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Solar cabinet dryer for drying of dates is one of the promising technology for obtaining
good quality dried dates which is again energy and cost effective technology. From the cost
analysis of the solar cabinet dryer installed at CCE, Oman there is a clear indication that the
energy per unit cost was comparable to any other modern drying technology like freeze drying,
where energy consumption is more. As per the annual life cycle costing (ALCC) carried out
for solar cabinet dryer the cost per unit energy obtained was Rs.63.36/kWh, when 5 hours of
potential sunshine hour was taken into account. Under the test condition, the specific moisture
extraction rate was found to be 0.84 kg/kWh and it took only 24 hours to dry dates from moisture
content of 49.01% to 35.21% in cabinet dryer compared to sun drying which took 48 hours
which is double. In the presence of heat storage unit, the thermal efficiency of solar dryer for
forced convection drying obtained for the period of study was 26%. Due to the presence of heat
storage unit five plus two hours extended drying time was available. In that case the cost per
unit energy was Rs. 45.28/kWh. If this solar dryer unit is produced in bulk surely the production
cost or the capital cost will come down drastically. This would in turn reduce the cost/unit of
energy. However the cost of raw material and the selling price of dried dates were not taken
into account. If they were taken into account surely more cost reduction could be expected
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Open sun drying is conventionally used
drying method by most of the farmers. But solar
drying gives good quality nutritious end product
without dust and insects, hence solar cabinet dryer
could be the alternate for drying harvested products
especially dates. Recently performance evaluation
of a mixed mode solar dryer was carried out. In
this study drying rate and drying efficiency were
reported as 113g/h and 10.24% respectively for
solar dying only and 151g/h and 13.50% when the
backup heater was used (day and in the evening)'.

In another review work it was mentioned
that solar drying with desiccant bed is capable of
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drying products at late evening?. For solar drying,
flat plate collectors with storage unit are more
suitable and economical. In a solar cabinet dryer
coupled with gravel bed for drying chilli, the heat
stored in the storage unit could be used to dry the
chilli during off sun shine hours. Extended drying
time of 4h every day is reported in the work®. The
evaluation of a solar thermal collector designed for
drying grain was carried out for the geographical
condition of Pakistan. The efficiency was higher in
the month of November as compared to January*.
It was concluded that thermal collector should be
operated at high mass flow rates from 9.00 am to
4.00 pm to get maximum performance.

Selection of heater, blower and insulation
thickness for optimum operation of the dryer for
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drying the grains were carried out in another works3.
The new design eliminated the use of gas, drying
time was reduced and the grains were moderately
dried. Another work was based on the performance
of a forced convection solar drier integrated with
gravel. Average drier efficiency reported was 21%
and specific moisture extraction rate was 0.87 kg/
kWh6. The drying of cashew nuts using indirect
solar dryer was carried out using active mode and
passive mode of solar drying. In this study the
thermal efficiency of the solar collector varied
between 65-70% in active mode and 30-45% in
passive mode7. Fuller et al. have carried out the
technical and financial evaluation of solar dryer
in Bhutan for drying of chilli and beef strips.
They have reported that the total investment cost
for the solar dryer solar dryer was Rs. 1,45,266
and the operating costs exceed the benefits. They
suggest optimization of the dryer design to improve
its financial benefit in addition to its favorable
technical performance8. In another study in
Malaysia for drying seaweeds, it is reported that
using the double-pass solar collector is best suited
as the payback period for the dryer is as low as 2.33
for the selected design parameters9. The aim of the
current work is to carry out performance evaluation
and cost analysis of solar cabinet dryer, especially
to find the thermal efficiency of solar cabinet dryer
and carry out annual life cycle costing.

MATERIALS AND METHODS

The solar cabinet dryer, henceforth
called as SCD designed and fabricated by the
corresponding author, consist of the following 2
main units is used for the study as shown in Figure
1.

1. Drying cabinet with insulation and
2. Flat plate collector integrated with heat
storage unit covered with insulation.

Newly harvested rutab stage dates (soft
light brown stage) were purchased from the local
farms in Muscat and stored in the air conditioned
room, temperature 20 oC for 3 days till it fully
ripened to light brown color, Figure 2 and
Figure 3.

Open sun drying

Dates are spread under open sun in an
area of 76 x 80 cm, shown in figure 3. The initial
weight of the dates was recorded. The experiment
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started at 7.00 am. Every half an hour the change
in the weight was recorded. Also the value of the
ambient temperature, solar insolation and humidity
of the air measured and recorded.

