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Our Ultimate Goal is to Develop

“A wide variety of renewable products including bio-carbon, renewable
chemicals, bio-methane, and bio-fertilizers from a variety of non-food
sustainable agri-food wastes feedstocks.”

Meeting Biomass Canada Cluster’s Goal by

« Valorization of agricultural and food wastes (crop residues, greenhouse, and food
processing wastes)

» Developing green processes and products value chain

« Strengthening sustainability and bioeconomy of Canadian agriculture and agri-food
sector
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Heat

“Ag ri-food wastes Biomass 5% Gas
IS not regarded as
an ideal
replacement for
fuel and materials

application”

35%

Water s Liquid

Hydrothermal Carbonization (HTC) is atechnique where biomass is treated with hot
compressed water instead of drying

Alternative Pre-treatment:
Hydrothermal conversion

O Moisture X v
O Ash X v
Q Processing time ? 4
O Energy intensity X 2
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Theme: “Waste is a resource - waiting for an opportunity”

« Biocarbon (hydrochar) produced through hydrothermal carbonization (HTC) of low
guality agri-food residue, exhibits unigue physicochemical properties while it produced
HTC process water as co-products

« HTC products can be a potential newer value chain

Research Questions:

« Can we produce industrial grade biocarbon from this low-quality biomass (low
alkali metals, higher HHV, and higher grindability)?

« Can we produce activated carbon/biocatalyst from this hydrochar

« Will there be any industrial grade biochemical as a co-product from HTC Process
Water (HTCPW)?
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Hypothesis:

1. Changing HTC processing conditions (time, temperature, feedstocks sizing, etc.)
will generate recipes for biocarbon (hydrochar) of required morphological
properties for various applications. (help eliminate some of the key barriers to
Agri-food waste stream)

2. Hydrochar can be further processed to produce activated carbon/biocatalyst

3. By applying this HTC process water into AD (Anaerobic Digestion) system, the
hydrolysis process would be accelerated, which is the main limiting factor for AD
system (help eliminate some limiting factors for AD system)

Approach to establish of these hypothesis includes:
1. We defined milestones with
« HTC Process design and development
* Feedstock processing and characterizations (HTC & AD)
* Process design for end products and characterizations
2. ldentified critical deliverable

« Life cycle assessment (LCA) and life cycle costing (LCC) RESEAU
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Case Study 1: Bioenergy and biofertilizer from hydrothermal treated jS
corn residue: a circular economy concept

Corn residue

SR AR RS

Reference: Energy, Vol 165,
Part B, 2018, Pages 370-384

Biocarbon for
different application

Hydrothermal
process

M=0.47 kg; E=10.91 MJ

Digestate AD process M loss = 0.23 kg :
(Biofertilizer) D io Biomethane
g Q
E=3.35MJ
Overall energy recovery efficiency=79% s BIOFUEL!


https://www.sciencedirect.com/science/journal/03605442
https://www.sciencedirect.com/science/journal/03605442/165/part/PB

UNIVERSITY case Study 1: Waste to Wealth: A Circular Economy Based Approach 7%
oGUELPH &7
Lignicellulosic Hydrothermal :}fdrocbhar
r biomass (wet/dry)  e— reactor —> (Biocarbon)
(Controlled
é temperature and
= Hydrothermal
D Water — BHES — liuid
o
o
(&
w‘\
s
o
b -
&5 Biomethane Biogas pa— Anaerobic
= digestion
Ll
\’ J
Greenhouses <« Bijo-fertilizer

