2006. In the chart, total 

foodstuffs are marked with a black line, fruit is marked with a pink line and vegetables is 

marked with a blue line.  
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APPENDIX 5: ASSEMBLING THE GREENHOUSE 

MANUFACTURING 

 

Figure 1, The flat pack sheet  

The product was designed as a flat pack, where a stamped out sheet is the main shape as in 

Figure 1. The sides are folded in 90 degrees and the bottom is folded in and glued waterproof 

along the edges of the sides. The inclined plane is folded in approximately 20 degrees and is 

attached for instance by gluing, in the same way as along the edges of the water reservoir. By 

folding the sides in, this will also create soft edges. This is positive both for the design and the 

fact that there is no risk for scratching or hurting yourself when using it.  

SHELL 

 

Figure 2, The shell mounted, here with holes for series dividers and screws 

When the cut-out disc is assembled, the backbone of the greenhouse is done, as in Figure 2. 

The fact that there is a distance between the inclined plane and the water reservoir at their 

respective ends, marked in red in the above figure, means it will not leak water from here. 

SERIES DIVIDERS 

Through the holes on the sides of the greenhouse rectangular series dividers are inserted, six 

pieces altogether, according to Figure 3. This gives six rows where planting is possible.  
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Figure 3, Only series dividers mounted  

The dimensions of the series dividers were set to 503320  mm. The length was set to 320 

mm, because of the greenhouse width of 306 mm. By using a 320 mm long series divider 

there will be 7 mm left on each side, to use for grip and to make sure that the series dividers 

does not fall out or come loose. That it has been held to 7 mm is because that they should not 

stick out too far on the greenhouse’s sides.  

SECTION DIVIDERS 

 

Figure 4, Series and section dividers mounted 

The vertical section dividers give six sections, which together with the series dividers gives 36 

pockets where planting is possible. In Figure 4 the greenhouse is seen mounted, complete 

with both series and section dividers. Their main purpose is to avoid tangled roots.  

 

Figure 5, The section dividers’ dimensions 

The distance 10 mm means that the water could easily flow through the six lines, which is 

entered in the Concept development, and the cut-outs in each row means that the section 

dividers are locked in place by the series dividers. The sides 50 mm and 6 mm are 

perpendicular to each other, while the sides 50 mm and 3 mm are parallel. The dimensions 

can be seen in Figure 5, please note that the top is to the left in the figure and the bottom to 

the right. 

The angles combined with the inclined plane´s angle 20 degrees, results in that the herbs can 

grow on a roughly horizontal surface without being obscured by the line above. 
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APPENDIX 6: ACCESSORIES 

WATER PUMP 

 

Figure 1, The water pump’s dimensions and zoom of the flow adjuster 

The mini pump chosen for this greenhouse is the BluPower 600 from Ferplast SpA 

[Companies 7] (see Figure 1). This is a submersible, centrifugal water pump with connection 

for a hose with 12 mm in diameter, with adjustable flow rate. The connection with the cord is, 

as it is submersible, waterproof.  

HWL   [cm] Power [W] Current [A] Q max [l/h] H max [cm] 

462.5   7 0.06 600 100 

Table 1, Technical specification for BluPower 600 

According to Table 1, 600 l/h is the maximum flow rate for horizontal use, and 100 cm is the 

maximum height – which can give a flow rate of up to 50 l/h. For a height (H) of 40 cm the 

maximum expected flow rate (Q) is 500 l/h. This can be seen in Chart 1, where the height is 

marked on the y-axis and the water flow is marked on the x-axis.  

 

Chart 1, Flow rate for BluPower 600, in purple 

LIGHTING SYSTEM 

The artificial lighting system recommended is the flexible GreenPower LED provided by 

Philips Electronics [Companies 8], because of its proven potential. It has specifically been 

developed for plant cultivation and it is in this matter the most efficient lighting system 

available. It should be placed on top of the greenhouse, attached along the edge. Field tests 

have been performed by Rijnplant Breeding [Companies 9], Utrecht University [Companies 

10] and Wageningen University and Research Centre [Companies 11]. The technical 

specification for the three varieties of GreenPower LED module HF lights can be seen in 

Table 2.  
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Product 
Photon flux 

 [µmol/s] 

Power 

consumption 

[W] 

Lifetime*  

[h] 

Photon flux 

maintenance 

[%] 

Ingress 

protection 

[IP] 

Deep red 10 10 25 000 90% 66 

Far red 6 10 25 000 90% 66 

Blue 10 14 25 000 90% 66 

Table 2, Technical specification, *Lifetime is given at an ambient temperature of 25º C. 

The reason for the three colour varieties of LED lights is that different plants have different 

demands for light. One plant grows best with one colour combination while another plant 

grows best with another combination.  

Ordinary plant lighting could also work, but not with the same efficiency.  

LID 

The paper model was also used to investigate functional and aesthetically pleasing designs of 

a lid for avoiding evaporation, Figure 1 shows two examples. The left example is a cover with 

holes designed as grooves of varying length, to the right the holes are circular with increasing 

diameter, the further back they are on the lid. This is to be certain to collect the water, to 

avoid water damage on the wall. Only for aesthetical reasons the left example was chosen.  

  

  

Figure 1, Two proposals of lids using paper 

CLEANER 

Proposed was a magnetic cleaner mainly designed for aquariums to clean the water reservoir 

from any traces from the plants or nutrient, but this decision was left to the consumer to make.  
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APPENDIX 7: DRAFT OF THE GREENHOUSE 
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APPENDIX 8: DRAFT OF THE STAND’S BASE PART 
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APPENDIX 9: DRAFT OF THE STAND’S TOP PART 

 


