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1. Introduction

Abstract

Global warming is a serious environmental concern that affects humans,
wildlife, and ecosystems. Carbon dioxide reduction is the need of the hour
as it a major constituent of global warming. The quantum of carbon dioxide
released in the exhaust depends on the number of carbon atoms present in the
fuel used. The present study investigates the reduction of engine out carbon
dioxide emission. For carbon dioxide reduction post combustion capture sys-
tem is used. In post combustion capture system carbon dioxide is absorbed by
using absorption catalyst. In this capture system, carbon dioxide is absorbed
after the combustion. Among various absorption catalyst, monoethanolamine
(MEA) is used, as it can react more quickly with carbon dioxide than other
absorbents. Monoethanolamine is continuously injected in the exhaust mani-
fold. Empty chamber is added in the exhaust manifold for increasing the resi-
dent time of the reaction of amine with carbon dioxide. MEA reacts with carbon
dioxide forms ammonium carbamate. Carbamate is approved by the Environ-
mental Protection Agency as an inert ingredient, used for insect and rodent
control in areas where agricultural products are stored.

venting C'Oy concentrations from rising is viewed
as critical in reducing the hazards of global warm-

Global carbon dioxide levels have been rising since
the beginning of the industrial revolution, around
1750. Anthropogenic C'O- emissions, mostly from
the combustion of fossil fuels for energy, have been
blamed for the rise, and the pace of growth has
accelerated as fossil fuel consumption has increased.
Higher C'O, concentrations have resulted in a num-
ber of environmental challenges, the most notable of
which is an increase in global temperatures, some-
times known as global warming. As a result, chal-
lenges like melting snow and ice caps, rising sea lev-
els, and more extreme weather patterns arise. Pre-

OPEN ACCESS

ing. CO- 1is one of the most significant contributors
to global warming. Global warming is a huge envi-
ronmental hazard that affects humans, wildlife, and
ecosystems. According to the Intergovernmental
Panel on Climate Change (IPCC), the earth’s surface
temperature will rise by 1-2°C by 2020 and 2-5°C
by 2070. Based on economic and environmental fac-
tors, efficient and appropriate C'O- separation tech-
nology with low operating costs and energy con-
sumption is required.

One possible strategy is to capture C'O, in the
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combustion site’s effluent, a technique known as
post combustion C'O,  capture. The removal of
C O, from stack gas and the simplicity of retrofitting
existing C'O, sources with these technologies are
among the technologies being explored. The use
of carbon capture and storage (CCS) to reduce
CO5 emissions from fossil-fuel-fired power stations
and industrial sources is a hot topic of controversy
around the world. CCS is a technology option that
could help to achieve the UNFCC'’s goal of reducing
greenhouse gas (GHG) emissions from fuel gas by
50-85 percent by 2050 (UNFCC, 2009).

Post-combustion C'O, capture, pre-combustion
COs collection, and oxy-fuel combustion are the
three types of technologies used to remediate
anthropogenic C'Os. In post-combustion technol-
ogy, fossil fuels are burned in the same way they
are in traditional energy generation, but C'O, is
recovered from the effluent gas. Because it can
be retrofitted to existing power plants, this intuitive
technique is being examined extensively.

The fossil fuel is gasified and reacts in a water
gas shift reactor to produce Hs and CO in pre-
combustion C'O4 capture. The C'Os is captured, and
the H, is used to generate energy. Pure or virtually
pure O2 is used in oxy-fuel combustion, resulting in
mostly C'Oy and HO being generated.

Post-combustion C'O, capture is the most
researched among the three types because separat-
ing C'O, at the combustion exhaust allows for sim-
ple and intuitive retrofitting of existing C'O5 sources.
Because it is flexible and does not require changing
the combustion cycle, post-combustion capture is a
critical technique for reducing C'O, emissions.

For C'O, scrubbing, a variety of absorption cata-
lysts such as mono ethanol amine (MEA), succinic
acid, anhydrous ammonia, and diethyl amine are
utilised.

Mono Ethanol Amine (MEA) is the most essen-
tial and widely utilised of three different absorbents
for C'O, separation. MEA reacts with C'O, more
quickly than other absorbents. Aqueous amine solu-
tions, such as mono ethanol amine, are used to scrub
carbon dioxide. Mono ethanol amine (MEA) is
pumped into the engine’s exhaust manifold.

Author evaluated the kinetics of several amines
to MEA and concluded that MEA has the high-
est C'O, absorption capacity at room temperature,
which occurs after five minutes of reaction. In
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this current work MEA is injected to the engine-out
emission and the respective changes are observed.
They also reported that MEA reacts with C'O, and
forms ammonium carbamate. (Dibenedetto, Aresta,
and Narracci)

850
800

750

650

CO, emission (g/kW-h)

600
0.5 1 15

Injection Flow rate (Kg/h)

EMEA mSuccinic acld Ammonla mDi ethyl amine

FIGURE 1. Comparison of CO, Emission for
Various Liquid Absorption Catalyst at Different
Injection Rates

Based on analysis (Subramanian, Varuvel, and
Martin) with various absorption catalysts like MEA,
succinic acid, anhydrous Ammonia and diethyl
amine by injecting it in the exhaust manifold, max-
imum CO, reduction occurs with MEA injection
than other catalysts as shown in fig. 1.

