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ABSTRACT 

A sustainable energy source that is cheap and easy to obtain is rice husk biomass. This study therefore aims at evaluating 

the utilization of rice husk with furnace modification based on heat exchanger pipe for sustainable energy of traditional 

drying. The utilization is through thermal conversion of biomass using a furnace and heat exchanger. The furnace is a 

burning medium of biomass that contains heat exchanger pipes. Furnace modification is based on the type of heat 

exchanger pipe, which includes copper, stainless and black steel. The furnace model contains a wall consisting of 468 

holes with a 5cm distance between the holes and a diameter of 1 cm. The diameter of the ash hole is 12mm and the 

furnace dimensions are 500 mm x 500 mm x 800 mm with a heat exchanger pipe of diameter 1 inch. The test results on 4 

kg of corn carried out for 400 minutes showed that the rice husk utilization provided the optimal drying temperature. The 

average drying temperature for copper pipes are 82.47oC (shelf 1), 77.54oC (shelf 2), 69.03oC (shelf 3), and 62.49oC (shelf 

4); for black steel pipe, the average drying temperature are 75.73oC (shelf 1), 72.98oC (shelf 2), 62.33oC (shelf 3), and 

55.96oC (shelf 4) and that of stainless steel pipes are 71.89oC (shelf 1), 64.23oC (shelf 2), 59.91oC (shelf 3), and 51.69oC 

(shelf 4). 
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INTRODUCTION 

Sun drying is one of the easiest and cheapest ways of preserving food items to avoid decay and damage. The 

process possesses several advantages which includes reduction in the cost of cooling and packaging, reduced 

products decay and deterioration, cheaper storage and transportation and a guaranteed availability of seasonal 

products [1]. Traditional or sun drying is practiced by most Indonesians, especially Lombok and it involves the use 

of woven bamboo or plastic tarp. It is carried out on a household scale and the results are sufficient for daily needs.  

Drying is carried out in open areas such as fields, roadsides, yards, and houses roofs. The resulting product 

is not hygienic due to exposure to dust or dirt. This is evident in the drying process of shrimp in the sun which 

results in a relatively darker texture and lower quality than oven drying [2]. Also, sun drying produces hard and 

dusty products with poor quality and lacks strong added value [3]. 

The sun as one of the sustainable energy for drying process traditionally produces less than optimal 

temperatures. At average, the sun temperature during bright weather is 34.75
o
C and this is traditionally used to dry 

anchovies [4]. In addition, sun drying can damage the nutritional and sensory properties of a product due to heat 

sensitivity, such as in fruits and vegetables [5]. Traditional drying degrades product quality because the product 

structure is damaged. This is evaluated through physical parameters such as texture, volume, porosity, and pore size 
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distribution [6]. Furthermore, there is a constraint associated with sun drying, this include cloudy or rainy weather which 

hinders the drying process of product. Due to this constraint, an alternative source is required. 

A sustainable energy resources that is cheap and easy to obtain on Lombok Island is biomass. Many biomass like 

coconut husks, corn cob, and rice husks are in abundance in this Island. It is utilized for traditional drying through furnace 

modification with the addition of a heat exchanger. The dryer is designed based on input from the community who 

conducts food drying businesses on a household scale. This is an application of participatory principle. The biomass are 

easily obtained around the residence and furnace materials as well as heat exchangers are available at affordable prices in 

the market. 

The sustainable energy utilization for drying through thermal conversion of biomass is implemented through the 

use of furnaces and heat exchangers. The furnace is a medium for burning biomass and it contains heat exchanger pipes. 

