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Abstract— Palm oil mill annually produce a huge amount of biomass residues as by-products which including palm oil 
shell. They have experienced problems in waste disposal and have sought ways of addressing these through alternative 
techniques, including recycling. The aim of this study is a technical and economic feasibility of recycle plant for 
producing activated carbon from palm oil shell, which is a by-product from palm oil mill. It is so because the palm oil 
shell carries a large amount of carbon content and cheap which is usable as raw material for producing activated 
carbon. This paper presents an alternative waste management technology: using palm oil shell as raw material in 
producing activated carbon by chemical activation with ZnCl2 and economic analysis of recycle plant for the activated 
carbon production. It was found that it is technical feasibility to activated carbon by using palm oil shell from palm oil 
mill. The fixed carbon of activated carbon (ACZnCl2) and standard AC were 70.65 (wt%) and 72.41 (wt%), 
respectively. The BET surface area of ACZnCl2 and commercial AC measured by N2 adsorption at 77.4 K were found 
689 and 711 (m2/g).   The recycle plant has the capacity of 4684.93 tons per day and initial cost of 30,000 million THB. 
It has indicated that the fifteen years of project life, payback period of the production is approximately 3.47 year. 
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1.     INTRODUCTION 

There is an increasing pollution growing of air and water 
resources in Thailand. The need to purify our waters and 
keep our atmosphere clean requires the development of 
new methods for the production of highly efficient filter 
media and effective adsorbents. Active carbon has been 
considered as one of the most effective adsorbents 
because of its well-developed porous structures, large 
active surface area and good mechanical properties. 
Activated carbon can be prepared from a large number of 
materials. These materials are usually high in carbon and 
volatile contents but low in inorganic contents. Some of 
the most common precursors for activated carbons are 
coal, coconut shell, lignite and wood [1]. 

Thailand has been well recognized as one of the top 
exporters of agricultural biotechnology with traditional 
energy sources. The amount of waste from agriculture 
has increased due to rapid industrial development in 
recent years.  

Focus on environmental problems from industrial 
waste, palm oil shells from factory wastes agriculture in 
Thailand. Palm oil shells from oil palm occurs carbon 
primarily in large quantities. The products of palm oil 
mill are to plant oil palm in Thailand can be produced 
1.7X106 tons per year [2].  

Activated carbon is a microcrystalline, non-graphitic 
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form of carbon with a porous structure that has been 
processed to develop its internal porosity. This material 
can be characterized by a large specific surface  area of 
500-2500 m2/g, the most important physical property of 
activated carbon which allows the physical adsorption of 
gases or vapors and dissolved or dispersed substances 
from liquids. Activated carbons (AC) are an effective 
adsorbent for many pollutant compounds (organic, 
inorganic, and biological) of concern in water and 
wastewater treatment. Its first use came into prominence 
through its use as an adsorbent for certain poisonous 
gases in gas masks during World War I [3].  

  Activated carbons are commonly prepared using two 
basic processes: (i) Chemical activation and (ii) Physical 
or gas activation [4]. Chemical activation is usually 
limited to woody precursors. This process involves 
carbonizing the parent  material after impregnation with 
phosphoric acid, zinc chloride, sulphuric acid, potassium 
sulphide, carbonates of alkali metals, and metal 
chlorides. The common feature of these compounds is 
their ability to act as dehydrating agents which chemical 
activation is 400-800 °C. Case of stimulation by the 
addition of chemicals into the charcoal or the material 
before it is used to produce activated carbon. Chemicals 
used, such as   potassium hydroxide (KOH), zinc 
chloride (ZnCl2), calcium chloride (CaCl2), magnesium 
chloride (MgCl2), hydrochloric acid (HCl), and 
phosphoric acid (H3PO4). These chemicals to act as a 
catalyst to the process pyrolytic condensation   (pyrolytic  
condensation), of carbon to carbon loss during the 
charcoal production process less due to the elimination 
of water and cellulose products faster has activated 
carbon more. It also prevents shrinkage of the structure. 
The carbon structure as it is often activated carbon with a 
porous medium. In production, it will not exceed 
temperatures of 900 ˚C [4]. Physical activation is the 
development of porosity by gassification with an 
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oxidizing gas at 700-1100 °C. Gases are commonly used 
carbon dioxide, steam and air. They can be used singly 
or in combination. Several types of oven can be used in 
the manufacture of activated carbon, i.e. rotary kilns, 
multiple hearth furnaces and fluidized beds. The type of 
oven used determines the properties of the activated 
carbon produced. In general, a decreasing mesoporosity 
is observed in the order: fluidized bed, multiple hearth 
furnace and rotary kiln. The reactions of carbon with 
steam and carbon dioxide are endothermic reactions and 
the stoichiometic equations are as follows [4]: 

