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FEERAE HITE ﬁ) BioenergyResearch

REZER EMRERMARAZLERE /A
Tl AREEFR RIS (2005-)
AEKEMER HADMR HEFEME (2013-)
ERARE{EI % FRERIHE (2005-)

DXRESIFAM(APEC) FiRBERERER/VE WE (2011-)

APEC #:E] - FB2RASE {RiXAEREEEE (PRLCE) FEEEX (2012 - 2013)
DXRKERE - SmBEEIRMALS (SAFE) 82EHEA (2018-)
SELHERKNERGE BHES (2016-)

BEEYMKERRRERE EE (2020-)
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SBCO,HEM = 0

- £HAEIR ( biomass energy Bk
bioenergy ) WEXHZREFRBREN

T

_SEHRBFHNERERT -

SEMITASER - RIAREY - A (B
RKD#E  EEER - WEETEYNE
& ; MEBRBEVINZIERNRE - £#EE
AERFIRRYBRED - HFrEM 2 _ &bk
BERKED - BA—RBEM_SAEiKX
BHENEVEIR - Bt - £HBEWIIBBE
AETRAY—3E -

C02 + H20 + ¥+ BEEER o> (CHzo) + 02
FRAGR | WEBERRHRIEFREDZ A (ERERBA | RE®E) (2013)

vAy
-y
2
Y A
\ 4
R 0
¥
B \
2E . BRE

Keng-Tung Wu, PhD
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%
KB B ERERERIZA (2019.5.1 {B1E) F=1%

FIAEAETE - fEARSAE - AEEAE - HhEVAE  E¥AE - A - JEER KA -
BN —REBEEY s — REERBREY e B EEREE:
ZER \BEMEPRE S BN e o X BRR AR -
~$g%:ﬁswﬁw~%ﬁ&ﬂ&fﬂ@§maﬁﬂmﬁgﬁﬂméz
ZHETE -

ANE -1 =1

BERBEEERER - M KEEZER - FFHME =&

HENIR

BEEY RN BEERFEE G - MBERRRS -
+ RIS  EENESRESELTLENGE M LEEnAEs:
TEE .
)\ - BAEADRRAIR - DEEAR R ENEE - MBRASs R
B -
+—  EesEzEns . KREEREREYI Y =8B RIS
SEKNBRELEIN PETESHRERT - T ANKB INIESEINIER
EUOERE Y RELE

BRE - TEREEY
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Keng-Tung Wu, PhD
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Definition of Biomass Energy in EU

European Union

European Commission
Directive 2003/96/EC, 27-10-2003
Taxation of Energy Products & Electricity

Biomass shall mean the biodegradable
fraction of products, waste and residues
from agriculture (including vegetal and
animal substances), forestry and related r\ o

- /. - I‘L_{”V
industries, as well as the biodegradable = j N r"r

fraction of industrial and municipal waste. - -

B BioEnergy Microgrid 11 ¥¢&Fﬁéehg;lgg;;£%

BARENZEERNIRER

RERFEM

—HREEEY HE - \%2E

= | BAEY 1288
BEEY REEEEY RHIER 358

N

11T - AR - MRFYRERE -
R ERFEY

EERNGFEM
[t { (3449%8)

BM

MERGFEM MAKERER - 1TFRRR
KREEM

(#£3%)

58 58 B
RERR " ctem ‘| ¥

HHPRIE . #E2E (2011)

A A q Keng-Tung Wu, PhD
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SEEENIRAR S
aﬂﬁmffﬁ &G (wi%, wb) | EHADH | AL (wit, wh)

37.60 2K=E 49.68
ET‘%,%E 32.95 oIk 43.73
R %E 18.28 x5 6.59
=B 0.66
mRAR 085
H{th* 7.79 2,080

*Hith . REGBE - SHERERKRMEEEES -
i S22 ~0.13 wt%, wb (1,300 ppm)

ERAR  IRERE - 107-108 FE—REEN R E BRI AR R AT TERTERFEHRES (2020) °

Biomass to  ENR6Y CROPS

Energy —
Pathways

RESIDUES &
BYPRODUCTS

Industries

Conversion Processes

Municipalities

TRADITIONAL BIOMASS
Source: REN21 (2012)




Biomass to ENERGY USES
Energy
Pathways

= BIOMASS
¢ CONSUMPTION

Cooking

Heating

TRADITIONAL
BIOENERGY

NON-ENERGY USES

. Source: REN21 (2012)

