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INTRODUCTION

ABSTRACT

The present study investigates the effects of various low carbon biofuels on CO, emission and other
performance and emission characteristics blended with Karanja oil methyl ester (KOME) in a single
cylinder Cl engine with a rated output of 5.2 KW at 1500 rpm. Carbon-di-oxide (CO,) emission is a major
threat to the environment as it causes global warming. The constant depletion of fossil fuels over the
years has changed the focus of researchers towards biofuels. The number of carbon atoms in the
molecular structure and carbon to hydrogen ratio of biofuel is one of the major causes for the increase
in CO, emission. Karanja (Pongamia pinnata) cil is available in plenty in India, and hence it may replace
conventional diesel fuel largely. However, KOME operated Cl engine emits higher CO, emission due to
higher carbon content compared to diesel. Blending of low carbon biofuel with KOME reduces CO,
emission. Low carbon biofuels like Eucalyptus oil (EU), Pine oil (PO), Camphor oil (CMO) and Orange oil
(ORG) were selected for this study and blended equally with KOME on volume basis. Performance,
emission and combustion parameters for all the blends were tested at part and full load conditions and
compared with neat diesel and neat KOME. CO, emission was lesser for all the low carbon biofuel
blends with KOME. Maximum reduction of 13% was observed with KOME-ORG blend compared to
neat KOME and 6% reduction of CO, emission for KOME-ORG blend compared to neat diesel at full load
condition. A slight increase in brake thermal efficiency is observed for KOME-ORG compared to neat
diesel and neat KOME with a slight increase in NO and CO emission at full load condition. With an
increase in brake thermal efficiency and reduction in CO, emission, equal blending of KOME-ORG iis the
best among the various blends tested, in terms of performance, emission and combustion parameters
compared to neat diesel and neat KOME.

Diesel engines are more popular prime mover because of
its high thermal efficiency, reliability and handling facili-

Global warming is a major threat to the environment. The
intergovernmental panel of climate control (IPCC) has pre-
dicted an increase of 1-2°C of earth’s surface temperature
by 2020 and 2-5°C by 2070. The IPCC has also predicted
that Asia would experience a rise in temperature, longer
summer heat spell, increase in extreme rainfall and a rise in
sea levels in coastal areas around the Indian Ocean, north-
ern and southern Pacific Ocean (Christensen et al. 2007).
The gases causing global warming are CO,, CH, and water
vapour. CO, is one of the major constituents for global warm-
ing. The climate change threatens the basic elements of life
for people around the world-access to water, food, health
and use of land and environment. Increase in temperature,
sea level and storm surges will cause a substantial impact
on transport infrastructure (Stern et al. 2007). In the current
scenario, CO, emission from fossil fuels is likely to increase
by 39% by 2030 (Mofijur et al. 2012).

