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A greater contribution energy production in the future should be expected from 
agricultural biomass, because current research indicates low utilization of agri-
cultural biomass specifically in the direct combustion process. The paper presents 
an example of energy integration of the corn cob in the process of drying seed corn. 
The paper presents the efficient method of drying corn seed with one’s own corn 
cob. The technological process of drying is presented through the technological 
process of operation of the corn seed dryer on the corn cob, the energy industrial 
plant of the dryer and the technological process of two-pass drying of the cob. 
The main characteristic of a given dryer is the process of two-pass drying of the 
cob, because the air passes through the cob layer twice and in that way energy is 
saved. The drying time on the presented dryer has been shortened from the usual 
time from 90-80 hours, i.e. by 11%. This increase in performance results in a 15% 
reduction in dryer operating costs.
Key words: biomass, corn seed, energetic efficiency, dryer,   

thermal energy, two-pass drying

Introduction

Fossil fuels that are in use today are characterized primarily by high emissions of 
CO2 and other pollutants [1-3], uneven distribution of sources, expensive production and, etc. 
On the other hand, we have RES that are evenly available, environmentally friendly and can 
significantly compensate for the needs of fossil fuels in the production of electricity, heat and 
fuel for transport [4]. 

The use of RES (biomass) can be an important factor in assessing the status of eco-
nomic activities because locally available renewable resources from agriculture and forestry 
can be used [5]. Biomass can be transformed into a useful form of energy using thermochem-
ical processes, all depending on the type and amount of available biomass, its humidity, the 
required amount of energy, the level of investment, etc. [6]. Agricultural biomass is an almost 
intact resource in terms of energy. Today, there is a large amount of unused biomass in ag-
ricultural production; AP Vojvodina alone has biomass on 1.78 million hectares [7]. Various 
residues in crop production such as: corn stalks, corn cob, straw, sunflower stalks, sunflower 
husks, fruit stones, residues from pruning fruit trees and vines, etc, they are a relatively easily 
usable form of energy [8]. The production and use of biomass for energy purposes reduces 
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the emission of harmful gases and contributes to the protection of the environment. Biomass 
is a very acceptable fuel from the point of view of environmental impact because it contains 
very little or even no toxic substances, such as sulfur and heavy metals found in fossil fuels. 
The main advantage of biomass over fossil fuels is its renewable value [9]. It is calculated 
that the load of the atmosphere with CO2 when using biomass as fuel is negligible, since the 
amount of CO2 emitted during combustion is equal to the amount of CO2 absorbed during 
plant growth [10]. 

About 2000 billionns of dry biomass are produced on our planet every year [11]. 
About 1.2% is used for food, 1% for paper and 1% for energy production, while the remaining 
96% is rotten (one part is used as organic fertilizer) [11]. Unfortunately, research shows that 
only in AP Vojvodina (northern Republic of Serbia) only 3.15% of agricultural solid biomass is 
used for energy needs in the process of direct combustion, while for example 2.64% of biomass 
is burned in the field [12]. 

Due to the growing need for energy, new methods in energy production are emerging, 
on the other hand, existing ones are being improved, all with the aim of increasing the share 
of renewable energy sources in the energy balances of countries [13, 14]. The current situation 
on the energy market related to the current global energy crisis, increasingly expensive fossil 
fuels and efforts to protect the environment, impose the need to change drying technologies and 
the transition biomass as an energy source. For the aforementioned reasons, replacing the most 
commonly used fossil fuels (oil, gas, heating oil, coal, etc.) with locally available biomass in 
the grain drying process is very important.

Several research papers have analyzed the efficiency of two-stage drying of seed corn. 
In the process of two-stage drying of seed corn, when using fuel oil, energy savings of 20-26% 
were achieved [15], and when heating oil was used, savings of 13% were achieved [16]. In 
research [17] on corn drying on a convective dryer driven by the waste heat of exhaust gases 
(diesel generator), the average drying speed was between 0.83-1.4 g per minute, and the drying 
time was between 305 minutes and 515 minutes. Research [18] has shown that the amount of 
moisture in the corn cob has an effect on increasing energy consumption and prolonging the 
drying time, because moisture condensation from the fluid can occur.

