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Personal Project Brief - me saster Graduation

Personal thermal comfiort product roject title

Plezme state the tithe of wour gradeation project (above] and the start daie and end date (beiow). Ke=p the title cmpact 2nd simple.
[io not ese abbrewintions. The remainder of this document aliows you 1o define and clary your graduation project.

INTRODUCTION =
Plecrse: describe, the montext of your project, and addmess e man stabeholders |inimrests) within this context n 2 concise y

yet
complrte mannes. Who are invoived, what do they value and how do ey cumensly operate within the given comied 7 Wt ane the
m2in opportenites and limstations you are cvently 2ware of oot and socal nome, resoures {time, money,. ), tedinology, 1

In 205, 196 parties (including the Metheriands) adopted the Pans agresmant 2iming to imit global warming{Linksd
Naticre, 2015). The agresment heiped 1o define brws and stategies for 2 beteer future. The Dutch
Mmm ZIaken, 2031) deciderd to stop estrcting gas from 2002 dus o ke=s I the north of
the: Hetherbands. The Netherdands b zleady t2king steps toidear vt both rabuel gasand /s (02 emissiors. Because
of govemimerial eegulstions we se= an Increase In consurme price of ratual gas{Figues 1, CBS). These rmgulbions ane
alrred 2t the This 2 be covened by Insubibion 2nd electrical sabutions
Mlqﬁmwwmh we me o the corveniznce of gas and the low
running costs. Wee don't ke 1o Invest money In slectrical heating solutions that dont offer the ame benefes Mot even
our societal respansiility move us to change.

O the ather hamd, hilstory showes us that we are able to endure 2nd ad2pt to changss F people 302 benefits.
nmmﬂdw1mmm“:mumm Abigwood sho had ledi o the transiticn
to the use of thing happenad when natur gaswas In the nanth of the- nds Ringelaen,
2019} . People can tolerate change, but onfy it neally has sigrificant impact. The realiy s tat we see 2 scarcity of rw
materals and now the 2im & to educe n Froem we are th 2 shift from gas o
eleciricity. Fora house this can be h:ﬁlqiﬂgm'f; Imﬂdmﬂhhtg:m'g mmm‘i‘tﬁ

1 doesnt necessarly prowide peaple the same scale of themnal comion.

Shouldn’t we rethink the way we feel comiortable inour homes?

1. Uiriterd Matiore. (2015}, Parts A
2 Ministen= van Algemene Taken. {2001, MRMMWMHW|
Rlenseisicinl. hg-m-g:ll'l;lfﬂn

1w5m1'ﬂ.liy1ﬂ! eelden w2n mmp gedies g T
b post’3-voort

T RIMp

spaace avzilzbie for mages { igures on next page
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Personal Project Brief - e saster Graduation

PROBLEM DEFIMITION ™

Limit: and define the scope 2nd soletion speee of your project tn one Hat & monageable within one Master Graduztion Propect of 20
EC [~ 20 full sme wesis o 100 working doys) 2nd clearly indicate what issusis) should be addressed in this project.

#a hurrans, we 2re really focused on oor (thesmal) comior. We nised thenmal comfon in ander todo our shudles, work,
reading, holibies and many mone activities The need of thermal comfort s something we have In common, however
u:dntﬂf:lﬂlymdm Pecple Fave 2 diference In nnﬁﬂmﬂrm{ﬂ]l:a

mln--m‘lpm:nlﬂlghaml‘mhﬂn we can see Hat comiort has
rmanfested seif In being mobie and indspendent. Products ke cur smanphones enzble ws to fulfill car own needs
I:‘lﬁumu:h on ow scren. The product should be able to provide the needs of an individual on demand and needs
b be mabile

90 peroer of our houses are heated with oo Based on the snengy uﬁumwmmm
ufﬂugy'pﬂnﬂ[ﬂbmmulpmlsmmpﬂywmulmsﬁ& a yearan an wmace

continuing bo Increase 3030, A solution for this s bo build or rencwate howses with
mmmummmnm

Basrd an the above, the foous will be on devslopingianahyaing, user rms=anch) product sclutions that fulfill the thermal
coemifart nesds of one Indhvidual. The peoject will revalve arcund the gapls) betwesn awhaole room
ard the husman being This graduation project will sxplore design opportunities. for Bosch that: o e

! futups vision and mission. The problem at the heart of this project Is defined ax

To what esdent can a peoduct Inceease the: personal thesrral comfon of Bhe user and be more enengy efficlent?

ASSIEMMENT ™

Stafte in 7 or 3 seniences wint you 2re going i ressarch, design, oezte and { or genesate, thrt wall sobe (it of| the mxuels) poisied
mut in "problem defiration”. Then ilkestrée this assignment by indicating whet kind of sohetion you expect and /o aim to dediver, for
instance- a poduuct, 2 produ-serice: combination, 2 strategy ilustaied thoegh prodect or produt-service combination ideas, ... In
e of 2 5 pecalition and/or Annotation, make e the assgnment reflects thisthess

pudmwp:ﬁmm inﬂ:I:tan o their thermal and be more energy

1. Litesature study and reseaech on thermal comiort needs of the uses at home: What are the gaps2nd how is the:
ourrent market addeeming thoss nesds?

2 Through the project [wll work with bath the Innowation fub of Bosch and abo with Bosdhs enginessing
department. | will uze desion and research methods 2nd expicre the passibilties for Bosch

| The celverable of the project wil bk form in @ product cancept (peototype] and 2 report an prochact pitch for Bosch

mmmmmwmnhmmmwdq:m

products will be collecisd and addesmed Terhnological trends and developments rsganding heating and cooling are
taken Inko acoount.

lemhn:mlhtlﬂ)u:nn I aweanable product that ks able fo mact Iﬂ&ghcﬁlgmw
l:ﬁzﬂudmsmhumlutmn:m miFrors that i o aim diesctly at
the uses Ancthes idea might be a thermal brapelst that heats up or cocls down. Lastly the solution can be comparzble:

boa mickilie product ke a JBL speaker: fa bring your thermal comior device with you anywhess you ga

IDE TU Dk - E&SA Deporiment (7 Gradeation project bried B study ovenvew 1 Z01EH1 420 Page ol 7
hitaks & Mame MT.  Ubnoy Student umber 4148150
Tée of et Fsrsonal thermal comfort product
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FLANNING AND APPROACH ™
Inchide 3 Gane Chart{replace the exampie below - more examples can be found in Mamsal 7] that chows the difersm phases of your
project, deliverbles you fove: in mind, messings, and how you plan to spend your time. Plazee note tiat 3l actiises should fit wathin

the given net me of 30 EC = 2 full time weeks or 100 werking days. and your plnning should include a kick-off mesting, mid-=m
meeting, green light meeting and grduztion ceremony. [fustrate your Gantt Chart by, for instance, sxphyining your appecach, and
plearse ndicate perinds of port-time actavities and/or perinds of not spending time on your graduztion project, i any, for mstznoe
becese of holidnys or peralie] activities.

start e end crm

TR A

A

On dy baysis(not In
= |will meet with Andre and Ralph physicaly and disouss my process and findings.
Every bao weeks or thiee weels mentor mestingfexpert mesting.

lam gaing fo remeaech witat the: user needs are considering tat we want to offer personal thermal nesds. What s the
moat Impertant function af the product for the wer? To wiat extent showld the user be in control of the producd?

There 2e= cveriapping parts during the analysis and ideation and pratotyping phase. Sinoe design is.an Reative
i the fesdback and tweak the ddmonal tha 1
mﬂz?)‘ﬂm:&nf i ntp kriowiedge, Inspiration ta adapt the concept.

