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ABOUT THE COMPANY

We are a team of multidisciplinary interns supporting the stgstcompany
Botanica founded by Carlos Coquillstora. Botanica is developing a

microwavebased heating system for interior applications.

As of this momentthe system developed by Botanican@t placed on the
market. Thesystem still needs to be more efficieintorder to compete with
conventional electrical heating systemalso, thefirst prototype that has
been developed usestachnology based othe patent of another company.

This technadgy revolves around microwaves heating up ceramic tiles.

In order to increase the efficiency of the systenot only the microwave
technology but also the materiabf the ceramicsas well aghe shape of the
system are importantThe goal of our team i®tresearch on the material
and analys the possibility ofimproving the efficiencyby replacing the
composite within the ceramics. In addition, thladiation patternof the

microwavesand the heat distribution in the surrounding aré@ave been

explored indetail. Furthermore, a new design of the shape as well as an

automatic control systenmas been developedlo assure that all this work

fits the requirementsof the customers there is a detailed market research

needed.

In order to fulfilall these tasks, the team membelsve various academic
backgrounds including electrical, mechanical, industrial and design
engineeing. As all ofus have a technical ks but are all specialized in
different areaswe have the perfect resources toork onthe tasks described

above.

The tasks described above have proved to be very complex and therefore
cannot be fully carried out. The main objective is to do the preparatory work

for creating a prototypewhich is done under the project name Ceramica



ABOUT US

Our teammembers are from four different European countries which offers

the team a wide cultural background.

As our individual taskseretailored to match our expertise fields yvitasvery

difficult to work on them as a grouf¥herefore, good project management

wascrucial to function as a team. The tadied tobe completed parallelly

and added up to a single entitsood communication and weekly meeting

with our supervisorsvere essential.

To define oumwork in one poject we decided to all it Ceramica. The name

Researching the market G / S NI aomtiines the original name of Botanica with our own praject

with the focus onthe ceramic tiles. Waubsequentlynamed our product
G/ 2YF2NI 21 @S¢ gA0K GKS aft23aFy a¢KS y!

Researching omaterials




MARKET ANALMNS OUR PRODUCT

As a first step, it is obligatory to know your own product with its strengths

In nowadays world it is not sufficient anymore to have a good product. _ o o
L . oL _ . . andweaknessesater, thlshelgs,to position it on the market considering the o
LyauSIR | O2YLIlyeQa adz0O0Saa RSLISYyRa | t2u0 2Yy UKSNJ T O02NAR 4&adzOK | & uK:
benefits a customer can get compared to competitor productse strongest

marketing strategy and the customer approach. Therefore, it is essential to _ _ _
benefits our heating system provides are as follows:

know your (potential)customers as good as possible, which means that a
LINB LISNJ Ay @SadAadalriarazy 2y (GKS Odzad 2Y$@N@,§ergyg£gﬁggya 0SKIF @A2dz2NJ ySSRa G2

executed. In order of doing so, companies are able to identify the reasons A

(@]
0y

Efficientand quick heating

why customers are buying their product and where to improvertkervices, o
Comfortable heat distribution

which is crucial to success.

Appealing design

A

A Smartdevice with an ap@and acontrol system
This customer knowledge is important for Ceramica as well in order to be A
A

successful. Hence, we conducted a market analysis for Ceramica and the New technology

microwavebased heating system. The results of this analysis areitiedc

CURRENT MARKET SITUATION

in the following.

In the next step, we defined the region to start the business. Due to former
research on the regions, ouocusis on the Mediterranean countries,
including Spain, Portugal, France and Italy. The main reason for the selection
of these countries are the mild climate conditions which create only a
temporary need of heating systems during wintéts.addition, the curent

technology is patented for these countries, which means going to other



countries takes the risk of competitors copying our solution without facing — Type of
Functioning installati
legal consequences. installation

Wet systems Wall heater

However, for the very beginning, the focus will be on selling the heating

‘ Warm air systems Portable heater

system inSpain, especially in the region of Valencia, as this is the location of

the headquarters of Botanica. T Unit heater

In order to properly bring our product onto the market, we researched on Fix installed systems

products already available in the heating market. The fact that our heating
Underfloor heating

sysem works with electricity makes it most comparable to electrical heaters.

Figurel: Clustering of space heating systems

STRONGEST COMPETITOR

Therefore, we thoroughly investigated the electrical space heating market.

Within this market, there are a lot of different kinds of heaters, such as
Furthermore, we could identify a strong competitor, which is the electrical

KSFGSNI YIydzFlF OGdzNBNI a1 | SNIFYyRéED 2 AGK

portable heaters, wall heatersinit heaters and many more. The clustering
of the space heating systems is further illustrated in figure 1. The heaters
most competitive to ours are infrared heaters, fan heaters and electrical SOMLEN MENGEEE| D) 32 1 [2ERly SUmEemy [ 11E proeteren émel sl af

rEEes, Wi s Al e @ e e R © 6 5 [E R S A glgcérl&Radlators under the HAVERLAND trade mark and therefore they are

the market leader in R&D&IThis means that they have established a very
good market position and that theyalre lots of customers. Furthermore,
Haverland focuses on an edesign in order to provide energy savings in
turns of heating’ To sum it up, Haverland already has a strong market
position and ecdriendly products. Considering the fact that it is a Sganis

company, it becomes an even stronger competitor to Botanica.



