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Abstract—The current renewable fuels, such as diesel oil 

mixed to 50% biodiesel (B50) and syngas, are being 

interested in applying with diesel engines in some parts of 

Asia. The main objective of this research is to investigate the 

use of B50 and this oil combined to supercharging syngas 

from gas flow rate 76 to 125 lpm in dual fuel mode with a 

turbocharging diesel-engine generator. Results of engine 

testing indicate that using B50 has lower engine 

performance and emissions than diesel oil. On the other 

hand, compressing syngas up to 85 lpm combined to B50 is 

equally engine performance with diesel oil. Moreover, 

syngas flow rate increased to 125 lpm combined to B50 has 

more engine performance than using B50 and diesel only. 

However, various emissions are increased as increasing 

syngas combined to B50. 

 

Index Terms— B50, supercharging syngas, diesel engine, 

performance, emissions  

 

I. INTRODUCTION 

Biodiesel or ester is initially developed as an 

alternative fuel for the diesel engines to decrease the 

environmental problem and the respiratory of the human. 

In Thailand, biodiesel is mixed with diesel at a ratio of 5 

to 7% (B5 to B7) replacing to diesel oil nowadays. It is 

expected that the ratios of biodiesel will be increased to 

10% in the future [1]. Other countries of Asia, especially 

India and Malaysia, are studying the use of diesel oil 

blended to 50%biodiesel (B50) compared to diesel oil for 

diesel engines. Because it had a little change of fuel 

properties, particularly viscosity, density, and heating 

value, they led to a decrease in the engine performance 

slightly. The advantages of using B50 is that the various 

emissions, such as carbon monoxide (CO), hydrocarbons 

(HC) and black smoke, were significantly reduced [2, 3]. 

Use of pure biodiesel is challenging in the long term 

because of the high cost. Moreover, the wear of fuel 

injection system is quickly increased because of some 
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properties of pure biodiesel affected on the diesel-engine 

operation [4, 5]. 

Biomasses are next renewable energy pushed into the 

widespread usage in this country, but they cannot apply 

with the diesel engines. There is a method that converts 

biomasses to syngas by using the gasifiers, and the use of 

syngas-diesel on dual fuel, where diesel was injected into 

the cylinder as syngas was introduced through the intake 

manifold by the mixing box, was the best way and non-

modified engines [6-7]. Some researchers [8-10] used 

various biomasses, such as charcoal, carpentry waste, 

sawdust, etc., to produce syngas, but synthesis gas 

generated from charcoal was the best because of lower 

humidity. Results of engine testing showed that there 

were the changes in thermal efficiency and emissions 

(such as CO, HC, and black smoke) which depended on 

gas flow rate to combine with diesel oil, while diesel 

saving was increased to 53%. Other researchers [2, 7, 11] 

produced this gas from else biomasses, such as jatropha 

seeds, calophyllum inophyllum, and coconut shell, 

combined to biodiesels synthesized from these plants. 

The result showed that these emissions were lower while 

the engine performance was improved, and pilot fuel 

saving was increased by about 30%. However, the use of 

pure biodiesel combined to syngas had lower engine 

performance than using its and diesel only as discussed in 

Reference [7]. The objective of this work is to study the 

performance and emissions of a diesel-engine generator 

using B50 and dual fuel between B50 and supercharging 

syngas. 

II. METHODOLOGY 

A. Preparation of Syngas 

Syngas was generated from a downdraft gasifier by 

using charcoal biomass and controlling the amount of air 

by a blower. Specifications of the gasifier are shown in 

Fig. 1 and Table I (A). 
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Figure 1.  Schematic of the experimental setup. 

 

Before the syngas was sent into a diesel engine, the gas 

sample was taken to analyze the gas components by using 

gas chromatography as shown in Table I (B). Syngas was 

increased the gas flow rate by using the supercharger 

compressed into a Y-shape mixing box and absorbed by a 

turbocharger of this engine. For measuring the flow rate 

of syngas and air, the flow conditioning was installed 

before the mixing box, and a venturi tube and a digital 

manometer were applied in this research. 

