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Abstract 

A new technique is hereby introduced to produce electricity using the heat of the 
asphalt on roads. The aim is to benefit from the heat of the roadway to produce 
electricity in order to use it in road lighting. A direct way to transform the heat 
energy into electrical energy is still under research, so in this study an indirect 
way is proposed. The design consists of a close cycle with three stages. 
Producing electricity from the heat of the asphalt is a new technique, which is 
hereby called heat-electricity using methyl format (HEMF). 
Keywords: heat-electricity using methyl format (HEMF), asphalt, dynamo, 
electrical energy, renewable energy, new energy sources, heat energy. 

1 Introduction 

Scientists have always been seeking new ways of producing electrical energy 
due to its importance and widespread use in almost all ways of life. There are 
many forms of energy that can be applied to produce electricity such as solar, 
wind and heat [1–11]. In this work, heat energy is being used. It was observed 
that the asphalt temperature on the roadway can be very high especially in many 
countries in the summer and this can be a source of heat to produce electricity 
that can be used for road lightning. One possibility is to find a direct generation 
technique based on that heat energy but such methods are still under research. 
The material used in those cases is known as thermoelectric and uses the 
temperature differences to drive electrons. The displaced electrons create a 
voltage that can be used in turn to power other devices; such as a battery. This 
has a conversion efficiency of about 15%; double that of one of the most  
well-known thermoelectric devices. Physicists have toyed with ways to convert 
heat into electricity directly for some time. Such materials have found niche 
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applications i.e. the Curiosity rover trundling about on the surface of Mars, for 
example, uses a thermoelectric material to turn heat from its plutonium power 
source into electricity. This does not mean that those materials have reached an 
adequate degree of reliability. NASA has been looking for similar materials for 
future space missions, but the agency is not yet convinced that they are ready  
for primetime [12, 13]. The research presented in this paper considers instead the 
indirect generation of electricity from heat. The basic idea is to use the heat 
energy to apply it to produce steam, which is used to convert mechanical into 
electrical energy as in a turbine. The system (HEMF) is divided into three parts 
explained in detail in section 2. The first part is the choice of the right substance 
that will be turned into steam. Methyl format has been selected in the study due 
to its low boiling point and high steam pressure. A detailed explanation of 
methyl format production and properties is given in this paper. After that, the 
high-pressure steam produced is applied to generate rotational motion. Next,  
the steam is condensed to close the cycle and turn back to liquid. The rotational 
motion is applied to a dynamo that produces electricity. This electricity can be 
used to light the roadway to reduce the use of conventional electricity. 

2 Experimental section 

2.1 Material and method 

2.1.1 Methyl-format: composition  

ܪܱܱܥܪ ൅ ଷܪܥ 	→ ଷܪܥܱܱܥܪ ൅  ଶܱ: Mix 50 mL methanol and (37.7 mL, 1ܪ
mol) formic acid together in a flask. Add 2 drops of concentrated H2SO4 and 
reflux the reaction mixture for three hours. The distillation system is set up  
and the temperature is adjusted to 32°C to collect methyl format (53.7 gm,  
55.1 mL, 89.5%) yield. M.p.: 100°C, B.p.: 32–34°C [14–17], density: 0.974 
g/cm3 at 20°C, vapor pressure: 226.91 kPa (20°C). 

2.1.2 Tubes 
Methyl format flows through tubes which are heated in the asphalt in order to 
turn it into steam. The tubes are made of copper metal, as this material does not 
react with the methyl format. The tubes end in a valve to increase the pressure of 
the steam which is then directed to a fan. The diameter of the tubes is 10 mm and 
their length is three meters in this case. They are laid out as in figure 1. 

2.1.3 Dynamo 
A bicycle dynamo is used in order to turn the rotational motion into electricity. 
Model: 4PA 6V-3W as shown in Figure 2. 

