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Figure 3: Temperature as a function of time and power supply

Table 2: Achieved temperature and temperature difference using specified power supply
Power supply To (°C) Wh (°C) Wec (°C) ATW (°C) Fh (°C) Fc (°C) ATF (°C)

18 watts 31.9 60.48 43.54 16.94 61.14 43.52 17.62
28.125 watts 31.9 64.61 47.31 17.3 64.8 46.86 17.94
40.5 watts 31.9 68.76 48.31 20.45 69.4 47.48 21.92

From Table 2, it can be seen that with a higher power, a higher temperature difference could be achieved with
the value remaining constant throughout the stationary phase. Assuming the power supplied to the system
does not fluctuate, this constant value means that the energy released from the system was equal to the
energy supplied. Several studies also found similar results (Hajovsky et al., 2016; Al-Madhhachi and Min,
2017). However, compared to previous studies, heat accumulation on the thermoelectric module cold side
prevented the cold side from reaching lower temperature, if not equal to, the ambient temperature.
Nevertheless, the thermoelectric module showed capability in maintaining the temperature difference between
the two sides, preventing both sides from having the same temperature. Another comparable study also found
out that using a different type of thermoelectric module may provide different temperature differences (Al-
Maddhachi and Min, 2017). Still, since the TEC-12706 module itself is widely used in Indonesia for hot-cold
water dispensers, the price is relatively cheaper and commercially available compared to the other
thermoelectric module types.

5.2 Evaporation rate

Changes in height on the water surface or distance rate were measured using an ultrasonic sensor and
recorded by utilizing the Arduino® module. Distance rate can be seen in Figure 4a at the various power supply.
Assuming that the surface area of the cubic container is constant, then the rate of evaporation can be
calculated as shown in Figure 4b at the various power supply. All curves in Figure 4b show a similar trend of
evaporation rate at the various power supply. Therefore, the relation between evaporation rate E, versus time
can be made an equation based on the least-square curve fitting. The fifth-order polynomial equation was
found as shown in equation (6) with a summary of the parameters that can be seen in Table 3. Similar studies
also show some similarities of this phenomenon especially in the relationship between evaporation rate and
time (Johnson et al., 2019).

Ev=at’ +bt' +ct’ +dt* +et (6)
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Figure 4: Distance rate at various power supply (a) and evaporation rate at various power supply (b)
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Table 3: Parameters of polynomial model evaporation rate as a function of time (s)

Power supply (watts) a b [ d e R?
18 8E-23 -3E-18 3E-14 -1E-10 2E-07 0.9874
28.125 8E-23 -3E-18 3E-14 -9E-11 2E-07 0.9841
40.5 -2E-25 1E-19 -4E-15 3E-11 1E-07 0.9910

Figure 5 is similar to the evaporation rate from Figure 4b, however, there are some differences to be noted.
Each graph forms five similar areas, but with points that have different coordinates, namely initial values,
transient threshold, straight linear, transient shoulder, stationary, and decline. Using 18 watts, the transient
region occurred with a longer period compared to the others, on the other hand, 40.5 watts was the fastest
and 40.5 watts reached the stationary region faster. In the stationary phase, the evaporation rate reached a
constant value, hence the evaporation of water occurred in a steady state. Previous studies showed some
similarities especially in the transient threshold and straight linear phases (Al-Madhhachi and Min, 2017) with
the stationary phase observed in the final stage of system operation (Canbazoglu et al., 2018). These two
results can be correlated with each other in a bigger picture, forming a complete graph as shown in Figure 5.
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Figure 5: Regions of evaporation rate

5.3 Yield and efficiency

Table 4 shows distillate volume product as energy supplied. The increase in the amount of energy is
proportional to the amount of distillate obtained.

Table 4: Relation between power supply, distillate volume, power/volume, and energy/volume

Power supply (watts) Total energy (J) Distillate volume (ml) Power/volume (watts/ml) Energy/volume (J/ml)

18 216,000 19.6 0.918 11,020.4
28.125 337,500 294 0.957 11,479.6
40.5 486,000 41.8 0.969 11,626.8

Table 5 shows the computation of the total heat of water distillate. The Antoine parameters (Guo et al., 2016)
were applied to determine water vapor pressure for the calculation of heat of vaporation based on equation
3).

Yield (in volume percentage) can be calculated by dividing the volume of the distillate by the volume of the
initial sample. COP can be calculated using the COP equation for the heat pump seeing that this distillation
system uses a thermoelectric module as a heat pump to transfer heat from the cold side to the hot side while
supplying heat from outside the system (Zhang, 2017). Table 6 shows the yield and COP of thermoelectric
distillation based on the total heat usage as indicated in Table 5.

Table 5: Calculation of Total Heat usage

Power supply (watts) To (°C) Tmax (°C) AT (°C) Sensible Heat Q (J) Heat of Vap Q,q, (J) Total Heat (J)
18 31.9 61.3 17.0 23,879 44,637 68,516
28.125 31.9 64.8 17.8 27,330 66,891 94,221

40.5 31.9 69.4 20.9 30,797 94,986 125,783
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Table 6: Calculation of Yield and COP of thermoelectric distillation
Power supply (watts) Qsupplied (J)  Qusage (J) Yield (%) COP (%) Yield: COP

18 216,000 68,516 9.8 31.7 0.31
28.125 337,500 94,221 14.7 27.9 0.53
40.5 486,000 125,783 20.9 25.9 0.81

Final calculation results show that the use of 18, 28.125, and 40.5 watts tend to result in lower efficiency with
increased power. However, higher power usage resulted in higher yields, but with lower efficiency (COP). In
general, this is due to lower water heat of vaporization which causes more molecules to leave the sample,
resulting in an increase in yield, as well as reducing the burden of energy required for evaporation by the
thermoelectric module. A decrease in efficiency with increasing power is due to the performance of the
thermoelectric module itself where the increase in energy used is not significantly proportional to the maximum
hot side temperature that can be achieved, instead, it creates heat accumulation on the module’s cold side
which hinders condensation. Therefore, less power usage may provide higher efficiency, but with lower yields.

6. Conclusions

Utilization of thermoelectric module as an alternative for distillation system has been conducted and shows
reasonable potential and possibility for application. From the heat side, the generated heat is enough to
change the vapor-liquid equilibrium of most compounds, encouraging the formation of vapor distillate.
Alternately, absorbed heat at the cold side creates temperature difference which enhances condensation.
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