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Exploring new sources for biodiesel production, here
are some potential areas of biodiesel feedstock
origination that are gaining interest:

1. Algae-Based Biodiesel

*Why: Algae have high oil content, can grow in non-
arable land, and have rapid growth rates.

*Focus: Microalgae strains, optimization of growing
conditions, oil extraction methods, and cost-
effectiveness.

KEY ASPECTS YOU CAN EXPLORE

1. Why Algae for Biodiesel?

*High Oil Yield: Certain algae species can contain up
to 60% of their dry weight as oil, much higher than
traditional crops.

*Non-Arable Land: Algae can grow in saline,
wastewater, or non-arable land, avoiding competition
with food crops.

*Rapid Growth: Algae have a fast growth cycle,
allowing for continuous biomass production.

*Carbon Sequestration: Algae can absorb CO2 during
photosynthesis, potentially reducing greenhouse
gases.

2. Types of Algae for Biodiesel:
*Microalgae: Single-celled organisms that grow in
water and can produce high oil yields.

Examples: Chlorella vulgaris, Nannochloropsis,
Botryococcus braunii.
*Microalgae (Seaweed): Larger algae species,

although less oil-rich than microalgae, they can be
used for biofuel production.

3. Key Focus Areas:

+Strain Selection: Researching algae species with high
lipid content and suitable growth conditions.
Cultivation Techniques:

Open Pond Systems: Cost-effective but vulnerable to
contamination and low productivity.

Closed Photo bioreactors: Controlled systems that
increase efficiency but are more expensive.

*Nutrient and Water Optimization: Algae can thrive in
wastewater, potentially integrating with water

treatment  facilities,
environmental impact.
+Qil Extraction Techniques:
Mechanical  Extraction:
ultrasonication to release oil.
Chemical Extraction: Solvent extraction methods such
as hexane or supercritical CO2.

*Transesterification Process: The chemical process
used to convert algal lipids into biodiesel.
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4. Challenges in Algae-based Biodiesel:

*Cost: Current production methods are expensive
compared to traditional fossil fuels and even other
biodiesel sources.

*Scalability: Although promising in labs, scaling up
algae cultivation and oil extraction for industrial
purposes is challenging.

*Energy Inputs: Maintaining the necessary
environmental conditions (light, nutrients, CO2)
requires significant energy, which can negate some
environmental benefits.

5. Environmental and Economic Benefits:
*Wastewater Treatment: Algae can be used to clean
wastewater by absorbing excess nutrients, making
them dual-purpose for biodiesel production and
environmental management.

*CO2 Sequestration: Algae farming can be coupled
with carbon capture initiatives, helping reduce
emissions from industries.

*Sustainability: Algae don't require arable land or
freshwater, making them a sustainable option
compared to traditional biodiesel feedstock.

ENGINE PERFORMANCE OF ALGAE BASED
BIODIESEL

The engine performance of algae-based biodiesel is a
critical aspect of its viability as a fuel alternative.
Here’s a detailed breakdown of how algae-based
biodiesel impacts engine power, along with key
factors and studies that can guide your thesis:

1. Engine Power Output:
*Power Comparison: Biodiesel typically produces
slightly lower engine power compared to conventional
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diesel because of its lower energy content (calorific
value). Algae-based biodiesel is no exception, though
the difference in power output can vary based on:

The specific algae strain used.

The quality of the Transesterification process (which
converts algae oil to biodiesel).

*B20 and B100 Blends:

0B20 (20% biodiesel, 80% diesel): Typically results in
a marginal reduction (1-2%) in engine power
compared to pure diesel.

0B100 (100% biodiesel): May lead to a 5-10%
reduction in power due to its lower energy content.

2. Factors Influencing Engine Power:

*Energy Content (Calorific Value): Algae biodiesel
tends to have a lower energy density than diesel. The
energy content of algae biodiesel is around 37-40
MJ/kg, compared to 42-45 MJ/kg for petroleum diesel.
This affects the total power output of the engine.
*Combustion Properties: Biodiesel has a higher
oxygen content, which can improve combustion
efficiency. This can lead to better torque and power
recovery despite the lower energy content.

*Cetane Number: Algae biodiesel has a higher cetane
number (50-58) than petroleum diesel (~45), meaning
it ignites faster and combusts more completely,
potentially mitigating power loss in some cases.

3. Engine Efficiency and Performance:

*Torque: While there is often a slight reduction in
torque when running algae biodiesel, it remains within
acceptable limits for most engines. Some studies
report a minor increase in torque at certain engine
speeds due to better combustion properties.
*Brake-Specific Fuel Consumption (BSFC): Algae
biodiesel engines generally show higher BSFC,
meaning more fuel is consumed to maintain the same
power output. This is mainly due to the lower energy
content of biodiesel. Increases in BSFC are typically
5-10% for B100 algae biodiesel compared to diesel.
*Engine Emissions: Algae biodiesel generally
improves emissions, which may offset power losses:
Lower CO and HC Emissions: Algae biodiesel
contains oxygen, leading to more complete
combustion and lower carbon monoxide (CO) and
hydrocarbon (HC) emissions.

