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Abstract. A novel design of a thermal management pavement system is introduced in this paper. The basic 
concept behind this design is a utilize of waste heat from asphalt pavement have as a base a heat pipe and 
thermoelectric for energy of street lighting. In this system, output voltage is influenced by difference in 
temperature between hot side and cold side of thermoelectric. The intensity of solar radiation at hourly is 
variant, so the resulting of output voltage fluctuated. The research method by field testing direct exposed 
solar radiation on the variation time at 09.00; 10.00; 11.00; 12.00; 13.00; 14.00; 15.00; 16.00 Indonesia 
Central Standard Time. The data of this research are surface temperature of asphalt pavement, difference in 
temperature between hot side and cold side of thermoelectric, and output voltage of system.  The analysis 
process by quantitative experimental. In this research, the output voltage increased from 09.00 until 13.00, 
and after that time the output voltage decreased.  

1 Introduction  
Road infrastructure energy harvesting technologies are a 
new research area that encompasses technologies that 
collect the wasted energy occurred in road space such as 
pavements, external space and store it for later use [1]. 
Asphalt pavements tend to absorb solar energy and 
accumulate heat which results in several negative effects, 
and contribute to the urban heat-island effect, plastic 
deformation of pavements, and aging of asphalt 
materials [2]. Asphalt pavement has absorptivity (ɑ) and 
emissivity value (ɛ) i.e. 0.93 to 0.9 [3]. One part of 
asphalt pavement can still save energy even though the 
sun has set in a certain period of time[4]. 

Datta et al. [5] developing a thermoelectric energy 
harvesting prototype for asphalt pavement roadways. 
The proposed prototype collects heat energy from the 
pavement surface and transfers it using a copper plate to 
a TEG module embedded into the subgrade at the edge 
of the pavement shoulder. The results suggest that the 64 
mm x 64 mm TEG prototype is capable of generating an 
average of 10 mW of electric power continuously over a 
period of 8 hours, for the conditions in lower latitudes 
such as South Texas, the asphalt pavement surface 
temperature in the summer as high as 55°C due to solar 
radiation. Soil temperatures below the pavement, 
however, are roughly constant (i.e., 27°C to 33°C) at 
relatively shallow depths (15 cm). Scaling up this 
prototype using multiple thermoelectric elements could 
generate sufficient electricity to sustainably power LED 
lights for signage, illumination or instrumentation. 

Jiang et al. [6] developing a set of road 
thermoelectric generator system (RTGS), which can 
generate electricity when there is a temperature 
difference between the road surface and ambient air. The 
modules convert heat absorbed in asphalt pavements 
using vapor chamber. Results showed that the output 
voltage of RTEGS was about 0.4 V by asphalt mixture 
slab (300 mm × 300 mm by size) when the temperature 
difference between the road surface and ambient air was 
15°C in winter. While in summer, the output voltage was 
about 0.6 – 0.7 V, with a temperature difference of 25 °C 
– 30 °C. This means that some 160 kWh of energy can 
be obtained in 8 hours from a road of 1 km in length and 
10 m in width. For asphalt pavement in tropical and 
subtropical regions, the large temperature difference 
would be more suitable for RTEGS. 

The use of heat energy into electrical energy is being 
done by using thermoelectrics. Thermoelectric is an 
electronic device which is a series of semiconductor 
materials using the principle of the Seebeck effect [7]. 
Thermoelectrics use different temperatures between the 
other side with the hot side. The greater the temperature 
difference that is formed, the greater the voltage 
generated from the thermoelectric circuit [8]. Some of 
the utilization of heat pipes carried out by Putra, 
Septiadi, Espinosa and Orr B [9-13] such as the use of 
exhaust heat from motor vehicles into electrical energy, 
the use of heat pipes and thermoelectrics such as 
coolants on vaccine vaccines and the use of heat pipes as 
heat exchangers or cooling systems on the CPU. 
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A novel design of a thermal management pavement 
system is introduced in this paper. The basic concept 
behind this design is a utility of waste heat from asphalt 
pavement have as a base a heat pipe and thermoelectric 
for the energy of street lighting. The output voltage of 
this system is influenced by the difference in temperature 
between the cold side and the hot side of thermoelectric. 
The heat source of the thermoelectric thermal side is 
obtained from waste heat on asphalt pavement, which is 
transferred using heat pipes. While the cold side of 
thermoelectric is determined by convection heat transfer 
from the heat sink to air environment. This resulted is 
output voltage was fluctuating at any time. So this 
research is intended to know the characteristic of the 
output voltage. 

