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Background 
 
It is common knowledge that cycling is beneficial both to riders and the environment in 
general. Cycling provides health benefits to the user and reduced emissions to the 
atmosphere. However, a global survey run on the internet (Appendix A) shows that only 20% 
of the interviewees cycle at least 4 days per week. Reasons for this are, among others, the 
traffic situation, adverse weather conditions, or the long distances to cover. By far the most 
mentioned issue with cycling was the adverse weather (92%) and when asked, 90% of the 
interviewees said that they would use the bike more if the problem was solved. The most 
mentioned complaint is the rain, however cold is also mentioned as an affecting factor. The 
aim of this thesis is to create a solution that improves bike riders’ comfort so that cycling is 
promoted. 
 
A look at the top 10 countries with the most bikes per capita reveals that Sweden, Norway, 
Finland and Denmark are among them, accounting for a total of 16 million bikes in that 
region (Top10Hell, 2011). These countries have typically cold weather that impacts both 
cyclists’ comfort and safety. Cold, apart from a discomfort, is often a source of risk for the 
cyclist as it stiffens the body lowering reaction times and ability. During personal 
observations when riding a bike, users state that, while probably not disabling, cold is a 
really dissuasive adversity for riding a bike. This issue is usually tackled with clothing. 
However, thick clothing is not the most unobtrusive solution and in addition it does not fully 
solve the cold sensation. Cold is especially felt in the hands, face and feet.  A heating source 
on bikes would both be a welcome addition and a safety booster for riders.  
 
Regarding the current market, there have already been some attempts to address the cold 
issue, but pretty much unsatisfactorily, especially on bikes. Some patents have been filed 
trying to heat up riders’ hands and bottom, however they have not hit the market. Heating 
systems in motorbikes are a bit more extended with solutions ranging from heated grips to 
A/C clothing. Unfortunately, these kind of solutions often require too much power that cannot 
be delivered from a bike. In the more generic heating market, there are some noteworthy 
solutions like heating patches and battery-driven heating clothes, these though, have not 
been designed with bikes in mind.  
 
All this implies that there actually is an interesting gap in the cycling market for heating 
systems. The solution should probably be cycling-centred, cheap and easy to assemble as, 
being a first, it should not entail a big barrier of entry to the new users. If done properly, the 
device could be sold in a big market conformed, at least, by the northern European countries 
that incidentally are the ones with the highest bike usage statistics. 
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Research and new designs 

Different possibilities 
 
Looking at the matter from the most simplistic point of view, four possibilities should be 
regarded: avoiding the cold sensation, heating the rider, heating the bike or heating the 
environment around the rider.  
 
The cold wind is the factor that produces the biggest sensation of cold in the rider. It can be 
avoided with the appropriate clothing or, more radically, with the use of a wind screen. As 
mentioned earlier, thick or abundant clothing is often too obtrusive and uncomfortable to the 
rider. The idea of a wind shield in principle seems inapplicable in a bike. It can be applied 
locally though, maybe in combination with a heating solution. 
 
Heating the rider can be achieved in various forms, for example by heating the clothing or by 
directly heating the body. Clothing heating is a solution already available in the market, it 
requires tailor-made clothing for the batteries and heating devices to be positioned in the 
clothes. While a reasonable solution for walking, it does not look like an optimal one for 
cycling due to comfort concerns. Heating the body directly, or conversely redistributing the 
heat the body already produces when cycling, looks like a much more elegant and optimal 
solution for cycling. 
 
Heating the bike is another possibility, often used in motorbikes, however it requires 
modifications in the bike’s design that are usually permanent. This would mean either 
designing a new bike, ignoring the huge market of already sold bikes, or replacing some 
components of the already existing ones, which would be expensive and would defeat the 
purpose of the solution being simple and unobtrusive. Furthermore, one of the biggest 
inconveniences when cycling is the wind and heating the bike does not directly do anything 
to avoid it.  
 
The last option leaves us with the main idea of heating the air surrounding the rider. While 
really hard and inefficient to a large scale, this solution could be applied locally in the coldest 
parts of the body. Rather than avoiding the wind hitting the rider, the air can be heated and 
repurposed as heating. 
 
To summarize these possible ideas, a comparative chart has been created. It subjectively 
compares the main characteristics of every idea trying to identify the most complete ones. 
Air heating has been considered as the benchmark to which the remaining ideas are 
compared. Each area has a different coefficient of importance divided in low, medium and 
high (1, 3 and 5 respectively). 
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 Importance Heat 
redistribution 

Air heating Components 
heating 

Clothes 
heating 

Rider 
comfort 

5 5 0 5 -5 

Ease of use 3 3 0 0 0 

Installation 3 3 0 -3 0 

Maintenance 1 1 0 -1 1 

Price 5 -5 0 0 -5 

Modularity 3 -6 0 -3 3 

Efficiency 3 3 0 0 3 

Total - 4 0 -2 -3 
Table 1. Comparison between the possible new concepts. 

 
As a conclusion, the solution range will be narrowed down to redistributing the heat on the 
rider’s body and heating the air surrounding him or her, keeping the idea of having local wind 
shields to complement them. A deeper dive in each one of the solutions will provide a better 
understanding of the use case, benefits and disadvantages of each one of them. 
 