BUYING CRITERIA

Knowing that there is a strong competitor on the market creates the
imperative of creating our launch strategy as strong as possible. Thus, we
had a deep look into the criteriaustomers take into consideration when

buying a new heating system. The most important factors are listed below:

1. Costs of the heating system

2. Lifetime of the product

3 Application the heating system is needed for

4, Type of building you live jsuchas a house, flat etc.

5. Age of the building

6. Number of rooms to be heatedespectively thexumber of square
meters to be heated

7. What kind of heating system is installed at the moment?

8. Which timeframe is given to install a new system?

CUSTOMER ANALYSIS

With the help of the most important buying criteria as listed above, we did
further investigation in who exactly out potential customers could be. We

came up with the following four segments:

1. No gas connectioror difficult installation

In this segment it ianalysechow many households do not have a connection

to the common gas grid yet or who do not have any access to it at all (e.g.
because they are living on the countryside where no pipeline is). These
people could be of interest foraCamica as the connection with the gas grid

Aa NBflIGSR (2 KAIK O2aita oSod3ad GKS
Most people want to avoid these costs and the work related to it, so they
search for alternative ways of heating. Here the heatingesysf Botanica

could be of their interest as there is nothing more needed than to plug it in.
Then it runs only with electricity and the customer does not have more work

with it.

2. BEavironmental awareness

Together with the climate change, the awarenessoaf impact on the
environment has gotten much higherherefore,customersstart to search
for more sustainable ways of living, no matter of their way of travelling, their

food or their housings where they live in. So, an efficient and sustainable



heatingsystem also gets more and more attractive to people. Here, Botanica from 0 to 3 in every for every category. Zero was the worst rating while three
O2dz R KI @S OKIFIyOSa 27F aSttAy3a (KSAWNs tasShest fegcHablé Adiiigul alllthé singl8 astegsménts Ishibwed thai K &
will be an analysis of this market in the following. GKS aS3aySyid ay2 3IFra 02yySOiAz2yé YAIKID

the reaults were close to each other. Therefore, we decided on splitting the

g T il Jsee el syston segments into smaller segments to get more precise results.

There are many households who already have a heating system in their main

living house but they still miss a heating system for their garage, a support in Tablel: Summary of research on potential customer segments

GKS olFGKZ Ay (G4KS I NRSyAy3d K2dzaSzIX y'S¢
a heating system during femonths in winter and therefore do not have a B 3 ) 3 3
properly installed heating system. As all of them only need the heating Well-funded 5 . 5 5
system during short times, efficiency, an easy way of installation and a fast _
Accessible 2 3 1 1
heating process are important to them. That is why this segiisanalysed P 5 ) , .
for Botanica as well.
Whole product 3 3 3 3
4. Cost awareness Competition o 2 o 2
. Next segment 1 1 2 1
Many people want to get a new heating system due to the fact that they are
i . . founder’s dream 2 3 2 1
not pleased with the efficiency of their current system. Of course, when
Total 16 15 15 14

looking for a new system, the main buying reason toen is the (cost)

efficiency of the new heating system. With the results of the more precise gearch we were able to illustrate a

; ; ) - ; first customer profile for the Businegs-Customer market. The most
Each of these segments was investigated in detail in regards of different
important characteristic to be identified was that we should focus on so

criteria and afterwards we compared them to each other. The results of this _ . . . . o
OFff SR aAYyy20I02NRE 2N aSINI& | R2LWSN

research are summarized in table 1. The segmemi®w®ssessed a number



are en to new technologies and who are the first to buy these new are not heated as it is no living space. However, as soon as you want to work

technologies applicationsFFurthermore, the customers we will focus on are  in there, you need it to be heated up. Due to the fast and efficient heating

aged from 25 to 50, having a stable income.

process, out heatingystem is perfect for this application.

According to nowadays diversity of the population, it is important to aise As a conclusion it can be said that on behalf of our researches, we were able

lot of different criteria for the concrete customer segmentation and profiling.  to identify potential customers and to create a customer profile. Based on

Especially when considering the fact that a lot of criterions are dynamic and this information it is possible to develop a marketing strateggt to properly

therefore change regarding different situations, we came up with an explicit launch the microwavased heating system on the market.

situation in whichcustomers could prefer buying our product instead of a

competitor product. In total we created to cases most suitable for our

product.

The first application for our microwadgased heating system is installing it

when renovating or reconstructing your hemThe reason for this is that

people doing so aim to recondition their hou$&his implies people want to

improve their quality of living conditions. Indeed, a proper heating system

relates to this quality’ As our heating system provides comfortable tiem

comparable low consumption costs, it is the right system to install when

reconditioning your home.

