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Types of biofuels

Biofuels Produced from

juice, grain starch, vegetable
oil, cone and molasses

Biofucls produced
from microalgae/algal
biomass

E.g. Ethanol, biodiesel,|
hydrogen, biogas etc.. a

Biofuels produces from
lignocellulosic biomass g
Straw, woodchips

hydrogen, biogas etc..

E.g. Ethanol, biodiesel,

-

E.g. Ethanol, biodiesel,
hydrogen, biogas ete.. |

Biofuel produced

from

genctically modified algace

and other mlcro-orgnnlsmsj

[E

2. Ethanol, Modl.esd%
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Table 1
Involving aspects of blofuel generation journeys.
Contents 15t generation binfoeks 2nd genetation biofuel 3rd generation biofuel 4th generation biofoed
Feedstock Editie Non:Edibie Non-Edible Non-Edible
Major profits Easy Opemtion Lower production costs, it does Trash cooking oil, leftover, and High lipid content, atmosphenc C0,
not affect the food detnbution seavwaber are all inexpensive sources of  absorption, and high intensity with a faster
chain. feedstock. rate of growth
Chemical fertilizers Frequently utilized Never absorbed Never absorbed Newver absorbed
and pesticides
Harvesting It can be handled by hand or 1t can be handled by hand or by Microalgae harvesting is a time. Microalgae harvesting is a time-consuming
by machine. machine. consuming and costly process. and costly process.
Land pathways Available farmband with oil ~ Available land,/ forest None Available End Non- Available land
and starch
Environmental Pesticides and fertilizers Deforestation Marine eutrophication Genetically Modified Organisms (GMOs)
endanger present a risk to the in the ecosystem pose a risk.
SOy shem.
Manufacturing cost It is fimancially possible. Lesx efficient in money terms Extraction of oil is an expensive The initial cost and s=tup of the pilot are
becansge of the difficulty Operation. both oostly.
Products Biohydrogen, ethanal, Biohydrogen, ethanol, Biodiesel Biohydrogen, ethanol, Biodiese] Mixed alcohals, Biohydrogen, ethanal,
Bindiese] Biodiesel
References Singh et al. (20210) Singh et al. (2020) Lew et al. (2017%) (Lee et al., 3001 % Martin, 2016)
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Microwave
Soaking

Grindin_g_
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DISTRIBUTION OF SILICA
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DESILICATED RICE STRAW

Assisted (A) Single-step (S) Acid (A) Pretreatment (P)

* Single-step acid process for biomass delignification
 Low inhibitor formation
* Low energy & water requirement

Key Features

Feedstock tested: Rice straw, wheat straw &
sugarcane bagasse

Higher carbohydrate recoveries (85-90%)
Glucan hydrolysability (75-78%)

Sugar (C5 & C6) fermentability/conversion is
very high (90 %)

Ethanol yield on C6 sugar (g/g) or (%) is 0.45
or “85 %




AP technology for 2G ethanol
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Biomass size
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omponents Components DESILICATED RICE STRAW

Lab scale studies and validation 1Ton capacity-Pilot Plant Proposed 3KL Demo scale unit
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\SAP technology for 2G ethanol

Pretreatment

Single Step Process

Large Biomass feed size

Enzymatic Hydrolysis

2-4 cm

No Inhibitor formation

High solids loading

15-25 %

Fermentation

High Recoveries

80-85 %

Shortened hydrolysis
time

Faster
bioprocess

24-48 h

6-12 h

CENTRE

Reduced energy
input

. c
Process Time: ~
days

Consistent
ethanol
production : 4 %
v/v ’ |
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Cell wall

Plant cells

Lignocellulosic
substrates
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* Lignocellulosic biomass: Lignin, Cellulose and Hemicellulose

* Cellulose and hemicellulose can be converted into biogas

e Separation of cellulose and hemicellulose from lignin is essential
but energy intensive process

P for CBG production from biom

CENTRE

RICE STRAW BIOMASS

(4) ANAEROBIC-DIGESTION

BIOGAS
Scrceningl—b Stones/Plastic/metal etc. removal t
(1) SHREDDING

(10-20 mm) /—I‘\
i e |
3! | ORGANIC- |
1 L ol | FERTILIZER !
; . k)|
(,) CHEMO-PRECONDITIONING o Z o)

