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ABSTRACT
Liquid smoke has a very large use, it is a result of condensation or condensation
of pyrolysis vapor, directly or indirectly from wood materials such as cashew
nut shells. Cashew nut shell is an abundant biomass of cashew nut processing
industry but its utilization is not optimal. The purpose of this study was to
make liquid smoke from cashew nut shell waste (technological aspect) and
conduct economic analysis (economic aspect) to determine economic
feasibility. Liquid smoke is made by pytolysis at a temperature of 150-450°C in

Article history: a simple batch type reactor. The results obtained were analyzed for its chemical
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Received in from 25 Februari 2021 spectrophotometer analysis. The largest liquid smoke production was obtained
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acid (12.947%) and carbonyl (16.715%) respectively. With a liquid smoke
production capacity of 200 tons per year, liquid smoke products can be sold at
a price of IDR 3,620,137,785/years. Total Production cost
2,572,976,800/years. Annual net profit 733,012,689. Investigation of the
economic feasibility of liquid smoke production, seen from the Rate of Rate
on Investment, is 15.65%, Pay Out Time is 2.99 years and Break Event Point
is 49.05%.
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1. Introduction

Accordingdata from the Central Bureau of
Southeast Statistics, cashew nut production from
2011 to 2013 has increased, with an area of
117,414 hectares. Cashew nut shell is an
abundant biomass of cashew nut processing
industry, but its utilization is not optimal.
Traditionally, cashew nut shells are burned. This
practice can be dangerous and if not managed
seriously can cause environmental
pollution(Lombok e al., 2014).

Several researchers have previously made
efforts to utilize cashew nut shells for
biobriquettes(Mousa ez al., 2019; Ifa et al., 2020),
vernis (Ifa, Sabara, ¢t al., 2018), pesticide(La Tima,
Yopi and Ifa, 2016). Cashew nut shell waste is
biomass such as coconut shell that can be
converted into bio chatrcoal and bio oil which can
be condensed into liquid smoke, tar and non-
condensed gas using  the pyrolysis
method.(Lombok ¢z a/., 2014). Pyrolysis is one of
the most economical and promising technologies
to convert solid biomass into liquid (bio-oil), gas,
and solid(Gao ef al., 2016). Bio-oil is referred by
various terms for the liquid products presented in
the literature including wood liquor(Oramahi ez
al., 2018), pyroligneous acid (Pimenta ez a/., 2018),
pyrolysis distillate(Barbero-Loépez ef al, 2019),
liquid  smoke(Wagiman, Ardiansyah  and
Witjaksono, 2014; Lombok ez al., 2014; Maryam,
2015; Budaraga, Marlida and Bulanin, 2016;
Hadanu and Apituley, 2016; Tarawan ef af., 2017
Kailaku ez al., 2017; Abustam, Said and Yusuf,
2018; Aisyah e al, 2018; Sari, Samharinto and
Langai, 2018; Ifa, Sabara, ez a/., 2018; Ifa, Yani, ez
al., 2018; Maulina and Silia, 2018; Qomariyah ez
al., 2019; Surboyo et al., 2019; Swastawati ef al,
2019; Rakhmayeni, Yuniarti and Sukarno, 2020),
bio-fuel oil, wood oil, wood tefined,(Ozbay and
Ayrilmis, 2017; Boer ez al., 2020). The constituent
material for liquid smoke is obtained from the
thermal degradation reaction of cellulose,
hemicellulose, and lignin(Beker e al, 2016;
Hadanu and Apituley, 2016; Kailaku ez a/., 2017).

