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Overview of Emissions 
and 

Alternative Fuel
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What are emissions?

Emissions are the 
term used to 
describe the gases 
and particles which 
are put into the air 
or emitted by 
various sources. 
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Types of emissions

1. Oxides of carbon
2. Oxides of nitrogen
3. Oxides of sulfur
4. Hydrocarbons 
5. Particulates 
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TheEmissionof GreenhouseGasesfrom FossilFuels
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Alternative fuels are energy sources used to power vehicles 
and other machinery, offering a substitute for traditional  
fossil fuels like gasoline and diesel.

What are Alternative fuels?
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TheProjectionof EnergyDemand& Oil Prices

Ç According to the United States Energy Information 
Administration, the graphical forecast on the world energy 
demand by fuel to 2040 estimated the trend of coal, oil, gas, 
nuclear and renewables based on the current, stated and 
sustainable development policies.

Ç The current policies (standard practice) projected that 
energy demand from fuel will  grows as much as 50% while 
the stated policies (conservative energy plan) grows only a 
quarter in 2040.

Ç The grow of energy demand from both policies still  
contribute to the increase of CO2 emission (orange line) as 
well as the continual increase on the fuel prices per barrel, 
which makes fuel still  demanding and more expensive in the 
future.
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https://afdc.energy.gov/fuels/sustainable-aviation-fuel
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Principle of Conversion to 
Alternative Fuel
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Principle

2.Thermochemical 
Conversion

3.Well -to-Tank 
Analysis

4.Drop-in Fuels

5.Biochemical 
Conversion

1.Feedstock 
Availability
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Feedstock and Alternative Fuel 
Conversion
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Feedstock

Edible feedstock

Non-edible 
feedstock
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BiodieselEdibleandNon-edible Feedstock

Ç Oil containing essential fatty acids from plants or animals fat 
used in preparation of food, flavourings and animal feed 
production.

Ç Usually being chosen as feedstock for biodiesel production 
due to its better yield and quality.

Ç High price for massive biodiesel production, which is 
economically unfeasible for commercial usage as compared 
to CDF. 

Ç High demand in food industries to prepare food products for 
human and animals consumption, may cause significant food 
crisis if being used for massive biodiesel production.

Ç Oil from non-consumable plants and waste cooking oil that 
do not compete with food or feed production.

Ç  Biodiesel has many environmental benefits in biodiesel 
production and promote a balanced food versus fuel 
competition.

Ç Biodiesel production is much cheaper than edible feedstock, 
can be commercialise as alternative fuel for CDF.

Ç Most non-edible feedstocks contain high free fatty acids, 
which may require more processing for biodiesel fuel 
production than edible feedstocks.

Edible Biodiesel Feedstock Non-edible Biodiesel Feedstock
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Conversion

1.Pyrolysis
3. Carbon Dioxide 

conversion

4. Biorefining

5. Liquefaction

2.Gasification
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Considerations

1. Environment 
Impact

3. Economic 
Viability2. Energy Efficiency

SDG 7

SDG 13
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TheSustainableDevelopmentGoals(SDGs)

No. 7 Affordable and clean energy No. 13 Climate Action

20
Prepared by Dr. NBO19/08/2025



Example 1:Biodiesel
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Overview of Biodiesel fuel

ÇBiodiesel is a fuel derived from biological sources (vegetables oil or animal fat) that has 
similarities to a diesel processed petroleum fuel. 

ÇBiodiesel is chemically defined as a fuel that comprises mono alkyl ester of long-chain fatty 
acid derived from renewable edible or non-edible lipid feedstock through the reaction with 
alcohol in the existence of a catalyst through transesterification process.

ÇBiodiesel can be used directly or blended with the Conventional Diesel Fuel (CDF). There are 
various standard specifications set by authorities/countries for commercial utilisation 
according to the set purposes. The American Standard  and Testing Material (ASTM) D6751 is 
the well known standard for biodiesel blending with CDF while European Standard (EN) 14213 
for net fuel usage (B100) as heating oil in fuel burner.
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Direct Blending Pyrolysis/Thermal 
Cracking

TransesterificationSupercritical 
Methanol

ÇA simple & non-

polluting process

ÇRequire high 

temperature

ÇExpensive 

equipment

ÇHas low purity

ÇCommon & 

commercial method

ÇEasy to carry out

ÇHave economic 

benefits

ÇRequire low 

temperature

ÇReaction at 

atmospheric 

pressure

Ç Low cost

ÇHigh conversion rate

ÇSuitable for mass 

production

ÇNo catalyst needed
ÇShort reaction time
ÇHigh conversion rate
ÇGood adaptability
ÇNeed high 

temperature & 
pressure

ÇExpensive 
equipment

ÇHigh energy 
consumption

ÇIt is a simple 
process to 
synthesise 
biodiesel fuel
ÇHave high 

viscosity
ÇBad volatility 
ÇBad stability 

characteristics

BiodieselProductionMethod
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TheTransesterificationProcess

Triglycerides Methyl Ester Glycerol

Methanol 

(MeOH)

ÇTransesterification is a reaction 
process between vegetable oils or 
animal fats with alcohol (Methanol or 
Ethanol), in the present of catalyst (Acid 
or Alkaline), in order to separate alkyl 
esters and glycerol as by-products. 