X at 60-85°C/ 2h gt £ \_/

| 7

]ﬂ =

(3) (WET)-MILLING/CRUSHING
(20-30 min)

Scheme-I: HP-RAMP for conversion of Rice straw into biogas
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Feedstock Kg of Methane/T  Solid Fertilizer
of Feedstock Quantity (kg/T)

Rice Straw ~107-110 450-480
Mixed ~65-67 680-720
Biomass

Napier Grass ~108-112 450-480




Mild Pre-
conditioning

High Solid
Loading
(8-10%)

Range of
Feedstock
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Improved
Gas Yield

| >90% |
Water
| Re cycle |

High
Quality
Fertilizer




Jg
;
4

P
7HP\
GREEN
WA R&D

= CENTRE

%)

TRL Lab scale Pilot scale Industrialized scale

Process

Anaerobic digestion

Fermentation

Pyrolysis

Gasificatin

Combustion

Hydrothermal
+ Extraction  Fermentation * Pyrolysis Extraction
O ® et Shafizadeh et al., 2022
* Briquetting * Acrobic composting liquefaction

* Crushing * Hydrolysis * Combustion
* Grinding * Transesterification e Gasification Thermochemical route Biological route

e Drying * Supercritical water e Torrefaction r - .
+ High reaction temperature and - Low reaction temperature and
* Incineration pressures ambient pressure
+ Relatively high yield * Environmentally friendly
+ Faster reaction times = Longer reaction times
+ Expensive equipment + Sensitive to contamination
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Feedstock Conversion Process Energy
Combustion
Wood & wood waste (200-800 =C)
(Firewood, sawdust, wood
pellets, wood chips, etc.) Torrefaction | el
a = and/power
(200-300 =C)
Agricultural crops & waste —_— 3
(Corn sugar cane, algae, - a! _ _— Solid fuel
switchgrass, etc.) E _L Pyrolysis = Bio ch
2 (300-1000 °C) to char
Municipal solid waste e
Liquid fuel
(Food, paper, cotton, wool Gasification — > L.
products, etc.) (600-900 °C) Bio-oil
— biocrude
Industrial & animal waste  —
oth P L
(Sewage sludge, manure, Hydrothemmal Processes N Gaseous fuel
pulp & paper waste, etc.) Hydrothermal carbonisation -
(180-260 °C) Syngas
S —
Hydrothermal liguefaction
(200-350 °C)
“?“'"“T"S';';Eg'ﬁ“ﬁﬂ' Eric Danso-Boateng et al, 2022
e o
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Process Gasifieation Byrelysis Torrefaction TG HIC HIL 100% 0000
Operston ~ Temperature () 800-1200 500-800 200350 % 160-250 250375 q 90% }f}f{:;:it
parameters  Pressure (MPa) 120 0151 01 2 20 25 & o
2 80%
Feedstock Dy / / / 7Y
Wet / / / / v % 70%
Mein products ~ Selid / / / J J S 60%
Ligid / / / / o T
Gaseous / / / / / % 50%
Ol yeld wtth 18-5% i74% 426% I-70% 45% 80 § .
tepored T 30%
Feedstock / / For dry process [
2 20%
pretzeatment g
Products / / / / / F10%
treatment
ed ene 0-0% T30 % T0-56% 60% 5% % 0% : : Seomns :
R?éﬂdm v Torrefaction  Slow Pyrolysis ~ Fast Pyrolysis ~ Gasificafion Combus:tlon
Cogt High Very high High Low Low (200-300°C)  (300-400°C) ~ (400-750 °C) (750-800°C)  (>900°C)
Notes Prog Hydrogen preduction Ligudd fuel Lisw-pesstire High mefstice content High HVY and ofl quali _ .
VD q e N:imgwmm ¢ v #m Solid O Liquid @ Gas
Cons N&&f:ﬂrzw;mfiiﬂ:fnp. Salt formation Stocker, 2023
X
Other Ouygen presence Onxygen absence Preferred for solid products
Catalyst improves yield but increases Product used as plants nutrient
the cost
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Biomass

Pyrolysis

Product Distribution (% wt.)