TABLE I.  GASIFIER SPECIFICATION AND SYNGAS PROPERTIES 

A. Downdraft gasifier specification 

Items Description 

Maximum capacity (kWth) 75 

Charcoal consumption rate (kg/h) 5 to 6 

Maximum gas flow rate (m3/h) 96 (Charcoal) 

Calorific value (MJ/kg) 29.60 

Efficiency (%) 70 to 75 

B. Syngas properties 

Properties Volume percentage 

Hydrogen (%) 7.5±2.5 

Carbon monoxide (%) 29.5±1.5 

Carbon dioxide (%) 1.5±0.5 

Methane (%) 1.5±0.5 

Nitrogen (%) 57.5±2.5 

Calorific value (MJ/m3) 5.08±0.48 
 

B. Preparation of B50 

Reactants used the diesel and biodiesel which was palm 

oil ethyl ester synthesized by transesterification process 

using oleic palm oil and ethanol using sodium hydroxide. 

The ratio of diesel and biodiesel was 50:50 %vol, while 

the mixture process was studied from Ref. [1]. Next, 

there was the investigating of fuel properties under 

various ASTM procedures shown in Table II. Properties 

of B50 compared to diesel show that the kinematic 

viscosity increased to 51.38%, the fuel density increased 

to 3.41%, the flash point increased to 65.2 
o
C, the cloud 

point increased to 3 
o
C, and the lower heating value 

(LHV) decreased to 7.80%. To compare with the standard 

diesel as indicated in the results of Reference [12], B50 

had the fuel viscosity in the range of 2.5 to 5.7 mm
2
/s 

because this range demonstrated to applying with the fuel 

injection system of diesel engines. Therefore, the B50 

had the kinematic viscosity within the prescribed range 

and could be used as an alternative fuel in the future. 

TABLE II.  FUEL PROPERTIES 

Properties ASTM Diesel B50 

Viscosity (mm2/sec) D445 2.90 4.39 

Density  (kg/m3) D1298 821 849 

Flash point (oC) D93 45.0 110.2 

Cloud point ( oC) D2500 7 10 

LHV (MJ/kg) D240 44.36 40.90 

C. Experimental Setup of the Engine Testing 

The experiments were carried out on a four-stroke 

diesel engine [Model, John Deere 3029DF150; engine 

type, direct injection and turbocharger; cylinder, 3 cyl; 

capacity, 2.9 L; power (max.), 43 kW @ 2,500 rpm; 

compression ratio, 17.2.1]. It was connected with an AC 

generator (20 kWe) by using the electric lamps to increase 

the load. Electrical power was measured by a power 

meter by converting the signal into the richtmass RS485 

with USB data converter and hardlock connected with a 

computer. Temperatures were investigated from the 

thermocouple connected with the temperature meters. For 

measuring the emissions, such as CO2, CO, and HC, they 

were analzsed from the MOTORSCAN: 8020 eurogas 

analyzer by using the infrared method. 

D. Experimental Procedure 

First, the engine was warmed up about 15-20 minutes. 

After the engine was stable, experiments were started up 

by using diesel and then B50. Speed was started at 

1,000±50 rpm, and it was increased from 1200±50 to 

1,600±50 rpm. The amount of both oils was determined 

at 20 ml to study the fuel consumption rate (FCR). 

Parameters, such as flow rates, power, temperatures, and 

emissions, were recorded. Next, syngas was increase to 

76 lpm and sent to mix with air in the mixing box. The 

mixture was, then, sent into the turbocharger and the 

cylinder where the B50 was separately injected at the 

normal timing. Again, the engine testing conditions, as 

well as the recorded parameters, would be the same as 

those for both oils. After finish using the syngas on duel 

fuel at a flow rate of 76 lpm, others flow rates of the 

syngas would, then, be introduced and the same 

conditions and parameters would be recorded. All the 

syngas flow rates used in this study were 76, 79, 85, 93, 

103, 116, and 125 lpm, and terms were indicated as 

B50+SG76 lpm, B50+SG79 lpm, B50+SG85 lpm, 

B50+SG93 lpm, B50+SG103 lpm, B50+SG116 lpm, and 

B50+SG125 lpm. 

