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Abstract: This paper deal with the drying of wheat using desiccant grain dryer for the purpose of energy optimization. 

Input energy is calculated for different level of air drying parameters including temperature (T= 40, 45, 50, 55, 60) ºC 

and velocity (0.5, 0.7, 0.9 and 1.1) ms-1. To make the system more economical and energy efficient optimized 
conditions for the operational variables are investigated. It is observed that increase in drying air temperature and 

velocity; increases the drying rate and shorter the drying duration. However, increase in drying air temperature and 

velocity; increases the specific energy consumption. In case of DDS; SEC range from 3.09to 5.92 MJ/kg and in case of 

CDS its range from 4.2 to 6.20 MJ/kg. The results of energy analysis showed that the energy efficiency improved at 

lower temperature and lower levels of velocity but it increases the drying cycle time. Furthermore, optimum value of air 

velocity helps in completion of drying cycle within allowed time for safe storage at the cost of minimum energy 

consumption. 
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1. INTRODUCTION  

Desiccant material has been used for the drying of 

grains from the ancient time. Grains with intimate 

mixture of desiccant or grains with alternate desiccant 
layer has been used[1]. The importance of desiccant 

drying is due to its quality drying and low conventional 

energy usage. In agricultural and food processing 

industries drying is a high energy consumption process 

and consume 10-25% of the total energy[2]. Mostly 

grains are harvested at high moisture level and cannot 

stored for the whole year consumption. Grains needs to 

dry up to 14% moisture content for the prevention of 

mould development and insect attack [3]. However, on 

the other hand lots of energy is required for the drying 

and handle of grains. The desiccant drying system helps 

to resolve environmental and economic issue that results 
from conventional heated air drying system. Desiccant 

drying consumes 13.29 MJ/kg energy as compared to 

60.4 MJ/kg in case of direct sun drying of cocoa 

beans[4]. In literature different parameters are selected 

for energy optimization of desiccant drying system 

including drying air temperature, drying rate [6] 

optimum rotational speed for dehumidification and 

enthalpy recovery [7] maximum energy saving [8] 

regeneration temperature, regeneration air velocity and 

revolution speed (N)[7]. Desiccant drying system is 

requisite to select prudently all the system components 
for the purpose of energy saving[9]. Consequently, the 

main objective of current study is to investigate the 

impact of drying air parameters, including temperature 

and air velocity on drying time and energy consumption. 

 

2. RESEARCH METHODOLOGY  

The (DDS) consists of a desiccant wheel, 

biomass/electric heater for heating of processed air, 

drying bin and biomass/electric heater for regeneration 

of desiccant wheel. Data for  air conditions associated 

with desiccant wheel are taken from literature and 

desiccant wheel 580mm diameter, desiccant material 
polymer with frontal area ratio (pro: reg) 1:0.7 is used in 
study[12]. Air conditions for states 1-7 are determined 

as follow:  
 

 
Fig.1. Schematic diagram of proposed desiccant drying 

system (DDS). 
 

 State 1 represents the ambient air condition T1 32ºC 

and Y1 13.37 g/kg (d.a).  

 At State 2 dehumidification of air take place and 

outlet conditions at adsorption side of desiccant 

wheel are T2   44ºC and Y2 9.44 g/kg (d.a).  

 State 3 represents the different combination of air 

flow rate (0.05, 0.07, 0.09 and 0.11 m s-1) and 

temperature T3 (40, 45, 50, 55 and 60 ºC) for drying 

of grains.  

 At State 4 specific humidity of air is increased as it 
carries moisture from the grains. Outlet air condition 

of the dryer is determined by equilibrium relative 

humidity (ERH) and dryer inlet air conditions (T3, 

Y3). To determine the ERH of the dryer outlet air, 

modified-chung-pfost equation is used. Coefficient 

of equation C1, C2, and C3 selected from the best 

mailto:muhammadsultan@bzu.edu.pk


3rd International Exchange and Innovation Conference on Engineering & Sciences 

132 

fitted coefficients for wheat grains isotherm 

equations. Where C1= 401.52, C2 =73.607 and C3= 

0.14974 used for wheat grain[13]. 

 

    (1) 

 Air conditions at state 5 is same as state 1 ambient 

air conditions T5 = T1, Y5 = Y1 

 State 6 represents the sensible heating of the ambient 

temperature (T5) to regeneration temperature (T6 

60ºC). 

 State 7 represents the outlet air condition of the 

regeneration side of the desiccant wheel; T7 39 ºC, 

Y7 18.53 g/kg (d.a). 

Time required to reduce the moisture content from 26% 
(db) to 14 %(db) is calculated as: 

 

    (2)

   

Where W, (Mt+1 –Mt) and dw/dt are the grain dry matter 

(kg), change in moisture content (db) and drying rate 

(kg/s), respectively. For the calculation of drying rate 
Eq. (4) is used: 

 

   (3) 

  

Where ka, A, Yi and Ys are the mass transfer coefficient 

(kgm-2-s-1), area of drying bin (m2), absolute humidity 
of dryer inlet air (kg water/kg dry air), absolute humidity of 

dryer outlet air at ERH (kg water/kg dry air), respectively. 
In case of desiccant drying thermal energy is used for 

heating of the air (Eth 2-3) and regeneration of desiccant 

wheel (Eth 5-6). 

