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.
Abstract

This study tested TEGs that utilize the heat of the satay furnace. The purpose of the research is to map
heat transfer to the TEG module. The next goal is to measure the voltage, current, and electrical power
generated. The test was conducted experimentally at six combustion time intervals. The parameters
measured include hot side and cold side temperature, AT, voltage, and current. The estimated heat
transfer was calculated using a simple radiation and conduction model. The results show a maximum
power of 0.65 W at TEG-3 at 3,600 s. This condition is achieved at AT = 46.7 °C with a voltage of 2.18 V
and a current of 0.30 A. The lowest power of 0.53 W is recorded at TEG-2 at 3,600 s. The increase in AT is
directly proportional to the rise in power in the test range. These results confirm the potential of satay
kiln waste heat as a source of micropower.
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1. Introduction

Various sectors of life require reliable, affordable, and sustainable electrical energy [1-2].
The increase in population and economic activity places a greater burden on the electricity
system [3-4]. Distribution networks face daily and seasonal variations in demand. Efforts to
conserve energy are essential, but harvesting wasted heat is also crucial [5-7]. Thermoelectric
technology enables the conversion of heat into electricity without the need for moving parts [8-
9]. The working principle of this technology rests on the different temperatures of the material
interface. The TEG module generates voltage when the hot side and the cold side have adequate
AT [10-11].

Medium-temperature heat sources are suitable for small-scale TEG applications. Satay
stoves provide a relatively stable heat profile during the combustion process. Culinary MSMEs
use this furnace for repeated operational durations [12]. Wasted heat has the potential to
become micropower for light loads. Micropower can supply lighting, sensors, and small battery
charging [13]. The use of waste heat strengthens the concept of the energy circular economy [14-
15]. This application also reduces emissions from thermal energy waste [16-17]. Technical
challenges remain present in open burning environments.

A fluctuating flame converts the heat flux to the module [18-20]. The distance of the
module to the heat source affects the AT in a real way. The performance of the cold-side heatsink
determines the temperature stability. The quality of thermal insulation also controls heat loss to
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the environment. Mechanical materials and joints must withstand thermal cycles. Soot and
combustion residue can lower the thermal contact of the interface. This study assesses the
feasibility of hot harvesting of satay kilns with TEG. The focus of the survey includes AT, voltage,
current, and power mapping. The study also observed trends in radiant heat transfer and
conduction.

Mathematically, conduction heat transfer is calculated as:

q=-KkAdT/dx (1)
And the heat transfer of radiation is calculated as:
q = &.0.A.(AT*) (2)

Repeated measurements are taken at reasonable operating time intervals. The distance
adjustment strategy is implemented to compensate for the temperature difference. This
approach aims to strike a balance between performance and safety. The expected output is in
the form of a map of TEG's performance in real scenarios. This map will guide the placement of
the modules and the design of the cooling. The results of the research provide a design basis for
the implementation of MSMEs. Its practical contribution is a simple, replicable test model. His
scientific contribution is the association of AT with the electrical output at the load. This
framework opens up DC-DC integration options and charge management. Technical
recommendations aim to enhance the thermal stability of the system. Further research will
evaluate the durability of the modules under various cycling conditions. A measured approach is
expected to encourage the adoption of technology on a small scale.

2. Methods

The research used a controlled experimental approach. The scheme of the method is
shown in Figure 1. Six TEG modules are arranged in series—parallel to obtain the working voltage.
The output of the TEG is routed to the Battery Management System (BMS). The BMS regulates
the protection and charging of the battery. The battery then supplies the lights as a verification
load.

TEG Array (6 modules)

+ - + - + -
Battery
- Management g Battery —— Lamp
System

Figure 1. Diagram system

The heat source comes from a charcoal-fired satay stove. The TEG module is placed at a
distance of 6 cm from the hot surface. The heatsink is mounted on the cold side to keep AT. The
temperature of the hot side and the cold side is measured with a thermogun. Voltage and current
are measured with a digital multimeter. Data recording was carried out at 600, 1200, 1800, 2400,
3000, and 3600 s.

3. Results and Discussion

Measurements are focused on two key locations. The first location is on the hot surface
of the skewer furnace. The second location is on the surface of the Peltier plate (cold side). The
goal is to map the temperature trend to the time of combustion. Summary results are presented
in Tables 1 and 2.
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Table 1 shows that the surface temperature of the furnace increases over time. The
average temperature rose from 127.8 °C at 600 s to 197.0 °C at 3,600 s. The peak value of a single
sensor (T1) was recorded at 224.7 °C at 1,800 s. This trend confirms the continuous heat supply
during the combustion process. Slight variations between sensors (T1-T3) are still visible. This
variation is natural in open flames and ambient airflow.

Table 1. Test results on the hot surface of the satay furnace

Waktu (s) T1 (°C) T2 (°C) T3 (°C) Average (°C)
600 196.10 108.20 79.10 127.80
1200 223.70 134.70 139.00 165.80
1800 224.70 175.80 165.20 188.57
2400 213.10 183.60 177.90 191.53
3000 216.10 181.10 180.40 192.70
3600 219.10 182.40 189.60 197.03

Table 2 records the temperature response on the peltier plate. The average cold side
temperature rises from 35.93 °C at 600 s. The average highest value was reached at 1,800 s,
corresponding to a temperature of 64.03 °C. After that, fluctuations occurred at 2,400-3,000 s.
The average returns increase at 3,600 s = 62.23 °C. Fluctuations are affected by fire dynamics,
thermal contact, and heat release to the environment. The performance of the heatsink also
determines the stability of the cold side.