¢KS 2S02yR FLILXEAOFGAZY

AdZAGFo6tS F2NJ . 20FyA0rQa KSFGAyYy3I &de8adsSy Aa 2

in rooms where heating is only required temporarily. For example,utdco

be installed in a garage which is used for homeworking. In general garages

10
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M | C R OWAVE T E C H N O LOGY and generate heat directly throughout their mass, thanks to the conversion

of the energy of an electromagnetic field oscillating at a suitable frequency,

. , _ : _ into thermal energy.
From the electrical point of view, our product has to be improved in terms of

efficiency and cost reduction without influencing the technical aspediseof PROTOTYPES

product. Therefore, it is necessary to define several tasks concerning this

topic, such as improving the energy efficiency of the prototype by replacing For our reseech we used two different prototypes and technologies. Both

current components with more efficient and cheaper ones. Additionally, a '€ in laboratory setup and need to undergo several changes until they are

software is needed in ordeto simulate the behaviour and allowing to ~ Féady to be installed in an end customer product. The main difference

specifically improve the system. between the prototypes is the fact that one usedgrited components that

need to be acquired from a third company.

GENERAL INFORMATION
PATENTED PROTOTYPE

The most relevant components of the heating system are a monopole
- ; _ _ ~ The patented prototype of Botanica consists of 16 ceramic tiles coupled to a
antenna and ceramic tiles. An antenna is an electrical device that can receive
_ . - ; power divider that is providing each antenna within the tiles with a power of
and transmit @ergy and information in form of electromagnetic waves. In
_ _ _ o 200 W and a fregency of 2.45 GHz. Therefore, a common magnetron, a
our case the antenna is a metal wire that is enclosed by a ceramic tile. Each
- device that can generate microwaves, can be used in order to provide the
antenna operates at a frequency of 2.45 GHz, which is a very common
- _ needed frequency and power. However, the tiles shown in figure __ are
frequency used for example in microwave ovens fouseholds or for Wi
- _ premade by the company Microbiotech and are made of a patticeramic
applications. Furthermore, each antenna needs an operating power of 200
_ _ _ composite using silicium carbide particles as a susceptor. In order to make
W. In our case, the electromagnetic waves are transmitted into the
_ _ o _the future product more affordable for the customers, Botanica thought of
surrounding area and get absorbed by susceptor particles within the ceramic
; ; ; ; a new concept. It is crucial to develop a new composite for the tiles as well
tiles. The parti@s are absorbing the energy of the electromagnetic waves

11



as to develop a ng method in order to implement the radiation of the

antenna within the prototype.

Figure2: Patented ceramic tiles

PATENT FREE PROTOTYPE

Figure2 shows the patenfree prototype of Botanica. The tiles are bigger
and have a recesn that a leaky cable antenna is meant to be fitted. A leaky
cable is a common coaxial cable that has gaps or slots in its outer conductor
to allow the radio waves to leak into or out of the cable along its entire

length.

12

Figure3: Patentfree tile

The power comes from a common electrical net and gets converted within a
power source to the needed value. The transistor switches the power at the
needed frequency of 2.45 GHz which is provided to the radidmt Within

the heater there are the tiles shown in figure 8 which get heated up by the

electromagnetic waves coming from the slots of tadiant wire.

Slots radiant
wire

Radiant
=3

Electrical Power
Fuse :
net source Transistor

Figure4: Electrical setup



COST REDUCTION RESEARCH ON MICROWAVE GENERATORS

In order to further reduce theost of the final product, the components used Botanica uses currently common microwave oven magnetrons in order to
for the prototype had to be replaced by cheaper alternatives. This task generate the power and frequency needed by the prototype. This teclyyolo
consisted largely of researching the components available on the market. As will be surpassed by the radio frequency technology in the future, as it allows
an orientation we defined the net production costs of our gt at about the user to reach higher powers, higher penetration depth and better
100-120 Euros per unit. heating uniformity. Those generators are called setate because there are

no moving parts and by thalower losses. Microwave generators can

LEAKY CABLE ANTENNA compete pricewise, as they are being produced on a large industrial scale.

First, we had a closer look at the market in order to find cheaper leaky Nevertheless, the maintenance and investment costs of RF generators would
antennas, so the mass production costs of our product can be reduced. The be much lower as the electronic components are more simple aneets
price range was very wide, but we managed to fittdraatives that reduce implement.

the costs of the cable by 10 euros per square meter. Not only the price but

also the coupling losses and the attenuation were factors that determined 1 @IeSEHe (19 ikl 8 CUT? [Pt e iaf(e GBI g (el &) (B8 e s Mk et wilit

our decision when comparing the cables. If the losses of a cable are too high, 1S ) @ Teling) &) 10 e (remane ol el 05 eiiell el EleEe ernemg:

the operating costs will rise far more than the investing costs. Currently, ) |2 MREmEEE 07 Cur a8 peiEips. Dnilmeisy, i X=

(KSNBQa y2 ySSR G2 2NRSNI 6KS Y §5NAFNOOY varynev gndhe makepand fers e ol e oW v a
development state. The research was meant to provide information for out IEIEES D) I YOUTE, S G G el (S [ GeEs & MuTEne e

market analysis in order tetate if we can compete with electrical heaters of SABTEELY TnSely Proelist (i 15 ey [PiemlSitg (o I S die =

the same power on the marké. technology as it will overpass the microwave technolwgierms of energy
efficiency (1615%) and flexibility. The research has been marked with a
f26SNJ LINA2NRAGE GKIYy GKS aAyYdzZ FGAzy 27F

completed yet*
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SOFTWARE RESEARCH SIMULATION IN COMSOL MULTIPHYSICS

