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Types of emissions

Oxides of carbon
Oxides of nitrogen
Oxides of sulfur
Hydrocarbons
Particulates
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») The Emission of Greenhouse Gases from Fossil Fuels

Global greenhouse gas emissions and warming scenarios SUSUIE

- Each pathway comes with uncertainty, marked by the shading from low to high emissions under each scenario. in Data
- Warming refers to the expected global temperature rise by 2100, relative to pre-industrial temperatures.

Annual global greenhouse gas emissions
in gigatonnes of carbon dioxide-equivalents

150 Gt
No climate policies
41-48°C
- expected emissions in a baseline scenario
if countries had not implemented climate
reduction policies.

100 Gt

soGct . Current policies

2./ -3.1°C

—» emissions with current climate policies in
place result in warming of 2.7 to 3.1°C by 2100.

Pledges & targets (2.4 °C)

2>emissions if all countries delivered on reduction
pledges result in warming of 2.4°C by 2100.

2°C pathways
1.5°C pathways

Greenhouse gas emissions
up to the present

1990 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Data source: Climate Action Tracker (based on national policies and pledges as of May 2021). Last updated: July 2021.
19/08/2025 OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Hannah Ritchie & Max Roser. Prepared by Dr.N Bd



What are Alternative fuels?

Alternative fuels are energysources used to power vehicles
and other machinery, offering a substitute for traditional
fossil fuels like gasolineand diesel.

“$N. Propane ¢ Ethanol

19/08/2025
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The Projection of Energy Demand & Oil Prices

=+ 450 Scenario

o Stated Policies Sustainable Development Current Policies C ACCOrdlng to the Unlted StateS Energy |nf0rmati0n
@]
516 = Administration, the graphical forecast on the world energy
z demand by fuel to 2040 estimated the trend of coal, oil, gas,
212 30 nuclear and renewables based on the current, stated and
g | - sustainable development policies.
4 10
2000 040 2000 o0 2000 — C The current policies (standard practice) projected that
. B o energy demand from fuel will grows as much as 50% while
mmm Coal mmmm Oil wem Gas Nuclear mwmmRenewables «==CO, emissions (right axis) ’[he Stated po"cies (Conservative energy p|an) grOWS 0n|y a
guarter in 2040.
- 120 Oil demand:
E == Current Policies
100 Scenario
= New Pt?licies
= _ e G The grow of energy demand from both policies still
PR e 150 § contribute to the increase of CO, emission (orangeline) as
» P S B il v well as the continual increase on the fuel prices per barrel,
R g 5 gy e which makes fuel still demanding and more expensivein the
- = -+ New Policies
40 s S0 qg)- Scenario futu re.
3

1980 1990 2000 2010 2020 2030 2040
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~ ¢ Ethanol

i)

Fuel Ethanol

Manufacturing
Market (DDG &
Corn Qil)

All corn and sugar cane
based fuel ethanol plants
that also include the
production of by-products
distillers dried grains and
solubles (DDG) a high
protein feed additivie plus
corn oil used as feedstock
for biodiesel production.

Biodiesel &
Renewable Diesel

Biodiesel, Renewable Diesel
and Sustainable Aviation
Fuel (SAF) production from
vegetable oils, used cooking
oil, animal fats and even
biomass. By-products of
production also include the
refining of glycerin.

Biorefineries (G2 &
G3 Production)

Biorefineries that produce
ethanol and renewable
transportation fuel from
second and third generation
feedstocks meaning
production from non-food
feedstocks. G2 feedstocks
include corn stover and
bagesse material, wood
chips and wood waste, cow
manure, energy grassess,
and tobacco. G3 feedstocks
include algae, algae oil and
seaweed.

Gasification
(SynGas
Production)

Facilities that gasify and
liquify coal into syngas that
is thermos-chemically
transformed to produce
diesel, gasoline, syngas and
other fuels using Fischer-
Tropsch and other
technologies. Syngas can
used as an alternative gas
instead of burning fossil
fuels.

19/08/2025

https://afdc.energy.gov/fuels#:~:text=Natural%20gas%20is%20a%20domestically,available%20in%20the%20United%20States.
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Fuel Pellet
Production

Facilities that manufacture
fuel pellets from wood,
grasses, and other biomass
fired power generation,
boilers and home heating.

Biogas / RNG / SNG

A group of gasses primarily
used as a substitute for
traditional natural gas and
often referred to as Biogas,
Renewable Natural Gas
(RNG), Synthetic Natural
Gas (SNG) or Clean Natural
Gas (CNG). These gasses
are produced using organic
matter such as agricultural
wastes, livestock manure,
municipal waste, plant
material, green waste or
food waste as the primary
feedstock.