III. RESULTS AND DISCUSSION 

A. Electrical Power  

Figure 2 on the right side indicates that the electrical 

power increases with increasing speed. Electrical power 

from using the B50 combined with increasing syngas 

from 76 to 125 lpm was similar to primary oils, such as 

B50 and diesel. Because this research was to study the 
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equal power at full load to investigate the change of 

various parameters as using the dual fuel mode and mode 

of B50 and diesel only, all engine speed used in this study 

were 1,000, 1,200, 1,400 and 1,600 rpm. There was the 

electrical power at 8.817±0.002, 12.264±0.034, 15.847 

±0.002, and 20.273±0.016 kWe respectively. 
 

 

Figure 2. Electrical power and Fuel consumption rate. 

B. Fuel Consumption Rate 

Figure 2 on the left side shows that FCR increases with 

increasing speed, while the use of B50 has higher FCR 

than diesel. At maximum power (1,600 rpm), FCR 

increased to 13.86% compared with diesel because of 

lower calorific value [1, 12]. For using B50 combined to 

compressing syngas (B50+SG) from 76 to 125 lpm, FCR 

is decreased with increasing syngas. At maximum speed, 

FCR was decreased from 9.18 to 7.16 lpm while fuel 

saving was increased from 6.12 to 26.84% compared with 

using B50 only. Results are consistent with researchers [6, 

10] because the use of B50+SG led to the start of 

combustion faster than the use of both oils only and then 

there was the reduction of pilot fuel quantity. Results of 

this research are opposite with Reference [2] because of 

the higher gas flow rate. Using B50+SG from 75 to 85 

lpm could increase the fuel-saving equaled to Diesel, and 

using B50+SG at 125 lpm had the highest fuel saving. 

C. Electrical Efficiency 

Figure 3 on the right side demonstrates that the 

electrical efficiency increases with increasing speed; the 

maximum efficiency occurs at 1,400 rpm. For using B50 

compared with diesel, the electrical efficiency was 

decreased to 2.41% because of lower fuel heating value 

[1, 4, 12]. For comparing between B50 with SG (from 76 

to 125 lpm at 1,400 rpm) and B50, the electrical 

efficiency was increased from 1.16 to 6.66%. Results are 

also opposite with Reference [2], because this research 

had increased the higher syngas flow rate which led to 

burning very quickly. As a result, pilot B50 quantity was 

decreased with increasing gas flow rate. Moreover, this 

research has found that the use of B50+SG from 79 to 85 

lpm is equally electrical efficiency with using diesel only. 

 
Figure 3. Electrical efficiency and SEC. 

D.  Specific Energy Consumption 

Figure 3 on the left side observes that specific energy 

consumption (SEC) decreases with increasing speed until 

maximum efficiency point. For using B50 compared to 

diesel, SEC was increased to 10.46% at 1,400 rpm. 

Because the calorific value of B50 was lower than diesel 

(Table II), this reason led to the increase of B50 quantity 

[1, 4]. For using B50+SG compared with using B50 only 

at 1,400 rpm, SEC decreases with increasing syngas as 

decreased from 14.89 to 12.13 MJ/kWe.hr. As a result, 

the energy saving was increased from 4.78 to 22.45%. 

Results are similar to researchers [6, 10] because 

supercharging syngas had reduced the pilot B50 quantity. 

Similarly, using B50+SG from 75 to 85 lpm could 

decrease the SEC equaled to Diesel and using B50+SG at 

125 lpm had the highest energy saving. 

E.  Exhaust Gas Temperature 

Figure 4 on the right side indicates that increasing 

speed leads to the increase of the exhaust gas temperature 

(EGT). The investigate at 1,400 rpm, EGT from using 

B50 is higher as increased to 19.33 
o
C compared to diesel 

because the high oxygen (O2) content in B50 led to better 

complete combustion [1, 4]. Moreover, the use of 

B50+SG from 76 to 125 lpm has increased the high EGT 

as increased from 11.47 to 63.33
o
C to compare with the 

use of B50 only. These results are similar to researchers 

[2, 6, 7] explained from the syngas properties which had 

the high CO2 and CO contents (Table I). They led to the 

increase in combustion temperature in the late 

combustion phase. 

