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Abstract  

This paper is concerned to the energy balance analysis of single drying process of 

rosella pod using solar energy dryer.  The study is aimed at determining of the optimum 

biomass fuel feeding rate in order to retrench the energy consuming of rosella drying. Using 

first law of thermodynamic, energy balance analysis was performed to estimate the 

temperature of; drying chamber, product and heat exchanger during drying process; and the 

impact of fuel feeding rate of biomass to the drying temperature. Temperature is the 

important parameter of convection drying that influences the dried product quality.  The 

result showed that predicted values of drying chamber temperature are in reasonable 

agreement with experimental data that is shown by standard deviation value of 2.9
o
C.  Ten 

scenarios of drying simulation were conducted to reveal the operation conditions of rosella 

pod drying.  The simulation calculation found that drying temperature can be controlled by 

biomass combustion rate by using biomass feeding adjustment.  The drying simulation with 

air flow rate of 0.39 kg/s, drying temperature of 50
o
C and drying time of 29 hours and mass 

of rosella pod of 200 kg needs the average of biomass combustion rate of 5.5 kg/h without 

adjustment.  By adjustment of biomass feeding for 1 kg every 15 minutes, the average of 

biomass combustion rate can be reduced to 4.3 kg/h, so the energy supply is reduced and the 

increasing of drying efficiency resulted for the later treatment is about 3 %. 

 

Keywords: Biomass fuel feeding rate, simulation, temperature, drying, rosella pod.. 

  

Introduction  

The available of abundant solar energy in Indonesia at average of 4.50 kWh/m
2
/day 

(Abdullah, 1999), is worth energy resource to be applied in agricultural sectors. There are 

several fields of application of solar thermal energy (Munir and Hensel, 2010; Jain, 2005, 

Wisniewski, 1999).  Solar drying of agricultural product is become an appropriate 

alternative for drying of agricultural product.  Due to the low temperature and dependency 

of weather of solar thermal energy application, biomass energy will be important as energy 

resource cover for solar thermal energy, especially keeping for the continuity of dried 

product outturn. Bennamoun and Bellhamri  (2003) used additional heater for solar dryer 

has shown good improvement in the obtained results. It allows using the solar dryer in un-

favorable climatic conditions . Utilization of both of energy resources is very important to 

specify the drying air temperature.  Proper drying temperature influenced the dried product, 

especially of moisture content of dried product.    The high temperature may resulted  

several spoilages of dried product such as burning or case hardening, however low 

temperature cause the growth of mold and pathogen microbiology. In order to gain the 

dwulandani@yahoo.com
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proper drying air temperature, it is necessary to control the rate of biomass energy input 

within the drying system, by adjusting the feeding rate of biomass fuel.  The controlling of 

operating system of feeding rate of biomass fuel intends to prevent energy loss, hereinafter 

to increase the drying efficiency.  

Several topics of research, especially design and performance test of dryer have been 

carried out (Wulandani, et al., 2009, Wulandani, et al.,2005, Nelwan, 2005, Ratnawati, 

2003, Mursalim, 1995, Abdullah, et al., 1994), however the modeling of feeding rate of 

biomass fuel has not been explained in detail yet, therefore the aim of the research is to 

determine the modeling of biomass feeding rate into the burner as additional heating of 

green house effect solar dryer and to simulate biomass feeding rate at several scenarios of 

drying operation, in order to obtain the drying operation effectively. 

  

Materials and methods   

This study is base on the experiment result of rosella pod drying in the green house 

effect solar dryer have been conducted at our previous research (Wulandani, et al, 2009).  

The experiment was carried out at field laboratory (Soewardi Soepardjo Laboratory), 

Department of Bio-system and Mechanical Engineering, Faculty of Agricultural 

Technology, Bogor Agricultural University, Indonesia.  

 

Sample and apparatus  

The sample used in the former research was rosella pod (Hibiscus sabdariffa L.) and 

biomass.  Measurement of temperature, RH, airflow velocity, solar irradiation, mass and 

moisture of product were implemented by thermocouple (CC type), thermo-recorder, 

anemometer, pyranometer, adiabatic bomb calorimeter digital electric balance and drying 

oven.  The green house effect solar dryer was the main apparatus designed by Wulandani, et 

al. (2009).  Figure 1 shows the dryer consists of; a drying chamber is a transparent building  

(dimensions of t =3.065 m, l =1.855 m, p = 4.45 m), 144 trays (dimensions of p = 0.5 m , l = 

0.6 m), four blowers and an absorber plate were located on the drying floor, heat exchanger 

and burner.  The dryer was designed to dry 400 kg of rosella pod.  
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Figure 1. The green house effect solar dryer 

 

Methods and data analysis  

The research is carried out at several stages as described at Figure 2. First stage is 

started by governing equation modeling of energy balance within drying chamber.  Solution 

of differential equation is by numerical method analysis.  Next stage, the simulation result 

drying temperature is verified by compared that to the measurement result during drying 

process. Further, base on the modeling, ten scenarios of operating condition of drying 

process are simulated to estimate the pattern of fuel feeding rate input into burner. 
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Figure 2. Flow diagram of research stages 

 

Results and discussion 

Drying experiment 

The dryer was tested to dry of 32 kg of rosella pod. Fresh rosella was dried from 

initial moisture content of 89.9 % wet basis to 12.3 % wet basis during 28 hours (4 days) at 

average  drying temperature of 43
o
C and ambient temperature of 32

o
C.  Relative humidity 

of drying air was 52 % and air mass flow rate was 0.39 kg/s.  Temperature of drying 

chamber air were found to be in the range of 34
o
C  to 55

o
C.  The drying process occurred at 

overcast condition which was represented by average of solar irradiation values of 46 W/m
2
. 

