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Abstract

The exhaustion of fossil fuels and sharp rise in crude oil prices has led to the development of various alternative fuels. Alternative fuels
are a necessity to meet rising energy consumption rates and to ensure eco-friendly growth. Alternative fuels that can be regenerated, are
sustainable and have clean burning capacity to help promote an eco-friendly development. Whereas there have been various ideas and
technologies relating to biodiesel as an alternative fuel, these tend to be restricted to the distant future insofar as compression-ignition
engines are concerned. Biodiesel, produced by reacting triglycerides which are the main component of animal or plant-based fatty acids
with methanol, is known to be an eco-friendly alternative fuel that can take the place of conventional petroleum diesel. In the present study,
biodiesel (palm oil) was mixed at a certain ratio with commercially sold diesel, then introduced into a TCDI engine which was run at low
load conditions for engine performance and exhaust gas measurement. Both engine output and torque were reduced, and fuel consumption
increased to make up for the reduction in output. There were slight reductions in NOx and CO2 emissions, but changes in CO and HC

emissions were negligible.
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1. Introduction

Substances gained from fossil fuels have applications in a diversity
of fields (industrial development, transportation, agriculture, medi-
cine, electronics, fashion etc.), and are widely consumed as fuel for
transport. However, increasing energy demands along with increas-
ing trends of modernization and industrialization, and decreasing
fossil fuel resources, can be attributed to a rise in renewable alter-
native fuels. Biodiesel is among the best alternative fuels available
to satisfy the world's energy demands.

Many studies on the engine performance and exhaust emission of
Cl engines, fueled with petro biodiesel and its blends with petro-
diesel, have been investigated and are reported in the literature. Al-
taie et al. [1] tested enriched blends by adding methyl oleate (MO)
to palm oil methyl ester (PME) at specified volumetric ratios
(vol/vol%). The use of enriched blends reported lower exhaust gas
temperature and decreased CO, HC, and NOx emissions, while
brake-specific fuel consumption was increased. Phoungthong et al.
[2] studied the characteristics of PM, PAHs, and BaPeq emissions
from IDI turbo diesel engines using 40%- and 50%-content palm
biodiesel blends with petro diesel, operating from 0 to 1000h. Using
palm oil blends instead of commercial diesel reduced emissions of
PM (8.2%-33.9%), total PAHs (13.3%-40.6%), and total BaPeq
(35.4%-67.4%) significantly. Kariklan et al. [3] investigated
jatropha-mineral turpentine (JMT) and jatropha-wood turpentine
(JWT) blends.

Recently, research has been conducted on various types of bio-
diesels such as cashew nut shell, moringa, pogamiacamelina, and
karanja. Devarajan et al. [4] studied the impact of adding pentanol
to cashew nut shell biodiesel (10%, 20% content) on performance

and emission characteristics in a constant speed compression igni-
tion engine. CO and HC emission were reduced by 11.1%-12.3%
and 3.6%-4.8% for cashew net shell biodiesel/pentanol blends at all
loads. Rashed et al. [5] studied the performance and emission char-
acteristics of 20% moringa biodiesel with diesel in a diesel engine
at varying engine speeds. The diesel-biodiesel blend fuel with 20%
moringa increased BSFC by 5.42%-8.39% and lowered CO and HC
by 22.3%-32.7% and 11.8%-30.26%, respectively. M. Prabhahar et
al. [6] applied thermal barrier coatings in a 3.7 kW, four stroke sin-
gle cylinder diesel engine to decrease exhaust emissions and im-
prove combustion and thermal efficiency. It was concluded that a
ceramic-coated engine with biodiesel may increase thermal effi-
ciency and reduce harmful emissions.

Engine performance and exhaust emission is emitted differs as the
same biodiesel is used for the engine and turbocharger types. In this
study, the experiment used turbocharged common rail direct injec-
tion (TCDI) diesel engines without significant modification at low
load range. The performance and emission characteristics of palm
biodiesel blend fuels were studied and compared with petroleum
diesel.