This pipe is a medium for the drying air that allows the flow of heat transfer from the biomass. The heat exchanger for 

applies the heat transfer process between two fluids separated by walls and with different temperatures [7]. The cross-flow 

heat exchanger warms up the drying air with the energy of the firewood biomass and generates the highest temperature of 

66.7°C in the vacuum room [8]. Also, the heat exchanger that is placed in the furnace impacts changes in drying 

temperature. The test results in the vacuum drying room showed an average and highest temperature of 72.79
o
C and 

109.2
o
C respectively [9]. In addition, the utilization of gas to gas heat exchanger model with solid biomass as an energy 

source is useful for the drying process of palm fibers [10]. The heat exchanger, which was placed separately from a furnace 

for burning coconut coir biomass, gave an average drying temperature of 41.30
o
C which is suitable for drying anchovies 

[4]. The heat exchanger pipes with a triangular arrangement are used in furnace with rice husk as fuel to ensure that the 

there is no mixture of the air entering the drying chamber with the combustion exhaust gases. This method is used for 

agricultural engineering standards in the Philippines [11]. 

Air circulation influences biomass combustion process in the furnace to produce drying hot air. An improved 

dryer performance is directly proportional to increase holes in furnace wall [12]. The test results on 4 kg of corn showed 

that it took 58 minutes to obtain a moisture content of 12% from initial 19%. Furthermore, heat exchanger with tube bundle 

arrangement produces hot air temperature of 55
o
C. This model is used for the regeneration process of silica gel obtained by 

using a tube diameter of 0.375 inches [13].  Furnace and heat exchanger utilization optimize sustainable energy use such as 

biomass. This is an alternative for days with cloudy or rainy weather to optimize traditional drying in the household 

business sector. In addition, heat exchangers facilitate the heat transfer process from biomass furnace into the drying 

chamber.  

Biomass is obtained from wood and various types of agricultural waste such as coconut husks, coconut shells, and 

rice husks. Rice husk biomass as a sustainable energy has high potential to replace fossil energy. Also, it has high electrical 

power potential, which is processed through the gasification method [14]. Rice husks are estimated to have a total power 

generation potential of 9.8 GW [15]. Its potential in West Nusa Tenggara region is 533,150.80 tons, while for Lombok 

island is 269,420.20 tons and it is estimated to produce enough energy to support a power capacity of 60-65 MW [16, 17]. 

However, rice husks are considered waste and pollutant for the environment in the rural areas. Its utilization to date is to 

warm pet animals in a cage and also ad direct combustion for cooking.  

The utilization of rice husks for effective and efficient drying is implemented through a thermal conversion 

process. Also, husk is a byproduct used for energy production with a net calorific value of 12-16 MJ / kg [18]. This 
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calorific value is quite high and it is equivalent to half the calorific value of coal which is 12.3 MJ / kg [19] and 11-15.3 

MJ / kg [20]. The test results on rectangular fluidized bed combustor show that rice husk as fuel has flame stabilization, 

low emissions, and high combustion efficiency reaching 99.2% [21]. In addition, a downdraft furnace was developed to 

overcome the uneven temperature on rice drying [22]. Tests were also carried out by boiling two liters of water through 

direct burning of rice husks and firewood and the result showed a ratio of 1 kg in 15 minutes and 1.2 kg in 21 minutes, 

respectively [23]. Combustion test result of 1 kg rice husk using a furnace showed that a maximum temperature of 556.5
o
C 

was reached during complete combustion after 30 minutes [24]. The high production of rice husks on the island possesses 

the potential of sustainable energy for drying food in order to improve the lives standards of rural communities. By 

increasing property and logistics factors, rice husks can become a renewable energy source [25]. 

MATERIALS AND METHODS 

This study uses rice husks as fuel in a furnace due to its abundant production on the Lombok Island. The dryer design uses 

the most optimal results from research [9, 12] by making modifications to the furnace based on the type of heat exchanger 

pipe. The furnace walls for burning rice husks consist of 468 holes with a distance of 5 cm and a diameter of 1 cm [12]. 

Also, the diameter of an ash hole is 12 mm [9]. The furnace material is made of iron plates with a length, width and height 

of 500 mm, 500 mm, and 800 mm respectively. Also, iron material was used because it is affordable, easy to obtain, 

resistant to the burning heat of rice husks, and the product is easy to work with. In addition, the drying chamber has length, 

width, and height of 536 mm, 536 mm, and 600 mm, respectively from aluminum material and is insulated using 3 mm 

rubber. Furthermore, aluminum material is used because it is easy to form and obtain, affordable prices, and good heat 

conductor. Also, rubber insulators are used to inhibit heat transfer from the drying chamber to the environment. The design 

of furnace for burning rice husks and drying rooms is as shown in Figure 1 

 

Figure 1: Design of a Furnace with Heat Exchanger and Drying Chamber. 
 