Several studies have shown the usefulness
of liquid smoke, among others, as an
antioxidant(Budaraga et al, 2016), as a
pesticide(La Tima, Yopi and Ifa, 2016; Sari,
Samharinto and Langai, 2018), as an insecticide
against  larvae(Prabowo, = Martono  and
Witjaksono,  2016)or a  substitute  for
silica(Simanjuntak es al, 2016),to reduce the
content of Pb in soybean seeds(Hartati, Darmadji

and Pranoto, 2015), as a flavoring and food
preservative(Maryam, 2015),as an antimicrobial
agent (supports bacterial growth)(Beker ez al,
20106),as an insecticide(Mustafiah and Jafar,
2017), natural preservative in fresh fish(Anggraini
and Yuniningsih, 2017), as a material for making
varnishes(Ifa, Sabara, ¢f a/,, 2018), an important
role in healing oral trauma canker sores in people
with diabetes mellitus(Surboyo e7 al, 2019;
Ayuningtyas e/ al, 2020), to extract acetic
acid(Siregar, Misran and Cahyadi, 2019), to
suppress blood diseases in bananas and their
effect on plant growth(Aisyah ef a/, 2018), for the
durability of tilapia dumplings(Handayani,
Swastawati and Rianingsih, 2019).

This study examines the manufactute of
liquid smoke from cashew nut shell waste by
studying the effect of pyrolysis temperature on
the yield of liquid smoke and assessing its
economic feasibility.

2. Research Methods
Material

The main ingredient used in this research
is cashew nut shell waste obtained from Muna
Regency, Southeast Sulawesi. The material is
dried in direct sunlight to reduce moisture
content prior to pyrolysis. It is most economical
to dry this moisture out as much as possible using
the heat of the sun before the wood is carbonized
(FAO, 1985).This is important in saving the cost
of energy used during pyrolysis (Onchieku,
Chikamai, & Rao, 2012). Compared to other
mechanical drying processes, sun drying is the
simplest and cheapest process for biomass
drying. However, mechanical drying is the only
way to remove biomass in the rainy season (Sen,
Wiwatpanyaporn, &  Annachhatre, 2016).
Biomass is converted to liquid smoke using the
pyrolysis method in a simple batch type reactor
heated externally by LPG.).
Equipment

The main of producing liquid smoke is a
pyrolysis reactor equipped with a thermocouple,
condenser, tar, and a liquid container. Pyrolysis
equipment specification is a pyrolysis reactor
made of stainless steel plate with a height of 40
cm and a diameter of 27 cm. The condenser
length is 1.07 m. The outer wall of the reactor is
equipped with an insulating layer as thick as 1.5
cm according to the previous research tool (Ifa et

al., 2020).
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Data Processing and Analysis Methods

This research was conducted in several
stages, like : sample preparation, the pyrolysis
process of cashew nut shells and the
characteristics of liquid smoke. The skin of the
cashew seeds is cleaned of dirt and dried under
the sun by drying it for 5 hours to reduce its
moisture content. A total of 1.5 kg of cleaned and
dried cashew nut shells was put into the reactor,
then the reactor was closed. The reactor cover is
connected to a pipe that allows smoke to escape
from the reactor into the condensation system.
When the set of tools has been installed perfectly,
then the heater is turned on. After reaching a
temperature of 150°C, it is left untl the
temperature is constant. Furthermore, the
smoke resulting from the pyrolysis is condensed.
The results of this pyrolysis obtained products,
namely liquid brown to black and charcoal. The
resulting liquid is put into a separating funnel for
the purification process. The product liquid
smoke was analyzed qualitatively for chemical
components using a Gas Chromatographic Mass
Spectrometry (GC-MS) analysis. The same
procedure is carried out at temperatures of 250,
350 and 450°C. The gas product is obtained from
the calculation based on the difference between
the mass of waste cashew nut shells minus the
mass of liquid smoke minus the mass of tar minus
the mass of charcoal).The calculation of the yield

of liquid smoke uses equation 1(Surboyo et al.,
2019)

3. Results and Discussion
Effect of Temperature on Liquid Smoke and
Charcoal Yields

The results of the research on the
effect of temperature on yiled liquid smoke and
charcoal are presented in Table 1. The Effect of
Pyrolysis Temperature on Chemical Components

. Liquid Smoke (g)
Yield = 1)
Waste Cashew Nut Shells (g)

Economic Analysis

Economic analysis is intended to determine
whether the liquid smoke industry is profitable or
not. The calculation of economic analysis is
carried out with the following assumptions (Ifa et
al., 2020):

(a). Liquid smoke production capacity is 200 tons
/years. The raw requirement for waste seed shells
is based on liquid smoke yield 19.46% namely
200,000kg/th/0.1946 or 1,100,000 kg/years

(b). The product’s sold price consisits of liquid
smoke and charcoal as byproduct. The factory
location is in Muna Regency, Southeast Sulawesi,
Indonesia.

