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Global electricity generation by source3

Source: Ember's Yearly Electricity Data; Ember's European Electricity Review; Energy Institute Statistical
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Electricity generation from fossil fuels5

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



Electricity generation from renewables6

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



The world population 
Increases noticeably .

“Energy Demand”

Fossil Fuels

Energy security7

Environmental 
pollutions 

CO2

Health problems 

The seeking of fossil fuel replacing materials has been attended.



Global renewable electricity generation8

Source: Energy Institute Statistical Review of World Energy (2023)
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Source: Energy Institute Statistical Review of World Energy (2023)

Global energy generation from biofuel



Energy generation from biofuel, Thailand10

Source: Energy Institute Statistical Review of World Energy (2023)



Agricultural biomass11

Thailand has rich resources of agricultural biomass 
that can be utilized in various applications.

Thailand is known as an 
agricultural country.

“Agricultural residual biomass”



Hemicellulose

Cellulose

Lignin

Lignocellulosic 
Biomass

Renewable material 
Environmentally friendly

Major compositions of biomass12

Source: Ramos, 2022
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Biomass potential in Thailand14

Agricultural Residual Biomass

Fast Growing Trees 

Source: Energy for Environment Foundation 2016

Agricultural 
Residues

Wood & 
Residues

Fast Growing 
Trees

Industrial 
Wastes

Biomass Power Plant



15 Top 5 of agricultural potential in Thailand



Top 5 of agricultural potential in Thailand16

Sugarcane

Sugarcane leaf 
Sugarcane bagasse

Cassava

Cassava rhizome
Cassava pulp
Cassava peel

Oil palm

Palm tree
Palm leaf 
Palm fiber
Palm shell
Palm empty 

fruit bunch

Maize

Maize stalk
Maize cob

Rice

Rice straw
Rice husk



Top 5 of agricultural residues in Thailand17

The amounts of agricultural biomass residues were assessed with 
“Residue Product Ratio (RPR)” from major agricultural products. 

Source: Office of Agricultural Economics
Source: Office of The Cane and Sugar Board

Department of Alternative Energy Development and Efficiency



Fast growing trees in Thailand18

Earleaf acacia

Eucalyptus Acacia mangiumGiant leucaena

Siamese neem



Biomass database19



Biomass database20

Sugarcane Cassava Oil palm MaizeRice

Biomass residues by province 2021 – 2022 (Different types of agricultural production) 



Location of 
“Biomass Power Plants in Thailand”

Biomass database21

: Small Power Producer: SPP

: Very Small Power Producer: VSPP

Installed Capacity



“More than 50% are wasted.”

More than 130 million tons 
of agricultural residue biomass 

were annually produced 
in Thailand.



เปลวเพลิงลุกลามจากการเผาไร่
ภายหลังการเก็บเกี่ยว

จนเป็นไฟนรก หวิดย่างสดเผาบ้านเรือนชาวบ้าน
สิบกว่าหลังคาเรือน ชาวบ้านขนของหนีตาย
นับร้อยคน กล่าวเกิดขึน้ทุกปี ไม่ใช่ปีแรก

ไทยรัฐออนไลน์ 31 มกราคม 2563

Further problems
Smoke



24 Current challenges of biomass as fuel

▪ Available seasonally                            
or separately

▪ Diversity of biomass

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

▪ Feedstock transferring 
cost within the factory 

▪ Difficult quality control of biomass
▪ High moisture content
▪ Degradation over time

▪ Low heating value of biomass
▪ Low efficiency

▪ Feasible technology is not available 
in Thailand yet

▪ Selective to some types of biomass
▪ The biomass needs to be dried 

before processing

Q
u
a
n
ti
ty



LightBi
with “Biocoal Technology”

Brighten Your Future 

Torrefaction
Technology
for

TNChE Asia 2024 Conference



Torrefaction technology26

“Biocoal”
Dry Torrefaction

200 – 350 °C

Retention time 5 - 60 min
Under O2 free 



Lab scale VS Pre-pilot scale27

Furnace types Temperature (°C) Retention time (min) Feed

Tube furnace 200 – 300 °C 5 - 60 5 g/batch

Rotary kiln furnace 250 – 350 °C 30 - 60 1 – 2 kg/batch

Lab scale Pre-pilot scale

Rotary Kiln
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Biomass types
Optimal condition

Solid yield (%) HHV (MJ/kg)
Temperature (°C) Retention time (min)

Sugarcane leaves (HHV 18.2 MJ/kg)

