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Global electricity generation by source

25,000 TWh

20,000 TWh

15,000 TWh

10,000 TWh

5,000 TWh

0 TWh

AAAAAAAAA

2k
NANOTEC
NSTDA

— ~ Other renewables
“— Bioenergy
Solar
Wind

Hydropower

MNuclear
Qil

Gas

Coal

1985 1990 1995 2000 2005 2010 2015 2022

Source: Ember's Yearly Electricity Data; Ember's European Electricity Review; Energy Institute Statistical



Th

20

ANNIVERSARY NI
NANOTEC

e NSTDE
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Electricity generation from renewables
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Energy generation from biofuel, Thailand
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Thailand has rich resources of agricultural biomass
that can be utilized in various applications.

Agricultural waste

Thailand is known as an
agricultural country.

“Agricultural residual biomass”
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Biomass Potential
in Thailand




Biomass potential in Thailand

Agricultural Residual Biomass

Agricultural WOf)d &
Residues

Residues

Fast Growing Trees

Fast Growing Industrial
Trees Wastes

Source: Energy for Environment Foundation 2016



Top 5 of agricultural potential in Thailand
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Top 5 of agricultural potential in Thailand

NSTDA

Sugarcane

v Cassava rhlzome
v Cassava pulp
v Cassava peel

v Sugarcane leaf
v Sugarcane bagasse

v Palm tree
v Palm leaf
v Palm fiber
v Palm shell
v Palm empty
fruit bunch

Oil palm



d Top 5 of agricultural residues in Thailand

The amounts of agricultural biomass residues were assessed with

“Residue Product Ratio (RPR)” from major agricultural products.

Agricultural residue

Total (ton/year)

2020 2021 2022 2020 2021

Sugarcane 78,695,546 105,944, 354| 113,024,06 1§21 13,378,243] 18,010,540
Bagasse 22,034,753| 29 664,419

Rice 30,977,600 32,117,024 32,882,932 >traW 15,175,024| 15,737,342
Husk 6,505,296 6,744,575

Rhizome 5,799,824| 7,018,897

Cassava root 28,999,122| 35,094,485| 34,068,005] Pulp 1739947 2,105,669
Peel 8,119,754| 9,826,456

Tree 16,221,974 16,903,728

Leaf 22.872,983| 23,834,256

0il palm 16,221,974 16,903,728| 18,588,120 Fiber 3082,175| 3,211,708
Shell 648,879] 676,149

Empty fruit bunch 5,191,032| 5,409,193

Maize 4,990,207| 4,847,845| On process Stalk 2,181,981 852003-

Cob

1,197,650

1,163,483

Source: Office of Agricultural Economics

Office of The Cane and Sugar Board
Department of Alternative Energy Development and Efficiency

131,153,515

149,226,450




Fast growing trees in Thailand
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Earleaf acacia Siamese neem



Biomass database
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Future

Welcome to Thailand's leading platform for decarbonization technologies.

Whether you're an industry leader, researcher, or simply environmentally

conscious, our database

Empowering Your
Decarbonization Journey

In the era of climate consciousness, technology plays a pivotal role in
spearheading eco-initiatives. The availability of comprehensive databases can

be instrumental in making strides towards a greener future

provides access to the latest advancements in

sustainable practices.

Biomass Locator

Discover and access a network of biomass sources,
optimizing your eco-initiatives with reliable and sustainable
materials.

Biomass, primarily derived from plants and organic materials, has been hailed as an eco-

friendly alternative to fossil fuels. The Biomass Locator aims to connect industries and
individuals with a plethora of biomass sources.
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Biomass database
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Biomass database ,3‘711 20

Location of
“Biomass Power Plants in Thailand”

Installed Capacity

® (0.0-10.0 :Very Small Power Producer: VSPP
® 10.1-90 :Small Power Producer: SPP
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More than 130 million tons

el
of agricultural residue biomass

.*‘ 9 were annually produced
o\ in Thailand. N
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J “More than 50% are wasted.”



Further problems
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Current challenges of biomass as fuel
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Feasible technology is not available
in Thailand yet

Selective to some types of biomass
TeChno'ogy ®  The biomass needs to be dried

before processing

¥ Increase of Biomass price
Logistic cost from the
plantation to factory

¥ Feedstock transferring
cost within the factory

¥ Available seasonally
or separately
“ Diversity of biomass

Low heating value of biomass
Low efficiency

Difficult quality control of biomass
High moisture content
Degradation over time
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= Brighten Your Future
¥ with “Biocoal Technology”




Torrefaction technology

NSTDR

“Biocoal”

—

Retention time 5 - 60 min
Under O, free




Lab scale VS Pre-pilot scale

Lab scale

Furnace types

Tube furnace

200 - 300 °C

Pre-pilot scale

5 g/batch

Rotary kiln furnace

250 - 350 °C

1 - 2 kg/batch

NSTDA



Biocoal from biomass (Lab scale)

NSTDR

. Optimal condition
Biomass types Solid yield (%) HHV (MJ/kg)
Temperature (°C) Retention time (min)

% 225 30 55.4 217

Sugarcane leaves (HHV 18.2 MJ/kg)

237 15 63.3 223
229 51 55.6 218
274 9 48.8 226

Qil palm'|ﬁowty fruit bunch
(HHV 15.6 MJ/kg)




Biocoal from biomass (Lab scale)

NSTDR

. Optimal condition
Biomass types Solid yield (%) HHV (MJ/kg)
Temperature (°C) Retention time (min)

274 9 51.0 24.7

274 9 56.7 19.0

Eucalyptus bark (HHV 11.8 MJ/kg)