2. Bibliographical review

Biodiesel, which has very similar combustion properties to diesel
and is therefore able to substitute the diesel that is currently being
used, can be transported and sold using existing facilities. This
means that it conforms to the recent trends of green growth and
green products, and is a strong potential candidate to replace fossil
fuels used as energy resources for transportation [7]. Various coun-
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tries are providing policy support for biodiesel, which is fast grow-
ing in terms of the proportion of energy sources it accounts for. Ta-
ble 1 is a list of the key feedstocks used in the 6 world's largest
biodiesel producers. Brazil, which is the fourth largest producer,
uses 76.9% soybean oil, 19.8% animal fat, and 2.2% cotton oil as
feedstock. The remaining 1.1 % is accounted for by palm oil, peanut
oil, oilseed radish oil, sunflower oil, castor oil, sesame oil, waste
frying oil and other oil products [8]. Fig. 1 shows currently com-
mercialized methods of producing biodiesel. Biodiesel is a fuel
composed of long-chain fatty acid alkyl esters, from vegetable oils
or animal fats. Biodiesel is comprised of methyl esters that have
been subject to a catalyzed transesterification process. To address
the high viscosity of the triglycerides which are its main component,
bio diesel is subjected to an esterification reaction and then sepa-
rated and extracted from water and other impurities to make it suit-
able for use in diesel engines. Biodiesel is a methyl ester substance
with hydrocarbon chain 14 to 24 carbons long. Whereas the hydro-
carbon chain is similar to diesel (C10~C21), its molecular structure
includes oxygen. Its properties are very similar to conventional pe-
troleum diesel, making perfect mixing possible [9][10]. Advantages

of biodiesel include low air-toxins and cancer-causing compounds,
no sulfur oxide emissions, less CO2 emissions, and the inclusion of
oxygen in its structure allowing complete combustion. In the eco-
logical aspect, biodiesel causes lower smoke and particulate emis-
sions, and is free of SOz, CO and aromatic hydrocarbons [11]. Bio-
diesel includes 11% (W1%) oxygen, is biodegradable making it safe
for the ecosystem, as well having a high cetane number, and can be
used in existing diesel motor vehicles without engine modifications.

Table 1: Biodiesel Producer and Its Main Feedstocks

No.  Country Feedstock

1 United states Soybeans/waste oil/ peanut

2 Germany Rapeseed

3 Argentina Soybeans

4 Brazil Soybeans/cotton oil/animal fat/palm oil
5 Indonesia Palm oil/jatropha/coconut

6 France Rapeseed/sunflower
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Fig. 1: Schematic Diagram of the Experimental Setup.
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Fig. 2: Synthetic Method of Biodiesel from Triglyceride.

2.1. Experimental setup

The experimental setup used, comprises the experimental engine,
engine dynamometer, combustion analysis system, fuel consump-
tion measuring apparatus, and an exhaust gas analyzer. A schematic
diagram of the experimental setup for engine performance is shown
in Fig. 3.

Facilities to monitor and control engine variables were installed on
a test-bed, four-cylinder, direct injection, fur-stroke, water-cooled,
diesel engine located at the authors’ laboratory. The engine is tur-
bocharged with a fixed geometry turbocharger and intercooler. The
basic data for the engine, injection system and turbocharger are
shown in Table 2. It is widely used to family sedan and sport utility

vehicle. This engine is connected to an eddy-current electric dyna-
mometer with a maximum power absorption capacity of 228 kW /
8,000 rpm to control engine revolutions and load and measure brake
torque.

Table 2: Engine, injection system and turbocharged basic data
4-cylinder, in-line, 4-storke, compression ignition, di-
rect injection, water-cooled, turbocharged

800 - 4500 rpm

Engine type

Speed range
Engine total

. 1991 cm®
displacement
Bore/stroke 83 mm/92 mm
Valve type SOHC
Compression 1751

ratio
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Firing order 1-3-4-2
Maximum 89 kW at 3800 rpm
power

Maximum 280 Nm at 2000 rpm
torque

Diesel injec- i

2 Common rail

tion system

Fuel injection Max. 1600 bar
pressure

Turbocharger  Fixed geometry(FGT)

The flow rate of fuel was measured using a Digmesa FHK turbine
type flow meter. Exhaust gas, cooling water, inlet flash air and en-
gine oil temperatures were measured by using a K-type thermocou-
ple. Also, for the engine and dynamometer cooling water, water
with 2kg/cm? pressure and 1,000L/h flowrate was used from a city
water facility.

Gaseous emissions were measured by a Horiba MEXA-554JK gas
analyzer, a non-dispersive infrared (NDIR) analyzer for CO, HC,
and an electrochemical cell for NOx. Measuring instruments accu-
racies are shown in Table 3. To insure that accuracy of the measured
emission values, the exhaust gas analyzer was calibrated before
measurement using standard gas.