Air heating and wind shield solution 

The concept 
The idea of the air heating consists of taking the air flow naturally produced by the speed of 
the bike and heating it to redirect it to the coldest parts of the bike rider. The most optimal 
way of heating the air seems to be using a resistor with a heat sink, basically the same way 
computer component cooling works. Then, the heating processes occurring in the system 
would be convection between the heatsink and the air and heat conduction through the 
heatsink. The convection would be forced due to the speed the bike will have, which, if 
needed, could be helped with a fan. To get the best performance when heating air, the air 
flow should be turbulent and the heating source should have a big surface. 
 

 
Picture 1. CPU cooler as an example of a forced convection heat transfer device. 
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Before focusing on heating up the air, which requires energy, a simpler solution like creating 
a wind shield should be considered. According to the Canadian Wind Chill chart, the thermal 
sensation is affected by the wind, increasing the cold sensation at low temperatures. The 
picture below shows the part of it applicable to speeds to be expected when cycling for a 
commute or leisure, the full chart is shown in the Appendix B.  
 

 
Table 2. Section of the Canada Wind Chill Chart. 

 
As the chart shows, at temperatures below 5ºC a simple windshield could typically increase 
the thermal sensation between 1ºC and 8ºC. Taking that into consideration, it seems 
adequate to try to create a windshield with the same structure that will heat up the air. In the 
next section, a simple schematic of this will show how the air can be picked up from the front 
of the bike to be later heated and redirected to the hands for example, while the same tubing 
that goes to the hand can act as a windshield. 
 

A simple prototype 
The image below represents a cold air intake in the front of the bike, a resistor (H) and two 
ducts that direct the heated air to the hand area. To ensure a constant air speed and 
pressure entering the circuit in all conditions, a fan will be installed in the intake. An air flow 
analysis will now be performed to define the needed fan for an air flow to be able to go 
through the whole system. To do that, however, some objectives have to be set in advance. 
According to Beaufort’s scale of wind speed (Met Office, 2016), a reasonable target for the 
device seems to be between 3 and 5 m/s for the air exit, which feels like a gentle breeze. For 
reasons explained further in the chapters “The heat source” and “Materials and cost 
calculation”, the tubing will be made out of polyurethane and its dimensions will depend on 
the heat sink used for heating. The temperature of the air in both ends can also be defined 
by design, an appropriate value could be heating the air to 30ºC. To perform the 
calculations, formulas and charts from a webpage called The Engineering Toolbox will be 
used (The Engineering Toolbox, 2016). 
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Diagram 1. Schematic of the air heating system. 

 
Beginning with the pressure losses in the circuit, there are three main features to take into 
account: the heat sink, the fork where the air flow is divided, and the resistance because of 
the material in the walls. To calculate these losses, the minor loss coefficient (ξ) of the two 
first and the major loss of the duct have to be found.  According to the D’Arcy-Weisbach 
equation, the major loss can be expressed via:  
 
ploss = λ (l / dh) (ρ v2 / 2), where λ is the friction coefficient of the material. 
 
To calculate the friction coefficient, the flow has to be analysed to find out whether it is 
turbulent, laminar or transient. That depends on Reynold’s dimensionless number, which in a 
duct, is defined by Re = u dh / ν where dh is the hydraulic diameter, dh = 4 A / p and v is the 
kinematic viscosity, ν = μ / ρ. In the concept, with a cross-section, defined by the heat sink, 
of 1.75x1.05 inch2 or 0.0012m2: 

dh= 0.0337m 

v = 1.983 x 10-5 N s/m2 / 1.16 kg/m3 = 2.3 x 10-5 m2/s 

Assuming a target air speed of 3m/s, Re = 4395.12 which means the air flow will be 
turbulent. As a result, the friction coefficient will depend on λ = f( Re, k / dh ) defined by the 
Colebrook equation. To solve it, Moody’s chart will be used. The relative roughness (k / dh ) 
of the polyurethane tubes will approximately be: 
 
k / dh  = 0.0035m / 0.0337m = 0.1 
 
Analysing Moody’s diagram, a coefficient of friction of approximately 0.047 is obtained. 
Finally, the pressure loss can be calculated: 
 
ploss = 0.047 * (0.5m /0.0337m) * (1.16 kg/m3 * (3 m/s)2 / 2) = 3.64 Pa 
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Then, to calculate the minor losses: 
 
ploss = ξ (1/2) ρ v2  
 
According to The Engineering Toolbox, the minor loss coefficient for the fork is of 0.3. The 
heat sink will be adjusted to the walls of the duct so that it covers the most of the cross-
section area possible for optimal heating of the air. The CAD model in “A detailed design” 
shows that it covers 0.426 inch2 of the duct area, which is approximately a 25% of it. It can 
then be considered as a grille that leaves 0.7 ratio of free area, being its coefficient 3. As a 
result: 
 
ploss = (0.3+3) * (1/2) * 1.16 kg/m3 * (3 m/s)2 = 17.23Pa 
 
Then the approximate total pressure loss of the system would be of 20.9 Pa. That is the 
pressure that the fan will need to provide for an air flow to cross the system. 
 
The next task to perform with this concept is to analyse its viability. This can be done by 
calculating the power needed to heat air to a reasonable degree that can provide a warmth 
sensation to the rider. To do this, a perfect heat transfer between the heat source and air 
can be assumed, while more refined designs that include the heat losses and features to 
adapt to different bikes or use cases can be analysed later. Taking into account the humidity 
of the air, psychrometric calculations have to be performed to calculate the heat (W) needed.  
 