ties. Many studies have shown that in the current scenario,
specific CO, emissions can be reduced by using biofuels in
CI engines as they are plantation carbon neutral (Makoto et
al. 2007, Thomas et al. 2008, Wagner et al. 2008, Hausberger
1998 and Stangeland 2007). Edible oil in India is deficit but
non edible oils like Jatropha, Karanja, Mahua, Neem etc. are
available in large scale in India (Shivkumar et al. 2013).
Karanja oil being non-edible and available abundantly in
India, is one of the promising renewable fuel sources consid-
ered as an alternate to diesel. Many researchers (Srivastava et
al. 2008, Nabi et al. 2009, Bhupendta Singh et al. 2013, Sahoo
et al. 2009, Suresh Kumar et al. 2008, Baiju et al. 2009 and
Raheman et al. 2004) have studied karanja oil biodiesel uti-
lization in a diesel engine. Chauhan et al. (2013) and Suresh
Kumar et al. (2008) reported an increase in CO, emission
while utilizing karanja oil biodiesel compared to neat diesel
due to its longer carbon chain.
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Many researchers have reported that low carbon-hydro-
gen ratio and low carbon content of fuel reduces CO, emis-
sion (Devan et al. 2009a, Lulaji et al. 2011, Tarabet et al.
2014, Atmanl et al. 2014, An et al. 2012, Coronado et al.
2009, Swaminathan et al. 2012, Ahmet et al. 2009, Dorado
etal. 2003, Atmanl et al. 2013, Kasiraman et al. 2012). Lujaji
et al. (2011) investigated the fuel properties, engine per-
formance, emission and combustion characteristics of a four
cylinder turbo charged DI diesel engine using croton oil,
butanol and diesel blends. They noted that CO, emission is
less, as butanol content increases in the blends compared to
neat diesel due to less carbon to hydrogen ratio. Coronado
et al. (2009) analysed various fuels like gasoline, diesel
ethanol, soybean biodiesel and used frying oil to calculate
CO, emissions per cubic meter of fuel, based on fuel struc-
ture at stoichiometric ratio. They estimated that 1 m*® of
gasoline emits 2.316 ton of CO,, 1 m?® of diesel emits 2.683
tons of CO,, 1 m? of ethanol emits 1.511 tons of Co,1 m? of
soybean biodiesel emits 2.48 ton CO, and 1 m® of used
frying oil emits 2.492 ton CO,. Among the various fuels
analysed, ethanol emits less CO, emission due to low car-
bon content in the fuel. Ahmet et al. (2009) studied the
performance and emission characteristics of a six cylinder
DI diesel engine using waste palm oil and canola oil methyl
ester. They concluded that CO, emission for waste palm oil
was 1.8% less compared to diesel and 3.6% less compared
to canola oil methyl ester which is due to lower carbon-
hydrogen ratio of waste palm oil compared to canola oil
methyl ester and diesel fuel. The literature study indicated
that combustion of low carbon fuels reduces CO, emission.
Higher CO, emission from karanja oil methyl ester can be
reduced by blending low carbon biofuels which will reduce
the CO, emission and also increases the net negative CO,
effect considering well to wheel analysis.

Four low carbon biofuels, Eucalyptus oil, camphor oil,
pine oil and orange oil were identified as potential fuels for
reducing CO, emission based on the molecular structure
from the literature study. Tarabet et al. (2014) investigated
the performance and emission characteristics of a single cyl-
inder DI diesel engine using Eucalyptus oil biodiesel and
natural gas in dual fuel mode. They concluded that CO,
emission was less for Eucalyptus oil biodiesel compared to
diesel and CO, emission was further reduced with natural
gas due to lower carbon-hydrogen ratio. Similar results were
reported by Devan et al. (2009b) while studying perform-
ance, emission and combustion characteristics of CI engine
using methyl ester of paradise oil-Eucalyptus oil blends.
They stated that blending paradise oil with Eucalyptus oil
reduces viscosity and increases volatility. They concluded
with their observations of reduction in smoke, HC and CO
emission and slight increase in NO emission and brake ther-
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mal efficiency that, methyl ester of paradise oil (50%)-Eu-
calyptus oil (50%) is optimum blend. Kasiraman et al. (2012)
conducted experiments using camphor oil-cashew nut shell
oil blend and compared performance, emission and com-
bustion parameters with diesel. They reported an improve-
ment in performance and emission characteristics of cashew
nut shell oil and camphor oil blend. Vallinayagam et al.
(2013) conducted experiments using kapok oil biodiesel,
pine oil blends in a single cylinder CI engine, and com-
pared the performance and emission characteristics. They
concluded that increase in pine oil in the blend, causes
knocking due to low cetane number of pine oil. Their re-
sults indicated that kapok oil biodiesel (50%) -pine oil (50%)
blend is optimum in terms of performance and emission
characteristics. Purushothaman et al. (2009) investigated
the performance and emission characteristics of CI engine
with neat orange oil and compared it with diesel. They ob-
served an increase in brake thermal efficiency and reduc-
tion in HC, CO and smoke emission for neat orange oil
compared to diesel and slight increase in NO emission for
neat orange oil. The experimental results from the literature
corresponding to Eucalyptus oil, camphor oil, pine oil and
orange oil lack detailed discussion of CO, emission due to
the low carbon content of the fuels which is addressed in
this experimental work.