Firewood combustion was used as additional heating energy at combustion mass flow rate 

of 2.5 kg/h.  Energy consumption of rosella pod drying was still high about 49 MJ/kg of 

water evaporated from product, due to heat loses at the burner (Wulandani, et al., 2009).  

Temperature distribution of; drying air, heat exchanger and product were measured every 30 

minutes was used as comparison to verify the simulation modeling. 

 

Mathematical modeling 

In order to simplification of actual condition, the simulation modeling have several 

assumptions, whereas drying temperature, heat exchanger temperature, product temperature 

Governing equation modeling 

Calculation process of 

simulation 

Drying experiment 

Verification 
Error < 5 % 

Simulation of ten scenarios of 
drying operation 

Recommendation of 
the best pattern of 
fuel feeding rate  

Start 
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are uniform at any location in the drying chamber.  Thermal properties of each component 

are constant at any temperatures. The simulation is solved by quasi-steady numerical 

method. The boundary system of simulation is the dryer consisted of a transparent building, 

the rack of product dried, heat exchanger, absorber, and burner. Governing equation 

modeling developed is modified the equation based on the energy balance among the dryer 

components (Abdullah, et al. 1994) as represented by following several equations.   

a) Energy balance for drying air 

The ambient air entered into drying chamber and heated by heat exchanger, leads an 

exchange between the drying air, product and transparent wall:  

 

                                                                     

                                                 

 

b) Energy balance for water in the solar collector pipe 

 

 The solar concentrator collects thermal energy from the solar irradiation. Thermal 

energy is stored in the water within the pipe and flowed into drying chamber through heat 

exchanger-1 and drain to hot water tank, furthermore the water is flowed-back to the 

collector. A part of energy losses to the ambient: 

 
                

                                                      
              

 

c) Energy balance for hot water tank 

                
                                                       

 

d) Energy balance for heat exchanger 1 

Heat exchanger 1 (HE) is the system air-water heat exchanger.  Hot water is 

circulated from the solar collector (concentrator) into HE.  Solar irradiation gives the 

thermal energy to the HE system directly:   

                  
                                                    

                   

 

 

 

 

e) Energy balance for heat exchanger 2 

 

Heat exchanger 2 (HEa) is the system air-air heat exchanger.  Ambient air is heated 

by HEa due to the biomass combustion within the burner, and then flowed into the drying 

chamber: 
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Where: A = Area (m
2
) 

 Cp = Specific heat (J/kg 
o
C) 

 m = Mass (kg) 

 T = Temperature (
o
C) 

   = Time (dt) 

 a = ambient 

Subscript: bb = biomass 

 HE = Heat exchanger 

 k = collector 

 r = Drying room 

 t = Tank 

 w = Water 

 

Verification of simulation 

The comparison between simulation modeling and actual measurement of drying air 

temperature and product temperature are presented in Figure 3 and 4, respectively. 

Simulation and measurement data takes place for 8 hours at daylight, started from 8 am until 

4 pm.  Although there are any discrepancy between simulation and measurement results, 

however residual error and standard deviation doesn’t give the significant value. The 

residual error analysis results between simulation and measurement data for drying air 

temperature, heat exchanger (HE-2) temperature and product temperature are  9.2 %; 1 % 

and 8.7 % respectively,  whereas the standard deviation are 2.89
o
C, 0.43

o
C and 2.57

o
C, 

respectively.  Base on the value of residual error and standard deviation of temperature, the 

modeling could perform well the actual condition of temperature distribution.   

 

 

Figure 3. Comparison between simulation and measurement result of drying air temperature  
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Figure 4. Comparison between simulation and measurement result of product temperature 

 

 

Influence of the pattern of biomass fuel feeding rate  

Base on the distribution of temperature as output simulation, four scenarios of 

simulation output were performed to determine the best pattern of biomass fuel feeding rate 

into burner. 

1) Scenario 1: feeding rate of biomass fuel at every 15 minutes for dried of 32 kg of 

rosella pod  

2) Scenario 2: feeding rate of biomass fuel at every 30 minutes for dried of 32 kg of 

rosella pod 

3) Scenario 3: feeding rate of biomass fuel at every 1 hour for dried of 32 kg of rosella 

pod 

4) Scenario 4: feeding rate of biomass fuel at every 2 hours for dried of 32 kg of rosella 

pod 

The simulation intends to obtain constant drying air at 50
o
C by implemented the 

adjustment of biomass fuel feeding rate. By using similar input parameters with actual 

condition, the simulation results of drying air temperature of four scenarios are presented in 

Figure 5.  Biomass rate resulted by simulations are similar of 3.7 kg per hour. 

