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Reliance R&D at a Glance

• Fortune Global 500 company. 

• Refinery Complex: Largest in the 
world. 

• 120 patents granted/164 patents filed 
(2018-19)

• 24 state-of-the-art labs. 900+ 
scientists and engineers in R&D and 
Tech

• Breakthrough R&D using Algae 
platform technology – Sustainable 
source of biofuels, bio-chemicals and 
nutritional products

RIL R&D has end-to-end presence in value chain from feed stocks to valuable products
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RCAT- HTL, spin-off technology from algal research is a Green Thermochemical 
process, providing sustainable solution for decarbonization

❖ Green energy

❖ Climate change

❖ Sustainability

❖ Decarbonization



Advanced Liquid Biofuel for Decarbonization 
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Transportation, major GHG contributor

Climate change effects Clean/Renewable energy

CO2 to Algae, Waste Biomass as 

Sustainable resource for Decarbonization

− Algae, highly productive biomass

− 2 bn tons solid waste (2016), 3.7 bn tons 

(2050)!  

− >70% of waste dumped, landfilled. Improper 

waste treatment produces Methane, 25x 

potent GHG than CO2!

− Waste has inbuilt Energy, Water and 

Nutrients. All are lost, when waste is not 

treated

− Road Transport: EVs helping reduce GHG 

− Aviation, Marine and Long haul transport

− Liquid fuel will continue to be used

− “Drop-in” advanced liquid biofuel helps 

utilize existing infrastructure

− Advanced Liquid Biofuel from Algae, Waste 

biomass: Sustainable feedstock

World bank report 

2018

▪ Climate action

▪ Clean energy

▪ Sustainable cities

Liquid biofuel from Algae and Waste Biomass for Energy Security and Climate Change  Mitigation

3 Most Important environmental goals



Algae to Oil (A2O) and Bio-products

• CO2 management

• Capture, transportation, distribution, 
dissolution, LCA 

• Cultivation Systems

• Open ponds, R-PBR

• Harvesting / Dewatering

• Chemical, Membrane, Centrifuge

• Dryer / Extraction

• Aqua-feed, proteins, bio-products

• Wet algae conversion

• RCAT-HTL, patented technology

• Utilities / Off-sites

• Seawater, CO2, Utilities, Storage 

World’s Largest Operating Algae to Oil Facility System since Dec 2016
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Algae cultivation Harvesting
Biomass 

Conversion
Algal Bio-

crude

60 acre facility



A2O at a Glance

End-to-End Operation in Industrial set up helped address many scale-up risks
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A2O - First to the World Innovations

• First largest, Algae to Oil pilot plant

• Robust Algae strains

• 30+ months operation w/o crash

• Photosynthesis Kinetic models 

• Designed R-PBR and Novel Ponds

• Innovative CO2 management

• Value chain Optimization

• Harvesting/Dewatering/Drying

• Water recycle, No fertilizer run-off

• RCAT-HTL

• Uses water in waste as reactant. No 
need of drying biomass

• Recovers fertilizer-rich water

• Most energy efficient technology

Large scale Utilization of CO2 through Algae platform for Circular economy
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RCAT-HTL: Feed flexible & Resource Efficient 
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Operational since 2016

at Jamnagar, India

Demo Plant 2 TPD 
(10-20% solids)

0.5 bpd drop-in renewable fuel

Water as Solvent | No need of drying wet waste | Energy recovery > 70% | Drop-in liquid fuel

35+ Patents

Dryer/Expeller
Solvent Extraction

1st HTL Expt.

Catalyst 
Development 

RCAT-HTL 
CHG

Reaction Pathways
Engine testing, 
Certifications

Biocrude 
upgradation

Expeller
Solvent Extraction

HTL + CHG

Kinetics & Molecular 
Model to predict 

yield

Waste to Biofuel/Bio-products

2012 2013  - 2016 2017 - 2020 Commercialization

Algae to oil



RCAT-HTL: Resource efficient technology  
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RCAT-HTL enables full use of Biomass – Energy, Water and Nutrients in Biomass

