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Investigation of energy-efficient solid desiccant system for wheat drying
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Abstract: The study investigates the applicability of solid desiccant system for drying of freshly harvested wheat grains in
order to reduce the moisture content to an optimum level. Fast and low-temperature drying systems are required by today’s
drying industries in order to provide economical and safe drying. Therefore, comparison of desiccant drying has been made
with the conventional method in terms of drying Kinetics, allowable time for safe storage, the total time for drying cycle, and
overall energy consumption. It has been found that the air conditions of proposed desiccant drying system provides a high
drying rate and longer allowable storage time for safe drying. As the desiccants possess water adsorbing ability by means of
vapor pressure deficit, therefore, the desiccant system successfully provides low-temperature drying which ensures the quality
of wheat grains. Overall energy consumption is estimated for both conventional hot air drying and desiccant drying system.
It has been found that the desiccant system requires less energy as drying is accomplished at minimum level of air flow and

Vol. 12 No.1 221

within allowable storage time.

In addition, the overall performance index of the desiccant system is higher at all

temperatures. The study is useful for developing a low-cost and sustainable drying technology for various agricultural

products.
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1 Introduction

Moisture adsorbing/absorbing materials have been used for the
drying of agricultural products including wheat grains from ancient
time!.  Desiccants are hygroscopic materials and possess
moisture adsorbing ability due to vapor pressure difference!?.
Therefore, it has been wused for dehumidification and
air-conditioning processes for various agricultural applications e.g.
greenhouses®™ and agricultural product storage!®.  Certainly,
desiccants possess the drying potential that can be used for various
agricultural products, and consequently many studies have been
reported in the literature™>7. In desiccant based drying system
(DDS), the desiccant unit handles the latent load of drying air
whereas heater is used for sensible heating of drying air to access
the minimum vapor pressure. The ability of DDS to deal the
sensible and latent component of vapor pressure distinctly!?) makes
it versatile for drying of various agricultural products.

The drying conditions always influence the quality of
agricultural produce, i.e. color, surface texture, cooking behavior,
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etc. In addition, the drying temperature should be as low as
possible to keep the nutrient retention. High drying temperature
affects the product quality extremely e.g. in the form of decaying of
vitamin C which is found in many fruits and vegetables and
considered an index of nutrient loss®. All the agricultural
products consist on numbers of the layers of biological materials
which are very sensitive to temperature, hence drying of
agricultural products is a complex process. It accomplished by
two phase, i.e. constant rate and falling rate period®. During
falling rate period, drying process is very slow as moisture remove
from the inside of the product to the surface of the product. If the
agricultural products expose to hot air for long period of time, it
causes to burn or over dry of the outer surface. DDS provides low
temperature and fast drying of vegetables to maintain its color and
texture™. In addition, low regeneration temperature makes it
possible to use solar energy or waste heat from the industry™"!.
Similarly, desiccant based systems can also be applied for
various other applications which are not limited to drying, e.g.
temperature and humidity control systems®?!.  For example, in case
of greenhouses, several new concepts of CEA such as vertical
farming and plant factories are presented in the literature®%,
Some of the research on the sustainability and clean energy
application for high-tech greenhouses and plant factories can be
found via the analysis of microclimate control and environment
modelling™™*?. It has been shown that a greenhouse design for
tropical lowlands that benefits from high natural ventilation rates
can efficiently keep the temperature and humidity like the outside
climate, which has been shown to be 60%-75% optimal for tomato
growth?Y.  The potential of a successful production can be higher
in a naturally ventilation greenhouse than cultivating outdoors or in
a traditional plastic covered greenhouse?*?.  Focusing this study
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solely on drying application, Figure 1 presents the influence of high
drying temperature on the quality of wheat grains which clearly
shows the damage in wheat quality. In addition, pictorial view of
insect attack®! is also superimposed on the same figure which
could be expected when non-favor able temperature/humidity
conditions are employed to the grains. In this scenario, desiccant
drying can be an optimum solution to provide low temperature
drying by providing a certain level of vapor pressure difference.
Drying of agricultural produce is usually expensive and it is
considered high energy consuming process, i.e. 10%-25% of the
total energy®®.  Conventional drying methods include, drying by
airflow, vacuum drying, and freeze-drying but these methods result
in low drying rate®28 Mainly there are two types of strategies
in practice, one of them is hybrid technology (combination of two
or more different technologies) i.e., radio-frequency and
microwave, infra-red combined with convective dryers?’],
microwave combined with freeze dryers® and infra-red combined
with freeze dryers® and others are desiccant based drying
technologies, for example, heat pump drying®2.

