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ABSTRACT 

As an alternative fuel with low fossil fuel dependency, biodiesel positively impacts the environment. Experimental 

tests were performed to determine the effect of diesel-biodiesel blends on Cummins diesel engines. Diesel blended with 

biodiesel in three variations (DB5, DB7.5, and DB10) tested at 11 rotational speeds (1000 to 2000 rpm) and four different 

load levels (9.4, 18.8, 28.2, and 37.5 kPa). A constant 30ppm of CeO2 is added to all diesel-biodiesel blends. Various 

parameters were measured and analyzed, including effective power, specific fuel consumption, effective performance, and 

CO emissions. According to the results, biodiesel content in blends increased specific fuel consumption and reduced effective 

performance. The Effective power of an engine increases by 50% at 10 kPa and by 37.5% at 35 kPa when engine speed is 

increased. For DB5, performance is maximum at 1000 rpm about 34%, while at 2000 rpm, performance is minimum about 

26%. Carbon monoxide (CO) emissions decreased with rising biodiesel ratio emissions among blends. As a result of this 

study, more insight is gained into the effect of diesel-biodiesel blends on exhaust emissions and engine performance. 

Keywords: Diesel engine; Biodiesel blends; Engine performance; Exhaust emissions; Nano-additives. 

1. INTRODUCTION

Transportation and many industrial applications 

have relied on fossil fuels for decades. The                            

non-renewable nature of fossil fuels, the increasing 

scarcity, and the adverse environmental effects have 

prompted the exploration of sustainable energy sources 

(Wang and Azam, 2024). As a renewable fuel, biodiesel 

is made from various sources, including leftover cooking 

oils, vegetable oils, and animal fats. As one of the most 

effective and sustainable transportation options, it is 

biodegradable, non-toxic, and reduces greenhouse gases. 

While the use of biodiesel offers several advantages, its 

impact on engine efficiency and emissions remains a 

subject of ongoing research (Reddy et al. 2024). 

Understanding the impact of biodiesel mixtures on 

engine parameters and pollutant levels is crucial for 

optimizing the use of this alternative fuel and mitigating 

any potential drawbacks. Experimental investigations 

have contributed much to providing empirical data and 

insights that can inform the development and 

implementation of biodiesel-fueled engines (Godiño et 

al. 2022). 

Biodiesel from Guizotiaabyssinica was 

investigated as a source of alumina and titanium 

nanoparticles in diesel engine emissions and 

functionality (Abishek et al. 2024). Utilization of an 

ultrasonic reactor for intensification of linseed biodiesel 

synthesis and evaluation of ternary fuel blends for engine 

performance (Ahmad et al. 2024). A S/AlMCM-41 

catalyst was used to synthesize chicken feather meal 

biodiesel and analyze its performance in engines 

(Almalki et al. 2024). The impacts of hydrogenated and 

green biodiesels on environmental impact and analysis of 

a turbocharged diesel engine utilizing an ANN prediction 

approach (Ameresh et al. 2024). A hydrogen/Julifora 

biodiesel blend was evaluated to determine impact on 

emissions, combustion, and efficiencies of a DI-diesel 

engine (Anchupogu et al. 2023). Evaluated the effects of 

hydrogen-enriched and nano-CeO2 mixed with waste 

cooking oil as biodiesel on a CRDI engine (Chetia et al. 

2024). In the pre-combustion process, diesel-Karanja oil 

methyl ester (KOME) releases less heat than diesel. As a 

result of inflation retardation and combustion delay, 

diesel–KOME would burn for a longer time (Balu et al. 

2023). Assessment of diesel engine combustion attributes 

and performance are fueled by diesel-biodiesel-zinc 

oxide nanoparticle blends (El-Adawy, 2023). The 

combustion efficiency and emissions rate of diesel 

engines using waste cooking biodiesel were assessed and 

predicted using extreme learning and quadratic 

regression models. An engine powered by Ceiba 

pentandra biodiesel was evaluated to determine its 

emissions, combustion parameters, and performance 

(Ergen, 2024; Gad and Alenany, 2024). Analyze the 
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performance and rate of emissions of diesel-castor oil 

biodiesel-and-n-butanol mixtures influenced by Ni and 

Al nano-additives in diesel engines (Gaddigoudar et al. 

2023). Developed a dual-fuel mode of operation in which 

hydrogen and sapota seed biodiesel are used as next-

generation fuels in a diesel engine (Hassan et al. 2023). 