The aim of this paper is to present a method for drying seed corn with your own corn 
cob. This method will be shown in one example where the corn cob was successfully used 
for drying seed corn. The capacity of the dryer is 90 tonne per day. The dryer is designed for 
a harvesting capacity of 4400 tonne of raw cob per season. Within the presented research, by 
optimizing the operation of the presented seed corn dryer in the process of two-pass drying of 
the cob, the drying time was reduced by 11%, and the costs by 15% compared to the classic 
drying methods.

Corn cob as a source of energy

Corn is the third most important crop in the world [19-21], mostly grown in the USA, 
China, India and Brazil [22, 23]. In the Republic of Serbia, and especially in AP Vojvodina, 
corn is the most important plant species [24]. The cob is made up of seed and corn cob. The 
corn cob has long been used in all parts of the world as firewood, for mats and animal feed, for 
production furfural (plastics) [25], insulation [26], a medium for growing mushrooms, metal 
polishing agent [27], and, etc. 

The most efficient method of using corn cobs for energy purposes is direct combus-
tion in the process of drying a corn seed cob. The main advantage of this method is that the 
amount of corn cob from the crowned seed corn is sufficient to completely dry the total mass 
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[28, 29]. The size of the shell is very important 
for the combustion process, the ideal length of 
the shell should be from 1-1.5 times the diame-
ter of the shell [30]. This ash as a resource can 
further be used in agriculture for soil regenera-
tion [31], or in construction for the production 
of cement (concrete) [32-34].

In the Republic of Serbia, the energy 
potential of corn cobs is estimated at about 
1.2 Mt or about 430 ktoe. The calorific value 
of the absolutely dry corn cob is 18.35 kJ/kg  
[12]. The lower calorific value corn cob chang-
es with a moisture content of 5% – 17.45 kJ/kg, by 10% – 16.4 kJ/kg, by 15% – 15.36 kJ/kg, by 
20% – 14.3 kJ/kg, and by 25% – 13.3 kJ/kg, fig. 1 [10]. 

Materials and methods

Technological process of dryer plant operation

The process of receiving seed cobs of corn was organized gradually according to the 
length of ripening time, first for early-growing hybrids, then for medium-growing and finally 
for late-growing hybrids. The same hybrid is inserted into one chamber (bin) of the dryer. 
Harvested cob should not wait longer than 12 hours to dry, because the quality of wet seed de-
creases. Also, temporary storage of wet cob in baskets (porches) for several days is not recom-
mended, especially in conditions when air temperatures are lower than 0 °C, because internal 
cracks in the seed can occur due to water freezing in microcapillaries. Corn seed production 
technology means that the ear of corn is often harvested with a high moisture content (up to 
38% before it physiologically matures), in order to reduce the risk of damage from frost, insects 
and diseases. In order to store it safely, it is necessary to reduce the moisture content to ~13%. 
Depending on the moisture content and the characteristics of the hybrid, drying can take up to 
100 hours per bin. Since most seed dryers for corn are realized on the principle of drying in a 
thick fixed layer, for these reasons it is necessary to consume large amounts of thermal energy.

Figure 2 shows a schematic representation of a corn seed dryer on a corn cob that is 
the subject of research in this paper.

Figure 2. Schematic representation of a corn seed dryer on a corn cob

After measuring the mass, sampling and determining the moisture, the seed corn in 
the cob goes to the unloading ramp – 1 where it is unloaded from tractor trailers, fig. 2. Further, 