Table 3: Measuring Instrument Details

Measurements Measurement range Accuracy
Load capacity 0-75 kgf 0.25%
Engine speed 0-7,000 rpm +5 rpm
Temperature -200 °C to 1,000 °C +1°C

Flow rate 0.027-8.30 L/min +1.0%

CO 0-10 % vol. 0.01 % vol.
CO2 0-20 % vol. 0.17 % vol.
HC 0-10,000 ppm vol. 2.0 ppm vol.
NOXx 0-5,000 ppm vol. 1.0 ppm vol.
02 0-25 % vol. 1.0 % vol.

2.2. Tested fuels

The physical properties of the palm oil-based biodiesel fuel used in
the present study are shown in Table 5. The biodiesel fuel blend
(BD) represents the mix ratio between diesel and biodiesel. DB20
stands for diesel including 20% biodiesel by volume. 0% (DBO0), 20%
(DB20), and 40% (DB40) samples were prepared and used. Using
the samples prepared by mixing biodiesel with diesel at varying ra-
tios, engine dynamometer testing was carried out to analyze engine
performance and exhaust gas tendencies depending on the mix ratio
between palm oil biodiesel and diesel.

Table 4: Test Conditions

Operation condition Variation
BD content (vol. %) 0, 20, 40
Load (%) 20

Engine speed (rpm) 1300, 1700, 2000, 2300

Table 5: Properties of Petro Diesel and Biodiesel

Property Petro diesel c?ileos-el (Palm)

Standard ASTM D 975 ASTM D 675
L. Hydrocarbon FAME

Calpeaian (cy10~021) (C12~C22)

Kinematic viscosity(mm?/s,

P Y 1.9-4.1 1.9-6.0

Specific gravity (mg/L) 0.85 0.88

Flash point (°C) 60~80 100~170

Cloud point (°C) -15~5 -3~12

Pour point (°C) -35~15 -15~16

Water (wt. %) 0.05 0.05

Carbon (wt. %) 87 77

Hydrogen (wt. %) 13 12

Oxygen (wt. %) 0 11

Sulfur (wt. %) 0.05 0.05

Cetane number 40~55 48~60

2.3. Experimental methods

As the experiment was devised to compare engine performance and
emissions characteristics according to mixed diesel-biodiesel fuel
at various ratios, all conditions other than the mix ratios of the
mixed fuels used were kept the same. The revolutions of the exper-
imental engine were set to 1300, 1700, 2000 and 2300 rpm, which
are the most frequently used revolutions during actual vehicle op-
eration. The load factor was fixed at 20%. All tests were carried out
3 times under the same conditions, and the average values were
used as the results. Also, whenever test conditions were changed,
the engine was allowed to run for a sufficient time so that the pre-
vious experiment would not impact the results of the next. The ex-
haust gas analyzer was calibrated to match the standard gas concen-
tration, after which various exhaust emissions were measured.

Brake power (PB), brake specific fuel consumption (BSFC) and
brake thermal efficiency (BTE) for the biodiesel blend and petro-
leum diesel were calculated according to Egs. (1) (3), respectively:

27ZNT

PB(KW )= Q)
60 x 1000
m
BSFC (g /kW -h) = —— @)
PB
3600
BTE (%) = ——000 3
T )

Where T is brake torque in Nm, N is engine speed in rpm, mf is the
mass flow rate of fuel in g/h, and QHHYV is the high calorific value
of fuel in MJ/kg. The measurements from the experiment were as
follow.

3. Result and discussion

In the present study, a water-cooled 4-cycle TCDI engine was used
to measure output, torque, fuel consumption, and exhaust gases ac-
cording to biodiesel mix ratio (BDO, BD20, and BD40) to analyze
engine performance and exhaust gas characteristics.

Fig. 2 shows the changes in engine output and torque according to
changes in fuel and engine revolutions. For all test fuels, output and
torque tended to decrease as rpm increased. Overall, torque and out-
put were lower for BD20 and BD40 compared to BDO. However,
at 1700 rpm, it was found that there was almost no difference be-
tween BDO and the mixed fuels.
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Fig. 2: Change in the Engine Performance in Accordance with Engine
Speed.

Brake-specific fuel consumption is defined as the fuel consumed to
produce unit power, and its variations with brake power for the
tested fuels is shown in Fig.3. As brake power increased, BSFC for
all the fuels decreased. The average BSFC for diesel, B10, B20,
B30, and B50 over brake power in the range of 0.0 to 30.0kW were
263.59/kW-h, 282.6g/kW-h, 299.8g/kW-h, 310.3g/kW-h, and
327.6g/kW-h, respectively. Thus, average BSFCs were 7.2%,
13.6%, 17.5%, and 24.0% higher than diesel for B10, B20, B30,
and B50. The BSFC of a compression ignition engine depends on
the relationships between the volumetric fuel injection system, fuel
density, viscosity, and calorific value [14].
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Fig. 3: Variation of BTE with Brake Power for Different Biodiesel Blends
and Diesel.