ÇThere are two types of 
transesterification, acid-based utilising 
acid catalyst such as Hydrochloric acid 
and Sulphuric acid and alkaline-based 
utilising base catalyst such as 
Potassium Hydroxide and Sodium 
Hydroxide.

ÇThis process depends on the Free Fatty Acid (FFA) content inside the feedstock, as high FFA content can react 
with the alkaline catalyst to form soap and reduce biodiesel yield. Determination of this content is by using titration 
method. Feedstock with high FFA above 2% require to undergo acid-based process to reduce FFA below 1% before 
alkaline-based transesterification is performed.
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TheWasteCookingOil

Cooking Oil Frying for food preparation Waste cooking oil

ÇWaste cooking oil is used as frying oil from vegetable oil or animal fats from the food 
preparation process.

ÇThis oil usually being disposed after being used (once or several times) for cooking by any 
restaurants, caterers, food vendors, household, etc.

ÇThe improper disposal of this oil into the drainage system cause sewer clogging problem and 
extinction of marine life.
ÇRepeated usage of cooking oil for frying degrades the oil due to high temperature heating, 

forming carcinogenic compounds such as hydroperoxides and polymerised triglycerides that 
can cause cancer in long-term usage. 25Prepared by Dr. NBO



Fuel Production

Coconut Oil

Palm Oil
Waste 

Cooking Oil

Jatropha Oil

Edible Non-edible

Acid Catalysed Transesterification

Base Catalysed Transesterification

Base Catalysed Transesterification
Titration Method

FFAÓ2%

FFAÒ2%

Determination of Free Fatty Acid
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Waste 

Cooking Oil

Jatropha Oil

Non-edible

Fuel Production
Acid Catalysed Transesterification т To reduce FFA

Amount of acid catalyst (H2SO4 ) =1.5%v/v

Amount of Alcohol (MeOH) =50%v/v

Reaction Temperature =65oC

Reaction Time =3hours

Stirring Speed =400RPM

Glycerol

Methyl Ester

+

Triglycerides

Methyl Ester &  

Triglycerides for  

Base Catalysed 

Transesterification

Separation 3 hours
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Waste 

Cooking Oil

Jatropha Oil

Non-edible

Fuel Production
Base Catalysed Transesterification ï To produce Methyl Ester

Amount of base 

catalyst (KOH)

=1.3%wt.

Amount of 

Alcohol (MeOH)

=25%v/v

Reaction 

Temperature

=60oC

Reaction Time =1hours

Stirring Speed =400RPM

Heated at 100oC 

for 1hour and let 

cool before 

blending

Coconut Oil

Palm Oil

Edible

Methyl Ester

Glycerol

Separation 

Overnight

Methyl Ester

Distilled 

Water

Wash a 

few times
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Example 2:Gasification
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What is gasification?
ÅA thermochemical  process that 

converts biomass (organic matter) 
into a combustible  gas mixture 
called synthesis gas (syngas).
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Full setup gasification test rig with monitoring system
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Example 3:Pyrolysis of for 
Sustainable Aviation Fuel
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What is pyrolysis?
A thermochemical  process 
that converts biomass into 
three main products: bio-oil, 
biochar, and pyrolysis gas, by 
heating the biomass in the 
absence of oxygen

33https://hal.science/hal -04198896v1/file/AgbulutMicroalgaeBioresourceTech2023revised.pdf Prepared by Dr. NBO
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Main Control

Rotation Control

Vacuum Pump

Condensor

Heating Bath

7ÁÔÅÒ "ÁÔÈ 4ÅÍÐÅÒÁÔÕÒÅȡωπЈ# 
0ÒÅÓÓÕÒÅȡ σπτÍÂÁÒ

2ÏÔÁÔÉÏÎ 3ÐÅÅÄȡ ρςπÒÐÍ

Drying of microalgae:

Prepared by Dr. NBO19/08/2025



Pyrolysis Test Setup

Drying of microalgae:
Main 

Control

Rotation 

Control

Vacuum 

Pump

Condensor

Heating 

Bath

7ÁÔÅÒ "ÁÔÈ 4ÅÍÐÅÒÁÔÕÒÅȡωπЈ# 
0ÒÅÓÓÕÒÅȡ σπτÍÂÁÒ

2ÏÔÁÔÉÏÎ 3ÐÅÅÄȡ ρςπÒÐÍ
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Fuel Preparation
Biodiesel Fuel Blends

Biodiesel 

Blends

Biodiesel  

Volume (Litre)

Diesel Volume 

(Litre)

Total Volume 

(Litre)

CME B5

0.5 9.5

10.0

PME B5

JME B5

WCOME B5

CME B25

2.5 7.5
PME B25

JME B25

WCOME B25

ÇThe specific gravity (SG) of all blends was estimated using a 
linear graph plot

ÇCME, PME, JME & WCOME were mixed with CDF at the desired 
percentage blend

ÇSG for every blend was checked often using a hydrometer
Ç  The blending process finish when SG constant & near 

estimation

36Prepared by Dr. NBO19/08/2025