Figure 1. Dependence of the lower heat value 
corn cob on the moisture content
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the cobs are distributed by belt conveyors to the seed corn husker – 2 where the cob is separated 
from the husk, while the cobs are further passed through the selective conveyor belt (selective 
table), i.e. waste seed separator – 3, and it is distributed in bins – 4. The speed of filling the bins 
is 15 tonne per hour. There are a total of 7 bins used for drying cobs, the capacity of one bin is 
35 tonne per bin. The floor dimensions of one bin are 3.75 m × 6.5 m. Inside the bin, perforat-
ed slopes are placed at an angle of 23°, the floor is made of stainless steel (AISI 304; 1.4301)  
3 mm thick. The perforated floor is corrugated with a wave diameter of 65 mm. The openings 
on the floor are 20 mm × 3 mm transversely placed in relation the direction of the wave, the 
light surface of the opening is 32.5%. The channels in the bins are placed at identical distances, 
their dimensions are: height 1.1 m, length 5.75 m, width of the channel at the top 0.2 m, width 
at the bottom 0.52 m. There are always 6 bins in operation, while one is off. Drying in bins takes 
up to 2.5 days per bin. In the bins, the initial humidity of the cobs is 38% and is removed up to 
15%, after which the cobs are distributed to the corn threshing machine – 5. The crowned seed 
is distributed to the kongskilde cell (KC) by elevator and belt conveyors after purification – 6. 
In the KC, the seed is dried as needed, where it dries up to 13%, i.e. for safety up to 12.5%. A 
total of 4 KC with a capacity of 22 tonne per KC were installed, fig. 4(a). Each KC has its own 
centrifugal fan that takes the working fluid from the air duct of warm air at 42 °C. Belt convey-
ors further distribute the dried seed from the KC to the receiving hopper – 10, then it is weighed 
and filled into bags – 11 and further transported to the warehouse.

Basic parameters of the technological drying process

The basic parameters of the technological drying process are: cob inlet humidity in the 
bin of corn-on-the-cob (bin) 38%, cob output humidity from the bin 15%, seed moisture output 
from the KC 13%, drying time of the total amount of seed corn up to 70 days and the drying 
time of the 35 tonne cob mass in one bin is 80 hours (season average).

The paper presents the solution of a corn seed dryer on a corn cob, through: the tech-
nological process of operation of the corn seed dryer, dryer power plant and technological 
process of two-pass drying of cob.

The analysis of the results of the research on the process of drying corn seeds was 
presented through the dependencies: dependence of hot air-flow through the centrifugal fan on 
the frequency of the current in the bins (with and without cob), the dependence of the electric 
motor current on the frequency of the current in the bins (with and without cob) and dependence 
of hot air-flow on the charge of KC.

To investigate the dependence of hot air-flow on the charge of the KC, the boiler K1 
for hot air supply KCI, III and IV is included in the paper, fig. 3. The temperature at the begin-
ning of the hot air duct was 50.3 °C. There were two centrifugal fans in front of the KCI and III. 
The electric motors of the centrifugal fan operated at a frequency of 45 Hz. The KC I was filled 
45% with corn seed, KC III with 50% and KC IV with 25%. The ambient air temperature was 
20.4°C, and the air-flow was 6000-13000 m3 per hour.

The instruments used for the measurement are:
 – measurement of air velocities was performed with a portable instrument Testo 425,
 – temperature measurements in hot air ducts at 42 °C and in the bins were controlled by a 

glass mercury and alcohol thermometer,
 – measurement of the moisture was performed with a Portable moisture meter for granular 

products mini GAC, and
 – measurement of warm air temperatures in the duct directly at the fan outlet, and at the en-

trance to the KC was performed with a portable instrument Testo 325.
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Figure 3. Schematic representation of the technological process  
of drying seed corn: 1 – bins from 1 to 7, 2 – KC from I to IV,  
3 – upper channel of warm air temperature 32 °C, 4 – lower channel of 
warm air temperature 42 °C, 5 – hot air duct for KC, 6 – centrifugal fans, 
7 – boilers from K1-K3, 8 – storage for corn cobs (SCC), and  
9 – system for extraction and transport of corn cob to boilers

The corn cob and chaff are the only sources of thermal energy for drying cobs and 
seeds on the observed technical system, which is pneumatically transported by a centrifugal fan 
via pipe-line DN300 to the storage – 7, which has a capacity of 64 m3. The corn cob is trans-
ported using an agitator and transferred to the dosing basket – 8 using screw and belt conveyors,  
fig. 4(b). The dispenser inserts the corn cob into the fireclay of the boiler – 9, fig. 4(c). The tem-
perature in the firebox is from 400-800 °C depending on the drying conditions. The regulation 
of the dosing of cob in the furnace is performed on the basis of measuring the temperature of the 
furnace and the temperature of the drying air in the middle channel of the dryer. The primary air 
is injected by a centrifugal fan into the boiler furnace. The produced combustion products are 
pushed by the same fan through the heat exchanger tubes. Further through the sedimentation 
chamber, they go purified into the chimney. The outside air is sucked in by centrifugal fans 
placed next to the bins, flows through the eye of the exchanger tube, heated and injected into 
the energy channel of warm air at 42 °C [35]. The hourly consumption of corn cob per boiler is 
~ 273 kg per hour depending on the drying conditions.