The studies span from 2023 to 2024 and encompass a 

variety of objectives, including reviews of nanoparticles' 

effects on biodiesel-driven engines, analysis of soot 

dynamics with biofuel blends, synthesis of biodiesel 

from waste sources using advanced                 nano-

catalysts, and experimental investigations into the impact 

of biodiesel blends on engine combustion, efficiency, and 

emission characteristics (Jayabal, 2024) Key materials 

studied include biodiesel from various sources, 

nanoparticles, waste cooking oils, and additives like 

ethers, antioxidants, and cetane improvers (Jin et al. 

2023). Research methodologies range from literature 

reviews and modeling studies to extensive experimental 

trials, highlighting improvements in BTE, emission 

reductions, and the potential of biodiesel to enhance 

diesel engine sustainability. The findings collectively 

underscore the positive implications of biodiesel and its 

blends for diesel engines. Using a heavy-duty Cummins 

diesel engine, this research will conduct an extensive 

investigation involving numerous experiments to 

evaluate the effects of diesel-biodiesel blends on its 

performance and emissions. Variations in biodiesel 

concentrations have a significant impact on engine 

parameters, including SFC, effective power, and 

effective performance. Different diesel-biodiesel blends 

are measured and compared for their carbon monoxide 

(CO) emissions. 

2. MATERIALS AND METHODS

Testing was conducted on diesel engines with 

diesel-biodiesel blends to determine the impact of 

emissions characteristics and performance. The effective 

power output of a turbocharged, intercooled, six-cylinder 

engine was precisely measured using a water-cooled 

electrodynamic dynamometer, Zollner A-350. Based on 

the results of the study, three fuel mixtures were 

evaluated: DB5 (95% diesel, 5% biodiesel), DB7.5 

(92.5% diesel, 7.5% biodiesel), and DB10 (90% diesel, 

10% biodiesel). A constant 30ppm of CeO2 is added to 

all diesel-biodiesel blends. During the production of this 

mixture, biodiesel (B100) was used and supplied by 

ALDECO Solvent-Aided Crystallization (SAC). As 

shown in Fig. 1, the mixtures were prepared 

volumetrically and stored in labeled containers for use 

during the tests (Zeki et al. 2023). Detailed data for 

engine performance and emissions were collected 

through the establishment of a comprehensive test matrix 

that included an array of engine speeds and loads. Among 

the main components of the study were a Cummins 

QSB6.7 diesel engine, a Water-cooled electromagnetic 

dynamometer Zollner A-350, a portable emissions 

analyzer Testo 350 XL, and various auxiliary measuring 

devices (Zheng and Cho, 2024). 

2.1 Engine and Dynamometer 

A Cummins QSB6.7 engine fitted to a test 

bench came from a truck tractor and was turbocharged, 

intercooled, and compression-ignition. Zollner's A-350 

dynamometer measured torque ranges from 0 to 500 nm 

and 0 to 1000 nm when coupled to this engine. 

Dynamometers function as brakes, absorbing the engine's 

effective power and measuring it. Various parameters 

could be adjusted through the test bench control module, 

including engine speed, load, and coolant flow by 

National Instruments (NI) DAQ Systems.  

Fig. 1: DB5, DB7.5 and DB10 fuel labeling 

2.2 Experimental Test Matrix 

A comprehensive experimental test matrix was 

developed to cover various operating conditions. A total 

of 16 test points were defined, comprising 04 rotational 

speeds (2000, 1600, 1300, and 1000 rpm) and four load 

levels (9.4, 18.8, 28.2, and 37.5 kPa) in terms of mean 

effective pressure. Various parameters were measured 

and recorded for each test point, including engine speed, 

torque, fuel consumption, air intake conditions, 

emissions concentrations (CO2, CO, and NOx), exhaust 

gas temperature, and relative humidity (Liu et al. 2022). 

A turbocharged diesel engine from a tractor-trailer was 

used with an intercooler. Fig. 2 displays the main 

technical characteristics of the engine and the 

arrangement of the engine during testing.  

2.3 Emissions Measurements 

The Testo 350 XL portable emissions analyzer, 

equipped with sensors for O2, NO2, SO2, CO, CO2, NOx, 

and HC, was employed to measure the exhaust gas 

emissions from the engine. The analyzer's sampling 

probe was installed in the engine's exhaust pipe, allowing 

for the collection and analysis of the exhaust gas sample. 

2.4 Auxiliary Instrumentation 

Several auxiliary instruments were utilized to 

measure and record various parameters during the tests: 
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• Emerson Micro Motion Coriolis flow meter for

measuring fuel mass flow rate.