After harvest Temperature atfected

Influence of ambient air conditions on the quality of
wheat grains: Effect of drying temperate (top right) and pictorial
view of insect attack (bottom)??*]

Figure 1

On the other hand, the DDS can be operated on low
regeneration temperature®™! that can be supplied via low-grade
waste heat preferably from solar thermal energy. Therefore, DDS
can also help to provide low-cost drying with less energy
consumption.

Post-harvested agricultural products including wheat grains
possess high moisture level at the time of harvest and therefore
cannot be stored for a long time unless proper storage/treatment has
been employed. In this regard, wheat grains need to dry up to a
level of 14% moisture content (dry basis) to avoid mold growth as
well as the insect’s attack®*], It has been found in the literature
that the DDS can address the environmental and economic issues of
drying of wheat grains. According to [36], a drying system
requires 19 h to bring the moisture content from 82% to 13% (wet
basis) with the aid of air dehumidification whereas it takes 24 h
without dehumidification, thereby, 21.5 kWh energy can be saved.
Similarly, in another study by [7], the desiccant drying consumes

only 13.29 MJ/kg energy as compared to 60.4 MJ/kg in case of
cocoa beans. In case of DDS, it is very important to select the
optimum working range of system components to obtain maximum
energy saving[37]. The drying time decreases with the decrease in
air humidity and increase in air temperature, and collectively based
on the net vapor pressure difference between grains and the
encountered air. Therefore, the DDS can also play a role to
reduce the drying time by providing fast adsorption rate process.
In this regard, many studies on desiccant materials have been
reported for total moisture adsorption equilibrium®* and
moisture adsorption rate“**.  Similarly, different parameters of
desiccant based drying system are optimized for energy
minimization, e.g. drying air temperature and drying ratet?;
desiccant rotor speed for optimum dehumidification and enthalpy
recovery™l: maximum energy saving™; desiccant rotor speed,
temperature and velocity of regeneration airl®!.  Consequently, the
study is objected towards the performance evaluation of DDS in
compared with conventional drying system (CDS). Consequently,
drying speed and corresponding energy requirements have been
estimated and compared for both systems.

2 Proposed desiccant drying system

In this study, we proposed a solid DDS for the drying of wheat
grains. Drying of agricultural products is crucial not only to avoid
fungus/mold attacks but also to increase the shelf life of
agricultural products. It helps to minimize the demand and
supply gap which ultimately brings economic stability of the
agricultural products.  Consequently, this can improve food
shortage and malnutrition issues worldwide. Figures 2a and 2b
represent the schematic and psychrometric diagrams of the
proposed solid DDS. It mainly consists of: (i) a desiccant wheel
used to dehumidify the air; (ii) heater for process air heating
(bio-mass/gas or electric); (iii) drying bin/structure; (iv) heater for
regeneration of desiccant wheel (electric driven or preferably
bio-mass/gas driven). The numbers 1 to 7 showed in Figure 2 are
the sequence and states of conditions of air during the drying
process. It starts from the suction of ambient air by a desiccant
wheel from state 1 to 2. At state 2, the specific humidity
decreases from Y to Y, due to adsorption of the moisture from the
air by the desiccant wheel.  Furthermore, air temperature increases
from T,to T, due to the heat of adsorption released by desiccant
material®3], At state 3, air from the desiccant wheel further heated
up to a certain temperature represented by T to establish a certain
vapor pressure deficit between the wheat grains and the
encountered air.  Thus, dehumidified and heated air moves
forward from state 3 to state 4 while drying the wheat grains due to
the vapor pressure deficit™!. The air takes moisture from the
grains while passing through it and therefore specific humidity
increases (from Y; to Y,) and temperature decreases (from T3 to
T,). The net conditions depend on the drying air condition
equilibrium with wheat grains. In Figure 2, state 5 to state 6
shows the heating of air from Ts to Tg for the regeneration of the
desiccant wheel. At state 6, heated air streams are passed through
the desiccant which takes the adsorbed water as thereby the specific
humidity increases from Y to Y; During the drying process,
ambient air is continuously passed through the adsorption and
regeneration sides of the desiccant wheel. The detailed procedure
for system analysis and operating conditions are discussed in the
coming heading.



