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> Area of Taiwan : 3.59 Mha

> Area of Forest : 2.20 Mha(61%)
(1) Natural Forest : 73 %

(2) Artificial Forest : 20 %

(3) Bamboo : 10-20% (~180,000 ha)

18 genus ; 58 species

makino bamboo(#), ma bamboo(i),
green bamboo(#), thorny bamboo,
moso bamboo (=) and long-branch bamboo ~ FERHFMESAR
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Whole bamboo v Building material .
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High quality Filter Satoyama Initiative ]
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v'Energy-Saving )
REF : ICRC/ITRI Taiwan
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c —==+ TBl In ITRI : Extraction tech. based

N HMTEMNBERUENRTASER
Fresh bamboo (Green) T ZZ B
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Skin protection
spray

B EURI

Allergy skin tests
Antibacterial and skin clinical testing

B Y)is % H m

L

TE&R

Bamboo vinegar mERIE =4 R
M R BIIR AT EY BERIRR TERMMRRT D - BEIMERBRFREE

REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency
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https://www.mayoclinic.org/tests-procedures/allergy-tests/about/pac-20392895

ezl TBI In ITRI : Pet products: such as Skin
protection spray

Before After Before After
{5 FH Al

Research Institute

A formula containing bamboo
vinegar has an inhibitory effect
on two types of bacteria that
cause skin diseases

(A)PESEE ( Sa/monella)
B)yE=BEEIKE ( Staphylococcus aureus )

2P (Salmonella)

&% & 08 (Staphylococcus aureus ) 110
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EROR: TERMARRP IR - BESMERBRAREE
REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency
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The number of times the cat peed and used bamboo charcoal litter.

St R 4R SI% S LR BEFR REUK ERMTREMRE/X
A(35%) 3~4 0
B(55%) 3~4 3
C(25%) 3~4 2
D(27%) 3~4 0
E(45%) 3~4 0
F(15%) 3~4 2
| pERgs 35 1.2
G(48) 3~4 3
H(58) 3~4 3
I(58) 3~4 2
J(3A) 3~4 3
K(38) 3~4 2
L(38) 3~4 2
M(3E) 3~4 2
N(62) 3~4 3
o(78) 3~4 2 )
P(28) 3~4 0
| 4TS 35 2.2 |

BEE  BK%E% WKETR  SEEx

AT ESHY R 134 EL 3~4%/kg
BrR &I KB 116 Be 6~7%/kg
MERHE TRKRE 107 B 8~9% /kg BRIOR: THIRDAK - REBHEEEE

REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency
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vV ERIRTI ™S

flamentous bamboo material

VB HERR TT S

» &1 fibrous bamboo material

BERRER: TEXMMERP IR - BEREIMERBRREE
REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency
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FARBEE S|V TTERERR

Raw materials for building
decoration panels

W || ma
% || BR

Physically destroy fibers

45 4
- RN
AR, 55 4R
5 45

A R M PR A S

Lightweight materials that can be used for decoration

ERPER: TERMARRR DL - BRESMERBRREE
REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency
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Short fiber bamboo material combined
with starch glue developed by ITRI

Tl 4R

KR SR AT H B R AL 48
R BRE SR R —
BB A2 R -

1T & 7K e R

2& ﬂ ﬁk ﬁg EROR: TERMARRP IR - BESMERBRAREE
REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency
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TTREE PR Ei R R B RS # i #4  Thermal insulation and high- T

efficiency humidity control panels

SARISTEY /0 s

Bamboo fiber + — —————
. . , =4 4 43 4
. \ Porous Inorganic minerals N
WERS (... ,
ﬁ@§§g5§177'188kgf/ cm Compressive strength ks R‘““—-—_%_H
- o f— ]
R#Z=3%143.10 mg/ cm? Moisture absorption capacity ﬂ)}{ ° Ej{
ﬁﬂ5§§§¥9555mg/cm2 Humidity release capacity {fg“ A . £ | ;{a% ‘
,m{% 1?‘%‘14\73%0 76W/m K Thermal conductivity d i
\ ) (€-Tugeity ,,J [ %050 ] -
BRIOR: TERMARRP AR - BEIRERAREEE Absorbs moisture when humidity is high
REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency Releases moisture when humidity is low
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Technical classification and products of biomass utilization

Lignin content Resource Technology Friendly Agriculture Materials

m Soil improve agent
A B Fertilizer(Solid & Liquid)
_."'-'Pyrolysis B Biochar g pisease & Pest Prevention
® Wood  m Environmental medication
Vinegar m Feed additives