During the summer it Is Important fo think what 1o test. Since It s hot In the Netherands it might be interesting o dive:
mmgﬂgmem!mgmuﬂg.&p!mqsmmﬁnmumg:gm

IDE TU Diskx - EREA Deportment (7 Gradwation projact bried B study ovenviear [ 2010407 30 Pagubol?
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91



'ﬁ.lDﬂIT't

Personal Project Brief - o= sasior Graduto.

MOTVATION AND PERSONAL AMBITIDNS
Explam winy you 3=d up this propec, what competences you want io prove and learn. For example: acquied competences from yoer
M progamme, the electivs semesier, extrz-oumioular actavities [eic.) and pont out the mmpetonees you have yet developed.

iy, desorbe which personal leaming ambetions puuplnﬂfmrtluaﬂ':z in this project, on top of the Ieaming chipctves
of the Gradwion Project, such 2= in depth nowisdge 3 on specific subject, boadening your competeances or experimenting with 2
specific tool and/'sr methodology, . - Stick fono more than fe ambitions:

In the past years, | naticed 2 big change In tempesatures In the Metherands. Rotterdam naw has to deal with hot
Ibeina .ldlt'hmuldmnﬂm:ﬂmiﬂh Insultion.
Wmnmnﬁadhmmnm I:lllgm cqnhl:u:lh)unuleI‘l:'cirﬁz
rrakes Impact om my health, work, studies and etc. lmnbﬂhuphip*ﬂmpjnn‘:mwﬁw
profblem but it influences us all and | do believe that & s o

My first year onomy masters, Mee had the apportunity b wark on projects that were relited on Fuman centered design.

e developed Indemest on human Imesartian. serond Fwe Inveemaed myy time it
leaming od it sﬂzmn&:ﬁmmhp«ﬂn&u

leaming gave understanding of the base of cumen Al , Gave Insights on new:

trends whereas health and pavchology b beharvior, Bath expertise fiekis
mulh:hﬂ'lgm!:mpmchn gmn':m strmane: Ity hurman behavice. ﬂ“:
project it could mezn trat | can develop a product that b static where the user b 2ble fo costosnize functions (o thelr

ﬂﬂubdﬁgﬂ:&dﬂ“rﬂmﬁdm hbch\ﬂ:n'l:.ﬁnpmth The human skie

Personal leaming ambitions | explicty want to address In this project:

1.Gain In depth kncwledige on themal comiort and amthing related to akeady sxbiing themal systems to
Innowatians

2Tc keam: trat kads to snengy

3. To leam form Basche

4.To keami mdntm.dmﬂ:'h%hﬂﬂm
5. | wonid like todo more co-creation sesians and dive Into the User-Centered Deuign appeach

FIMNAL COMMENTS

In a3z your project brief noeds final comments, plezse add oy information you think & relevant.

IDE TU Dkt - ESEA Depertment 1/ Grodeation project bried [ study overviers /1 Z018-01 20 Page o7
hifiabs & Mame ML Uknoy Studemt uemiber 4148150

B T T LT IR S
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Rethinking conventional thermal systems
and scenarios and focus more on Personal
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Electrical energy consumption Higher bills due to increased High expectation of innovations but, |

I doubling every 10 years. We should energy consumption both electricity they don’t offer the same level of 1
I consume less but we have more and natural gas (governmental thermal comfort as conventional [
1 electrified products now(electric cars: regulations) thermal systems. We are used to
\ Tesla) our (increasing) comfort. I
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Design Vision

“To design a product that enables a PTC experience available in
-doors and at the same time be more energy efficient.”

The ideal solution space could therefore be a combination of central space heating,
specific location heating and body heating.

In 2015, 196 parties, including the Netherlands adopted the Paris agreement
aiming to limit global warming(United Nations, 2015). The agreement helped to
define laws and strategies for a better future. The Dutch government
(Ministerie van Algemene Zaken, 2021) decided to stop extracting gas from
2022 due to earthquakes in the north of the Netherlands. The Netherlands is
already taking steps to phase out both natural gas and it's CO? emissions.
Households are mostly making use of natural gas for heating, warming water
and cooking. Modern households however are making use of induction heating
for cooking and electrical heating systems for warm water. Gas is mostly being
used to heat up rooms. With the energy transition to sustainable renewable
resources these gas systems will be replaced by heating pumps and other sus-
tainable systems like solar heating etc. Also hydrogen gas is becoming an inter-
esting field. These developments are inevitable
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Environmental conditions

2.

The indoor temperature should be around 18 degrees
celcius.

The ideal relative humidity for health and comfort is
somewhere between 30-50%.

3. Airflow velocity lower than 1-2 m/s.

Human thermal comfort

1. The product should be easily and intuitively adjustable to
thermal needs and preferences.
2. The product should be focused on body parts through which

most heat is lost: head, hands and feet. (however it is still
optional for the user to be flexible and control where to aim.)

3. The product should be able to make the user conscious of
the product temperature but also how they can change it.
4, The product’s material choice should depend on whether it

can prevent or cause local (dis)comfort if it involves touching
it.

5. The product should prevent the user from having to shiver
and sweat.
6. The product is not responsible to conditions as chang-

ing posture, orientation towards the product, putting on/off
clothes.

Heating source

1. The product should use electrical power or chemical power
for heating. In the future there might be more ‘green’ ways of
producing electricity thus a drop in electricity prices.

2. The product should have higher energy efficiency compared
to conventional thermal and already existing solutions
3. The product should take into account safety factors when

using heating sources

4. The product should provide a power range of 150 - 300 W. Com-
parable with a wearable/mobile device.

Heating source

1. The product should use electrical power or chemical power
for heating. In the future there might be more ‘green’ ways of
producing electricity thus a drop in electricity prices.

2. The product should have higher energy efficiency compared
to conventional thermal and already existing solutions
3. The product should take into account safety factors when

using heating sources
4. The product should provide a power range of 150 - 300 W. Com-
parable with a wearable/mobile device.

1. The product should provide at least a delta of 5 degrees in-
crease compared to in-door temperature. One assumption is that
most houses will use a heat pump, the product should be an added
value product considering most heat pumps are efficient and in-
expensive when operating on a constant temperature.
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Appendix B

PMV - Model and paradoxes

The global norms express that the PMV ought to be kept 0
with a resilience of 0.5 to guarantee an agreeable indoor
climate. This implies that the most agreeable warm sensa-
tion ought to be unbiased. Anyway studies show that thermo
neutrality does not necessarily correspond to the desired
or preferred thermal sensation (Hoof et al., 2010).For ex-
ample, when it is exceptionally warm outside, individuals
lean toward a to some degree cool condition went against
to thermo-neutrality. Whenever it is freezing outside, in-
dividuals favor fairly warm circumstances. Simultaneously
there are concentrates on that show disparities among real
and anticipated impartial temperatures (Charles, 2003).
There are theories for versatile warm solace models that
foresee that logical elements and past warm history chang-
es the inhabitant’s warm assumptions and

inclinations. Individuals in warm environment zones would
favor higher indoor temperatures than individuals living
in cool environment zones, which is as opposed to the pre-
sumptions hidden solace principles in view of the PMV-mod-
el.

There are a lot of individual differences that the
PMV-model does not account for, but there are also a lot
of studies that show that the PMV-model is valid for cer-
tain situations. The six variables are proven to have a
big influence on the thermal sensation and therefore it is
important to understand these six variables when designing
an individual comfort system.
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Central Heating Systems(HVAC)

Definition

Heat sources
Central heating systems are part of Heating Ventilation technologies
and Air Conditioning(HVAC) is the technology of indoor
and vehicular environmental comfort. Its goal is to pro-
vide thermal comfort and acceptable indoor air quality.
HVAC system design is a subdiscipline of mechanical engi-
neering, based on the principles of thermodynamics, fluid
mechanics and heat transfer.