January, 2019 Hanif S, et al.

Investigation of energy-efficient solid desiccant system for wheat drying

\Vol. 12 No.1 223

.Y Ambient air
(51 Returm aur

"" (—l l HT.Y,
- Heater | ’ "
Regeneration nir side
Grrains
drying
siructure
Ambient Process air side
uer IHTY. v 3Ty,
ua H | ma—
Ty ! e —

Dehumidified air - Asr ln sting — Supply air

-_._____._.—.\
T ————————

a. Schematic diagram

SAXLIL TI. L.

= == DS regeneration air

: = == DS process air
| = == Exhaust of wheat bin

Exbdustaic >~
frop b

,,xK

Humidity ratin'g'kg DA

Dry bulb temperature/(

b. Psychrometric cycle of the system
Figure 2 Proposed solid desiccant drying system (DDS) for
drying of wheat grains

3 Research methodology

In this study, authors used 10 t of wheat gains initially
containing typical 26% of moisture contents (dry basis), for the
calculations of CDS and DDS. The dryer size is determined by
the drying area required per kg of wheat grains. Total volume
required for wheat grains is calculated by means of Equation (1):

v )

Po

where, W, is total weight of moist wheat grains, kg; and py, is the
wheat bulk density, kg/m®.  Therefore, volume of the drying bin of
the wheat grain is 12.98 m®. The dryer area and height used for
the drying calculation are 7.42 m? and 1.75 m, respectively. As
very high drying temperature can affect the quality of wheat grains,
therefore, drying temperature is limit to 60°C according to the
guidelines of FAOM !,

The modified Chung-Pfost Equation®® can be used for the
measurements of equilibrium relative humidity (ERH) of the air
streams in the drying chamber. Therefore, it has been used in this
study for the measurement of ERH of the air in the wheat drying
chamber. The modified Chung-Pfost Equation has been defined
in the form as given by Equation (2)1*¢). It can be noticed that the
Equation (1) uses three empirical coefficients, i.e. C;, C, and Cj,
which are supposed to optimize for the best fit against the moisture
isotherm equations for the particular grains. In this study, the
optimized parameters are obtained for the wheat grains from
literature [47]. Consequently, the numerical values of the
optimized parameters of C,, C, and C; for desorption isotherms of
wheat are 545.25, 64.047 and 0.17316, respectively.

— _Cl

INERH = T, exp(—C,;M) )
where, M represents the moisture content (dry basis) of the wheat
grains in this study. The dry basis moisture content is the ratio of
wheat moisture contents and dry grains of wheat, kg/kg. In
order to reduce the moisture content of the wheat grains for safe
annual storage to the optimum limit of the moisture content (i.e.
14%)®4 the drying time can be calculated by means of drying rate
simply by using the well-known drying rate equation as given by
Equation (3):

t=w, > (M =M,
dw
&)
where, t is drying time, s; M is moisture content (dry basis); Wy is
drying matter of wheat grains, kg; and w is weight of moisture, kg.

®)

The term ((:T\ivj is drying rate, kg/s, which is calculation by
means of following relationship:

dw
[dtj AW, ~Y) @

where, k, and A are the mass transfer coefficient, kg/(sm?) and
area of drying structure/bin, m?, respectively; Y; and Y, are absolute
humidity of air, g/(kg DA) at inlet and outlet end of dryer,
respectively.

As the mass transport is not a constant rate process, therefore,
drying is considered as combination of constant and falling drying
rate. It is assumed that the moisture is removed from the grain
surface by the dry airflow for the first drying period. Later, water
ceased to behave as it is on free surface and transported from the
grain inside to the surface, thereafter, drying rate decreases which
is known as falling drying rate. Consequently, thin layer drying
model in the form of time and temperature, is used to predict the
moisture content of grains during drying process as defined by
Equation (5)1":