 
C + H2O = CO + H2 ∆H = +117 kJ mol-1 (1)                                                                     

C + CO2 = 2CO ∆H = +159 kJ mol-1 (2) 
      

Materials used in the production of charcoal are carbon 
based organic material, meaning that the carbon 
compounds. Hydrogen is the most important element is 
the coconut husk, palm oil shell, sawdust, and rice dust 
[5].  

Palm oil shells as part of the palm oil as shown in Fig. 
1 are generated after the palm fruit and palm oil 
production process and disposed of as solid waste. Fig. 2 
shows palm oil shells use as fuel in some factories such 
as the brick factory. As reported that the burned palm oil 
shell contain free carbon of about 20% by weight. 
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Fig. 1 Oil palm fruit, (a) fresh palm fruit bunch and (b) 
structure of the palm [6]. 

 

 

 

 

 

 

               

 

Fig. 2 Palm oil shells. 
 

Activated carbon is a charcoal capable of absorbing 
substances other well because the surface area within the 
particle height, divided into two categories: type of 
powder and pellet or flake   [5].  The type of powder can 
be distributed in well water is used in related industries 
such as solutions or liquid such as clear color and the 
bleach smell suck the sugar industry. The food industry 
and production of oil used to absorb contaminants in the 
wastewater industry and water purification. The pellet or 
pellets used in the manufacture of a purified gas, such as 
in air filter lock, poison gas filtered, cigarette butt, etc.  
There are used activated charcoals in the household. In 
connection with the products absorb smells like stale in 
the refrigerator, cabinets, clothing, footwear etc., which 
will see the demand for charcoal carbon are widely and 
are more likely to use regularly in the country. It also can 
be exported to a foreign distributor.  

Substantially, activated carbon used in the process of 
adsorption in order to separate the pollutants released 
from medium is a liquid or gas in various industries to 
400,000 tons / year Therefore, increasing the value of the 
waste product from palm oil production process by 
making the adsorbent as activated carbon is the main 
goal of this research. 

2. MATERIALS AND METHODS  

Materials: Palm oil shells (Particle size of 2-2.8 mm) 
were obtained from ASIA GREEN ENERGY PUBLIC 
COMPANY LIMITED and standard activated carbon 
(Commercial grade; code No.CGC-11A) was supplied by 
C. Gigantic Carbon Co.Ltd. Zinc Chloride  (ZnCl2) was 
dissolved in distilled water to prepare a saturated 
solution. 

Methods: Preparation of the activated carbon from palm 
oil shell was divided into two steps; (i) carbonization and 
(ii) activation process. 

(i) Carbonization process was performed as follows. 
Palm oil shell (POS) was dried at 110 °C for 24 and 
sieved in order to between 2-2.8 mm. The sample was set 
in a reactor which was fixed bed design of stainless steel 
with 54.1 mm internal diameter and 320 mm length. It 
was then carried out under constant nitrogen flow (150 
cm3/min) at a heating rate 10  °C/min up to 600 ˚C for 1 
h. 

(ii) Preparation of activated carbon samples from 
palm oil shell, using zinc chloride (ZnCl2) under 
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conditions of activation 1:1 of ZnCl2: char ratio (w/w) 
and were kept at 80 °C for 10 h. The temperature of 
activation was raised at 4 °C /min up to 500 °C, which 
was maintained  for 2 h. Finally, the sample was then 
washed to remove excess reagent until pH about 6-7  and 
dried at 110 °C  for 3 h.  

Sample characterization: An elemental analysis was 
carried out using a CHNS/O ANALYZER (PE2400 
SeriesII). Gaseous products freed by pylolysis in high-
purity oxygen and were chromatograhically seperated by 
frontal analysis with quantitatively detected by thermal 
conductivity detetor. Proximate analysis was conducted 
according to the American Society for Test in and 
Materials (1997) and the results were expressed in terms 
of moisture, volatile matter, ash and fixed carbon 
content. Secifice surface area of  the sample was 
determined by nitrogen adsorption-desorption isotherms 
measured in a Micromerities ASAP 2020 apparatus. 
Adsorption of N2 was performed at 77 k. Before any 
such analysis, the samples were degassed under N2 flow 
at 350 °C for 2 h in a vacuum at 27 Pa. The specific 
surface area of the prepared activated carbons was 
estimated by the BET method using N2 adsorption 
isotherm data.  