According to psychrometry: 
 

 
Where w is the absolute humidity of the air. 
 
The process that will happen in the duct is a sensible heating. Where: 
 

 = a * cp * (θ2 - θ1) 
 
To put an example, the date 23/02/16 the temperature and relative humidity in Karlskrona 
(Sweden) were 4ºC and 89%. 89% of relative humidity at 4ºC and atmospheric pressure 
means w=0.005kg/m3 according to Mollier’s diagram. Then air’s cp=1.0141kJ/kg*K. If we 
wanted to heat the air to 30ºC to get a warmth sensation: 
 

= a * 26.36kJ/kg  
 
As mentioned earlier, the mass flow is defined by m = ρ*v*A. To continue with the 
calculations the diameter in the entrance and air speed need to be defined. To make room 
for the heat sink that will heat up the air, the surface of the intake will be 0.0012m2 (see the 
chosen heat sink in “The heat source”). At the previously mentioned weather conditions, the 
density of the air would be, according to the psychrometric chart, 1.25kg/m3.  
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As a result, we would need 0.0776kW to achieve the heating, which is approximately 78W. 
The next step would then be to find the appropriate power source that can deliver at least 
those 78W to heat up the hands. Ideally, in addition, the power would be at least doubled to 
allow heating other parts of the body. 
 

The power source 
As energy sources for bikes like dynamos only produce around 6W, batteries will be needed 
to power the heating. The first and most obvious option would be to make use of the battery 
electric bikes already have. These batteries are usually 36V or 48V and they power motors 
around 250W to 1000W. It is then safe to assume that the heating could be achieved with 
these batteries even if it would negatively impact the power of the engine. Another option 
would be to have a custom battery just for the heating system. This would be a requirement 
in conventional bikes. The most straightforward solution would be to install an e-bike battery 
for heating purposes, other options would be Lead-Acid ones that seem to be the most 
widespread and cheap, but usually heavy to be implemented in a bike, and lastly, Lithium-
Manganese batteries as they are lighter than the Lead-Acid ones although more expensive.  
 
Taking into account that 80W of power need to be drawn, the battery should at least be 12V 
so that the current output is not too high, which would damage the battery. Taking into 
account that one heating device would require 80W and that a similar amount of power 
would be required to have an additional one heat up the feet for example, the battery should 
be designed to provide around 150Wh so that it could cover a commute both ways. The 
table below shows the options: 
 

 Pre-built battery 
for 2 devices 

Pre- built battery 
for 1 device 

Custom battery E-bike battery 

 Lead-Acid Lead-Acid Li-Mn Li-ion 

Configuration 1x 12V SLA 1x 12V SLA 16 (4S2P) x 3.7V 
LiNiMnCo 

1x 36V 

Capacity 12Ah (144Wh) 7Ah (84Wh) 2x 37Wh 10Ah (360Wh) 

Price 35€ 18.8€ 200€ 200€ 

Weight 3.9kg 2.5kg 1.9kg 3.5kg 
Table 3. Comparing the battery options to add to a conventional bike. Sources: eBay, Amazon and batteryspace.com. 

 
Taking this into account, only two options are viable: having a cheap but heavy lead-acid 
battery or making use of the already installed e-bike battery to power the heating. Having a 
Lead-Acid battery power two devices looks like a non-optimal solution as it would add too 
much cost and weight to the system, while the 7Ah battery to power one up is more 
reasonable. Building a custom battery seems unreasonable as the price increases in more 
than 500% for weight savings of only 25%.  
 



9 

The heat source 
The next step in the design is to choose the resistor to heat up the air. Taking into account 
that the two possible batteries are 12V and 36V, different kind of resistors should be 
employed for each case. If the circuit was simply based on two resistors in parallel (hands 
and feet) connected to the power source in series, the needed resistances to get 78W of 
heat in each case would be, according to Ohm’s law: 
 

Getting 78W 12V Lead-Acid battery 36V e-bike battery 

Intensity 6.5A 2.16A 

Resistance 1.85ohm 16.6ohm 
Table 4. Resistor value. 

 
To get the best performance out of heating air, this resistor should be attached to a heat 
sink, which would improve the heat transfer. Taking into account that resistors loose their 
energy dissipating capacity with heat, a calculation of heat vs. dissipated power must be 
done to choose the proper resistor. A simplified schematic of a resistor + heat sink system 
would be defined by: 
 

 
Diagram 2. Resistor + heat sink schematic. Source: digikey.com 

 
The sum of the thermal resistances should be equal to the temperature difference divided by 
the dissipated power:  

 
Following the previous example, the total power dissipated would be 78W and the ambient 
temperature 4ºC. Then, a common 100W heat sinkable resistor would be chosen, for 
example the OHMITE TEH100.  
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Diagram 3. Specs of heat sinkable resistor by OHMITE. 

 
According to its spec sheet, this resistor can dissipate 80W at 50ºC of case temperature. 
The chosen heat sink will have to make sure that temperature does not rise above that 
value. If an R series heatsink by OHMITE was chosen, which is specifically designed for the 
kind of resistor chosen, with a forced air speed of 3m/s (590 ft/min) the case to ambient 
resistance would be of around 0.5ºC/W for an R series heatsink 2.5” high. 
 