Mt - Me
W = (7,13 + 7,) eXp(zst) + (7, T, + 75) eXP(zet) ()
where, constants are z; =0.03197, 7;=-1.009; 73=-0.034; ;=
—0.032; 75=1.9918; 74=-0.009. The parameters T, t, M;, M, and
M. are drying air temperature (°C), drying time (min), moisture
content (dry basis) at time t, initial moisture content (dry basis) at
t =0, and equilibrium moisture content at t=oo, respectively.
Equilibrium moisture contents (M) is calculated by using
Modified-Chung-Pfost Equation as defined by Equation (2) in the

following form[®!:
M, = in| T Ce jpu, ©)
<, | -c

As thin layer drying model equation cannot precisely evaluate
the drying time of 10 t wheat grains, therefore, for the sake of
simplicity and counterbalance, it is only used to calculate the
successive change in moisture content used in Equation (3), i.e.
M;—M;,;. However, mass transfer coefficient is determined by
assuming packed bed air flow and governing equations as defined
by Equations (7) to (10)1:

kazﬂz Nuk [1—aj @)
¢, C,D,\ ¢
B 2 1
N, =(0.5R.2 +0.2R?)R? ®)
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where, k, is mass transfer coefficient, kg/(s mz); h is heat transfer
coefficient, J/(m? s °C); k is thermal conductivity, W/(m K); Ny, Re
and P, are Nusselt number, Reynolds number and Prandtl number,
respectively. The void fraction (¢) is estimated by means of bulk
(ps) and true (p) densities, kg/m® of wheat grains, respectively®®”,
i.e. e=1—(pu/py). The resulted value of ¢ is equal to 0.4375. The
particle diameter (D,) is estimated by means of D,=6V,/A,. The
value of particle volume (V) m?, and particle surface area (Ap) m?,
obtained from the reference [51], consequently, the resulted D,=
0.00347 m.  The amount of moisture (W,,) to be removed from the
grains is calculated by using the following relationship:
_ (Mi -M f)
"N 00-M,)
where, W,, and W, are weight of moisture and total weight of moist
grains, respectively; M; and M; are initial and final moisture
contents (wet basis), respectively. The moisture contents can be
changed to wet basis (M) from dry basis (Mg,) and vice versa by
the following relationship.

(11)

Mwb: Mdb
100+ M,

Wheat grains in the top most layers of the drying bin contains
high-level moisture as compared to the bottom layers, therefore,
these are supposed to more susceptible to quality deterioration due
to molds, fungus, etc. Therefore, the allowable storage time is set
by means of temperature and moisture content of the grains in the
top most layers of drying structure. ~ Allowable storage time model
of wheat drying is used to determine the number of days allowed
for drying of grains®?. The allowable storage time (ty,) equation
of drying systems can be written in the following form as given

by:

(12)

109(taitow) =77 + 7eM + 79Ty (13)
where, tyow M; and T, are allowable storage time, d, moisture
content wet basic, %, and air temperature, °C, respectively. The
constant are 77=4.129; 13=-0.0997; and 7q=—0.0576. On the other
hand, time required to dry the grains depends on air flow rate,
therefore, drying calculations are optimized within allowable
storage time. Consequently, air flow rates are selected
accordingly for the purpose of optimization.

Total energy consumption for DDS is calculated by the sum of
thermal and mechanical energies. In case of DDS, thermal energy
is used for air heating (E, ,.3) and desiccant regeneration (Eg s.6).
However, thermal energy is used for heating of air solely (Ey,,.3) in
the case of CDS. Input thermal energy associated with desiccant
drying system for heating and regeneration is calculated as
follows®:

Ein 2.3=FaCplt(T3—T5) (14)

Etn5-6=FarCp,r(Te—Ts) (15)
where, t is the time, s; F,, and F, are the air mass flow rates, kg/s,
during regeneration and heating, respectively; C,, and C, are the
specific heat capacities of air, kJ/(kg K) during regeneration and
heating, respectively. The parameters Tg, Ts, Tz and T, are the
regeneration temperature, ambient air temperature, dryer inlet air
temperature and desiccant wheel outlet air temperature, °C,
respectively. It is noteworthy that the specific heat capacity and
density of moist air is calculated from literature [54]. In addition,

mechanical energy consumed by the system is the sum of
mechanical energy used for the handling and associated
processes>!:
Emec = Emec,l-z + Emec,3-4+ Emec,6-7 (16)
Emec: (APAreeregt)1—2+(APAadsVadst)3-4+(APAinVint)6-7 (17)
where, AP is pressure drop, kPa; t is drying time, s; Ay, is drying
bin area, m% A4 and Areq are areas, m?, of the desiccant wheel at
adsorption and regeneration sides, respectively; Vi, is air velocity,
m/s, at drying bin inlet whereas V,qs and V4 are the air velocities,
m/s, of the desiccant wheel at adsorption and regeneration sides,
respectively. For the conversion of electrical energy to
mechanical energy, 46% device conversion efficiency factor is
used®™!.  The pressure drop across the processes and regeneration
side of the wheel is assumed 0.325 kPa whereas for grain drying
structure, it is calculated according to reference [56]:

