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Abstract—Natural calamities and catastrophes are
frequently occurring due to climate change caused by global
warming. Carbon dioxide is one among the greenhouse gases
responsible for enhanced greenhouse effect. Fossil fuel
combustion produces maximum amount of CO,.Reduction of
CO, from internal combustion engines is mandated to control
CO, emission. As a part of our continued effort to control
atmospheric CO,, we have undertaken a study of CO,
absorption using modified charcoals. The results of CO,
reduction from diesel operated generator using charcoal
derived from different sources such as coconut shell, coconut
trunk, coconut stem and wood are summarized. CO,
absorption on charcoal from coconut shell is 9.8%, where as
that on charcoal from coconut trunk and coconut stem are
found to be 8.4% during engine zero load condition. CO,
absorption efficiency on all coconut charcoals is less than 10%
due to low pore volume (<surface area 50 m?g). CO,
absorption at 20% engine load condition is found to be lower
than that of the zero engine load condition due to low resident
time for absorption caused by high mass flow rate. The
potassium hydroxide loaded charcoal shows additional
efficiency (30%) due to increased adsorption along with
absorption. The activated wood charcoal (surface area > 500
m?/g) shows higher absorption efficiency of CO, (65%) due to
high porosity.

Keywords—Carbon dioxide, Absorption, Adsorption,
Activated Charcoal, Charcoal, Coconut stem, Coconut trunk,
Coconut Stem.

I. INTRODUCTION

The planet is getting warmer day by day. Most
climatologists regard the final decade of the twentieth
century as the warmest in the past millennium. Even minor
alterations in global temperature will trigger a series of
weather extremities and alter the climatic patterns of the
planet. Global warming effects on earth are caused by
several factors. To understand the overall effects of global
warming on earth, we have to understand the contributions
and effects of each component of the planet. The gases
produced from vehicles, power plants and other sources are
building up in the atmosphere, acting like a thick blanket
over our planet.

Climate change can be reduced by decreasing the
emission of heat-trapping gases particularly CO, to the
atmosphere[1-5]. The production of CO, from various
sectors and consumption of CO, through natural process
are not proportional leading to an unbalanced residual
growth of CO, in the atmosphere as shown in Figure 1.
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Figure 1. Carbon Dioxide Production and Reduction

It has been clearly identified that additional effective
technologies are needed to control CO, in the atmosphere
[6-13]. In the current study, absorption of CO, is achieved
in a diesel genset using charcoal derived from different
sources such as coconut shell, trunk, and coconut stem. The
reduction of CO, by absorption on charcoal and activated
charcoal and absorption/adsorption on potassium hydroxide
loaded charcoal are compared.

Il. SCHEMATIC REPRESENTATION OF CO, REDUCTION IN
DIESEL GENSET

The diesel genset exhaust gas is passed through after
treatment system to remove CO, NOyx, HC and PM as per
the following equations.

2C0 + 0, - 2C0,
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n - e
2C,Hy, + (§+ 2}/) 0, - 2yC0, + nH,0 ; S
2NO + 2C0 - N, + 2C0,

PM — Trapped and removed

The after treatment system (ATS) containing diesel
oxidation catalyst(DOC) and diesel particulate filter (DPF)
is directly connected to the diesel generator. The products
coming out of the exhaust after treatment system contains
CO, H,0, N, and O, etc. This gas stream is then passed
through a fixed bed CO, absorption chamber as shown in T i
Figure 2. 3 :

Figure 3a. Raw Coconut Shell

Diesel After Treatment System
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Figure 3b. Coconut Shell Charcoal

Figure 2. Schematic Representation of CO, Absorption System

Carbon dioxide reduction is a process which is used to
capture the carbon dioxide emission from the engine using
the CO, absorption chamber.

I1l. MATERIALS USED FOR CO, REDUCTION

The materials used for CO, reduction is chosen to have
the absorption and adsorption characteristics. Catalysts are
usually loaded on high surface area porous support
materials. Charcoal, clay, alumina, zeolite and clathrates
are few materials supports.

