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Fig. 1-a) Bassia scoparia oil seeds, b) Oil extraction from Bassia scoparia oil seeds.
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Table 1 - Fatty acid profile and some important properties of Bassia scoparia oil
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Fig. 2 - Stages of the biodiesel production process in a stirred reactor with a solvent-circulating temperature
control system

Slpaasin 1 J309— LS () p asy;
I3 9590 (Sl
Soard adg Jpog L5 o s9ate 4y
S il e Sam¥l gl s o Liss glaadls
) S—2 g joide o ST 5T ge
Joise Slasie b eolit_wl (DIESEL 3LD 510

Lombardini

yoaie d cwl oa i ool LS Y Jgaz jo Jimo

Joe jegalins )stge Sy 5 oS Ly ]S
ool alelw ¥ ST o ol a8 5 LS 4 WE400

el o o3ls i Jp s985e 59y 2 65

o] Al o
d—= 51 (oml 5B9) el s5loz 5l ey
o sleowl g CndBlS H3en ol —alBL
Jite ad> o oyl 50 o sslawl gl Jie 510l5]
Sl ad> 50 050 (LS Jpog—) oy il
‘S)HTBA_?U w},s_uiw 4_?)0;’ le_mb)d)_]a.s.c

A oyl e wol

ad) 40 U5 s5ig0 Glasude Y Josa
Table 2- Specifications of the diesel engine used
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Table 3 - Experimental test matrix of diesel engine with different fuels
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Engine load (%)

Engine speed (rpm)

Fuel composition
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Table 4 - Results of variance analysis of carbon monoxide emission tests

Source Type 111 Sum of Squares df Mean Square F Sig.
Hypothesis 21.590 1 21.590 5.452 .075
Intercept
Error 17.154 4.332 3.9602
Fuel Hypothesis .336 4 .084 1.247 .335
ue
Error .978 14.518 .067°
Hypothesis 15.188 4 3.797 48.526 .000
LOAD
Error 1.346 17.204 .078°
Hypothesis .336 2 .168 8.340 .022
RPM
Error .108 5.377 .0201
Hypothesis 1.098 16 .069 5.825 .000
Fuel * LOAD
Error 377 32 .012¢
Hypothesis .084 8 011 892 534
Fuel * RPM
Error 377 32 .012¢
Hypothesis A71 8 .021 1.818 .110
LOAD * RPM
Error 377 32 .012¢

Hypothesis .377 32 .012

Fuel * LOAD * RPM
Error 000 0 f
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Fig. 4 - Changes in carbon monoxide emission with changes in rotational speed at 25% load and at different biodiesel
ratios
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Table 5- Results of variance analysis on carbon dioxide emissions

Source Type 111 Sum of Squares df Mean Square F Sig.
Hypothesis 262.829 1 262.829 53.096 .000
Intercept
Error 28.805 5.819 4.9502
Fuel Hypothesis .509 4 127 1.254 324
ue
Error 1.837 18.123 .101°
Hypothesis 14.930 4 3.732 41.836 .000
LOAD
Error 1.378 15.447 .089¢
Hypothesis 2.406 2 1.203 51.808 .000
RPM
Error .146 6.295 .0234
Hypothesis 1.426 16 .089 8.190 .000
Fuel * LOAD
Error .348 32 .011°
Hypothesis .185 8 .023 2.126 .062
Fuel * RPM
Error .348 32 .011¢
Hypothesis .088 8 .011 1.008 .450
LOAD * RPM
Error .348 32 .011¢
Hypothesis .348 32 .011

Fuel * LOAD * RPM
Error .000 0 f

25
2
=15
S
N
o)
© 1
05 = BO == B5 B10
b B15 e B20
0
1600 1700 1800 1900 2000 2100 2200 2300 2400 2500
RPM