_ 2
AP 2189 1 657 (1—'1 PV (18)
AL (R, )

p
AP . . . .
where, L pressure drop per unit length of drying bin, m, in the

direction of air flow. Specific energy consumption (SEC) is
calculated which is the energy utilization for removing one kg of
moisture for drying of wheat grains as given by [57]:

SEC = Fn * Eneo (19)
VVW

where, SEC, W,, Ey, and Ep are the specific energy
consumption(kJ/kg), the weight of water to be removed (kg), total
thermal and mechanical energy consumptions (kJ), respectively.
The coefficient of performance (COP) index is defined by the total
energy consumed for removing water quantity (W,,) divided by the
total input energy to the dryer, as given by:
E _ W, hg,

COP index = ¥ =
Eth + Emec Eth + Emec

(20)

where, E,, is the energy consumed to remove m,, kg, of moisture
and it is calculated from latent heat of vaporization of water vapors,
hyg, i.e. EW:Wthg[53]. Latent heat of vaporization of water vapors,
kJ/kg, is calculated at any temperature by a correlation given by
[58], i.e. hg=2.503x10°-2.386L0%(T 55— 273.16).

The simplified scheme and arrangement of the methodology
used for the analysis of conventional and desiccant drying systems
are given in Figure 3. The points presented in Figure 3 are
corresponding to the state points used in Figure 2. The conditions
of air associated with the desiccant wheel are estimated from
reference [59]. The basic principle is to create vapor pressure
deficit between the product and environment to accelerate the
moisture removal. DDS control the latent load of the ambient air
which helps to achieve drying at low temperature®. As low
temperature and low humidity of drying air helps to conserve the
nutrients®®. In the reference study, a desiccant wheel of 580 mm
diameter is used. The desiccant wheel is made up of polymer
based desiccant material with frontal area ratio (process:
regeneration) of 1:0.7. Consequently, the state 1 to state 7 shown
in Figure 2 can be further explained as follows:

State 1: Typical ambient air condition, i.e. T,= 32°C and Y, =
13.37 g/kg DA.

State 2: Dehumidification of air takes place, and outlet
conditions of the desiccant wheel are estimated from the reference
study available in literature via reference [59].

State 3: Sensible heating of the air by using air heater (electric
or preferably bio-gas/mass) for the desired Ts.
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State 4: Humidity of air is increased as it carries moisture from
the wheat grains. This process is supposed to follow the
isenthalpic process.

State 5: It is same as state 1 conditions, i.e. ambient air
conditions.

State 6: Sensible heating of the air at Tg to regenerate desiccant
wheel.

State 7: Exhaust air conditions of the regeneration air from the
desiccant wheel. It corresponds to the process 1 to 2.

Inket to Desiccant (1) Outlet to Desiocant (2)
7=32°C T=0(T, RH. T, RH-)
RH =44 34% I =44°C. RH =16.56%

Vi=13.37 gkg (d.a)
Ambeent air conditions

V=944 g'kg (d.a)
Calculated from Reference [12]

Cise | Case 2 Case ] Case d
T=44°C =30 7=55"C 7260°C
RIH=16.56% RH,=12.22% RH=9.5T% RH,=7.5T%
Y=} =¥ Y=Y Y=V,
m=048 ky's m=D48 kg's m=0.48 kg's m=0.50 kg's
CELOI K&K | | CE L0 ke K | | C=L014 KIke-K | | C=1.005 khxgK

Q=EmCUTT)
Retum air from ran storage siructure
ERH (also RH)=((T\. Mr} is calculared by using Eq.(1). ER{ is set as RH, for the ait
when heat and mass transfer condstion between the supply air and wheat are in equilibrium,