The development of an innovative product that canbetfound yet on the
MONOPOLE ANTENNA

market requires high investment costs at the beginning. Because of this it is

very important to be able to provide convincing arguments to potential The"most simplified attempt to motel the patefiee prototype is to

investors. Also, in order to optimize the shape of the tiles and by that to simulate a single monopole antenna as well as its radiation pattern in a free

reduce theproduction costs it is needed to simulate the radiation pattern of dimensioned air domain area. The antenna has been simplified as a

the antennas within the tiles. In order to simulate such an arrangement a conductive wire mounted ora dielectric substrate and fed by a coaxial

software had to be found, which can simulate electromagnetic waves and to lumped port.

represent the arrangement in a simplifiehy.

A 70,101

The research on a suitable software in order to simulate the radiation of an r
antenna resulted on COMSOL Multiphysics. This software provides different
modules for electrical, mechanical, fluid, acoustics and chemical
applications. For the simulatioof antennas, we mainly used the RF (radio
frequency) Module which provides a set of tutorials and some documented

guidelines. Nevertheless, the software if very complex and requires a long

training period.

Figure5: Electrical fieldbf a monopole antenna

14



freq(1)=2.4e9 Far Field: Far-field norm (V/m) freq(1)=2.4e9 Far Fied: =ar-fislc norm (VM)
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Figure6: Typical radiation pattern of a monopaatenna Figure7: Radiation pattern influenced by dielectric block

The shape of the resulting radiation pattern is typical for a monopole
LEAKY CABLE ANTENNA

antenna. Therefore, this experiment can be used as reference for further

approaches. The third experiment is about simlating the leaky cable. The equivalent
circuit to a leaky cable would be an array of monopole antennas connected

CERAMIC ENVIRONMENT in series and divided by a n@monductive substrateThis approach is the first

experiment that deals witlthe simulation of two slots of théeaky cable

antenna.Unfortunately, theN RA I G A2y LI GGSNYy R2SayQi

In order to simulate the behaviour of the radiation within the ceratiles,

a dielectric block has been added to the geometry. Several tests were needed

in order to calibrate the software and to find out how to use it properly. The pattern of a two slotted leaky cable antenna. Therefore, further approaches

test should provide information about how the software reacts to added 20 EREEE [ G D AR & IIREE (RS el tne slruEhalllening

objects in the testecarea. As it can be seen in the following picture, the experiments wee dedicated to approach the correct radiation pattern of the

radiation pattern has been influenced by the dielectric block. ZELYY CElal, WinE S SEENERI U0 2 el Camaio eeniEh tnalE:

15



RESEARCH ON MATERIALS

In order to lower the costs of production and provide the company with
futureproof solution we have to getway from the patented tile design. The
patent covers the whole tile design; thus, a new material has to be put in use

along with fitting microwave generating system.

This part of research was divided into two branches, finding suitable ceramic
enclosure and an admixture material (Microencapsulated Phase Change

Material) with sufficient responsiveness to microwave field.

CERAMICS

MEDIUM

As our product has to meet requirements for constructgnade materials,
concrete was chosen as the most doiand universal in this case. Types of

concrete suitable for our product are as follows:

Portland cement concretePC(¢ isthe most usedconcrete for applications

utilizing microencapsulated phase change materials.

16

PCas several advantageous propertisach as great thermal conductivity,
high specific heat capacity and density, as well as an immense mechanical

strength.

However, PCCexhibits a negative effect on the environment due to the

emission of carbon dioxide (@Qiuring the production of cemén

Geopolymer concreteGP(, not only exhibits corresponding, advantageous
properties asPCCbut also higher initial strength and fire resistance, small

drying shrinkage, superior acid resistance and shorter setting time.

The geopolymer binder is syntsiged by alkali activation of aluminosilicate
materials in amorphous form, which are produced from industrial waste
materials. Geopolymer is therefore more environmentally friendly and

cheaper than Portland cement.

MICROENCAPSULATED PHASE CHAWAIEHRIALS

ADMIXTURE

The Heating system developed by Ceramica takes advantage of medium

resonating in response to microwaves and, in turn, heating the enclosure.

Listed below are substances we have taken into consideration over the

course of the research.



Paraffinic PCMs are chemically inert, fioric, reliable, biocompatible, and Such paraffins resonate in contact with microwaves which result in shifting

show negligible subcooling effect. Working temperatures frérto 100°C. from solid to liquid state and lek ¢ thus the name Phase change Materials.

Fatty acids, represented by the chemical form@&l3(CH2)2nCOQkbr In order to create a material both reactive to microwaves and providing heat,
example capric acid, lauric acid, palmitic acid, etc. Fatty acids have storage sand in concrete formula has to be replaced with MPCM.

densities very similar to paraffins, and like paraffins their melting

temperatures increase with the length of the molecule. Although chemically MPCM CONCRETE

stable upon cycling, thetend to react with the environment due to their

acidic nature. THERMAL PROPERTIES

Tests in the resear¢hwe referred to were condcted using paraffin
Sugar alcohols are a hydrogenated form of a carbohydrate such as Xylitol. Rubitherm®RT27.

