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Abstract. Aren (Arenga pinata) tree is one type of palm plant that produces fruit, sap and starch or flour in 
the trunk. Industries aren flour usually in small and medium industries is dried by conventional method with 
dried under the sun. The main constraint is the low drying speed. Therefore, in this study aren flour with a 
water content of 40% was dried using a pneumatic dryer to moisture content below 15% (wet base). The 
aim of this research is to analyze the influence of drying air temperature, drying air flow rate and feeding 
speed to drying speed and energy analysis. Energy analysis was performed to determine the performance of 
pneumatic dryers. The energy analysis itself is done in the form of energy utilization and energy efficiency. 
The results show that the increase of dryer temperature from 60 to 100 will increase the utilization of energy 
from 0.61 to 1.39 J / s, energy efficiency is 33.4-45.1%. the results of a proximate analysis, an ash content 
of 0.39 grain fiber 0.18 white degree 92.93% which already fulfill SNI standard of Aren flour. 

1 Introduction  
Aren tree is one type of palm plant. All parts of the tree 
can be used and have economic value. starting from the 
physical parts (roots, trunk, leaves, fibers etc.) as well as 
the results of its production (nira, flour and fruit). Aren 
including Aracaceae tribe (aracea nut). The tree is not 
spiny, unbranched, the height can reach 25 meters and 
the diameter of the tree can reach 65 cm [1]. 

This plant is almost similar to the coconut tree. 
Coconut tree trunked clean with old leaves that easily 
loose, aren tree trunk is very dirty because the stems are 
clad in fibers, so that the old leaves bark is difficult to be 
taken or out of the stem. Therefore, aren tree trunks are 
often overgrown by many types of ferns [1]. 

Empulur stem aren powder 48.9%. However, each 
aren tree produces varied flour. In Indonesia from every 
aren tree trunk can be obtained flour between 60-70 kg. 
aren flour is widely used for foodstuffs such as cakes, 
cendol, meatballs, noodles, vermicelli and hun kwe [2]. 
The standard quality of aren flour in Indonesia is 
contained in the Indonesian National Standard SNI 01 - 
3724 - 1995. In the production process of aren flour, one 
of the important stages is the drying the product [3].  

The pneumatic dryer is one of the mechanical drying 
machines that utilizes high-speed air and high 
temperature. The use of high-speed air and high 
temperature will cause the product to dry in a short time. 
The pneumatic dryer includes continuous dryer with a 
granule solid feed [4,5]. The solids are driven to duct 
drying by the hot air produced by the heater with the air 
from the blower and then the product passed to the 

cyclone. this type of dryer can be used for granular 
materials and non-abrasive solids[6].  

Pneumatics can also produce a particle size reduction 
(friction) because the feeder is a screw conveyor. 
Pneumatic dryers are also particularly suitable for heat 
sensitive, explosive, degradable or flammable materials 
processing, otherwise the average residence time of 
solids is relatively short (usually a few seconds) [7]. 

Drying is a process of evaporation of moisture 
content in materials involving heat  and mass transfer 
between the surface of the product and the environment 
[8,9]. Drying is widely used in various thermal 
applications such as food, perennial products and other 
industrial products [10] The purpose of drying is  to 
degrade the moisture content in the solid can be removed 
by evaporation. In addition to extending shelf life as well 
to simplify storage simplify as well as in material 
transport [11,12].  

Research on batch drying system has been done [13], 
[14] while continuous drier still little information. 
Energy analysis can be interpreted as a calculation of the 
flow of energy in a production process, usually for the 
process to be economical. Energy analysis is based on 
the first law of thermodynamics[15]. where the first 
thermodynamic law assumes that energy cannot be 
created and destroyed so that all incoming energy will be 
converted into other forms of energy [16].  

Some researchers have conducted energy analysis on 
drying, especially on food products and agricultural 
products, among others, potatoes drying [11], olive 
drying [13], drying of palm cocoa [14], carrots drying 
[8] Mulberry drying [16], beans and nuts drying [17], 
wheat drying [18], and drying of seaweed [19]. 
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Information on energy analysis on food drying has been 
widely described, but the use of energy analysis in 
continuous system drying is rare.  

Energy analysis is a calculation on systems that 
consume energy that aims to know the balance of energy 
use, energy conversion equipment efficiency, specific 
energy consumption [20]. The aims of this study are the 
experimental research on the drying of aren flour in a 
pneumatic dryer, to know the performance of the aren 
flour drying tool by calculating the energy analysis. 
Energy efficiency calculations can be used to evaluate 
the performance of a drying machine. 