Fig. 4 shows the variations of exhaust gas temperature with brake
power in the range of 0.0 to 30.0 kW for diesel and biodiesel blends.
Fig. 4 clearly shows that, over the entire range of brake power, all
biodiesel blended fuels produced higher exhaust gas temperatures
than diesel. The highest exhaust gas temperature values for diesel,
B10, B20, B30, and B50 were 435°C, 446°C, 468°C, 494°C, and
514°C, respectively. The maximum exhaust temperature of B10
was very close to the maximum value obtained with petro-diesel.
Moreover, ignition delay occurred in fewer periods due to an in-
crease in cetan number [15].
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Fig. 4: Variation of Exhaust Gas Temperature with Brake Power for Differ-
ent Biodiesel Blends and Diesel.

Fig. 5 shows the variations of carbon monoxide (CO) with different
loads for diesel and biodiesel blends. CO is an intermediate com-
bustion product and is formed mainly due to incomplete fuel com-
bustion. If the fuel is completely burned, CO is converted to CO..
If the fuel is incompletely burned due to lack of air or low exhaust
gas temperature, CO will be formed [16]. It is observed from brake
power in the range of 0.0 to 20.0 kW that there was no definite trend
(increasing or decreasing) among biodiesel content increase in the
blends. However, it tended to increase at around 25kW. Because of
the presence of oxygen in the biodiesel blend, complete combustion
was possible, resulting in less CO than diesel [17]. Due to biodiesel
being difficult to atomize, the locally rich mixtures of biodiesel
caused more CO to be produced during combustion [18].

Hydrocarbon (HC) is one of the important exhaust gas characteris-
tic of biodiesel blends in diesel engine. HC emission appears differ-
ently depending on engine operating condition, fuel properties, and
fuel spray characteristics [19]. HC emission for biodiesel blends
with respect to brake power is presented in Fig. 6. HC emission
from B10, B20, B30, and B50 are 9%, 15%, 21%, and 27% lower
than diesel. Reduced HC emission for blend fuels can be explained
by the higher oxygen content and higher cetane number of biodiesel
fuel. Palm biodiesel has a higher cetane number and higher satu-
rated fatty acid content than other biodiesels such as jatropa and
moringa [5]. In addition, Altaie et al. reported that a higher cetane
number in fuel led to a reduction in combustion delay [1].
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Fig. 5: Variation of CO with Brake Power for Different Biodiesel Blends
and Diesel.
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Fig. 6: Variation of BSFC with Brake Power for Different Biodiesel Blends
and Diesel.

The NOXx (nitrogen oxides) in exhaust gas contain NO (nitric oxide)
and NO:2 (nitrogen dioxide). These are produced during engine
combustion, especially at a high temperature in-cylinder. Fig. 7
shows the NOx emission from the engine using different diesel-bi-
odiesel blended fuels and diesel. The results show that NOx in-
creased with brake power for different blends and diesel. NOx in-
creases with the increase of biodiesel content in the blend fuel for
corresponding brake power. A similar result for NOx emission was
reported when a jatropa biodiesel blend in a diesel engine was tested
[20]. The highest NOx values for diesel, B10, B20, B30, and B50
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were 196ppm, 198ppm, 252ppm, 303ppm and 363ppm, respec-
tively. Among the blends tested, B10 is very close to petro-diesel.
On average, B10, B20, B30, and B50 increased NO emission by 4%,
17%, 38% and 56%, respectively. Biodiesel has a higher cetane
number than does diesel fuel, which shortens the ignition delay pe-
riod [21]. The results gained from the experiment show that using
vegetable oil in diesel engine increases NOx emissions, which is in
accordance with that which was posited by Wang et al .[22].
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Fig. 7: Variation of BSFC with Brake Power for Different Biodiesel Blends
and Diesel.