Solar Cabinet drying

Dates were spread on 4 trays as shown in
Figure 4. Initial weight noted. Random samples
were taken from the trays and oven dried at 1050C
to find the dry weight of the sample. After loading
the trays the door of the dryer was closed tightly.
Blower was started and waited till the system
reached steady state. Temperature of the drying
cabinet was measured in 3 places, inlet, middle and
the exit using thermocouples. Similarly temperature
of the heat storage box was recorded in 3 different
places top, middle and the bottom. Ambient
temperature and the temperature at the inlet and
exit of the solar collector were also recorded.
This experiment was conducted in the month of
August. All the temperature measurements were
recorded every 30 minutes. Solar intensity on the
day of drying was also recorded every 30 minutes.
Change in the weight of the dates placed in cabinet
dryer was recorded every 1 hr to minimize the heat
losses.

For the determination of moisture content
randomly selected dates samples were kept in the
hot air oven at 105+1 oC. The dates were dried till
they reached constant weight. Moisture content on
wet basis is recorded for both sun dried dates and
solar cabinet dried dates for every 1hr. Moisture
content was calculated as per the following
equation

Mwb= {(Mw-Md)/Mw}x 100
(1)

Where Mw is the initial mass in kg before
drying and Md is the mass of dry dates in kg after
drying. Specific moisture extraction rate is the
energy required to remove one kg of water. It was
calculated using the following relation10

SMER =Md/ Pd -(2)

Where Pd is the blower power. The
instantaneous thermal efficiency of the collector is
determined as reported in the literaturel1,12&13.

ne= (o / dA) x 100 ..(3)

Where nc is the thermal efficiency of the
solar collector, o is the heat output of the collector.
The overall system efficiency is found out by the
following relations14 for forced convection solar
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drying and for natural convection solar drying

respectively

ns= (mwhfg)/ (1At +E) ..(4)

ns = (mw hfg )/ (IAt) ..(5)
where mw is the moisture evaporated at

a time in kg, hfg is the latent heat of vaporization

of water in KJ/Kg, A is the collector area in m2, t

is time of drying in s, E is the energy consumption

of blower in kWh

Cost Estimation

Life cycle costing or LCC refers to the
accumulated worth of all the costs that are both
recurring and non-recurring during the life period
of systeml5. The different components taken
into account for calculating LCC are capital cost,
replacement cost, maintenance Cost and salvage
value.

The Capital cost is the initial cost that is
spent for purchase of Steel to fabricate the setup,
blower, fan, 4mm thick glass used for glazing
effect, black paint, Mechanical Structures to
support the drying unit, flat plate collector, blower,
insulation material, stones for heat storage material,
thermocouple, anemometer, humidity meter, solar
intensity meter, weighing balance, laboratory

e

e

Fig. 1. Solar Cabinet Dryer showing the drying
cabinet and collector unit
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analysis and Installation Charges. Replacement
cost is the cost incurred for replacing blowers,
fans, and puff beadings at the end of its life time.
Blowers and fans should be replaced every 3 years.
Maintenance cost is the cost incurred every year
as annual maintenance cost. Salvage value is the
money that is obtained while disposing the cabinet
dryer and flat plate collector at the end of life cycle
period.

For calculating LCC, each of the costs
is converted to its present worthl5. Even the
salvage amount is converted to its present worth
for calculating LCC. Following are the actual costs
of various components that are considered for LCC
calculations shown in Table 1. The currency used
here is Indian Rupees. The first 10 items adds up
to the capital cost. This is equal to Rs. 3,84,000.
Assuming the maximum life of solar cabinet dryer
and the flat plate collector is 20 years, it means the
replacement of the setup should be done after 20
years, further calculations are carried out. Since the
experiment was carried out under the metrological
condition of Oman, the prevailing interest rate and
inflation rate in Oman was taken into consideration
Interest rate in Oman, i = 7%

Inflation rate in Oman, f= 4%

Fig. 3. Date used for drying (day 3)

Fig. 4. Cabinet drying and sun drying
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Fig. 5. Temperature variations in gravel bed, cabinet dryer and ambient condition
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Fig. 6. Temperature variations in gravel bed and ambient condition

Table 1. Cost incurred in manufacture of the solar Dryer

1. Cost of Cabinet dryer and flat plate collector 1,52,000
2. Fabrication charges 80,000
3. Weighing Balance 12,800
4. Humidity meter 11,200
5. Solar intensity meter 14,400
6. Dates 12,800
7. Stones 9,600
8. Insulation material 43,200
9. Cost of installation and Commissioning 40,000
10.  Anemometer 8000
11.  Annual maintenance charges 8000

Total 3,92,000
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Peak Sun Hours for Oman is taken as 5
hours and 2 hours of extended drying time was
considered due to the presence of heat storage unit
in the experimental setup. For this 7 hours, total

energy generated/day,
E = power x drying time ...(6)
E=390Wx7h

To calculate the present worth of each
expenditure (cost at year 0), the present worth of
capital cost is directly taken from the capital cost
(PW1). Let the replacement cost of the unit is
U, then the present worth of replacement cost is
calculated using the following equation
PW2 = U((1+)/(1+i))"20 A7)
The present worth of the annual maintenance ost
considered over the period of 20 years is
PW3 = AMC ((1+£)/(1+1)x[1-((1+£)/(1+1))"20]