Fossil Fuels Renewable En. Multi or Hybrid

i i : . (FF) Sources (RES) (FF+RES)
HVAC is an important part of residential structures such

as single family homes, apartment buildings, hotels and
senior living facilities, medium to large industrial and l
office buildings such as skyscrapers and hospitals, ve-

hicles such as cars, trains, airplanes, ships and subma- JA
rines, and in marine environments, where safe and healthy

building conditions are regulated with respect to tempera-

ture and humidity, using fresh air from outdoors.

:
s____
§
g____
s____
s____

0il
Gas
Coal
Biomass
Air
Water
Waste

An overview of heat sources are presented below(Figure 7).
Because of the energy transition more Dutch households are
deciding to go for sustainable solutions such as electri- | | |

Solar Th
Geo Thermal

cal heat pump systems. Also hybrid systems are becomming

1 17/ ]

Thermal HP Solar Th. Mechanical

Boiler CHP
Collector HP

Figure 7: Adapted version of Heat pump placement, connection and operational modes in European
district heating, Available from: https://ww.researchgate.net/figure/Overview-of-heat-sourc-

es-and-technologies-used-in-European-district-heating-systems_fig4_ 330986269 [accessed 5 sep,

2021]
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Heat Pump (HP)

A heat pump is an economical al-
ternative to traditional boilers.
The technology even produces up to
75% of the heat you need complete-
ly free of charge. The remaining
25% comes from earth or electric-
ity. A heat pump is comparable in
size to a classic floor boiler.
Also available in hybrid versions
in which a boiler and heat pump
are combined. Always use the most
economical function. Operates on a
low temperature regime. That re-
quires a well-insulated home and

a heat emission system that works
at a low temperature. A heat pump
extracts heat from a heat source
(soil, air, groundwater) using
collectors. A coolant transports
this energy to a compressor. The
advantage of the coolant is that
it reaches its boiling point and
evaporates at a low temperature.
The vapors in the compressor are
compressed until they have reached
a higher temperature than the air
or water used to heat the house.
The compressor is the only part of
the heat pump that consumes that
energy.

Going from Natural gas
based boilers to electri-
cal heat pump systems.

A short overview of how
they work.

This heated vapor then
ends up in a condenser.
Here the vapor gives off
its heat to the heating
system of the home.

A heat pump extracts heat
from a heat source (soil,
air or groundwater) us-
ing collectors. A coolant
transports this energy to
a compressor. The advan-
tage of the coolant is
that i1t reaches its boil-
ing point and evaporates
at a low temperature.

2. In the compressor,
these vapors are com-
pressed until they have
reached a higher tem-
perature than the air or
water used to heat the
house. The compressor is
the only part of the heat
pump that consumes energy
(electricity or natural
gas)

3. This heated
vapor then ends

up in a condens-
er. Here the vapor
gives off its heat
to the heating
system of the home

4. An expansion
valve lowers the
pressure of the
vapor and cools it
down again to a
liquid. It is then
sent outside again
to evaporate,
after which the
whole process can
start again

BOSCH

Compress

ion
== —3 (===
| |
| |
g I

evaporation condensation

Expans
ion
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1. Performance

Highly depended of working principle,
laws of thermodynamics(heat transfer) and
total system.

Safety

How safe are these technologies for
humans and are there any safe

Complexity

Performance

Safety

Complexity

Energy Efficiency/Power Consumption

Availability

Costs

Energy efficiency/Power Consumption

Most central heating systems are given a
so-called Energy Label. Unfortunately
personal heaters don’t have an energy
label.

Availability

To what extent are theses technologies
available

Costs

Cheap/expensive purchase costs compared to

energy costs

Performance

Safety

Complexity

Energy Efficiency/Power Consumption

Availability

Joule
Heating

Explanation:

Joule heating is the
process by which the
passage of an electric
current through a
conductor produces heat.

x.
@ Radiant
Heaters

Explanation:

Imitates the sun. The heat
is emitted only when the
rays hit a surface.

Infrared
Radiat

Explanation: 10N

Three components: an
emitter. a heat
exchanger(copper) and a
fan that blows air to
spread heated air.

0O
Chemical
Energy

Explanation:
Disposable chemical pads
employ a one-time
exothermic chemical
reaction.

IR

< light bulb
Explanation:

It is an (emitting) heat
source that uses the
principles of radiant
heat to transfer radiant
energy to an object.

Incandescent

g e
S o/ Waves
Explanation:

A microwave (oven) passes
microwave radiation at a

frequency near 2.45 GHz
through food.

Solar
Heating

Explanation:
Solar heating systems use
heat from the sun to warm
central water systems for
radiators.

Body
Heat

Explanation:
The human body loses heat
mostly due to
radiation(65%). Making
contact can provide thermal
comfort

o Solar
Ld
. Electricity

Explanation:

Solar power is energy
from the sun that is
converted into
electrical energy.

([l Thermal
J) Mass
Explanation:
It is an (emitting) heat
source that uses the
principles of radiant

heat to transfer radiant
energy to an object.

Kinetic
Friction

Explanation:

when surfaces in contact move
relative to each other, the friction
between the two surfaces converts
kinetic energy into thermal energy.

Induct
ion

Explanationheaters
Heating by passing
through an induction
coil that creates an
electromagnetic field.
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Appendix C

Transparant heating

Transparent heaters make use of Geomatec's thin-
film technology and are mostly used to prevent
dew condensation and accumulation of snowfall and
frost on objects that require high transparency,

Transparent conductors
(Heating Layers)

Electrodes

such as cameras and windows. They are perfect for y 7)) eusbw
environments that require temperature controlled p . s e
surfaces.

Maintaining consistent temperature across the en-
tire surface

Applicable to not only flat surfaces but a va-
riety of other forms, including curved and
semi-circular surfaces

Freely customizable to meet conditions such as
maximum generated temperatures of 350.

Applying it to room furniture, stand-alone design
that blends into the room as a design. Since most
heaters have noticeable aesthetics a transparant
design gives a rather futuristic aesthetic to de-
sign. Onyl downside of the idea is that the user
needs to make physical contact with the film. By
applying the transparent conductive films and ITO
films that are Geomatec's specialty to substrate
materials like glass and attaching metal elec-
trodes to conduct electricity, it is possible to
create special materials that are transparent and
yet generate heat.
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Heat projector mechanism

This idea is comming from the working prin-
ciple of an overhead projector. An overhead
projector(figure ..) uses light to project
an (enlarged) image on a screen. Initial-
ly the displayed image is comming from a
piece of paper laying on top of projector.
Imagine replacing the light source by an
infrared heating light source. Secondly re-
moving the top part(where the piece of pa-
per lays on) and adding an interactive dim-
mer to the device. By decreasing/increasing
the distance of the heating source the
projectected area(screen/image size) can be
varried. Secondly the dimmer can act as a
way to lower/higher the set temperature.

The heat projector can heat a person on
demand and can aim at body parts: hands,
arms, chest and back. Increasing the sur-
face area to preheat a couch or a larger
area. The projector turns off automatical-
1y when the user is leaving the ‘heating’
spot.