(c). Fund 60% dan 40%.

(d). Bank interest 5.75%/years

(). an Inflation rate of 3.18%)/ years.

(f). The factory exixtance is estimated at five 5
years, with an annual 10% depreciation.

The level of profitability over the plant is
evaluated based on:

1. Rate of Return on Investment

2. Pay Out Time

3. Break Even Point

In order to review the above factors, an estimate
was made of:

1. Estimation Total Capital Investment (TCI)

2. Estimation Total Production Cost (TPC)

3. Analysis Profitability of appropriateness
Project

of Liquid Smoke is presented in Table 2.
Economic analysis is presented in Table 3 to

Table 7.

Table 1. Effect of Temperature to Pyrolysis Products Yiled at 150 Minutes

Temperatur (°C) Yield Yield Tar Yield Yield
Smoke Liquid (%) (%) Charcoal (%) Gas (%)

150 4.89 0.27 65.44 29.40

250 9.84 1.27 57.42 31.47

350 14.77 1.40 33.67 41.15

450 19.46 10.67 27.54 42.34

Table 1 shows that the higher the
pyrolysis temperature, the more liquid smoke is

formed. This happens because the higher the
pyrolysis temperature, the more compounds in
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the cashew nut shells are decomposed into liquid.
The liquid that is formed consists of a phase,
namely a heavy phase called residue and a light
phase called liquid smoke. Table 1 shows that the
largest liquid smoke is obtained at a pyrolysis
temperature of 450°C with yiled 19.46% in 2.5
hours (150 minutes). Simanjuntak et al. (2016)
reported that the temperature of 450°C is the
pyrolysis temperature of rice husks to produce
liquid smoke as a substitute for nitric acid for
silica production giving a large liquid smoke yield
of 54.4% (Surboyo et al., 2019). Also reported
that at 400°C, the yield of liquid smoke from
coconut shell obtained pyrolysis products
consisted of 51% liquid smoke, 7.28% tar and
33.87% charcoal, bagasse at temperature.400°C
(Boer et al., 2020) it is 49.67% (Boer et al., 2020).
Different conditions occur with previous studies
of coconut shell at temperature 575°C (Gao et al.,
20106)it is 75.74% (Gao et al., 2016), (Ozbay and
Ayrilmis, 2017) 52.1% at temperature 500°c
(Ozbay and Ayrilmis, 2017)

Table 1 shows that the liquid yield (liquid
smoke + tar) which increases with the higher the
pyrolysis temperature at the same time period,
the maximum yield is 32.52% by weight, obtained
at 450°C with a running time of 150 minutes. At
a lower temperature of 400°C, the liquid was
found to be 23.43% by weight of the dry raw
material. Lower liquid yields at a lower
temperature than due to insufficient temperature
to complete the decomposition of the feedstock.
This is in accordance with what the previous
researchers reported (Islam, Joardder, Hoque, &
Uddin, 2013).

The pyrolysis liquid obtained in dark
brown color with a pungent and smoky odor
consists of two distinct parts: the liquid smoke

and the tar phases. The term pyrolysis liquid used
in this study is the total viscous liquid obtained
from the results of pyrolysis (crude pyrolysis
liquid). The results of this study are in line with
the research (Maulina & Silia, 2018).

