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Abstract

A review of rice husks as an energy source was carried out to provide information on their use in the drying process,
especially handling post-harvest for small farmers. This is done because there are still many small farmers who only
use the sun to dry their food. Drying is done by dry in the sun and this process still has drawbacks. The weakness of the
process of drying in the sun is very dependent on the weather, so when it is cloudy or rainy the drying process will stop.
Of course, this causes losses to small farmers, on the other hand, waste is abundant in the form of rice husks. This is
related to rice as the farmer's staple crop and rice husk is a by-product of rice production. Based on several studies and
libraries, a satisfactory result was obtained regarding rice husks. Rice husk can be used as sustainable alternative
energy. Increasing the drying temperature, it can be done through an energy conversion process. This method is carried
out by adding a heat exchanger to increase heat transfer from the burning of rice husks to the drying air. This method
is also able to shorten the drying time and the dried food becomes hygienic. This is as a result of the drying process of
foodstuffs carried out in the drying room, to avoid dirt and dust. Utilization of rice husks and heat exchangers as an
alternative in overcoming the problems of conventional agriculture in terms of uncertain weather and climate.
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1. Introduction

Energy is needed by farmers in post-harvest handling in addition to household needs. Energy applications for post-
harvest related to preserving the resulting product. The easiest preservation is through the drying process. Drying is
done directly by dry in the sun or indirectly by using a dryer. Small farmers in Lombok generally take advantage of
drying by dry in the sun because it is easy and cheap. This method has the disadvantage that it is very dependent on the
weather. When it's raining or cloudy, it causes non-optimal drying. To overcome this, alternative energy can be used,
namely through the energy conversion process. Potential alternative energy to be applied to smallholders is biomass.

Biomass is organic material from living bodies in the form of agricultural, plant and animal waste. Some examples of
biomass include rice straw, corn cobs, coconut husks, and rice husks. What is being developed at this time is rice husk.
Rice husk is a waste from rice production resulting from the rice milling process by 20-30%. Rice husk can cause
problems in the environment if its utilization is not optimal. Based on 2019 data, the potential for rice husks on the
island of Lombok reached 269,420.20 tons and in West Nusa Tenggara it reaches 533,150.80 tons [1]. Rice husk as
sustainable energy has a great opportunity to be applied to small farmers because it is easy to obtain the waste. Several
tests carried out on rice husks showed satisfactory results. In [2] it is explained that rice husk can be used as alternative
energy for household needs by using a rice husk gas stove for the cooking process. Tests conducted on rectangular
fluidized bed combustors showed rice husks produced flame stabilization, low emissions, and combustion efficiency
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reached 99.2% [3]. Rice husk as an energy source can be used directly or indirectly. The direct use is that rice husks are
burned directly to produce heat, one of which is using a traditional stove as a substitute for firewood. While indirectly,
namely through the energy conversion process. The energy conversion process is carried out by applying a heat
exchanger. The heat generated by this method is more optimal and the dried product is not mixed with smoke from
burning rice husks.

2. Scope and Methodology

The review was conducted for rice husk energy waste. Rice husk is called waste because rice husk is a by-product of rice
production. Especially in rural areas where technology is not yet accessible to the people, rice husks are only considered
waste. This relates to agricultural business for rural communities more to paddy commodities. The main product is rice
with by-products such as straw, bran and rice husk. The use of rice husks by the community is only limited to heating
pets such as cows, cooking or burning them directly to clean up the waste. On the other hand, the need for fuel oil and
gas for households, especially rural communities, is increasing. This fuel is used for cooking and other needs such as
post-harvest drying. Drying using fossil fuels is done as an alternative during the rainy season. When the weather is
sunny, drying is done by dry in the sun. Based on [4] dry rice husks can be used as an alternative fuel for household
scale, home industry, and drying processes. In addition, rice husks can be used as fuel for traditional stoves or husk
stoves for small home industries. Rice husk is a waste that has the potential to be developed as sustainable energy
because of its abundant availability. The method in this report uses research results, field observations, and news.
Reviews related to renewable energy of rice husks, post-harvest drying, drying methods, energy conversion and dryer
applications for small farmers.