1) Charcoal
Charcoal from coconut shell, coconut trunk, coconut
stem and wood are prepared by controlled firing of the raw Figure 4b. Coconut Trunk Charcoal

materials. Figures 3a, 3b show the raw coconut shell and
the charcoal from coconut shell, figures 4a, 4b show the
raw coconut trunk and the charcoal from coconut trunk and
figures 5a, 5b show the raw coconut stem and the charcoal
from coconut stem.
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Figure 5b. Coconut Stem Charcoal

IV. ACTIVATED WoOD CHARCOAL

Wood charcoal is porous and can absorb liquids and
gases on its porous surface. Therefore, it is used in water
filters, gas masks and ant gastric tablets for people
suffering from indigestion. Wood charcoal is also used as a
decolorizing agent as it can adsorb coloring matter.
Activated wood charcoal is a form of carbon that has been
processed with oxygen to create million of tiny pores
between the carbon atoms. This increases the surface area
of the substance from 500 to 1500 m?%g. One pound of
activated charcoal has the surface area equivalent of six
football fields. A representative sample of the high surface
area activated wood charcoal is shown in Figure 6.

Figure 6. Activated Wood Charcoal

V. Co, ABSORPTION CHAMBER

The CO, absorption studies are carried out using the
absorption chamber filled with the charcoal material.
Absorption chamber is chosen to minimize charcoal
abrasion. The size of the chamber is taken about 100 mm
diameter pipe and length about 300mm. Charcoal is filled
in a wire mesh housing as shown in figure 7a. The charcoal
filled wiremesh housing is inserted inside the chamber
shown in figure 7b. The chamber with two outlet flanges is
attached to the diesel generator for performance evaluation.

Figure 7b. CO, Absorption Chamber

VI. WORKING OF DIESEL GENSET

The diesel engine is mounted on the ground. Eddy
current dynamometer was connected to the engine. Loading
on the engine was done electrically with rheostat. Exhaust
gas analyzer connected to the exhaust pipe for measuring
the HC, CO, NOyx and CO,. The engine was started and
warmed-up to establish the recommended oil pressure and
was checked for any fuel, oil and water leaks. After
completion of the warm-up procedure, the engine was run
on no load condition and speed was adjusted to 1500 rpm
by adjusting the fuel injection pump.

For each load condition the engine was running at a
minimum of 5 minutes and data were collected during the
last 2 minutes of the operation.
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Simultaneously, engine exhaust emission (NO, CO, HC
and CO,) was measured. Exhaust gas analyzer is used to
measure directly the exhaust gas emission such as CO, in
terms of volume %, CO in terms of % by volume, HC in
terms of ppm and NOy in terms of ppm.

The exhaust gas coming out of the engine is made to
pass through the chamber with the help of feedback system.
The gas which has particulates along with other emissions
is passed through the ATS system to remove CO, HC, NOx
and PM. Then, the carbon dioxide rich gas is passed
through the CO, absorption chamber containing charcoal.
The exhaust temperature is noted and ensured that it is
below 250°C at 1bar pressure (Figure 8).
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Figure 8. Diesel Genset Mounted with CO, Absorption Chamber

VII.

The results of CO, absorption efficiency on charcoals
are summarized in Figure 9.

RESULTS AND COMPARISON
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Figure 9. CO, Absorption Efficiency of Charcoals

The absorption efficiency of CO, on the charcoals of
coconut shell, trunk and stem are less than 10%, may be
due to low porosity. CO, reduction on the conventional
charcoal from coconut shell, activated wood charcoal and
potassium hydroxide loaded charcoal are compared in
Figure 10.

CO, REDUCTION USING DIESEL OPERATED

GENERATOR
S.No. Material Engine at Zero Load
1 Charcoal from Coconut Shell 9.8%
2 KOH Loaded on Charcoal 30%
3 Activated Wood Charcoal 64%

Figure 10. Reduction of CO,on Different Supports

VIIl. SUMMARY

The results of CO, reduction from diesel operated
generator using charcoal derived from different sources
such as coconut shell, coconut trunk, and coconut stem,
wood are summarized. CO, absorption on charcoal from
coconut shell is 9.8% whereas that on charcoal from
coconut trunk and coconut stem are found to be 8.4% and
8.4% during engine idling. The CO, absorption
performance of CO, is less than 10% due to low pore
volume of the charcoal derived from coconut raw materials.
CO, absorption at 20% engine load is found to be 5%, for
all the different charcoals which is much lower than that of
the zero engine load condition. The substantial reduction of
CO, absorption efficiency may be due to low resident time
for absorption caused by high mass flow rate. The
potassium hydroxide loaded charcoal shows additional
efficiency (30%) due to increased adsorption. The activated
wood charcoal (surface area > 500 m%/g) shows higher
absorption efficiency of CO, (65%) due to high porosity.
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