They generally have higher latent heat and density than paraffins and fatty

acids. However, they melt at temperaturbstween 90 and 200°C, making The addition of MPCM causes the reduction of thermal conductivity of the

them unsuitable for building applications. concrete, due to the lower thermal conductivity of the microcapsules in
comparison to replaced sand. Increase of porosity also plays an important

We decided on using organic Microencapsulated Phase Change Materials ol i e e e,

(MPCMs) due to ease of obtainability (companies like Rubitherm GMBH) and

suitable working temperature thresholds. The thermal conductivity of the paraffin Rubitherm®RT27 and polymer shell

[Fig9] are approximately 0.2-0C and 0.180.34— oCrespectively, whil¢he
Organic MPCMs are paraffins encapsulated in dewsity polyethylene

(LDPE) or Ethylengnyl acetate (EVA) shells, measuring approximately 3 AMEEEE Aneiine] eonelsiiy F seiel [ W ine Ege 6 2220 —ele,

MA>Y® depending on the degree of water saturation.

17



The thermal conductivity of PCC is higher than the one of GPC. The slightlyMPCM itself displays a low mechanical strength and its addition causes an
different MPCM concentration dependencies of GPC and PCC might beincrease of porosity [Fit0] which also greatly contributes to the reduction
related to the corresponding change in porosity, as air pocketslaéiease of the compressive strength of MPCM concrete.

the thermal conductivity.
Although the loss of comprewe strength is significant after adding

microcapsules, the compressive strength ®@PC2.745.3 + 0.8 MPapand

_. 20
= e 5*;'__i|” Liq”-i” PCC3.2(34.1 + 0.4 MPaymeets the standards of European regulations
.E | . - - - v
= Gc O @ regarding concrete in construction applicatiéns
e 1.5
:.i-.
z —
g S =
e

Z 1.04 \“2
g
R
E
2
h I:'.S T I T I T I T I T I T I T I T

05 00 05 10 15 20 25 30 35

MPCM concentration (wt. %)

Figure8: The solid thermal conductivity and the liquid thermal conductivity of GPC

COMPRESSIVE STRENPROPERTIES

The analysis of mechanical properties of the MP&iicrete conducted

using samples without MPCM (PCCO0 and GPCO0) and samples including the
highest possible amount of MPCM (PCC3.2 and GPC2.7) show that increasing

Figure9: SEM images of both concrete types

the amount of MPCM leads to significant dease of compressive strengths.

18



We reached Rubitherm Technology GMBH, a PCM supplier offering pre
120

- . Thermal cycles encapsulated PCM, iorder to obtain cost estimation of their producAs
& 100 0 100 AR A AA A R A & s B & P
= ) wor arc SELISOUSRX 0KS O2YLIlye RARYQU glyu 02
= /, ;
S 80— Therefore, we were needed to approximate the costs and keep our results
NN 7 e B ,, %P i
2 604 / as estimated
o 7 ~
240+
2 /
i Z
S 204 é
ST % %

() L] I L] L] L] I L] I L] 'I L] I n

GPCO PCCO GPC2.7 PCC3.2

MPCM concentration (wt.%)

FigurelO: The compressive strength of both concrete types before and after
subjecting the samples to 100 accelerated thermal cycles.

PROTOTYPING AND VALUATION

MarketvalueolLlJr N} FFAY Gl E A& PmMdyybuk]l]3Id &4 || NBFSNBYyOSs LIzNB I 62 NF {2 NE
grade eicosane is $53.9/kg, while the technical grade settling at $7.04/kg.

The estimated cost of microencapsulation for a similar paraffin octacosane
Ad dYnpbcecpr 2F (KS RCMiPloductidhzastif 18F G KS LI NI FFAY

3S2112f@YSN) O2yONBGS Aa SaldAYFiSR G2 NB@2t @3S I NRdzyR Tpe GKdza aSaidtAay3a i
G2GFf LINRPRdzOGA2Y O2aid 2F 2dzNJ YFGSNAFE +FdG YFEAYdzY opekl13 b YSRAIFO®
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HEAT DISTRIBUTION

Once the tile is heated uphe heat has to go to the room. To optsaiand
calculate this heat transition we have used several software. It is important
to know how much heat gets produced and how much hesateeded for a
particular room. Throughout the semester we have worked vilithee
different software for the heat distribution modellingThis sectionwill
handleabout how we used the software and why sopr®gramshave had

better use to us than the others.

HEAT TRANSFER

Heat gets transitioned from an object to the air from the room in two

how the heat will transfethrough the ceramic material but has no effect on

the heat transfer from the material to the room.