B Remediation materials for
Pollution ‘

~ m Solid B Soil improve agent
m Fertilizer(Solid & Liquid

/W Liquid m Feed additives‘

BERRIE: TR 5 b
REF : ICRC/ITRI Taiwan

Agriculture
Waste
in Taiwan

Biochar is charcoal that is produced by pyrolysis of biomass, yet in the absence of oxygen, and is used as a soil ameliorant for both
carbon sequestration and soil health benefits.
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€ Increase the available

Emissions from peat

Basic teChnOIOgy degradation and fire ag riCUItu ral area
a ~tmssinson @ USe less fertilizer

” deforestation
€ Energy-saving biochar g _ ‘ Increased sk o

. : ¥ *q ) flooding
equipment (Lee, 2018) S ‘ ‘ _

Increased social risk
Greenhouse gases released
Biodiversity loss

@ Database of different types

Dissolved organic

of biochar properties carbon on water IO
I Loss of Peat soil \\\‘
Since 1999 Water acidification T :
g Increase the use value of barren land S [
Lowering of water \\iar o ’,//
. . . table S~
National Policy : National Master Plan for Net Zero § Lawsring of s

Carbon Emissions by NBSs (~2050)

Effects on local and
global climate

§ Farm or farmer organization

Key issue : Combining agricultural and forestry surplus
materials with microbial technology

Reference: Recarbonizing Global Soils: A Technical Manual of
Reference: National Master Plan for Net Zero Carbon, Taiwan, Council of Agriculture, 2022 Recommended Management Practices, FAO/UN, 2021
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R 57 B
Kiln burning Dry distillation
Since 1999 Slowly raising temp.  Rapidly Raising temp.

9'\88)('1%&])?(': Final Temp.

400~500°C
Bamboo charcoal Cooled Liquid i
|—\ by-product ,—/ ERIOR: TERBARRDHR - BEMHEREAREE
REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency
Cooled Liquid Bamboo charcoal
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Eco Heathy

BERIR: THEKITHRERP SR
REF : ICRC/ITRI Taiwan

=rEER

(high value materials)

HRIOR: TERRRR PSR _
REF : ICRC/ITRI Taiwan ={EFEFR (Large amount of material used)

T Ve BREIERANESE  AREMRESHERY - PHERENEMEEEY - RISRRE ZHE -
Simple carbonization equipment still have the disadvantages of poor reproducibility of carbon yield and quality,
no exhaust gas treatment or heat energy recovery, and long operating time.

v BHumsEUENNERRBEMNE - ZRA - HEFAS5HERMAHEAE - HENFTHAHRS -
Traditional equipment uses electricity or heavy oil for indirect heating, which requires large tank volume and
energy consumption. Manufacturing costs are relatively high.

TERTARZERT ITRI / Taiwan (2024)
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ITRI’s 3E Pyrolysis Furnace for Biomass (Energy-saving, Eco-friendly, Efficient)

Capacity (Batch) 100 — 150 Kg 150 — 300 Kg 150 — 300 Kg
Yielding rates 200 L/h 500 L/h 500 L/h
(Hot water) 45~60 °C for 4 hrs 45~70 °C for 6 hrs 45~70 °C for 6 hrs

Self-energy sustainable’!, programmable, equipped with auto-feeding?, heat-recovery,
Main features exhaust gas treatment and monitoring system, highly efficient for producing biochar
and vinegar, easily scalable and space-saving?, customizable.

1. Electricity cost is less than $2 per batch. 2. No shredder included. For 3 type ICRC-C furnaces, space requirement is around 150 — 200 m2. BERRIRE: TERTHRRP SR
REF : ICRC/ITRI Taiwan
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UPPER SECTION

TBIl in ITRI : Biochar Production Equipment

Digitally controlled improved biochar application manufacturing system

GAS INLET Lé’ T
MIDDLE \ — =
SECTION [ i
GAS INLET }\ 4o
]
OUTLET { AT ] J}.
| \ 1
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BOTTOM \
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GAS INLET

GAS
u Kcouomsmou
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TEMPERATURE SENSING
AND AIRFLOW CONTROL

RINSE
AND
FILTER
DEVICE

Treatment Material
Using the Biochar

.