Nowadays these projector systems are more
advanced. In the television/media and auto-
motive industry(head lights) DMD’s ( digi-
tal micor mirror device)

(Ni) uerssnes
v

wseed uoneinuRsOlOY
Bujjonuos sanduwod

(1n0) do3 yer3.
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Foldable structures applied on flexible
radiated structures

Flexibility and controllability are both factors that are
part of the design input. The definition of flexibili-
ty: the ability to be easily modified. Controllability
means the ability to be controlled or managed. How can a
design(shape and function) comply with flexilibity and
controllability? There are ofcourse many possibilities to

comply and adress both of these factors in product design.

One particular design direction had always interested me
and has already have many applications in engineering:

origami, art of paper folding, which is often associated
with Japanese culture. The artform is most known to fold
and create planer sculpted figures like a crane(Figure 9)

Most known application on the engineering field is in
space engineering: organizing luggage for space travel,
increasing flexibility(product shape) of spatial struc-
tures, and improving the accuracy of robotic motion(prod-
uct function). Even with the art’s history, major en-
gineering applications have come within the past 40-50
years.

Some terms that are common in origami must be introduced:
A crease is a fold, either convex (mountain) or concave
(valley). Collectively, all the creases make up the crease
pattern. The folded state is the end result of some fold-
ing motion. In Figure 9 a Miura-Ori crease pattern is
shown. Based on this crease pattern a space satellite has
been made by nasa.

\/

figure: Folding a flat piece of paper into a 3D shape: crane.

figure: The space satellite with the solar panel that folds. It

uses the Miura-Ori base. (Courtesy: National Science

Foundation, source: waw.nsf.gov)

Figure 9: Folding a flat piece of paper into a 3D shape. Miura-Ori
crease pattern. Based on this crease pattern a space satellite has been
designed by NASA
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Appendix D

History of Infrared Heating

The passageway is constructed of strips of heat insulating During World War II infrared heating became more widely used and recognized. The main applications were in the metal
material composed of fibrous aluminum oxide and silicon finishing fields, particularly in the curing and drying of paints and lacquers on military equipment. Banks of lamp
dioxide and having the consistency of a feltlike cloth and bulbs were used very successfully; though by today's standards the power intensities were very low, the technique
being capable of withstanding temperatures up to wup to 1260 °C offered much faster drying times than the fuel convection ovens of the time. After World War II the adoption of

Such a material is sold under the trademark "Fiberfrax' by infrared heating techniques continued but on a much slower basis. In the mid 1950s the motor vehicle industry began
Carborundum Co. to show interest in the capabilities of infrared for paint curing and a number of production line infrared tunnels

came into use.

Patented Feb. 16, 1971
73) Assignee Infra-Red Systems, Inc. Carborundum Co.

“A3W0IIMUZ"

White, Jack R. Herschel and the Puzzle of Infrared. Tech. 3rd ed. Vol. 100. N.p.: n.p., n.d. Research Port. Web. 16 Apr. 2013.

Arnquist, W. "Survey of Early Infrared Developments." Proceedings of the IRE 47.9 (1959): 1420-430. Print.

Technology Guidebook for Electric Infrared Process Heating, Cincinnati: Infrared Equipment Association,1993. Battelle Columbus Division,
Electric

Belling & Co Philips Infrared heat lamp
type HP-3603 150W / 250V

1900 1930 1950 1966 1969-1970 2000 2010 2020
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IR Panel Teardown

An infrared pannel is decomposed to see what kind of The infrared pannel is controlled via a cable dimmer. The
functional and interactive parts there are. The infrared user must physically interact with the device. The user
cable/wire is the most functional part and is divided needs to be close and turn/tiwst to aim in the right di-
all over the surface area. The warmth is felt at a rela- rection so that the pannel reaches it warmth to the user.

tively close range: @ - 30 cm

Insulated

Soft white infrared cable,
foam with tape covered with
that sticks on concealed
the surface. Insulation silicone jacket

ensures that for longer life.

90% of the

heat is Specially

radiated to developed hard

the fron of plastic in which

the panel the electrical

element is
sticked on to it
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IR Heating film testing

These type of foils are nor-
mally used for putting it
under carpet or laminate
flooring.

The heating film (250 mm x
500 mm x 0.1 mm)consists 17
nanotubes(10 mm x 42.9 mm),
the whole sheet consumes 0.13
A. The voltage is 228.7 V
meaning the whole power drawn
from the sheet is (P = V x I)
29.7 W resulting in a mea-
sured core temperature of 40
°C. The resistance measured
along each tube is approxi-
mately 103 Q.

The heating film, with
current sheet measure-
ments and thickness is
only able to provide
comfort by making direct
contact or being literal-
ly close to it. Measured
from current air tempera-
ture(23 degrees celcisu)
the heat is only felt at
a distance approximately
1 -3 cm.

The surface of aluminum has
the ability to reflect 95%
of the infrared rays which
strike it. Since aluminum
foil has such a low mass to
air ratio, very little con-
duction can take place, par-
ticularly when only 5% of the
rays are absorbed.
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Heating film characteristics and design
parameters

The flexible and transparent heating film is composed of
polymer-graphite composites: poly(methyl methacrylate)

and polybutene composites containing graphite. These films
are stacked graphene films using a roll-to-roll method and
prepared. Based on a study on the Heating Characteristics
of Films Prepared with Polymer-Graphite Composites(Kim,
2019), heating films exhibited stable heating performance
under continuous use condition of 200°C or less. The sheet
resistance of the film decreased with the increase of the
film thickness and the graphite content added to the film.
By decreasing the heet resistance a higher temperature
range is assured.

Carbon materials such as graphite, carbon nanotube, carbon
fiber, and graphene have high conductivity and excellent
mechanical properties and are applied in the fields where
lightweight and high-performance composite materials are
required.

In particular, these films are mechanically stable against
large bending deformations, which is suitable

for automobile defogging/deicing systems and heatable
smart windows.

This research was supported by the Basic Science Research Program through the National Research Foun-
dation of

Korea (NRF) funded by the Ministry of Education

(no. 2017R1D1A3B03034728). This work was also supported

by the Korea Basic Science Institute (KBSI) National

Research Facilities and Equipment Center (NFEC) grant

funded by the Korean government (Ministry of Education)(no. 2019R1A6C1010045).

Polymer/Graphite
composite

material

Cupper

material that

can be
connected
with phase
wire

Singlewalled

carbon nanotube (SWNT)
/silver nanowires

108



Testing with folding

The purpose of this test to
get an idea on what’s happen-
ing with physical fold lines
when having a “high” number
of folding-cycles. The ini-
tial test was done with pa-
per. The test was done both
on thin paper

Origami

Experiments in light-
weight and versatile pa-
per actuation using mus-
cle wire, a shape memory
alloy (SMA) that con-
tracts when heated with
electric current.

Qi, Jie and Buechley,
Leah. In Proceedings of
the SIGCHI Conference on
Human Factors in Comput-
ing Systems (CHI '12).
ACM, New York, NY, USA,
749-752.
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Criteria for Concept selecting

Criteria (weight) :

1. Viability ( ability to work successfully)
2. Customizability ( the ability to customize
to users needs)

3. Feasibility ( the state or degree of being
easily or conveniently done )

4. Durability (the ability to withstand

5. Environment / Material use

6. Cost (estimation )

7. Innovativeness

Reducing the indoor-temperature leads to a
yearly cost saving 20.4% - 31.7% (€115 -
156.72) depending on the type of household,
insulation and ventilation type.

Origami engineering —> Fold-able for pri-
marily ease of use, controllable(user), Flex-
ibility for more use cases,

Product Application
Safety design(electronics and heat)

Manage expectations — surface temperature vs feeling
temperature

Motion detection — User leaves product product turns au-
tomatically off.