The lower temperatures increase the
higher char yields; however, this reduces the
liquid yield and vice versa. Pyrolysis temperature
of 150°C is the largest charcoal yield, which is
65.44%, decreasing to 27.54% at a temperature of
450°C. (Table 1). This occurs because the higher
the pyrolysis temperature, the more the
components of the cashew nut shell are
decomposed so that the charcoal is reduced. This
phenomenon is as reported FAO, (1985) that
when the wood (in this study using cashew nut
shells) is in the pyrolysis reactor, the cashew nut
shells go through certain stages on the way to
conversion to charcoal. At temperatures of 20 to
110°C cashew nut shells absorb heat when drying
by removing moisture as saturated steam water.
The temperature remains at or slightly above
100°C until bone dry. At temperatutres of 110 to
270°C it begins to decompose releasing carbon
monoxide, carbon dioxide, acetic acid and
methanol. At 270 to 290°C this is the point where
exothermic  decomposition begins. (FAO,
1985).In general, the results of the study were
obtained as reported (Ozbay & Ayrilmis, 2017)
that pyrolysis temperature affects the distribution
of pyrolysis products.

Effect of Pyrolysis Temperature on Chemical
Components of Liquid Smoke

The main organic compounds present in
the organic fraction of the pyrolysis fluid are
given in Table 2

Table 2. Effect of Pyrolysis Temperature on Chemical Components of Liquid Smoke

Chemical Components

Region (%)

150
Phenols and the derivation 35.964
Acid 6.833
Carbonyl 9.102
Furan 5.592
Pirin 18.763

Temperature (°C)

250 350 450
30.069 35.897 36.31
10.555 10.945 12.947
22.566 37.892 16.715
19.604 0.961 5.153
10.580 1.781 11.718

Table 2 shows that the greater the
pyrolysis temperature, the greater the phenol
content. The results of GC-MS analysis of liquid

smoke resulted from pyrolysis of peanut seeds
found that the phenolic compounds formed at
450°C were more dominant, namely 36.31%.
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From the interpretation of GC-MS data, it can be
seen that the higher the pyrolysis temperature,
the more phenol and other components of the
compound will be produced. The total phenol
content of liquid smoke from cashew seed waste
was greater than the previously reported study of
oil palm fronds.Maulina & Silia (2018) is 12.28%
(Maulina & Silia, 2018). Liquid smoke from
bamboo Komarayati & Wibowo (2015) 30.36%
(Komarayati & Wibowo, 2015), cashew nut shells
La Tima (2016)32,35% (La Tima et al., 20106),
coconut shell Aisyah et al. (2018) 21.99% (Aisyah
etal,, 2018), (Sari et al., 2018) 22.67% (Sati et al.,
2018) but smaller than the study of liquid smoke
from coconut shell at temperature 350-420°C
Hadanu & Apituley. (2016)90.75% (Hadanu &
Apituley, 2016), Faham Partogi Siregar et al.
(2019) 47.07% (Siregar et al., 2019), liquid smoke
from coconut shell pyrolysis temperature 400°C
Surboyo et al. (2019) is 48.3% (Sutboyo et al.,
2019)

3.1 Economic Analysis(Ifa ez a/., 2020)

Economic analysis is using the discounted
cash flow method, namely cash flow whose value
is projected at the present time.

3.11 Estimation The Total Capital
Investment (T'CI)

Capital investment is an amount of money
that must be spent to establish and operate a
factory to produce a product from a raw material.
TCI consists offixed capital investment and
working capital investment. Fixed capital is the
total cost of installing process equipment,
buildings, auxiliary equipment and engineering

involved in the construction of a new factor
(Aries & Newton, 1955). The first step in
calculating the FCI is determination the cost of
the equipment. The equipment used includes:
Belt Conveyor (hopper), pyrolysis reactor, dryer,
mixer, liquid storage tank, liquid smoke storage
tank, decanter, coconut shell warehouse,
biobriquette press, pump. Price of Process
equipment is IDR 481,372,719. The total
equipment price is the total cost of process
equipmentplus  the  price  of  utlity
equipment(10% of the total process equipment
price) = IDR 529,509,991.