Figurell: Heat transfer

different ways. On one hand you have convective heat transition. This is the AGROS2D

heating of the air that comes directly in touch with the heated tile surface
and gets transferred through theom by moving of the air. On the other
hand, you have radiation. This is the heating transfer between bodies
without using the air that is between them through electromagnetic waves
that travel in the air. The combination of these two phenomena showgdlte

in the desired room temperature the customer wants to accomplish. Finally,

The first software we used when starting the project is Agros2D. It was
recommendedto us by abefriended student who found it the best free

software for the application we needed. After making some basic
simulations, we quickly noticed the software lacked in some critical points

we really needed.

there is also conduction, this expresses how easily the heat can get It was our goal to experiment with the shape of theterial, to see the

transferred through the material. This only has a limited use to us; it explains impact of the shape on the heat conversion from the tile to the room.
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However, it was not possible to give the edge of a fin a different temperature  ENGINEERING EQUATION SOLVER

than the bottom of it. This makes it so the fin shaped form ladkss effect
- . _ We alsostarted to work with EES (Engineering Equation Solver) in the very
andis just considered as a bigger flat surface. So only the amount of surface
_ . . beginning of the project. This is a software Laurens used at his home
and not the shape of it have an impact on the heat exchange. Because of this
) ) ; ; university to solve thermodynamic problems. It revolves around inserting
we decided to stop using Agros2D and continue with the other software.
; . ; several thermodynamic equations and calculatffciency rates, power
Beneath you can see the interfackthis program. It uses colours to improve
o _ : levels and temperatures. One downside of the software is that it is totally
the visibility of the temperatureand has options to simulate heat flux or
. equation based and no drawings or sketches can be used or made. This
thermal conductivity.
makes it very hard to explain and understand what is going on in the

simulated room. Bsides that, we can only use this program in theoretical

cases due to the difficulty of the combination of convection and radiation.

_________________________

Because of these two important handicaps of the program we are not using

it a lot anymore. It can come in handy in veryational calculations if we

----- would encounter those in the future.

2.9314e+02
2.9121e+02 1
2.8929e+02 -
2.8736e+02
2.8544e+02 4

2.8357e+02 -
2.8159e+02
2.7966e+02 3
2.7774e+02
2.7581e+02
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2.7389e+02 ©

Figurel2: First simulation in Agros2D
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%54 Equations Window

Tw=90
TI=10

hw=245
hl=12

55
1
0.005

TR

b=0,00125
hh=1
L=0,025

aantal=80

Ac=b*hh
p=2*(b+hh)
a_I"2=hl*plk/Ac

eta_vin=tanh{a_I"L)/a_l/L

Q=hw*A*(Tw-Tbw)
Q=Ak/d*(Tbw-Thl)
Q_gv=hI*(Tbl-TI)*A_gv
A_gv=A-aantalAc
Q_v=aantal*h*p"L*(Tbl-Tl)*eta_win
Q=0Q_v+Q_gv{3STON}

Figurel3: EES interface

DESIGNBUILDER

The third software we have been using is DesignBuildeés progranallows

us to simulate almost any given situation and match a fitting heating system
to it. You always start by drawing the desired setup, either a simple room or
a more complex house or office building. After that you add the heating
system you want to siulate. In our case this will be an electrical storage
heater, as it resembles the properties of the ceramic heating stones the best.
After setting all the parameters, the software returns us several graphs. We
get a graphical representation of the powesage at the peak. It is also
possible to see the power usage throughout the year for a certain location,
based on the predicted weather conditions. Something important to keep in
mind is to calculate the power usage on the coldest moment possible,

because obviously this is the moment you will need it most.

Figurel4: Power usage throughout the year



STORAGE HEATERS This table indicates what capacity your heater should have to reach a

temperature of 18°C. Thiableis made for an outside temperature of 0°C

The Ceramicdeating system resembles the most to an electrical storage ) . ; - -
and good insulation. The tempaure in the area of Valencia is a bit higher

heater counterpart. An electrical storage heater stores heat at night when ) ; o o
than this, however the insulation is not that good. Therefor this is an accurate

the electricity price is normally lower than during peak hours. Then during . _ .
estimation of the storage heater capacity for a certain room.

the day, it will slowly give the stored eneygo the room, heating it up. The

most important facet of the heater is the capacity, as this defines how much Table2: Power needetb heataroom
energy can be given to the room. Floor area (m2)
Kw rating to for
_ - hackground heat (18°C) 3(6 |9 |12|15 (18 |21 24 |27 | 30
The capacity of a heater depenals the power it is made fokGenerallyyou 15117117 117 117 125512551255 34 |34 |34
multiply the power times 7 or 8 because that is the time the storage heater 2117 (1.7 (1.7 1 1.7 125512551 34 3.4 |34 (429
_ _ _ - _ 317|117 | 1.7 |255(255| 3.4 | 3.4 34 |34 |425
will Charge up durlng the nlghlln this flgure the WOI’kIng of a Storage heater 417117 |255|255|255| 34| 34 34 [425|425
is explained. The blue arrows present the cold air that through the 17117 1255[/255] 34| 3.4 | 3.4 S TET
_ 6|1.7|255|255(2565| 3.4 | 3.4 | 3.4 425|425(425
heatedup elements to come out of the machine as heated*air. 7 255|255| 3.4 | 3.4 |425|425 425|425] 5.1
8 255(255( 3.4 | 34 |426|425 4.25[4.25(| 5.1
9 34| 34(425|426(425 425|511 |51
: 10 34| 34(425]425(425 51 |51 |51
uiskie walllenotim) = 34 [425(425(425 51 |51 |51
12 425|425 51 |51 51 |51 |595
13 511 51|51 51 |595[5.95
14 51|51 51 |595|5.85
15 51 5.95|595(5.95
16 595 595(595| 6.8
17 5951595| 6.8
18 6.8 | 6.8
19 £.8
20 6.8