Prepared by Dr. NBO 11
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3.Well-to-Tank

2.Thermochemical Analysis

Conversion

Principle 4.Drop-in Fuels
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5.Biochemical
Conversion

1.Feedstock
Availabllity

i TSN,
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W ¥ Feedstock
1st MNe 4th

Products: Generation

" Generation

-Bioethanol
-Biodiesel
-Biogas

' -Hydrogen
-Methanol

. ‘ 'J 3rd
Genertlon Generation
Non-edible

feedstock : “
19/08/2025 16
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Edible Biodiesel Feedstock Non-edible Biodiesel Feedstock

C Oil containingessentialfatty acidsfrom plants or animalsfat
used in preparationof food, flavouringsand animal feed C Oil from non-consumableplants and waste cookingoil that
production do notcompetewith food or feedproduction

¢ Usuallybeingchosenas feedstockfor biodieselproduction ¢ Biodiesel has many environmentalbenefits in biodiesel
dueto its betteryieldandquality production and promote a balanced food versus fuel
C High price for massive biodiesel production which is ~ competition

economicallyunfeasiblefor commercialusageas compared ¢ Biodieselproductionis muchcheaperthanediblefeedstock,
to CDE canbe commercialiseasalternativefuel for CDFE

C Highdemandin food industriesto preparefood productsfor C Most nonedible feedstocks contain high free fatty acids,
humanandanimalsconsumptionmaycausesignificanttood which may require more processing for biodiesel fuel
crisisif beingusedfor massivebiodieselproduction productionthanediblefeedstocks




3. Carbon Dioxide
conversion
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The Sustainable Development Goals (SDGs)

TARGET 1] [ 72) e 7-3)\/” THE CLIMATE CRISIS —— RISING 7\

GREENHOUSE GAS EMISSIONS
e CONTINUES, REQUIRE SHIFTING ECONOMIES
TOWARDS CARBON NEUTRALITY
@ LARGELY UNABATED
g R i
- - = 1.5°cs|:mm;”~,
M0 ‘
UNIVERGAL ACCESS TO INCREASE GLOBAL DOUBLE THE
PERCENTAGE OF IMPROVEMENT IN i
MODERN ENERGY RENEWABLE ENERGY ENERGY EFFICIENCY - c"er‘gREEi\IgEADNBE
d
TARGET (4. TARGET 1'B — 333 —
2020 GLOBAL AVERAGE TEMPERATURE AT 5 10%
1.2°C ABOVE PRE-INDUSTRIAL BASELINE =
*El(?_)] fimi 2015-2016
1 === 720172018,
REACHING AN
WOEFULLY OFF TRACK TO STAY AT OR BELOW ANNUAL AVERAGE OF
1.5°C AS CALLED FOR IN THE PARIS AGREEMENT $48.7 BILLION
RRSEARCH, 10| [EXPAND AND UPGRADE 125 OF 164 DEVELOPING COUNTRIES  — - M — =
TECHNOLOGY AND ENERGY SERVICES FOR ARE FORMULATING AND IMPLEMENTING i";ﬁi Sl “,;%) @ @9

INVESTMENTS IN DEVELOPING FO0D TERRESTRIAL  FRESHWATER ~ HUMAN ~ KEY ECONOMIC
o8] \ CLEAN ENERGY COUNTRIES / mNAL CLIMATE ADAPTATION PLANS SETLAN MSNETLG FESORCS AT SECIBS 0 / 20
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») Overview of Biodiesel fuel

C Biodieselis a fuel derivedfrom biological sources (vegetablesoil or animal fat) that has
similaritiesto a dieselprocessedbetroleumfuel.

C Biodieselis chemicallydefinedas a fuel that comprisesmono alkyl ester of long-chainfatty
acid derivedfrom renewableedible or non-edible lipid feedstockthroughthe reactionwith
alcoholinthe existenceof a catalystthroughtransesterificatiorprocess

C Biodieselcan be useddirectly or blendedwith the ConventionaDieselFuel(CDF) Thereare
various standard specifications set by authorities/countries for commercial utilisation
accordingto the set purposes TheAmericanStandard and TestingMaterial ASTMD6751 is
the well knownstandardfor biodieselblendingwith CDFwhile EuropearStandard(EN)14213
fornetfuelusage(B100) asheatingoil infuel burner

22
19/08/2025 Prepared by Dr. NBO



») Biodiesel Production Method

Direct Blending Supercritical Transesterification PyronS|s/ThermaI
Methanol Cracking

C Itis a simple C No catalyst needed §§ C Common & C A simple & non-
process to G Short reaction time |  commercial method polluting process
synthesise C High conversion ratd ¢ Easy to carry out C Require high

biodiesel fuel

1F Have economic
C Good adaptability B¢ temperature

: benefits _
G Have high © omoranre g |G Reaure ow G Expensive

: : temperature equipment
viscosity - pressure C Reaction at C Has low purity
C Bad volatility C Expensive atmospheric

C Bad stability equipment pressure

characteristics G High energy C Low cost
consumption C High conversion rate
C Suitable for mass

production

19/08/2025 Prepared by Dr. NBO



Triglycerides

| I
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Methanol ﬁ
(MeOhi) CH—0l-CR,

