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Abstract – Snowfall in undesired places can cause millions 
of euro in both management costs and lost revenue. This 
paper investigates methods in which snow can be dealt 
with and explores possible solutions from a bio-inspired 
perspective. 

Several concepts were devised and assessed based on 
design criteria. Out of these, two concepts were chosen: 
one featuring an electrostatic pergola, and one based on 
avian incubation. After assessing both concepts, the 
incubation idea was chosen as the winner.  

The concept uses the hot exhaust gasses produced by a 
car engine to keep the roadway free of snow, and in the 
end, was inspired not only by avian incubation, but also by 
the ingenious way nature deals with the challenges of 
oviparity: the Ovipositor. 

 
Index Terms – snow removal, incubation, ovipositor, 

bio-inspired,  car, exhaust 

I.  INTRODUCTION 

In the Netherlands alone, snowfall can cause up to 
thousand km in traffic congestion [1] and results in millions 
of euros of management costs and lost revenue[2][3][4]. In 
nature however, it seems that many of the abstract 
challenges associated with snow-management are 
overcome in rather elegant ways.  

In order to obtain inspiration from nature, the problem 
of snow removal is analyzed and reduced into abstract 
properties and operations. Inspiration was then sought in 
how nature deals with these challenges. 

 

 

II.  PROBLEM ANALYSIS 

Snow can cause significant nuisances. It becomes a 
problem because of its specific physical properties. These 
properties are discussed in part B of this section. 

In order to explore methods of dealing with snow, the 
problem was abstracted to ‘Snow is imminent’, allowing 
for preventative solutions. For this base-problem, an 
‘approach tree’ was created to categorically analyze all 
feasible methods of dealing with imminent snow (see 
figure 1). The tree was designed to be exhaustive, so that 
any possible solutions to the problem statement can fit into 
one of the end-blocks. 

A. Problem Statement 

The first question that has to be asked when removing 
the snow is: ‘why would you want to remove it in the first 
place?’ Snow is inconvenient on several levels: it is 
slippery, it covers ground markings, it impedes movement 
(e.g. doors), etc. These problems mostly occur when 
people want to move from A to B while there is snow on 
the roads. Therefore the following design challenge will be 
introduced:  

 
‘Efficient and safe transport of people through snow 

and ice’ 
 

With the following assumptions: 
 Efficient in terms of money, time and energy 
 People are non-disabled 
 Transport can either be passive (tools, gears, 

walking) or active (vehicles)  
  

 
 

Figure 1: Solution approach tree 



 

B. Physical Properties 

When analyzing the problem statement, it can be seen 
that several physical properties are important for the 
transport of people through the snow: 

 
 Friction   [coefficient] 
 Temperature  [degrees Celsius] 
 Distance   [meter] 
 Speed   [meter per second] 
 Transparency  [percentage] 
 Energy   [Joule] 
 Density   [kg per cubic meter] 
 Snowfall  [cm per hour] 

 
Depending on the concept, all (or some) of these above 

mentioned properties will be dealt with when assessing the 
idea. 

III. LIST OF PERFORMANCE CRITERIA  

The list of performance criteria is a list of requirements 
for the final design. The two main approaches identified 
are ‘In Air’ (preventative) and ‘On Ground’ (remedial). 
These categories both have their own performance criteria. 
With regards to the ‘In Air’ approach, it should be able to: 

 Fully prevent snowfall 
 Operate in the 90th percentile of winter weather 

conditions 
Ideally, it should also be scalable so that it can cover an 

entire urban area (50+ km2). 
The ‘On Ground’ approach actually deals with snow 

and so it has a more extensive list of criteria. The list is 
ordered in terms of importance and logically 
distinguishable groups: 

Performance 
 The concept should be able to transport people: 

a. Passive: min 5 km/h (walking speed) 
b. Active: min 50 km/h (vehicle speed) 

 Energy efficient 
 Should be able to handle 1 cm per hour of 

snowfall.[5],[6] 
 At least 1 person has to be transported by the 

concept. 
Primary costs 
 Less than 30 euro per person per year. 

Environment 
 The product should perform under the conditions 

of snow and temperatures between -15 to 5 
degrees Celsius. 

Safety 
 The concept should be safe. 

Ease of use 
 The concept should be user friendly, non-invasive 

and intuitive.  

These preliminary lists of requirements will be used to 
judge the concepts created in the idea generation and 
concept realization phase. 

IV. IDEA GENERATION 

A. Selection of the concept solutions 

In order to investigate possible solutions, two ACCREX 
schemes were made for each end-block of the approach 
tree (fig. 1): 

 A Technical ACCREX which investigated 
existing manmade solutions 

 A Biological ACCREX which collated methods 
found in nature for dealing with the abstracted 
problems associated with snow 

Exhaustiveness was aimed for when setting up the 
ACCREX regarding technical solutions. The one for 
mechanical solutions for travel over snow for instance, 
became a 9 by 12 matrix with 108 entries. 