FCI consists of two main components,
namely direct cost (D) and indirect cost (I). The
FCI calculation as follows, first estimates the
price of D by first determining the total
equipment price (E). All costs of installing tools,
installation, instruments and controls, plumbing,
electricity, building and maintenance, repairs of
objects, repair of facilities are each proportionate
to the price of the equipment to the place (E)
forms direct costs (D). Indirect costs (I) such as
engineering and construction and construction
costs are in percentage against E. Then the
amount of the Contractor's fee and Contingency
fee is determined based on a percentage of the
total (D + I). FCI estimates can be seen in Table
3.
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Tabel 3.The Estimation of Fixed Capital Investment (Peters & Timmerhaus, 2003)

Components Cost (IDR)
The price of the tool arrived at the place E 529,509,991
Tool installation, installation 39%E 206,508,897
Instrument and contro/ 28%E 68,836,299
Pipe laying (installation) 31%E 164,148,097
Electrical (installation) 10%E 52,950,999
Building and maintenance 22%E 153,557,897
Repairing the yard 10%E 52,950,999
Facility improvements 55%E 291,230,495
The Land 6%E 31,770,599
Total Direct Cost D 1,551,464,275
Engineering and supervision 32%E 169,443,197
Construction costs 34%E 180,033,397
Total Direct + Indirect Cost D+I 1,900,940,869
Contractor fee 5%(D+I) 95,047,043
Unprediction expenses 10%(D+I) 190,094,087
Total Fixed cost Investment 2,186,081,999

where 1 USD = 13,971 IDR

The total of fixed capital investment for
installation of process tools, buildings, tools and
engineering is IDR 2,186,081,999

3.1.2 Working Capital Investment (WCI)

Working capital is defined as the costs
required to do business. Working capital includes:
Raw Material Inventory, In Process Inventory,
Product Inventory, Exteded Credit dan Available
Cash. In general, the amount of working capital
is 10-15% of the total capital investment or 25%
of the selling value of the annual production
(Aries & Newton, 1955). For this process WCI
taken 15% from TCI

WCI= 15% TCI (2)
TCI= FCI+ WCI = FCI+15% TCI(3)
TCI= el 4
7 0.85 )

The total amount of money that must be
spent to set up and operate the factory is (T'CI)
=IDR2,571,861,176

3.2 Production Cost

Production costs are the total of Direct
Manufacturing  Cost,Indirect Manufacturing
CostandFixed Manufacturing cost that occur on
making product . General Expences (GE) are
factory expenses expect manufacturing costs, in
this case including administrative costs, product
sales, research, and shopping costs. GE consist
of administrative costs(3% MC), Distribution &
marketing cost (5% MC), R&D cost (3.5% MC)
and expenses (5% TCI). The calculation results
Direct  Manufacturing  Cost, Indirect
Manufacturing Cost dan Fixed Manufacturing
cost and GE can show on the Table 4:
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Table 4. Manufacturing Cost Component (Aries & Newton, 1955)

No Components Cost (IDR)

1 Raw material 264,970,853
2 Labor 648,000,000
3 Supervision 19,440,000
4 Maintenance 43,721,640
5 Plant supplies 6,558,246
6 Royalty and patens 36,201,378
7 Utilitas 362.013.778
Direct Manufacturing Cost (DMC) 1,380,905,896
8 Payroll overhead 324,000,000
9 Laboratory 129,600,000
10 Plant overhead 64,800,000
11 Packaging 144,805,511
Indirect Manufacturing Cost (IMC) 663,205,511
12 Depreciation 174,886,560
13 Property taxes 21,860,820

Fixed Manufacturing Cost (FMC) 196,747,380
Manufacturing Cost (MC) 2,192,272.414
14 Administration (3%MC) 65,768,172
15 Distribution & marketing (5% MC) 109,613,621
16 R&D cost (3.5% MC) 76,729,534
17 Financing (5% TCI) 128,593,059
General Expences (GE) 380,704,386
Total Production Cost (TPC) 2,572,976,800

where 1 USD = 13,971 IDR
MC = 2,192,272,414 GE = IDR 380,704,386
TPC = MC + GE = IDR 2.192.272.414 + IDR 380,704,386

Total production costs (TPC) is IDR 2,572,976,800

3.4 Sales, Profits and
Profitability Analysis

Sales are products / factories that can be
sold. Product sales price can be based on market
prices. It is also possible that is based on the

Project Feasibility

minimum price calculated by the factory, so that
the difference againts the market price is an
additional profit by the factory. Estimated gross
and net profits are presented in Table 5. Based on
the calculation in Table 5.