Visualisation core product function — Radiation sheet

The COP (Coefficient Of Performance) indicates the effi-
ciency of the heat pump: the ratio between the amount of
energy that the heat pump releases and the amount of ener-
gy that the heat pump absorbs.

The SCOP also called SPF gives the Coefficient per year
over 4 seasons.

With an SPF/COP of 1, the heat pump gives off as much heat
as it uses up in energy. Electric heat pumps for heat-

ing today have a COP between 3.5 and 5: the efficiency is
therefore between 350 and 500 percent. The COP for hot
water is lower (2 to 3.5) because a higher temperature is
required (58 degrees). The return for this is therefore
200 to 350 percent.

110



Appendix E

1.4 Optic aiming for IR heating

The purpose of this experiment is to discover
if an optic device(aiming mechanism) is
effective for developing a personal heater with
infrared heating as a heat source. In order to
get a clear idea on how effective this optic
device will be the most crucial parts: an
infrared heating source(incandescent light
bulb), a lens and an object is used.

The folowing research questions are answered:

1. To what extend will an optic device work for
IR(rays) heating?

2. To what extend are IR heat rays
manipulateable without losing thermal
properties.

3. What are the temperatures over the distance
when a Fresnel lens is used?

Additional questions:

1. What is the thermal absorption rate
distributed over the distance when operating
the IR bulb?

2. How much electrical power goes to IR light
and heat?

In order to execute this experiment an optics
experimental setup has been build at the
applied labs at the faculty of IDE in Delft.
The additional questions help to decide upon
energy efficiency and feasibility.

PHILIPS

Materials:

1

. A reflective box containing a E27 fitting and a
dimmer
. 250 Watt IR Light bulb

3. AC Power source(230 V)

0 N O U

10.

. Fresnel Lens(FL) attached to a mount
a. Silicon Fresnel Lens(SFL)
b. Glass Fresnel Lens(GFL)
. Black piece of cotton (square)
. Skin-like silicone material (square)
. Pannel for mounting 5 and 6

. Flir Exx series thermal camera for creating a thermal

image/video

. Rails system to mount the heating source, the lens

and the object
Multimeter

111



Setup

The experiment setup contains an optic rail
with at the beginning a holder for the infrared
bulb, a lens(in a holder) at the middle and at
the end an object pannel.

The infrared bulb is atached to an E27 fitting
enclosed in a (plywood) with aluminium
reflective tape to ensure all the heat is
directed towards the lens. The E27 fitting is
soldered to a cord dimmer and connected to a
wall outlet(230 V).

Two lenses are used: both of them are fresnel
lenses. Appendix E contains more information
about fresnel lenses. In short fresnel lenses
are used for weight reduction since the
concentric rings are used to increase/decrease
the effect of converging/diverging. Most optic
systems such as a projector make use of fresnel
lenses since they are able to focus an omni-
directional light bulb to a specific surface
area(evenly light distribution). The left one
is made from glass material and the other one
is made of silicon. The glass lens has larger
concentric rings in comparison with the silicon
lens: the silicon lens has a stronger
convergent effect.

Figure : On the left, the glass fresnel lens with larger concentric rings. On the right a
silicon fresnel lens with smaller but a higher quantity of concentric rings. The silicon lens
has a stronger convergent effect.

Variables of interest

In order to answer the research questions, the variables of interest are
defined. Increase of temperature(dT,°C) is the most important variable
since we are dealing with an heating solution. This variable is highly
depended of the power source(P, W) and time(t,s). At last the
temperature over the distance(s, m)/temperature gradient is really
important. The distance is depended on where the heat is projected
on(object pannel distance, cm) and the surface area(A, e¢m2). The heated
surface area is varied by changing the lens location, o(object distance)
vs. i(image distance). The o and the i are part of the optic formula of
f(focal length) and suggests how strong(Optical power) the lens is. In
this experiment the optical image is not of importance. The area of heat
is of importance since the personal heater focusses on a variety of
difference surface areas. A thermal camera is sufficient for conducting
this test. Figure .. a setup is drawn to show the initial process for
conducting this experiment and to define the variables.
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Figure : A handdrawn testsetup for variable exploration. Both the formula as the variabbles
are given(handdrawn).

Measurements

The Flir Exx series thermal camera is positioned on a
fixed surface with a mount. The IR bulb, Fresnel lens
and the object should be fixed. The IR bulb is turned on
for measuring surface area on the object then turned
off. Initial conditions are written down at the start.
Then the camera is turned on. The IR bulb is turned on.
Each measurements is going to take 600 s(10 minutes) to
measure a precise and clear temperature increase at the
source, lens and object(Figure ..). The object is kept
constant for full power 250 watt(100%) 187,5 Watt(75%)
125 watt(50%) . Only two surface area’s are measured:
One surface area is aimed at a typical P95 hand’s
area(DINED). And the other one P95 frontal torso area.

Initial and Environmental Conditions

Both the initial conditions and environmental conditions are
setup and updated throughout the measurements. The Flir Exx
software is used to analyze the temperature gradient. A
single test has been done to calibrate the color gradient
with respect to minimum and maximum temepratures.

....................................................................................................

o(object distance) = 248 mm
I(images distance) = 99 mm

F(focal length) (mm): 55.88 mm
Dimension SFL: 182.5 mm x 182.5
Dimensions GFL:

Area of heated surface = r = 270 mm

P=250W — (I=1,136A U = 220V)

Air speed = 0.3 m/s
Air temperature = 23 °C

Humdity = 35 %

Since a personal heating solution should
focus on human body measurements, two
surface area’s are defined(p95):

Hand Area(HA) = 186 mm x 97mm = 0,018 m?
Torso Area(TA) = 396 mm x 60lmm = 0,237 m?

These surface areas are reached by
increasing/decreasing the o and the
i(changing lens positions)

24.8 °c

Cursor temperature

Cursor measurement Color and Temperature
mapping

113



Results

The total data package is presented in the appendix and as a
zipped file. The data package contains, a thermal video clip
and an image screenshot. The data is analyzed through the
software and imported into excel for creating multiple
diagrams for each measurements. A final diagram is presented
here.

1st measurement 1st measurement 1st measurement

Without Lens With Lens, HA

With Lens, TA

Thermal video/image Data

Photo’'s of setup

Material
observation 2

Material
observation 2

Material
observation 1

Cotton Silicon(trans) Silicon(mat)

IR Temperature
80

60

40

temperature

20

time(min)

The data diagram shows that the silicon fresnel lens has a
significant impact on both increasing and decreasing the area of
heat. The glass fresnel lens has a little or no effect and that
has to do with the small optical power of the lens. However at
the temperature of 50°C the silicon lens starts to react by
expanding leading to bending of the lens in the holder. The glass
lens doesn’t expand at all. With a larger i(HA) the dT = 5,1°C -
6,4°C in comparison to a smaller i(TA). The surface area heats
55% - 65% faster for a larger i(HA) in comparison with a smaller
i(TA). At a P = 250 watt the temperature distribution is 72.1 °C
- 33,2 °C, with the highest temperature close to the source and
the lowest at i = 990 mm(TA). T = 36,2 °C is found on the outer
surface area on the object pannel. On the inner part of the
surface area the temperature is in between 33,2 °C - 40,3 °C.
With the gradient map a temperature
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Measurement Analysis Measurement Analysis

Torso Area Torso Area
P =250 W P=250W
As = 50 cm As = 30 cm

18.0 $FLIR 180 $FLIR

18.0 $FLIR 180 $FLIR

200/ 21.7 °C

180 [ $FUR

Measurement Analysis Measurement Analysis

Hand Area Hand Area
P =250 W P=250W
As = 50 cm As = 30 cm

o JEVRL

18.2 QFLIR 18.2 QFLIR

1101 19.7 °¢

l”l" ||

184 GFLIR 154 GFLIR

15.5, $FLIR
406 24.8 °C

Cotton(1mm)

A\ 4

e o

Silicon transparant(imm)

N4

Silicon matt(1mm)

115



Thermocouple measurements of NIR heating.