4. Conclusion

In the present study, mixed fuels of petroleum diesel and biodiesel
were used to analyze engine performance and exhaust gas charac-
teristics under the same low load factor experimental conditions.
The following conclusions were reached:

e Engine brake-specific fuel consumption (BSFC) increased
slightly when the engine was fueled with palm biodiesel
blends rather than petro-diesel. The reduction of brake ther-
mal efficiency for blends was found to be lower than diesel
due to its higher viscosity and lower calorific value.

e Carbon monoxide and hydrocarbon emissions reduced,
which may be due to the higher cetane number and oxygen
content in palm biodiesel fuel. However, NOx levels
throughout were higher than for diesel fuel.

o Adiesel engine as used in this study can perform satisfacto-
rily on biodiesel blends with diesel fuel without any engine
modification at low load range. The blends of palm biodiesel
and petro-diesel showed similar performance and emission.

Acknowledgement

This work was supported under the framework of international co-
operation program managed by the National Research Foundation
of Korea (NRF-2017K2A9A1A01092911).

References

[1] V.Ayhan, E. G. Giakoumis, C. D. Rakopoulos and D. C. Rakopoulos,
“The effects of emulsified fuel on the performance and emission of
direct injection diesel engine”, the Journal of Energy Engineering,
vol. 139, no. 2, pp. 91-98, 2013.
https://doi.org/10.1061/(ASCE)EY.1943-7897.0000097.

[2] E.Bakeas, G. Karavalakis, G. Fontaras, and S. Stournas, “An exper-
imental study on the impact of biodiesel origin on the regulated and
PAH emissions from a Euro 4 light-duty vehicle”, Fuel, vol.90, pp.
3200-3208, 2011. https://doi.org/10.1016/j.fuel.2011.05.018.

[3] A. Demirbas, “Progress and recent trends in biofuels”, Progress in
Energy and Combustion Science, vol. 33, no. 1, pp. 1-19, 2007.
https://doi.org/10.1016/j.pecs.2006.06.001.

[4] D.C. Rakopoulos, C.D. Rakopoulos, E.G. Giakoumis, R.G. Papagi-
annakis and D.C. Kyritsis, “Influence of properties of various com-
mon bio-fuels on the combustion and emission characteristics of
high-speed DI (direct injection) diesel engine: vegetable oil, bio-die-
sel, ethanol, n-butanol, diethyl ether”, Energy, 354-366, 2014.
https://doi.org/10.1016/j.energy.2014.06.032.

[5]

(6]

[71

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

M. Silva, B. Ferreira, L. Marquesb, A. Murtac and M. Freitas, “Com-
parative study of NOx emissions of biodiesel-diesel blends from soy-
bean, palm and waste frying oils using methyl and ethyl transesteri-
fication routes”, Fuel, vol. 194, no. 15, pp. 114-156, 2017.
https://doi.org/10.1016/j.fuel.2016.12.084.

C. D. Rakopoulos, C. Rakopoulos and E. Giakoumis, “Impact of
properties of vegetable oil, bio-diesel, ethanol and n-butanol on the
combustion and emissions of turbocharged HDDI diesel engine op-
erating under steady and transient conditions”, Fuel, vol. 195, no. 15,
pp. 1-19, 2015. https://doi.org/10.1016/j.fuel.2015.04.021.

E. G. Giakoumis, C. D. Rakopoulos and D. C. Rakopoulos, “Assess-
ment of NOx Emissions during Transient Diesel Engine Operation
with Biodiesel Blends”, the Journal of Energy Engineering, vol. 140,
no. 3, p. A4014004, 2014.
https://doi.org/10.1061/(ASCE)EY.1943-7897.0000136.

N.P. Komninos and C.D. Rakopoulos, “Modeling HCCI combustion
of biofuels: a review”, Renewable and Sustainable Energy Reviews,
vol. 16 . 1588-1610, 2001.
https://doi.org/10.1016/j.rser.2011.11.026.
C.D. Rakopoulos, K.A. Antonopoulos, D.C. Rakopoulos, D.T.
Hountalas and E.G. Giakoumis, “Comparative performance and
emissions study of a direct injection Diesel engine using blends of
Diesel fuel with vegetable oils or bio-diesels of various origins”, En-
ergy Conversion and Management, vol. 47, pp. 3272-3287, 2006.
https://doi.org/10.1016/j.enconman.2006.01.006.

S. K. Haldar, B. B. Ghosh and A. Nag, “Studies of comparison of
performance and emission characteristics of a diesel engine using
three degummed non-edible vegetable oils”, Biomass and Bioenergy,
vol. 33, pp. 1013-1018, 2009. https://doi.org/10.1016/j.biom-
bioe.2008.01.021.