 
Diagram 4. Heat dissipation of an R series heat sink by OHMITE. 

 
Then, applying the scheme shown in diagram 2, the case temperature would be: 
 
Tcase = 78W * 0.5ºC/W = 39ºC above ambient temperature. 
 
This means that the heating system could be used at maximum power below 11ºC ambient 
regarding safe case temperatures. On the other hand, the resistor’s maximum working 
temperature is 350ºC in the hottest spot. This depends on the resistor’s thermal resistance, 
which in this case is 1.5ºC/W according to the specs sheet. Then, starting from the limit case 
temperature of 50ºC: 
 
Tinternal = Tcase + (78W * 1.5ºC/W) = 167ºC, which is a safe temperature. 
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As a result, the heating source system would be composed of an OHMITE TEH100 series 
resistor and a 2.5” high OHMITE R series heatsink. The cost for both components would be: 
 

 12V battery 36V battery 

Resistor TEH100M2R00FE 
(10.07€) 

TEH100M15R0JE 
(9.99€) 

Heat sink RA-T2X-64E (2.79€) RA-T2X-64E (2.79€) 

Total 12.86€ 12.78€ 
Table 5. Resistor + heat sink cost calculation. Source: mouser.com. 

 
The prices have been taken from mouser.com and are indicative of the price of a single unit, 
when bought in bulk (+100 units), the prices could be reduced by almost 40%. Additionally, 
depending on the regulation and the desired operability of the device, the electrical circuit 
leading to the heat source would need some kind of extra features like voltage limiters, on/off 
switches... that would add to that cost, although it would not suppose a relatively big 
increase compared to the rest of components involved. 
 

The fan 
As mentioned earlier in the report, the system requires a fan that can provide 20.9 Pa of 
pressure while it pushes air to 3 m/s. Compactness and light weight are also two factors to 
take into account. The RA-T2X-64E heatsink requires a minimum area of 0.0012 m2 in the 
form of 44.45 x 26.67 millimetres. Then the biggest fan that can be fitted without modifying 
the section of the duct is one of a 25mm diameter. 
 
Fan manufacturers usually provide in their data sheet the air flow they can provide in CFM 
and the pressure in inches of water. Then, the specs for the fan to have are: 
 
20.9 Pa / 9800 N/m2 (H2O) = 0.00213 mH2O = 0.084 inchH2O 
Q = v*A = 3 m/s * 0.0012 m2 = 0.0036 m3/s = 7.63 CFM 
 
25mm fans typically produce around 2.5CFM of air flow at max, then a bigger fan will have to 
be installed. 40mm fans however, are usually capable of providing up to 8CFM. The 
Evercool 4015 10000rpm fan for example, can provide 9 CFM at 0.10 inchH2O pressure as 
seen in the diagram below. 
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Diagram 5. Pressure/Flow curve for the Evercool 4015 series fans. 

 
Then if that fan was chosen, the air speed in the entrance would be: 
 
9 CFM = 0.00425 m3/s = v * 0.0012m2 => v = 3.54 m/s 
 
Now Bernoulli’s equation can be used to calculate the air conditions on the exit. Going back 
to the Diagram 1, the points 1 and 2 will be analysed as the equation can be used anywhere 
in a flow line. 
 
p1 + ½ *ρ1*v1

2 + ρ1*g*h1 - ploss = p2 + ½ *ρ2*v2
2 + ρ2*g*h2   where the height difference will be 

considered as negligible. 
 
p1 = 0.10 inchH2O = 24.89 Pa = 2.03 mAir (over the atmospheric) 
ρ1 = 1.25 kg/m3 (4ºC, 89% relative humidity) 
v1 = 3.54 m/s 
ploss = 20.9 Pa = 1.70 mAir (see “A simple prototype”) 
p2 = 0 (atmospheric) 
ρ2 = 1.136 kg/m3 (30ºC, 89% relative humidity) 
 
v2 = 3.79 m/s will be the speed of the air at the exit, which within the range intended in the 
beginning. 
 
The price of the Evercool 4015 10000rpm fan is 5.5€ in the webpage dekada.com. 

A detailed design 
Once the main components of the device are known, a more detailed design can be made. 
Following the simple schematic shown at the beginning of this chapter, the final design could 
look like this: 
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Pictures 2 and 3. CAD model of the air heating device. 

 
As proposed earlier, the device would take the air from an intake in the front of the device, 
heat it in the tubing and release it to the desired location while providing a wind shield. Now 
a closer look to the device will be provided, starting from the intake, to the body, to the 
branches ending in the mounting device. 

 
The air intake would be comprised of two pieces: one that 
would receive the air from the front and direct it vertically to the 
heat source, and the second one that would hold the fan and 
the heat sink. The heat sink would be soldered to a metal plate 
and the fan would be screwed in place. The resistor would be 
attached to the heat sink with a screw. The air entrance would 
be rounded to help the air flow while protecting the fan area 
from water and dust that could come from the wheel. 
 
 
 
 
 
 
 

 
 

 

 
Pictures 5 and 6. CAD models of the installed fan and resistor mounting spot. 

Picture 4. CAD model of the 
resistor area. 
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The body of the device would consist of the resistor 
housing, in the end of which the air would be split into 
two smaller ducts, and the diagonal part that would 
provide some clearance to bike elements like the 
handlebar. The diagonal part would be adjustable in 
length to adapt to different bike types and it would 
additionally include the dock for the mounting device. 
 