In the present work, KOME was tested as an alternate to
diesel in a single cylinder CI engine. KOME emits more
CO, compared to diesel. The main aim of the work is to
reduce the CO, emission produced from KOME operation
in a CI engine by blending low carbon secondary biofuels.
Experimental tests were conducted using 50% KOME and
50% Eucalyptus oil (KOME-EU), 50% KOME and 50% pine
oil (KOME-PO), 50% KOME and 50% camphor oil (KOME-
CMO) and 50% KOME and 50% orange oil (KOME-ORG)
blends in equal proportion on volume basis, in order to
study the reduction in CO, emission and its implication on
performance, emission and combustion parameters com-
pared to neat diesel and KOME. The well to wheel analysis
for KOME and the optimized blend based on minimum CO,

Table 1: Properties of neat diesel and neat karanja oil methyl ester
(KOME).

Property Diesel Karanja Oil
Methyl Ester
(KOME)

Average Molecular Formula C Hy C,,H,0,

Kinematic viscosity,cST @ 40°C 3.6 4.

Density @ 15°C, g/cm3 0.840 0.858

Lower Heating value klJ/kg 42700 41200

Cetane index 52 49

Flash point,°C 74 135
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emission was also done to calculate the overall negative
CO, emission (Table 5).

Test fuels: The blends of 50% KOME and 50% Eucalyptus
oil (KOME-EU), 50% KOME and 50% pine oil (KOME-
PO), 50% KOME and 50% camphor oil (KOME-CMO) and
50% KOME and 50% orange oil (KOME-ORG) were pre-
pared on volume basis and observed for any phase separa-
tion. There were no phase separations observed in the blends.
Table 1 shows the physicochemical properties of neat KOME
and neat diesel.

Table 2 shows the comparison of physicochemical prop-
erties of Eucalyptus oil, pine oil, camphor oil and orange
oil. Table 2 indicates that low carbon biofuels have low
viscosity and low cetane number except for orange oil.
Hence, Eucalyptus oil, camphor oil and pine oil operation
as a single fuel in CI engine is not feasible. The carbon
content of all the biofuels is low as evident with the mo-
lecular formula.

Table 3 shows the important properties for blends of
KOME-EU, KOME-PO, KOME-CMO and KOME-ORG.

Experimental setup and test procedure: A single cylinder
water-cooled four-stroke direct injection compression igni-
tion engine which runs at 1500 rpm and develops 5.2 kW
power coupled with eddy current dynamometer was used
for experimentation. Table 4 highlights the test engine speci-
fications. The engine has a hemispherical combustion cham-
ber with overhead valves. Cylinder head of the engine was
modified to mount a piezoelectric pressure transducer flush
with the cylinder to measure the pressure and a TDC pulse
pick up was used to measure the crank angle. The cylinder
pressure and TDC signals were acquired and stored on a
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high speed computer based Digital Data Acquisition Sys-
tem (PCDDS). Data from 100 consecutive cycles were re-
corded and the signals were processed with “Engine Soft”
software to obtain the combustion parameters such as pres-
sure-crank angle and the heat release rate. The CO, HC, NO
and CO, emission was measured using AVL five gas ana-
lyser and smoke emission was measured using AVL 432c¢
smoke meter. The experimental setup is shown in Fig. 1.

Initially, the engine was tested with neat diesel and
KOME at 1500 rpm for full and part load conditions as base
data. Experiments were conducted with biofuel blends of
50% KOME and 50% Eucalyptus oil (KOME-EU), 50%
KOME and 50% pine oil (KOME-PO), 50% KOME and 50%
camphor oil (KOME-CMO) and 50% KOME and 50% or-
ange oil (KOME-ORG) at 1500 rpm for full and part load
conditions. The performance, emission and combustion char-
acteristics were obtained for various blends and compared
with base data.