3. Renewable Energy

Renewable energy is an energy source that comes from natural resources and will not run out because it is formed from
sustainable natural processes. Renewable energy that comes from nature can be freely regenerated and renewed
infinitely and continuously. Renewable energy can be an alternative energy source because it can be created by utilizing
technological developments. Indonesia has considerable potential sources for renewable energy such as hydropower,
geothermal, wind, solar, and biomass. Biomass-based energy sources are a potential energy source to replace firewood
and coal. This paper, it is specifically discussed related to renewable energy, rice husk biomass. Rice husk is easily
obtained by rural communities because most people cultivate agricultural land by planting paddy. Biomass resources
have traditionally been used due to their economic potential and volume of agricultural production significant [5]. In
addition, in [5] it is also explained that countries with large populations are interested in using renewable energy such
as the use of biomass. Biomass can be used as renewable energy by increasing property and logistic factors [6].

3.1. Rice husk

Rice husk is a waste that comes from the by-product of rice. Rice as a staple food for Indonesian people, including
Lombok, has an impact on rice husks, which are quite abundant. So far, rice husks have only been used for very simple
things, such as warming pets or cooking. This is often found in rural communities that work as small farmers. Based on
[6] states that rice husk as a biomass waste is very potential for areas with the main food source of rice. With the high
potential of rice husks, their utilization in rural communities or small farmers can be increased through the application
of appropriate technology. The use of rice husks as fuel can have an impact on maintaining forest sustainability. Logging
from the forest will be reduced by using rice husks as fuel to reduce the use of firewood [7]. Rice husk has a net calorific
value of 12-16 M] /kg [8]; calorific value equivalent to half the calorific value of coal of 11-15.3 M]/kg [9]; and the average
is close to the calorific value of 18 M]/kg [10]. The composition of rice husk includes cellulose 50%, lignin (25%-30%),
bulk density 90-150 kg/m3, moisture (10%-15%), and silica (15%-20%) [11, 12]. The high cellulose composition gives
an even and stable combustion effect. Paddy waste in the form of rice husk has the potential to be used as alternative
energy. This is to create sustainable renewable energy, especially for small farmers in post-harvest handling in the
drying process.

3.2. Drying method

The drying process includes direct and indirect drying. Direct drying is done by dry food in the sun or by burning
biomass directly. While indirect drying is carried out using a dryer. Indirect drying can be done through an energy
conversion process. This process includes converting solar energy into thermal with the help of solar collectors or
converting biomass energy into thermal energy with the help of heat exchangers. This review specifically discusses the
use of rice husks as the main energy source.
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The direct use of rice husks is still carried out by rural communities such as for the process of burning bricks and pottery.
Based on observations in the field and explanations from the community that the rice husks used for the brick-burning
process provide uniform heat. In addition, rice husk is easy to obtain and the price is cheap. Several studies related to
the use of rice husks as an energy source have been carried out. The use of rice husks as fuel compared to firewood
provides a shorter time in the cooking process. This is evidenced from research [13], namely, to boil two-litres of water
takes 15 minutes with 1 kg of rice husks while using firewood takes 21 minutes with 1.2 kg of firewood. The maximum
temperature reached 556.5°C when complete combustion occurs after 30 minutes in the test through burning 1 kg of
husk using a stove [14].

Indirect use of rice husk can be done through fluidized-bed and heat exchanger. Tests on rice husks carried out on
rectangular fluidized bed combustors showed high combustion efficiency reaching 99.2%, flame stabilization, and low
emissions [15]. The downdraft furnace was developed to overcome the uneven temperature in the use of rice husks
[16]. The utilization of rice husks for the drying process through energy conversion is carried out with heat exchangers
and furnaces. The application of a heat exchanger has an impact on the drying of foodstuffs that are not polluted by the
smoke of burning rice husks. The drying process utilizes air heated by the process of burning rice husks in the furnace.
So only hot air enters the drying chamber while the smoke from burning rice husks flows to a different place. The energy
conversion process can be used as a solution in the drying process to keep the product clean and hygienic.