 
 
 
 

 
 
 

 

 
Picture 8. CAD model of the handlebar area. 

 
The branches would also be adaptable to different handlebar sizes. They would hold the 
hand covers that would provide the windshield and the hot air exhaust. 

 
The mounting system would be the typical one used to mount 
devices to bike handlebars, only this one would be designed for 
mounting on the stem of the bike. It would allow for an easy 
removal of the device. The screw tightening system would 
allow for the device to be mounted to different angles, providing 
more adaptability. 
 
 
 
 
 
 
 
 

 
 

Picture 9. CAD model of the 
mounting device. 

Picture 7. CAD model of the resistor housing. 
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The size adaptability mentioned previously, enables one single design to fit all kinds of bikes. 
Different fork angles, lengths and frame sizes would be compatible with one single one-size-
fits-all device. Handlebar widths ranging from 550mm to 700mm could be covered as well. 
The device would look like this mounted on a bike: 
 

  
Picture 10. CAD representation of the device mounted on a bike. 

Materials and cost calculation 
Due to cost reasons and the need to insulate the air in the tubing from the outside, using a 
plastic material for the device looks like the most appropriate. The selected plastic should 
meet the following requirements so that the device can work properly:  
 

- Resistance to temperatures up to 60ºC (heat sink temperature) 
- Good heat insulation 
- Structural strength against wind 
- Electrical resistance to avoid leaks from the resistor 

 
With an average melting point of 227ºC, a thermal conductivity of 0,249W/mK, an electrical 
resistivity of 2,85e+17 ohm*cm, polypropylene meets all the requirements. Additionally its 
good mechanical properties backed by its use in the automotive industry for example, 
ensures appropriate structural properties. 
 
The different parts of the device have been designed with clips for an easy tool-less 
mounting, however polypropylene also allows for the different parts to be welded together. 
As for the production method, polypropylene allows for both extrusion and moulding as well 
as the new 3D printing techniques. The simple shapes of the design allow for any kind of 
production method. 
 
The cost of polypropylene nowadays in the market hovers around 0.60€ per kg (Plasticker, 
2016). The entire device, including the metallic mounting system, the heat sink, the resistor 
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and the fan weighs around 1.2kg. That would put almost the entire weight of the production 
cost on the selected production method and the components. 
 

Performance 
The performance of the design will depend on the heat losses in the tubing. Once we 
calculated the temperature the inner air would reach (30ºC), the convection from the air 
inside to the air outside through the wall should be analysed. To calculate this, the thermal 
conductivity of the polypropylene will be used, which is 0.249W/mK, in conjunction with an 
average tube thickness of 0.35 inches or 8.9 mm and a contact area of about 77 inch2 or 
49677.3 mm2.  
 
Taking into account that the difference in temperature between the inner and outer air will 
usually hover around 25-30ºC Newton’s cooling law will be applied and considered as a 
reasonable approximation. Then: 
 
Q= U * A * ΔT, where A= 0.0496773 m2 and ΔT= 26ºC 
 
The empirical equation proposed on engineeringtoolbox.com for the convective heat transfer 
coefficient of air in vehicles is:  
 
hc = 10.45 - v + 10 v1/2 , being v= 3 m/s in the previously mentioned example, then hc=24.77 
W/(m2K)  
 
This value is to be applied in the formula to calculate overall heat transfer coefficients also 
by engineeringtoolbox.com: 
 
1 / U A = 1 / h1 A1 + dxw / k A + 1 / h2 A2       
Where: 
U = the overall heat transfer coefficient (W/m2K) 
A = the contact area for each fluid side (m2) 
k = the thermal conductivity of the material (W/mK) 
h = the individual convection heat transfer coefficient for each fluid (W/m2K) 
dxw = the wall thickness (m) 
Due to the rectangular geometry of the heater, all the areas will be considered equal, then U 
can be calculated. 
 
U= 8.59 W/m2K 
 
Once U is known the estimated heat loss would be: 
 
Q = 11.09W 
 
According to:  
 

  = a * cp * (θ2 - θ1) 
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That would mean, that the temperature of the air would increase by 22ºC in our example and 
not 26ºC, a 15% reduction in performance, but acceptable anyways. 
 

Business model 
Recapitulating the aforementioned cost calculations in the air heating device, we reach the 
conclusion that the raw cost of the device would be of: 
 

Type Device Device + battery 

Cost 18.28€ + production + 
electrical circuit 

37.66€ + production + 
electrical circuit + battery 
mounting dock 

Table 6. Estimated cost of the air heating concept. 
 

This would put the solution of adding a battery to a conventional bike in an uncomfortable 
position, as its cost is around 45% higher while adding 1.9 kg extra to the bike. The addition 
of additional functionality to the battery, like being able to power up the lighting and 5V 
devices like smartphones could offset those inconveniences. The device on its own 
however, would look like a really attractive value, especially taking into account that it would 
be an accessory for an e-bike whose price easily beats the 1000€ mark. 
 