RESULTS AND DISCUSSION

CO, emission: Fig. 2 shows the variation of CO, emission
for various blends with KOME compared to diesel and
KOME at part load and full load conditions. CO, emission
is directly proportional to the number of carbon atoms
present in the fuel. Another important reason for CO, emis-
sion is carbon to hydrogen ratio in the fuel. At full load, CO,
emission for diesel is 810.17 g/kW-h and for KOME is
1098.84 ¢/kW-h. Higher CO, emission for KOME com-
pared to neat diesel is due to higher number of carbon atoms
present in KOME. Another possible reason may be due to
higher density of KOME compared to diesel and hence over-
all fuel mass is increased during KOME operation. Biofuels

-

Fig. 1: Schematic diagram of experimental setup.
1. Engine 2. Eddy current dynamometer 3. Air filter 4. Air box 5. Fuel tank 6. Fuel filter 7. Fuel pump 8. Fuel injector 9. AVL exhaust gas
analyzer 10. AVL smoke meter 11. Pressure transducer 12. Charge Amplifier 13. Analog to digital converter 14. TDC pickup
15. Data acquisition system
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Table 2: Properties of various low carbon biofuels.

like Eucalyptus oil, camphor oil, pine oil and orange oil
have low number of carbon atoms in their molecular struc-
ture as shown in Table 2 and hence blending these biofuels
with KOME may result in overall reduction of carbon at-
oms. CO, emission for KOME-EU blend is 1015.92 g/kW-h,
KOME-CMO blend is 999.68 g/kW-h and KOME-PO blend
15 995.46 g/kW-h, which is less as compared to neat diesel
and KOME because of lower carbon hydrogen ratio. The
minimum CO, emission is observed for KOME-ORG blend

Table 5: Well to wheel analysis for diesel, KOME and KOME-ORG.

Property Eucalyptus oil (EU) Pine oil (PO) Camphor oil (CMO) Orange oil (ORG)
Molecular Formula CHO C, H, BrN, CHoO C,H,O0
Kinematic viscosity,cST @ 40°C 2.0 1.3 1. 3.52
Density @ 15°C, g/cm? 0.895 0.875 0.894 0.816
Lower Heating value klJ/kg 43270 42800 38200 34650
Cetane index 28 11 5 47
Flash point, °C 54 52 50 74
Molar mass g/mole 154 292 152 156
Carbon content (%) 78 45 79 77
Hydrogen content (%) 12 3 11 13
Oxygen content (%) 10 0 10 10
Carbon-Hydrogen ratio 0.55 1.1 0.62 0.5
Stoichiometric A/F ratio 13.80 7.04 13.53 14.16
Table 3: Properties of blends of various low carbonbiofuels with neat KOME.
Property KOME-EU KOME-PO KOME-CMO KOME-ORG
(50-50) (% volume) (50-50) (% volume) (50-50) (% volume) (50-50) (% volume)
Kinematic viscosity,cST @ 40°C 3.5 3.1 3.4 4.2
Density @ 15°C, g/cm3 0.876 0.866 0.876 0.837
Lower Heating value kJ/kg 42235 42000 39700 37925
Calculated cetane index 39 30 27 48
Table 4: Engine specifications. L.
which is 797.46 g/kW-h because of reduced carbon content
Make and Model Kirloskar AV1 and lower carbon to hydrogen ratio compared to other low
] ] ] carbon biofuel blends with KOME, neat diesel and KOME.
Engine Type f(';;iz cé’};gftefnj‘;’::f;n Density of fuel plays a major role in CO, emission forma-
constant speed tion. KOME-ORG blend has minimum density compared to
Bore (mm) 87.5 other low carbon biofuel blends. Maximum percentage re-
Stroke (mm) 110 duction of CO, emission is 13% with KOME-ORG blend
ggggf;fv‘g; ‘;3‘1“; 00rpm ;7,25]('\1” compared to neat KOME and 6% with KOME-ORG blend
Injection Pressure (bar) 200 compared to diesel. Similar trends were observed in part
Injection timing 23°bTDC load conditions also.

Performance Characteristics

Brake thermal efficiency: The variation of brake thermal
efficiency for various low carbon biofuel blends with KOME
compared with neat KOME and diesel at part load and full
load conditions are shown in Fig. 3. The brake thermal effi-
ciency of KOME is similar to that of diesel at part load and
full load conditions. This is because of similar properties
like lower heating value and cetane index as shown in Ta-
ble 1 for both diesel and KOME. At full load, brake thermal
efficiency of diesel is 29.9 % and for KOME is 28.8 %. The

Diesel KOME KOME-ORG
CO, emission (kg) per kg of fuel burnt 2.88 3.37 2.7
Well to wheel analysis for 1 kg of fuel 0 25 21
Negative CO, impact 0 -21.63 -18.3

Vol. 15, No. 4, 2016 ® Nature Environment and Pollution Technology
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Fig. 2: Variation of CO, emission for various blends at full load and
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Fig. 3: Variation of brake thermal efficiency for various blends at
full load and part load conditions.
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Fig.4 Variation of BSEC for various blends at part load and
full load conditions

maximum brake thermal efficiency is observed for KOME-
ORG blend (32.36 %) compared to all other low carbon
biofuel blends, diesel and neat KOME at full load.