3.  RESULTS AND DISCUSSION 

Characteristics of palm oil shell are presented in Table 1. 
The proximate analyses of palm oil shell were as follows 
(dry wt basis%): fixed carbon 9.91, moisture 4.55, ash 
1.39, volatile 88.70, C 47.26, H 6.18, and N 0.94. 

 
Table 1: Proximate and ultimate analyses of palm oil shell 

Proximate analysis (as received, wt%) 

Moisture 

Volatile matter 

Fixed carbon 

Ash 

 

4.55 

88.70 

9.91 

1.39 

Ultimate analysis (dry basis, wt%) 

C 

H 

N 

 

47.26 

6.18 

0.94 

  
Characterization of activated carbon samples using 

ZnCl2 as chemical agent for activation are presented in 
Table 2. As can be seen from Table 2, specific surface 
area of activated carbon (ACZnCl2) was closely to the 
standard activated carbon (standard AC, supplied by C. 
Gigantic Carbon Co.Ltd. 

In economic analysis for invesment in avtivated 
carbon production with capacity of 1.71 million tonnes 
per year. It is assumed that, the fifteen years of project 
life, working time at 8 hours a day, 300 days a year, 
direct labor cost per day is 200 THB/worker, the interest 
rate of 6.5 %, electricity cost of 2.97 THB/kWh,  and 
maintenance cost per year is 3% of the machines’ prices. 

The first investment is 30,000 million. Sale price of 
activated carbon is 170 THB/kg. The approximated first 
investment and operating cost are shown in Table 3 and 
4. 

 
Table 2: Characteristics of activated carbon samples 

Items Types of activated 
carbon 

ACZnCl2 Standard 
AC 

Proximate analysis (wt%) 
Moisture 

Volatile matter 

Fixed carbon 

Ash 

 

1.77 

24.34 

70.65 

5.01 

 

4.03 

23.18 

72.41 

4.41 

Ultimate analysis (wt%) 
C 

H 

N 

 

69.99 

2.03 

0.78 

 

72.58 

1.97 

0.63 

Typical properties 
Specific surface area (m2/g) 

Total pore volume (cc/g) 

 

689 

0.3571 

 

711 

0.3906 
 

Table 3: First investment for activated carbon production 

Investment Item Cost (million 
THB) 

Land and building 1,500 

Machines/equipments 

-Reactor, 2 sets 

 

5,000 

-Drying machine with belt 
filter 1 set 

1,000 

-Furnance, 1 set 8,000 

-Continuous ball milling 
machine, 1 set 

4,000 

-Packing machine, 1 set 9,500 

Total first investment 30,000 
 

Table 4: Operating cost for activated carbon production 

Operating cost (THB) 

Labors (12 
workers/3shifts) 

2160000 

Maintenance (5% of 
machine cost) 

15x108 

Electricity 1,403,040,473 

Raw materials 2.3567x1011 

Water 52,113,600 

Total 2.38628x1011 

 
Results from the analysis show that, payback period of 

production is approximately 3.47 years. 
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4. CONCLUSION 

This paper makes two contributions. First, it provides the 
alternative waste management technology to utilize palm 
oil shell from palm oil mill: as raw material in producing 
activated carbon by  chemical activation with ZnCl2 at 
500 °C activation temperature for 2 h. Second, it 
provides the feasibility of activated carbon production in 
terms of production technology and financial analysis. 

Base on the experiment can conclude that it is 
technical feasibility to activated carbon by using palm oil 
shell from palm oil mill. The fixed cabon of activated 
carbon  (ACZnCl2) and standard AC were 70.65 (wt%) 
and 72.41 (wt%), respectively. The BET surface area of 
ACZnCl2 and comercial AC measured by N2 adsortion at 
77.4 K were found 689 and 711 (m2/g). It indicated that 
the activated carbon produced from palm oil shell lies in 
the range of commercial activated carbons. Accordingly, 
the activated carbons produced from biomass residues 
can be used as adsorbents for various environmental 
application including removing hazardous compounds 
from industrial production. 

In addition, it is feasible to establish the recycle plant 
with the capacity of 4684.93 tons per day and Initial cost 
of 30,000  million THB. The indicated that the fifteen 
years of project life, payback period of the production is 
approximately  3.47 year. Therefore, it makes the recycle 
plant feasible to invest.  
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