For 41 of the 108 combinations, existing machines were 
identified. Of the remaining 67 combinations, 7 were 
deemed as being unrealizable and 60 were left as question 
marks.  

This approach provided a 
good overview of available 
technical solutions for 
dealing with snow. 
Interesting combinations 
were discovered (like a 
human-powered track-driven, 
sled-steered bike, see figure 2) and even more interesting 
non-realized possibilities were uncovered (like a human-
powered screw-driven machine). The biological ACCREX 
similarly provided a useful overview. 

In order to create the concepts, the choice was made not 
to just fill in the missing squares, but rather to think 
outside the box and seek inspiration in nature from 
seemingly unrated mechanisms. 

Because the approach tree branched out into numerous 
possible ways of dealing with imminent snow, the decision 
was made to only focus on 4 approaches (these are the four 
colored blocks in Figure 1). For these four approaches, a 
total of five concepts were created: 

1. Preventing snow from reaching the ground by 
targeting it when it is still in the cloud 
 A: Snow Seeding Concept 

2. Preventing snow from reaching the ground by 
targeting it before it lands 
 B: Electro Static Pergola Concept 

3. Removing snow when it is on the ground by local 
displacement 
 C: Cilia Concept 
 D: Belt Concept 

4. Removing snow when it is on the ground without 
displacement 
 E: Incubation Concept  

These approaches were chosen because they were 
deemed as being unexploited and ripe for creative bio-
inspired concepts. 

 

Figure 2: Snow Bike[7] 



 

V. CONCEPT SOLUTIONS 

A. Snow Seeding Concept 

The Snow seeding concept was developed for the ‘In 
Air’ branch of the solution approach tree. The ‘In Air’ 
branch is a branch that prevents snow from falling on the 
ground. This is either prevention of snow falling from the 
clouds, snow hitting the ground or snow staying on the 
ground. The snow seeding concept is based on the 
prevention of snowfall.  

 
Figure 3: (left) The principle behind the concept. (right) Specks on a 
tomato, showing infection by Pseudomonas Syringae [8] 

 
The Ina protein (produced by the Pseudomonas 

Syringae bacterium) promotes ice nucleation. It is a 
disease that promotes ice nucleation and by this kills the 
plant. However in this case it could be beneficial, since it 
might be possible to use the bacteria to control where it 
will snow. So for instance you could prevent snowfall in 
the cities (where a lot of traffic is).  

B. Electrostatic Pergola Concept 

One of the mechanisms allowing 
bees to hold onto pollen is 
electrostatic adhesion[9]. See figure 
4.  

This was used as inspiration 
behind our ‘Electrostatic pergola 
concept’. Here, a pergola statically 
charges (or ionizes) falling snow as it 
passes through. This charges the snow, which is then 
attracted to anodes that guide it away from undesired 
surfaces, like sidewalks. 

Alternatively, snow can be 
repelled by equally charged 
cathodes. This creates a sort of 
‘force field’ which ideally keeps a 
specific area free of snow buildup. 

The disadvantage of this concept 
is that it requires extensive 
modifications to the existing 
infrastructure. Furthermore, it is a 
preventative measure and therefore 
cannot be used once snow is already 
on the ground. 

The advantage is that it does not consist of any moving 
parts and is therefore less vulnerable to malfunction and 
freezing weather. 

 

 

C. Cilia Concept 

When looking at how nature 
moves mass, the cilia principle 
stands out. Cilia are tiny 
perturbations in larger cells that 
act like fingers to move matter 
past the cell. They can be found 
in a large variety of organisms, 
from bacteria to mammals. In 
the human body for example, 
the windpipe is covered in cilia 
which move mucus and dirt up 
and away from the lungs.  

This principle was turned into a concept which can be 
used to clear man made surfaces of snow (and other 
debris): the cilia concept. Here, one might imagine 
sidewalks and maybe even roadways covered in 
engineered cilia, which move snow, ice and grime away 
from where it is undesired. 

Such a device would have to withstand being walked or 
driven on, and has to operate in subzero temperatures. 
Furthermore, it would need to be able to move wet chunks 
of snow and ice quite fast if it needs to keep up with heavy 
snowfall. 

D. Belt concept 

One of the issues when removing snow is that pushing it 
aside gradually gets harder due to the build up of snow. 
Furthermore, compressing snow and the actual shifting of 
the snow over surfaces costs a lot of energy. The idea for a 
“belt” concept was inspired by tendon sheaths which 
minimize the friction of tissues sliding alongside 
eachother. What if the only energy required would be 
lifting the snow to a certain height?  

The concept works as follows: a belt with ridges moves 
backwards as fast as the machine itself goes forward, just 
as happens in the tendon sheeth. The belt lifts the snow to 
a certain height, while the ridges prevent the snow from 
sliding backward. At a certain height, the belt tilts to the 
left or right and the snow simply slides off the side of the 
machine due to gravity on top of other snow. There are no 
cumulative effects; when removing a fresh snow layer it 
does not take more energy to remove it. 