2 Materials and Methods  

2.1. Materials 

Material used in this experiment were Aren flour, which 
taken from Klaten, Central Java. The equipment used in 
this experiment are Pneumatic dryer, moisture keet 
meter, humidity meter, oven, digital scales, porcelain 
cup, and anemometer. Drying time is 60 minutes for 
each variable with moisture content measured every 5 
minutes. Two hundreds grams of Aren flour were used 
on each variables. The variabels were drying temperature 
(60,70,80,90 and 100oC), feed flow rates (10, 20 and 30 
gram/minutes) and air flow rate (2,8; 3,7; 4,1; and 5,1 
m/s) 

2.2 Drying Equipment    

Pneumatic consists of temperature controller, blower, 
heater, feeder, screw conveyor, duct dryer, cyclone and 
output product. The Pneumatic dryer must be calibrated 
first before the drying process. The calibration is done by 
turning on the dryer and measure the temperature and the 
air flow rate for 1 minute until constant value 
 

 
  

Fig. 1. Pneumatic dryer.  

2.3 Research Procedure 

The solid feed flow rate of 10 g/minute is calculated 
manually and continuously by introducing a certain 
amount of flour mass by weight and increments 
gradually over a predetermined time. The drying process 
was carried out by varying the dryer air temperature is 
60, 70, 80 90 and 100oC. Raw materials enter through 
the feeder and then forwarded to the duct dryer Aren 
flour. Before the experiment began, air temperature and 
air flow rate set first. After turning on the blower, then 
set the desired temperature. Wait a while until the air 
dryer from the blower reaches the desired temperature. 
Feed aren flour is inserted after the condition of the dryer 
is constant. The feed from the feeder will be pushed 
upward through a cylindrical drying tube with a total 
length of 170 cm and an inner diameter of 12 cm. During 
drying, the feeder continuously feeds the wet aren flour 
into the drying duct. Out of the drying duct, the dry aren 
flour will be passed to the cyclone to separate the solid 
from hot air. Furthermore, dried aren flour was collected 
for product analysis  
 
2.4 Calculation of Dryer Efficiency 
 
The energy analysis method follows the formula derived 
by [21]. EU (Energy Utilization) can be known by 
applying the first thermodynamics law  

                  EU = Ma (hai – hao)  (1) 

Where hai is the air dryer enthalpy at the inlet 
temperature (J/kg) and hao is the air dryer enthalpy at the 
exit temperature (J /kg) and the EU is Energy Utilization 
(J / s). The mass flow rate can be calculated using the 
equation  

                  Ma = ρa Va  (2) 

Where ρa is the density of dry air in kg/m3, Va is the 
volumetric air dryer rate in m3/s. The drier air enthalpy at 
the entry and exit temperature of hi and ho can be 
calculated by the equation equation  

                  h = Cpa Tda + W hsat (3) 

Where Cpa is the specific heat of dry air in J / (kgoC), T 
is the drying air temperature in oC, W is the ratio of the 
drying air humidity (kg H2O/kg da) and is the drying air 
and hsat is the saturated vapor enthalpy in J/kg 
The specific heat of the dryer air can be calculated by the 
equation  

                  Cpa = 1.0029 + 5.4 x 10-5 Tda  (4) 

The ratio of energy utility can be calculated using 
equation  

                  EUR = (Ma (hai-hao)) / (Ma (hai-haα))    (5) 

Where EUR is the ratio of energy utilization and haα is 
the air dryer enthalpy of environmental temperature 
(J/kg). The energy efficiency (%) can be evaluated and 
the ratio of energy used to the given energy  
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                  ηE = [(Ei - Eo) / Ei] * 100   (6) 

ηE is the energy efficiency, Ei is the incoming energy 
and Eo is the out energy, where  

                  Ei - Eo = Ma (hai-hao)  (7) 

                  Ei = Ma*hai           (8) 

3 Results and Discussion  

3.1 Effect of temperature on the drying curve 

The drying air temperature is defined as the mean air 
temperature used to dry the amount of material measured 
in the drying chamber [15]. During the drying process, 
the temperature very important in the evaporation 
process of water, whether on the surface of the material 
or inside the material. The dryer air temperature should 
be adjusted so that the dried material can be as dry as 
possible so that it meets the SNI standard for acceptance 
in the market. The drying curve shows changes in the 
water content in the aren flour throughout the drying 
chamber under different drying conditions. In the 
experiment, the operating temperature of the dryer air 
was varied at 60, 70, 80, 90, and 100oC. Within every 5 
minutes it measures the moisture content along the dryer 
duct 
 

 
 

Fig. 2. Effect of dryer air temperature on the moisture content 
profile of aren flour each the dryer duct (10 g / min). 
 