2.1.4 Heat sink 
HEMF system is a closed loop so the steam needs to be turned back into liquid, 
which requires the methyl format steam to condense using a heat sink. The heat 
sink is made of aluminium alloys. Its dimensions are 8 cm  6.8 cm  3.2 cm as 
shown in Figure 3. The heat sink is very suitable to condense the methyl format 
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by letting the steam go through the sheeted surface, which extracts the heat of the 
steam to the surrounding mechanism turning the methyl format into liquid again. 
The heat sink surface is painted with copper to avoid corrosion problems.  
 

 

Figure 1: The shape of the copper tubes. 

 

Figure 2: The bicycle dynamo (Model: 4PA 6V-3W). 

 

Figure 3: Shape of the heat sink. 
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3 Results and discussion  

The HEMF system is divided into three parts. The first part is the heat extraction, 
the second part is the steam generation and the last part is condensation. First 
stage consists of turning methyl format into steam. The second uses the high-
pressure steam to produce rotational motion, which is applied to a dynamo to 
produce electricity. The third stage condenses the steam into liquid and in this 
way the cycle closes.  
 

 

Figure 4: Design of Heat-Electricity using the Methyl Format (HEMF) 
system. 

3.1 First stage 

This contains a reservoir of the methyl format connected to a tube system. The 
pipeline system is located under the asphalt layer to extract heat. The steam is the 
output that will enter the second stage. A feedback comes from the third stage to 
the first stage directly by the returning liquid. This closed cycle is cost efficient. 
The first stage is the basis of the system. The pipelines flow is controlled by a 
valve to regulate the motion of the liquid and steam. The reason for using the 
methyl format is its low boiling point ≥ 32°C, its high vapour pressure = 226.91 
kPa (at 20°C), zero ozone depletion potential and < 25 global warming potential. 
Copper tubes are used, because according to the electrochemical series the 
copper tube will not react with methyl format. The copper tubes are curved as 
shown in figure 1 and are connected to a valve at the beginning of the tube, 
which controls the flow of the liquid. Moreover, at the end of the tube a second 
valve controls the flow of the steam. In the copper tubes, there is a steam 
pressure sensor to determine the pressure and open the second valve 
automatically to allow the steam to enter the turbine generator. 

3.2 Second stage 

This stage focuses on using the high-pressure steam to produce rotational 
motion. This motion occurs by pointing the steam to a fan. This fan is connected 
to the dynamo. When the steam is directed to the fan, it rotates the fan and the 
rotation motion forces it to return to stage one through the cooling part.  
The turbines will be sited on the road side.  
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3.3 Third stage 

This stage considers the condensation process of the steam to turn it again into 
liquid. The condenser is comparatively simple because the boiling point of the 
methyl format is very low. The steam condensed by the heat sink gives 95.7% 
efficiency. 

3.4 Results 

Using this system, the vapor pressure of 551 mL (10 mol) methyl format in the 
tank was 226.91 kPa at 20°C. Methyl format was allowed to pass through a tube 
3 m length and 10 mm diameter in. After heating the tubes to 50°C, the initial 
vapor pressure of methyl format was 250.143 kPa (Table 1, eqn. (1)), which 
produced output electricity equal to 6 V, 3 W, and 0.5 A.  

Table 1:  Relation between pressure and temperature at constant volume.  

Temperature Pressure 
293 K 226.91 kPa 
323 K 250.143 kPa 

 
     The following gas law equation governs the process; 
 

ܲ1ܸ1
ܶ1

ൌ
ܲ2ܸ2
ܶ2

		                                               (1) 

      Increasing the pressure of methyl format by delaying the opening of the 
second valve, which controls the flow of the steam, for 5 min leads to an increase 
in the electric current. The current produced in this case was 0.67 A. A 10 min 
delay in opening the second valve caused an additional increase in current that 
became 1 A, as illustrated in figure 5. 
 

 
 

Figure 5: Increase in electrical current with valve opening times. 
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4 Conclusion 

A current was generated using the designed system. The steam was condensed 
by the heat sink giving 95.7% efficiency. The increase of the delay to open the 
valve to let the steam flow through the copper tubes increased the pressure 
leading to a rise in the electrical current produced. 
     Further investigations are being carried out to improve the system. 
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