2 Methodology  

The research method by field testing direct exposed solar 
radiation and the analysis process by quantitative 
experimental. The data of this research is to find 
difference in temperature between hot side and cold side 
of thermoelectric and output voltage of system. The 
power generation system based on heat pipe and 
thermoelectric designed with Four straight heat pipe 
units Ø10 x 700 mm, Qmax 350 W, eight thermoelectric 
generator modules SP 1848 27145 SA, one MPPT unit 
Tracer1210A and asphalt pavement specimen 40 x 40 
cm. Experimental processing was performed with 
several thermocouples placed on the part of the specimen 
of asphalt pavement, in hot side, and cold side of 
thermoelectric. Temperature read by the sensor will be 
distributed to computer system using modul NI 9123 and 
C-DAQ 9174. Data is view by using NI LabView 2017 
software. The output voltage and electric current is read 
by multimeter (Fig. 3.1). Variation of data retrieval time 
is at 09.00; 10.00; 11.00; 12.00; 13.00; 14.00; 15.00; 
16.00 Indonesia Central Standard Time. 

 
 
Fig. 1. Experimental set-up of heat pipe and thermoelectric 
power generation 

3 Result and Discussion 
The output voltage generate by thermoelectric depends 
on difference in temperature between hot side and cold 
side thermoelectric. Measurement of temperature 
difference between hot side and cold side data get results 
as in table 1. Asphalt surface temperature affects the heat 
pipe temperature of the evaporator and condenser parts. 
From the table above shows that the asphalt drying 
temperature, heat pipe temperature of the evaporator and 
condenser has a small difference. This indicates that the 
heat absorption rate by the heat pipe has a good 
performance. The thermoelectric circuit is very 
dependent on the difference temperature generated by 
the cold side and hot side of thermoelectric. Figure 2 
becomes different the temperature formed at heating at 
09: 00 a.m, ad 12:00 a.m.   
 

Table 1. Output voltage and current of thermoelectric module 

Time 
 

Tsurface 
Asphalt 

pavement (oC) 
∆Thermoelectric (oC) 

Termoelectric Output MPPT Output 

Voltage (V) Current 
(A) Voltage (V) Current  (A) 

9:00 72.3 38.7 7.8 3.04 14.4 1.65 

10:00 78.4 40.6 9.3 3.61 14.4 2.33 

11:00 80.2 45.9 10.2 4.04 14.4 2.86 

12:00 84.6 49.3 11.9 4.41 14.4 3.64 

13:00 83.8 50.2 13.4 5.34 14.4 4.97 

14:00 83.1 49.1 11.6 4.35 14.4 3.50 

15:00 82.3 48.7 11.4 4.21 14.4 3.33 

16:00 77.6 42.7 9.9 3.77 14.4 2.59 
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Different temperature the highest is formed on 
thermoelectric heating at 1:00 p.m. it reached 50.2OC 
and different temperatures which are formed at 4:00 p.m. 
not significant losses compared with 12:00 a.m and 
01:00 p.m like that shown in figure 3. 

In the overall system heat Asphalt is delivered to the 
thermoelectric generator to produce 23.7 watts up to 71.6 
watts with an area of asphalt heat absorption area 40cm x 
40cm. This is enough to provide for Attachment of the 
power needed for the system toll road lighting with the 
use of LED lights. Thermoelectric generator system with 
a system heat conductor in the form of this heat pipe will 
generate heat on the hot side thermoelectric and the 
cooling system which is on the cold side will form the 
temperature difference through the effect Seebeck will 
be converted to a voltage. The voltage connected to the 
MPPT circuit will condition the voltage and current 
strength on optimum position so that it is charging to the 
system storage will be more optimal. 
 

 
(a) 

 

 
(b) 

Fig. 2. Difference temperature of thermoelectric modules (a) at 
09:00 a.m, (b) at 12:00 a.m 
 

  
(a) 

 

 
(b) 

 

Fig. 3. Difference temperature of thermoelectric modules (a) at 
01:00 p.m, (b) at 04:00 p.m 

 
MPPT directs the voltage generated by the 

thermoelectric to the optimal voltage where the amount 
of power produced remains the same but the voltage is 
optimized at ≥ 14.4 Volts so that the output after MPPT 
leading to the current battery is adjusted accordingly. 
Based on the maximum current strength of 4.97 Ampere 
using a battery of 12 Volts and 100 Ah, the predicted 
power of 1200 Watt will be charged to the battery for 
18.72 hours of charging time. This allows for 48 watts 
and 120 Watts of highway lighting, where the power 
charged in the battery is sufficient and there is still 
residual power for lighting for 12 hours. If an average 
power of 3.36 Ampere is used then a battery capacity of 
12 Volts and 100 Ah takes 14.88 hours to charge 600 
Watts. It also still meets the use of 48 Watt toll road 
lighting operating for 12 hours. 
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4 Conclusion 

From the test results, it can be concluded that the asphalt 
temperature is very capable to heat the thermoelectric 
heat side so that the temperature difference between the 
hot side and the thermoelectric cold side can be formed. 
The biggest temperature difference for the 1600 cm2 
asphalt heat absorption area occurred at 1:00 p.m. with a 
temperature difference of 50.2oC. Maximum power that 
can be produced is 71.6 watts. To increase the output 
power of the thermoelectric can be done by increasing 
the number of thermoelectric circuits and increasing the 
heat absorption area by a straight heat pipe 
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