• Orifice plate meter for measuring air

consumption.

• Testo 610 Hygrometer for monitoring ambient

temperature and humidity.

• Cummins Insite program for accessing engine

control module data.

Fig. 2: Engine installation (1) Rotameter, (2) Dynamometer 
brake, (3) Exhaust pipe, (4) Analog torque meter, (5) 
Intercooler, (6) Cummins QSB6 and (7) Engine 

2.5 Experimental Procedure 

The experimental procedure involved the 

following steps: 

• Preparation of Fuel Mixtures: The required

volumes of diesel and biodiesel were carefully

measured and blended to create the DB5, DB7.5,

and DB10 mixtures, which were then stored in

labeled containers.

• Engine Warm-up: Before initiating the tests, the

engine was allowed to warm up to its operating

temperature to ensure stable conditions.

• Test Point Setup: The optimized engine speed and

load were established the test bench control

module for each test point in the matrix.

• Data Acquisition: Once the engine reached steady-

state conditions, the various measuring

instruments were used to record the required

data, comprising engine torque, speed, air intake

conditions, fuel consumption, emissions

concentrations, exhaust gas temperature, and

relative humidity.

• Mixture Change: After completing the tests for a

particular fuel mixture, the engine was shut

down, and the fuel system was flushed to prepare 

for the next mixture. 

• Repeat Steps 2-5: The entire process was repeated

for each of the three fuel mixtures (DB5, DB7.5,

and DB10) across the defined test matrix.

Fig. 3: Observed effective power vs average effective pressure 
@ 1000 rpm and 1300 rpm

3. RESULTS AND DISCUSSION

The experimental investigation yielded a 

comprehensive dataset, providing insights into the effects 

of diesel-biodiesel blends on engine performance and 

emissions. The key results and discussions are presented 

below: 

3.1 Effective Power 

The engine's power increases with increasing 

rotational speed and load. As expected, the results were 

similar for all three fuel mixtures (DB5, DB7.5, and 

DB10) since the effective power is directly related to the 

engine speed and load, which were established as input 

parameters. Fig. 3 and 4 show that, in general, effective 

power increases as the engine speed increases. This is 

because effective power depends on the rotational speed 

and load of the motor. In the tests carried out, both values 

were established as input data, so the effective power 

values for the 3 fuel mixtures (DB5, DB7.5, DB10) were 

similar at a constant speed and load. Diesel Engine 

performance enhanced by 4% for Biodiesel blends with 

Cerium Oxide (CeO2). 

Fig. 4 indicates that the highest value calculated 

for effective power is 41.5 kW at 2000 rpm and 37.5 kPa, 

while the lowest value reached 5.30 kW and was obtained 

at 1000 rpm and 9.4 kPa in Fig. 3. For intermediate 

speeds of 1300 rpm and 1600 rpm, the maximum values 

obtained were 27.3 kW and 33.7 kW, respectively, while 

the minimum values were 6.8 kW and 8.3 kW, 



P. Vasanthkumar et al. / J. Environ. Nanotechnol., Vol. 13(4), 377-385 (2024) 

380 

respectively (Chetia et al. 2024; Gaddigoudar et al. 

2023). 

Fig. 4: Observed effective power vs average effective 
pressure @ 1600 rpm and 2000 rpm 

Fig. 5: SFC vs average effective pressure @ 1000 rpm 

Fig. 6: SFC vs average effective pressure @ 1300 rpm 

Fig. 7: SFC vs average effective pressure @ 1600 rpm 

Fig. 8: SFC vs average effective pressure @ 2000 rpm 

3.2 Specific Fuel Consumption 

The specific fuel consumption decreased as the 

mean effective pressure increased, indicating better 

engine utilization for producing useful work at higher 

loads. However, specific fuel consumption increased 

with higher biodiesel content in the blends, with 

increases of up to 4% for DB10 compared to DB5 at 1000 

rpm and 4.5% at 2000 rpm. This increase can be 

attributed to biodiesel's lower energy content per unit 

mass than conventional diesel. Fig. 5 to 8 show that 

specific fuel consumption decreases as the average 

effective pressure increases. This trend is independent of 

the motor's speed and the mixture used, since effective 

power is a variable calculated for a preset speed and load 

as the input data for the test. 

The highest values were recorded at a speed of 

2000 rpm, approximately 740 g/kW·h in Fig. 8, while the 

lowest values were at a speed of 1000 rpm (247 g/kW·h), 

both at 37.5 kPa in Fig. 5, where the effective power 
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reaches its highest values in this test protocol (Li et al. 