As for the business model, the device on its own would be targeted to e-bike commuters, 
offering extra comfort and safety at a low cost. It could be produced both as an extra 
included in the initial purchase of the bike, and as an individual device sold for owners of e-
bikes. The first case would increase the value of the bike, as it would be a unique feature 
currently not present in any other bike. Additionally, if the bike was designed with the device 
in mind or vice-versa the implementation could be much more seamless. The second 
possibility would provide a bigger market, although at a probably lower profit margin as, it 
being a new product, the device would need to have an attractive entry price for the first 
buyers to try it. The device with the battery, would be targeted at cycling enthusiasts or long 
distance travellers that would make full use of the possibilities the added battery provides. 
This last group of users usually has the mechanical knowledge that would easily allow them 
to mount the battery on their bikes. 
 

Heat redistribution idea 

The concept 
The concept behind this idea is to make use of the skin temperature gradients created when 
cycling to warm up the coldest parts of the body while cooling down the hottests, possibly 
avoiding transpiration. To achieve this, a special layer of clothing would be created that 
helped with the heat redistribution, this could be achieved with the use of heat pipe systems.  
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Looking at the current market there are no apparent similar solutions to this kind of 
redistribution systems designed for human bodies. However the thesis “Flexible heat pipes 
with integrated bioinspired design” (Chao Yang, et al., 2014) made the first strides in the 
matter, proving that flexible heat pipes made out of polyurethane and copper mesh do not 
affect the performance of a passive heat pump system as long as the evaporator and 
condenser are still rigid. This could be applied to the new design. About the materials to be 
used for the heat redistribution, the copper mesh mentioned in the thesis looks like the most 
obvious solution. However, looking into the future, modern carbon structures could be 
implemented due to their high flexibility, lightness and outstanding thermal performance. 
Nowadays these solutions are too expensive though. 

A simple pretotype 
The first step to analyse the viability of this concept would be to actually measure the 
available heat coming out of the body. There is a general consensus in the matter that says 
that, on average, a human body at rest emits 100W of heat, while, when exercising this can 
climb to 400W in the case of a typical person or up to 2000W in the case of professional 
sportsmen during bursts of activity (Lo’eau LaBonta, 2014). There have been many attempts 
in the past to use this heat to produce electricity and power up small devices. These 
methods, however, are usually uncomfortable, due to the cold sensation they produce, and 
ineffective, as only 1% of the energy can be retrieved with current methods. Heat 
redistribution would avoid these issues as no energy conversion is required and heat would 
not be lost but moved, keeping the body at comfortable temperatures.  
 
Empirical tests show that, when cycling, the coldest parts of the body are the hands, feet and 
face while the hottest are usually the back and torso. The next step would then be to quantify 
these temperature gradients. To achieve that, different measurements of body temperature 
were done in short (commute length) cycling sessions. The tests were performed in 
Karlskrona (Sweden) during the months of February and March. The table shows the highest 
temperature readings in different parts of the body in the skin surface. To get each value the 
average of two rides was calculated. 
 

Ride Neck Hands Upper 
back 

Lower 
back 

Legs. 
Lower 
part. 

Legs. Higher 
part. 

15 min 22°C 15.2°C 35.6°C 36.7ºC 22ºC 23.1ºC 
Table 7. Body temperature readings when cycling. 

 
On average, during rest, the surface temperature of the skin hovers around 35ºC. However, 
the measurements show that this temperature can be significantly reduced when exposed to 
cold air. The back looks like the most important power source for the system, while legs, 
arms and the neck area look like the ones that could be heated up. 
 
To tackle this, following the example of the clothing in professional cyclists, the heat 
redistributing device could be separated in two, one part being in the shorts and the other in 
the jersey. The device in the shorts would take the heat from the lower part of the back and 
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direct it to the legs. The jersey, on the other hand, would take the heat from the higher part 
of the back and direct it to the arms and neck. Schematically it could look like this: 
 

 
 

 
Diagram 6. Schematic of the heat redistribution concept. 

 

The heat pipes 
According to the thesis “Flexible heat pipes with integrated bioinspired design”, elastic heat 
pipes can be made out of polyurethane if filled by copper meshes. The heat redistribution 
concept will entirely borrow the heat pipe system used in that thesis. The diameter of the 
tubes has to be found balancing performance and comfort for the rider. To help with that the 
online tool in 1-act.com will be used (ACT, 2016). 
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The tool requires three dimensions: heat pipe length, evaporator length and condenser 
length, and the height against gravity to be overcome by the fluid. With those dimensions, it 
presents a chart with the achievable thermal performance at different temperatures. Then, 
before diving into the tool, the amount of heat to be distributed would have to be defined. 
Some rough estimations will be done using the tool provided by the University of Georgia in 
hyperphysics.com (Georgia State University, 2016). According to the tool, a typical body in 
rest would expel around 0.4W of heat in an area of 0.005m2 which would be the area 
covered by a 100*50 mm2 evaporator. If the heat produced is on average 4 times greater 
when exercising, the final heat output estimate would hover around 1.6W. 
 
Departing from the pretotype, some preliminary dimensions will be set to find the desired 
results, which would later had to be revised by experimentation. At the same time rider’s 
comfort will always be kept in mind. These are the selected measurements for an average 
185cm tall cyclist: 
 

Shorts Heat pipe Condenser Evaporator Against gravity 

Length (mm) 800 4x 50 100 0 
Table 8. Estimated heat pipe length in the shorts. 