BioMassec:
Canada¥

€= Remote Community

BIOFUELIET



[}NII\EEII}%I_}FY Case Study 1: Numerical analysis of an integrated HTC-AD ﬁ;:" j
? G— system for power generation Ref: Processes 2020, 8(1), 43 QE
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Valorization of low-grade Condensed Corn Distillers Solubles - CCDS (aflatoxin contamination) INTREaT
ACE Inhibitor
Biorefinery o ‘ " @ Trypsin hydrolyzed Antithrombotic
e .| , , peptides Stimulating
Condensed Corn Distillers Soluble l]; 500 Amino acids VEVDHPLELER Regulating
(CeDS) Siml o |, TGGLGDVLGGLPPAMAANGHR | Antioxidative™
Composition of CCDS % : g RERERR % § :\ILPFI;:?::SIK/SPSGFEEQFFFGPGGR Hypolipidemic
% TGy Po Be lm Lye He Ty Tp An VN g A O Ob Hs Thr Se v | FAFSDYPELNLPER DPP IV Inhibitor
proein L 10 L el A DPP 111 Inhibitor
Fraction Glu, Leu and Pro were the most abundant | Bioactivities ) | campde Inhibitor
= Moisture Dry Matter - Renin Inhibitor
c,.f;,:m. Major compounds in solvent extracted fraction from CCDS Distribution of pyrolysate compounds in CDS
Fraction during GC/MS analysis (BCF Fraction contents) and protein fraction
Compound Molecular  %Area Molecular o . meeps TP
formula weight ) j::: I A
) 23-Butanediol, [R-(R* R*)]-  C,Hy,0,  34.65:0.96 90.07 :
Benzene ethanol, 4-hydroxy- CgH,,0, 10.42+0.60 161.08 S
Pentanedioic acid, 3-(1,2- C¢H100, 5.24+0.54  338.15 000
diphenylpropylidene)-,
monomethyl ester

n-Hexadecanoic acid CiH3,0, 3.90+0.21  256.24 RESEAU
9,12-Octadecadienoic acid (z, z)- CygH3,0,  10.43+0.76  280.24 B|OFUEL
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Valorization of CCDS Liquid Components to Green Chemicals
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Case 2: Technical Progress/Results— Peptides for Feed
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PUBLICATIONS: Biorefinery of Corn CDS

Food and Bioproducts Processing - H~i‘; Food and Bioproducts Processing _:“
Volume 124, November 2020, Pages 354-368 il Volume 127, May 2021, Pages 225-243
Application of analytical pyrolysis to gain insights Evaluation of nitrogenous pyrolysates by Py—
into proteins of condensed corn distillers solubles GC/MS for impacts of different proteolytic
from selective milling technology enzymes on corn distillers solubles
Sonu Sharma *, Ranjan Pradhan * © 2 &, Annamalai Manickavasagan %, Mahendra Thimmanagari %, Animesh Dutta Sonu Sharma*, Ranjan Pradhan < & & Annamalai Manickavasagan % Mahendra Thimmanagari >, Animesh Dutta

@ Springer Link

COMMUNICATED :

Review Article | Published: 23 May 2020

Characterization of ultrasonic-treated corn crop
biomass using imaging, spectral and thermal
techniques: a review

Journal: Food Chemistry
Title: Evaluation of peptides in enzymatic hydrolysates of corn
distillers solubles from selective milling technology

Sonu Sharma, Ranjan Pradhan, Annamalai Manickavasagan & & Animesh Dutta

Biomass Conversion and Biorefinery (2020) | Cite this article
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Valorization of Condensed Corn distillers Solubles - CDS and Corn Pericarp Fiber
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Figure 1: Physical appearance of (a) raw materials, wet and dry (b) Corn Fibre hydrochars, and
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Communicated in Journal of Environmental Chemical Engineering < aiofUEL

* Title: Hydrothermal Carbonization Valorization as an Alternative Application for Corn Bio-Ethanol By-Products =
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Case Study 3: A Tunable Approach for Activated Carbon

Production from Low Value Biomass
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o#(GUELPH from Low Value Biomass

* Valuable, high quality activated carbons can be produced through a 2-step HTC and chemical activation
procedure.

* Applications in heavy metal removal, water filtration, gas storage, super capacitors, and many more.
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Water Hydrochar 40-80%

AC-HTC-0
SSA = 1046m?/g, P, = 0.494 cc/g

~ &

Process Water 20-60%
- Gases (CO2, CH4, etc.)

R =11.56 A

pore,avi

High-value, porous, thermally
stable, activated carbons.