Figure 4. Corn seed dryer; (a) KC for drying corn seeds,  
(b) transport corn cob to the boiler, and (c) boiler

Energy part of the dryer

The boilers presented in the paper use corn cob as an energy source for the drying 
process. The plant consists of three boilers UT-850 each 850 kW, tab. 1. For the needs of 
drying, 650-700 kg of corn cob/h are consumed, which are automatically delivered to the boil-
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er. The specific design of the heat exchanger ensures efficiency and energy utilization ~80%,  
tab. 1. The calculated values required for drying energy in the presented seed cob dryer are 
shown in tab. 2.

Table 1. Basic technical and technological characteristics  
of the boiler UT-850

Technical and technological  
characteristics of work The amount of size

Nominal thermal power [kW] 850
Type of regulation Manual
Max. fan flow [m3 per hour] 90000
Fuel tank capacity [m3] 1.55
Boiler dimensions [mm] 2300 × 1800 × 3810
Chimney diameter [mm] 500
Degree of utilization for corn cobs [%] 80
Consumption corn cobs per hour [kg] 266
Consumption of corn cobs per day [kg] 6384

Table 2. Calculated values of parameters required for drying energy [35]
Calculated sizes Value

The surface of the opening in the floor of the new dryer bin [m2] 10.72
Air-flow velocity through bins [ms–1] 0.2-0.4
The amount of air in one bin [m3 per hour] 19426-38825
Warm air-flow temperature 42 ° C through the bin  
(fan capacity per bin) [m3 per hour] 35000

Fan capacity for 6 bins [m3 per hour] 210000
Required power of the heating plant at t1 = 42 °C 
and to = 10 °C for 6 bins in operation [MW] 2.06

Required amount of air, temperature 42 °C for one KC [m3 per hour] 15000
The required amount of air for 3 KC [m3 per hour] 45000
Required power of the heating plant at t1 = 42°C 
and to = 10 °C for 3 KC in operation [MW] 0.44

Total required thermal power of the power plant [MW] 2.5

Technological process of two-pass drying

The main characteristic of the corn seed dryer is the process of two-pass drying of the 
cob, because the air passes through the cob layer twice and in that way energy is saved [10]. 
Centrifugal fans placed in front of the cob bins can suck air from the hot air duct at 42 °C or  
32 °C, depending on which blind above the chamber is open [27, 28]. During the drying pro-
cess, care should be taken that three bins are they blow from the lower channel of warm air 
with an air temperature of 42 °C, and three bins from re-circulation, ie. from the upper hot air 
duct with a temperature of 32 °C. Three fans draw ambient air through the boilers (at least two 
boilers), the air is heated, and passes through the hot air duct 42° C, blinds, chamber, fan, air 
distribution duct under the bin, perforated floor, air distribution channels in the piston layer  
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(II phase of piston drying), air further passes through windows on 32 °C hot air ducts, re-cir-
culation ducts above the other three fans, blinds, other three fans, through the air distribution 
ducts in the other three bins, through the perforated floor, through the air distribution channels 
in the cob layer, through the cob layer and air exits into the atmosphere through the windows on 
the outer wall of the dryer (I phase of cob drying). In the first three bins there is corn that is par-
tially dried with a moisture content of 24%. This cob is dried at an air temperature of 42 °C till  
13-15% humidity. In the other three bins, there is a cob with a moisture content of about 38%, 
and it is dried with recirculated air at a temperature of 32 °C. This cob is dried to about 24% 
moisture content. The air temperature must not exceed the value of 42 °C, due to the sensitivity 
of the germ, since it is seed corn. 

