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OVERVIEW

Brief infroduction into
conversion technologies
for biomass

Discussion into benefits
and applications of
biocarbons

Brief overview of some of
the recent research done
at BRIL



OUR LAB — BIO RENEWABLE

INNOVATION LAB

We are a biomass processing research lab at the University of Guelph.
« biomass and waste processing for sustainability and circular economy projects

Bioenergy and biomaterials, thermochemical processing, and characterization
« Solid fuels, green hydrogen, syngas, bio-oils, biochemicals, etc.
* Bio-composites, activated carbons, catalysts, etc.

THRN 1110 Bioprocess Lab — University of Guelph (50 Stone Rd E, Guelph ON)
Website:

Animesh Dutta; PhD, P.Eng
. | 519-824-4120 Ext. 52441
« hitps://www.uoguelph.ca/engineering/faculty/adutta


https://bril.uoguelph.ca/
mailto:adutta@uoguelph.ca

Research Pilot Plant

1) Feedstocks pre-processing 2) Thermochemical conversion processes
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Analytical Laboratory

Scientific analytical instruments for both
qualification and quantification analyses.
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WHY DO WE NEED BIOMASS<e

» Climate change and carbon emission are becoming increasingly important.

- Biomass offers a low-carbon or even carbon negative solution fo issues which
otherwise may be difficult o solve.

« Coal and liguid fuel replacement, carbon materials, and green hydrogen

e Biomass offers a renewable source of carbon.

» Biomass may offer food and energy security.




Sustainable
Global Biomass
warming

http://www.itimes.com/lifestyle/global-warminghow-to-cool S USta i nab i I ity
hitp://www.green-the-world.net/what is renewable energy.html

http://www.prweb.com/releases/2012/4/prweb2460370.ntm



http://www.itimes.com/lifestyle/global-warminghow-to-cool
http://www.green-the-world.net/what_is_renewable_energy.html
http://www.prweb.com/releases/2012/4/prweb9460370.htm

« Despite the potential of biomass, it often has characteristics which are
undesirable.
» Ash content, moisture content, low energy density, poor grindability, etc.

 Thermochemical Conversion is one type of technique that can solve these
issues by altering biomass.

 Different processes can be chosen and funed to reach the desired
characteristics.



TYPES OF THERMOCHEMICAL

CONVERSION

Pyrolysis
« Heat treatment in inert gas. Can produce biochar and bio-oil.

Gasification
« Heat treatment in partial oxidizer. Produces syngas (hydrogen, methane, CO)

Hydrothermal Carbonization (HTC)
» Pressure cooking. Efficient process for high-moisture biomass without pre-drying.

Torrefaction
« Mild Pyrolysis. Increases fuel properties (grindability, energy density, stability)

...And morel



BIOCHAR - INTRODUCTION

» Biochar is made from processing raw biomass through pyrolysis or HTC

» Biochar has higher carbon content, higher energy density, and more
stability. Becomes more like coal with higher intensity process

e ol e Ll Low Intensity - Hydrochar High Intensity - Biocarbon Coal

C(% 46.4
i) (%) 52.2 %) 79.7 c7) 77,66
O(%) 45.50.57 O(%) 9.53
Ash(%) 2.1 O(%) 4.3 O(%) 14.6 Ash(%) 6.65
() o S () o
Ash(%) 0.24 Ash(%) 0.79
HHV (MJ/kg)  18.0 HHV (MJ/Kg)  20.4 HHV (MJ/Kg)  32.6 MR AL S




BIOCHAR - APPLICATIONS

Biochar has a wide range of applications.

Fuels and Industrial applications

« Similar properties to coal makes biocarbon a good coal replacement with low
carbon emissions [1].

Soill Amendment
» Biochar can help with nutrient and water retention for better plant growth [2].

Carbon Materials

« Plentiful and sustainable Carbon Source for activated carbon [3], carbon
composites [4], catalysts [5], supercapacitors [6] and more.



OUR WORKS — BIOCARBON FOR STEEL

INDUSTRIES [1]

 We investigated the use of Miscanthus for use in Canadian Steel Industries

« Steel industry is a heavy polluter
* Process is heavily dependent on fossil fuels
* Process sensitivity makes alternatives difficult to use.

 We looked to create a product as similar o coal as possible,
« Low ash content and high carbon content

* A fwo-step process was used.
 Firstly, HTC was used to reduce the ash content,
« Then a higher-temperature Pyrolysis was performed to boost the carbon content
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OUR WORKS - BIOCARBON FROM

BIOETHANOL WASTES [/]

* We investigated the use of by-products of the corn bioethanol production process
for production of biochar’s through HTC.

* These byproducts may have low value, especmlly iNn years with crop contaminations,
so new value pathways are required.

Process Water 20-60%

— Gases (CO2, CH4, etc.)
<5% Reos Flore (Wed)

Biomass




RESULTS— BIOCARBON FROM

« Products resulted in very high
hydrogen content and HHV.

* HHV rose from 20.7 MJ/kg to 33.9
MJ/kg

« Biocarbon had moderate
nitrogen content, which can be
useful in certain applications.

« High Moisture content (~60%) is
suitable for HTC.
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ACTIVATED CARBON

« Another application for biomass and biocarbon's is Activated Carbon.
* high-porosity advanced carbon materials
« used in a variety of applications such as water treatment, supercapacitors, and
hydrogen storage

« Coalis often used for Activated Carbon, but biomass and biochars can
actually produce a better product.
« Coconut Husks are already commonly used instead of coals

» The process involves either heating with an oxidizing gas (CO2 or Steam), or
using a chemical activator (KOH, ZnClI2, etc.)



ACTIVATED CARBON

High Value
Applications

~500 - 2000+ m2/g

High porosity and Surface Area
High Carbon Content

~10 m2/g

Low porosity and Surface Area
Low Carbon Content

~45%

~80%+



OUR WORKS - ACTIVATED CARBON

FROM BIOETHANOL BYPRODUCTS [3]

« We produced Activated Carbons from by-products of the Corn Bioethanol
industry through KOH activation

« A one-step and two-step process were compared

« Direct activation of raw biomass compared with HTC followed by activation of
the biochar

« Potential for higher value applications and contributing to reducing climate
change by improving crucial devices (supercapacitors, hydrogen storage)

PR T




RESULTS — ACTIVATED CARBON FROM

BIOETHANOL BYPRODUCTS

« Successfully produced high quality
Activated carbons.

« Two-step process resulted in higher
surface area and more stable product

relative to one-step process

: . AC — Raw AC — HTC-0
« Potential for further optimization to SSA = 789.12m7/g, By 0469 /g SSA = 1046m?/g, P, = 0.494 cc/g
create a better product. i Foore = 1156 4

« Application testing still required. . \

Weight (%)



TECHNICAL PROGRESS

RESEAU

: : BIOFUEL
« Development of a lab-scale semi-continuous HTC reactor 5

Conceptual Design

Lab scale continuous

hydrothermal

carbonization (HTC)

reactor



« Development of a Pilot Scale Continuous HTC reactor

A continuous pilot scale HTC
reactor being developed. The
process was validated with

laboratory scale trials.

Under Commissioning

RESEAU

BIOFUEL
*

Conceptual Design
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