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Abstract—The core object of this study is to examine the 
suitability of linseeds for biodiesel production. The performance 
of an engine at different proportions of linseed blends with petro-
diesel and the amount of emissions rate were investigated. 
Initially, linseed biodiesel was produced through 
transesterification process, and then it was mixed with petro-
diesel fuel (D100) blends at volumetric ratios of 10% (LB10), 
20% (LB20), and 30% (LB30). The properties of linseed biodiesel 
and its blends were investigated and compared with petro-diesel 
properties with reference to ASTM standards. It has been 
observed that the fuel properties of produced biodiesel are within 
ASTM permissible limits. The specific fuel consumption (SFC) of 
LB10 blend has been found lesser compared to LB20 and LB30. 
SFC of D100 is slightly less than that of all the blends. The brake 
thermal efficiency (BTE) of LB30 is greater than that of pure 
diesel D100 at maximum load and greater than that of LB10 and 
LB20. The heat dissipation rate in all linseed blends is found to 
have been less than that of D100. Carbon monoxide, carbon 
dioxide and NOx emissions of linseed blends are mostly lower in 
comparison with D100’s. Among all blends, LB10 was found 
more suitable alternative fuel for diesel engines and can be 
blended with petro diesel without engine modifications. It can be 
concluded that cultivation and production of linseed in Pakistan 
is very promising, therefore, it is recommended that proper 
exploitation and use of linseed for energy production may be 
encouraged through pertinent agencies of Pakistan. 

Keywords–linseed oil; transesterification; diesel-biodiesel 
blends; engine performance; emission analysis 

I. INTRODUCTION  

The demand of energy sources is increasing day by day due 
to population growth, urbanization and industrialization. Fossil 
fuels are conventional energy sources and are used for power 
production for a long time. However, they are finite sources of 
energy and cannot be replenished once consumed. 
Environmental consequences are also major drawbacks of 
fossil fuel consumption. Therefore, it is an inevitable to explore 
alternative energy sources which must be environmental 
friendly to fulfill growing energy demand [1]. Out of all 
agricultural sources, linseed is preferable because of its 
reasonable availability and easy accessibility, especially in 

Sindh and Punjab Pakistan provinces [2]. Pakistan is an energy 
deficient country, as demand is larger than production capacity. 
Energy shortage and frequent load shedding have created a 
chaotic situation in every corner of the country [3]. The 
Government of Pakistan is encouraging and promoting research 
and efforts to utilize renewable energy sources to supplement 
fossil fuels. Pakistan has a good potential of edible and non-
edible crops for biodiesel (bio-energy) production. Among all 
non-edible feed stocks, linseed is recognized to be one of the 
most suitable sources for biodiesel production as it is an oil 
seed bearing plant [4]. Linseed oil is a non-edible vegetable oil 
and is considered as a potential alternative fuel for the 
compression ignition engines. It is a sulfur free, non-aromatic, 
nontoxic, and oxygenated oil. Moreover, Pakistani Government 
is eager to introduce blended petroleum (with biodiesel) at a 
national level in order to meet the increasing energy demand. It 
was decided that 5% by volume of diesel will be blended with 
biodiesel up to 2015 and gradually the analogy will increase up 
to 10% in 2025 [5]. However, this has not been achieved yet 
due to the delay in large scale biodiesel production level, less 
foreign investment and lack of infrastructure facilities. 

Linseed (Linum Usitatissimum L.) locally known as “alsi” 
is an annual winter plant grown for fiber and oil. It is a 
herbaceous annual-type plant that is cultivated in 59 countries 
for its fiber as well as its oil [6]. Linseed contains oil at 35-45% 
by weight and is high in unsaturated constitutes [7]. In 
Pakistan, linseed is cultivated on marginal and sub-marginal 
lands under irrigated conditions. Linseed is cultivated in Punjab 
and Sindh provinces in 762 and 2929 hectares of land 
respectively, and its whole country cultivation was around 
3691 hectares during 2014-15. The quantity of linseed 
production was 2622 tons during 2014. Its yield in kg per 
hectare was 758 in Sindh and 697in Punjab, while its national 
average yield during 2014-15 was 710kg/ha [8]. Various 
chemical properties and characteristics of linseed seeds, 
extracted oil and biodiesel produced decide its suitability for 
the replacement of petro diesel in internal combustion engines 
and other industrial applications. 