 

 

 
Figure 7 Tendon sheath in human finger, tendon sheath principle, and 
principle applied in the concept[13] 

  

Figure 4: A bee picking 
up pollen. [10] 

Figure 5 A Pergola 
covering a sidewalk[11] 

Figure 6 Cilia moving mucus 
in the trachea[12]



 

E. Incubation concept 

The Incubation concept was 
developed during the idea generation 
for ‘non-displacement’. Non-
displacement means that the concept 
should accomplish all tasks of 
removing the snow, without 
physically displacing or moving the 
snow. The only way of doing this, is 
by changing the state of snow. 
Changing the state of snow can be done in different ways: 
either by using a chemical to change the chemical 
properties of the snow, for instance making it into a 
(different) solid material, or trying to change the state of 
the snow, i.e. transforming it into ice or into water. 

The incubation concept is developed for the ‘changing 
snow into water’ principle. Therefore the physical property 
‘temperature’ is very important. If we look into nature, we 
see a couple of solutions to heat something. One of them is 
incubation: animals use their body temperature to keep 
their eggs warm.  

 
Figure 9: Thermodynamic schematic of an incubating duck. The arrows 
indicate direction of heat transfer (towards eggs) 

 
On the road there are also components that deliver heat: 

vehicles. This concept uses these vehicles as heat sources 
to heat the environment. The heat of cars that is released 
can be used to melt snow and to heat up the road. Heating 
up the road is useful as heat buffer.  

VI. CONCEPT SELECTION 

During the concept phase, five concepts were made. The 
elaboration of the concepts was not that high, however 
already a couple of concepts could be dropped out in this 
first phase. After this first rough selection, two concepts 
were left. These two concepts were further developed, 
before choosing a final concept. 

A. First selection 

For the selection of the concepts there are a few 
(qualitative) requirements which were used for the 
decision making. These requirements are: 

1. Field of expertise  
2. Innovation 
3. Time span 
The first requirement has something to do with the field 

of experience of the members of the group. Since all 
members have a mechanical background, the choice was 
made not to significantly deviate from said discipline. The 

second requirement is a term that was a wish of the 
designers. The third one is a requirement due to the fact 
that the time frame of this course was limited and that a 
prototype should be made at the end of the course.  
 

Three of the five concepts did not make the 
requirements. These are listed below. 
 
Snow seeding concept 

The snow seeding is an innovative concept of 
preventing snow, which is based on the chemical and 
thermal reactions of the Ina protein. All the designers have 
a mechanical background as mentioned before, therefore it 
is difficult to elaborate on this concept. The effectiveness 
and the hazards of the design cannot be established 
profound enough due to the lack of chemical knowledge. 
However, this concept is really innovative and further 
investigation is recommended.   
 
Cilia concept 

The working principle of this concept with respect to 
the snow and ice is open to doubt. The concept should also 
move quit fast to keep up during heavy snowfall. 

The possibility of creating a working prototype for this 
concept was judged as being rather unrealizable given the 
limited available resources and time. Because of these 
concerns, the choice was made not to further develop this 
concept. It remains however, an interesting concept which 
warrants further research. Not just for snow removal, but 
for mass transport in general. 
 
Belt concept 

The belt concept did not make it to the next level 
because of two reasons. For starters, it is not innovative 
enough. The other reason is that the profit of reduced 
friction is negligible. This is due to the fact that friction 
between snow and metal as in more conventional snow 
removing devices is most likely much lower than the 
friction in the belt and belt-driving system. The remaining 
profit that snow does not build up in front of the concept, 
does not weigh up to the investment costs of this new 
system. 

B. Elaboration of the two concepts 

After this first rough selection, two concepts were left. 
In this part the elaboration of the incubation concept and 
the electrostatic pergola concept is given. From these more 
detailed designs, a selection is accomplished to find the 
best concept. 
  
Electrostatic Pergola Concept 
 
a. Visualization of the concept 

The first step in elaboration of this concept was the 
question how the concept could be implemented. Since the 
snow has to be ionized, the idea was to ionize it during its 
fall to the ground, so it would be attracted to an anode 
before it hits the ground. The ideas are visualized in Figure 
11 and Figure 12. There will be a net that can be clamped 

Figure 8: A duck 
incubating its eggs 



 

between the lampposts. Another option would be to use the 
sound walls as support. The lamppost of the sound walls 
can also be used as the positive charged parts, which will 
attract the snowflakes. However, since there is already 
electricity involved in the lamppost, which could be 
disturbed by the electrostatic force, it could be beneficial to 
use an extra element that has a positive load. This can be in 
the shape of a sphere, see Figure 12. 