The average initial moisture content of wet aren before 
being put into a pneumatic dryer is 40%. The influence 
of drying air temperature along the drying chamber to 
the Aren drying curve is shown in Fig 2. The results 
show that there is a decrease in the drying curve along 
the drying duct (0.2 - 0.8 m /length) at each drying air 
temperature. The water content of aren flour at each 
temperature decreased a significant curve at 0.2 m duct 
until constant drying occurred on duct 0.8 m. The 
decrease occurred at 19.8% at 60oC, while at 70, 80, 90 
and 100oC, the water content decreased to 17.3%, 13%, 
12% and 10.3%. The drying curve shows a decrease in 
the water content of aren flour along with the dryer duct 
until the small decrease is almost constant, the solid feed 
flow rate is 10 g / min and the inlet airflow rate of 0.25 is 

due to the larger drying air temperature, water in the 
product. This result is in accordance with previous study 
which in drying tapioca by means of a continuously 
fluidized bed fluidization dryer at a drying distance 
divided into 3 zones of decreasing moisture content 
throughout the zone and at the drying effected  in 
cassava starch[20,21]. 

3.2 Effect of air flow rate    

Air flow rate is an important factor to be considered in 
drying by using pneumatic dryers. In this study, 
variations were made to the air velocity of the dryer as a 
heat carrier medium. Air velocity variation is carried out 
by arranging the air inlet opening a blower, is by using a 
cover plate with 4 openings variation is openings 0.25 
(2.8m /s) 0.5 (3.7m/s), 0.75 (4.1m/s) and 1 (5.1m/s)  

 

Fig. 3. Effect of air drying inlet openings on the moisture 
content profile of aren flour along the dryer duct (10 g / min) 

The determination of the air velocity to be used to dry a 
material must be observed. The larger the air inlet 
opening, the air velocity exhaled by the blower will be 
higher. To achieve an efficient drying process, the dryer 
airflow rate used should be greater than the minimum 
speed required to remove the material. The air velocity 
exhaled by the blower must be greater than the free fall 
velocity of the particles to be dried (wet material). The 
results showed that with the higher air velocity, the water 
content in solids is also higher. The solid water content 
at 2.8 m / s is 10.3%, at a speed of 3.7 m / s is 10.8%, at 
a speed of 4.1 is 13% and at a speed of 5.1 m / s is 
14.4%. The speed of air flow during the drying process 
by using pneumatic (flash) dryer at a very low speed, the 
material particles cannot be lifted by the air flow, so the 
drying process cannot run perfectly. While the flow of 
air velocity is too high will cause the heat contact 
between dry air with the material will become too short, 
consequently the drying process becomes ineffective, 
because the water is vaporized only slightly, and the 
final water content of the product is usually still higher, 
this is in accordance with previous research on drying 
cassava with pneumatic dryer that the higher the rate of 
air flow rate then the moisture content is getting bigger, 
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this is because the contact between the hot air and the 
solid becomes shorter so that drying is not optimal [22]. 

3.3 Effect of feed flow rate    

Aren drying research is implementing a continuous 
system. Aren Flour with water content ± 40% is feed 
continuously into the dryer. The flow rate of sugar palm 
is varied by 10 gr/min, 20 gr/min and 30 gr/min 

 

Fig. 4. Effect of solid feed flow rate on the water content 
profile of the material along the dryer duct (100 ° C).  

The drying curve indicates that the Aren feed 
incorporated every minute in the pneumatic drying 
apparatus may affect the change in moisture content 
along the drying duct in the dry palm sugar product. Fig 
4 shows that more aren flour is fed to the dryer, causing 
a decrease in water content longer to reach a constant. 
This is due to the faster saturation of dryer air. More 
moisture content material makes the dryer air faster 
saturated with the same air dryer capacity. This 
saturation will make the air dryer longer to remove the 
water content in aren flour. This trend is similar to the 
results in study monitoring and control of fluid-bed 
drying of tea where feed flow rate control is necessary to 
regulate the final moisture content of the product [23] 

3.4 Volumetric water evaporation rate    

 

Fig. 5. Effect of temperature on volumetric water evaporation 
rate. 