“Fast growing trees”
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Biocoal from biomass (Pre-pilot scale)

NSTDR

. Optimal condition e
Biomass types - - - Solid yield (%) HHV (MJ/kg)
Temperature (°C) Retention time (min)

350 60 425 26.7

Sﬁgarcane bagasse
(HHV 15.7 MJ/kg)




Comparison of biomass and biochar properties

Biomass

Biocoal

High moisture content

v Low moisture content

Moderate moisture absorption

v Low moisture absorption

Low heating value

v High heating value

Low energy density

v High energy density

High smoke generation during combustion

v Low smoke generation during combustion

Difficult to storage and transportation

v Easy to storage and transportation

Easy degradation

v Difficult degradation

XIX[X|X|[X[X|[X|[X

Sticky and difficult to pulverize

v Brittle and easy to pulverize




Raw biomass

VM: 67 — 88 wt.%
FC: 05 — 20 wt%
C:39 - 50 wt%
0: 37 — 50 wt.%
Atomic O/C ratio:
04 -08
Atomic H/C ratio:
12 — 20 n
HHV: 15 — 20 MJ/kg V

Source: Chen et al, 2021 and Carborobot, 2023

Fuel properties

Biocoal

VM: 34 — 85 wt%

FC: 13 — 45 wt.%

C: 45 — 68 wt.%

O: 11— 45 wt%

Atomic O/C ratio:
01-0.7

Atomic H/C ratio:
07 - 16

HHV: 19 — 27 MJ/kg |

(In this study) r

4
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p & L.

"= VM: 09 - 50 wt.%
" FC: 46 — 92 wt.%
" C:64 — 92 wt% Lignite
"0:1—- 25 wt% HHV 147 - 193 MJ/kg
= Atomic O/C ratio:
01-05

= Atomic H/C ratio:
07 -14

® HHV: 15 — 35 MJ/kg

Subbituminous
HHV 193 - 244 MJ/kg




Upscaling to pilot scale Al =

&%

Lab scale and Pre-pilot scale

Biomass Quart tube Biocoal
4 .
P Gaslo
Q 1Lémin -
3 |

Torrefaction

200 -300 °C |
! Sample
characterization

Development of the biocoal
production process for
“Upscaling to pilot scale”
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Biocoal production

Feed rate:

100 — 200 kg/hr

v Degradation
v High moisture
v Low heating value

‘Biocoal . Resistance to degradation
"P eIIEt" [ v High heating value

v Low moisture

Wood ch:p

HHV 15.4 MJ/kg v Easy to storage and transportation




Biocoal production
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Torrefaction reactor
Hopper feed Belt conveyer 200 - 300 °C

Temperature
Reduction
System

Biocoal product Product discharge
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1. Easy implementation on
current biomass
power plant

4. Highly efficient biomass %
waste utilization . \f
from industries '

3. Future expansion
for high efficiency

|

, of VOC reduction and
F*® 5, increase heating values

6. Biochar-based slow-release N-P-K fertilizer

yi%"i‘N'P'K fertilizer - Controlled nutrient release
" - Impact on soil health
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Benefits of Biocoal
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- Social impacts

v Local employment
v Better health
v Job opportunities

Environmental impacts

ECONOMIC ENVIRONMENTAL
v Low emissions of NOx and SOx
v Particulate emission reduction

v Low emissions of toxic elements

Economic impacts

v Potential for new business
v Utilizing local labor and material

@ GOALS il
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Thailand has produced more than 130 ton per year of agricultural waste and
around 50% are still underutilized.

Integration of database on biomass availability and power plant location is
necessary for strategic of efficient utilization of agricultural residue.

Torrefaction is a very effective and up—scalable technology for solid biofuel
production from agricultural biomass. (Lab to Pilot scale)

The underutilized agricultural waste in Thailand could be employed as potential
solid biofuel as a replacement of coal for more than 40% (2,726.96 MW).
Reduced more than 10 Million ton CO, equivalent (per year).
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Biomass Conversion and Biorefinery (2020) 10:743-753
https://doi.org/10.1007/513399-020-00632-1

ORIGINAL ARTICLE @

Check for
updates

Fuel properties of biochar from torrefaction of ground coffee residue:
effect of process temperature, time, and sweeping gas
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¢ Springer-Verlag GmbH Germany, part of Springer Nature 2020

Asia-Pacific Journal of Science and Technology: Volume: 27. Issue: 02. Article ID.: APST-27-02-09. Research Article

https://Avww.tci-thaijo.org/index.php/APST/index

AP S T Asia-Pacific Journal of Science and Technology

Published by the Research and Graduate Studies,
Khon Kaen University, Thailand

Conversion of cassava rhizome to alternative biofuels via catalytic hydrothermal
liquefaction

Parinvadee Chukaew!, Kamonwat Nakason'>", Sanchai Kuboon?, Wasawat Kraithong?, Bunyarit Panyapinyopol'?
and Vorapot Kanokkantapong**

Conversion of Cassava Rhizome to Biocrude Qil via
Hydrothermal Liquefaction

Parinvadee Chukacw**, Kamonwat Nakason*™', Sanchai Kuboon®, Wasawat

Kraithong”, Bunyarit Panyapinyopol*”, and Vorapot Kanokkantapong™*

www.rericjournal.ait.ac.th

ARTICLE INFO ABSTRACT

Hydrothermal liquefaction (HTL) was applied to investigate the feasibility in
converting cassava rhizome (CR) to biocrude oil (BO) as an alternative biofuel.
HTL was performed at various process temperatures (250 — 300°C) and retention

Article history:
Received 13 October 2020

Received in revised form
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Combined wet and dry torrefactions for biocoal production
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