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Abstract: The drying of chilli pepper using a solar dryer with a back-up incinerator to determine the drying
rate and efficiency was undertaken. The dryer was used to dehydrate the pepper during sunny (clear) and
cloudy (dull) weather with the view to improve the quality of the pepper for storage. Drying was assumed to
have taken place in the falling rate period so that only one drying rate constant was used. Different batches of
the pepper were dried under various drying conditions. The solar dryer was used for drying during sunny
weather while the incinerator assisted dryer was used during cloudy weather. Open air sun drying was carried
out as control. The respective weight losses of the dried samples were measured and used to determine the
reduction in moisture contents. The efficiencies of the equipment and the drying rate efficiencies were computed.
The drying rate efficiencies for solar dryer and solar-incinerator dryer were obtained as 99.6 %, and 92.9 %
respectively. The corresponding computed efficiencies for the equipment were 56 % and 13 % respectively. The
results obtained showed that drying rate was highest during the solar drying and least during the incinerator-
assisted and control drying respectively indicating good prospects for solar drying of chilli pepper in Makurdi.
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l. Introduction

Drying is a thermal process in which heat and moisture transfer occur simultaneously. Heat is
transferred by convection from heated air to the product to raise the temperatures of both the solid and moisture
that is present [1]. Moisture transfer occurs as the moisture travels to the evaporative surface of the product and
then into the circulating air as water vapour [2]. The heat and moisture transfer rates are therefore related to the
velocity and temperature of the circulating drying air [3]. Agricultural crops need to be dehydrated by drying to
moisture content suitable for storage [4 — 11].

Active drying systems for the small scale rural development are not common because of the motorised
fans which calls for grid connected electricity or photovoltaic (PV) generators. While PV systems are expensive,
grid connected electricity is either unavailable or unreliable or both [12 — 16]. Hence, the traditional open sun
drying is still common and widespread in Nigeria. The products under the open drying are of poor quality due to
the unavoidable presence of rain, wind, moisture and dust [17 — 20]. Also, they are attacked by rodents, insects
and fungi among others. The process is also time-consuming and it requires a large area for spreading out the
produce to dry.

Solar drying is an alternative which offers several advantages over the traditional (open sun) method of
drying [21 — 23]. It is economically viable and environmentally friendly. It saves energy, time, occupies less
area, improves product quality, and makes processing industries to produce hygienic, good quality food
products. At the same time, it can be used to promote renewable energy sources as an in-come generating option
[20]. Several attempts have been made to improve the quality of the dried agro-products by harnessing solar
energy [24, 25]. Makurdi is the capital of Benue State in the middle belt region of Nigeria. The town is located
on coordinates 7° 43’ 50”N, 8°32°10”E. Several efforts have been carried out in this location to take advantage
of the abundant solar radiation available [17, 22, 26].

Most crops and grains are harvested during the peak periods of raining season and preservation by sun
drying proves difficult. These result in agricultural produce to be dumped in villages and major cities as waste
[23, 26]. Rehydration of the crops during cloudy weather and at nights results to poor dehydrated products for
storage [27].
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The solar dryer with a backup incinerator therefore focuses on dehydrating agricultural produce during clear
weather, cloudy weather and at nights to improve the quality of agricultural products for storage. It will enhance
the dehydration of agricultural products especially during the harvest period in order to improve storage life [21,
28 —33].

Generally, the drying of a mass of moist solid can be described under three parts namely the initial
adjustment, constant rate and the falling rate periods. According to [34], natural convection drying in the falling
rate period can be represented with equation 1.

In(M, — M) = Kt Q)

where, M _ = initial moisture content and M = moisture content at time t and K = drying constant.

1. Materials and Methods

The dryer comprises of three major units namely the flat plate collector; an incinerator and the drying
chamber. The incinerator is incorporated in the design for drying during cloudy weather and night periods. The
schematic diagram of the complete assembly of the Solar dryer with incinerator is shown in figure 1.

No-load tests were carried out on the system. The tests involved measuring the temperature of the air
stream and the ambient temperature using thermometer. The average velocity of air delivered into the drying
chamber was also measured using a cup anemometer. The biomass (charcoal) used in the incinerator was burnt
and the heat conveying fluid (water) was allowed to flow by gravity. The initial and final temperatures of the
fluid were measured and the temperature of the dryer was also measured using a thermometer.

On-load tests were ran for different drying conditions for solar, solar-incinerator and control
experiment of chilli pepper (Capsicum annuum) respectively. To compare the performance of the dryer with that
of the sun drying, equal weights of control samples of chilli pepper (1000 g) to that introduced into the dryer
were respectively placed on a tray beside the dryer in the open sun. Before starting the experimental runs, the
whole apparatus was operated for a period of one hour to stabilize the air temperature and air velocity in the
dryer each day from 09.00 hours. Drying was started after completion of loading, usually at about 10.00 hours
and discontinued when it reached the final acceptable moisture content for chilli pepper of 5%. The sample was
weighed every one hour to determine the moisture lost. The drying process was continued until acceptable
moisture content was achieved. The same experiment was repeated for dull weather and the equipment, solar
collector, incinerator and dryer connected and ran to determine the equipment efficiency and dry rate.

Weight losses of the samples during the drying process were measured using a digital weighing balance.
A Vaisala humidity and temperature indicator HMI 31 was used for measuring relative humidity, ambient
temperature and the temperatures of the collector and the dryer respectively. A micro processor AM 4822
Anemometer was used for measuring air speed. Temperatures of the glass cover, absorber plate of the collector
were measured using thermometers at 1 hour intervals during the no-load test and 2 hours interval during the on-
load test. The moisture content of the chilli pepper was determined using analytical balance moisture analyzer.
The dried chilli pepper samples were collected cooled in the shade to the ambient temperature and sealed in
plastic bags for storage.