2024; Mahgoub, 2023). The lower specific fuel 

consumption demonstrates the engine's more efficient 

use to produce useful work and is directly related to the 

engine's effective efficiency. In the tests performed, this 

condition was found at the lowest rotational speed and 

the highest mean effective pressure. On the other hand, 

specific fuel consumption increases for constant speed 

and load as the percentage of biodiesel in the diesel 

mixture increases. This increase can be attributed to the 

lower energy content of biodiesel per unit mass 

(approximately 12% lower) compared to pure diesel. In 

other words, to achieve the same engine power, 

biodiesel's lower energy content must be compensated by 

higher fuel consumption. Increases of up to 4% were 

found for a speed of 1000 rpm (Fig. 3) and 4.5% for 2000 

rpm (Fig. 6), both for the DB10 mixture and at the 

maximum effective average pressure tested of 37.5 kPa. 

These results are justified by the lower calorific value of 

the DB10 mixture and the fact that at 37.5 kPa, the power 

reaches its highest values (Maleki et al. 2024; Meng et 

al. 2023). 

SFC slightly decreases with Biodiesel blend 5% 

with 30ppm of CeO2. For the intermediate speeds of 1300 

rpm (Fig. 7) and 1600 rpm (Fig. 8), there is also a 

percentage increase in the specific fuel consumption of 

the mixtures, with values between 1.5% and 3.5%. These 

results align closely with those found in the literature 

consulted in this study. From occrance 3% and 2.5% 

increases in original specific consumption with 

conventional diesel when using blends with 20% 

biodiesel in engines of similar performance (Mohammed 

et al. 2023). 

3.3 Effective Performance 

The engine's efficiency in converting fuel 

energy into mechanical work increases with increasing 

load. The highest effective performance of 34% was 

observed at the lowest tested speed of 1000 rpm for the 

DB5 mixture, while the lowest value of 26% was 

recorded at 2000 rpm. As the biodiesel content in the 

blends increased, the effective performance slightly 

decreased, with the most notable change occurring 

between DB5 and DB10 at 1000 rpm, reaching a 4% 

difference. Uncertainty management within the study 

ensured the reliability of these findings, with power and 

pressure measurements' uncertainties maintained below 

0.5 kW and 0.8 kPa, respectively, and specific fuel 

consumption uncertainties under 9.5 g/kW.h. This 

rigorous approach to data integrity underpins the study's 

contributions to understanding the impact of biodiesel 

blends on diesel engine performance (Nadimi et al. 2024; 

Riyadi et al. 2023). 

Fig. 9: Effective performance vs average effective pressure 
@ 1000 rpm 

Fig. 10: Effective performance vs average effective pressure 
@ 1300 rpm 

Fig. 11: Effective performance vs average effective pressure 
@ 1600 rpm 
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Fig. 12: Effective yield vs average effective pressure @ 2000 
rpm 

Fig. 9 to 12 present effective performance 

results versus mean effective pressure. You can see that 

the performance increases as the load on the engine 

increases. Effective performance is a parameter that 

indicates the efficiency of the engine in transforming the 

energy obtained from the fuel into mechanical energy, 

and it reaches its highest peak when the specific 

consumption reaches its lowest value. Therefore, as the 

load on the engine increases, it tends to make better use 

of the energy supplied by the fuel (Muhammed and 

Shaija, 2023). 

The highest effective yield was found at the 

lowest rate tested, at 34% in Fig. 9, and its lowest value 

at the highest speed, at 26% in Fig. 12, both for the DB5 

mixture and at the highest mean pressure (Sanl and 

Uludamar, 2024). 

Combustion efficiency improved for the 

Biodiesel blend with CeO2 at 1000rpm. To obtain a much 

more accurate effective yield value, it was necessary to 

balance the lower calorific values of each fuel (diesel and 

biodiesel) and their mass consumption, since as the 

percentage of biodiesel in the mixture increased, the 

energy content of the mixture decreased. This is why, 

when testing at the same load and speed, the effective 

yield for the highest blends (DB7.5 and DB10) tends to 

be lower than that for the 5% biodiesel blend (DB5). 

While it is true that the blending trends are quite similar, 

it can be seen that the effective yield is slightly higher 

when the percentage of biodiesel in the blend is lower. 

