FACULTY OF

-

uels from Microalgae
for Diesel Engine

Supervisors:
Dr. Talal Yusaf
Dr. Paul Baker
Dr. Troy Jensen

3/24/2013 1




USQ

AUSTRALIA

4.

3/24/2013

L AT FACULTY OF
SR ENGINEERING AND SURVEYING

O UTLINE

Introductiot
Literature revie\
Resear

Meths

Some |



INntroduction

fuel for replacing the current fossil.

Microalgae biodiesel is renewable, produce less emissions, and
Its productivity is many times higher than crops biodiesel

Many studies have been done on microalgae Dbiodiesel
production and its properties, however the performance and the
emissions of this fuel in diesel engine has not been reported.
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Literature Review (Why microalgae?) | \ !1

Microalgae is non-edible and have the ability to grow in conditions that
do not affect the human food production process (Widjaja et al., 2009),
(Mata et al., 2010).

Microalgae biodiesel production per unit of area IS many times higher
than crops biodiesel. The productivity of diatom algae are about 46000
Kg of oil/hectare/year (Demirbas, 2007).

Some microalgae oil species content about 80% of dry weight (Amin,

2009).

Microalgae biofuel is non-toxic, contains no sulphur and highly bio-
degradable. After extracting oil the left material can be used as soil
fertilizer or to produce ethanol (Demirbas & Fatih Demirbas, 2010)



Literature Review

(Harvesting microalgae and oil extracting)

Microscreen, centrifugation, and flocculation are the most
common harvesting methods. (Amin, 2009). Centrifugation IS
efficient and reliable, but expensive for the production of

microalgae as energy (Shen et al., 2009).

The extraction of microalgae oil from the
biomass can be In physical or chemical methods.
Oil press is used as physical extraction, while
chemical extraction IS used to make the I

extraction more effective (Anderson & Sorek, 2009).



Research Aim

The overall aim of this project IS to produce and
evaluate alternative, renewable and
environmentally friendly fuels from microalgae in
form of Dbiodiesel and emulsion fuels of
biodiesel+water+microalgae and use it In single
cylinder diesel engine and tractor engine.



Methodology

The objectives of this study are to;

1.

Grow, harvest and lipid extract of fresh water microalgae Chlorella vulgaris

FWM-CV to produce microalgae biodiesel and enhance the lipid content.

Study some of the physical and chemical properties of microalgae biodiesel from
FWM-CV and Chlorella protothecoides MCP-B and its blends.

Produce emulsion fuel from cottonseed biodiesel with water (with and without
adding FWM-CV using ultrasound.

Evaluate the performance and the exhaust gas emissions components of a single
cylinder diesel engine using MCP-B iIn different blend ratios and the emuilsion
fuel with and without adding FWM-CV.

Evaluate tractor performance and emissions using MCP-B20.



and Industrial Research Organization (CSIRO), Australia. The
FWM-CV were grow in MBL medium and the experiment for
enhancing the lipid content was performed
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(microalgae harvesting, oil extracting and transesterlflca ion) . 3 ':-i'

The microalgae have been extracted from the medium using

a centrifuge at 8000 rpm for 10 min

The oll have been extracted from the biomass using the

method as in (Folch, 1957) using chloroform/methanol (2/1).

The transesterification conducted using methanol and

NaOH as catalyst.

The fatty acid methyl esters (FAME) produced after
transesterification from FWM-CV and MCP-B100 analyzed

using gas chromatography GC ms.
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AUSTRALIA

A single-cylinder four-str

engine is used in the test

and emissions.

e g
T
NO, HC A

> diagram of experimental setup consist of 1- Engine, 2- Dynamometer, 3-Drive shaft, 4-Fuel
tank, 5- Fuel rate meter, 6- Inlet air flow meter, 7-Pressure sensor, 8- Crank angle encoder, 9- Gas analyser,

10- Data acduisition.
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Some physical properties @

Heat of
combustion (MJ

kg™)
Myristic acid 38.89 ¢

Kinematic
viscosity (40 C
mm? s1)

Cetane
number

Density (g cm-
%)

Palmitic acid 39.449 dg

Palmatoleic acid 39.293 dg

Stearic acid 40.099 d.9

Linoleic acid 39.698 d4

a-Linoleic acid 39.3424d9

Density (kg m-3) Cetane number Kinematic viscosity
(40 °C mm?s?) kg™t
Control 875.31 39.608

ISC 873.034 39.666

Diesel 838¢ 45.3-46.7f
Biodiesel 860 —900°¢ 39.3-39.8f
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properties stage one Stage two Chlorella  vulgaris | Chlorella vulgaris

(Lee et al., 2010) (Mata et al., 2010)

Control

Growing time days

Dry weight g L

Biomass productivity mg L-lday!

lipid content %

14.96-15.58 5.0-58.0

lipid productivity mg L-lday!

11.1—6.91b 11.2-40.0
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Tractor test




Results

AUSTRALIA
)€ plIVe Ste 0
O ated P 1 O speed 240k
Variable PD MCP-B20 ANOVA
F
Engine Torque (Nm) 8.20 46 6 6.246
PTO Torque (Nm) 0 3 0 4 6.294
Gross input power Z 4 0 949 0.9
Engine Power (kW) 0.39 0 9.6 3 6.206
PTO Power (kW) 0.399 09 6.129
BSFC (kg/kWh) 451 .64 64 4 4 0.0
Engine efficiency (%) 8.8 / 9 08 0.149
Noise level (db) 90.9 0.408 90 99
Exhaust temperature (°C) 6 4.08 4.0
CO, (%) 9 0.049 6.720
CO (%) 0.036 0.006 0 00 38
0O, 9.58 0.258 0 94 y
\[o] 4 0.68 49 86 4.228
HC (PPM) 0 0 6
Lambda 3 0.034 0 0 9.114




Variable
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AUSTRALIA

NOVA summary for tractor engine performance and emissions at

RPM).

M

Engine Torque (Nm)

79.1025

PTO Torque (Nm)

456

Gross input power

50.937

Engine Power (kW)

12.42

PTO Power (kW)

14.6

BSFC (kg/kWh)

347.547

Engine efficiency (%)

Noise level (db)

Exhaust temperature (°C)

CO, (%)

CO (%)

O,

No

HC (PPM)

Lambda

PD MCP-B20 ANOVA

0.076
0.793
5.985*
1.587
37.8%*
5.254
50.087***
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