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At the heart of Advanced Biorefinery Technologies Ltd. lies our patented Continuous-Flow
Hydrothermal Liquefaction (HTL) technology. This groundbreaking process is designed to
convert organic waste and biomass into high-value bio-crude oil, offering a sustainable

solution for waste management and renewable energy production.

How HTL Works

The HTL process uses high-temperature and high-pressure conditions to break down wet
organic matter, such as food waste, sewage sludge, and agricultural residues, into bio-crude
oil and other valuable byproducts. Unlike traditional methods, HTL efficiently processes
feedstocks with over 80% water content without requiring energy-intensive drying steps,

making it highly cost-effective and environmentally friendly.

Key Features and Benefits

High Conversion Efficiency

Achieves over 90% conversion of organic matter into valuable products. Produces bio-crude
oil with a higher heating value (25-35 MJ/kg), significantly outperforming pyrolysis oils.
Scalability and Cost Efficiency

The continuous-flow design allows for seamless scalability, from pilot-scale plants to
industrial facilities. Reduces operational costs by eliminating drying and utilizing wet
feedstock directly.

Diverse Feedstock Compatibility

Capable of processing various organic wastes, including food waste, sewage sludge, forestry
residues, and agricultural byproducts.

Environmental Impact

Supports carbon neutrality by reducing CO- emissions and diverting waste from landfills.
Produces clean energy in the form of biofuels, which can replace fossil fuels in aviation and

marine industries.

End Products and Applications

Bio-Crude Oil

Can be upgraded to bio-jet fuels and marine biofuels for use as drop-in replacements for
traditional fuels. Provides a cleaner alternative to reduce greenhouse gas emissions in
transportation.

Hydro-Char and Other Byproducts

Hydro-char for soil improvement and carbon sequestration. Biogas and other renewable

energy sources for industrial use.

Why HTL is a Game-Changer
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The HTL technology represents a significant advancement in sustainable waste-to-energy
solutions. By converting waste into renewable energy and valuable materials, it addresses
critical global challenges such as waste management, carbon emissions, and resource
efficiency. This technology not only aligns with global carbon neutrality goals but also
contributes to a circular economy by transforming waste into resources.

With our HTL technology, we aim to lead the transition towards a sustainable, waste-free
future, empowering industries to adopt greener practices while creating long-term economic

and environmental value.
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Fig. 2 100 kg/h pilot HTL facility



Advanced Biorefinery Technologies Ltd

(12)

United States Patent

Xu et al.

USO10689282B2

US 10,689,282 B2
Jun. 23, 2020

(10) Patent No.:
(+%) Date of Patent:

(54)

(65)

s

1
TION OF
S AND BIO-OILS

Applicant: THE UNIVERSITY OF WESTERN
ONTARIO, London (CA)

Inventors: Chunbao Xu, London (CA): Lalch
Nuzari, London (CA); Madhumita B,
v. London (CA)

UNIVERSITY OF W
RIO, London, ON (

Assignee:

)

the term of this
sted under 38

Notice:  Subject to any disclain
patent is extended or o
USC. 154(b) by 0 days.

Appl. No. 167345811
PCT Filed:  Oct. 27, 2016

PCT No PCT/CA2016/051239
§ 371 (eX1).

(2) Date Apr: 29,2019

PCT Pub. No.. WO2018076093
PCT Pub. Da y 3, 2018

Prior Publication Data

US 20190263700 A1 Ang. 29, 2019

Int. C1.
[ (2006.01)
COF 1118 (2006.01)
(Continued)
US. €L
oPC CO2F 1AM (2013.01); CO2F 1118
(2013.01; C10G 1986 (2013.01). CLIB 100
(2013.01);
(Continued)
oS,
Product
Wasstaater
"5 ’
{HighTem.
ML

"

Bomass

Bio-Char

e

(S8 Ficld of Classification Search
CPC ... CO2F 11704; COZF 11/18; CO2E 11110,
CO2F 210338, C11B 1/02; C11B 100,
(Continued)
(56) References Cited

LS. PATENT DOCUMENTS

§00433 B2 1 Appel et al
9404063 B2 82016 Elhon t al.
(Continued)

OTHER PUBLICATIONS

honal Scarch Report daled Jul. 26, 2017, in PCTCA2016
9 filed Okt 27, 2016, 4 pages
(Continued)