 
In the shorts, the evaporator would be located in the lower part of the back, centred, with a 
length of 100mm to ensure comfort. The evaporator would consist of 4 parts placed one on 
front and one on the back of each leg. The total heat pipe length would depend on the size 
of the shorts, being 800mm an average estimate. That would give the following performance 
curve: 
 

 
Diagram 7. Expected heat pipe performance in the shorts. Source: 1-act.com. 
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The narrowest diameter possible should be chosen for optimal comfort, which would lead us 
to pick the 3 mm diameter pipe. This pipe provides, at an average working temperature of 
27ºC (from the measurements), the ability to redistribute around 2W.  
 

Jersey Heat pipe Condenser Evaporator Against gravity 

Length (mm) 1000 6x 50 100 200 
Table 9. Estimated heat pipe length in the jersey. 

 
In the jersey, the evaporator would be located in the higher part of the back, centred, with a 
length of 100mm to ensure comfort. The evaporator would consist of 4 parts placed one on 
either side of each arm and 2 parts located in the front and back of the neck. The total heat 
pipe length would depend on the size of the jersey being 1000mm an average estimate. That 
would produce the following performance curve: 
 

 
Diagram 8. Expected heat pipe performance in the jersey. Source: 1-act.com. 

 
To dissipate 2W a 6 mm diameter tube should be used which would probably be too 
uncomfortable for the rider. A 4 mm one seems like a more sensible solution, which would 
be able to redistribute 1W.  
 

The heat sinks 
To achieve optimal performance, the condenser and evaporator should be solid and made 
out of copper. This would allow for better heat transfer from the body to the heat 
redistribution system. Additionally, instead of consisting of merely a tube, they would have 
copper plates that would provide a wider surface improving the heat transfer. According to 
the preliminary designs, a surface of around 0.005m2 should be covered by the evaporators. 
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The size of the condensers would vary depending on the size of the jersey and shorts being 
comfort the first consideration. 
 

Materials and cost calculation 
According to “Flexible heat pipes with integrated bioinspired design”, the materials to use for 
the flexible heat pipes are: copper tubes for the heat sinks, and copper mesh (No. 300) and 
polyurethane tubes for the adiabatic part of the heat pipes. Additionally, bonding adhesive 
(TS1415) was used to tie the heat sinks to the adiabatic part. Then, different chemical 
solutions were used to clean and prepare the tubing. Deionized water was used, as the filling 
fluid. Apart from that, the system should be fitted in a tailor-made jersey that would have 
built-in guides for each part of it. The cost of making such jersey should not be much higher 
than producing a normal one, the differences being on the guides and probably some special 
padding for a comfortable contact of the evaporator and condenser with the skin. Finally, 
copper plates would take care of covering a wider area in the evaporators. The estimated 
cost for these materials is: 
 

  Copper 
plates 

Copper 
tubes 

Copper 
mesh 

Polyuretha
ne 

Adhesive Jersey + 
shorts 

Raw cost  170€/m2 10€/m 75€/m2 1€/m 0.2€/ml 20€ 

Cost per 
device 
(jersey + 
shorts) 

 10€ 7€ 1€ 1€ - 20€ 

Table 10. Estimated cost of the components of the heat redistribution concept. Sources: aliexpress.com and 
various cycling gear shops. 

 
The fabrication process for the heat exchanger system is described in the reference thesis 
(Chao Yang, et al., 2014), it includes cutting the tubing, treating it chemically, bonding the 
different parts together and welding the heat pipes after filling them. This is an expectedly 
expensive process. 
 

Performance 
According to 1-act.com, if a heat pipe is working properly, the temperature gradient between 
its two ends should be around 2-5ºC. Looking at the temperature readings chart, we can 
imply that the condenser should stay at around 30-32ºC in all cases. This would be due to 
the higher body mass in the evaporator area (the back of the rider compared to limbs), which 
would allow it to maintain its temperature close to its original one. If the experimentation 
showed that the temperature in the evaporator got uncomfortably low, the dimensions of the 
tubing and evaporator should be revised. 
 
This thesis does not include a biological analysis, but playing with body temperatures should 
first be examined and validated by health experts. For example, when the rider already has a 
cold sensation (a descent) and the blood starts flowing to the most vital parts of the body, 
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artificially taking that heat away from the body could be detrimental. This could be solved by 
creating the possibility of stopping the device from working at user’s will. 
 

Business model 
The materials and cost calculation section already puts the raw materials required to build 
this device higher than the air heating idea. Additionally, the fabrication cost of the heat 
redistribution system would be considerably higher too. This means that the market for this 
device would be different. The use of a jersey and shorts as the holding clothing for the 
device already targets this device to people that uses the bike as a big investment. This kind 
of users typically already spend more than 3000€ on their bikes and equipment, making the 
barrier of entry of this 150-200€ device not that big comparatively. 
 
As for the business model, this device would be targeted to sport riders, offering the same 
comfort as the common clothing with the added benefit of less sweating and a better 
temperature evening on the body limbs. It would be produced as standalone cyclist clothing, 
possibly integrating it in bulks to cycling teams. The device would improve riding comfort in 
non-professional riders and it could be considered as a performance booster for 
professionals, as with their bodies taken to the limit, to the point where the brain and power 
of will become equally as important, something as simple as reducing the cold sensation 
could make them ride faster. 
 

