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Environmental conditions
 

1.	The indoor temperature should be around 18 degrees 
celcius. 

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

2.	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. 



96

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.

Appendix B
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Definition

Central heating systems are part of Heating Ventilation 
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. 
 
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 
office buildings such as skyscrapers and hospitals, ve-
hicles such as cars, trains, airplanes, ships and subma-
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.

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-
cal heat pump systems. Also hybrid systems are becomming 
more affordable. 

Figure 7: Adapted version of Heat pump placement, connection and operational modes in European 
district heating, Available from: https://www.researchgate.net/figure/Overview-of-heat-sourc-
es-and-technologies-used-in-European-district-heating-systems_fig4_330986269 [accessed 5 sep, 
2021]

Central Heating Systems(HVAC)
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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. 

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

Going from Natural gas 
based boilers to electri-
cal heat pump systems. 
A short overview of how 
they work. 

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 it 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

Heat Pump (HP)
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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, 
such as cameras and windows. They are perfect for 
environments that require temperature controlled 
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.

Appendix C

Transparant heating
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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-
ly 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)  

Heat projector mechanism 
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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. 

Foldable structures applied on flexible 
radiated structures 

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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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  up to 1260 °C 
Such a material is sold under the trademark "Fiberfrax' by
Carborundum Co. 
 
Patented Feb. 16, 1971
73) Assignee Infra-Red Systems, Inc. Carborundum Co.

During World War II infrared heating became more widely used and recognized. The main applications were in the metal 
finishing fields, particularly in the curing and drying of paints and lacquers on military equipment. Banks of lamp 
bulbs were used very successfully; though by today's standards the power intensities were very low, the technique 
offered much faster drying times than the fuel convection ovens of the time. After World War II the adoption of 
infrared heating techniques continued but on a much slower basis. In the mid 1950s the motor vehicle industry began 
to show interest in the capabilities of infrared for paint curing and a number of production line infrared tunnels 
came into use.

History of Infrared Heating

Appendix D
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An infrared pannel is decomposed to see what kind of 
functional and interactive parts there are. The infrared 
cable/wire is the most functional part and is divided 
all over the surface area. The warmth is felt at a rela-
tively close range: 0 - 30 cm

The infrared pannel is controlled via a cable dimmer. The 
user must physically interact with the device. The user 
needs to be close and turn/tiwst to aim in the right di-
rection so that the pannel reaches it warmth to the user. 

IR Panel Teardown
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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 Ω.  
 

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.

IR Heating film testing
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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).

Heating film characteristics and design 
parameters
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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

Testing with folding

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 (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. 

Product Application

Visualisation core product function --> Radiation sheet

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

Safety design(electronics and heat) 
 
Manage expectations --> surface temperature vs feeling 
temperature

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

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.

Criteria for Concept selecting
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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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1.3 Heating film testing
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Model for selecting HP 
for Household

Appendix G
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Heating households model

General calculation heating households
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Financial comparison and 
return 
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c) Arduino Program

Working
 
The Velleman K8064 DC controlled dimmer is 
connected to the Arduino. A 47 uF (RC filter) 
capacitor in combination with a 22 Ω 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-
quency of:
16 MHz / 64 / 256 = 976.5625 Hz

Appendix H