This study aimed to produce linseed biodiesel using 
indigenous linseed seeds and to examine the performance of a 
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decomposition and oxidation [19]. All biodiesel blends provide 
lesser CO emissions compared to petro diesel. LB10 blend 
gave slightly lower emission than LB20 and LB30. Similar 
results were also reported in [19-20]. The percentage of carbon 
dioxide (CO2) emission was found increasing with the increase 
of biodiesel ratios at full load condition but remained lower 
than that of petro diesel. 

The nitrogen oxide levels (NOx) is an exhaust emission of 
diesel engines. It could create health hazards, when it is 

inhaled. It can cause many diseases, like tuberculosis, severe 
headache, respiratory problems, lung cancer, nausea, skin 
cancer etc. [21]. The NOx emissions of all blends were found 
lower than that of petro diesel. Among all blends, LB20 blend 
emission was much lower than the ones of LB10 and LB30. 
This reveals that the linseed biodiesel is feasible using blend 
forms for NOx reduction. Similarly, other pollutant results, like 
NO2, NO and CO2 remained lower than that of 100% diesel.  

TABLE III. COMPARISON OF EXHAUST EMISSIONS 

Parameters Diesel LB10 LB20 LB30 
Engine load (%) 25 50 75 100 25 50 75 100 25 50 75 100 25 50 75 100 
PM2.5 (mg/m3) 0.14 0.16 0.66 0.60 0.02 0.04 0.012 0.002 0.02 0.03 0.005 0.04 0.005 0.029 0.056 0.010 
PM10 (mg/m3) 0.87 0.84 1.52 2.15 0.52 0.73 0.31 1.35 0.42 0.58 0.74 1.30 0.36 0.39 0.42 0.73 

NO2 (ppm) 9.30 8.10 8.88 8.98 8.50 3.10 1.20 0.05 6.70 1.50 0.70 0.40 1.80 3.90 0.20 0.15 
NOx (ppm) 98.0 79.0 37.0 77.0 48.0 59.0 65.0 30.0 57 66.0 63.0 11.0 46.0 88.0 45.0 15.0 
CO (ppm) 425 480 510 530 182 188 269 365 161 200 201 328 210 235 264 372 
NO2 (ppm) 65.0 73.0 70.0 68.0 40.0 55.0 64.0 29.0 51.0 65.0 63.0 60.0 45.0 55.0 65.0 60.0 

CO2 %(ppm) 4.2 3.4 3.5 4.82 1.69 2.17 2.65 2.93 1.70 2.34 2.73 3.44 1.59 2.36 3.00 3.68 

 
IV. CONCLUSIONS 

Linseed biodiesel was produced through transesterification 
process using indigenous linseeds. The produced biodiesel was 
blended with petro-diesel fuel (D100) at different volumetric 
ratios of 10% (LB10), 20% (LB20), and 30% (LB30). The fuel 
properties of produced biodiesel were found within ASTM 
permissible limits. The specific fuel consumption of LB10 
blend was found less than that of LB20, and LB30. BTE of 
LB30 is greater than pure diesel’s D100 at the maximum load. 
The heat dissipation rate was found less in all blends of linseed 
than that of D100. This reveals that the diesel engines can run 
smoothly without heating with the use of linseed blends. Both 
particulate matters PM2.5 and PM10 results were investigated 
and it was found that PM emission is drastically less than 
petro-diesel’s at all loads. The CO2 and NOx emissions of 
linseed blends were found lower when compared to petro diesel 
fuel. Among all blends, LB10 was found to be more suitable 
alternative fuel for diesel engines and can be blended with 
petro diesel without engine modifications. It was also observed 
that cultivation and production of linseed in Pakistan is very 
promising therefore it is recommended that the proper 
exploitation and use of linseed for energy production may be 
encouraged by the relevant agencies of Pakistan.  
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