 (4) 

       

 (5) 
Specific energy consumption is defined as the energy 

utilization for removing one kg of water from the grains 

to be dried and is calculated as [21]: 

 

    (6) 
Where SEC, Et and mw are the specific energy 

consumption (kJ/kg), total input energy (kJ) and weight 

of water to be removed  

Coefficient of performance (COP) of the (DDS) is 

defined as the ratio of the total energy consumed for 

removing mw quantity of water to the total energy input 

to the dryer and calculated as: 

     (7) 
Where Et and Ew are the total input energy consumption 

and energy consumed for mw (kg) moisture removal (kJ), 

respectively whereas Ew is calculated by using Eq. 

(20)[18]: 

    (8) 

Where hfg is latent heat of vaporization (kJ/kg) and 

calculated as [23]: 

                                                                       (9) 

 

3. Results and discussion 

The effect of the different drying air velocity and drying 

air temperature on the drying time are presented in Fig. 

2(a,b). for drying of grains up to 14% moisture content 

(d.b). Fig. 2 (a) presents the drying time calculation for 

DDS whereas Fig. 2 (b) presents the drying time 
calculation for CDS. It has been found that desiccant 

drying led to slight decrease in drying time as compared 

to conventional hot air drying. This is due to the fact 

that dehumidified air provides more driving force for 

evaporation at same temperature. It is also indicated that 

increased in drying air temperature accompanied by 

decrease in drying time. This is due to the fact that 

increased in temperature speed up the heat transfer 

between drying air and wheat grains which led to 

increase in moisture removal. Increase in temperature is 

not always favorable for decreasing the total drying time 

as high temperature drying affect the quality of grains. 
Maximum recommended temperature for wheat drying 

is 50-60ºC [9] and for seed drying is 44ºC. Increase in 

drying air temperature decreases the drying time 

whereas within same drying air temperature by 

increasing the air velocity drying time decreases.  

 

 
 

 
Fig.2. Average drying time for reduction of the wheat 

moisture content from 26 to 14 % (db);a) DDS b)CDS 

 

Fig.3. represents the amount of the energy required to 

remove 1 kg of water from the wet grains at different 
supply air temperature. In case of desiccant drying 

minimum specific energy consumption is 3.09 MJ/kg at 

drying air velocity 0.05 m/s and temperature 40 ºC 

where maximum value found 5.92 MJ/kg at drying air 

velocity 0.11 m/s and temperature 60 ºC. But drying air 

conditions for air temperature 55, 60ºC at 0.05 air 

velocity are not suitable for drying as it takes more time 

than the allowable safe storage time limit. It has been 

shown that at same air velocity as temperature increases 

SEC also increases whereas by increasing the air 

velocity SEC also increases.  

In case of conventional drying minimum specific energy 
consumption is 2.94 MJ/kg at drying air velocity 0.05 
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m/s and temperature 40 ºC whereas maximum value 

found 6.20MJ/kg at drying air velocity 0.11 m/s and 

temperature 60 ºC. Here minimum specific energy 

consumption value is less as compared to desiccant 

drying system. But drying air conditions for 40-60 ºC 

air temperature at air velocity 0.05 ,0.07 m/s and drying 
air temperature 40, 45 ºC for drying air velocity 0.09 

m/s are not suitable for drying as it also takes more time 

than the allowable safe storage time limit. Suitable air 

conditions for CDS are only 0.09 and 0.11 m/s air 

velocity at drying air temperature 40-60 ºC but it 

consume more energy as compared to DDS. The air 

conditions not suitable for drying are highlighted by box 

on the Fig.3.Hence DDS provide the economical drying 

solution for all drying air temperature 40-60 ºC and 

drying air velocity 0.05 -0.11 m/s.  

 

 
 

 
Fig.3. Specific energy consumption at different air 

velocity and drying air temperature; a) DDS b) CDS  

 

 
 

 
Fig.4. Energy efficiency at different air velocity and 

drying air temperature; a) DDS b) CDS  

 

Energy efficiency is calculated by using Eq. (7) and 

presented in Fig. 4 for desiccant and conventional grain 
drying system at different supply air temperatures and 

different level of drying air velocity. In case of 

desiccant grain drying energy efficiency of system 

ranged from 39.81 to 77.78% as shown in the Fig. 4(a). 

Furthermore, minimum energy efficiency is observed at 

higher drying air temperature 60 ºC and higher air 

velocity 0.11 m/s and maximum energy efficiency is 

observed at lower supply air temperature 40 ºC and air 

velocity 0.05 m/s. 

In case of conventional drying system energy efficiency 

of the system is ranged from 38.00 to 56.90% as shown 
in the Fig. 4(b). Minimum energy efficiency is observed 

at higher drying air temperature 60 ºC and higher air 

velocity 0.11 m/s and maximum energy efficiency is 

observed at lower supply air temperature 40 ºC and air 

velocity 0.11 m/s.  to 0.4914 and minimum value 

observed at 60 ºC whereas maximum value at 44 ºC 

drying temperature. 

 

4. Conclusion 

This study investigated the different level of drying 

parameter on the drying of freshly harvested wheat from 

26% m.c to 14% m.c. DDS at low temperature and 
lower level of drying air velocity consume minimum 

energy and have maximum efficiency but it takes long 

time to dry the grains. On the other hands at higher 

temperature and high air velocity consume more energy 

but take less time to dry the grains. Same trend is found 

for CDS. In all cases DDS found more economical as 

compared to CDS as it has less SEC and high energy 

efficiency. 
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