The most notable increase occurred at 1000 rpm between 

DB5 and DB10 in Fig. 9, reaching a percentage 

difference of 4% for maximum load (Roschat et al. 2024; 

Sayyed et al. 2024). 

3.4 Carbon Monoxide 

Carbon monoxide emissions increased with 

increasing speed and load in the tests. The highest CO 

values were obtained with the DB5 mixture (lowest 

biodiesel content) at 2000 rpm and the highest average 

effective pressure of 37.5 kPa. Biodiesel blend of 5% 

with 30ppm of CeO2 reduced CO emission by 4.26%. For 

all three fuels tested, CO emissions decreased as the 

biodiesel content in the mixtures increased, with the 

highest percentage decrease of 4.26% observed between 

DB5 and DB10 at 1000 rpm and 28.1 kPa As shown in 

Fig. 13 to 16 (Sun et al. 2024). 

Fig. 3: CO vs average effective pressure @ 1000 rpm 

Fig. 4: CO vs average effective pressure @ 1300 rpm 
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Fig. 55: CO vs average effective pressure @ 1600 rpm 

Fig. 16: CO vs average effective pressure @ 2000 rpm 

4. CONCLUSIONS

An intercooled, turbocharged, six-cylinder 

Cummins QSB6.7 diesel engine and Zöllner A-350 

electrodynamic dynamometer were used to measure its 

power output precisely.  

❖ The test points comprised 16 rotational speeds 

(2000, 1600, 1300, and 1000 rpm) and four 

pressure levels (9.4, 18.8, 28.2, and 37.5 kPa). This 

study investigated biodiesel blends that contained 

5%, 7.5%, and 10% biodiesel with a constant 

30ppm CeO2 addition A higher engine speed at 10 

kPa increases Effective power by 50%; at 35 kPa, 

it increases by 37.5%. A higher engine speed from 

1600 rpm to 2000 rpm increases power by 25% at 

10 kPa and by 41.67 percent at 35 kPa. Power 

output decreases about 2.55% to 4% when 

switching from DB5 to DB10 across a range of 

speeds. Effective power reaches 41.5 kW at 2000 

rpm and 37.5 kPa, while the lowest value reaches 

5.30 kW at 1000 rpm and 9.4 kPa, which indicates 

an increase by 23.15%. During intermediate speeds 

of 1300 rpm and 1600 rpm, maximum values were 

27.3 kW and 33.7 kW, respectively, and minimum 

values were 6.8 kW and 8.3 kW, respectively, 

increased by 23.44%. Diesel Engine performance 

enhanced by 4% for Biodiesel blends with Cerium 

Oxide (CeO2). 

❖ Effective performance is maximum at 1000 rpm for 

DB5 about 34% while a minimum performance of 

26% was observed at 2000 rpm. With increasing 

biodiesel content in the blends, the effective 

performance of the engine decreased slightly, with 

a significant difference between DB5 and DB10 at 

1000 rpm of 4%. At the lowest speed tested, the 

best effective performance was observed, at 34%, 

and at the highest speed tested, at 26%, both for the 

DB5 mixture and for the highest mean pressure. 

Combustion efficiency improved for the Biodiesel 

blend with CeO2 at 1000rpm.  

❖ SFC increased with higher biodiesel content in the 

blends by up to 4% at 1000 rpm for DB10 and 4.5% 

at 2000 rpm for DB5. A speed increase of 4% was 

observed at 1000 rpm and a speed increase of 4.5% 

at 2000 rpm, both for the DB10 mixture, and at the 

maximum effective average pressure of 37.5 kPa. 

At 37.5 kPa, the power reaches its highest values 

due to the lower calorific value of the DB10 

mixture. Among the mixtures at intermediate 

speeds, the specific fuel consumption increased by 

1.5% to 3.5% between 1300 rpm and 1600 rpm. 

SFC slightly decreases with Biodiesel blend 5% 

with 30ppm of CeO2.  

❖ The amount of carbon monoxide emissions in the 

tests increased as the speed and load increased. The 

highest CO values were obtained with the DB5 

mixture at 2000 rpm, with a maximum effective 

pressure of 37.5 kPa, corresponding to the highest 

maximum operating speed. All three of the fuels 

tested showed a significant reduction in CO 

emissions as the percentage of biodiesel in the 

mixtures increased, with the highest percentage 

reduction, 4.26%, being observed between the DB5 

and DB10 at 1000 rpm and 28.1 kPa when the 

biodiesel content was increased. Biodiesel blend of 

5% with 30ppm of CeO2 reduced CO emission by 

4.26%. 
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