NOx Emissions: However, biodiesel can lead to a
slight increase in nitrogen oxides (NOx) due to higher
combustion temperatures.

4. Performance in Diesel Engines:
*Fuel Injection and Timing: Adjustments to fuel
injection timing and pressure may help recover some

of the power lost with algae biodiesel. Modern diesel
engines with common rail injection systems can be
tuned to optimize the combustion of biodiesel blends.
*Cold Flow Properties: Algae biodiesel may suffer
from poor cold flow properties, which can affect
starting and performance at low temperatures.
Additives or blending with regular diesel (e.g., B20)
can help mitigate this issue.

5. Improving Engine Power with Algae Biodiesel:
*Blending: Using algae biodiesel in blends (e.g., B20)
helps maintain engine power closer to conventional
diesel while still reaping environmental benefits.
*Engine Tuning: Optimizing injection timing and air-
fuel ratios for biodiesel combustion can help maintain
power levels.

*Additives: Adding fuel additives to improve the
energy  content, lubricity, and  combustion
characteristics of algae biodiesel can lead to improved
engine performance.

B20 and B100 Blends in Algae Based Biodiesel

In the context of algae-based biodiesel, B20 and B100
refer to the proportion of biodiesel in a blend with
conventional petroleum diesel:

1. B20: This is a blend containing 20% biodiesel and
80% petroleum diesel. It is often favored for its
balance between utilizing renewable fuel and
maintaining compatibility with most diesel engines.
The use of B20 can reduce harmful emissions like
carbon  monoxide, particulate  matter, and
hydrocarbons  while  still ~ providing reliable
performance similar to traditional diesel.

2. B100: This refers to 100% biodiesel, meaning it
contains no petroleum diesel. It represents the most
sustainable option in terms of renewable fuel use and
significantly reduces greenhouse gas emissions,
especially CO,, when compared to regular diesel.
However, B100 can have some challenges:

Cold weather performance: Pure biodiesel can gel in
cold temperatures, making it less suitable for certain
climates.

Material compatibility: B100 may affect rubber
components or seals in older engines not designed for
biodiesel.

Oxidation and storage: B100 can be more prone to
oxidation and may have shorter shelf life due to the
presence of unsaturated fatty acids.

Algae-Based Biodiesel
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Algae are considered an excellent feedstock for
biodiesel production due to their high lipid content,
fast growth rate, and ability to be cultivated on non-
arable land. When algae oils are used for producing
biodiesel blends (B20, B100), the benefits of algae
include:

*High yield: Algae can produce more oil per acre
compared to terrestrial crops like soybeans or palm.
*CO, absorption: Algae can be grown using CO,
emissions from industrial sources, thus acting as a
carbon sink.

*Non-competition with food crops: Since algae can be
grown in non-arable lands, they do not compete with
food crops for land or water resources.

While B100 from algae offers the most significant
environmental benefits, B20 provides a practical
balance between environmental performance and
compatibility with existing diesel engines. Both
blends, when derived from algae, can contribute to
reducing the carbon footprint and enhancing fuel
sustainability.

PERFORMANCE METRICS OF ALGAE-BASED
BIODIESEL

The performance metrics of algae-based biodiesel,
particularly in blends like B20 and B100, are typically
evaluated based on several parameters, including fuel
efficiency, engine performance, emissions, and
combustion characteristics. Here are some key metrics
commonly assessed:

1. Fuel Properties

*Cetane Number: This indicates the ignition quality of
the fuel. Algae-based biodiesel typically has a higher
cetane number (50-60) compared to petroleum diesel
(around 40-50), resulting in better ignition and
smoother engine operation.

*Energy Content (Calorific Value): Biodiesel,
including algae-based, generally has about 8-10%
lower energy content than conventional diesel. This
translates to slightly lower fuel efficiency, though the
difference is minimal in B20 blends but more
noticeable in B100.

*Viscosity: Algae biodiesel generally has a higher
viscosity compared to petroleum diesel. This can
affect fuel atomization and combustion but is
manageable in B20 blends. B100 may require engine
modifications in certain cases.

2. Engine Performance
*Brake Specific Fuel Consumption (BSFC): This
measures how much fuel is consumed per unit of
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power produced. B100 tends to have higher BSFC due
to its lower energy density. B20 blends typically show
minimal changes compared to conventional diesel.
*Engine Power and Torque: In blends like B20, engine
power and torque are comparable to conventional
diesel. However, in B100, a slight decrease in power
and torque can be observed, attributed to the lower
energy content.

*Brake Thermal Efficiency (BTE): Algae-based
biodiesel usually demonstrates slightly lower thermal
efficiency compared to petroleum diesel. B20 shows
minimal differences, while B100 can show a small
drop in efficiency due to combustion characteristics.