The speed of air through the layer cob should be in the range of 0.2-0.4 m/s. The dry-
ing process of the cob lasts from 70-90 hours (average 80 hours), depending on the moisture 
content in the cob, air-flow and air temperature. 

Results and discussion

Dependences of hot air-flow through the fan on the frequency of 
 the current in the bins (with and without cob)

Measurement of air-flow was performed in the distribution channel under the slop-
ing floor in bin 1 with and without cob at a current frequency of 43 Hz, i.e. air velocities of  
12.4 m/s. The cross-sectional area of the channel was 0.72 m2. Based on this cross-section, an 
air-flow of 8.93 m3/s or 32,141 m3 per hour was obtained. The air temperature in the bins at the 
measurement point was 36.3-37 °C. After this measurement, the current frequency was raised 
to 48 Hz and an air-flow of 38880 m3 per hour was obtained. At a frequency of 50 Hz, an air-
flow of 43891 m3per hour was obtained. Since there was a very strong air-flow in bin 1, the 
frequency was reduced to 47.5 Hz. This frequency corresponds to an air-flow of 38000 m3 per 
hour, which corresponds to the design value. For further calculations, the air-flow through one 
bin of 38000 m3 per hour was adopted.

The measured air temperatures at the opening for inserting the cob into bin 1 in the 
attic were 21 °C and 22 °C at a frequency of 43 Hz. The measured air-flow velocity above 
the cob (at 43 Hz) was 0.74 m/s. It varied from 0.4-1.6 m/s. The first third of the bins had a 
lower value of the speed than the average, the middle of the bin was higher, and at the end of 
the bin the values of the speed of air-flow through the cob layer were lower. Air temperatures 
ranged from 21-26.8 °C. At the end of the bin, the air temperatures were higher. By raising the 
frequency to 48 Hz, then to 50 Hz, air velocities ranged from 0.5-1.9 m/s. The mean value was  
1.12 m/s. The first and third thirds of the bin had higher values of speeds, and the middle third 
had lower values. This means that at 50 Hz the opposite result of 43 Hz was obtained. There-
fore, lower frequency values for fan operation of 47.5 Hz were chosen.

Figure 5 show the processed diagrams of the dependence of the flow of hot air through 
the fan on the frequency of the current, in bin 3 without the cob and with the cob. An increasing 
curvilinear dependence of the air-flow through the fan in front of bin 3 on the current frequency 
was established. This dependence is very important in order to know with what frequency the 
current will work on a certain fan, i.e. from the diagrams fig. 5 can be read the dependence of 
the air-flow through the fan, ie bin.

By starting boiler K2, and then boiler K3, temperature measurements were performed 
in the lower channel with warm air at 42 °C and in bins 3, 5, and 7, with air-flow through the 
boiler, fan and bin of 36432 m3 per hour (43 Hz and 27 A). The temperature in the hot air chan-
nel at 42 °C was stable at 54 °C, while the temperature values in the bins were: in bin 3 (43 °C),  
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in bin 5 (45 °C) and in bin 7 (50 °C). From these 
data, it can be stated that the closer the bin was 
to the boilers, the higher the air temperature, 
because the fans worked more efficiently closer 
to the boilers (they had lower resistance to air-
flow). If we take into account that the surface of 
the perforated floor is 26.63 m2 (7.1 m × 3.75 m)  
and the average value of the porosity of the cob 
of 43% (41-45%), then the air-flow at 43 Hz 
30454 m3per hour at 50 Hz 46252 m3 per hour.

In front of bin 1, the fan effort increased 
due to the blowing of air through the cob, and 

therefore, the air-flow at the same operating frequency decreased. For example, at a frequency 
of 43 Hz, the air-flow through the empty bin was 36,432 m3 per hour, and with a filled bin with 
a cob, the flow was reduced to 32131 m3 per hour or by 9.23%. This should be kept in mind 
when using the diagram of the dependence of air-flow on the frequency of the current when the 
fan is idling (without cob), fig. 5.