Primary Examiner — Fred Prin
(74) Antormey. Agent, or Firm

ll & Schumacher

7 ABSTRACT
This disclosure provides a process based on hydrothermal

jon (HTL) treatment for co-processing of high-
stewater sludge and ather lignocellulosic
and bio-crude oil. The
mixture of wastc activated shxdge and lignocellulosic bio-
mass such as birchwood sawdusticomstalk/MSW was con-
verted under HTL conditions in presence of KOH as the
homogensous catalyst, The operating conditions inclu lm,.

solids concentr

were optimized based on the response surface methodoloy
jimum bio-cride oil produ The highest
wound 34 w1 % was obtained by

biomass for o

yield
tg waste activoted slilge with lignocellulosie bio-
mass at an optimum temperature of 310° C.. reaction time of
10 min, and solids concentration of 10 wt %,
m pmm. from this process (bia-char and w

o be used f0 produce energy as well. Water.
Sonble prodicts ware sl 10 proucs bioghs. trough
Bio-methane Potential Test (BMP) and were found 1o pro-
duce around 800 mi. bio-methane cumulatively in 30 days

(Continued)

[
soluble

Biogas.

t

Anparonic
igeston

Fagh qualy
[

un United States Patent

Xu et al.

US 11,060,041 B2
Jul. 13, 2021

US011060041B2

(10) Patent No.:
(45) Date of Patent:

(B6)

(65)

(®0)

(51

RMAL LIQUEFACTION OF
ILOSIC BIOMASS TO

BIO-OILS WITH CONTROLLED

MOLECULAR WEIGIHTS

Applicant: THE UNIVERSITY OF WE:
ONTARIO, London (CA)

Inveniors: Chunbao Xu, London (CA);
Zhongshun Yuan, London (¢
anghuan Feng, idenion (C

; UNI
ONTARIO,

RSITY OF WE:
wdon (CA)

Assignee

Notice:  Subject to any disclaimer, the term of this

patent is exiended or adjusted under 35
US.C. 154(b) by 202 days

Appl. No. 165310.889
PCT Filed:  Jun. 27,2017
PCT No.: PCT/CA2017/050774

1 (eX1),
Date:

Dec. 18, 2018

PCT Pub. No.: WO2017/219151
PCT Pub, Date: Dec. 28, 2017

Prior Publication Data
US 20200308500 Al Okt 1, 2020

Related U.S. Application Data
ation No. 62/354,332, filed on Jun,

Provisional appl
24, 2016,

Int. CIL
CHoL 102 (2006.01)
COTC 2980 (2005.01)
(Continued)
O —

o Bk e

e CIOL
(2013.01):

102 (20013.01); COTC 29480
7C 377685 (2013.01). COTC
37774 (2013.01);

(Continued)
(58) Field of Ilniiiulhm sem-h
CC i 101

10L 2
- 20080; COTC
COTC 3774
See application file for complete scarch histary

22000543: COF

(56) References Clted

ULS. PATENT DOCUME

s

4938567 A 61990 Yokoyuma ef al
7.276,14% B2+ 102007 Plopeki COF 1110
08117

(Continved)

FORFIGN PATENT DOCUMENTS

cA
o
ES

OTHER PUBLICATIONS

Zhang <« al 2010; Zhang LH, Xo CB, Champagae P
recent advances in thermachermical conversion of biomass. Eacrgy
Convers Masage, 2010; S1: 969.52

(Continved)

Primary Examiner
(74) Attarney. Agent, or Firn

Cephia D Toomer
Hill & Schumacher

(57) ABSTRACT
The disclosed invention is a process for liquefaction of
hydrolysis residue of lignocelulosie
cellulosic biomass or municipal solid wa:
media at alkaline conditions, for the productio
bio-oils. The disclosed process is characterized in that it
works for e dinct lgueition of the i, ad opr-
ates under d (<300° C. a P
(Continved )

-
ey e

o8- BPU Spemves

[r—

Fig. 3 United States Patents for Hydrothermal Liquefaction (HTL) Technology

These United States patents demonstrate the innovative breakthroughs behind our HTL

technology, highlighting its ability to efficiently convert high-moisture organic waste and

lignocellulosic biomass into bio-crude oils with controlled properties. Our patented processes

form the backbone of our sustainable and scalable solutions for waste-to-energy conversion
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