This is due to less number of double bonds present in
the structure, higher cetane number, low density, high vola-
tility, shorter chain length and more saturated carbon bond
in KOME-ORG blend, compared to other low carbon biofuel
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blends. Higher hydrogen content in KOME-ORG blend is
also another reason for improvement in combustion. KOME-
CMO blend has almost same brake thermal efficiency com-
pared to neat diesel and KOME. KOME-EU and KOME-PO
blends have lower brake thermal efficiency compared to the
other fuels. At part load, similar trends are observed for all
low carbon biofuel blends compared to neat diesel and
KOME.

Brake Specific Energy Consumption (BSEC): The varia-
tion of brake specific energy consumption (BSEC) for vari-
ous low carbon bio fuel blends with KOME is compared
with neat KOME and diesel at part and full load conditions
in Fig. 4. There is minimal change observed in BSEC of
neat diesel and KOME because of similar properties like
density, viscosity possessed by both the fuels. The BSEC
for neat diesel is 12.03 MJ/kWh and for KOME is 12.48 MJ/
kWh at full load. BSEC for KOME-ORG blendis 11.16 MJ/
kWh which is less compared to diesel and neat KOME at
full load. This may be due to lower density and better vola-
tility of KOME-ORG blend compared to neat diesel and
KOME resulting in better mixing of fuel and air. The BSEC
for KOME-CMO is similar to neat diesel and KOME. BSEC
for KOME-EU and KOME-PO are higher compared to other
fuels tested.

Emission Characteristics

NO emission: The variation of NO emission for various low
carbon biofuel blends with KOME is compared with neat
diesel and KOME at part and full load conditions are shown
in Fig. 5. Longer ignition delay, higher combustion tem-
perature, availability of oxygen and resident time are major
causes of NO emission. At full load, NO emission for neat
diesel is 9.06 g/kW-h and neat KOME is 10.25 g/kW-h.
Increase in NO emission for neat KOME compared to neat
diesel is due to oxygen atoms present in KOME. NO emis-
sion for KOME-ORG is 10.35 g/kW-h which is higher com-
pared to neat diesel and KOME. This may be due to low
density and better volatility of KOME-ORG blend which
resulted in an improvement in premixed combustion. An-
other probable reason for increase in NO emission for KOME-
ORG blend may be due to higher incylinder temperature,
hence less heat is released in later part of combustion which
reduces the EGT. NO emission for KOME-EU is 9.84 /kW-
h, KOME-CMO is 10.30 g/kW-h and KOME-PO is 10.32 g/
kW-h at full load condition. NO emission is more for all low
carbon biofuel blends with KOME compared to diesel .

Smoke emission: Fig. 6 shows the variation of smoke emis-
sion for various biofuel blends with KOME compared to
diesel and KOME. At part load, maximum smoke emission
is for KOME compared to diesel and other KOME-low car-
bon biofuel blends due to longer hydrocarbon chain and

Nature Environment and Pollution Technology ® Vol. 15, No. 4, 2016
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high viscosity of KOME. At full load, smoke emission for
diesel is 51% and KOME is 49.4 %. Reduction in smoke
emission for KOME may be due to presence of oxygen at-
oms in its structure. Smoke emission for KOME-ORG blend
is 47% which is less as compared to neat diesel and KOME.
This may be due to low viscosity, low density and better
volatility of the blend compared to neat diesel and KOME,
which resulted in proper atomization and mixture forma-
tion. Another possible reason may be due to availability of
oxygen atoms and higher incylinder temperature which re-
duces smoke formation. Minimum smoke emission of 38.2

S. Thiyagarajan et al.

% is observed for KOME-PO blend, this may be due to low
viscosity of pine oil which improves the atomization.