 
Figure 11: Lamppost Concept 

 

 
Figure 12: Sphere Concept 

 
The benefit of using a net that doesn’t capture the snow 

compared to a surface that would capture the snow (like a 
roof) is that the weight of the snow doesn’t have to be 
lifted and the net doesn’t have to be there during summer, 
it can be installed for the winter only. 
 
 
b. Feasibility of the concept 

This concept is reminiscent of a large scale ‘Van-der-
Graaff-generator’. These devices create an electrostatic 
potential by transporting electrons from one end of the 

device to another. This is done by means of a belt. In Figure 

12 the Van-der-Graaff-generator is shown.  
To gauge the feasibility of our concept, a Van-der-

Graaff-generator was acquired and a small test set-up was 
built. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 

The idea of the test set-up was to ionize the snow, so in 
the end it would stick to the hollow metal sphere, or go 
into the direction of the metal sphere. Before using actual 
ice the set-up was first tested with little pieces of paper. 
The set-up was as following: 

1. The participant holds the negative electrode in his 
hand. 

2. This participant also holds the pieces of paper in his 
hand. The idea is that these pieces of paper will get a 
negative charge, since his body guides the 
electrostatic charge. 

3. The Van-der-Graaff-generator is turned on. 
4. The participant lets go of his pieces of paper. 
5. The pieces of paper should go to the positive charged 

hollow metal sphere. 

After using the paper pieces, the same set-up should be 
used for the snow. The final conclusion should give a 
decisive answer if the concept is feasible in terms of the 
amount of electrostatic force and working principle. 

The outcome of the first test (with paper) was already 
sufficient to come to a conclusion. 

After the participant let go of the pieces of paper, the 
pieces did indeed go to the hollow metal sphere of the 
Van-der-Graaff-generator. However as soon as they hit the 
metal sphere, their charges changed immediately from 
negative to positive and therefore they were instantly 
rejected by the sphere (see Figure 13). 

Figure 10: Van-der-Graaff-generator 
1) hollow metal sphere 2) upper electrode  4) side of the belt with 
positive charges 5) opposite side of the belt with negative charges 8) 
spherical device with negative charges, used to discharge the main 
sphere [14] 



 

This outcome could be called beneficial, since it is 
possible to direct the pieces towards a certain place. 
However during this first test, the participant was standing 
about 40 cm from the Van-der-Graaff-generator. So the 
experiment was repeated with a distance of about 80 cm. 
This time not all pieces of paper were drawn towards the 
device. The effectiveness was much lower.  

 

 
This last experiment showed that the electrostatic force 

should be really high to attract the snowflakes from larger 
distances. The static electro charge generated by the device 
during the experiment was already high and it was very 
uncomfortable to stand close to the device, as it generates 
shocks, which can even be painful. 
 
Incubation concept 
a. Feasibility of the concept 

For the efficiency of cars, this report uses 25 percent, 
which is a realistic value. The other 75 percent is lost in 
friction, coolant and exhaust gasses. 40 percent of the total 
energy is released in the exhaust gasses, see Figure 14. 
This heat can be used to melt snow.  

 
Figure 14: Energy division of cars [15] 

 
Assuming a car on gasoline with a consumption of 1 

liter to drive 15 km, the energy that can be used to melt the 
snow can be calculated by making some assumptions. 
Assuming a speed of 10 m/s, width of road 2 meter, 2 
seconds interval of cars, 880 W/m2 is available to melt 
snow. If we can have a 15 percent efficiency to conduct the 

heat to the snow, 1 cm snow per hour can be melted on 
busy roads (1200 cars per hour). See table 1. 

 
 
Based on these preliminary calculations, the incubation 
concept was deemed as being feasible enough to warrant 
further research. 

 
b. Visualization of the concept 

The incubation concept makes use of the energy-loss of 
the motor. The heat from the exhaust is used to heat the 
roads and melt the snow. For the incubation concept a 
couple of ideas were visualized. The main requirements 
used for the concepts were the fact that the existing cars 
should not need a lot of adjustments in order to install the 
concept. A second requirement follows from the first one, 

Fuel       

Volume  1  L 

Heat of combustion  33000  J/cm3 

Energy in exhaust gasses  0,4  [factor] 

13200000  J/L 

        

Car       

Fuels consumption  15  km/L gasoline 

Energy available  880  J/m road length 

Contact width road  2  m 

Energy available   440  J/m^2 

Driving speed  10  m/s 

Time for 1 m  0,1  s 

Capacity   4400  W/m^2 

        

Total       

Average car length   5  m 

Time ‘between’ cars  2  s 

Space in between cars  20  m 

Car factor  0,2    

Car capacity   1440  Cars/hour 

        

Total input power  880  W/m^2 

   

Snow       

Snowfall  1  cm/hour 

Density of snow  100  kg/m^3 

Mass snow  1  kg/hour 

Melt energy   333,6  kJ/kg 

Energy to heat up  41,7  kJ/kg 

Energy needed   375,3  kJ/kg 

Power needed  104,3  W 

        

Efficiency heat transfer  0,15    

Heat to snow   132  W/m^2 

End factor  0,79    

        

Cars needed  1137  Cars/hour 

 

Figure 13: (Left) Tester releasing confetti ‘snow’, which is attracted 
to the shere. (Right) As soon as the 'snow' touches the sphere, it is 
again repelled away from it. Note that the tester was holding the 
negative electrode and the 'snow’ was therefore oppositely charged 
than the sphere when realeased. 