1. Results and Discussions

Tables 1 to 3 show the mean mass (moisture) profile of chilli pepper for the control, solar dryer, and
solar-incinerator dryer experiments respectively. The results indicate that the percentage moisture lost by the
open sun drying and the solar —incinerator drying were quite close at the end of the second day (41.34 % and
48.80 % respectively). A wide gap of the moisture loss was observed at the end of the second day for the sample
in the solar dryer (61.54 %). At the end of the third day (after 26 hrs), it could be said that the solar dried sample
had lost all its expellable moisture content (85.96 %) whereas the open sun dried sample had lost only 51.99 %
moisture content and the solar —incinerator lost only 67.91 % of its expellable moisture content. At the end of 32
hrs it could be said that the solar—incinerator dryer also lost virtually all the expellable moisture content (86.14
%) whereas the control sample lost only 80.67 %. It took (38 hrs) for the control sample to lose all its expellable
moisture content (86.21 %).

Figure 2 shows that efficiency of the collector (7 ), increases with increase in ambient temperature.

Figure 3 shows the drying pattern distribution rate for pepper drying. The Figure 3 shows that the drying rate is
faster in solar drying, followed by solar incinerator drying, then the open sun drying. The efficiencies of the
equipment were also determined using the drying distribution rates and constants of the four equipment. The
drying rate efficiency for solar dryer and solar-incinerator dryer was obtained as 99.6 %, and 92.9 %
respectively.
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V. Conclusion

The solar dryer can be used efficiently during cloudy, rainy and sunny weather conditions and at nights. The
drying rate efficiency for solar dryer and solar-incinerator dryer was obtained as 99.6 %, and 92.9 %
respectively. The computed efficiencies for the equipment were 56 % and 13 % for solar dryer and solar-
incinerator dryer respectively. The solar dryer had a better drying rate. The system can be adopted in both rural
and urban areas with high humid conditions such as Makurdi for drying of agricultural produce.
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Table 1: Mean Mass (Moisture) Profile of Pepper Sample (Control)
Time (Hrs) Mass before Mass after M (%) M,-M In (M -M ) Time
drying, W drying, W, (%) ° (days)
() (9
1000 — 1200 1000 824 21.30 65.30 4.17
1200 — 1400 824 805 24.08 62.52 4.13
1400 — 1600 805 809 23.50 63.10 4.14 1
1600 — 1800 809 786 27.09 59.51 4.08
0800 — 1000 786 773 29.31 7.29 4.05
1000 — 1200 773 765 30.60 56.00 4.02
1200 — 1400 765 761 31.33 55.27 4.01 2
1400 — 1600 761 722 38.49 48.11 3.87
1600 — 1800 722 707 41.34 45.26 3.81
0800 — 1000 707 677 47.60 39.00 3.66
1000 — 1200 677 671 48.98 37.62 3.62
1200 — 1400 671 683 46.30 40.30 3.69 3
1400 — 1600 683 657 51.99 34.61 3.54
1600 — 1800 657 611 63.43 23.17 3.14
0800 — 1000 611 595 67.89 18.71 2.93
1000 — 1200 595 553 80.67 5.93 1.78
1200 — 1400 553 556 79.23 7.37 1.99 4
1400 — 1600 556 552 81.13 5.47 1.69
Table 2: Mean Mass (Moisture) Profile of Pepper Sample (Solar Dryer)
Time (Hrs) Mass before Mass after M (%) Mo-M n(M_ - M) Time
drying (W) drying Ws (g) (%) ’ (days)
(9)
1000 — 1200 1000 816 22.42 64.18 4.16
1200 — 1400 816 812 23.04 63.56 4.15
1400 — 1600 812 800 24.94 61.66 4,12 1
1600 — 1800 800 767 30.30 56.30 4.03
0800 — 1000 767 756 32.17 54.43 3.99
1000 — 1200 756 730 36.93 49.67 3.91
1200 — 1400 730 717 39.29 47.31 3.86 2
1400 — 1600 717 643 55.40 31.20 3.44
1600 — 1800 643 619 61.54 25.06 3.22
0800 — 1000 619 600 66.59 20.01 2.99
1000 — 1200 600 582 71.76 14.84 2.69
1200 — 1400 582 564 77.28 9.32 2.23 3
1400 — 1600 564 537 85.96 0.64 -0.44
Table 3: Mean Mass (Moisture) Profile of Pepper Sample (Solar-Incinerator Dryer)
Time (Hrs) Mass before Mass after M (%) Mo-M (%) | |n M. -M) Time (days)
drying W (g) | drying W;(g) °
1000 — 1200 1000 821 21.8 64.74 4.17
1200 — 1400 821 794 25.81 60.79 4.11
1400 — 1600 794 802 24.61 61.99 4.13 1
1600 — 1800 802 789 26.61 59.99 4.09
0800 — 1000 789 775 29.03 57.57 4.05
1000 — 1200 775 755 32.45 54.15 3.99
1200 — 1400 755 719 39.01 47.59 3.86
1400 — 1600 719 702 42.36 44.24 3.79 2
1600 — 1800 702 672 48.80 37.80 3.66
0800 — 1000 672 668 49.50 37.10 3.61
1000 — 1200 668 606 64.89 21.71 3.07
1200 — 1400 606 650 53.66 32.94 3.49
1400 — 1600 650 595 67.91 18.69 2.93 3
1600 — 1800 595 555 80.11 6.49 1.87
0800 — 1000 555 544 83.66 2.94 1.08
1000 — 1200 544 537 86.14 0.46 -0.77 4
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