At t = 1800 s(30
minutes) atemperature
distrubtion table has
been made with the FLIR
XX series software.
Environmental
conditions: v = 0.3 m/s,
T=23°C, RH. =35 %

At t = 1800 s (30
minutes) it is expected
to have a more steady
temperature distrubtion
from source, air and
object. The object is
neglected, since the
object will absorp heat
which will have effect
on measurement.

The software can analyze
the temperature
increase/decrease over
time when aiming at the
heat source. In the
thermal clips I've
marked areas In which
there is a As of 10 mm
from source to object.
with these markings I've
analyzed and pinpointed
temperatures.

s (mm)

P=250W P=30W

Distance

P=25W P=30W

Distance

P=250W P=30W

NIR Bulb | FIR Foil NIR Bulb | FIR Foil NIR Bulb | FIR Foil
T(°C) T(°C) (mm) T(°C) T(°C) (mm) T(°C) T(°C)
0 72.1 °C 45 °C 230 52.1 °C 23.2 °C 460 30.5 °C 23.2 °C
10 71.9 °C 30.3 °C 240 51.3 °C 23.2 °C 470 30.1 °C 23.2 °C
20 70.6 °C 28.7 °C 250 50.2 °C 23.2 °C 480 29.8 °C 23.2 °C
30 70.2 °C 27.2 °C 260 49,5 °C 23.2 °C 490 29.2 °C 23.2 °C
40 69.8 °C 24.2 °C 270 52.5 °C 23.2 °C 500 28.9 °C 23.2 °C
50 69.5 °C 23.2 °C 280 50.5 °C 23.2 °C
60 68.9 °C 23.2 °C 290 48.5 °C 23.2 °C
70 68.5 °C 23.2 °C 300 46.5 °C 23.2 °C
80 68.4 °C 23.2 °C 310 44,5 °C 23.2 °C
920 67.2 °C 23.2 °C 320 42,5 °C 23.2 °C
100 65.7 °C 23.2 °C 330 40.5 °C 23.2 °C
110 63.4 °C 23.2 °C 340 38.5 °C 23.2 °C
120 63.8 °C 23.2 °C 350 37.5 °C 23.2 °C
130 62.7 °C 23.2 °C 360 36.1°C 23.2 °C
140 61.6 °C 23.2 °C 370 35.5 °C 23.2 °C
150 60.9 °C 23.2 °C 380 34.7 °C 23.2 °C
160 59.8 °C 23.2 °C 390 33.9 °C 23.2 °C
170 58.7 °C 23.2 °C 400 33.3 °C 23.2 °C
180 57.4 °C 23.2 °C 410 32.7 °C 23.2 °C
190 56.4 °C 23.2 °C 420 32.1 °C 23.2 °C
200 55.4 °C 23.2 °C 430 31.9 °C 23.2 °C
210 54.4 °C 23.2 °C 440 31.1 °C 23.2 °C
220 53.4 °C 23.2 °C 450 30.9 °C 23.2 °C
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It is expected that lens(material), object
and the human skin will react to NIR heat-
ing. With literature research there is an
important

The following materials are of interest:

Lens material: glass vs silicon. What will
happen with the lens at fixed position for
a long time. The temperature at 300 - 600
- 1200 and 1800 are compaired for each
distances.

Clothing material vs human skin(silicon
sheets). Since the aim is to warm people
heat exposure is important to analyse.
What will happen to clothing and what will
happen to skin?

Three material observations

Black colored nylon 30% and cotton 70% piece of

cloth.

Transparant/skin colored Silicon skin like sur-

face material

Multiple silicon sheets with various visual prop-

erties.

All tests are conducted with one lens and one position set-
up. The test took 1 hour for each piece of sheet material.
After 1 hour the IR bulb was turned off. The temperature at
that time(t=0) is measured and the temperature decrease over t
is also measured. All these measurements are collected into a
single file datasheet.

Based on the measurements, the black colored material was
staying at a temperature of 40 degrees celcius signifi-
cantly longer than( more than 10 minutes) after shutting
off the IR light bulb. The color or material properties
didn’t change because of the color of the near IR spec-
trum. The skin colored material had a temperatre of 34
degrees celcius after shutting down the bulb. Compared to
the black sheet it had a lower effect
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b) Theory and Calculations

Requirements

Requirement: The product should be able to provide
additional heat within the range of 30-50 cm.

Requirement: The product’'s powerconsumption should
be in the range of P = 100 watt - 200 watt. The
Irradiance has a range of E = 50 Wm-2 - 80 Wm-2

Inverse Square Law

If at a distance of one meter from a point
source an object receives 1 W/m2 of
radiative energy, then at a distance of 2
meters the same object will receive 0.25 W/
m2 of energy. That's true for a
monochromatic point source as well as for a
blackbody, and comes exclusively from

geometry.

In science, an inverse-square law 1is any
scientific law stating that a specified
physical quantity is inversely proportional to
the square of the distance from the source of
that physical quantity. The fundamental cause
for this can be understood as geometric
dilution corresponding to point-source
radiation into three-dimensional space.

Many concepts in physics can be explained by the
inverse square law. In this project the focus will be
on infrared radiation. The radiation intensity from a
point-like source(omnidirectional) with unlimited
range, which effects in all directions, in a specific
distance r is equal to the quotient of the power to
the surface of an imaginary sphere with radiant r. I
is the intensity in r distance, that corresponds to a
surface A. At a 2r distance the same amount of energy
pass through the surface 4A. So the intensity becomes
I/4 etc.
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Requirement: The product should be able to provide additional
heat within the range of 30-50 cm.

Requirement: The product’s power consumption should be in the
range of P = 100 watt - 200 watt. The Irradiance has a range of E
= 50 Wm-2 - 80 Wm-2

Stefan-Boltzmann Law

c.3 Inverse Square Law and Lambert’s Cosine Law

The inverse-square law is any scientific law
stating that a specified physical quantity is
inversely proportional to the square of the
distance from the source of that physical
quantity. The fundamental cause for this can be
understood as geometric dilution corresponding
to point-source radiation into three-
dimensional space. Since the power range is
going to be between 300 - 100 W

Inverse Square Law

Inverse Square Law Lambert’s Cosine Law
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1.3 Heating film testing
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c) Product Architecture

Core technology

« IR radiating elements

» Two sheets sandwiching the infrared radiating
elements

» One sheet is IR radiant refelective

» Terminals and cable for power.

Temperature control

+ Cable dimmer
« Temperature input/Increase/Decrease
Aiming
+ Automatized
* Mechanical parts not prefered, weardown/
tear etc.
* Nitinol for unfolding when heating up.
Cooling down results to folding.
+ Manual
» User folds/unfolds as prefered
arrangements.
» Tabletop fold(recht opstaand)
» Tabletop fold( laying back) multiple
directions

Ease of use

1. Physical/Software
a. Cable dimmer
b. On/off
c. Timer
d. Motion sensor
e. Display
i. Current temp from heater
ii. Environmental temp

System Architecture

1. A continuous infrared radiating element
disposed in a passageway(zigzag maze) sheets
and securing them adhesively.

2. Two Sheets that sandwich the infrared
passageway
a. One of them is reflective material,

preferably aluminum or other suitable
light-reflecting materials that 1 covers
the outer surface of one of the sheets, so
that radiant energy is emitted only from
one side of the sheet.