3.3. Energy conversion

Energy conversion can be used to replace the direct combustion of biomass including rice husks. Direct burning of
biomass is an easy and inexpensive way. Direct combustion is one of the main characteristics of biomass which makes
it suitable as an energy source for converting plant waste into electricity [17] or direct combustion of biomass in boilers
to generate heat at a residential level [18]. However, direct combustion has an impact on food, the environment as well
as facilities and equipment. As an alternative, it can be used through the process of converting biomass into thermal.
Energy conversion is carried out specifically for application to small farmers by utilizing furnaces and heat exchangers.
This method has a significant impact on the increase in temperature and drying time of foodstuffs. In addition, in terms
of feasibility, it gives satisfactory results. As in the research results [19, 20] which are presented in Figures 1 and 2.

Figure 1 Model of rice husk energy conversion into thermal [19]

The drying temperature through the conversion process of rice husks into thermal reaches 37,09-82,47°C [19]. When
compared with sun drying, it is only able to produce a temperature of 25,80-29,27°C. The higher temperature generated
by the energy conversion process results in a shorter drying time. This is in line with [21] that the longer operating time
in the drying process is caused by the lower temperature. The use of energy conversion methods in addition to having
an impact on drying time also has an impact on the initial costs that must be incurred by the community using the dryer.
But the initial cost is still at an affordable level because it will be covered by more production. This is based on research
[19] that conducted a feasibility study on the use of dryers based on energy conversion. From the research, it was found
that the payback period for investment costs was 3.3336 months. Research [19] was conducted by testing the dryer to
dry jackfruit dodol. The utilization of rice husks in the process of converting biomass into thermal can provide significant
results in increasing the added value of paddy waste. This is in line with [22] which states that biomass can be recycled
so that it can be used as a reliable energy source. The use of rice husks can reduce agricultural waste because rice is a
staple food in Indonesia, including Lombok. The rice husk biomass energy conversion method is suitable for post-
harvest drying, especially for small farmers because it is easy to operate and affordable.
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Figure 2 a) Heat exchanger in the furnace and b) rice husk [20]

3.4. Dryer application for post-harvest smallholders

Dryer application based on the method of converting rice husk energy into thermal is very necessary for the post-
harvest handling of small farmers. Post-harvest handling is an important step to maintain the material quality during
storage [23]. The quality of post-harvest products must be maintained to maintain the income of small farmers. This is
very necessary because small farmers are very dependent on these agricultural products to meet their daily needs. One
of the causes of post-harvest losses in the agricultural sector in most developing countries is poor drying facilities [24].
Utilization of rice husks and the application of heat exchangers to overcome conventional agricultural problems as an
alternative to dependence on weather and climate that is less consistent. The addition of a heat exchanger in the rice
husk combustion furnace can increase heat transfer to the air-fluid used for the drying process in the drying chamber
[25, 26]. The use of the drying chamber has an impact on the product being dried to be hygienic. In addition, during the
drying process, it does not require constant attention as is done during dry in the sun. When compared to dry in the sun,
that using a rice husk dryer to dry food requires little attention as rain or animal disturbance [27]. As presented in
Figure 3 is the result of research on the application of a dryer using a heat exchanger with rice husk energy sources.
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Figure 3 Dryer application in the corn drying process [28]

The test results as shown in Figure 3 produce the average drying temperature on the use of copper, black steel, and
stainless-steel pipe types, respectively 67°C, 61.19°C, and 56.62°C [28]. The method as shown in Figure 3 can be used as
an alternative in the process of drying food on the scale of small farmers to replace the traditional method which is done
by dry in the sun. Poor quality and no strong added value as a result of traditional sun drying because this model drying
produces a hard and dusty product [29].
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4., Conclusion

Based on a review conducted on several studies and libraries, it can be concluded that rice husk is suitable for use as
sustainable energy for small farmers. Rice husk as an energy source can be used directly or indirectly. Indirect utilization
is carried out by the energy conversion method using the help of a heat exchanger. This method can increase the drying
temperature and cleanliness of the food to be dried. Utilization of rice husks and heat exchangers as an alternative in
overcoming the problems of conventional agriculture in terms of uncertain weather and climate.
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