225 30 55.4 21.7

Corn stover (HHV 16.5 MJ/kg)

237 15 63.3 22.3

Corn stover (HHV 16.5 MJ/kg)

229 51 55.6 21.8

Oil palm empty fruit bunch 
(HHV 15.6 MJ/kg)

274 9 48.8 22.6

Biocoal from biomass (Lab scale)
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Biomass types
Optimal condition

Solid yield (%) HHV (MJ/kg)
Temperature (°C) Retention time (min)

Giant Leucaena (HHV 15.6 MJ/kg)

274 9 51.0 24.7

Eucalyptus bark (HHV 11.8 MJ/kg)

274 9 56.7 19.0

Biocoal from biomass (Lab scale)

“Fast growing trees” 
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Biomass types
Optimal condition

Solid yield (%) HHV (MJ/kg)
Temperature (°C) Retention time (min)

Sugarcane bagasse 
(HHV 15.7 MJ/kg)

350 60 42.5 26.7

Biocoal from biomass (Pre-pilot scale)

Rotary Kiln



Comparison of biomass and biochar properties 31

Biomass Biocoal

 High moisture content Low moisture content

 Moderate moisture absorption Low moisture absorption

 Low heating value High heating value

 Low energy density High energy density

 High smoke generation during combustion Low smoke generation during combustion

 Difficult to storage and transportation Easy to storage and transportation

 Easy degradation Difficult degradation

 Sticky and difficult to pulverize Brittle and easy to pulverize



 VM: 67 – 88 wt.%
 FC: 0.5 – 20 wt.%
 C: 39 – 50 wt.%
 O: 37 – 50 wt.%
 Atomic O/C ratio: 
0.4 – 0.8
 Atomic H/C ratio: 
1.2 – 2.0
 HHV: 15 – 20 MJ/kg

Raw biomass

 VM: 34 – 85 wt.%
 FC: 13 – 45 wt.%
 C: 45 – 68 wt.%
 O: 11 – 45 wt.%
 Atomic O/C ratio: 
0.1 – 0.7
 Atomic H/C ratio: 
0.7 – 1.6
 HHV: 19 – 27 MJ/kg

(In this study)

Biocoal

 VM: 0.9 – 50 wt.%
 FC: 46 – 92 wt.%
 C: 64 – 92 wt.%
 O: 1 – 25 wt.%
 Atomic O/C ratio: 
0.1 – 0.5
 Atomic H/C ratio: 
0.7 – 1.4
 HHV: 15 – 35 MJ/kg

Commercial coal

Fuel properties32

Source: Chen et al., 2021 and Carborobot, 2023

Lignite
HHV 14.7 – 19.3 MJ/kg

Subbituminous
HHV 19.3 – 24.4 MJ/kg



Upscaling to pilot scale33

Lab scale and Pre-pilot scale

Development of the biocoal
production process for 

“Upscaling to pilot scale”



34 Pilot scale
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High moisture

Low heating value 

Degradation

Biocoal production

Feed rate:

100 – 200 kg/hr
 350 °C
 30 min

“Powder”
Biocoal

High heating value

Resistance to degradation

Low moisture“Wood chip”
HHV 15.4 MJ/kg

 Solid yield 33.7 %
 HHV 26.1 MJ/kg

“Pellet”

Biocoal

Easy to storage and transportation



36 Biocoal production

Hopper feed

1

Belt conveyer 

2

Torrefaction reactor 
200 – 300 °C

3

Temperature 
Reduction 
System

4

Product discharge

5

Biocoal product

6



Potential applications of biocoal technology37

or biocoal/coal for better 
2. Co-firing of biomass/biocoal

from industries

4. Highly efficient biomass
waste utilization 

of VOC reduction and
5. Coal upgrading for enhancement 

increase heating values - Controlled nutrient release
6. Biochar-based slow-release N-P-K fertilizer

- Impact on soil health
N-P-K fertilizer

1. Easy implementation on
current biomass

power plant

for high efficiency
biocoal power plant

3. Future expansion



Benefits of Biocoal38

Economic impacts

Environmental  impacts

Social impacts

 Low emissions of  NOx and SOx

 Particulate emission reduction

 Low emissions of  toxic elements

 Local employment

 Better health

 Job opportunities

 Potential for new business

 Utilizing local labor and material

Sus  ainabilityt



Conclusions39

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

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 CO2 equivalent (per year).

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

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



Academic paper40



Academic paper41



Patent42

Combined wet and dry torrefactions for biocoal production
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