Dependences of electric motor  
current on frequency in bins  
(with and without cob)

Figure 6 show the dependences of the 
current of the centrifugal fan electric motor on 
the current frequency in bin 1 without the cob 
and with the cob. This information is also im-
portant in order to know how much the electric 
motors of the fans are loaded during operation 
(empty and with a full bin). Based on the ob-
tained results, it can be stated that the operation 

of centrifugal fans and boilers K2 and K3 is quite satisfactory. The fans were not maximally 
loaded (35 A at 50 Hz), where there were still reserves for operation (up to 43 A).

Dependences of hot air-flow on the charge of kongskiled cell

During the first test of KC III, KC I, and III were still involved in the work. The 
average measured air temperature was 43.7 °C. The average air-flow rate was 10.64 m/s. The 
cross-section of the channel at the measurement site was 0.368 m2. Multiplying the average air 
velocity in the duct and the cross-sectional area of the duct, the value of air-flow of 3.92 m3/s 
or 14115 m3 per hour was obtained. The KC load with corn seed was 50%. The mean mea-
sured air temperature was 40.5 °C. The mean air-flow velocity was 6.63 m/s. The air-flow was  
8795 m3 per hour. The filling of KC with corn seed was 45%.

During the examination of KC IV, KC I, III, and IV were also included in the work. 
The mean measured air temperature was 42.3 °C. The mean air-flow rate was 5.47 m/s. The 
air-flow was 7252 m3 per hour. The KC load with corn seed was 25%. 

During the second study, KC III were involved in the work of KC I, III and IV. The 
mean measured air temperature was 42.4 °C. The mean air-flow velocity was 7.0 m/s. The air-
flow was 9286 m3 per hour. The KC load with corn seed was 50%. 

Figure 5. Diagram of the dependence of the 
flow of warm air through the fan on the current 
frequency; (a) without cob and (b) with cob

Figure 6. Diagram of dependence  
of electric motor current on frequency;  
(a) without cob and (b) with cob
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During the third examination of KC III, 
only one KC was included in the work, i.e. KC 
III. The mean measured air temperature was 
41.9 °C. The mean air-flow rate was 13.2 m/s. 
The air-flow was 17 511 m3 per hour. The KC 
load with corn seed was 50%. During this mea-
surement, the flaps were not closed on the in-
take ducts of other fans, so false air was drawn 
in KC III and the air temperature in the duct at 
the entrance to the KC was lowered. During the 
re-examination of KC III, only one KC was in-
cluded in the work, i.e. KC III. The mean mea-
sured air temperature was 38.8 °C. The mean measured air velocity was 11.43 m/s. The air-flow 
was 15,168 m3 per hour. The KC load with corn seed was 50%. These test results are shown in 
the diagram of the dependence of the flow of warm air on the charge of the KC with corn seed 
in bin III, fig. 7.

The following facts can be stated in fig. 7: if only one KC is included in the work 
(for Example III) then the flow of hot air increases and amounts to about 15000 m3 per hour, 
at a KC charge of 50%. With the inclusion of more KC in the work (for Examples I, III, and 
IV), the flow of hot air decreases and it amounts to 5150-9290 m3 per hour, with a KC load 
of up to 50%. If the charge of the KC increases to 100%, the flow of warm air increases to  
13000 m3 per hour, if three KC are included in the work. If all four KC were included in the 
work, then the flow of warm air would probably be reduced even more. When switching on the 
fan at KC, care should be taken to ensure that the other valves are closed, if one of the KC is not 
working, because then there is a suction of false air from that KC and lowering the temperature 
in the KC in operation. Very good test results were shown by the fans that serve the KC. The 
fans and the boiler that serves the KC were not maximally loaded, there were still reserves for 
work. The boiler is designed for only 55% of the capacity intended for KC, and the remaining 
45% of the thermal energy is directed to the cob dryer.

