SUT-Biorefinery Pilot Plant
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Crisis of the world economic

Oil prices at highest since 2008
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Oil Refinery
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Oleochemical industry (non food)

Toothpastes

Cosmetics Shampoos

Aluminum

Sheats Concrete

Additives

Pest Control
Formulation

Textile
Auxiliaries

L.

p !
Detergents %‘f:'

Plasticizers '

| .
‘ Pharmaceutical
Cream & Ointments

Bio-lubricant

Polymers
Processing

Bio-diesel



PALM 0". Commodity - Add to watchlist
7,080-00 +112.00 (+1.61%)

06:00:00 AM MI Indication

Intraday w im om Yid Ty Sy ¥ Max Indicators Mountain-Chart

Pl ay Jun Jul Aug Sep Oct Mo Dec 2022 Feb Mar Apr



High plant oil price
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Feed stock production
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Land required (deforestation
Irrigation & fertilizer required

Long plantation time (months or years)
Processing steps



Potential of oil producing sources

Oil vield Liter/Hectare/Year Barrels/Hectare/Year
Soybean 400 2.5

Sunflower 800 5

Canola 1.600 10

Jatropha 2.000 12

Palm o1l 6.000 36

Microbial o1l 60.000-240.,000 360-1.500

* A, Firoz et al., 2015. 'Third Generation Biofuel from IAIgae', Procedia Engineering, 105: 763-68.



Assoc. Prof. Dr. Mariena Ketudat-Cairns
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Work started in 2015 for the screening For fuel and oleochemical industry (food security)

of oleaginous yeast from various - Short fermentation time (7 days)
sources. More than 200 strains were - High lipid content (20%)
isolated. - Unicellular (easy drying)



Rhodotorula paludigina CM33
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Small scale culture
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MICROBIOLOGY Resource Announcements

Microbiology-

Microbiol Resour Announc. 2020 May; 9(19). e00286-20.
Published online 2020 May 7. doi: 10.1128/MRA 00286-20

PMCID: PMCT7206493
PMID: 32381615

Genome Sequence of the Oleaginous Yeast Rhodotorula paludigena Strain CM33, a

Potential Strain for Biofuel Production

Chotika Gosalawit ? Sumeth Imsoonthornruksa, ® Natteewan Udomsil ® and Mariena Ketudat-Cairns®2
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Nakhon Ratchasima, 30000, Thailand

b School of Environmental Sciences, University of Guelph Ridgetown Campus, 120 Main Street East, Ridgetown, Ontario, NOP 2C0, Canada




LXX
X . 4

BUCKWHEAT CORN 7 RICE M a i n p rod u Cts
M
s

|
|

\

C

’ -
r'J -
\ / w
(R
/ B
/| l,.‘\‘\
0

22 & N
sal 3
AN 3
' N7
m | - -

Carbon sources

BBBBBB

4 N

Wastewater
Lignhocellulose

Molasses
etc

\_ /




Wastewater Lignocellulosic Materials
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Operated since 2019
1000 m? :



Scaling up in Pilot plant

Operated since 2019
1000 m?




SUT-Biorefinery Pilot Plant

Pre-treatment &

pe o Fermentor & Reactor Downstream processing
saccharification
1000-L Jacket stirred * 5-500 L Fermentors * Cross-flow microfiltration
tank * 50 L Reactive distillation (50 m?) * Mass & Energy balance
Turbo sieve for solid- reactor » Ultrafiltration/Nanofiltration calculation
liquid separation * 50 L Polymerization reactor (25 m?) * Process simulation &
5-hp in-line * 100 & 50 L/h falling film plant design
homogenizer evaporators * Equipment rental/hire
Microfluidizer (30,000 * Vacuum crystallizer Workshop
psi) * Short path distillation * Bioprocess validation
Filter press e Spray dryer

Supercritical CO, extraction
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CH,/CO, separation



Size reduction by high pressure homogenizer




Microfluidizer

Intensifier

Inlet
Reservoir

«  Wood pulp suspension

Z-shaped interaction chamber ..
of the microfluidiper B TVESUTNFs

30,000 psi or 2000 atm iR



Size reduction of biomasses

g: :‘4‘_, 4 ) ..
>f'.‘!fg\.\_““}v M

TN \
‘?\i ‘ t
| -\ .:;1 A
\ﬁ\\.._ A

1
{
I ol

v




1000-L Saccharification tank




Solid-Liquid Separation by centrifugal sieve
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Solid-Liquid Separation by filter press




Dilute acid hydrolysis







Bioreactors

500-L



Cell recovery



Membrane processes
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50 m?2 Microfiltration




Electrodialysis




Adsorption
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200-L vacuum evaporator

il




Centrifuge




Spray dryer




Solvent extraction for lipid recovery




Rotary evaporation (20 L)
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"d gen lipid production in 7 days (SDGs)




Chromatographic separation of carotenoid




Yeast extract for Feed (protein > 20%)
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Opportunity for biofuel applications

Whole cell burning for electricity
Fast pyrolysis for bio-oil and bio-char

Biodiesel production

Hydrothermal liquefaction (HTL) of lipid



Fast pyrolysis reactor (PMUC)

A1UFININ

- Bio-char

Bio-oil

Pongsatorn Poopisut, et. Al, (2022), Fast Pyrolysis of an Oleaginous Yeast Rhodotorula

paludigena CM33 for Bio-Oil and Bio-Char Productions, Biomass and Bioenergy (under review)

Assoc. Prof. Dr. Adisak Pattiya, Mech Eng, Mahasarakhan University



Parr reactor for hydrothermal liquefaction




"parked” as the stand
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100-L HTL reactor (future work)



100-L HTL reactor (Sumitomo)




Organic Solvent Nanofiltration (PMUC)

Oil- & Petro
Chemistry
Pharmaceuticals / . - solvent recovery in
SHerlty EhoHilcals Natural Oils and Bu!k R
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OSN system



Fractional distillation
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University of Oldenburg, Germany,
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Student exchange program
SUT-Oldenburg



Fractional distillation




Crystallizer 100 kg
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Process analytical technology (PAT)

Particle view measurement Raman spectroscopy
PVM

Focused beam reflectance measurement

FBRM



Crystallization kinetic
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Reactive distillation reactor for biodiesel reaction
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Short path distillation (SPD)
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Pilot scale SPD for biodiesel (B100)
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Valley of Death in Manufacturing Innovation Process

Funding/ Demonstration plant
Investment

Hight

Government and GAD

v i Private Sector
Universities

Low

Manufacturing-Innovation Process

mnmrin Proofof Production in Capacity to Production
8 ch 9 concept laboratory produce prototype environment capacity
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Thank you

E-mail; apichat@sut.ac.th