Energy in Bio-crude > 70% of feed 

Biomass and Waste Biomass contain 50-80% water. Conventional thermochemical 
processes (RTP, Gasification) need dry biomass. RCAT-HTL utilizes water to convert 

biomass to advanced  liquid biofuel 
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Biocrude composition: Thermochem processes  
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Source: Assessment of likely Technology Maturation Pathways for biojet production from forest residues, March 2019.

http://task39.ieabioenergy.com/

http://task39.ieabioenergy.com/


ATM/HTL biocrude upgrading: Key Conclusions
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Source: Assessment of likely Technology Maturation Pathways for biojet production from forest residues, March 2019.

http://task39.ieabioenergy.com/

http://task39.ieabioenergy.com/


HTL Expert Workshop, Brussels 2019
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Horizon 2020

• Objective: Technology status, 
Market situation and Challenges

• Challenges: 

• Aqueous phase disposal, Material of 
construction, product standards, 
Carbon pricing

• Conclusion:

• Compared to other technologies 
such as pyrolysis and gasification, 
HTL is a more robust technology as it 
can handle broader feedstock 
quality ranges

Co-operation among the stakeholders will help expedite commercialization

Source: http://www.besustainablemagazine.com/cms2/expert-workshop-potential-of-hydrothermal-liquefaction-htl-routes-for-biofuel-production/

http://www.besustainablemagazine.com/cms2/expert-workshop-potential-of-hydrothermal-liquefaction-htl-routes-for-biofuel-production/


RCAT-HTL: Catalyst Development at RIL

Current 4th Gen Catalyst increased bio-oil yield by 20-25% 
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No
Catalyst

1st Gen 
Catalyst

2nd Gen 
Catalyst

3rd Gen 
Catalyst

2012 2013 2014 2015

Bio oil yield

Bio oil yield

w/o Catalyst Heterogeneous  
Catalyst

X Low yield
 Increase in oil yield
X Low cat. Recovery
X  Complex Reactor design

Homogeneous  
Catalyst

 Catalyst recovery  Higher stability
 Catalyst recyclability

Homogeneous  
Catalyst

RCAT- HTL, spin-off technology from algal research. It provides sustainable solution 
for wet waste valorization. Over 125+  Homo- & Heterogeneous catalysts evaluated 

4th Gen 
Catalyst

2019

 Superior MOC 
compatibility 

Homogeneous  
Catalyst



Mathematical model, Ideal tool for viability studies
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Nonlinear kinetic model developed to optimize HTL process conditions

Typical feedstocks Notation

Food waste 

Sewage sludge

Mixed swine manure 

Activated sludge

Nannochloropsis sp.

Biocrude yield Vs Feed 
Composition

Biocrude yield Vs HTL 
temperature

Aqueous yield Vs HTL 
temperature

Composition of biomass and other waste varies widely. Process needs to be 
flexible enough to suit varying composition. HTL offers this advantage. 

Artificial Intelligence (AI) based model is being developed



0

20

40

60

80

100

120

140

Control 2.50%

M
ea

n
 n

u
m

b
er

 o
f 

G
ra

in
 

S
p

ik
el

et
/r

o
w

Treatments

Control Aq. phase

RCAT-HTL Aq. Phase as fertilizer-rich water

Control

Chlorotic 
leaves

Healthy
leaves

Spikelets

Significant enhancement in plant growth, health, and productivity   



RCAT-HTL bio-crude characterization

GC-MS data of a typical Algae CBO

Major functional groups in the CBO components – valuable biochemicals and transportation fuel precursors 
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Drop-in strategy for co-processing

Mathematical Model helps optimize integration of Bio-Fuel stream within existing refinery  

Molecular Information

AI techniques

Genetic 
Algorithm

Mathematical

Corelations

Bio
Fuel

Bulk Properties
• CHONS
• Density
• Boiling Point

Mathematical 
Model

Refinery Integration 
Strategy

• Hydrotreatment
• Hydrocracking
• Feed to FCC

Copyright © 2020 Reliance. All rights reserved.



