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Table 1- A summary of studies conducted in the field of life cycle assessment in diesel engines

) Fuel Additives )
Reference Region Biodiesel |Bioethanol| Biogas Method Impact range | Engine performance
[21] EU %] CML 2001 Partial
[22] [ ] [ ) Eco-indicator 99 Complete M
[23] [l ] ] IMPACT 2002+ Partial
[24] EU ] [ ) US GREET Partial [
[6] Iran ] ] IMPACT 2002+ Partial M
[25] x %] ReCiPe 2008 Partial
[26] [ “ [ &) US GREET Partial =
[27] [l ] ReCiPe Partial
[28] 5] ] [ [ ReCiPe Partial [
Present study Iran ] ] ] IMPACT 2002+ Complete ]
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Table 2- The specifications of the dual-fuel diesel engine

Engine parameter Specifications

Model DEUTZ F1L511

No. of cylinder 1

Engine type 4 Stroke, Direct injection, naturally aspirated
Cooling system Air cooling

Compaction ratio 17:1

Displacement volume 0.826

Maximum torque (N.m) | 44 N.m @ 1200 rpm

Maximum power (kW) | 5.7 kW@ 1500 rpm

ooliiusl 90 (51 ol sy Cunnlad pus )50 9 (it lojT il g o Y Jgur
Table 3- The accuracy of the test equipment and the degree of uncertainty of the parameters used

Parameter | Measuring instrument | Accuracy
Experimental parameters:

DC generator MEZ-BURNO 1V

Fuel flow meter Portable fuel consumption gauges FC-102-2 1 CCl/s

Air flow meter Extech Division AN100 1ms
Engine emissions | AVL DiSmoke 4000 gas analyzer 0.01%-1ppm
Calculated parameters: Uncertainty
Brake power (BP) <1%

Brake specific fuel consumption (BSFC) <1%

Brake thermal efficiency (BTE) <1%
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Figure 1- Schematic diagram of life cycle assessment procedure
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Figure 2- The system boundary for the study
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Figure 3- The connections between midpoint and endpoint indicators for IMPACT 2002+
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Table 4- Life cycle inventory

Oil extraction process

Transportation (t.km) | 600
Steel (kg) 15
Electricity (kWh) 1200
Biodiesel production

Steel (kg) 1.15
Water (kg) 860
HCI (kg) 7.8
Methanol (kg) 181.2
NaOH (kg) 8.71
Wastewater (kg) 22.51
Electricity (kWh) 51.13
Bioethanol production

Wheat straw (kg) 2.5
Water (kg) 8.5
Enzyme (kg) 0.01
Liquor (kg) 0.012
Purified biogas

Steel (kg) 0.0004
Water (kg) 27
Manure (kg) 27
NaOH (kg) 0.38
Wastewater (kg) 23
Electricity (kWh) 1.2
Combustion of fuel samples

Diesel fuel (kg)

Based on fuel sample required

Sunflower oil (kg)

Based on fuel sample required

Biodiesel (kg)

Based on fuel sample required

Bioethanol (kg)

Based on fuel sample required

Natural gas (kg)

Based on fuel sample required

Iron (kg) 0.000015
Steel (kg) 0.000002
Aluminum 0.000008
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Table 5- Properties of fuel samples

Fuel samples Density | Kinematic viscosity | Calorific value | Flash point | Cloud point
P kg/m? oSt MJ kg™ °C °C
Standard No. D-445 D-7042 D-6751 D-92 D-2500
BOEO (Diesel) | 872.1 2.08 40.9 925 -7
B5 873.0 2.14 40.7 94.2 -6
B5E3 873.9 2.51 40.5 94.4 -2
B5E5 874.2 2.83 40.2 94.6 -1
B5E7 875.1 2.95 40.0 94.7 0
B20 875.3 2.36 40.1 98.1 -4
B20E3 876.2 2.78 39.6 98.5 -2
B20E5 877.2 3.01 38.7 99.1 0
B20E7 889 3.31 37.9 101.0 +3
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Figure 4- The results related to changes in brake power under different fuel samples. A) 50% gas fuel, b) 60% gas fuel, c) 70%

gas fuel, d) 80% gas fuel.
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Figure 5- The results related to changes in brake specific fuel consumption under different fuel samples. A) 50% gas fuel, b) 60%
gas fuel, c) 70% gas fuel, d) 80% gas fuel.