Char Bio-oil Fuel gas
Vacuum Pyrolysis ! 1 1
(carbonisation) 1| 316 30 35-45 18-35
350600 °C, 820 kPa
1°C/s—23 =C/min Desired
Slow Pyrolysis
(carbonisation) o 22 35 > < -
400950 °C
1°C/s—29 °C/min Desired
Fast Pyrolysis
500—1250 °C —» 1020 6075 10-20
10-200°C/s Desired
Flash Pyrolysis
700—1200 °C ~» 1015 10-73 6085
300-1000°G/s Desired Desired
Microwave Pyrolysis
150—800 °C
8.3 °C/min —» 2040 2370 1847
B.a5-3-0 Desired Desired
2.45 GHz
Catalytic Pyrolysis
350—700 °C —» 1243 2262 849
70500 °C/min Desired
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Technology Advantages Disadvantages Bio-oil yield (%)
Fixed bed e Construction and operation are both simple. e High levels of carbon conservation. 35-50

¢ Temperature control is excellent. ® A long period of solid residency.
¢ Independent of biomass size. ® [ow ash movement.
® The removal of char is challenging.
¢ Due to scale-up constraints, large-scale systems must
be thoroughly researched.
Rotatory kiln * No need for carrier gas. e Inefficient heat transfer. _
* Waste of all types and sizes is acceptable. ® Scale-up constraints.
e Controlling the residence time of solids is simple.
Fluidized bed Excellent blending of solids. ® Ash fusion problem. 70-75

Rotating cone

Vacuum reactor

Ablative reactor

Heat transmission rates are high.
Temperature control is excellent.
Scalability is simple.

Excellent mixing of solids.
No need for carrier gas.
Scalability is easy.

A low-cost investment.

No need for carrier gas.
A lower temperature is necessary.
Can handle bigger particles.

There is no need for a heat transfer gas.
A lower temperature is necessary.
Can handle bigger particles.

The system is intensive and has a compact design.

The maximum particle size is 6 mm.

Complicated system. 65
Particles must be of small size.

Low rates of heat transmission. 35-50
The residence time of solids is very long.
Liquid yield is relatively low.

Low reaction rate. 70
Scaling is expensive.

Zohra Rahimi et al., 2022
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30 50
Hydrocarbons concentration in bio-oil 45 Phenols concentration in bio-oil
I~ICs25 = 40
(% Z 5
wt 20 23
on s 30 2
org. 15 2 25
phase -4 PR
of 1o 20
bio- : 15
oil) S 10 . ,
S £ A
*
0 E 0-
Non-Catalytic Catalytic Catalytic = Non-Catalytic Catalytic Catalytic
Pyrolysis Pyrolysis using  Pyrolysis using Pyrolysis Pyrolysis using  Pyrolysis using
MCM-41cat.  ZSM-5 catalyst MCM-41 cat.  ZSM-5 catalyst

bf’a Catalytic pyrolysis

Catalytic conversion of woody biomass in fixed bed reactor at 500 °C (Stocker, 2023)
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Gasification technology
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Technology Advantages Disadvantages Reactor temperature
Fixed bed Updraft e Construction and use are both simple. The gas’s quality is often poor. up to 1500°C
® Gasification with high thermal efficiency. It is required to have a cleaning gas
® The waste particles’ size, shape, and system.
moisture content are not important. A significant amount of tar is generated.
Low efficiency.
Downdraft e A little amount of tar is produced. ® Lower capacity. up to 1500°C
® The catalyst may be poisoned.
® Gasification with low thermal efficiency.
Fluidized bed ® High conversion rates. * A cyclone separator is required (800-900)°C
® Gas with a low tar content. ® The gas might entice particles.
¢ Uniform temperature. ¢ High capital cost
® Uniform products.
¢ Low flow rate.
Entrained bed e Syngas with almost no tar. * TFine particle feedstock is suitable. (1300-1500)°C
® Stable temperature distribution. High levels of energy are required.
¢ High carbon conversion.
¢ Short residence time.
Plasma reactor ® Easy scale-up ability. Less secure 10,000°C

® Syngas in their purest form.