L, =y, Therefore, 752700y, RHL) isenthalpic evaporation process

T=23.66°C T=25.28°C T=2631% 1=2764°C
RH=94.4% RH=9481% RH=95% RH=95.24%
Y=17.5 gkg (daa) S194 ke (da) || Y=2007 wke (da) || V=223 ke (da)
[Desiccant regeneraion alr siream

T.=T,. ¥,= ¥V \,(ambicnt air is used tor regencration), 7,560°C (sensible heating) ¥,= ¥,
Conditions {7} ure calculated by means of heut and mass trnnsfer balance of agxinst process
(1:2), whereas mr=0.24-0.035 kg/'s and Q.=mC, (T,-T,)

Figure 3 Simplified scheme and arrangement of the methodology
used for the analysis of drying systems

4 Results and discussion

The equilibrium moisture content (EMC) is determined for
DDS and CDS by using Equation (6). Figure 4 presents the
drying of wheat grains from initial moisture content 26% (dry basis)
to equilibrium moisture content at different drying air temperatures
varying from 50°C to 60°C. The drying curves show that drying
rate is constant at the start of drying process whereas it decreases as
the moisture content approaches to the equilibrium moisture
content. Drying rate decreases as the moisture gradient between
the inside and outside of the grains decrease near the equilibrium
conditions. In comparison with CDS, the DDS possesses high
drying rate and takes relatively less time to approach a particular
EMC value in order to provide a certain level of wheat grains
drying. This behavior is consistent at all drying air temperatures.
As EMC is a function of temperature and relative humidity,
therefore, DDS drying air conditions are associated with the small
value of EMC hence more driving potential for moisture ratio as
expressed by Equation (5). However, drying air conditions of
CDS require high EMC consequently delay in moisture content
removal.

The effect of drying air temperature on drying cycle is
presented in Figures 5a and 5d for both drying methods at 44°C,
50°C, 55°C and 60°C, respectively, in order to dry wheat grains up
to a standard level of moisture content, i.e. 14% dry basis. It has
been found that desiccant drying requires less drying time at all
drying temperatures as compared to conventional drying method.
This is due to the fact that dehumidified air provides more driving
force for evaporation at same drying air temperature. It is also

indicated that increase in drying air temperature accompanied by a
decrease in drying time. This is due to the fact that increase in air
temperature speeds up the heat transfer between drying air and
wheat grains due to the vapor pressure difference. In addition,
high temperature may not favorable in order to keep the optimum
quality of wheat grains as reported in the introduction section. As
the maximum recommended drying temperature is 60°C for wheat
and 44°C for seedsP®).  However, beyond this limit, it may affect
the quality of grains in terms of color, vitamins, and nutrients.
Grains drying at industrial level requires safe storage limit of
moisture contents, otherwise, spoiling of grains may be the
development of molds and fungus. Therefore, the allowable safe
storage time is calculated by using Equation (13). Table 1
represents the allowable safe storage time for both drying methods
at different supply air conditions. The allowable time for safe
storage is based on initial moisture content and equilibrium
temperature (T,). Therefore, DDS method gives more allowable
time as compared to the conventional system because it possesses
low temperature at return air side (T,). Drying of grains within
the allowable time period is shown in Table 1. By increasing the
supply air temperature for the same drying system, drying air
velocity is adjusted to compensate the drying time within the
allowable time. It can be seen that relatively higher drying air
velocity is used for high-temperature supply air because allowable
time decreases with high temperature. Higher air velocity is
considered in case of conventional drying, it has less potential to
carry out moisture and takes more time for the drying of the same
quantity of grains. Minimum drying air velocity is optimized for
all cases to complete the drying cycle which is about 2 h before the
allowable time. Thermal and mechanical energy consumption per
kg of dried grain is calculated for the moisture removal from 26%
to 14% on dry basis, as presented in Figure 6. Total energy is
increasing with the increase in drying temperature for both systems.
It is ranging from 0.46 MJ to 0.50 MJ/kg of grain for DDS,
whereas, it is ranging from 0.46 MJ to 0.56 MJ/kg of grain in case
of CDS. On the other hand, thermal energies consumed are
0.44 MJ/kg, 0.46 MJ/kg, 0.48 MJ/kg and 0.484 MJ/kg of grain for
DDS and 0.46 MJ/kg, 0.50 MJ/kg, 0.53 MJ/kg and 0.55 MJ/kg of
grain for CDS, at drying air temperature of 44°C, 50°C, 55°C and
60°C, respectively. Conventional drying system consumed more
thermal energy as compared to the desiccant drying for all drying
air temperatures.  Drying of grains at relatively higher ambient air
humidity is the fact, which brings higher equilibrium moisture
content for CDS method. It ultimately decreases moisture
removal rate due to high vapor pressure. Therefore, high drying
air velocity is required to complete drying cycle within allowable
storage time which results in more energy consumption.
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Figure 4 Effect of drying temperature on the drying time for
wheat grains by means of drying curves
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Figure 5 Comparison of drying time between CDS and DDS in order to dry wheat grains from 26% to 14% moisture contents
at drying air temperature of 44°C, 50°C, 55°C and 60°C