VINEGAR
COLLECTION

i! FILTER

—,

BERRIR: TRk o b

==| ACTIVATED
CARBON

EXHAUST

REF : ICRC/ITRI Taiwan

Generally, the carbon yield is about 20~30%.
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Vinegar liquid collection rate (weight ratio): 25~40%

¥

Not only to
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ducing biochar,
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MRAE{EEBE O E4 KE Micropore - BET{E3E800 ~ 1,200 m%/g
The number of holes near the vascular bundle increases, and the longitudinal section
also shows a regular arrangement.

| & . PoresizeE®
» % ®macropore- D> 50 nm
®mesopore- 50>D >2 nm
®micropore 2nm>D

Bic(EdE

Al T INFLR B BIAR R 7K BE
71 - PRAEBBIR
MEMERT

Micropores - maintain
humidity

Meso & macro pores
—>microorganisms

Z8EY K . Bm

& i

3 = L ST (e : FRR: TR 5 b
+ iR R IR (Rl m) kb + R 1b(4EET ) Micropore FRRIR: TRIRE RS0
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Environmentally
friendly pesticides

popular application directions of biochar

|
|
ABIER MEE ) TEE . TRE | ReE |
=M s U HRE vl E e |
5 { S ) S ) s— |
V *****%  carbonization Pesticides for pest control of vinegar
: pretreatment ° process compound materials
Ml o AL
TIIL EUF%EE ce P O e :
“ =EF :
*j 7'y Biochar
. Activation process
B.E SR H I S
BEM !
NEZ | IREEE | MR Bamboo
w0 L SR o EEiE charcoal paper

Non-plastic

preservation materials

Physical process
to fibers

TR ITRI/ Taiwan (2024)

ERAGR: TERMARREF L - RETIMERBERREE
REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency
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Microbial embedded technology

Inorganic

coating o

Liposome

e o

mKEE

! Chemical .
i fertilizer coating | __
. e.g., #43 Taiwan |

Fertilizer

“
]
.

Organic ¥
materials and

microbial

 Organic material
coating, e.g.,

.,Ibiochar, soybean

. ground,etc.

bacteria

. compound ,
.. coating 4

7 i . -“‘\\__ ---------------- ,-""" N\
Organic Capsules < — —
coating _ - BB YR ES 2B

Biochar/Carbon -

Source : ITRI ICRC (2022)

TERTARZERT ITRI / Taiwan (2024)



i TBIl in ITRI : Functional Biochar Materials

Research Institute

Bt 7 BRE

500°CiRIbZ £ M RIBAB R MEY Microbial embedded
CA technology

[mmenmE>108CFU/g |

Source : ITRI ICRC (2023)

SRR o
‘| |i | =
£ ‘ ?JM-

e, N RENEOE(E)RE
° 4HER. M N
[ TR CFTE R

- |ITRI EEZFEYRAIFIEE L,

1 (Y
s sk - ITRIFRFLEYIRERFEESILRESEERNE,
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Microbial embedded technology

@ A is the distribution of bacteria on the
surface of the biochar and its pores
after magnification of 1,000 times.

€ B is the enlargement of the circle in
area A of 3,000 times.

@ C is the case of magnifying 5,000
times.

EHT» 500KV  Signal A= InLens
Meg® 100KX wps 68mm

TP 2B (2023)

§ Strains concent
satch | Functionalbiochar | LauiByproduet | Cuthation| gz
CFU/g STDEV CFU/mL STDEV
1.02x10° 6.56x108 2.33x108 8.97x10’ 7-8
7.58x10% 3.99x108 2.90x108 1.02x108 7-8 D ¥
2.53x10° 2.92x108 9.40x10’ 1.56x10’ 7-8 Source : ITRI ICRC (2023)
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Large-scale application case of functional biochar: Onion field

Onion seedling potting experim
A-Control \ D
| \)

-
seedlings were

oduced in this study.

B: biochar + bacterial liquid diluted 200 times / C: 2% functional biochar /
D: 2% functional biochar + bacterial liquid diluted 200 times

B conventional farming charceal Rice husk ach B. amy;’alrc_;uefac.'ens inoculated .blochar
(CK) (Liquid) (Solid)

‘ 2
.. 0&0 .' .OQ‘.
._0 00 H'é 4'6 ®®

Commercial water-soluble phosphorus fertilizer - it
: 5 ommercial liqui
(Brand A) (Brand B) (Brand C) Organic fertilizer iertilizerq

R e ® @ ol

Source: HC Farmers Association; ICRC/ITRI (2023.6)
TEEFMZEET ITRI / Taiwan (2024)
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Large-scale application case of functional biochar: Onion field