..(8)

Since there is no moving parts, Assume
the dryer should be replaced after 20 years, then
the present worth of the salvage value obtained by
disposing the unit and mechanical frames at the end
of 20 years is
PW4 = Sal ((1+f)/(1+1))"20 .(9)

Therefore the Life Cycle Cost, LCC and
the annual life cycle costing is calculated from the
following expression as
LCC =PWI1+PW2+PW3-PW4 ...(10)

ALCC = LCC/ {((1+H)/(1+i)x[1-((1+£)/
(1+1))"201} ..(11)

The cost per unit of energy is calculated
by using the expression

Cost per unit energy = Total cost / (365 days x
power) ..(12)

RESULTS AND DISCUSSION

In the drying test carried out in solar
cabinet dryer, the initial weight of the date recorded
was 42.23 kg and every 1 hour the change in weight
was recorded. The bone dry weight recorded by
oven drying method was 21.53 kg. In the Cabinet
dryer the initial moisture content of the date was
49.02% and final moisture content was 35.21%.
Within 24 hours time (2 days) the moisture content
was reduced to 35.21%. Whereas open sun drying
took 48 hours (4 days) to reduce to the same level
of moisture content.
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In addition to that in cabinet drying, the
soft texture of the date was preserved. Browning
was less compared to the open sun dried date. The
final product was clean, free of dust and termites.
The change in temperature of gravel bed, change in
temperature of cabinet dryer and change in ambient
temperature with respect to time is shown in
Figure 5.

The solar insolation data on the day
of the experiment shows it is a sunny day. The
temperature in the gravel bed is under increasing
trend during the afternoon hour up to 17.00 hours.
This may be due to the absorption and accumulation
of solar energy in the gravel bed. At 19.00 hours the
temperature of the gravel bed is 52 oC which is still
higher than ambient temperature by 29.3 oC. Hence
there is some unused heat present in the gravel bed
unit which could be used effectively. Similarly at
17.00 hours the cabinet dryer temperature is close
to ambient temperature but not equal to it. This
is an indication that drying time could be further
extended.

The average atmospheric temperature,
gravel bed temperature and cabinet temperature
was found to be in the range 029.3 oC to 33.8 oC,
30 0C to 73 oCand 30.2 oC to 51.5 oC, Figure
5. In spite of maximum ambient temperature 33.8
oC, the drying cabinet could attain a temperature
of 51.5 oC, a difference of 17.7 oC is attained, and
this may be due to the presence of insulation, which
is close to the temperature reported by Kamble
et al (2013)3.

The maximum temperature attained in
the gravel bed is 73 oC, this is attributed to good
insulation of the heat storage unit, and heat holding
capacity of the chosen heat storage material. The
average solar insolation ranges from 928.9 w/
m2 to 128.2 w/m2. The relative humidity of the
atmosphere varies from 41.8% to 70%, Figure 6.
The thermal efficiency of solar dryer for forced
convection drying obtained for the month of August
is 26%. The specific moisture extraction rate was
found to be 0.84 kg/kWh. The humidity in the dryer
increases in the beginning reaches a maximum of
84.6 % and then reduces as the drying advances,
Figure 6.

Life cycle costing (LCC) and the Annual
life cycle costing (ALCC) for the solar cabinet
dryer were calculated. The results were more
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promising. For 5 hours of potential sunshine in
Oman the cost per unit quantity of energy was
calculated as Rs. 63.36/kWh. Whereas the cost
for 5 hours plus 2 hours, this extended drying time
obtained by heat storage unit, the cost of the energy
was Rs. 45.28. There was a saving of Rs. 18.08, for
every unit of energy produced when heat storage
unit was used. This was slightly greater than one
third of the original cost. However the cost of raw
material and selling price of the finished product
are not considered.

CONCLUSION

The drier with heat storage material helps
to avoid fluctuations in drier air temperature. It
took only 24 hours to dry dates from moisture
content of 49.01% to 35.21% in cabinet dryer
compared to sun drying which took 48 hours
which is double, hence solar cabinet dryer is more
effective than sun drying. Moreover the dates dried
using cabinet drier retained its soft texture and are
clean and dust/insects free. Browning of the skin
and skin separation is also less. Even though the
thermal efficiency is low in the order of 26%, solar
cabinet dryer uses renewable energy source, which
is available free of cost and drying time is less
compared to open sun drying and final product
quality is good. Also the cost per unit of energy
is comparable, Rs 45.28/kWh to any other drying
technology, hence suitable for villages where
power is a major issue, hence it is recommended
to farmers for drying freshly harvested agricultural
products like dates and it could be extended to other
agricultural products as well.
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