The drying test of foodstuff used corn as the sample. Post-harvest handling is a priority to maintain quality as corn 

is an important nutritional source alongside rice. The 4 kg corn sample was evenly distributed on 4 shelf inside the drying 

chamber of each kg. The application of forced convection through the addition of exhaust fan is carried out at the exhaust 

channel of drying chamber at a constant speed of 2 m/s. The test method is as shown in Figure 2. 
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Figure 2: Testing of Corn Samples on Furnace Modification Based on The Type of Heat Exchanger Pipe. 

 

The husks are burned outside the heat exchanger pipes in the furnace. Then the heat from its combustion is 

transferred to the ambient air that flows in the pipes. The heat exchanger is then placed at the bottom of the furnace 

consisting of 9 rows of pipes arranged parallel to one airflow path. The pipe length and diameter are 1 m and 1 inch, 

respectively. The type of heat exchanger pipe used in this research are copper, stainless, and black steel materials. The 

design is shown in Figure 3. 

 
Figure 3: Types of Heat Exchanger Pipe with Material a) Copper, b) Stainless Steel, and c) Black Steel. 

 

This research implements participatory concept of community involvement as a household business in the drying 

of foodstuffs. Based on this, tool testing is carried out in accordance with the user's working time ability. The equipment 

resistance was also tested to dry the food with corn samples within 400 minutes. The type of heat exchanger pipe material 

is adjusted to people's purchasing power and is easily found on the market. 

RESULTS AND DISCUSSIONS 

The furnace is rectangular with air holes in the walls. The combustion results based on testing 20 kg of rice husk are shown 

in Figure 4. 
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Figure 4: The Process of Rice Husks Combustion in a Furnace Equipped with a Heat Exchanger. 

 

The drying process using rice husk biomass energy shows that the ambient temperature has no significant does 

not have a significant effect. The average ambient temperature are 28.25
o
C, 27.99

o
C, and 27.45

o
C in the drying process 

respectively on the use of copper, stainless steel, and black steel pipes. This is shown in Figure 5. 

 

Figure 5: Ambient Temperature Distribution in Various Types of Heat Exchanger Pipes. 

 

Figure 6 shows phenomenon of corn drying temperature using a modified furnace based on the type of heat 

exchanger pipe. Figure 6a shows the comparison of temperatures on shelf 1 in drying chamber using copper (1-copper), 

stainless (1-stainless steel), and black steel (1-black steel) pipes. Figure 6b shows the comparison of drying temperatures 

on shelf 2 using copper (2-copper), stainless steel (2-stainless steel), and black steels (2-black steels) pipes. Figure 6c 

shows the comparison of drying temperatures on shelf 3 using copper (3-copper), stainless steel (3-stainless steel), and 

black steels (3-black steels) pipes. Figure 6d shows the comparison of drying temperatures on shelf 4 using copper (4-

copper), stainless steel (4-stainless steel), and black steels (4-black steels) pipes. The drying temperature distribution has 

almost the same trend in the three types of heat exchanger pipes. At the beginning of combustion, there was no significant 

increase in temperature. This shows that the combustion phenomenon begins with the evaporation of rice husk moisture 

content. However, a significant increase in temperature occurs when the rice husks started turning into charcoal. When it is 

in charcoal form, the resulting temperature is at its maximum. The biomass drying zone occurs for the evaporation process 

of moisture content before further heating [26] and rice husks have a moisture content of 10% [27]. 
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Figure 6: Distribution of Drying Temperature for Each Shelf in Drying Chamber on the Various Types 

of Heat Exchanger Pipes. 
 