Table 2. Test results on the hot surface of the peltier plate

Waktu (s) T1(°C) T2 (°C) T3 (°C) Average (°C)
600 35.20 37.20 35.40 35.93
1200 45.60 51.20 51.20 49.33
1800 69.20 57.20 65.20 64.03
2400 62.10 50.70 50.30 54.16
3000 59.80 49.40 58.70 55.50
3600 69.20 57.80 59.70 62.23

The average temperature difference between the hot surface and the peltier plate
increases with time. The difference is about 91.9 °C at 600 s and reaches +134.8 °C at 3,600 s.
This gap is an indicator of the potential practical temperature difference (AT) in the TEG module.
Larger gaps usually increase the output voltage and power. However, the stability of the AT is still
affected by the variation of flame, contact conduction, and thermal resistance of the interface.

Overall, the temperature data support the system's basic assumptions. The heat source
provides sufficient thermal energy for 1 hour of operation. The peltier side responds with a
measured rise accompanied by reasonable fluctuations. These results form the basis for the
discussion of TEG's electrical performance in the next section. The practical impact is the need
for flame control and heatsink optimization. The goal is to keep the AT high and stable at real
loads.

Figure 2 shows the hot surface temperature rising sharply to 1,800 s. The T1 sensor
peaked at about 225 °C earlier. The T2 and T3 sensors follow with a more sloping slope. Variations
between sensors remained noticeable throughout the test. This variation is natural in open
flames and free air currents. After 1,800 s, the temperature tends to stabilize close to 190-200
°C. Figure 3 confirms this pattern through an average curve that climbs and then flattens. This
stability indicates that the burning of charcoal has entered a steady phase. The coal layer
becomes more homogeneous, and the heat flow is more consistent.
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The cold side shows a different response. Figure 4 shows a rapid rise to 1,800 s. The value
then dropped at 2,400-3,000 s and then recovered at 3,600 s. Figure 5 confirms the average
fluctuation at 54—-62 °C. Fluctuations occur due to three main factors. First, the thermal contact
between the module and the heatsink is not yet constant. Secondly, the heat discharge into the
air changes according to the blow and the geometry of the flame. Third, soot buildup interferes
with local conduction. These results emphasize the importance of regulating the airflow around
the heatsink. Emphasis is also necessary on the strength of the clamps and the material of the
thermal interface.

The immediate consequence is seen in the difference in effective temperature. Figure 6
shows a clear distance between the hot and cold curves. Figure 7 shows AT increasing from ~92
°C to ~138 °C over 2,400 s. The value then decreased slightly but remained high at 3,600 s. The
increase in AT is in line with the Seebeck effect. The voltage and power will increase as the AT
increases. However, the local AT on the module can be smaller than the average difference. The
cause is contact resistance and heat dispersion on the plate. This is why the best module peak
power is recorded when the macro AT is not maximum. The module with the best contacts will
give the highest output.

These visual findings provide clear technical direction. Keep a distance of 6 cm, but
stabilize the flame pattern with a simple baffle. Increase cold side heat dissipation with wider
fins. Forced ventilation or shallow water flow may be considered. Use thermal paste and constant
torque clamps on the module interface. Clean soot periodically to lower contact resistance.
Integrate DC-DC with MPPT to maximize the point of work. These measures target high and
stable AT. The result is more consistent TEG power at real loads.
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Figure 6. Average hot versus cold temperature Figure 7. Effective AT versus time

4. Conclusion

This study demonstrates that the heat of the satay oven can be harnessed as a source of
micropower. The temperature profile rises rapidly to a steady phase in the range of 190-200 °C.
The cold side follows an uptrend with fluctuations due to contact and heat dissipation. The
difference in effective temperature increases to a high range and then stabilizes. A distance of 6
cm from the heat source provides better heat flow. The best module reaches AT at about 46.7 °C
at 3,600 s. The maximum power is recorded at 0.65 W on the TEG-3 at 3,600 s. The lowest power
of 0.53 W occurs in TEG-2 at the same duration. Performance is greatly influenced by thermal
contact quality and flame stability. The BMS—battery—lamp scheme works as a validation of real
loads. The test results confirm the feasibility of the TEG for light lighting applications. The results
also verify its potential for small battery charging.

Recommendations are designed to enhance heat stability, improve thermal interface
quality, and optimize power conversion efficiency. Flames tend to be more stable when a simple
baffle or a low-speed blower controls the airflow. The heat dissipation on the cold side needs to
be strengthened to keep the AT high throughout operation. Wider heatsink fins or shallow water
circulation consistently help lower thermal resistance. The module interface requires reliable
contact management through thermal paste and clamps with constant torque. Soot residues and
oxides should be cleaned periodically, as this layer increases the conduction resistance of the
joints.

The geometry arrangement has a tangible impact on the heat flow and safety of the
system. A distance of about six centimeters from the heat source shows good performance when
equipped with a directed radiation shield. Power conversion becomes more effective with the
addition of DC-DC boost and mini MPPT so that the module's working point is at the optimal
voltage. Charging reliability and battery life are maintained through the BMS with adequate
current, temperature, and voltage protection. Evaluation accuracy increases when the
temperature is measured directly on both sides of the module, not just in the surrounding
environment. Advanced validation can be done through replication with different fuel variations
and load patterns. Long-term durability should be assessed through cyclic thermal fatigue tests
on modules. Efficiency reporting from the heat inlet to the load power provides the basis for
gradual improvements. At the same time, the modular mechanical design makes it easy to
maintain and improve performance in the field.
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