Table5. Estimated Profits (Aries & Newton, 1955)

Sales IDR 3,620,137,785
Manufacturing Cost IDR 2,192,272 414

General expense IDR 380,704,386

Total Cost 1DR 2,572,976,800
Profit before taxes IDR 1,047,160,985
Income taxes (30%) IDR 314,148,295
Profit after taxes IDR 733,012,689

where 1 USD = 13,971 IDR

Profit is a result obtained from the
and the total cost of

difference in sales

production. Profit can be defined as excess
income after deducting expenses. Net profit
earned amount IDR 733,012,689 every year
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bigger than profit Stolarski et al. (2013) amount
€30413 or IDR 483,997,300 every year (Stolarski
et al, 2013).

3.4.1 Net Present Value (NPV)

NPV is the sum of each projected present
value of net income each year which is used to
simultaneously examine costs (cash outflow) and
income (cash inflow) (Dhaundiyal & Tewari,
2015).NPV is a method of calculating the net
value (net) at the present time. The present
assumption is that it explains the initial time of
the calculation to coincide with the time the
evaluation is carried out or in the zero year petriod
(0) in the calculation of investment cash flow.
(Hakizimana & Kim, 2016). The formula for
present value and present value interest factor is

equal to 5:
(Satyasai, 2014).
CF
NPV=-TCI+ Z — ©)
(1 -|-1)n
where

TCI = total capital investment, CF = cash flow
at nh-year, n = year, 1/(1+i)» = discount factor

3.4.2 Rate of Return on Investment (ROI)

In addition to being oriented towards making a
profit, companies must also be able to return
their capital, especially if the capital comes from
loans. The time to pay back capital is expressed
as a percentage of ROI which is formulated as a
ratio of profit to fixed capital

Z a <(l+i)“> —rcl ©

where
CF = cash flow at n-year, n = year ,1/(1+i)n =
discount factor

Table 6. Discounted cash flow for i value (Ifa & Nurdjannah, 2019)

nth-year Net Cash Flow (CF) Triali =
Present Value

1 536,659,723 464,054,049
2 749,816,623 560,654,505
3 911,036,503 589,041,856
4 916,445,321 512,373,974
5 921,854,139 445,669,423
Total PV 2,571,794,407

where 1 USD = 13,971 IDR

rasio = TPV _ ;
asio = - — = (7
(Peters & Timmerhaus, 2003)

. 2,571,794,407
Rasio = (8)

2,571,794407

To determine the correct interest rate (i) it can be
achieved by plotting the ratio (total present value
/ initial investment) and guessing the interest rate
(i) ratio must be = 1.0. If a price (i) is higher than
the interest rate of the loan fund, the factory or
project has potential (Peters & Timmerhaus,
2003). From the above calculations, it is obtained
that the value = 15.65%/years. The value

obtained is greater than the value for capital loans
from banks (5.75%). A project / investment can
be carried out if the rate of return is greater than
the return received if we invest in a bank. This
shows that the factory is feasible to be taken to
the next stage. The ROI value of the results of
this study is smaller than the ROI of the study
Hakizimana and Kim., (2016) , it is 24.94 %
(Hakizimana & Kim, 2016).