Table 1 Optimum storage and drying time for conventional and desiccant drying systems at different drying air temperature

DDS CDS
Drying air
temperature/ T Air velocity T/C Drying cycle time*  Optimum storage®  Air velocity TJT Drying cycle time*  Optimum storage?
/ms? /h /h /ms? 4 /h h
44 0.074 23.66 126.21 128.62 0.169 26.08 91.99 93.35
50 0.076 25.28 101.25 103.80 0.155 27.49 75.85 77.43
55 0.076 26.31 88.46 90.60 0.153 28.6 64.66 66.83
60 0.082 27.64 73.19 75.91 0.149 29.65 56.69 58.10

Note: * Time calculated for wheat grains drying from 26% to 14% moisture content.
velocity is adjusted in order to complete the drying cycle with in the limit of optimum storage time.  2Optimum storage is the time permitted for drying of wheat grains
at particular drying conditions, which depends on moisture content (before drying) and temperature of wheat grains in the top layers of drying structure.
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Figure 6 Thermal and total energy consumption by DDS and
CDS systems at different drying temperatures in order to dry wheat
grains from 26% to 14% moisture content

Specific energy consumption (SEC) required to remove the
unit mass of moisture from the wheat grains at different drying
conditions in estimated for desiccant and conventional drying
systems as shown in Figure 7. It has been increasing with the
increase in drying temperature and ranging from 4.86 MJ/kg to
5.25 MJ/kg in case of DDS and 4.88 MJ/kg to 5.84 MJ/kg in case

It depends on relative humidity and temperature of drying air, whereas drying air

of CDS. The desiccant based drying method requires less energy
consumption as compared to CDS at drying temperatures, and the
results presented in Figure 7 are similar to the one obtained by [62].
Consequently, coefficient of performance (COP) index is estimated
by means of Equation (20) and results are presented in Figure 8 for
both drying methods. The COP index decreases with increase of
drying temperature for both methods. However, it is ranging from
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Figure 7 Comparison of specific energy per kilograms of
moisture required by desiccant and conventional drying methods
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0.45 to 0.49 for desiccant drying and 0.40 to 0.49 for conventional
drying. Therefore, it has been concluded that the desiccant based
drying system provides low-cost and energy-efficient drying at fast
drying rate while employing low drying temperature which ensures
the quality of the wheat grains.
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Figure 8 Overall performance comparison between conventional
and desiccant drying system for different operating drying
temperatures

5 Conclusions

This study investigated the solid desiccant based drying system
for wheat drying application. Thermodynamic expressions are
presented in detail with the aid of available literature for the
performance evaluation of desiccant drying systems. Results are
compared with the conventional drying techniques in order to see
the applicability of desiccant drying system. Quick and low
temperature drying is the main objective of today’s drying
industries that can be used for various applications including the
wheat grains. In this regard, the desiccant can play a role due to
their water sorption ability by means of vapor pressure deficit.
The results of this study showed that the desiccant based drying
process helps to provide low-temperature drying by which the
quality of wheat grains will be can be assured. The study reports
that the desiccant drying systems possess relatively higher drying
rate as compared to conventional drying method. It could be
useful not only for domestic drying applications but also for
industrial applications.  Upon comparison with conventional
drying methods, it has been found that the proposed drying system
is not only useful for providing quick and low-temperature drying
but also helps in overall energy saving. The performance index of
desiccant drying system is found higher than the conventional
system at drying temperatures. It has been concluded that the
desiccant based drying systems can provide low-cost and
energy-efficient drying for wheat grains; therefore, this study helps
to design sustainable and economical drying systems for
developing countries.
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