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Liquid smoke increased in demand by the community because it is made from environmentally friendly waste can 
directly reduce environmental pollution. The smoke condensing process that is carried out conventionally using water 
can be continuously replaced using a refrigeration system, the smoke condensation process can be carried out using 
controlled low-temperature air, this can minimize machine space and energy. In this study, an analysis of variations 
in air temperature will be carried out to maximize the productivity of liquid smoke. The raw material for palm kernel 
shell is -4 + 5 mesh with cabin temperature variations of 10-15°C, 5-10°C, and 0-5°C and pyrolysis temperature of 
300-400°C. Based on the research results obtained maximum results at a temperature of 0-5°C with 23.6% liquid 
smoke, 3.7% tar, 63.8% charcoal, and 8.9% gas. The test results of chemical compounds, liquid smoke has an aver-
age phenol value of 56.59%. The lower the air temperature used to condense the smoke, the maximum liquid smoke 
will be and the less gas escapes to the air. It can directly reduce air pollution in the process of making liquid smoke
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INTRODUCTION

Indonesia is one of the countries that has a comprehen-
sive area coverage, most of Indonesia's territory is used 
to achieve the welfare of the community, one of which is 
oil palm plantations that produce Crude Palm Oil (CPO) 
with 43% waste output [1]. Oil palm plantations in the 
Indonesia’s territory in 2013 reached 10.6 million ha, in 
2020 it increased to 13.7 million ha [2]. In one year, oil 
palm produces 6,000 tons of palm shell from 100,000 
tons of fresh fruit bunches (FFB), 12 thousand tons of 
fibers, and 23 tons of empty fruit bunches. The amount of 
waste must be managed into a valuable and economical 
product such as liquid smoke [3].  Many ways have been 
taken in the management of palm shell waste such as 
environmentally friendly liquid smoke with various tech-
niques and different results, as has been done by several 
researchers [4]–[6].
Palm kernel shell is one of the many types of solid waste 
from the palm oil processing industry which still causes 
problems for the environment, this waste is difficult to de-
grade in large quantities and is difficult naturally in the en-
vironment [7]. Palm kernel shells have varying amounts 
of lignin, hemicellulose, and cellulose depending on their 
content, palm kernel shells contain lignin 29.4%, hemi-
cellulose 27.7%, and cellulose 26.6% [3].
Liquid smoke result from smoke condensation of the 
pyrolyzing process of raw materials contains lignin, cel-
lulose, hemicellulose, and other carbon compounds [8], 
[9]. Liquid smoke has many benefits, including as a la-

tex clotting liquid, preservative, biopesticide, neutralizing 
soil acid, improving soil quality, killing pests, insect repel-
lents, and accelerating roots, stems, tubers, fruit, flow-
ers, and leaves [10]. Research related to liquid smoke 
with palm kernel shells has been carried out as has been 
done by [11]–[20] and others.
Pyrolysis is decomposing organic compounds through a 
heating process either with little or no oxygen [21]. Pyrol-
ysis can also be an organic thermal decomposition that 
can cause the formation of volatile compounds. The py-
rolysis process generally ranges from 200°C to 500°C 
[22]. Biomass gasification is a good biomass processing 
process for energy production using conventional and 
renewable fuels. Gasification will produce hydrogen, car-
bon oxides, methane. The resulting gas contains com-
plex inorganic and organic compounds such as tar [23].
In general, condensation is a process of changing the 
fluid phase from gas to liquid, because in the condensa-
tion process heat releases into the environment. Volatile 
organic compounds are the main source of air pollution, 
while the condensation process is a good way to over-
come it [24]. The condensing process using a refriger-
ation system to form entropy has been carried out by 
[25]. In the liquid smoke production process, condensing 
is carried out using conventional water as is done [14], 
[19], [20], [22], [26]–[28]. The condensing process of 
smoke into liquid smoke is carried out conventionally us-
ing water circulated continuously using a pump. During 
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the process of making liquid smoke, of course, there is 
still gas that escapes to the environment, this is because 
the water temperature continues to increase as a result 
of the condensing process  [27].
Refrigeration is the process of transferring heat from 
one place to another from a low temperature to a higher 
temperature, in this process heat absorption and release 
occur [29]. In general, refrigeration systems are predom-
inantly used for commercial equipment such as freezing 
and food conservation as the most related energy con-
sumption [30].
In this study, a discussion of the liquid smoke condensing 
process will be carried out, the liquid smoke condens-
ing process has been carried out conventionally using 
water distributed using a pump which will be replaced 
using low-temperature air using a refrigeration system. 
The smoke will be condensed using air cooled by the 
evaporator. The temperature control will also be varied, 
namely the temperature of 10-15°C, 5-10°C, and 0-5°C. 
From this variation in low air temperature, an analysis of 
the percentage of liquid smoke and gas that escapes to 
the environment will be carried out. So it is hoped that 
this research can reduce the gas that escapes due to the 
not condensed smoke.