Comparison of the new concepts to already available products 
 
The two new ideas are now sufficiently defined to compare them against each other and to 
see how they fit in the market with competing products. As mentioned in the introduction, 
currently there are no products specifically designed for heating bike riders. However, some 
general use devices can be applied to cycling. To perform this market analysis, the market 
will be divided in three: a group formed by commuters, one formed by bike travellers and the 
other formed by sports riders and professionals. The products to be compared are going to 
be heating patches, heated clothes, the air heating concept, the heat redistribution concept 
and the simple idea of wearing more clothes.  
 
There are two kinds of heating patches, the reusable ones and the single use ones. The first 
kind, uses sodium acetate and water and produces heat when the solution converts from 
liquid to solid. To reuse it, the solution must be re-melted in an oven. The second one, uses 
the oxidation of iron as a heat source. Both last between 5 to 8 hours and come in different 
sizes. Their price is around 25€ for the reusable and around 0.5€ per unit of the non-
reusable ones.  
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Picture 9. Example of a heating patch applied on the shoulder. 

 
As an example of heated clothes, the ones from ravean.com will be used. These heated 
clothes work with batteries that power heating panels. The heated areas are body, pockets 
and gloves, the latter two only when the optional bigger batteries are installed. They have 
both jackets and hoodies and the power can also be transmitted to the heated gloves. The 
clothes are water resistant and can be soaked without danger. Their batteries last from 3 to 
10 hours depending on capacity and use. They weight from 420g (vest + small battery) to 
1200g (jacket + large battery). The retail prices will go from 249$ (hoodie + small battery + 
charger) to 399$ (jacket + large battery + gloves + charger) without shipping and taxes.  
 

 
Diagram 9. Schematic of jacket heating system by Ravean. 

 
In the case of commuters, the heat redistribution idea could be discarded due to its high cost 
and low practicality, as this kind of riders rarely wear specific clothes for cycling. Within the 
other four ideas, none of them seems outright discardable, rather three price tiers are 
formed. On the lower end, one time usage patches could be the optimal choice for sporadic 
riders. On the mid-tier, the air heating solution would compete with the reusable patches, 
although they could fit two different niches. The air heating idea requires a battery to work, 
most probably limiting it, to e-bike owners. It would have the advantage over the patches of 
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always being available, as it remains installed. The reusable patches can be used with any 
kind of bike but require to be rebaked between uses. The high end would be limited to the 
heated clothes idea, their high cost, their weight and customer’s scepticism to high tech 
clothes, are to be overcome in order for them to succeed. Competing in the three tiers would 
be the solution of simply wearing thicker clothing. It is arguably the least comfortable solution 
as it produces sweat and clothes need to be taken care of after the ride. However, this would 
be the simplest solution, available to everyone. 
 
Bike travellers usually seek for the most functionality at the lowest cost possible. The air 
heating concept with the Lead-Acid battery seems fit for them. Long distance travelling often 
involves changing weather and big fatigue and discomfort. The heating could ease up this 
symptoms while providing with extras like lighting and power for the smartphone, which is 
essential these days. 
 
In the case of sports riders and professionals, cost can be omitted as a limiting factor, being 
weight, comfort and performance much more important factors. The weight and practicality 
needs prevent the heated clothes and air heating concept to be considered by them. Then 
the air redistribution concept is left competing with the heating patches. The advantage of 
the heat redistribution idea is that it is always available, it is durable and maintenance free, it 
also helps with sweating that can be a major cause of concern after a climb when facing the 
cold descent. The heating patches on the other hand, would mean no changes in the current 
cycling outfit with immediate availability in the market. 
 
As a conclusion, these two new ideas seem to fit correctly in the market with reasonable use 
cases, them being just concepts by now. With some more developing and testing, they could 
both become the dominant solutions in both the leisure and the sport markets. 
  

Conclusion 
In conclusion, this thesis has analysed the market on heating systems for bike riders and 
proposed two viable solutions that would fit in its gaps. The air heating concept is supported 
on the e-bike trend and provides a minimum viable prototype of a technically simple solution. 
This solution is ready now for prototyping and testing. The heat redistribution concept 
proposes a more innovative device that would require further development. Its target to high 
budget cyclists provides the idea with the necessary support for it. These two concepts, and 
especially the air heating one, achieve their aim of increasing the comfort of riders pushing 
them to use this environmentally friendly mean of transport more often. The heat 
redistribution concept goes further, improving the performance of the already usual bike 
riders. 
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Appendix A. Research on bike usage. 
In order to analyse the bike usage pattern of the broad market, an open internet poll was 
carried out. The goals were to find out the main reasons preventing riders from taking the 
bike. The poll reached out to 100 people all over the world and within all ages. These are the 
questions made and the results: 

 
 

 

 

 

As a mean of 
transportation
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-36% of the interviewees cycle at least once per week 
-92% of the interviewees mention weather as a factor not to use the bike 
-90% of the interviewees would use the bike more if the problem was solved 
-Some of the specific reasons not to use the bike:  

Rain/Slippery roads: 9 
Bad weather: 17 
Wind:  1 
Cold: 4 
Snow: 2  
Traffic: 6  
Distance/Time: 14 
Don’t like cycling:  2 

 
From the research it can be concluded that, according to the interviewees, weather is the 
biggest factor for not taking the bike, the most affecting condition being the rain. Apart from 
that, the distances to cover and the traffic in the city are two important retractors. In their 
words, there is a big interest in changing the current situation and using the bike more if the 
discomforts are solved. 
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Appendix B. Canadian wind chill chart. 
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