Methyl Ester

llllllllllllllll

reaction

C Transesterification is a
process between vegetable oils or
animal fats with alcohol (Methanolor
Ethanol)inthe presentof catalyst(Acid
or Alkaline),in order to separatealkyl
estersandglycerolasby-products

CThere are two types of
transesterification,acid-based utilising
acid catalystsuch as Hydrochloricacid
and Sulphuricacid and alkalinebased
utilising base catalyst such as
Potassium Hydroxide and Sodium
Hydr

C Thisprocessdependson the FreeFatty Acid (FFA)contentinsidethe feedstockdas highFFAcontentcan react
with the alkalinecatalystto form soapandreducebiodieselyield Determinatiorof this contentis by usingtitration
method Feedstockwith highFFAabove2% requireto undergoacid-basedprocessto reduceFFAbelow 1% before
alkalinebasedtransesterifications performed

19/08/2025
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») The Waste Cooking Oil

BUTTER

NETW40Z (11349

- Y

BUTTER

mmmmm

C Waste cookingoll is used as frying oil from vegetableoil or animal fats from the food
preparatiorprocess

C Thisoil usually beingdisposedafter beingused (once or severaltimes) for cookingby any
restaurantscaterers,foodvendorshouseholdgtc.

C Theimproperdisposalof this oil into the drainagesystemcausesewer cloggingoroblemand
extinctionof marinelife.

C Repeatedusageof cookingoil for fryingdegradesthe oil due to hightemperatureheating,
formingcarcinogeniccompoundssuch as hydroperoxidesand polymerisedtriglyceridesthat
cancausecancerinlongtermusage Prepared by Dr. NBO 25
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Determinatiorof FreeFatty Acid
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Coconut Oill
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Waste
Cooking Qil
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Palm Oil
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.4{

Titration Method
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))) Fuel Production

Acid Catalysedlransesterificatiom ToreduceFFA

_ Separation 3 hours

Glycerol
Jatropha Qil

U~ )

-

Amount of acid catalyst (H,SO,) | =1.5%v/v

y
Waste Amount of Alcohol (MeOH) =50%vV/v | Methyl Ester &
Cooking Oll Reaction Temperature =65°C Triglycerides for

Methyl Ester Base Catalysed

Reaction Time =3hours +

. _ _ Transesterification
Stirring Speed =400RPM Triglycerides

19/08/2025
Prepared by Dr. NBO 27
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Base Catalysed Tran

0
= N\

Coconut Oil

Jatropha Ol

‘f‘/y

Waste
Cooking Oill

Fuel Production

S

Amount of base
catalyst (KOH)

Amount of
Alcohol (MeOH)

Reaction
Temperature

Reaction Time

Stirring Speed

s

=1.3%wt.

=25%v/v
=60°C

=1hours
=400RPM

Glycerol

sesterification - To produce Methyl Ester

Methyl Ester

Distilled
Water

Separation
Overnight

Heated at 100°C
for 1hour and let
cool before
blending
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l Biomass

What isgasificatior?

AA thermochemical process that
converts biomass (organic matter)
Into a combustible gas mixture

called synthesis gas(syngas)

SYNGAS

Carbon (12-17%)

Dryin
ying Hidrogen |8 - 14%)
2 ol Carbondioxide (12 - 15%)
Pyro“S'S Methane (4-8%)
Reduction Nitrogen (46 - 543%)

: Water [small amounts)
Combustion —

Air and Vapor

Ash

https://isaler.jimdofree.com/english/research -areas/gasification/ 30
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Full setup gasification test rig with monito
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What ispyrolysi&

A thermochemical process
that converts biomass Iinto
three main products: bio-oil,
biochar, and pyrolysis gas, by
heating the biomass In the
absence of oxygen

maximum maximum maximum
yield yield yield

Low temperature, high | High temperature, low
heating rate, short heating rate and long
vapour residence time | vapour residence time

Low temperature,
low heating rate

https://hal.science/hal -04198896v1/file/AgbulutMicroalgaeBioresourceTech2023revised.pdf Prepared by br NBO 33
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Drying of microalgae: 7ACARART PACHADE!
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Pyrolysis Test Setup

19/08/2025

Computer

Thermocouple

Valve

Valve

A~ Inert Gas I\Qé%ut
] In .

/CW out

N> Induction
Heating Coil
S==
v v-\
eactor Feedstock
Inert gas tank
Mechanical

Stirrer

Condensor

Condensed

y wd

CW in

Beaker
Bio-oil

Prepared by Dr. NBO

Valve
éﬂ Incondensable
gas
Gas Bag




p) > FuelPreparation

Siodiesel Fuel Blends C Thespecific gravity(SG)of all blends was estimated usinga

lineargraphplot

¢ CME,PMEJME& WCOMEwNeremixedwith CDFat the desired
percentagelend

C SGforeveryblendwascheckedoftenusinga hydrometer

C The blending process finish when SG constant & near

estimation

Total Volume
(Litre)

Diesel Volume
(Litre)

Biodiesel
Volume (Litre)

Biodiesel
Blends

WCOME B5

PME B25

36
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