3. Terminals(phase and @ cable)extending
outwardly of the heater.

4. Controlls: Terminals are connected to a cable
dimmer or controllable system.

5. Visual feedback trough LED

Soft
white
foam with
tape that
sticks on
the
surface.

The passageway is constructed of strips of heat insulating

material composed of fibrous aluminum oxide and silicon

dioxide and having the consistency of a feltlike cloth and

being capable of withstanding temperatures up to

°C

up to 1260

Such a material is sold under the trademark "Fiberfrax' by

Carborundum Co.

Patented Feb. 16, 1971

73) Assignee Infra-Red Systems, Inc. Carborundum Co.

Insulat
ion
ensures
that 90%
of the
heat is
radiated
to the
front of
the panel

Insulated
infrared
cable,
covered

. #?th
Specia concealed
developed .

silicone
hard

. jacket for
plastlﬁ_ln

electrical =
element is
sticked on
to it
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Appendix G

Indicatietabel hoekwoning vollast draaiuren per maand / jaar en richtgetal vermogen in Watt per m2 Gebruiks Opperviak
1995-1974 | 1975-1980 | 1981-1989 | 1900-1999 | 2000-2010 | 2011-2015 | 2016-2017 | 2018-2019 | 2020 -
EPC 0,8 EPC 0,6 -RcS | EPC 0,4 - Rc65 |EPC0,2-Re 7) BENG
W/m?2 GO [ W/im? GO | W/m? GO | W/m?2 GO [ W/im? GO | W/m? GO | W/im2 GO | W/im? GO | W/m? GO
mechanisch 100 90 85 80 70 50 45 40 35
Ventilatie | CO2 gestuurd X 85 80 75 65 45 40 35 30
wiw X 80 75 70 60 40 35 30 25
aanpassing | g -10 -8 -7 -6 -6 -6 -5 -4 -2
g v d +10 +6 +5 +4 +4 +4 +3 +2 +1
P 450 382 338 296 258 222 189 160 151
z 444 377 334 292 254 219 187 157 149
357 303 268 235 204 176 150 126 120
> 266 226 200 175 152 131 112 94 90
~ 148 126 111 97 85 73 62 52 50
2< 72 62 55 48 42 36 31 26 24
= 3 3 2 7 7 1 1 1 1
- 15 13 11 10 9 7 6 5 o
(o) 105 89 79 69 60 52 44 37 35
2< 220 187 166 145 126 109 93 78 74
=) 342 290 257 225 196 169 144 121 115
432 367 325 284 247 213 182 153 145
Totaal VL uur | 2854 2422 2146 1878 1634 1409 1201 1012 961
Tabel Betafactor afgeleid van ISSO publicatie 72
bij-verwarming | Vermenigvuldig factor
Beta factor is % van vollast geeft een dekkingsgraad nodig voor voor draaiuren met lager
opstel-vermogen | van totaal warmtebehoefte [ % van de vraag opstel vermogen
0,2 20 59% 41% 2,95
0.3 30 (w;mmwomu 88% 12% 2,933
0,4 40 \’ 5 91% 9% 2,275
0,5 50 92% 8% 1,84
0,6 60 94% 6% 1,5666
0,7 70 95% 5% 1,3571
0,8 80 97% 3% 1,2125
0,9 90 98% 2% 1,0887
1 100 100% 0% 1

le verdieping 43 m?

GO =87+43+10=140 m?

GO = Gebruiks Oppervlak = inwendig vloer oppervlak woning,
daar waar het minimaal 1,5 meter hoog is.

dit hoeft dus niet
meegeteld te worden

zolder 10 m?
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Heating households model
General calculation heating households

General calculation heating households Assumptions

Suppose a house with an active surface areax of the house of
140 m2. Active surface area is defined as the area indoors
where the minimal height = 1.5 m. The indication tabel suggests
that there are houses with different types of ventilation. In
If you have a stand alone house, add 10%; If your home is poorly the example they are foucssing on a house build in 2016 with
insulated, add 15%. “mechanical ventilation”. Keep in mind these examples are
focussed on Dutch houses. In this calculation example a house
with Rc-6 (EPCO,4) (2016-2017) is taken into account where a
fixed number is given of 45 Watt/m2. We then see that
If you want to heat a house of 140 m? at 20°, you need: statistics show that a heat pump in the Netherlands, with type
Rc 6 (EPC0.4); 1201 full load hours per year run in a
monovalent situation and a heat pump with a full load capacity

Heat is currently expressed in kW. To achieve a temperature of 18°
Celsius, you need at least 70 watts per square metre, assuming a
ceiling height of 1.5 metres. Each degree more or less equals 5%.

A calculation example:

1. 14? x 70 (Watt53 = 9.8 kw of 6.3 kW. At 100% deployment and a transmission of 6.3 kW, the
2. 20° means 2 x 5% = 10% extra power output required by the installation. Of the 3 European
3.1,1 x 9.8 = 10.78 kw zones, the Netherlands is in the 'Average Climate’

4.1,15 x 9.8 = 11.27 kw . . .

5.1,20 x 9.8 = 11.76 kW We see an efficiency for heating (supply 35 / underfloor

heating) of 200 % To find the year COP (SCOP) also called SPF
for both, we have to divide it by 40 (European determined
efficiency of a power plant). We then get an SPF for heating of
200 : 40 = 5. Our expected electricity consumption is
therefore: 1513.2 for only heating. The full model can be found
at page 44.

Different energy consumption scenario: How much does the monthly
bill increase if one wants his house at an air temperature of 20
instead of 18 degrees?

For 20 degrees it is 10.78 kW and for 22 degrees it is 11.76 kW o .
Expert suggests that SCOP divide it over the 57% for a

meaning approximately 1 kW difference for 2 degrees celcius. reasonable efficiency scale. 200:57 = 3.5

Energy resources Energy content in MJ (and kwh) EleCtrlcal Pl"lce

The costs per kWh consumed are around €0.24, including 21%

Natural gas per m® 35.17 MJ (= 9.7 kwWh) at above value / using condensation energy > -t
VAT. A kilowatt hour (kWh) of electricity costs a 'bare'

Tel kih = 1 kwh . . . . .

Flektra per K B M (=1 k) consumer about €0.09 including VAT. This price varies per
Natural gas has an energy content which is almost 10 times supplier. In addition, there are fixed rates for energy tax +
higher (per m®) compaired to Elektra. storage of sustainable energy, approximately €0.15 per kWh.
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Financial comparison and
return

HP selection model, the energetic value and cost comparison

The purpose of using the model to calculate both the power consumption and the yearly costs is
to get a glimps of how much an (energy efficient) personal heater would save costs and mostly

to present the financial return when decreasing the in-door temperature(thermostat setting) to
18 °C. The financial return could serve as a way to invest in an energy efficent heater such as

the Ori. Below the calculation is based on a division factor of 5.