2. Experimental setup

A single cylinder four stroke air cooled naturally
aspirated spark ignition engine with developing
capacity of 4.1kW power at 3,600 rpm was used for
the experimentation. The engine specifications are
given in table 1.

Engine is coupled with eddy current dynamome-
ter for loading. No Internal modification is done
on the engine since the focus is on post combus-
tion carbon dioxide capture, the exhaust manifold
is alone modified and a separate MEA injector is
placed (Sood and Vyas Lv, Guo, and Zhou I Huertas
et al.)

An auxiliary injection system for amine injection
is to be placed at the exhaust manifold. The injection
pump is mechanical type connected to motor and
rotates at 1,500 rpm which ensures continuous injec-
tion of amine in the exhaust manifold (Fan, Russell,
and Dutcher Luis)

In Figure 2. the following is labelled as 1.Engine;
2.Eddy current dynamometer; 3.Air box; 4.Surge
tank; 5. Fuel filter; 6.Carburator; 7. Spark plug;
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TABLE 1. Engine Specification

Engine Type

Bore x stroke (mm)
Displacement (cc)
Compression ratio
Net power

4 — Stroke single cylinder, OHV
petrol engine

68 x 54

196

8.5:1

4.1 kW @ 3500 rpm

FIGURE 2. Overview of Engine setup

8.Motor for MEA injection; 9.Pump for MEA sys-
tem; 10 Injector for MEA; 11. Empty chamber;
12.AVL gas analyzer

An empty chamber of five litres capacity is con-
nected to the exhaust manifold to expand the reten-
tion time for completing the reaction of exhaust gas
and amine mixture (H. R. Kalatjari et al. Mousa-
vian et al. A. H. R. Kalatjari et al.) . Fig. 2 shows
the experimental setup of amine injection at exhaust.
Surge tank is used to give a constant amount of air
supply to the engine. Load is measured using eddy
current dynamometer. For various loads, 0%, 25%,
50%, 75%, 100% the carbon dioxide emission is
measured using AVL gas analyzer.

In Figure 3. the following is labelled as 1 is Surge
Tank, 2 is Exhaust, 3 is Eddy current dynamometer
and 4 Single cylinder Petrol engine.

3. Load Measurement

The engine is coupled with an eddy -current
dynamometer for loading. Eddy current dynamome-
ter consists of a rotor, stator poles, stator casing.
Rotor is connected to the engine crankshaft and it
rotates within the stator poles, DC voltage is applied
to the stator casing. Rotor is rotating with the help of
engine shaft and voltage is applied to coil or stator
casing.

Due to this, magnetic flux is generated and rotor

International Research Journal on Advanced Science Hub (IRJASH)

FIGURE 3. Pictorial View of SI Engine

cut this magnetic flux and hence eddy current will
be produced in the rotor which opposes the change
in magnetic flux. Due to this rotor gets opposing
force which tries to reduce the rpm of the rotor.
But torque supplied by the engine will maintain the
rpm (Ahmad et al. Lee, Kolawole, and Attidekou)

4. Exhaust Gas Temperature Measurement

Exhaust gas temperature is measured by using K -
type thermocouple which is mounted in the exhaust
line. The thermocouple is connected to temperature
indicators. Type K is the widely used thermocouple
that has a range of 270° to 1260° C.

5. Emission Measurement System

The carbon dioxide emissions from various loads is
taken in two ways, with and without Mono Ethanol
Amine injection. In this current work, the exhaust
emissions such as CO, HC, from an engine has been
measured by the HORIBA MEXA-584L exhaust gas
analyzer (Mun et al.).

6. Methodology

The experiment is to be carried out on a single cylin-
der naturally aspirated air-cooled SI engine.

1) An auxiliary injection system for MEA injec-
tion is placed at the exhaust manifold. The MEA
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FIGURE 4. ECU to Control MEA Injection

injection system consists of an ECU, injector, prox-
1mity sensor, switched mode power supply.

ii) The MEA injection pump is a mechanical sub-
mersible low pressure pump which is connected to
MEA tank.

iii) When exhaust valve opens, certain point on
shaft coupling passes the proximity sensor and
screw is welded on that point.

iv) When screw on coupling passes the proximity
sensor, the sensor gives signal to ECU that exhaust
valve is open. Then ECU will active injector to
inject MEA.

6.1. Shaft Coupling Modification

1) Certain point on shaft coupling passes the proxim-
ity sensor when exhaust valve opens.

i1) That point is marked and screw is welded on
it. Proximity sensor detect the presence of nearby
object without any physical contact.

iii) Thus, when the screw on coupling passes the
sensor, it gives signal to ECU that exhaust valve
is open. Then ECU will activate injector to inject
MEA for 246° crank angle (exhaust duration).