Table 1: Thermodynamic Calculations for the Incubation Concept. 
The yellow fields indicate inputted data. 



 

since the catalyst under the car also uses the hot air from 
the exhaust, the concept should be connected to the 
exhaust after the catalyst. 
 

The concept all show some characteristics, involving the 
following features: 

 Place under the car (front, back, middle, whole) 
 Direction of hot air (against, along or 

perpendicular of driving direction, or downwards) 
 Additional protection against driving wind 

Concept 1 – Frame concept 
This concept is based on a sprinkler. The frame will 

have several holes. By the pressure of the air that is blown 
through the frame, the air will come out of the holes and 
heat the road.  
 

 
Figure 15: Concept 1: ‘Frame concept’. Perforated tubes direct hot 
exhaust gasses towards the road surface. It can be placed either behind 
(left) or in front (right) of the catalyzer. 

 
The concept has the following characteristics: 

 The concept can be used in the front and the back 
of the car 

 The air is blown downwards 
 There is no additional cover against driving wind 

Concept 2 – Air cushion 
The air cushion concept is a bag that fills itself with air 

from the exhaust. The bag will be connected to a valve on 
the exhaust pipe. The remaining part of the cushion can be 
clipped under the car, so it will be steady. The cushion has 
several holes, which will blow out the hot air of the 
exhaust. The bag only has to be under the car during 
winter, so during summer it can be easily removed. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

The concept has the following characteristics: 
 The concept envelopes the whole car 
 The air is blown downwards 
 There is no additional cover against driving wind 

Concept 3 – Hood concept 
In this concept the exhaust after the catalyst will be 

connected to a ‘hood’. Hot air will be blown with pressure 
from the hood onto the road. 

 
Figure 16: Concept 3: Hood concept 

 
The concept has the following characteristics: 

 The concept covers the back of the car 
 The air is blown perpendicular to the driving 

direction 
 There is no additional cover against driving wind 

Concept 4 – Ventilation concept 
The ventilation concept has horizontal slats like a 

louver. These slats are beneficial for the flow of air. 
 

 
Figure 17: Concept 4: Ventilation concept. 

 
The concept has the following characteristics: 

 The concept covers the back of the car 
 The air is blown against or along the driving 

direction 
 There is an additional cover against driving wind 

due to the slats. 

Figure 18: Concept 2: Air cushion. On the top left is the folded cushion, 
followed by the connection between the valve and the exhaust. At the right, 
the car with the cushion is shown. 



 

Selection of Incubation Concept 
The selection of the incubation concept started with 

analyzing the characteristics. This was due to the fact that 
after the development of the concepts, more became clear 
about the benefits and drawbacks of each characteristic. 
 
a. Place under the car 

The main decisive factor for this aspect is the catalyst. 
Since the exhaust gas needs to pass the catalyst, the 
connection needs to be in the back of the car. Therefore, by 
transporting the air to the front or the middle of the car, a 
lot of energy will be lost. Using the whole bottom of the 
car will demand a lot of exhaust gases, which is simply not 
feasible. 

On the other hand, it could be beneficial to keep the hot 
air under the car as long as possible. Therefore it is 
necessary to pay attention to this fact when placing the 
concept in the back of the car. The best solution is placing 
the device right behind the catalyst. Ideally, the hot air 
should be prevented from escaping. This is looked into in 
the d. section below. 
 
b. Direction of hot air 

The direction of the hot air has a couple of points to take 
into account. First of all, the optimal temperature of the 
exhaust should be taken considered. Secondly (but not 
unimportant), the primary function of the exhaust: 
removing the hot waste of the engine. For this second 
function it is very important that the exhaust gases can 
flow out of the exhaust pipe without a lot of obstruction.  

Therefore, the option of blowing out against the wind 
direction is not a good solution. For an optimal transfer of 
heat to the road, the hot air should reach the road as fast as 
possible. The best solution is therefore the downwards 
direction of hot air, with some sort of protection. 
 
c. Air stream delivery 

The most benefit of the energy from the exhaust gases 
will be found when the stream of air can reach the ground 
as soon as possible, without losing temperature. At this 
point, the choices that were made in regards to the air 
delivery are: back and under of the car device placement, 
downwards stream, and additional protection. This 
corresponds to concepts 1 (at the back, see Figure 15, left) 
and concept 4. 
 
d. Additional protection against driving wind 

Next to the delivery concept, the biggest problem which 
remains is insuring that the hot air actually reaches the 
road surface. To solve this problem, we once again take a 
look at nature. Because the ‘Incubation’ concept is based 
on how birds handle their eggs, it is only obvious that we 
take a careful look at how nature deals these precious, yet 
delicate objects. 