Figurel5: Working of an electrical storage heater
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SAF ETY SYSTEM CONTROL SYSTEM

_ _ - QOMPONENTS
Our product uses microwave technology to heat the ceramic tiles and the air

around them. This technology has side effects that could be dangerous for T0 gather the data the control systemill usea sensois needed To define
humans. Indeed, the magnetic field diffuses waves into the environment of Which sensorwe need, we analysed the inside of a microwdeakage
our heating solutin. In too high intensity, these waves can disturb persons detector (MLD)whichalready exists on the market and we had in our office.
in the surrounding. That is why the team implemented thin layers of metal
on some components to skip the diffusion of this field. In fact, metal absorbs

the field and shields off the environment.

WKSy @2dz F NB RS@GSt2LIAYy3I | ySg RSOGAOSI AilQa
OKI yO0S IyR G2 02y i NPwehaSediSchid toRa8dial A f & ¢ KI (G Qa

FyedKAy3

safety system. The main goal of this system imdmitor the radiation of the

microwave field. When radiatiofevels aregetting too high for human

safety, the systemwill be able to stop the heating process and to share this

information with the users.

. .. . . Figurel6: Microwaveleakagedetector opened (HM2)
To have a complete system, we decided to divide this system into two

) ; ; We put a lot ofeffort into understanding how the sensor works. We
independent systems which could commungEamong themselves:

disconnected the microcontroller from the device in the lab and found an

A The Control System interesting electrical scheme online.

A The Alarm System
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For our systemye needonly two signalsone to supply the system and
another oneto receive the signal when the microwave levels surpass a
certain level In addition, these signals aren't connected to the same

connection pin. A you can see on this scherie supply is the 5V Pin and

the disturbance signal is connected to the AO pin.

Figurel7: H2M2 sensor

5V

- © ©

5V GND Ry
T: I
1
= N

WEMOS D1 Mini

)

.

Figurel8: Electricascheme 7777

As you can see, thigensor consists of very basiomponents like resistors
Figurel9: Electricascheme of the system

and capacitors. In this case, you can find a transistorwdoch is used to : . . :
P y You can recgnize a voltage divider on the scheme to adapt the signal with

adapt the electronic signarhis is important becausa the MSD, there are : .
P 9 P the AOpin because the microcontroller can only read a 3v8\tage To work

different signalghat have to be analysed by the same microcontroller, so in : . -
9 y y on the data, we decided to include a WiFi module to send the data to a

the format the microcontroller is configured for. , : . .
computer whch allows us to display it on an interface.
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As mentionedabove we needed to add a microcontroller tmonitor this Because of this wean always guarantee triza S NI2 &BesidesB\8itihing
sensor andecoverdata collected by it. For that, we used the WEMOS D1 off the system we also send a notification to the user so he can have it

Mini. This modulevas used in a prototypeur supervisors had used before reviewed by us.

Figure20: WEMOS D1 mini

FUNCTIONAL PART

The control system collectdisturbancesgenerated by the magnetic field, ST T e SeET
using arantenna. Tlesedisruptiorsarealso found in the electrical signal and

our systemcan readt usingthe microcontrollerexplained above

Using the WEMOS module, we have written a code to automatically switch

off the heating system when microwave levels are considered too high.

26



ALARM SYSTEM

COMPONENTS

To createa user interface we decided to uséNiFi rather than Bluetooth
because in our microcontroller th&iFi moduleESP8266 was already

present.

Figure22: WiFi moduleESP 8266

Creating the user interface platfornthe team decided to connect a
dashboard to our microcontroller. A dashboard is an online platform used
for 10T projects to collect data usingiMV The softwarewve usedis called
Thinger.io. This online service is ablegg¢oover data from our modulesnd

is also able t@xecute actions othe device like turning it on or off All of
these possibilities are controlled by a console webpadpch is displayed
below. Currently,we have implemented a power switeimd monitoring unit

for the magnetic energy \els.

27

Stop Heating @ Data

© 200.00 ...

Figure23: Current console
Using this platform, we have the freedom to add extra features to the
interface. For example, it could be interesting to add various temperature
sensors. This allows the user to control tettings of the heating system

while using their smartphone. This feature can be seen in the figures below.

Temperature Goal O @ ®  Current Temperature Fw

Figure24: Future tatures



FUNCTIONAL PART

The system is connected to an online dashboard to recover and monitor the
data gathered by our modules. This dashboard can be accessed from a
smartphone or computer. if you want to connect your smartphone to the

system it is as easy scanning a QR code attached to the heating system.

Figure25: QR codef the control app
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DESIGN

Through the years since Carlos launched the stprtaround a hundred

people have contributed to it, among them already some EPS teams.

The current roadmap involves the development of two different heating
devices: One that uses a patented system to generate the microwaves that
is set to launch first, to gehe feetinto the market.For that one the internal
configuration is mostly finand only the casand internal structureneeded

to be developed. The planned budget for materials and production of these

parts is set to be about 150

Figure26: Internal components dhe patenteddesign
The ultimate target however is to develop all components inhouse to bypass

the patent fees and lower # unit price. Therefore, we had a lot more

freedom to shape the second design.
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FIRST IDEAS

We started off by sketching all possible shapes the iestice could take.
Ideally it can be hung on the wall but also positioned freely in the room
wherever the owner needs to heat. The internal components include the

microwave generator, a power divider and ceramic tiles that heat the air

which passes them.