The technical system of the described dryer corn seed is a sustainable, energy-effi-
cient technical solution from the aspect of independence from the use of fossil fuels. During the 
technological process itself, the amount of energy produced (corn cob) required for the drying 
process (cobs and corn seeds) is higher than necessary, so that all excess corn cob can be freely 
sold on the market. Furthermore, significant savings are achieved related to transport and han-
dling costs because the energy is produced in the technological process and fully automated 
transport by pneumatic transport, stored in a silo, and still dosed in boilers if necessary. Much 
higher transport and handling costs are realized by using fossil fuels, for example, research [36] 
showed that for drying corn seeds with an initial moisture content of 30.36%, to a final moisture 
content of 14.72% – the consumption of kerosene was 0.55 kg per hour, that is, for drying corn 
cobs with an initial content of 27.53%, to a final moisture content of 11.55% – the consumption 
of kerosene was 0.91 kg per hour. In the research [37] indicated approximately the same drying 
time for seed corn for 35% moisture, where the drying time was from 84 to 120 hours and de-
pended on the type of hybrid.

Analyzing the obtained results of the hot air temperature test, it was found that the 
temperatures in the bins were equalized when cob were inserted, which increased the resistance 
to air-flow, so in that case the amount of air in the bins was more evenly distributed.

Figure 7. Diagram of the dependence of  
the flow of warm air on the charge of KC
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The operation of the dryer is much more balanced when almost all fans were involved 
in the operation, than in the case of individual operation of the fan and one boiler. Temperatures 
and air-flows were more uniform during the operation of the entire dryer. The main feature of 
the presented seed dryer is the energy efficiency of the dryer due to air re-circulation. The air 
from the lower hot air duct at 42 °C, passing through the cob layer is further taken to the upper 
warm air duct at 32 °C which is recirculated again to the second bin with a wet cob. This solu-
tion of air re-circulation (or two-pass drying) achieves: energy savings (energy consumption), 
reduction of energy capacities to be installed, and thus reduction of costs for the power plant 
and distribution network, reduction of operating costs and reduction of environmental pollution.

The advantages of corn cob as a fuel in corn seed driers are: it is suitable for substitut-
ing expensive fossil fuels; environ-mentally friendly - neutral in terms of CO2 emissions; there 
is no possibility of pollution of natural resources (water, air and land) [38]; renewable annually; 
locally available fuel; suitable for heat energy production; easy for handling, transport, storage 
and delivery to boilers; fully automated energy supply plant; leaves much less ash compared 
to other types of biomass, e.g. straw; ash is suitable for the production of cement (concrete and 
mortar) [39-41], i.e. further for soil fertilization; very simple technical solution for transporting 
corn cob from storage to firebox; economically viable dryer solution, there aren’t transport and 
handling costs for energy sources; little storage space is required due to the low weight of the 
corn cob; satisfactory drying capacities up to 90 tonne per day.

Conclusions

The presented dryer corn seed on corn cobs is an ideal example of the use of a RES 
corn cob in the drying of products. In the presented example of drying, corn cob is the only 
necessary energy source for the production of thermal energy, which makes this dryer very 
efficient and economical. 

Corn cob is an economically cheap, energy-significant and environmentally friendly 
biofuel, and is recommended for the production of thermal energy in agriculture in order to save 
fossil fuels.

The main characteristic of the dryer corn seed is the process of two-pass drying of the 
cob, because the air passes through the cob layer twice and in that way energy is saved. The key 
results of the research are as follows. 

 y The drying process of the cob lasts from 70-90 hours (average 80 hours), depending on the 
moisture content in the cob, air-flow and air temperature. 

 y The drying time on the presented dryer has been shortened from the usual time from 90-80 
hours, i.e. by 11%. 

 y By increasing the performance of the dryer, drying costs are proportionally reduced 15%.
 y The optimal air-flow for drying corn cobs in bins was 38000 m3 per hour and was achieved 

at a frequency of 47.5 Hz.
 y In the operation of 3 KC, with grain filling of 50%, the flow of hot air was from 5150-9290 

m3 per hour, and when the cells were filled to 100%, the flow of hot air reached up to 13000 
m3 per hour.

 y The biggest benefit from the research is energy saving, i.e. two-process drying of corn cob 
significantly improved the energy efficiency of the presented dryer. As the only source of 
energy, biomass was used as a renewable energy source. Therefore, along with the shown 
savings, the design parameters of the dryer were also achieved.

 y Further research on such technical systems should be directed in the direction of researching 
the possibility of cogeneration, ie simultaneous production of electricity and heat by burning 
corn cob.
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