G. Labeckas and S. Slavinskas, “The effect of rapeseed oil methyl
ester on direct injection diesel engine performance and exhaust emis-
sions”, Energy Conversion and Management, vol. 47, pp. 1954-1967,
2006. https://doi.org/10.1016/j.enconman.2005.09.003.

M A Lenin, M R Swaminathan, G Kumaresan. Performance and
emission characteristics of a DI diesel engine with a nanofuel addi-
tive. Fuel, 2013, 109: 362-365.
https://doi.org/10.1016/j.fuel.2013.03.042.

P K Srivastava, M Verma. Methyl ester of karanja oil as an alterna-
tive renewable source energy. Fuel, 2008, 87: 1673-1677.
https://doi.org/10.1016/j.fuel.2007.08.018.

D H Qi, H Chen, L M Geng, Y ZH Bian. Experimental studies on the
combustion characteristics and performance of a direct injection en-
gine fueled with biodiesel/diesel blends. Energy Conversion and
Management, 2010, 51: 2985-2992. https://doi.org/10.1016/j.encon-
man.2010.06.042.

Z Utlu, M S Kocak. The effect of biodiesel fuel obtained from waste
frying oil on direct injection diesel engine performance and exhaust
emissions.  Renewable  energy, 2008, 33: 1936-1941.
https://doi.org/10.1016/j.renene.2007.10.006.

M N Nabi, M M Rahman, M S Akhter. Biodiesel from cotton seed
oil and its effect on engine performance and exhaust emissions. Ap-
plied  Thermal Engineering, 2009, 29:  2265-2270.
https://doi.org/10.1016/j.applthermaleng.2008.11.009.

M Habibullah, H H Masjuki, M A Kalam, et al. Biodiesel production
and performance evaluation of coconut, palm and their combined
blend with diesel in a single-cylinder diesel engine. Energy Conver-
sion and Management, 2014, 87: 250-257.
https://doi.org/10.1016/j.enconman.2014.07.006.

B S Chauhan, N Kuma, H M Cho. Performance and emission studies
on an agriculture engine on neat Jatropha oil. Journal of Mechanical
Science and Technology, 2010, 24(2): 529-535.
https://doi.org/10.1007/512206-010-0101-5.

O S Valente, V M D Pasa, C R P Belchior, et al. Exhaust emissions
from a diesel power generator fueled by waste cooking oil biodiesel.
Science of the Total Environment, 2012, 431: 57-61.33

A Datta, S Palit, B K Mandal. An experimental study on the perfor-
mance and emission characteristics of a Cl engine fuelled with
Jatropha biodiesel and its blends with diesel. Journal of Mechanical
Science and  Technology, 2014, 28(5): 1961-1966.1
https://doi.org/10.1007/s12206-014-0344-7.

O Can. Combustion characteristics, performance and exhaust emis-
sions of a diesel engine fuelled with a waste cooking oil biodiesel
mixture. Energy Conversion and Management, 2014, 87: 676-686.24
AE Ozcelik, H Aydogan, M Acaroglu. Determining the performance,
emission and combustion properties of camelina biodiesel blends.
Energy Conversion and Management, 2015, 96: 47-57.
https://doi.org/10.1016/j.enconman.2015.02.024.



https://doi.org/10.1061/(ASCE)EY.1943-7897.0000097
https://doi.org/10.1016/j.fuel.2011.05.018
https://doi.org/10.1016/j.pecs.2006.06.001
https://doi.org/10.1016/j.energy.2014.06.032
https://doi.org/10.1016/j.fuel.2016.12.084
https://doi.org/10.1016/j.fuel.2015.04.021
https://doi.org/10.1061/(ASCE)EY.1943-7897.0000136
https://doi.org/10.1016/j.rser.2011.11.026
https://doi.org/10.1016/j.enconman.2006.01.006
https://doi.org/10.1016/j.biombioe.2008.01.021
https://doi.org/10.1016/j.biombioe.2008.01.021
https://doi.org/10.1016/j.enconman.2005.09.003
https://doi.org/10.1016/j.fuel.2013.03.042
https://doi.org/10.1016/j.fuel.2007.08.018
https://doi.org/10.1016/j.enconman.2010.06.042
https://doi.org/10.1016/j.enconman.2010.06.042
https://doi.org/10.1016/j.renene.2007.10.006
https://doi.org/10.1016/j.applthermaleng.2008.11.009
https://doi.org/10.1016/j.enconman.2014.07.006
https://doi.org/10.1007/s12206-010-0101-5
https://doi.org/10.1007/s12206-014-0344-7
https://doi.org/10.1016/j.enconman.2015.02.024

