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Abstract

The process of producing liquid smoke can be done by various methods. In this study, an analysis of the condensation of
liqguid smoke has been carried out using a refrigeration system with two different types of fluids, namely water and air, to
obtain maximum results. The raw material used is palm shells which are crushed to a mesh size of -3+4, with a pyrolysis
temperature of 300-400C, and a cooling fluid temperature of 10-15C. The results show that the process of producing liquid
smoke by condensing using cold air cooling media is more productive. The products of the integrated pyrolysis process
produced by condensation using cold air as a cooling medium are liquid smoke, charcoal and gas with percentages of 23.85%,
69.82% and 6.33%, respectively. It can be added that the products produced by condensation using cold water as a cooling
medium are liquid smoke, charcoal and gas with percentages of 19.05%, 62.78% and 18.17%, respectively.
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Introduction

The production process of Crude Palm Qil (CPO) produces waste of 43%. The raw material for CPO
production comes from oil palm plantations in Indonesia with a large area that can achieve community
welfare [1]. Oil palm plantations in Indonesia have increased from 10.6 million ha in 2013 to 13.7
million ha in 2020 [2]. Palm shell waste for one year is 6,000 tons of palm kernel shells, 12 thousand
tons of palm fiber, and 23 tons of empty fruit bunches, all of which are produced from 100,000 tons
of fresh fruit bunches. Palm oil waste shows a significant amount so it really needs to be managed
properly to produce high value products. [3]. Biomass is one of the wastes that must be managed
properly in order to get sustainable benefits. One type of biomass that can be utilized is palm kernel
shells. Palm shells can produce liquid smoke which has many benefits and has been studied by several
researchers [4]—[6].

Palm shells are one type of biomass waste that is difficult to decompose because it has a hard texture,
palm shells are considered industrial waste and must be processed into something that has benefits
so as to minimize the waste of palm shells [7]. Palm shells contain lignin, cellulose, and hemicellulose
which vary depending on the type. The average palm shell contains 26.6% cellulose, 27.7%
hemicellulose, and 29.4% lignin. [3].

Palm shell waste is a potential raw material that can be used for the manufacture of activated carbon
as a biosorbent in large enough quantities [8] . The raw materials used in the process of making liquid

1143



smoke contain lignin, cellulose, hemicellulose, and other carbon compounds [9], [10]. Liquid smoke
has various benefits, including as a liquid to agglomerate latex, as a killer of insects and pests on plants,
as a food preservative, even as a food flavoring [11]. Liquid smoke has been widely studied because it
has the attraction to be able to turn waste into something that has a high value of benefits [12]-[21]
and others.

Pyrolysis is the process of decomposition of chemical compounds through a heating process with little
or no oxygen [22]. Decomposition of organic compounds can also be the cause of the formation of
volatiles. Pyrolysis generally takes place at a temperature of 200 °C to 500 °C [23]. Biomass gasification
is a good biomass processing process for energy production using conventional and renewable fuels.
Gasification will produce hydrogen, carbon oxides, and methane. The resulting gas contains complex
inorganic and organic compounds such as tar [24].

The condensation process is a heat exchange process that can change the gas phase into a liquid
phase. The higher the heat transfer process, the better the condensation process and the obtained
liquid [25]. Entropy research on the refrigeration system has been carried out through the
condensation process [26]. and the gas condensation process resulting from pyrolysis has been widely
used using water media [15], [20], [21], [23], [27]-[29]. The process of changing the phase from smoke
to liquid smoke still uses water which is pumped continuously using a pump. This still leaves a gas
phase that has not been completely condensed so that when the valve is opened, liquid smoke comes
out of the gas phase [28].

The refrigeration process is needed to transfer the heat absorbed by the refrigerant so that the coolant
temperature is in accordance with the desired temperature, this process can change the temperature
from high to low [30]. In general, this refrigeration process is used for freezing and preserving food
[31].

In previous studies, condensation of smoke from pyrolysis reactor into liquid smoke was using flowing
water channeled through a pump. This method is still conventional so that researchers carry out
further research using low temperature water and air from a refrigeration system. This method is still
conventional, so the researchers conducted further research using water and air low temperatures
from a refrigeration system with a temperature of 10-15°C.

Materials and Method
The raw materials used in this research are palm shells from PT. Hindoli, South Sumatra Province,
Indonesia.

Figure 1: Palm shell size -3+4 mesh
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Figure 1 is the palm shell used in the research process. Palm shells with a size of -3+4 mesh are dried
under the sunlight for 10 hours. Based on the results of laboratory tests, this palm shell contains
compounds of cellulose, hemicellulose, water, ash and lignin, as much as 11.52%, 2.68%, 12.18%,
3.19% and 76.22%, respectively. Basically, palm shell processing to produce liquid smoke has been
widely carried out [7], [12], [17], [19], [5], [13], [18], [21]. However, the condensation process is still
carried out conventionally using plain water without controlling the temperature in the condensation
process.

The process of condensing gas resulting from pyrolysis uses low temperature air which includes a
refrigeration system.

CONDENSER

CAPILLARY TUBE COMPRESSOR

EVAPORATOR

Figure 2: Vapor Compression Refrigeration Cycle

Figure 2 is a vapor compression refrigeration cycle in general which is used in the process of
condensing gas resulting from pyrolysis, the evaporator is used as a device for distributing low
temperature on air/water. The type of refrigerator used is AC with a cooling load capacity of 9000
Btu/h, the cold air is controlled at a temperature of 10-152C. Temperature control in the refrigeration
system must be carried out to improve energy efficiency at the heart of the refrigeration system, which
in this case is the compressor [32]-[36].