J3239m Aliee (SLCaunnd 13 9 00 yd Y0 4U 55 ()95 Coo g ki b (32,5 dome (63 J L1 (]300 Ol g -0 JSW0
Fig. 5 - Changes in carbon dioxide emission with changing rotational speed at 25% load and at different
biodiesel ratios
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Table 6 - Results of analysis of variance of unburned hydrocarbon pollutant emission tests

Source Type 111 Sum of Squares df MeanSquare F Sig.
Hypothesis 1151712.480 1 1151712.480 11.656 .018
Intercept
Error 515951.013 5.222  98812.6052
Fuel Hypothesis 2710.587 4 677.647 401 .805
ue
Error 26502.997 15.699  1688.222°
LOAD Hypothesis 329095.653 4 82273.913  30.066 .000
Error 54127.998 19.780 2736.488°
RPM Hypothesis 37650.480 2 18825.240 14.515 .002
Error 10323.006 7.959  1296.948¢
Hypothesis 26675.947 16 1667.247 8.065 .000
Fuel * LOAD
Error 6615.413 32 206.732¢
Hypothesis 1821.653 8 227.707 1.101 .388
Fuel * RPM
Error 6615.413 32 206.732¢
Hypothesis 10207.787 8 1275.973 6.172 .000
LOAD * RPM
Error 6615.413 32 206.732¢
Hypothesis 6615.413 32 206.732
Fuel * LOAD * RPM
Error .000 0 g
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Fig. 6 - Variation in unburned hydrocarbon emission with rotational speed at 25% load and at different
biodiesel ratios
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Table 7 - Results of analysis of variance for NOx emission tests

Source Type Il Sumof Squares df Mean Square F Sig.
Hypothesis 230963.253 1 230963.253 61.166.000
Intercept
Error 22368.121 5.924  3776.003a
Fuel Hypothesis 1964.480 4 491.120 1.721.186
ue
Error 5485.456 19.222  285.370b
LOAD Hypothesis 11395.147 4 2848.787  9.336 .000
Error 6269.232 20.546 305.137c
RPM Hypothesis 1582.187 2 791.093  7.564 .008
Error 1238.785 11.844 104.593d
Hypothesis 4006.453 16 250.403 16.813.000
Fuel * LOAD
Error 476.587 32 14.893e
Hypothesis 398.880 8 49.860  3.348 .007
Fuel * RPM
Error 476.587 32 14.893e
Hypothesis 557.013 8 69.627  4.675.001
LOAD * RPM
Error 476.587 32 14.893e
Hypothesis 476.587 32 14.893
Fuel * LOAD * RPM
Error .000 0 1
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Fig. 7 - Change in NOX emission rate with changing rotational speed at 25% load and at different biodiesel ratios
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Abstract

In this study, the non-edible oilseed of the Bassia scoparia plant was introduced as a raw material for
biodiesel production and the effect of the resulting biodiesel on the emission of pollutants from a diesel
engine was investigated. After purification of Bassia scoparia seeds, oil extraction was performed. In order
to investigate the emission of pollutants, an air-cooled single-cylinder engine was used. Emission tests were
conducted to determine the effects of engine speed, load, and fuel composition on carbon monoxide, carbon
dioxide, unburned hydrocarbons, and NOX using an exhaust gas measurement system. The experiments were
conducted at three engine speed levels (1800, 2100 and 2400 rpm), five load levels (0, 25, 50, 75 and 100
percent) and five different biodiesel ratios (B0, B5, B10, B15 and B20). 25 percent load was chosen as a
stable and conventional operating condition in the low-load region to allow for the evaluation of the
independent effect of engine speed on pollutants. In order to investigate the effect of independent variables
on dependent variables, analysis of variance with a completely randomized experimental design was used.
The findings of this study showed that engine operation at a constant load of 25 percent and a rotational speed
of 2100 rpm, when using a blend containing 15 percent biodiesel, significantly improved the emission
indices. Under the same conditions, the highest reduction in carbon monoxide was 17.65% compared to pure
diesel. Also, the highest reduction in unburned hydrocarbons was 63.35% and the highest drop in nitrogen
oxides was 35% for the same mixing ratio.
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