F. Carbon Dioxide Emission   

Figure 4 on the left side shows that the release of 

carbon dioxide (CO2) is increased with increasing speed. 

Using B50 compared to diesel at 1,400 rpm found that the 

CO2 emission was increased to 1.20%vol because the 

high O2 content in B50 improved higher combustion 
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efficiency than diesel [1]. Moreover, the use of B50+SG 

from 76 to 125 lpm leads to increase of the CO2 level as 

increased from 0.63 to 2.35%vol compared to using B50 

only at 1,400 rpm. These results are consistent with 

researchers [2, 6, 7] because the syngas consisted of CO 

and CO2 and supercharging syngas reduced the air flow 

rate sent to the engine. As a result, there was an increase 

in combustion temperature and the steep rise in the 

release of CO2. 
 

 

Figure 4. Exhaust gas temperature and CO2 emission. 

G. Carbon Monoxide Emission   

Figure 5 on the left side indicates that the carbon 

monoxide (CO) decreases with increasing speed. Using 

B50 could reduce the CO emission to 0.13%vol 

compared to diesel at 1,400 rpm, while this result is 

similar to Reference [1] because of due to the O2 content 

in B50 led to more complete combustion. 
 

 

Figure 5. Carbon monoxide and hydrocarbon emissions. 

However, the results of CO release are changed as 

using B50+SG by the CO emission increases with 

increasing syngas. Using B50+SG from 76 to 125 lpm at 

1,400 rpm shows that the CO emission increased from 

0.28 to 0.59%vol compared with using B50 only. Results 

are consistent with researchers [2, 6, 7] because the more 

syngas was compressed to the intake manifold and the 

decrease of air flow to the engine as well as the amount 

of O2 required for complete combustion was decreased. 

H. Hydrocarbon Emission   

Figure 5 on the right side shows that the emission of 

hydrocarbon (HC) decreases with increasing speed, while 

the use of B50 is lower HC emission than diesel as 

decreased to 4.22ppm at 1,400 rpm. This HC reduction 

may be due to the high O2 content in B50 led to better 

complete combustion [1]. On the other hand, using B50 

+SG from 76 to 125 lpm has adverse effects. HC 

emission was increased from 2 to 13 ppm to compare 

with using B50 only. These results are consistent with 

researchers [2, 6, 7]. The cause of increasing HC 

emission is explained from the direct result of incomplete 

combustion because the syngas contains the innumerable 

molecules of C and H which led to the fuel-rich mixture 

combustion. 

IV. CONCLUSION 

For the operation of a turbocharging diesel-engine 

generator using the B50 and the dual fuel between 

supercharging syngas and B50, results of performance 

and emission characteristics are summarized as follows. 

 For applying the B50 with the diesel engine, the 

electrical efficiency from using B50 is lower than 

using diesel. Since B50 had a lower calorific value, 

therefore, the fuel consumption and SEC would 

slightly increase. However, there is a remarkable 

decrease in the CO and HC emissions, and it could 

be applied as a replacement fuel with the diesel 

engines in the future. 

 The possibility of using B50 combined to 

compressing syngas on dual fuel compared with 

only B50 indicates that there was the increase of 

the electrical efficiency up to 6.66%, and the 

decrease of the fuel consumption led to fuel saving 

increased to 26.84% as compressing syngas up to 

125 lpm. 

 Results from measuring the various emissions 

show that the CO2 level increased with increasing 

syngas as consistent with the increase of exhaust 

gas temperature. As syngas is increased to 125 

lpm, the amount of the air is decreased very much. 

Hence, the formation of pollutions, such as CO 

and HC, are released galore because of the less 

complete combustion. 

To further improve the present system, the following 

suggestions can be adopted in the future. 