800 C, 1h, 2:1 Ratio,

Biomass Nitrogen atrmosphere

Reactor <5% (DFT SSA, P/Po of 0.1 to 0.9)
Communicated in ACS Omega Journal N1 B ——
Title: Effects of FeCl, Catalytic Hydrothermal Carbonization on Chemical ‘\\ 0 B|0FUEL|
Activation of Corn Wet Distillers’ Fibre '\‘\*:/
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Properties
%C

%H
%N
%S
%0
HHV
(MJ/Kg)
%VM

%Ash

%FC

Raw
Switchgrass
44.76 + 2.04

6.04 £ 0.62
0.66 £ 0. 08
0
44.09 £ 1.87

17.13+1.49
84.3+3.18
4.45+0.23

11.25+0.8

Torrefied-290

64.28 £ 2.42

4.34 +0.69

0.68 £0.13

0

23.58 +1.87

26.04 +1.91

50.35+2.72

7.12+0.38

42.53 +1.83

Industries: A Tunable Approach

Hydrochar
C(%) 52.2
H(%) 6.2
N(%) 0.05
S(%) 0
o(%) 4131

Ash(%) 0.24
FC(%) 15.1
VM(%) 84.66
Y 0a7

H:C (ATOMIC RATIO)

Biocarbon
C(%) 79.67
H(%) 4.5
N(%) 0.35
— — —Biomass ”_-—"'-_‘__---_-9_ ____ Y S(%) 0
aseassaas POAL ,4”’ J
P " ol%) 14.69
1.2 — —Coal ",—"/ ASh(%) 0.79
=+ = Anthracite T
1 FC(%) 63.71
0.8 VM(%) 35,5
7
/ HHV
0.6 : (MJ/Kg) 32.59
0.4 : !" —0-Raw miscanthus O-Biocarbon
p’\ O-Hydrochar O-PClI
0.2
by
0o M
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

O:C (ATOMIC RATIO)

In,
f 2
%,
O

“o\"q'

W

PCI coal
C(%) 77.66
H(%) 4.1
N(%) 1.76
S(%) 0.3
O(%) 9.53

Ash(%) 6.65
FC(%) 56.94
VM(%) 36.41
(I\;I JI;:(Ig) 32.07
RESEAU
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RESEAU

= Partial replacement of fossil carbon in blast furnace ironmaking process SoLie

= Reduction of GHGs emission



UNIVERSITY Case Study 4: New Insights for the Future Design of Composites Composed f
o(GUELPH of Hydrochar and Zeolite from Cranberry Pomace. Ref: Energies 13 (24), 6600, 2020 \g
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A catalyst based on
hydrochar and zeolite
(hydrochar/zeolite
composite) can resolve
present limitations and
challenges by:

* Creating meso/macropores
into the micropores
structure of the zeolite;

* Increasing the number of
accessible active sites for
macromolecules;

Zeolite Composite Hydrochar Y E n h a n Ci n g t h e
High surface area | Lewis acidity thermal stability
Brgnsted Acidity Multi functional Of t h e zeo I ite;
Ordere'::tl;::roro “ Hierarchical porosity d C reat | N g 3 D
Shape seleativtty interconnected
_ structure using
activated
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UNIVERSITY Case Study 4: Design of a ternary 3D composite from hydrochar, zeolite
oGUELPH  gpg magnetite powder for direct conversion of biomass to gasoline

Volume 412 15 May 2021 ISSN 1385-8947

CHEMICAL
ENGINEERING
JOURNAL

OZONATION OF SULFAMETHOXAZOLE
Ordered Mesoporous Alumma

’/ o,
s Al,o3 "’f\g’ Xroc = 86%

- ADSORPYION emoval
» Poor catalytic contribution

EVAPORATION INDUCED SELF-ASSEMBLY

Vol. 410, 15 April 2021,
128323

FEATURED ARTICLE
TAL
On disclosing the role of mesoporous alumina In the
of vs. Catalysis
Carla di Luca, Natalia Inchaurrondo, Mirela Marcé, Rodrigo
Parra, Santlago Esplugas, Patricia Haure

» We have synthesized a zeolite-hydrochar composite using a simple one-step hydrothermal liquefaction (HTL) process.