The rate of volumetric water evaporation increase with 
increasing air temperatures because higher air 
temperatures lead to greater differences between air 
temperature and starch surface temperature, which is the 
driving force for heat transfer[24]. Changes in air 
temperatures lead to changes in clearer moisture levels, 
increased feed flow rates at constant temperature causing 
a volumetric increase in the rate of water evaporation. 
Despite using a lower drying temperature, the moisture 
obtained by using a pneumatic dryer system is 
considerable 

3.5 Energy Utilization    

 

Fig. 6. Effect of dryer air temperature on energy utilization of 
Aren flour 

Energy analysis uses the data obtained from the 
experiment. The images show the effect of temperature 
on energy utilization where energy use increase with 
increasing drying air temperature in pneumatic dryer. 
The higher the temperature causes a lot of moisture 
content to be evaporated. This is due to the high 
temperatures causing heat transfer and also the higher 
the period to increase the use of energy in reducing the 
product water content, obtained the average of energy 
usage at 60-100 C temperature variation increased from 
0.61 to 1.39 J /s. The energy used in this study shows a 
relationship that is directly proportional to the drying air 
temperature. The results of this study are similar to the 
results of the tapioca drying research using a  tray dryer 
[21,25] and drying carrots using a continuous band dryer 
[8]  

3.6 Energy efficiency    

 

Fig. 7. Effect of dryer air temperature on energy efficiency. 
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The effect of increased drying air temperature on energy 
efficiency is shown in Fig 7. At a temperature increase 
of 60-100oC the energy efficiency to dry the Aren 
increases from 33.4% to 45.1%. At energy efficiency, 
the increased energy use of each temperature causes the 
efficiency of energy use to dry the Aren increase. The 
effectiveness of energy use is influenced by the energy 
used from the available energy. The research [21] and 
[18] also showed a similar effect between increased 
drying air temperature and energy efficiency. The same 
trend is shown by all types of dryers (convective dryers, 
microwave dryers, vacuum dryers, solar dryers, and 
dryer joints) that energy efficiency increases with 
increasing drying air temperature 

3.7 Product Quality Aren    

The quality of Aren flour is determined by the standard 
requirements for the resulting  

Table 1. Results of Quality Analysis of aren flour. 

Test Criteria Unit Requirement Test Result 

Color - White * white. 

Water content 
(b/b) % Maks 13* ±10.3 

Ash (b/b) % Maks 0.5 * 0.39 

Coarse fiber % Maks 0.1*  0.18 

Starch % Min 60 * 60.78 

White Degree - Min 91 * 92,93 

Protein b/b  0.49 

Fat b/b  0.18 

*) Indonesian National Standard 01-3724-1995 

Table 1 presents the results of the feasibility test of the 
quality of aren flour. The quality criteria of aren flour 
seen from the results of the physical analysis (color), 
proximate analysis (ash content, starch content, protein 
content, fat content), physicochemical analysis (white 
degree). The results show that all test criteria have met 
the quality standards of aren flour as a food ingredient, 
for crude fiber the results showed still higher than 
required because of the fibers are still included in the 
flour because the content of aren flour is very high in 
which aren flour obtained from tree trunks. Aren flour is 
made by extracting the tree trunk. Where the flour is 
taken if the tree is no longer produces nira (aren sugar). 
The extracted aren flour will be brownish. Based on the 
degree of white, the white Aren flour is also better 

quality. The test results indicate that the white degree 
value of the Aren product has fulfilled the requirement 
of 92. One of the processing of Aren flour which can 
cause the difference of ash content value is the starch 
extraction stage. The minerals contained in the stems can 
be wasted along with the pulp from the extraction 
process of aren flour, so that the measured ash content 
becomes lower, in addition to the amount of fiber 
contained due to aren tree trunks. The amount of fiber 
and impurities affect the quality of sugar palm. The more 
fiber and impurities it contains, the lower the quality. 
The test results showed that the level of more palm fiber 
by 0.18 

CONCLUSION  

The result of Aren flour proximate analysis used in 
drying research using pneumatic dryer showed that aren 
tress has starch content 60.78%, whiteness 92.93%, fiber 
content 0.18. The energy analysis of the drying process 
shows that (i) the energy usage increases with increasing 
temperature. The energy efficiency increases from 33.4-
45.1%, (ii) the higher the temperature followed lower the 
moisture content. The lowest moisture content is 
obtained at a temperature of 100oC with water content of 
10.3% (iii) the speed of the air flow rate is very 
important because if it is too low, can be lifted by the 
airflow, if the flow of airspeed is too high will cause the 
hot contact between dry air and the material will become 
too short (iv) the higher the temperature the increased 
energy utilization  
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