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Fig 1 Average specific energy consumption (SEC) of
microwave drying process of potato slices
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Table 1 Specific energy consumption (SEC) reported by some researchers for drying of different
products.

Product Drying system and conditions

SEC (MJ kg™) Reference

White mulberry

Microwave power
Power levels: 100-500 W

3.97-6.73 [16]

Microwave power

Kiwi Sample thicknesses: 3—9 mm 7.79-16.20 [17]
Power levels: 200-500 W

Combined hot air/microwave power

Green pepper

Air flow rate: 1 ms™

7.20-9.26 [24]

Power levels: 180-720 W

Microwave power

Power levels: 200-800 W 4.58-5.89
Samples bed thickness: 10 mm

Peppermint leaves Hot air
Air temperatures: 50-70 °C
Air flow rate: 0.4 ms™

(23]
42.72-64.71

Samples bed thickness: 10 mm

Hot air
Air temperatures: 50-70 °C
Air flow rate: 0.7 ms™
Samples bed thickness: 50 mm

Wormwood leaves

17.64-32.09 [26]

Infrared power

Power levels: 200-500 W 4.22-10.56 [1]
Samples bed thickness: 30 mm
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Table 2 Increment in specific energy consumption by increasing samples thickness at the studied
microwave powers.

Microwave power (W)

Variation in samples thickness

Increment in SEC (%)

800 3.5—-5 mm 42.19
5—7 mm 4231
7—9 mm 27.02
600 3.5—5 mm 27.07
5—7 mm 5739
7—9 mm 19.55
400 3.5—5 mm 36.61
5—7 mm 58.17
7—9 mm 19.83
200 3.5—5 mm 46.99
5—7 mm 3443
7—9 mm 1341
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Fig 2 Average energy efficiency of microwave
drying process of potato slices
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Table 3 Average specific energy loss of microwave drying process of potato slices.

Microwave power

Specific energy loss (MJ kg ™)

W) Samples Thickness (mm)

3.5 5 7 9
800 0.69 0.94 131 1.72
600 0.85 1.16 1.73 2.09
400 1.07 141 191 245
200 1.33 1.71 230 2.71
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Fig 3 Average exergy efficiency of microwave
drying process of potato slices.

Table 4 Exergy efficiency reported by some researchers for drying of different products.

Product Drying system and conditions Exergy(s/fﬁimency Reference
o

.. Microwave oven
Turmeric slices Power levels: 270-900 W 2.18-12.77 [19]
White mulberry Powgf‘l‘;rv"evlvs?vfo‘(’)f‘;‘éo W 33.63-57.08 [16]

Microwave oven
Kiwi slices Power levels: 200-500 W 11.35-2468 [17]

Samples thicknesses: 3, 6 and 9 mm
Semi-industrial continuous band microwave
dryer

Paddy Power levels: 90,270 and 450 W 4.13-13.88 [18]

Thickness of paddy bed: 6, 12 and 18 mm
Conveyor belt speed: 0.24-12 m min™*

Microwave-assisted fluidized bed dryer
Microwave power densities:0.0-53 W g”!
Soybeans Air temperatures: 30-60 °C 9.21-13.81 [29]
Air velocities: 1.2,1.85and 22 ms”
Bed heights: 3,4.5 and 6 cm
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Table 5 Average specific exergy loss of microwave drying process of potato slices.

Microwave power

Specific exergy loss (MJ kg™)

(W) Samples Thickness (mm)

3.5 5 7 9
800 1.39 1.36 1.30 1.22
600 1.29 1.27 121 1.19
400 1.26 1.22 1.19 1.16
200 1.21 1.19 1.14 1.11
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In the present research, microwave drying process of potato slices were thermodynamically analyzed and
evaluated. During the experiments, potato slices with thicknesses of 3.5, 5, 7 and 9 mm were dried using
powers of 200, 400, 600 and 800 W. Specific energy consumption was obtained to be the range of
0.83-3.29 MJ kg, and significantly increased (p < 0.05) with increasing samples thickness. Energy
efficiency of the process (13.23-35.59) was significantly (p < 0.05) improved with increasing microwave
power and decreasing samples thickness. Average specific energy loss of the process varied from 0.69 to
2.71 MJ kg''. Exergy efficiency and sustainability index of the process changed from 10.03 to 28.17 %
and from 1.11 to 1.39, respectively. In General, according to the results obtained in this research,
practicing higher microwave powers to dry thinner samples improved the thermodynamical performance
and reduced the environmental footprints of the process.

Keywords: Microwave power, Thin-layer drying, Energy efficiency, Exergy efficiency, Sustainability
index
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