HC emissions: Fig. 7 shows the variation of HC emissions
for various low carbon biofuel blends with KOME at part
load and full load conditions. At full load, HC emission for
diesel is 0.49 g/kW-h which is high compared to 0.39
g/kW-h for KOME. This is due to inherent oxygen avail-
ability in KOME which oxidizes HC to CO, and H,0. HC
emission is less for all the biofuel blends with KOME com-
pared to diesel and KOME. At full load, HC emissions are
0.37 g/kW-h for KOME-EU blend, 0.37 g/kW-h for KOME-
CMO and 0.38 g/kW-h for KOME-PO blend. The minimum
HC emissions is found to be 0.35 g/kW-h for KOME-ORG
blend. The reason for reduction in HC emission for all low
carbon biofuel blends with KOME compared to neat diesel
and KOME is due to lower C-H ratio in the molecular struc-
ture of the fuel. KOME-ORG is having minimum C-H ratio
which may lead to better combustion compared to other
low carbon biofuel blends with KOME, hence minimum
HC emissions.

Combustion Characteristics

Heat release rate: Fig. 8 shows the variation of heat release
rate with crank angle at full load condition for KOME-ORG
blend, diesel and KOME. The maximum heat release rate
for KOME is less compared to diesel and it is occurring in
advance. The maximum heat release rate for diesel fuel is 34
J/°CA and for KOME 30 J/°CA. This is due to the conse-
quence of shorter ignition delay and lower premixed com-
bustion phase of KOME compared to diesel fuel. Higher
ignition delay for diesel compared to KOME increases the
accumulation of diesel fuel which increases the maximum
heat release rate. The occurrence of maximum heat release
rate for KOME-ORG is advanced compared to diesel maxi-
mum heat release rate point, which is due to shorter ignition
delay of the blends.

The maximum heat release rate obtained for KOME-ORG
blend is 42.77 J/°CA which is less as compared to diesel but
higher than KOME. Heat release at later part of combustion
is low for KOME and KOME-ORG blend compared to neat
diesel, this may be due to the presence of oxygen atoms
which aids in complete combustion of remaining fuels which
is not burnt in main combustion phase.

CONCLUSIONS

The effect of low carbon biofuel fuel blending with KOME
on CO, emissions and its impacts on other performance,
emissions and combustion parameters was studied in a sin-
gle cylinder CI engine and compared with neat diesel and
KOME. The following are the major conclusions obtained
based on experimental results:

Vol. 15, No. 4, 2016 ® Nature Environment and Pollution Technology
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Fig. 8: Variation of heat release rate with crank angle at full load for diesel, KOME and KOME-ORG blend.

1. The maximum CO, emission reduction is observed with
KOME-ORG when compared to other low carbon biofuel
blends with KOME. CO, emission for KOME-ORG blend
isreduced by 13% and 6% when compared to neat KOME
and diesel, respectively. The reduction in CO, emission
is due to lower carbon atoms present in the blend KOME-
ORG compared to other low carbon biofuel blends with
KOME.

2. The maximum brake thermal efficiency is observed for
KOME-ORG when compared to other low carbon biofuel
blends, neat diesel and neat KOME. Brake thermal effi-
ciency of KOME-ORG is 32.66 %, neat diesel is 29.9 %
and KOME is 28.8 %.

3. NO emission is higher for KOME compared to diesel
due to presence of oxygen atoms. NO emission for
KOME-ORG is 4 % higher compared to neat KOME.

4. Smoke emission for KOME-ORG is 22 % less compared
to KOME, because of improved combustion.

With higher brake thermal efficiency, reduced CO, HC,
smoke, CO, emissions and marginally increased NO emis-
sion, KOME-ORG blend is considered as optimum blend
among other low carbon biofuel blend with KOME for re-
ducing CO, emission.

Karanja oil is called as ‘second generation fuel’ because
of its nitrogen fixing capabilities, it can grow in any land
with minimum water requirement. Considering well to wheel
analysis, negative CO, effect of KOME-ORG is -18.3 kg.
The eco recycling of karanja oil and orange oil makes it a
better fuel for reducing the overall CO, sequestration.
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