Materials and method

The raw material used in making liquid smoke is palm 
shell waste with a size of -4+5 mesh. The raw material in 
the form of palm kernel shells is subjected to a laboratory 
test with the results listed in Table 1.

Compound Percentage (%)
Hemicellulose 2.68

Cellulose 11.52
Water content 12.18

Lignin 76.22
Ash 3.19

Table 1: Palm shell compounds

Table 1 shows the laboratory test results for the oil 
palm shell content, the moisture content looks very low 
12.18%, this is because the oil palm shells are dried us-
ing the sun. Meanwhile, the lignin value of the palm shell 
was high, reaching 72.22%.
Palm shells with a weight of 10000 g are burned 
through a pyrolysis process with temperatures reaching 
300°C-400°C. From the results of the pyrolysis process, 
it will produce smoke which will then be directed to a cold 
storage room with various controlled temperatures, air 
with temperatures of 10° C -15°C, 5°-10°C, and 0°-5°C. 
The cold air in cold storage comes from the evaporator 
pipe which is a series of refrigeration systems. So that the 
air inside the cold storage can be controlled and can di-
rectly save energy. Air distribution in the cold storage will 
be moved using a fan. This production process is carried 
out continuously for 6 hours from each temperature vari-
ation, the cooling capacity can be seen in Table 2.

Compressor 1 HP
Refrigerant R-22

Cooling Load 9000 Btu/hr.
Fan Room 5.4 m/s

Table 2: Cooling engine capacity

The smoke condensed due to the distribution of desired 
air originating from the refrigeration system will be divid-
ed into four categories, liquid smoke, charcoal, tar, and 
non-condensed gases.
The diagram of the liquid smoke production process us-
ing the refrigeration system is illustrated in Figure 1, and 
the piping diagram of the process of making liquid smoke 
using the refrigeration system is shown in Figure 2.

Figure 1: Vapor compression refrigeration cycle
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process 

Air 
temperature 

process 
 

Refrigeration 
process 

-Liquid smoke 
-Tar 

-Charcoal 
-Gas 

Figure 2: Diagram of the liquid smoke production 
process using a refrigeration system
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Figure 1 is the refrigeration cycle, in the refrigeration cy-
cle consists of 4 main components, namely compressor, 
condenser, capillary tube, and evaporator. Also, there 
are various kinds of safety and control devices to save 
energy and keep the main components safer [31]–[35].
Figure 2 is a flow chart in the process of producing liquid 
smoke using a refrigeration system. The smoke from py-
rolysis will be condensed using low-temperature air that 
comes from the evaporator of the refrigeration system 
and the air distribution is carried out by the fan.

Figure 3: Piping diagram of the process of making liquid 
smoke with low air temperatures using a refrigeration 

system: (a) Reactor, (b) Cooling Room, (c) Refrigeration 
System

Can be seen in Figure 3 above, is a cycle of the process 
of making liquid smoke using a refrigeration system. The 
raw material for the palm kernel shells will be carried out 
by the pyrolysis process using a reactor tube where the 
main fuel is gas. The pyrolysis smoke will flow into the 
cooling room, the liquid smoke will be cooled by low-tem-
perature air which is the result of evaporator cooling in 
the refrigeration system with air temperature control of 
10-15°C, 5-10°C, and respectively 0-5°C. The result of 
this temperature variation will produce different charcoal, 
tar, liquid smoke, and gas.