Several oviparous (egg-laying) animals, like fish and 
certain insects, need to carefully deposit their eggs. They 
do this by means of an ‘ovipositor’, which is essentially a 
long hollow tube. This appendage is used to safely guide 
the fragile eggs to where they are desired. This is rather 

similar to the ‘incubation’ concept, where hot air is 
analogous to eggs. 
 

 
Figure 19: The grasshopper uses its ovipositor to safely place its eggs 
away. [16] 

  
With the ovipositor in mind, we can imagine a technical 

solution based on this concept. A flexible tube could safely 
guide our hot air stream down towards the road, where it 
can ‘hatch’ into a snow-free driving experience for the 
winter commuters. 
 
Chosen visualized concept 

For the chosen concept, several previously mentioned 
features were combined into one. For the technical 
realization of the ovipositor concept, a “tube” made of 
either a skirt or hairs can be imagined. This “tube” is not 
really a tube however, but rather a square enclosure. The 
final concept combines the “frame concept” (which places 
the system behind the catalytic converter) and the 
‘ventilation concept’. Additionally, it takes note from 
nature’s ovipositor and features a flexible enclosure to 
prevent the hot air from escaping. 

One key consideration is that the enclosure, be it a skirt 
or hairs, should be flexible enough to deal with road 
bumps and especially snow: It should not act like a snow 
shovel. 

 
Figure 20: Final Concept: Ovipositor Incubation design 

 
 

 
Figure 21: Implemented Final concept [17] 

 
 



 

With the introduction of the ‘ovipositor’, the problem of 
hot air getting blown away by wind is now significantly 
reduced. 

VI. FINAL CONCEPT 

At this stage, the two selected concepts (Pergola and 
Incubation) have been worked out to a detailed enough 
degree so that one of them can be nominated as the final 
concept. After selection, a prototype of the final concept 
will be built and tested. 

A. Final concept selection 

Based on the tests done with a van der Graaff generator, 
the Electrostatic Pergola concept was deemed as being 
rather unrealistic. Both testers felt extremely 
uncomfortable near the van der Graaff generator when it 
was turned on. It produces an eerie hum and a rather 
unsettling charge that can be felt up to a meter away. 
Furthermore, one accidental touch will cause a painful 
shock and a lasting tingling sensation in the affected limb. 

Additionally, the concept raises serious concerns about 
its effects on electronic devices. The tests described 
previously were performed in lecture hall A of the TU 
Delft Aula. During one of these tests, the room’s Hi-Fi 
sound system was disrupted to the point where several 
speakers kept vibrating, even when the generator was 
turned off and unplugged. The whole sound-system 
required a hard-reset. 

In the original concept, snow was visualized as being 
“caught” by electrodes. The tests showed that this would 
be impossible and that the positive electrode would simply 
repel the snow once it came into contact with it. 

Because of these concerns, the decision was made to 
only further pursue the incubation concept. 

It should be noted however that even though the 
electrostatic pergola –as originally visualized— was 
deemed as being unrealizable, it still remains an intriguing 
concept which definitely deserves further research. Instead 
of “catching” snow with electrodes, one might imagine a 
“force field” which guides it away from the road- and 
walkways. Or charged sidewalks which repel snow on 
contact, causing it to gracefully float away and build up 
elsewhere, where it forms less of a nuisance. 

The Incubation Concept proved fascinating and 
alluringly feasible. The decision was therefore made to 
nominate it as the final concept and go forth by bringing it 
into the prototype phase. 

The remainder of this section focuses on the testing of 
the Incubation concept 

B. Working principle 

During the combustion in the engine of a car, a lot of 
energy is produced. Only part of this energy can be 
translated into useful mechanical energy. The Incubation 
concept uses the waste energy that is emitted via the 
exhaust gasses to remove the snow. The transfer from the 
exhaust gases to the snow it optimized by the ovipositor 
principle. The final concept is visualized in figure 21.  

In principle, the concept can be applied to every 
traditionally powered car. A mechanic could install the 
device by connecting it to the exhaust pipe. During the 
summer, the installation can remain under the car. The 
exhaust gases can then either be blown out through the 
device, or routed through the original exhaust pipe. This 
last option would involve a valve that can be opened and 
closed. 

C. Prototype 

The prototype is part of the design process to check the 
working principle of the design or to show what the design 
will look like. Since the Incubation concept is more of a 
functional design rather aesthetic, the prototype should be 
able to show the working principle of the concept. 
Therefore, an experimental set-up was built. A schematic 
of the set-up that was used is shown in Figure 22, while 
Figure 23 shows the actual rig. The set-up contains a fan 
that imitates the wind under the car due to the driving 
speed. The heat gun, which emits hot air, resembles a car’s 
exhaust gases. This device can produce hot air with 
temperatures up to 650 degrees Celsius. The turning table 
is supposed to mimic the road as it passes underneath the 
car.  