6.2. ECU

ECU receives input signal from proximity sensor
and send the output signal to injector to inject MEA
for 246° crank angle (exhaust duration). Fig. 4 dis-
plays the ECU used in this current work to control
MEA injection.

6.3. Fuel Injector

Injector is used to inject MEA at the exhaust mani-

fold. Injector is attached to injector holder and it is

connected to the exhaust manifold of the engine.
MEA is injected to the exhaust gases at a constant
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Injector
holder

~  Exhaust
manifold

FIGURE 5. Injector with Injector Holder

flowrate of 1 kg/h. Fig. 5 shows the injector which
is held using injector holder.

6.4. Modified Exhaust Manifold

The exhaust manifold of test engine is modified
by fitting injector to it (Khoshraftar and Ghaemi)
. The injector is connected with submersible low-
pressure pump and MEA tank. The injector is used
to inject MEA to the exhaust gas. Injector holder is
welded to the manifold with 45° for better mixing.
Exhaust manifold is modified in a way favorable for
MEA injection. The injector holder is welded at the
Exhaust manifold as shown in fig.6

FIGURE 6. Modified Exhaust Manifold contain-
ing Injector holder

_ Injector
" holder

_ Exhaust

manifold

FIGURE 7. Pictorial View of Modified Exhaust
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6.5. Submersible Low-Pressure Pump

MEA is kept in a separate tank and pumped using
a submersible pump. Fig. 8 shows the submersible
low-pressure pump used in this current work. The
tank is properly closed and the submersible fuel
pump is kept inside (Makertihartha et al.) . Through
SMPS a 5V constant supply is delivered to the

pump.

FIGURE 8. Submersible Fuel Pump for MEA

6.6. Circuit Diagram

The circuit diagram connecting ECU, proximity
sensor and injector is shown in fig. 9. To get a con-
stant 12V supply SMPS is employed in this current
work.

I—Ac supply
SMPS ECU
1t L fr e
[ -
)
I\
1] ‘
T Injector
+ 1. g
Proximity L"' -
sensor

FIGURE 9. Circuit Diagram connecting ECU,
Proximity sensor and injector
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7. Results and Analysis

MEA was injected in the exhaust manifold at con-
stant flow rate of 1 kg/h. Emission parameters like
CO,, CO, HC and NO are to be tested in all the
phases at part load and full load conditions.

MEA injection in exhaust with injection rate of 1
kg/h is optimum compared to other absorption cata-
lysts like Succinic acid, anhydrous ammonia and Di
ethyl amine based on minimum C'O, emission. The
exhaust emissions such as HC, CO, NOX, CO, from
SI engine are measured with gasoline as engine fuel
by using AVL gas analyzer. Since the main focus
is on carbon dioxide, the comparison of with and
without MEA injection with engine out emission is
studied. The emissions are measured with constant
speed 3000 rpm and with various loads 0%, 25%,
50%, 75% and 100%.

The graph is drawn with BMEP in x axis and
CO4 emission in y axis. ('O, emission increases
with increase in load for a constant speed of 3000
rpm. The graph is drawn with a comparison of
injecting MEA with not injecting MEA. The respec-
tive changes in carbon dioxide are observed. From
fig. 10, we could see a significant decrease in the
percentage of carbon dioxide with the injection of
MEA.

On varying the injection quantity and injection
rate with different injection angles may help to
observe the adsorption process of carbon dioxide
with MEA injection. Thus, with MEA injection
in the exhaust may help to reduce Carbon dioxide
emission to greater extent if proper injection param-
eters are fixed.

e With MEA
injection

€03 (%)

145 s Without MEA
injection

BMEP (bar)

FIGURE 10. CO, Vs BMEP

Along with After-Treatment devices, MEA injec-
tion is also preferred to meet the near future emis-
sion norms. MEA injection can also be used in
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advanced combustion concepts called low temper-
ature combustion processes, as the carbon dioxide
emission is obtained more in those combustion pro-
cesses.

8. Conclusion

Gasoline is used as engine fuel and for effec-
tive C'O4 reduction post combustion carbon cap-
ture system is used. In post combustion carbon
capture system C'O, is captured after the combus-
tion process. This process uses various absorption
catalysts to capture CO,. Among those catalyst
Monoethanolamine (MEA) is chosen, as MEA cost
is lesser and has the ability to react quickly with
CO- than other absorbent. MEA is injected in the
exhaust manifold of the engine. For which auxiliary
injection system for mono ethanol amine injection
is placed at the exhaust manifold. MEA reacts with
CO49 forms ammonium carbamate. Thus, causes
reduction in C'Oy emission. The CO, HC, NO and
CO, emissions are measured using AVL five gas
analyzer with gasoline as SI engine fuel. From
fig.10 we could observe significant decrease in the
percentage of C'O, by the injection of MEA to
the exhaust gases. Altering the injection angle and
injection quantity of MEA may result in much more
decrease in the percentage of C'O,.
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