3. Emissions

«Carbon Dioxide (CO;): Algae-based biodiesel emits
significantly less CO, across the lifecycle compared to
petroleum diesel. B100 reduces CO, emissions by up
to 78%, whereas B20 provides a 15-20% reduction.
Particulate Matter (PM): Both B20 and B100 blends
reduce PM emissions, with B100 showing up to 47%
reductions in some cases.

*Nitrogen Oxides (NOx): One of the trade-offs of
biodiesel, including algae biodiesel, is a slight increase
in NOx emissions, particularly at higher blends like
B100. This is because of the oxygen content in
biodiesel, which promotes higher combustion
temperatures.

*Hydrocarbons (HC) and Carbon Monoxide (CO):
Biodiesel blends, especially B100, reduce HC and CO
emissions significantly, with reductions up to 50% or
more in B100 and noticeable reductions even in B20.

4. Combustion Characteristics

*Ignition Delay: Due to the higher cetane number, the
ignition delay (time between injection and
combustion) for algae-based biodiesel is shorter,
promoting a more efficient combustion process.
*Exhaust Gas Temperature: Typically, exhaust gas
temperatures are slightly higher in biodiesel engines
due to higher oxygen content in the fuel, which leads
to more complete combustion.

*Heat Release Rate: The heat release pattern is
smoother for algae-based biodiesel, which can result
in a reduction in engine noise and vibration,
particularly with B20 blends.

5. Cold Flow Properties

*Cloud Point and Pour Point: Algae-based biodiesel
can have relatively poor cold flow properties,
especially in B100. Cloud and pour points (the
temperatures at which the fuel starts to gel or become
solid) are higher than conventional diesel, limiting its
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use in cold climates without additives or blending with
petro-diesel (as in B20).

6. Oxidation Stability

Storage Stability: Algae biodiesel, especially B100, is
prone to oxidation during long-term storage, which
can affect its quality and performance. Antioxidants or
blending with diesel can mitigate this effect in B20.

7. Lubricity

*Engine Wear: Algae-based biodiesel, like other
biodiesel, provides better lubricity compared to
petroleum diesel, reducing engine wear and extending
engine life, even in lower blends like B20.

Summary of Blend-Specific Performance:

*B20: Offers a good balance of performance and
environmental benefits, with minimal impact on
power, fuel efficiency, and emissions. Suitable for use
in standard diesel engines without modifications.
*B100: Provides maximum environmental benefits,
but requires careful management of cold flow
properties, slightly reduced power output, and possible
engine modifications. Best suited for controlled
environments or warmer climates.

PRODUCTION METHOD OF ALGAE BASED
BIODIESEL

The production of algae-based biodiesel involves
several steps, including the cultivation of algae,
harvesting, oil extraction, and conversion of the
extracted oil into biodiesel. Here's an overview of the
process:

1. Algae Cultivation

Open Ponds: These are shallow, open-air ponds where
algae can grow naturally using sunlight, carbon
dioxide, and nutrients. Though cost-effective, they are
more prone to contamination and have lower yields.

Photo bioreactors (PBRs): These closed systems
provide a controlled environment with optimized light,
CO2, and nutrients, leading to higher productivity and
less contamination. They can be made from glass
tubes, plastic bags, or other transparent containers.

Wastewater Treatment Plants: Algae can also be
grown using wastewater, which provides essential
nutrients. This method also doubles as a water
treatment process.

2. Harvesting the Algae

After cultivation, the algae biomass needs to be
harvested, typically using processes like flocculation,
centrifugation, or filtration.

Harvesting can be a challenge due to the small size of
the algae cells and the large amounts of water involved
in their cultivation.

3. Oil Extraction

Algae are rich in lipids (fats), which are needed for
biodiesel production. Extraction of these lipids is a
critical step:

Mechanical Extraction: Methods like expeller press or
ultrasonic-assisted extraction can be used to physically
break open the algae cells and release the oil.

Solvent Extraction: Solvents like hexane are often
used to dissolve and extract the oil from the algae
biomass.

Supercritical Fluid Extraction: This is a more
advanced method using supercritical CO2 as a solvent,
which provides higher extraction efficiency but is
more expensive.

Wet Extraction: This allows oil extraction without the
need to dry the algae first, which can save energy.

4. Transesterification (Conversion to Biodiesel)

The extracted oil is then converted to biodiesel
through a chemical process called Transesterification.
This involves reacting the algae oil with an alcohol
(usually methanol) in the presence of a catalyst
(commonly sodium or potassium hydroxide).

The result is fatty acid methyl esters (FAMES), which
are the chemical compounds that make up biodiesel,
and glycerol as a by-product.

5. Purification

The biodiesel produced must be purified to remove
any remaining impurities such as alcohol, glycerol,
and catalyst residues.

This step ensures that the biodiesel meets quality
standards for use as fuel.
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