 
Figure 22: Experimental set-up: Temperature sensor 1 is placed at a 
distance h vertically below the heat gun. Temperature sensor 2 is placed 
at a horizontal distance a, in the direction of the wind, from sensor 1 
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Figure 23: A: Temperature sensor 1. B: Temperature sensor 2. C: 
Heat gun. D: Fan (position off camera). E: Turning table 



 

By measuring the temperature on top of the turning 
table, while varying the height of the heat gun and the 
speed of the ventilator, estimations can be made on the 
effectiveness of the incubation concept with the exhaust on 
different distances from the road. 

During the experiment three parameters were 
set/measured: 

 Height (h) of the heat gun 
 The speed of the fan 
 Distance (a) between temperature sensors 1 and 2 

For the measurement, the following steps were taken: 
1. Measuring the speed of the fan using an 

anemometer. 
2. Varying the height of the heat gun (10, 15, 20, 25, 

30 cm) 
3. Using sensor 1 to measure the temperature right 

under the heat gun. Four measurements took 
place, each with a different wind speed 

4. Using sensor 2 to find the maximum temperature 
behind the heat gun. Measuring distance (a) at the 
optimum. 

5. Starting again from step 2 until all heat gun 
heights were measured. 

The hot air produced by the heat gun has a temperature 
of 650 ° C. The tests were done at room temperature (22 ° 
C).The results are graphed below. 
 

 
Figure 24: This graph shows the measured road temperature set out 
against the height of the heat gun, for four different wind speeds (Vw). 

 
 

 
Figure 25: This graph shows the distance a where the maximum 
temperature was measured, set out against the height of the heat gun, for 
four different wind speeds (Vw). This is therefore the distance ‘lag’ of the 
heat spot caused by the wind. 

Test conclusions 

First off, emphasis must be put on the fact that these 
tests were designed to be qualitative in nature, rather than 
quantitative. They merely confirm the physics and 
problems which the Incubation concept faces. 

As is clear from the graphs, wind has a drastic effect on 
the hot airstream’s ability to maintain and transfer heat. 
The maximum temperature on the road (turning table) is 
much lower when there is wind involved. However as also 
can be seen from the results is that the optimal temperature 
of the heat gun air is no longer right under the heat gun, 
but the optimum lies behind (in direction of the wind) the 
first temperature sensor (see figure 25). 
These results support our decision to use an enclosure to 
protect the exhaust gasses from the wind. Also it shows 
that it is beneficial to keep the hot air under the car longer. 
It is quite evident that the wind speed, which the 
Incubation device would need to face in real life, could 
render the concept wholly ineffective. Although the hot air 
from an exhaust pipe has a higher temperature than the air 
from the heat gun, the ambient temperature would also be 
significantly colder than in the tests. This, together with 
the higher wind speeds, means that heat loss will occur at a 
much higher rate.  

 

VII. PERFORMANCE ANALYSIS OF FINAL CONCEPT 

Did the final concept meet all of the requirements? 

In section III of this paper, a list of criteria on which the 
final concept was to be evaluated is presented. The 
Incubation concept in itself however, does not transport 
people. Therefore, it cannot be rated based on the 
transportation criterion. It merely retrofits on an existing 
vehicle. Because the device does not hinder vehicle 
performance and usage, or require any additional energy 
source, it scores extremely well in terms of energy 
efficiency and operational cost effectiveness. Installation 
costs however, might be a point of concern. 

In terms of user friendliness, it also scores extremely 
well: its operation does not require any user interference. 

Because the device is rather simple, and does not 
involve any moving parts, operation under extreme winter 
conditions should not present a problem. 

The initial feasibility calculations (Table 1) assumed 
snowfall of 1 cm an hour. Based on this number, which 
was the benchmark set in section III, the concept was 
deemed as feasible. It should be noted however, that at this 
rate of snow, it takes an estimated 1150 cars an hour to 
keep a roadway free of snow buildup. Even though this is 
lower than the maximum road capacity, it is still quite 
high. Therefore, less travelled roads will probably not 
benefit from the Incubation during heavy snowing. 

In terms of safety, the device is not expected to 
introduce any significant risks to automobile operation.  

 



 

Feasibility of final concept 

The Incubation concept does not feature any technology 
which can be considered unrealizable. It is simply a novel 
and creative device to resourcefully use energy which is 
otherwise wasted. The main concerns regarding its 
feasibility are therefore not about technology, but about 
effectiveness. 

In order for the device to be effective, its usage needs to 
reach critical mass: only if enough people adopt the 
technology, will it be effective. Therefore, to further 
evaluate the viability of the concept, it must be looked at 
from a socio-economic perspective. However this falls 
outside the scope of this paper and will therefore not be 
elaborated on. 

Recommendations and further development 

As mentioned previously (section VI-C), the tests 
performed were only for quantitative analysis of the 
physics involved. To properly investigate the 
aerodynamics involved in automotive exhaust redirection, 
more elaborate and precise experiments are required. 