Refinery Integration of Drop-in renewable fuel

Green Crude from RCAT HTL Refinery Integration

RCAT-HTL

Pre-treatment

Drop-in Crude

Feed for
Refinery 
integration

Refinery insertion 
point

Energy-rich & drop-in renewable fuel makes process economically sustainable 

Renewable 
Crude
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RCAT-HTL Innovations 

HTL
20% wet 
biomass

• Methane

• Water
• Nutrients (P, N)

CHG

Bio-crude

RCAT-HTL Eliminates CHG

x xRCAT Aq.ph

Elimination of CHG for aqueous phase treatment is the major breakthrough in HTL technology

• Conventional HTL needs aq. phase 
treatment for reuse (e.g. CHG) 

• RCAT-HTL maximizes C, H recovery to oil 
phase. Eliminated expensive CHG

• Aqueous phase usable as nutrient-rich 
water

• Molecular level understanding of HTL 
kinetics. Developed kinetics models to 
predict yield and compositions

• Technology ready for commercialization

• Drop-in bio-crude can be processed in 
existing refinery and engines 
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RCAT-HTL, for Advanced Liquid Biofuel
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2020

Time

Technology Developed by Reliance 
Industries – Ready for commercialization

Commercialization 

Gap 
Funding

C
u

m
u

la
ti

ve
 p

ro
fi

t/
lo

ss

Success as a new product

Product Launch

Success as a business

Commercialization

Research Development

Technology Transfer

PRE-SEED SEED FUNDING GAP EARLY GROWTH

Revenue
Turn around

Catalytic HTL, Innovative technology proven by RIL at larger scale is ready for commercialization



RCAT-HTL Commercialization Road map
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Feasibility Study

Feedstock - STP Sludge, MSW Organics, Food waste, Industrial ETP sludge, Lignin
Products: Transportation fuel, Bio-char and Fertilizer-rich water

IRR            15-20% (nth plant)
Advanced liquid Biofuel 1350+ KLPD
GHG Savings Potential  > 1 MM Ton

Tipping fee & Raw 
material  agreements with 

municipal bodies

Policy Intervention For 
Biocrude Pricing

Product offtake 
agreements with 

Refineries

Partnerships
Waste management, 

Technology integration,
Byproduct treatment

MARKET POTENTIAL

1.4 – 1.8 billion bbl
60%-80% of World’s ATF demand

100 – 140 million bbl
More than India’s ATF demand

4-5 billion bbl

300-400 mllion bbl

+
Other 

Transportation 
Fuels 

WORLD

INDIA

Growth 
Potential

Economically superior technology for valorization of waste to biofuel/biochemcials

Biocrude BioJet

First of it’s kind 
commercial size plant

Standardization of 
equipment/systems 

Modular plants at 
strategic locations 

Global expansion
multiple feedstock

MSW generation in 
major Indian cities

Modular plants
40-50 KLPD each



TO

Produces “Drop-in” liquid 
fuel. Can be processed in 

existing refining infra-
structure

35+ patents/applications
AI based Kinetic Models 

Energy efficient process.
Water as reaction medium. 

No need of drying wet waste. 

No additional Capex for 
refining, transport and 

distribution

Feed-flexible process, making it 
sustainable technology.

RCAT-HTL is ready for 
commercialization 

> 85% reduction in GHG 
Emissions compared to 

fossil fuels

Golden Peacock 2018 Global Clean Energy

Award 2018

Game Changer Award

2014

RCAT-HTL, for Advanced Liquid Biofuel
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Thank You
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ramesh.bhujade@ril.com



Any statement, opinion, prediction, comment, or observation made in this

presentation/publication are those of the presenter/author only and in no condition should

be construed necessarily representing the policy and intent of Reliance Industries Ltd.

(RIL).

The information presented herein are of the presenter/author’s own and in no way RIL

attracts any liability for any inconsistency or irregularity in terms of the accuracy

completeness, veracity, or truth of the content of the presentation/publication. In addition,

RIL shall not be liable for any copyright infringement and misrepresentation for the

presented content as the content is presumed in good faith to be a creation of

presenter’s/author’s own mind.

The scope of this presentation/publication is strictly for knowledge sharing purposes and

not necessarily to provide any advice or recommendation to the audience/readers. Any

endorsement, recommendation, suggestion, or advice made by the presenter/author shall be

in his personal capacity and not in professional capacity as an employee of RIL. Any person

acting on such endorsement, recommendation, suggestion, or advice will himself/herself be

responsible for any injury/damage.

Disclaimer
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