\f



VEY Ll cpgo o)leds e 3ld Jlo (3l gl g S g il - gode 4y i

Sl )b j0 G55 CEgm g S gw diged jeax ;0 Gy oy (Sl eoib 4 by il all 4 f S

Fuel sample

Fuel sample

Fuel sample

B20E7
B20ES
B20E3

w w
R
LV S =]

BSE3
B5

Diesel

B20E7
B20ES
B20E3
B20
B3E7
B3ES
B3E3
BS

Diesel

10 15 20 25 30 35
BTE (%)
(a)
10 15 20 25 30 35
BTE (%)
(b)
10 15 20 25 30 35
BTE (%)

Vo



Somge (e S o Sby0 59 a2,

(©

B20E7
B20E5
B20E3
B20
BSE7
B5ES
B5E3
B5

Diesel

Fuel sample

0 5 10 15 20 25 30 35
BTE (%)

(d)
S g (9 .0030 O+ (635 Co g (A il s g digod i (s30,5 039 Sy 003b Ol it 4y bgy po g bs -F SO
o0 Ar (635 CB g (0 .00 0 Ve (635 Co g (om0 £e (538

Figure 6- The results related to changes in brake thermal efficiency under different fuel samples. A) 50% gas fuel, b) 60% gas
fuel, c) 70% gas fuel, d) 80% gas fuel.
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Figure 7- The results related to emission of nitrogen oxides under different fuel samples. A) 50% gas fuel, b) 60% gas fuel, ¢) 70%
gas fuel, d) 80% gas fuel.
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Figure 8- The results related to emission of carbon dioxides under different fuel samples. A) 50% gas fuel, b) 60% gas fuel, c)
70% gas fuel, d) 80% gas fuel.
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Figure 9- The results related to emission of carbon monoxide under different fuel samples. A) 50% gas fuel, b) 60% gas fuel, c)
70% gas fuel, d) 80% gas fuel.
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Figure 10- The results related to the endpoint environmental indicators in different scenarios. A) 50% gas fuel, b) 60% gas fuel,
) 70% gas fuel, d) 80% gas fuel.
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Figure 11- The results related to the contribution of inputs from the endpoint environmental indicators in different scenarios.
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Sustainable power generation from a dual fuel diesel engine in the presence
of biodiesel, bioethanol and biogas: evaluation using the life cycle method
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The investigation of alternative fuels, such as biodiesel, have been prompted by the detrimental emissions
resulting from the combustion of fossil fuels. Undoubtedly, the primary concern in fuel selection lies in the
examination of emissions. Hence, the present study aims to examine the performance and environmental life
cycle assessment methodologies of a dual fuel diesel engine. Furthermore, a fuel blend is made by combining
biodiesel sourced from sunflower oil with varying concentrations of bioethanol (3%, 5%, and 7%) and pure
biogas, with a percentage ranging from 50% to 80%. This fuel blend is intended for use in the combustion
process. In this study, a total of eight fuel samples were meticulously produced and subsequently examined,
alongside diesel fuel which served as the control fuel. The entire life cycle evaluation encompasses several
stages, starting with the manufacturing of inputs to the combustion of fuel samples. This includes the
extraction of oil from sunflower seeds, the production of biodiesel and bioethanol, as well as the generation of
natural gas produced from pure biogas. These processes are regarded as captivating and pioneering topics
within the field. The provided samples underwent combustion within a dual fuel engine. The findings indicate
that the B5 fuel sample, when combined with a 3% bioethanol additive, demonstrates superior engine
performance and reduced exhaust emissions. Furthermore, enhanced conditions were achieved in terms of
engine performance and exhaust emissions when operating at the lowest rate of natural gas fractionation,
which was 50%. The findings of a thorough life cycle evaluation, which examines the entire process from
farm to combustion, indicate that the blend B5E7, consisting of 50% natural gas portion at maximum engine
load, demonstrates both environmental friendliness and appropriate performance characteristics.

Keywords: Life cycle assessment; Bioethanol; Biodiesel; Biogas; Stable power generation; Diesel engine