 

 
 

Figure 5. Simulation result of drying air temperature by adjustment of biomass feeding rate 

In Figure 5, increasing of interval of feeding rate increases temperature variation 

which is indicated by standard deviation of 0.9
o
C, 1.7

 o
C, 2.9

 o
C, and 4.8

 o
C, respectively for 

scenario 1, 2, 3 and 4. It shows that Scenario 1 gives the best drying temperature uniformity 

indicated by the least value of standard deviation of 0.9
o
C.  
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Influence of adjustment of biomass feeding rate  

Drying temperature is important parameter to produce the best quality of product, 

hence proper drying temperature is necessary to achieve during drying process.  Controlling 

of biomass feeding rate is need to be carried out in order to result the appropriate drying 

temperature.  Simulation scenario 5 and 6 show the influence of adjustment of biomass 

feeding rate to produce constant drying temperature as depicted in Figure 6 and 7.  In 

scenario 5, biomass is input at constant value, whereas in scenario 6, rate of input biomass   

is controlled and lead to constant drying temperature.  

1) Scenario 5: Feeding rate of biomass fuel at every 15 minutes for dried of 200 kg of 

rosella pod (Without adjustment) 

2) Scenario 6: feeding rate of biomass fuel at every 15 minutes for dried of 200 kg of 

rosella pod (Using adjustment) 

 

 
 

Figure 6.  Comparison of biomass feeding rate pattern between both treatments (adjustment 

and without adjustment treatment) 

 

 
 

Figure 7.  Comparison of drying temperature pattern between both treatments (adjustment 

and without adjustment treatment) 

 

Both treatments gives an impact to the biomass consumption, moreover influences 

the drying efficiency.  The simulation performed the drying of 200 kg of rosella pod, from 

moisture of 90 % wb to 10 % wb, required the drying time of 29 hours.  The drying time at 

present work is less than that was resulted another researcher of 36 hours (Janjai and Tung, 

2005) for dried rosella flower, from moisture content 96 % wb to 16 % wb, at similar drying 

capacity using solar collector integrated dryer.  The calculation results biomass consumption 
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of 5.5 kg/h and 4.3 kg/h, respectively for both treatments (without adjustment and using 

adjustment). Drying efficiency is the ratio of energy use to evaporate the moisture from the 

product to the energy supplied to the dryer.  The drying efficiency of both treatments is 

therefore 14 % and 17 %, respectively for “without adjustment” and “using adjustment” 

treatment.  Therefore increasing of drying efficiency after adjustment is 3 %, furthermore 

the saving of energy consumption is 18% (from 11 MJ/kg water to 9 MJ/kg water).  The 

best treatment by using adjustment of input biomass is then used to simulate the next 

scenarios. 

 

Influence of adjustment of the capacity of product  

Base on the best pattern of fuel feeding rate at every 15 minutes and adjustment of 

input biomass, hence the last four scenarios are simulated to show influence of product 

capacity.  The simulation is destined to produce constant drying temperature of 50
o
C. 

1) Scenario 7: Dried of 100 kg of rosella pod  

2) Scenario 8: Dried of 200 kg of rosella pod  

3) Scenario 9: Dried of 400 kg of rosella pod 

4) Scenario 10: Dried of 400 kg of rosella pod during daylight and night  

 

 
 

Figure 8. Simulation result of biomass feeding rate at various drying product capacity 

The pattern of biomass feeding rate at drying capacity of 100 kg, 200 kg and 400 kg 

of rosella pod, respectively for scenario 7, 8 and 9 are illustrated in Figure 8.  Whereas in 

scenario 10, the simulated is continue during daylight and night.  It clearly shows that 

typical of biomass feeding rate is similar for all treatments, except for scenario 10.  It is 

shown that for keeping of constant drying temperature, it is required more biomass energy 

due to absent of solar irradiation during a night. Increasing of capacity increases utilization 

of biomass hence, required more supply energy, however drying product at full capacity 

result the highest drying efficiency.  Drying operation during night is not suggested to be 

carried out because of, huge energy supply is consumed. Consequently, drying efficiency of 

night drying operation is less than that of daylight drying operation, are 15.5 % and 16.7 %, 

respectively.  
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Conclusions  

The following results may be drawn from the present work.  Simulation modeling of 

temperature distribution has been developed.  Base on the residual error analysis and 

standard deviation value, the model meet an agreement to the actual drying temperature at 

several drying operations.  The best treatment to produce constant temperature is pattern of 

biomass feeding rate into burner at every 15 minutes, using adjustment.   Drying of rosella 

pod at full capacity of dryer-in this case is 400 kg of rosella pod- is suggested to achieve 

drying process efficiently. Drying operation at night is not suggested to be carried out to 

saving the energy consumption.  The significant of study is to provide the designer of solar 

dryer and the farmer to make better performance of drying. 
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