I REFRIGERATOR I

(b)

refrigerant

| COLD WATER

(c)
water
PYROLYSIS OF CONDENSATION - LIQUID SMOKE
BIOMASS PROCESS - NON-CONDENSABLE GAS
(a) (d) (e)

Figure 3: Gas condensation process using low temperature water
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Figure 3 is a flow diagram of the process of condensing gas resulting from pyrolysis using low
temperature water, (a) is a reactor where the pyrolysis process of biomass (palm shell) occurs, this
pyrolysis process takes place at a temperature of 300-4002C which then produces gas. (b) is a
refrigerator that is used as a component to cool the water. (c) is a cold water storage container, where
the evaporator pipe of the refrigeration system is immersed in water so that the water will become
cold due to the heat exchange process from the water to the evaporator pipe, and then the cold water
is pumped to the gas condensing container (d) is a place for the gas condensation process, which
contains two types of fluids, namely gas fluid resulting from pyrolysis flowing inside the pipe while
cold water flowing outside the pipe. (e) is a product resulting from the gas condensation process, and
the product is in the form of liquid smoke and non-condensable gas.

I REFRIGERATOR I

(b)

Refrigerant

PYROLYSIS OF COLD STORAGE - LIQUID SMOKE
BIOMASS - NON-CONDENSABLE GAS

(a) (c) (d)
Figure 4: Gas condensation process using low temperature air

Figure 4 is a flow diagram of the process of condensing gas resulting from pyrolysis using low
temperature water, (a) is a reactor where the pyrolysis process of biomass (palm shell) occurs, this
pyrolysis process takes place at a temperature of 300-4002C which then produces gas. (b) is a
refrigerator that is used as a system to cool the air. (c) is a cold storage used for the gas condensation
process, gas resulting from pyrolysis is directed to the cold storage. In the gas condensation process,
there are two types of fluid, namely gas resulting from pyrolysis and cold air supplying from
refrigerator and distributing by a fan in the cold storage. (d) is the products resulting from the gas
condensation process, in the form of liquid smoke and non-condensable gas.

Analysis

The percentage of products in the process of making liquid smoke using water and low temperature
air can be calculated using the following equations:

mg= my+m.+m,=100% (1)

m (%)= r:l—‘(gg))x 100% 2)
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Equations 1-4 are equations that can be used to calculate the percentage of product in the process of
making water smoke. ms is the percentage for biomass in this case is palm shells. ml is the percentage
of liquid smoke, mc is the percentage of charcoal resulting from the pyrolysis process, mg is the
percentage of gas that cannot be condensed after going through the gas condensation process. The
lower the percentage of gas, the better the condensation process because with minimal non-
condensable gas, the air contamination of the gas that escapes will be smaller.

Results And Discussion

The conditioned palm shells were tested in the laboratory with the following results:

Tabel 1. Compound of Palm Shell

Compound Percentage (%)
Lignin 76,22

Selulosa 11,52
Hemiselulosa 2,68

Water Content 12,18

Ash 3,19

Table 1 is the result of laboratory tests on palm shells that have been dried, it can be seen that the
water vapor content in the raw material is low at 12.18%, while the dominant lignin content is 76.22%.

The conditioned raw materials are then subjected to a pyrolysis process at a temperature of 300-
4002C so as to produce gas, the gas will then be condensed into Cold Storage, where the hot gas
resulting from the pyrolysis will be condensed using low temperature water using a combination
refrigeration system, then the gas condensation process also carried out using low temperature air
with the help of a fan that distributes cold air to the pyrolysis gas pipe. Based on the research results
of the liquid smoke production process using a water and low temperature air condensation system
with a combination of a refrigeration system, the following results were obtained:

Table 2: Products of the process of making liquid smoke

Product of pyrolysis | Air dingin Udara dingin
process % %

liquid smoke 19.02 23.87
Charcoal 62.95 69.80

Gas 18.03 6.33
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Table 2 is the result of research on the production of liquid smoke with a gas condensation process
using water and low temperature air. It can be seen from these results that the maximum liquid smoke
production process can be obtained by condensing the gas produced by pyolysis using low
temperature air. This is also supported by the amount of gas that cannot be condensed. In the gas
condensing process using low temperature air, less gas is not condensed compared to the gas
condensing process using low temperature water.

The amount of gas released into the environment is less than in other studies which released 22.9%
of gas [17], and 19% of gas released with the same raw material, namely palm shells [18]. Other studies
on palm kernel shells have also been carried out by using the pyrolysis method using microwave and
conventional condensing 37.69% passed gas [21].
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Figure 5: Graph of the amount of liquid smoke per hour

Figure 5 shows the results of the production of liquid smoke every hour for 6 h of the production
process. It can be seen that the maximum amount of liquid smoke is obtained by a gas condensation
system using low temperature air. The production process for the first 3 h has maximum results, this
happens because the compounds in the palm shell have just decomposed. At the 3rd hour the
condensation process using low temperature water reached 1989.2 g and at the 3rd hour the
condensation process using low temperature air reached 2387 g.

Conclusion

Based on the results of the research on the gas condensation process using low temperature water
and air on the liquid smoke production process, it is better to condense gas from pyrolysis using low
temperature air. It can be seen that the amount of liquid smoke obtained was 23.87% and the gas that
comes out was 6.33% in the production process for 6 hours, at a temperature of 300-4002C and the
use of cold air as a cooling medium in the condensation process. In the production process for 6 hours,
at a temperature of 300-4002C and the use of cold water as a cooling medium in the condensation
process, the amount of liquid smoke obtained was only 19.02% and the non-condensable gas was
18.03%.
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