Biomass to
Energy
Pathways

Agriculture, forestry,
other industries

Residential, commercial
and public buildings
Source: REN21 (2012)
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1. kBERERIEF 248

(1) AUEEIBH:1lF ( feedstock pretreatment )
1M (pelletization) - %&¥& (torrefaction) ~
EEZEYITTEMAR (refuse derived fuel, RDF)

(2) BB IR ( themochemical conversion )
#RJE (combustion) + &1k (gasification) - & (pyrolysis)

(3) ¥MIE(ER / EYEER BRI

( physiochemical /biochemical conversion )
#51E (transesterification) - B&# (fermentation) *
}E1EMA (photosynthesis)

HRPRIR : REKER (2008) R#LEHERER - WIEEAT - 304) - 377-388 -

Keng-Tung Wu, PhD

B BioEnergy Microgrid 17 SRS - B EEEEEE

FE R 7 4R
2. (kRIS R

(1) EEEEEMEER I (stationary biopower)
i - |iE - AR - BR (biogas) (BE2)

(2) EHMRAEE MBI (transportation biofuels)
4B 4 (biodiesel) « &&HEE (bioethanol) «
H£HE &SR (biohydrogen)

(3) £Eb2m / £{EEm#XlF (bioproducts)
UESMEREN - #TEEmASERI - LMRKLUERER
R ZEm

HERIZRIR | REKER (2008) RMEHEAER - WIEEFT - 30(4) - 377-388 -

Keng-Tung Wu, PhD
E(EHPAA - A7EEBENEE

B BioEnergy Microgrid 18
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Biomass Thermochemical
Conversion Technology

ohio RAAKSR-AHRETRACRBE
Eewey Bioenergy Research Core Laboratory
&>’ National Chung Hsing University, TAIWAN

- BRIEIRM EWD
wAE BRIERE R | BRE | REE | e
W3Z 55
k?fg;‘%’,ﬁﬂ; ) 0% 200-350°C | 0.5~ 2 /b5 | 85% | 10% | 5%
Sv/m /Y
7%’5’1%@ ) 0% 400-500°C | L/NBG~8K | 35% | 30% | 35%
=/ ~<
) 0% ~ 500°C 10~20%# | 20% | 50% | 30%
R 0% ~500°C 1~2% 12% | 75% | 13%
15~35% 800-1,000°C
e >120% | > 800°C B ®% | H,0 | Co,

Source: Adapted from Pyne (2007); REXERZ A (2012)

B BioEnergy Microgrid 20

Keng-Tung Wu, PhD
EEA - B2 EABHNEE
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£ EYSRIE (Biomass Gasification) $% i ;i

_ R =
> RIEHEM&BEESE ( 700-1,200°C ) Ti#EfTIEEL
B HHE2ELERE - B3WME - MEEY - BEEY
= ZERRRN - B LIRS T HEFIBREETR -

BENEEY | cetREfEENTRaRaE—abE 55 -
SREEY Bl . BASHE - ofEAMEnRERANTES
ERE AR - IREEADRNE -

> HEBEREARYEEYS -

Source: 2K (2020)

Keng-Tung Wu, PhD

B BioEnergy Microgrid 21 SRS - B EEEEEE

RICERE

1669 Thomas Shirley kS {ESMETIEEMRIEER
1699 Dean ClaytonHFHH#RBERSISHAR

1788 Robert Gardner’#1% 7 —ERR FIERIZER

1792 #EWilliam MurdockE RERE BRI R HEE AR
1812 HF—ESICMEMKE - ERAHMERKRN

1840 iR EEHERARNRICERNEE

1878 BERBEMMAMINMARSIERE

1901 #4EEAJ. W. ParkerFIR &SRR (ERISESIZMRK
1914 —RUFKRE - KICKMGENER

1937 ZRUFKE - BHER - KIEHM+2 5

1950's mIERMAB—IE " BTSRRI

1970's gERfER - EMRRIEBEZFER

1970's BRMEARAEHRIRIZEE - RICKMTRBFIAESEY

1990~ EEEMRICRKIMARERE Source: B (2000)

Keng-Tung Wu, PhD

B BioEnergy Microgrid 22 EEHFA - B2EEBENEE
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History of Gasification Tech
Gas street lights in London, 19th century

B R2R . BAAREBEEMHYEE ( Rowlandson, 1809 )

ML B ESENEE
(St. John's Smith Square)

FIRTRYERRAE

Vs

v
3 [
/ IJ'J

o e

B RRR : BB . ARER - 2020118
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B RHR : BRIk

Keng-Tung Wu, PhD
EFIERE - B7EBEBNEHE

B BioEnergy Microgrid 25

Future of Gasification Tech

Transformable wheels [

De Lorean ‘
B R R - IRk

Keng-Tung Wu, PhD
EEA - B2 EABHNEE

B BioEnergy Microgrid 26
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B R RR  mIKRE

Keng-Tung Wu, PhD

B BioEnergy Microgrid 27 SRS - B EEEEEE

It’s Reall!!!