Figure27: Schematitayoutof the internal components

30

The first idea for a visibly interesting cover was to mirror the diamond shaped

internals to the outside, as follows:

Figure28: Diamondhousing



Especially when hung on the wall, this shape would be interesting to look at However, integrating feet or ideally retractable wheels and giving it enough

and allows to be produced from a wide range of materials. The triangles overall stability turned out to beifficult. That is why we decided to go for a
would also offer interesting ways to create different coloured variants.

more cube shaped case that can be produced less cddtig gives us a
bigger budget tonvest in materials of higher quality.

= |
B

=
=
—
—
—
T—

Figure29: Wall mounted loudsgakers as inspiration

Figure 30: Design Evolution
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FINALDESIGN While optimizing and proofing this design it turned out that the production

of curved side plates might get too expensive for the budget. Therefore, we

In the process we ended up with wrapping aluminium panels around the _ _
went to replace them with wooden plates thatilivallow us to keep the

internal components horizontally and utilizing ventilation holes in the top . ) ; ; )
approach of using materials of high quality but will be cheaper rande

andbottom to guarantee airflow. The panels are attached to an inner cage ) ; o )
ecological than machined aluminium. The wooden plates are shielded off

made of steel which carries the internal components. Since these are still laid ; ) .
from the heat through internatompositeplates in order to not deform over

out like a diamond there is space left in the corners to incorporate i
ime.

retractable wheelaind an automaticdy retracting cable.

Figure31: Wall mounteddesign

Figure32: Qurrent state ofthe enclosure design
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The internal components and the outer shell are attached to a structural
cage made of welded stedlhis gives the wholgystemenough strength to

be hung on the wall andisoallowsto incorporatewheels in the bottom.

They slightly protrude out of the frame and offer smooth free positioning in
the room.Additionally the power cord smoothly rolls up on an internal drum
like a vacuum cleaner which makes handling and storing the device much
easier. Supplier for the caster wheds of the type KI20G is the Chinese

company Misumi.

Thewhole designcentresaround straight geometric shapes and therefore
should be easier to produce in a first small batch than a more complex layout.
In fact, all processing of the materials can thetarally be done in a small

workshop with mostly standard tools.
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The 3d model of the full assembhcluding the dimensionsan beseenin

explosion view on the following websitettps://a360.co/2SpUGIW

We also produced a promotional videaips://youtu.be/zf52IW1258A

A lot of time and effort was put in the construction of the chassis to ensure
its stability and correct dimensions. This allows to take the CAD files to a
small workshop and start production. The materials and added components

were chosen specifically to be easy to obtain and manufacture.



https://a360.co/2SpUGIW
https://youtu.be/zf52IW1258A

FUTUREPROOF DESIGN

With a patentfree tile design inhe 02 YLJ y@ Qa NBLISNI2ANBX ySg LI2&aaio ;\f AGA

regarding form factor of the producipen Asthe tiles themselves can be

larger, the whole product could address utterly different markeind

consumersThe maingoal inthisp NIi 2 F 2dzNJ 62N)] Aa (2 AYyGNBRdzOS
heating system to larger living spaces without significantly raising the cost of

our product.

The wpatented design shares the same core components (microwave
generator, power divider, contr@nd safetysystens) with the first patented

one but utilises new antennae and concrete tiles. In this manner we propose
two modular designs, that way the production cost will be significantly lower

as opposed to producing custom components for every design separately.

Two diferent approaches had been conceivdibth exploiting the MPCM

concrete as the indicator of aesthetics.
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WALL MOUNTED HEATER

This design draws inspirations from more orthodox and well established
approaches as to how a hanging heater should look like,

but aside from i$ utilitarian aspect it also serves a decorative purpose.
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Figure33: Dynami¢nature inspiredsolid
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RIS (NI 5 A Figure35: Antennas are casted into the concrete tiles during the produc
process.
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MASONRY HEATER

The second design, as the name indicates, draws inspiration from masonry
stoves (heaters) heating devices that used to heat households all over the
world until the central heating systems became popular. Itfreestanding
block,with the tiles incorprated into outer shellthat cover up a cage made
with standard 60x60 BoschRethrox aluminium profiles and the
corresponding connectorsThis product could be easily erected in virtually

any living spacer an IKEA or Lego manner.

Figure36: Masonry heater
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Figure39: Inner cage Figure40: Internal components are mounted on a concrete central piece.
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EXIBITION

During the City Exhibition on the 28f November we introduced our project

including the latest design as well as an introduction to microwave heating

} Comfort Wave

CERAMICA * MR | technology. The visitors had the opportunity test the safety system and

have a look inside a redife sizal prototype.

We got a very positive feedback on our project by visitors of all ages. Also,
we received a few interesting suggestioregardingimprovement of the

design and how to approach paitial customers.

Figure41: Exhibitiorsetup Figure42: A look inside the model
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