3.4.3 Pay Out Time (POT)

POT as rapid assessment of the time
period for which investment capital is at risk
(Short, Packey, & Holt, 1995). To calculate the
POT, the accumulated investment is calculated as
shown in Table 7 .
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Table 7. Cumulative Cash Flow (IDR) (Ifa & Nurdjannah, 2019)

nth-year Net Cash Flow Cumulative Cash
1 536,659,723 536,659,723
2 749,816,623 1,286,476,346
3 911,036,503 2,197,512,850
4 916,445,321 3,113,958,171
5 921,854,139 4,035,812,310

From Table 7 for FCI = IDR. 2,186,081,999, by
interpolating between the fourth and fifth years,
POT was obtain in 2.99 years. POTof this study is
3.4.4 Break Even Point (BEP)

BEP is a point where in that condition the
company will not make a profit but also not cause
a loss. If the factory operates at a capacity below
the BEP point then the factory will suffer a loss.
BEP is a condition that arises when the plant
operates at full capacity. A good Break Even Point

shorter than the POT of Hakizimana and Kim
(2016) which is 5 — 6 years (Hakizimana & Kim,
2016).

value for a chemical plant is usually in the range of
40% -60% (Aries & Newton, 1955). BEP analysis
is used to determine the amount of production
capacity where total production costs are the same
as sales.

Table 8. Fixed Cost, Variable Cost, Semi Variable Cost, Sales (Ifa and Nurdjannah, 2019)

No Description IDR
1 Fixed Cost, FC 422,566,518
2 Biayavariabel, VC
a. Raw materials 264,970,853
b. Utilities 362,013,778
c. Packaging & shipping 144,805,511
Royalty and patent 36,201,378
Total variabelCost (VC) 807,991,521
3 Semivariabel Cost, SVC
a. Labor 648,000,000
b. Supervision 19,440,000
c. Maintenance & repairs 43.721,640
d. Operating supplies 6,558,246
d. Laboratory 64,800,000
e. General Expences 380,704,386
f. plant overhead cost 324,000,000
Total Semivariable cost 1,487,224 272
4 Total Sales (S) 3,620,137,785
BEP = % x 100%  (9) (Aries and Newton, where . .
1955) FC . : Fixed Cost, S : Sales, SVC : Semi
Variable Cost, VC: Variable Cost
BEP = For the BEP value of 49.05 percent, it

2,002,968,141 + 0.3(7,206,510,903)

x 100%
18,141,200,000 - 0.7(7,206,510,903) - 4,674,180,000

=49,05%

means that at a capacity of 49.05 percent x
production capacity (200 tons / yeat) or at a
capacity of 98.1 tons / year, the factory does not
profit from loss (break even).The BEP value of
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this study is better than the BEP value of the
Hakizimana and Kim research. (2016) namely
38.02 percent(Hakizimana & Kim, 2016). A good
Break Even Point value for a chemical plant is
usually in the range of 40% -60% (Aries &
Newton, 1955).

4.Conclusion and Suggestion
4.1. Conclusion

In this study, cashew nut shell waste was used
as raw material to produce liquid smoke using the
pyrolysis method. The effect of pyrolysis
temperature was studiedat a temperature of 150-
450°C. The distribution results of the pyrolysis
products of liquid smoke, tar, charcoal and gas
are strongly influenced byreaction temperature.
The maximum liquid smoke yield of 19.46% is
obtained at the final temperature of 450°C. The
results of the chemical composition test using
GC-MS obtained three main components,
namely phenol (36.310%), acid (12.947%) and
carbonyl (16.715%). Liquid smoke from cashew
nut shell waste can be considered as an important
candidate for an alternative potential source of
liquid smoke which can be further increased.
With a liquid smoke production capacity of 200
tons per year, liquid smoke products can be sold
at a price of IDR 3,620,137,785/years. Total
Production cost 2,572,976,800/ years. Annual net
profit  733,012,689. Investigation of the
economic feasibility of liquid smoke production,
seen from the Rate of Rate on Investment, is
15.65%, Pay Out Time is 2.99 years and Break
Event Point is 49.05%.

4.2 Suggestion

1. It is necessary to carry out further research
with a better cooling system in order to obtain
maximum liquid smoke and better activity so
that it can be used in other applications5%.

2. The charcoal obtained needs to be catried out
further research to obtain a product that is
useful and is not wasted as waste.
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