Further development of the concept would also need to 
include material selection, which is something this paper 
has not touched on. 

Besides retrofitting, factory installing the Incubation 
devices for cold climate markets is also an interesting 
concept to look at.  

VIII. CONCLUSIONS 

The design challenge of this paper was  ‘Efficient and 
safe transport of people through snow and ice’. By 
analyzing this problem, a number of possibilities were 
explored to solve this problem in a Bio-inspired manner.  

Based on the preliminary calculations, the concept 
development and the tests, the incubation concept proved 
to be an extremely intriguing idea which most definitely 
warrants further attention. 

The greatest value of the concept is the fact that it 
seamlessly uses energy which is otherwise wasted to non-
invasively assist snow removal. It is this fact, which makes 
it stand out from all the other snow-related technologies. 
This also makes the concept not only bio-inspired, but also 
nature-friendly. 

Furthermore, it features a rousing bio-inspirational 
storyline. The Incubation concept was truly based on how 
birds keep their eggs warm, and when the new problem of 
how to deliver the hot airstream to the road surface arose, 
once more, the incubation concept from nature provided 
the answer. This came in the form of an ovipositor, which 
helped to solve the biggest challenge facing the concept: 
wind. 

These facts make the Incubation concept a unique bio-
inspired concept. 

 
 

 

REFERENCES 

[1] Nu.nl, 2012,  “Chaos op spoor en wegen door sneeuw”, 
http://www.nu.nl/binnenland/2731671/chaos-spoor-en-wegen-
sneeuw.html, Accessed Feb. 2012, 

[2] Inman, P., 2010. The Guardian. Available at: 
http://www.guardian.co.uk/uk/2010/dec/01/snow-cost-uk-economy-
more-than-6bn, Accessed 03 April  2012. 

[3] AD, 2010. Algemeen Dagblad. Available at: 
http://www.ad.nl/ad/nl/1012/Binnenland/article/detail/2038371/200
9/12/16/Een-dag-met-sneeuw-en-lange-files-op-komst.dhtml, 
Accessed 03 April  2012. 

[4] NOVUM, 2011. Nu.nl.  Available at: 
http://www.nu.nl/economie/2691229/files-kosten-bedrijfsleven-
miljard-euro.html, Accessed 03 April  2012. 

[5] Redaction, 2010, KNMI. Available at: http://www.knmi.nl/ 
klimatologie/normalen1971-2000/sneeuw_dagen_jaar.html, 
Accessed 03 April  2012. 

[6] Redaction, 2005, KNMI. Available at:  http://www.knmi.nl/cms/ 
content/4507/recordkou_en_veel_sneeuw, Accessed 03 April  2012 

[7] Eckiller.com, 2011,  http://eckiller.com/wp-
content/uploads/2011/01/ 33947b2d24-09-snowbikekit.jpg, 
Accessed March 2011 

[8] Smart, C., 2009, “Bacterial speck of tomato in the field”, NYSAES, 
http://en.wikipedia.org/wiki/Pseudomonas_syringae, Accessed 
March 2011 

[9] Corbet, S. et al “Are electrostatic forces involved in pollen 
transfer?”, Plant, Cell & Environment, Volume 5, Issue 2, pages 
125–129, April 1982. 
http://onlinelibrary.wiley.com/doi/10.1111/1365-
3040.ep11571488/pdf Accessed Feb 2011 

[10] Sullivan, J, 2004, “Bees Collecting Pollen” http://boojumbees. 
blogspot.com/2010/12/bee-knowledgeable-answers-honeybee.html, 
Accessed March 2011 

[11]  Julo, 2006, “Wrocław”, Wikipedia,  http://nl.m.wikipedia.org/wiki 
/Bestand:Pergola-Wroclaw-wnetrze.jpg, Accessed March 2011 

[12] Carson, J. L., “Coloured SEM of mucus and cilia in the trachea”, 
Science Photo Librabry, http://www.sciencephoto.com/ 
media/311127/enlarge Accessed March 2011 

[13] Bio inspired design lecture material year 2011-2012. 
[14] Dake, 2006, “Schematic view of a classical Van De Graaf 

generator”, Wikipedia http://nl.wikipedia.org/wiki/Van_de_ 
Graaffgenerator, Accessed Apr. 2011 

[15] Green Car Congress, 2005, “DOE Co-Funds 12 Projects to Increase 
Engine Efficiency”, http://www.greencarcongress.com/2005 
/02/doe_cofunds_12_.html  Accessed March 2011 

[16] Tennessee Technological University, 2005, "Grasshopper", Figure 
19http://iweb.tntech.edu/mcaprio/grasshopper_photos.htm, 
Accessed March 2011 

[17]  Nice, K. 2000, “How Catalytic Converters Work”, How stuff 
works,  http://auto.howstuffworks.com/catalytic-converter1.htm, 
Accessed April 2011 