» hierarchically structured porosity of the composite facilitates diffusion of macromolecules and their derivatives inside
the composite and improves the accessibility to lewis acid sites.

» The chemical interaction of hydrochar/zeolite was confirmed by XRD and SEM-EDS analyses

RESEAU
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https://www.sciencedirect.com/science/journal/13858947/410/supp/C
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T ) Initial Initial hea -
fet:ic:ti?:bs;d - m N | Heat of
i B 7 reaction
g [ - = Reaction and
T - - = species data —_—
Eeactor's contemnt: — - TEIII.[I.
Submerged - Arhenius kinetic
biomass in water - - data

Temperatur

0 10 20 30 40 50 60 70 80 90
Time (min)
——Predicted power X Consumed power
—— Predicted temperature (°C) X Temperature (°C)
BioMasse-

Canada ¥

Ref: Energy, Vol 214, 2021, 119020

Rate

. Concentrations
expressions

Imitial conc. and

other data —

Material
diffiusion data

» The model predicted that a well-insulated, sealed, and
continuous reactor can decrease the power consumption
significantly when aqueous phase is recycled for heat
integration and recovery.

—

» The developed model can potentially be used as a first step
in designing an industrial reactor for hydrothermal
conversion of biomass, which may attracE is investors and
policy makers for commercialization of technology.


https://www.sciencedirect.com/science/journal/03605442
https://www.sciencedirect.com/science/journal/03605442/214/supp/C
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U GUE B Technical Progress
| Conceptual Design
Lab scale continuous A lab-scale continuous
hydrothermal hydrothermal carbonization
carbonization (HTC)  (47c) reactor is developed
reactor and validated.

Ref: Biomass Conversion and Biorefinery (2020)
Continuous HTC is favorable due to the enhancement of primary
carbonization and suppression of secondary carbonization; higher
qualities of the hydrochar can be obtained.

Pilot scale continuous A continuous pilot scale HTC

hydrothermal reactor being developed. The
carbonization (HTC) process was validated with
reactor laboratory scale trials. S N B = S

; — A : RESEAU
* Under Commissioning BIOFUEL


https://link.springer.com/journal/13399

%IEXELKEEY Hydrogen-rich gas stream from steam gasification of

Electric heaters
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Calcination
CaCO, -> Ca0 + CO,

(.}
(=]

'
o

Gas composition (vol%o)

=
h

30

W7 %
biomass: Eggshell as a CO, sorbent “gi’

BioMasse+ -
Canada ¥

—_ \h\\.
= = L CO,/(H,0+CO,) o L { oy A T ;
Sovcg, Codlime = 4 | ' Calcined sample
& 4 v <l
| ] b: CaO
I b
¥ b
l ¢ 0\ Ca0 + CO, -> CaCO, ‘ | \ . |
H,, CO, CO,, CH,, H.0, Tar
[Gasiﬂer — s tl: tl:
| 5
Loopsea\l‘ plomass —_— Hy, ('O_.’('():'(.”J S [FrE ’ q
o - 1000
| ) Raw sample
] 3 a & aa .
;}nd{mr y— ] J{la ] ..jll..J' M] ;._]‘;_. a2
0 ] 40 0 &0
H,0 ‘ —— Position [*28]
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2 45
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L}%XEE%}I}Y Conclusion: Preprocess greenhouse residues, energy crops, crop residues, municipal £ /7 %

b 4
green bin fruit processing wastes through HTC processing. \?

Waste heat recovery and reuse
ting Wealth from Waste By HTC =
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Agrochemicals

Biomethane
Pentose Sugar

&
Primary Building Block
Chemicals for
Industrial Application

w UNIVERSITY
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LAcid and alkgli

BioMassec:
Canada * Leading to zero-waste solutions HTC products from low quality agri-food residue can be a potential newer value chain
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