ANALYSIS

The liquid smoke that goes through the refrigeration sys-
tem process will be the percentage of liquid smoke, tar, 
charcoal, and gas will be calculated
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The equation above shows the percentage of calculation 
of palm oil, liquid smoke, tar, charcoal, and gas. ms is 
a percentage for the number of palm shells used, ml is 
the percentage amount for liquid smoke obtained, mt is 
the percentage of tar produced from the processpirolisis, 

Product of 
pyrolysis 
process

10-15 (°C) 5-10(°C) 0-5(°C)

g % g % g %

liquid 
smoke 1774.2 17.7 1805.8 18.1 2357.9 23.6

tar 360.0 3.6 360.0 3.6 368.0 3.7
charcoal 6400.0 64.0 6400.0 64.0 6380.0 63.8

gas 1465.8 14.7 1434.2 14.3 894.1 8.9

mc is the percentage amount of charcoal left over from 
the pyrolysis process, and mg is the percentage amount 
of unconspired gas or gas that cannot turn into liquid 
smoke so that it passes into the environment and caus-
es pollution.

RESULTS AND DISCUSSION

Making liquid smoke using a refrigeration system has its 
advantages, namely being able to speed up the process 
of making liquid smoke, save the capacity of the cooling 
room, use air as a condensing smoke distribution, use a 
compressor as the main heart of the cooling system, and 
can control air temperature. Thus able to save energy. 
Based on the research results, the results shown in Ta-
ble 3 are obtained.

Table 3: The results of the mass loyalty low air  
temperature variations in increasing the productivity of 

liquid smoke using the refrigeration system

Based on the research result on making liquid smoke 
using a refrigeration system, maximum results were ob-
tained at a controlled temperature of 0-5 (°C) air with 
23.6% liquid smoke and 8.9% minimum gas.
Figure 4 shows the percentage of the process of making 
liquid smoke using a refrigeration system, maximum re-
sults were obtained at a controlled temperature of 0-5°C 
air with 23.6% liquid smoke and 8.9% minimum gas. The 
results of the research on the condensation process us-
ing low-temperature air showed that the lower the tem-
perature of the condensing process, the less the amount 
of gas that escaped to the environment.
Based on Figure 5, the results of liquid smoke increase 
by 165 minutes, the longer the liquid smoke results are 
reduced because the compounds in the palm shell are 
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Figure 4: Liquid smoke production achievement with 
temperature variations
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getting less and less. After all, they have decomposed 
optimally at 165 minutes.
The amount of gas released into the environment can be 
minimal compared to other studies which in gas escap-
ing as much as 22.9%[16], and gas escaped as much 
as 19% with the same raw material, namely palm kernel 
shells [17]. While the phenol content in this liquid smoke 
is higher by an average of 56.18% compared to research 
using conventional cooling 13.49%[18], phenol value also 
reached 28.3% with 16% gas[19]. Other studies on palm 
kernel shells have also been carried out by using the py-
rolysis method using microwave and conventional con-
densing with 34.91% phenol and 37.69% passed gas [20].

CONCLUSION

Based on these results, it is clear that the smoke con-
densing system using a controlled refrigeration system 
can minimize the escape of smoke into the environment 
which causes air pollution. By using a controlled refrig-
eration system, it can save energy in the condensing 
process and can also maximize the production of liquid 
smoke. The results of liquid smoke using low air tem-
peratures in the smoke condensation process reached 
an average of 19.8% with maximum results found at a 
temperature of 0-5°C with a yield of 23.6% with a phe-
nol content of 56.59% this also has an impact on the 
amount gases released or not yet condensed. The gas 
that comes out reaches an average of 12.6% with the 
minimum yield of smoke that comes out occurs at an air 
temperature of 0-5°C, namely 8.9%. The amount of this 
gas can illustrate that the smoke condensation process 
takes place optimally when compared to the convention-
al smoke condensing process using water, where the 
gas can pass into the air up to 37.69%. Thus it can be 
seen that the less gas that escapes to the environment, 
the more gas can be condensed automatically so that 

the productivity of liquid smoke can increase.
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