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2G ethanol

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

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

• 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 %

Key Features



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



HP-ASAP technology for 2G ethanol 

Pretreatment

Single Step Process

Large Biomass feed size

No Inhibitor formation

High Recoveries

2-4 cm

80-85 %

High solids loading

Faster 
bioprocess

Enzymatic Hydrolysis

Fermentation

Shortened hydrolysis 
time

15-25 %

24-48 h 6-12 h

Reduced energy 
input

Process Time: ~3 
days

Consistent 
ethanol 
production : 4 % 
v/v



HP-RAMP for CBG production from biomass

• Lignocellulosic biomass: Lignin, Cellulose and Hemicellulose

• Cellulose and hemicellulose can be converted into biogas

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



HP-RAMP technology for CBG

Feedstock Kg of Methane/T 

of Feedstock

Solid Fertilizer 

Quantity (kg/T)

Rice Straw ~107-110 450-480

Mixed 

Biomass

~65-67 680-720

Napier Grass ~108-112 450-480



HP-RAMP 
Advantages

Wide 
Range of 

Feedstock

High Solid 
Loading
(8-10%)

Mild Pre-
conditioning

Reduced 
HRT Improved 

Gas Yield

> 90 % 
Water 

Recycle

High 
Quality 

Fertilizer

10 – 12 %

Up to 10 Days

HP-RAMP technology for CBG
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Biomass conversion Technologies

Shafizadeh et al., 2022
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Thermochemical conversion technologies

Eric Danso-Boateng et al, 2022
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Thermochemical conversion technologies

Stocker, 2023
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Pyrolysis Technology
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Pyrolysis Technology

Zohra Rahimi et al., 2022
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Catalytic conversion of woody biomass in fixed bed reactor at 500 °C (Stocker, 2023)

Catalytic pyrolysis
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Hydrothermal Liquefaction Technology

Hossein Shahbeik et al., 2024
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Gasification technology

Zohra Rahimi et al., 2022
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Gasification technology 
– Integration with FTS
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Analysis Typical bio-

crude from

wood

Typical FPBO from

wood

Heavy fuel oil Light fuel oil

C, wt % dry 82 50-60 87-88 85-86

H, wt% dry 8 6-7 10-11 13-14

O, wt% dry 9 35-40 0 0

Nitrogen, wt% 0.0-1.0 0.0-0.5 0.4 0.02

Sulfur, wt% 0.0-0.5 0.0-0.1 1 max 0.001 max

H/C mol ratio 1.25 0.11 0.15 0.17

LHV, MJ/kg 30-38 13-18 40.6 min 42.6

TAN, mg KOH/g oil 11-55 50-90 0 0

Density (15oC),

Kg/m3

900-1100 1100-1300 990 845 max

Viscosity cSt @40 0C 500-1500 15-100 180/420 max at

50oC

2.0-4.5

Water (wt%) 3-10 15-30 0 0

pH 2.5 2.5 - 3 - -

Pour point (0C) 27-33 -12 to -36 21 24

Bio-Oil Upgrading methods

Daniel Lachos-Perez et al., 2023
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Bio-Oil Upgrading methods

Hossein Shahbeik et al., 2024
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▪ 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).

Co-processing routes for bio-oil 

in Petroleum refinery
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Conclusion

▪ Bio-oil application

✓ For generation of heat and electricity (relatively less NOx, SOx emissions) – Currently practiced

✓ Production of chemicals, hydrogen, carbonaceous products, binders, bioplastics, and polyurethane foam

✓ 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 

✓ Flexibility to handle wide variety of feedstock

✓ 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  

✓ Development of processes and catalytic solutions to produce cost-effective biofuels with higher yields that 

can compete with conventional fuels in the current market

✓ Wastes valorization
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