 Study of the combustion and emissions 

characteristics and the engine wear from using 

B50 and compressing syngas on dual fuel in the 

long term. 

 Using supercharged air and syngas to improve 

engine performance and to decrease the CO, HC, 

and black smoke emissions. 
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 Using other biomasses to produce the syngas fuel 

and method of tar removal.  

ACKNOWLEDGMENT 

The authors wish to thank A. Jiw, K. Nukul, and W. 

Boonmak for collected experimental data. The financial 

support from the Faculty of Engineering, Burapha 

University, Thailand The financial support from the 

Faculty of Engineering, Burapha University, Thailand 

(Grant No. 412/2561,6/2559) is gratefully acknowledged. 

REFERENCES 

[1] E. Sutheerasak and C. Chinwanitcharoen. (May 2018). 

Performance and emissions of a diesel engine using palm ethyl 
ester. Eng. Jour. Chiang Mai Uni. [Online]. 25(2). pp. 1-13. 

Available: http://researchs.eng.cmu.ac.th/UserFiles/File/Journal 

/25_2/19.pdf 
[2] S. K. Nayak and P. C. Mishra. (March 2017). Emission from a 

dual fuel operated diesel engine fuelled with Calophyllum 
Inophyllum biodiesel and producer gas. Inter. J. of Auto. and 

Mech. Eng. [Online]. 14(1). pp. 3954-3969. 

[3] B. K. M. Mahgoub, S. Hassan, S. A. Sulaiman, R. Mamat, A. A. 
Adam, and F. Y. Hagos. (November 2016). Dual fuel combustion 

in a ci engine powered by blended diesel-biodiesel fuel and 
simulated gasification gas. ARPN Jour. of Eng. and App. Sci. 

[Online]. 11(22). pp. 12947-12952. Available: 

http://www.arpnjournals.org/jeas/research_papers/rp_2016/jeas_1
116_5328.pdf 

[4] M. Santasnachok, E. Sutheerasak, W. Ruengphrathuengsuka, and 
C. Chinwanitcharoen. (November 2018). Performance analysis of 

a diesel-engine generator using ethyl ester synthesized from 

anhydrous ethanol and NaOH. Int. J. Elec. & Elecn. Eng. & 
Telcomm. [Online]. pp. 1-5. 

[5] C. Srinidhi, S. V. Channapatna, A. A. Pawar, and A. 
Madhusudhan. (April 2016). Performance and emissions of diesel 

engine fuelled with ethanol and palm oil methyl ester. Inter. Res. 

Jour. of Eng. & Tech. [Online]. 3(4). pp. 108-113. Available: 
https://www.irjet.net/ archives/V3/i4/IRJET-V3I424.pdf 

[6] E. Sutheerasak, W. Pirompugd, and S. Sanitjai. (February 2018). 
Performance and emissions characteristics of a direct injection 

diesel engine from compressing producer gas in a dual fuel mode. 

Eng. and App. Sci. Res. [Online]. 45(1). pp. 47-55. Available: 
https://www.tci-thaijo.org/index.php/easr/article/view/75440 

[7] V. S. Yaliwal, N. R. Banapurmath, S. Revenakar, and P. G. 
Tewari. (May 2016). Effect of mixing chamber or carburetor type 

on the performance of diesel engine operated on biodiesel and 

producer gas induction. Inter. J. of Auto. Eng. and Tech. [Online]. 
5(2). pp. 25-37.  

[8] H. Singh, and S. K. Mohapatra. (February 2018). Production of 

producer gas from sugarcane bagasse and carpentry waste and its 

sustainable use in a dual fuel CI engine: A performance, emission, 

and noise investigation. J. of the Ener. Inst. [Online]. 91. pp. 43-
54.  

[9] S. Lal, and S. K. Mohapatra. (June 2017). The effect of 
compression ratio on the performance and emission characteristics 

of a dual fuel diesel engine using biomass derived producer gas. 

App. Ther. Eng. [Online]. 119. pp. 63-72.  
[10] D. K. Das, S. P. Dash, and M. K. Ghosal. (June 2012). 