2016-2017
Q0
oY
IL
1. 140 m2 x 70 W/m2 = 9800 W = 9.8 kW. 1. 140 m2 x 45 W/m2 = 6300 W = 6.3 kWw.
2. 1634 hours x 9.8 kW = 16013 kwh 2. 1201 hours x 6.3 kW = 7566 kWh
3. 16013 : 5 = 3203 kWh 3.7.566 : 5 = 1513.2 kWh
4, 3203 kwh x 0.24 = €768.72/y 4, 1513.3 kWwh x 0.24 = €363,19/y
1. 140 m2 x 70 W/m2 = 9800 W = 9.8 ki + 1 kW _ _
2. 1634 hours x 10.8 kW = 17.647 kih ;' 1;glmﬁ0EF:SXW;m§ ;w62027g7_k353 K- 1
3.17.647 : 5 = 3530 kwh 3.8767 : 5 - 1753 ki
b EBED L % 020 = GET/Y 4. 1753 KWh x 0.24 = €420.72/y
5. €847.20 - €768.72 = €78.48/y 5. €420.72 - €363,19 - 57.53/y

An increase of 10.2% a year

. 140 m2 x 70 W/m2 = 9800 W = 9.8 kW + 2 kuw
. 1634 hours x 11.8 kW = 19.281 kWh

. 19.281 : 5 = 3856 kWh

. 3856 kWh x 0.24 = €925.44 euro

. 925.44 - €768.72 = 156.72/y

g WON -

An increase of 20.4% a year

Figure XX: HP estimation model for power consumption and costs.

An increase of 15.8% a year

1. 140 m2 x 45 W/m2 = 6300 W = 6.3 kW. + 2 ki
2. 1201 hours x 8.3 kW = 9968.3 kWh

3.9968.3 : 5 = 1994 kWh

4. 1994 kwh x 0.24 = €478.56

5. €478.56 - €363,19 = 115.37/y

An increase of 31.7% a year

Assumptions

with the HP, households model and
using the active surface area(G0)*

A = 140 m2

a yearly power consumption
estimation can be calculated In the
Netherlands relatively new houses
are build from 2000 and up. With a
fixed ventilation(mechanical) a
clear monthly and eventually yearly
hourly useage of HP can be taken
from the model. Earlier, a quick
handcalculation resulted to a

AT = 2 °C an overall P = 1 kWw.

Keeping in mind that is not a strict
rule: depends on multiple factors as
COP of HP and household insulation
that prevents a huge temperature
drop. In figure XX

Note

The effect will be much higher if
more households are considering to
think about their thermostat
behaviour. Especially considering
the power grid pressure due to
electrification.
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Below the calculation is based on a division factor of 3.5.

2016-2017

Q
o)
0’1

"

1. 140 m2 x 70 W/m2 = 9800 W = 9.8 kW + 1 kW
2. 1634 hours x 10.8 kW = 17.647 kWh
3. 17.647 : 3.5 = 5042 kWh

4. 5042 kwh x 0.24 = €1210.08

5. €1210.08 - €1098.03 = €112.05/y

An increase of 10.2% a year

1. 140 m2 x 70 W/m2 = 9800 W = 9.8 kW + 2 kW
2. 1634 hours x 11.8 kW = 19.281 kwh
3.19.281 : 3.5 = 5509 kWwh

4. 5509 kWh x 0.24 = €1322.16

5. €1322.16 - €1098.03 = 224.13/y

An increase of 20.4% a year

Figure XX: HP estimation model for power consumption and costs.
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Personal Heaters

Room heaters are focussed on the volume/area of a room. The
average heater has a P = 1500 W. To compare yearly costs a
quick hand-calculation has been executed below:

Power consumption and running costs assumptions

Suppose the heater is being used only on cold days. Cold days is
generic however we could assume that the heater is being used on
the autumn and winter months. That would be 179 days and suppose
using the heater on a daily basis for 8 hours straight.

t = 179 x 8 = 1432 hours.
Puign = 1.5 kW, Pueim= 1.125 kW and Puw.= 0.750 kw

E = Pusw X t = 2148 kWh — Costs = 2148 x 0.24 = € 515.52/y
E = Pwow X t = 1611 kWh — Costs = 1611 x 0.24 = € 386.64/y
E = P X t = 1074 kWh — Costs = 1074 x 0.24 = € 257.76/y

3 heat settings

Room heater retail price estimation: €67.85 (low/medium/high)
P = 750, 1125, and
Ori running costs 1500 watts

t = 179 x 8 = 1432 hours.

Prign = 0.160 KW, Prsw = 0.140 kW and Puw. = 0.120 kw

E = Phigh x t = 229.12 kwh — Costs = 229.12 x 0.24 = € 54.98/y
E = Pmedium x t = 200.48 kWh —> Costs = 200.48 x 0.24 = € 48.12/y
E =Plow x t = 171.48 kWh — Costs = 171.48 x 0.24 = € 41.24/y

Ori retail price estimation: € 126.20

Annual electricity

ts(heating) in €

Annual electricity vs heating systems

Below a graph has been constructed to compare HP
system at two households(2000-2010 to
2016-2017), personal heater and the Ori. The
comparison seems valid; All heating system use
electrical energy for heating. Though each
system has a different energetic value(heating)
due to heat transfer. The HP and the room heater
for instance offer heating trough Air and is
depended on room area/volume. The ori for
instance offer heating trough radiation. To what
extent is this graph below valid? And is there a
way to make a more realistic comparison? These
questions need to be answered but are not within
the scope of this project.

300 -
J Personal heater
1500 W
250
2000-2010
200 |- Heat Pump
2016-2017
150 Heat Pump +2kW
45 w/m2
2kW
100 -
Ori Heater 1kw
160 W +1kW
0 -
Ori PH HP HP
Active area of 148 m2



The SCOP also called SPF gives the Coefficient per year over
4 seasons.

With an SPF/COP of 1, the heat pump gives off as much heat
as it uses up in energy. Electric heat pumps for heating today
have a COP between 3.5 and 5: the efficiency is therefore
between 350 and 500 percent. The COP for hot water is
lower (2 to 3.5) because a higher temperature is required (58
degrees). The return for this is therefore 200 to 350 percent.

COP Heating vs Ambient temperature

R
)
Q
t
-10 -5 0 5 10 15 20 25 30 35
Tamb, [*C]
Tw (30 °C) Tw (35 °C) Tw (40 °C) Tw (45 °C)
Tw (50 °C) Tw (55 °C) Tw (60 °C) Tw (65 °C)

40

COP - Heat Pump

Theoretical Values

35
Hot

30 Temperature
» 20 (deg C)
30 — 20
20 —30
o
S 15 40 40
10
5
0
-20 -15 -10 5 0 5 10 15 20
Cold Temperature (deg C) The Engineering ToolBox

Figure 9: Engineering ToolBox, (2008). Heat Pumps - Performance and Efficiency
Ratings. [online] Available at: https://www.engineeringtoolbox.com/heat-pump-
efficiency-ratings-d_1117.html

The COP (Coefficient Of Performance)
indicates the efficiency of the heat pump:
the ratio between the amount of energy that
the heat pump releases and the amount of
energy that the heat pump absorbs.
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Appendix H

Working

The Velleman K8064 DC controlled dimmer is
connected to the Arduino. A 47 uF (RC filter)
capacitor in combination with a 22 Q resistor
is connected to get a desired PWM output. the
Arduino’s default pre-scaler value of 64 and

default clock speed of 16 MHz yield a PWM fre- g 7%
quency of: »
16 MHz / 64 / 256 = 976.5625 Hz 3

“ode (PowerPin, OUTEUT);

int reading = 0;
Loop()

= 150) |
< (Powerpin, 0):

re reading <= 20 s temperature == 70)
ite (PowerPin, 64);

if (reading >= 21 ¢ reading <= 39 cc temperature >= 50 cc temperature == 70) [
reading = ¥ 10 write (B 128);
reading = reading << 8;

&s reading <= 100 || vemperature < 70
s):

(

at) (1023 - ) * 10000 / ai]
(log (resistance / 10000) / B + 1 / 298.15) - 273.15;

lay(1000);
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