® Several maintenance issues

Electrodes have a limited life.

Zohra Rahimi et al., 2022

Confidential information — Copying, reproduction and sharing not to be done




GREEN

R&D
CENTRE

bﬁa Gasification technology
A

:&l

= Integration with FTS

Electricit
Reforming o '—y}
island
Offgas .
Diesel

Biomass ' Biomass Syngas' Cleanup and Conditionedl Fischer-Tropsch | Product recovery | Gasoline

gasification conditioning [  Syngas Synthesis and refining l

Jet fuel
i
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Analysis Typical

. Hydrotreating crude

wood
Deoxygenation 7
6 m Catalytic Cracking/hydrogenation
Bio-oil ,
. Steam reforming
Transport fuels

82
' Esterification/emulsification

H, wt% dry 8

0, wt% dry 9
Nitrogen, wt% 0.0-1.0
Sulfur, wt% 0.0-0.5
H/C mol ratio 1.25
LHV, MJ/kg 30-38
TAN, mg KOH/g oil 11-55

Density W e9Rs 900-1100
Kg/m3

o L H A AR 500-1500
Supercritical

fluids

g Water (wt%) 3-10
Chemicals

Pour point (°C) 27-33

e
n

Daniel Lachos-Perez et al., 2023

Typical FPBO from

from | wood

50-60

6-7

35-40
0.0-0.5
0.0-0.1
0.11
13-18
50-90
1100-1300

15-100

15-30

2.5-3
-12 to -36

Heavy fuel oil

87-88
10-11

0

0.4

1 max
0.15
40.6 min
0

990

180/420 max at
50°C
0

21
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Light fuel oil

85-86
13-14

0

0.02
0.001 max
0.17

42.6

0

845 max

2.0-4.5
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Raw biocrude oil i |
Upgraded biocrude oil i g [* 4 1.2 -
™ S - - °
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1.0 | | | 1.0 , , I , :
0.0 0.2 0.4 0.6 0.8 0.00 0.02 0.04 0.06 0.08 0.10 0.12

O/C atomic ratio [-]

Hossein Shahbeik et al., 2024

O/C atomic ratio [-]
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A\ processing routes for bio-oll

in Petroleum refinery

Gaining momentum for FPBO and HTL biocrude use for the production of drop-in fuels, sustainable marine
and aviation fuels

Co-processing of FPBO and HTL biocrude in Refinery unit (FCC) requires stabilization of bio-oil either by
catalytic hydrotreatment or catalytic pyrolysis before injection into the FCC reactor

No significant impact on co-processing of FPBO upto 10% in FCC.

Pyrocell, JV of Sweden’s largest refiner Preem and the wood industry company Setra to produce pyrolysis oil
from pyrolysis plant (technology from BTG Bioliquids and EPC by Technip FMC).

Preem’s refinery in Lysekil, Sweden carried out short-term tests to feed a few hundred tons of FPBO (2 wt %
pyrolysis oil and 98 wt % fossil feedstock). Test results showed that the quality of the produced gasoline and
diesel was not affected by the FPBO.

Co-hydrotreatment of bio-oil led to catalyst activity inhibition towards HDS due to competing
decarboxylation and decarbonylation reactions (as a result of esters and carboxylic acids in bio-oil).
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Bio-oil application
v’ For generation of heat and electricity (relatively less NOx, SOx emissions) — Currently practiced
v Production of chemicals, hydrogen, carbonaceous products, binders, bioplastics, and polyurethane foam
v" Drop-in fuel production
= Higher cost of “drop-in” fuel production (cost is approximately 2 times higher than fossil fuels). Feedstock cost
has a major share in production cost (40—-60%)
= Gasification-FTS is considered as the most promising technique for “drop-in” fuel production over pyrolysis and
HTL
v" Flexibility to handle wide variety of feedstock
v" Ability to produced high yields of liquid fuel together with other economically viable biofuels such as
electricity and heat
= Policies including incentives and regulations to favor faster adoption of bio-oils.
= Research to focus on
v’ Development of processes and catalytic solutions to produce cost-effective biofuels with higher yields that
can compete with conventional fuels in the current market
v Wastes valorization
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