The highest drying temperature is obtained when using a copper heat exchanger pipe. Also, the highest 

temperature distribution in copper pipes occurs on each shelf in the drying chamber. In addition, the average drying 

temperature for copper pipes is 82.47
o
C (shelf 1), 77.54

o
C (shelf 2), 69.03

o
C (shelf 3), and 62.49

o
C (shelf 4). The range of 

drying temperature for copper pipes are 48.28 - 109.96
o
C (shelf 1), 43.52 - 100.55

o
C (shelf 2), 37.73-88.95

o
C (shelf 3), and 

37.83-78.89
o
C (shelf 4). Also, the average drying temperature of black steel pipes are 75.73

o
C (shelf 1), 72.98

o
C (shelf 2), 

62.33
o
C (shelf 3), and 55.96

o
C (shelf 4). Also, for black steels are 37.92 - 97.35

o
C (shelf 1), 33.95-94.74

o
C (shelf 2), 

35.27-79.14
o
C (shelf 3), and 33.85-69.89

o
C (shelf 4). The average drying temperature for stainless steel pipes are 71.89

o
C 

(shelf 1), 64.23
o
C (shelf 2), 59.91

o
C (shelf 3), and 51.69

o
C (shelf 4). Also, the range of drying temperature for stainless 

steel pipes are 43.78-88.11
o
C (shelf 1), 38.41-80.08

o
C (shelf 2), 35.86-71.47

o
C (shelf 3), and 37.09-60.53

o
C (shelf 4).  

Copper pipes produce the highest drying temperature occurring on shelf 1 compared to the position of shelf 2, 3, 

and 4. The position of shelf 1 was closest to the heat exchanger pipe output or drying chamber input temperature. Also, the 

smallest temperature distribution in the drying chamber occurs on shelf 4. This is caused by the heat that is previously 

absorbed by the dried corn on the shelf below. Also, the 4 shelf position is away from the heat source. The same condition 

also occurs in stainless steel pipe and black steel. This is in line with the research [28], that the heating source near the 

shelf will directly hit the dried product. This provides the highest temperature drying effect.   

Figure 7 shows the average distribution of drying temperature in the dryer chamber for the copper, stainless and 

black steel heat exchanger pipes. 
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Figure 7: Distribution of Average Drying Temperature in Drying Chamber for Various Types of Heat 

Exchanger Pipes. 
 

According to the figure 6 and 7, the copper pipe produces the highest drying temperature compared to black steel 

and stainless steel pipes. This has the greatest impact on the thermal conductivity of copper compared to black steel and 

stainless steel. Thermal conductivity is a measure of energy transfer rate [29]. The rate of energy transfer is directly 

proportional to the drying rate and the higher drying rate is directly proportional to the increase in drying temperature [12]. 

The heat from the rice husks combustion is used to dry the foodstuffs in drying chamber with heat exchanger 

pipes. Corn is the foodstuff used for the test sample because of its importance. It is used as processed industrial materials, 

seeds and animal feed ingredients. In addition, heat exchanger pipes of copper, stainless and black steel are proven to be 

used as small-scale food drying equipment. This is very much needed by rural communities to run household businesses. 

This dryer is affordable, easy to operate, and has low operating costs. Furthermore, the drying process takes a short time 

and does not depend on the weather. Sun drying takes about three days when the weather is clear for a period of 8:00 to 

11:30 am in reducing the moisture content of shelled corn from 29% to 14% [30]. In addition, rice husk biomass provides 

good results as a drying energy source. This is in line with [31], that biomass is a reliable source of energy because it can 

be recycled. Furthermore, it reduces agricultural waste related to rice production. This is because rice is a staple food in 

many countries, including Indonesia. 

CONCLUSIONS  

Furnace modification for rice husks utilization as an energy source is carried out by heat exchanger based on pipe type 

usage. The pipes used include copper, stainless steel, and black steel as they are proven to be used in the process of 

converting biomass into thermal energy. The test on a sample of 4 kg of corn gave optimal temperature results and the 

average drying temperature in the use of copper, black and stainless steel pipes are 67
o
C, 61.19

o
C, and 56.62

o
C, 

respectively. This energy source for drying rice husks is easy to obtain because it is a byproduct of rice production. 

Furthermore, this dryer is technically easy to work with, repair and use by the community.  
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