Performance evaluation of a diesel engine by using producer gas 

from some under-utilized biomass on dual-fuel mode of diesel 
cum producer gas. Jour. of Central South Uni. [Online]. 19(6). pp. 

1583–1589. Available: 
https://link.springer.com/article/10.1007/s11771-012-1180-5 

[11] G. Hemanth, B. Prashanth, N. Benerjee, T. Choudhuri, 

Mrityunjay. (April 2017). Dual fuel mode operation and its 
emission characteristics in diesel engine with producer gas as 

primary fuel and jatropha biodiesel as pilot fuel. Inter. J. of Mech. 
Eng. and Tech. [Online]. 8(4). pp.138–147. Available: 

https://www.iaeme.com/MasterAdmin/uploadfolder/IJMET_08_0
4_016/IJMET_08_04_016.pdf 

[12] J. Ghazanfari, B. Najafi, S. F. Ardabili, and S. Shamshirband. 

(November 2017). Limiting factors for the use of palm oil 
biodiesel in a diesel engine in the context of the ASTM standard.  

Cog. Eng. [Online]. 4. pp. 1-16.  

Mattana Santasnachok graduated in 

Chemical Engineering from Burapha 

University in 2007, Master of Science in 
Chemical Engineering from De La Sale 

University in 2009, and Doctoral Engineering 
from Tokyo Institute of Technology in 2015. 

She has years of research and teaching 

experiences at Chemical Engineering 

Department, Faculty of Engineering at 

Burapha University in particular fields of 
environmental catalysis and utilization of waste materials. 

 

 
Ekkachai Sutheerasak is an Assistant 

Professor of Mechanical Engineering 
Department, Faculty of Engineering at 

Burapha University. He studies the researches 

about the use of ethanol, biodiesel and 
biomass for internal combustion engines 

besides teaching experience of more than 16 
years at undergraduate level. Sutheerasak has 

large number of research papers in journals 

and conference proceedings to his credit. His 
areas of interest include for internal combustion engine characteristics, 

such as performance, combustion and emissions, renewable energies 
and gasifiers. He has been undertaking various administrative work of 

the college at different positions since year 2002. He is also member 

and life member of the Institution of Engineers (Thailand) and Thai 
Society of Mechanical Engineers, respectively. 

 

 

Charoe Chinwanitcharoen received his B.S. 

in Industrial Chemistry from Srinakharinwirot 
University (Bangkok, Thailand) in 1996 and 

his Ph.D. from Kanazawa University, Japan, 
in 2005 under the supervision of Prof. Toshiro 

Yamada, working on eco-based polyurethane 

shape memory polymer. He is now a lecturer 
at Faculty of Engineering Burapha University 

in Chonburi, Thailand. He has honorably 
received “King Bhumibol” Scholarship from 

H.R.H. Princess Maha Chakri Sirindhorn. He was awarded the 

academic outstanding from “Prof. Tab Nilanithi Foundation” as the best 
graduate in industrial chemistry of this year. He also received best 

poster presentation award and outstanding paper from Japan Society of 
Polymer Processing and Asian Pacific Confederation of Chemical 

Engineering, respectively. His current research interests are in field of 

oleochemistry, biodiesel, and waterborne polyurethane dispersions. 

 

 

Wirogana Ruengphrathuengsuka received 

his Ph.D. (Chemical Engineering) from Texas 

A&M University, USA, since 1992.  He is an 
Assistant Professor of Chemical Engineering 

Department, Faculty of Engineering, Burapha 
University, Thailand.  His current research 

interests are in the areas of multi-phase 

equilibrium and transport in associated with 
interfacial science and renewable or 

alternative energy materials. He is a senior 
member of the Institution of Engineers 

(Thailand), an associated member of the council of Engineers 

(Thailand) and a life-time member of the Thai Institute of Chemical 
Engineering and Applied Chemistry. 

 

International Journal of Mechanical Engineering and Robotics Research Vol. 9, No. 1, January 2020

© 2020 Int. J. Mech. Eng. Rob. Res

http://researchs.eng.cmu.ac.th/UserFiles/File/Journal