Mean+SD Grade of onion bulbil (%) |
Fresh weight Yield per square meter Estimated yield Large Medium Small
(g/plant) (kg/m?) (kg/0.1 ha) (>8 cm) (6-8 cm) (<6 cm)
Conventional agriculture (control) 90.64+47.23 a 2.02+0.10 a 2024.24198.315 a<+ 0 0 100
Rice husk ash 177.70466.97 C 4.9240.08 491637177328 ¢ 7.69 23.08 69.23
Water'5°'f‘;?t'ﬁilz°;‘r°5ph°”’S 170.57+58.40 ¢ 438+0.09 ¢ 4377.86+89.201 c 3.57 25.00 7143
4.46 times
Organic fertilizer 178.25+82.93 ¢ 5.05+0.34 5050.55+335.15 ¢ 16.13 12.90 70.97
B. amylo. inoculated biochar 291.45+78.57 abc 9.03+0.08 bc 9034.95+75.57 bce | [ 100 0 0
B. amylo. inoculated biochar
(Liquid of byproducy) 136.00466.71 b 372:010 b 3717.25+101.90 b 323b | 645b | 9032b

Table: SC LEE, Kitamura, etc. (2024)

Income ratio Storage diseases | Actual income ratio > Full e}ppllcayon of
(%) (%) (%) functional biochar or
Conventional agriculture (control) 100 20.7 100  <— gyorage Its’_ t?(y-prO?tl;CtS:((a. |
Mixing of ash and charcoal from rice husk 363 36.0 195 meases Ir.mx.gre © acde:;a
Water-soluble phosphorus fertilizer 322 385 220 233% IgUI » suspende
Organic fertilizer 382 13.8 197 biochar and culture
B.am /oginoculated biochar . medium)
- amylo. f 897 0 333 «— > Also reduce the
B. amylo. inoculated biochar L - incidence of storage
(Liquid of byproduct) 232 6> 274 diseases ?

Source: HC Farmers Association; ICRC/ITRI (2023.6)
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Banana tree in Pingtung

- e
- " ‘_—‘

“Tn the three month

NO Biochar Use Biochar
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RIERBEER15°0) REFAER REAREE T niriEsER

Day
Ctrl(Un)
! b L | Ctrl(paper)
BERGR: TERMARRD SR - BEIIMNERBARES A
REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency
C
It is often used to extend the freshness of “
M
climacteric fruits.
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Composite materials used in air purification
IR E(E

40-100mesh/Tr#

RFTRERE | ERLNE | HARE | EHEL
el el

2.429 2.344 96%
(PR ERTY ] 74.2% 78.6% 12.3%

T
GOk BRI T s w2 |

T EHLFEIEL(LPA) 3.0% 2.7% 1.0%
T E M4 (Honeywell CPZ) 30.3% 10.8% 6.9%

 RHARBEEA LN AR ERER

ERRE: TERMARRP DR - BELIMERBRREE =T ol
REF : ICRC/ITRI Taiwan, Forestry and Nature Conservation Agency —— A 527:3.9% 413:3.7%
=3 _ -t ok 3 = 3 "‘ 66.1+12.4% 87.2+11.9% ‘
74.4£2.9% 65.3£0.8%

Chitosan-bound

Eh&ET
and VOC IENNiEMAETE

" VOC/% S~ EEME RS R
Locmmm e - - ek T 35 4 TrE iR

Adsorption capacity is increased Nano Silver Bamboo Activated Carbon Filter Material
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Carbon Negative Material Technology

Materials for \e G

people's livelihood

Traditional agricultural

applications
. -

Eco-Friendly Pesticides

.

a Functional bamboo biochar

= W et i T
T gl . N r
% (.~ e

> MFSERRFENBR—MBMATLN3~6 15
o - RS TRRA1.5~ 2 18 TRl P e
Green building e R
: H e carbon dioxide absorption capacity of bamboo is about 3 to 6 times higher than
decoratlon materlals that of ordinary forest trees, and close to 1.5 to 2 times that of tropical forest trees.
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Thank You for Your Attention

“4" T R TR P ‘TG;‘

-~
Y Taiwon Bamiboo  BAMBOO

TAIWAN

https://www.bambootw.net/

THEEKIGHER BRI AR ES
b5 Bk 18 8L (SCLEE/ ITRI)
hylaman®@itri,org.tw
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