Miami, Florida, 1981. A charge of 110 Ib of wood in the generator of this wood-powered
8,0004b Lincoln Continental limousine takes it 85 miles of 50 on flat Florida terrain. In
1381, under a contract from the Department of Energy, its owner toured many southern
universities demonstrating producer gas technology, especially to engineering students

(H. La Fontaine, 1995 Keystone Boulevard, Mismi, Florida 33181, USA) 2001 o

3. 9. 2001

Source: National Research Council (1983); Biomass Energy Foundation (2001)

Keng-Tung Wu, PhD

B BioEnergy Microgrid 28 ZIEFTE - BOEBPONE
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m AR
H AR AR E

e
BAI144E(1939)

Source: AASEM E &=

B2 FEAY

-

—

Y] B -

BRAKIR : 74— T NLKHEH ( for Travel, Inc. ) - 2007 + BXE : https:/4travel.jp/travelogue/10187886 )
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Source: b3} ENFER R HALEES

B BioEnergy Microgrid 31 ¥ﬁﬁﬁﬁ;eh%—;l£g;’;£%

B Amateur Gasifiers for Cars in Finland

Vesa Mikkonen, Adnekoski Osmo Yli-Karkeld, Kihnio

2 -

Fuel capacity: 130 kg peat
Drive length/batch: ca. 300 km
Fuel cost: ca. 2 ¢c/km

Source: Kurkela (2010)

B BioEnergy Microgrid 32 gﬁﬁﬁﬁ;ep%;gg;’;ggﬁ
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RICKATERES Y 2B

I/l\

$;47J > ERERBRERERNERR)TA  JRIEER
= RE - KIBFREPM2.5

> BEZERERERNERD - RERBIRER
> RELEME_SEKEEERD  BRIVBHE

> RERESEL - FREERD - OB EEHEZAE
MEBmZEE

Keng-Tung Wu, PhD

B BioEnergy Microgrid 33 SRR - B BB S

B S{ERNEE HiFEME vs Rk Source: REXHE (2021)

SR |

=k 33

wiE

TERRMBERNEER - K% | IBEREREIERER) ; SHER
PM2.5 |BEBZEBREPM2SERE ; Bl |EEMRIETRANR  L£FEFLHESRK
BEEEK - EERRfE -
FIREREREERERD - BEZHHN
SERBNERSIEY (fuel SROERRINEEERREESIEY
NOx |NOx) - FItEBMEEEZMR | (fuel NOx) ; MAHIEHREER
YRIERARMY (SCR) #E - BRENAER - FINEIRIFIAR - thR
SEEHMEIEIEY (thermal NOx ) -
SHENERERESERSL e e L
B ERmERNERICBESEEH,SKCOS
SOx g ( S.,OX) - BEEIRINIERER RAVE GBS | SE PR ST A A -
MSAES  BEcmmenE | o= 00 WERARE (dioxn)
ot 2 AIBEYIEER ( chlorophenols ) ZE4X -
Dioxin |¥1&& ( chlorophenols) - i& === A | TG ER
ﬂﬁimiﬁm¥ ( dioxin ) o %E?si’iﬂmn ’ ﬁ;mmﬁﬁ ( HCI ) ’
- ENEIREMEM -
Ash |ASRERE  FELAERE | ERKREEREVRS -

Keng-Tung Wu, PhD

B BioEnergy Microgrid 34 EEHFA - B2EEBENEE
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RiERmoeHEENEE

GRS L)
&/ O, 1) Bz

=

HBER0, o | o o

+ — — ||

CI Cl Cl O
Cl

& — Ha | FEEE

£
wILaRE H, B L iR
0, > R EEE IR

g

—
S

okt
§'>

Keng-Tung Wu, PhD

B BioEnergy Microgrid 35 ERE - BRSPS

RIESHE (Syngas)

(Gasification agent: air)

Carbon Dioxid
5a,.r15° ;, toxide Carbon Monoxide

15-30 %

Moisture
6-8 %

Hydrogen
10- 20 %

Nitrogen

45- 60 % Methane

o,
(%vol) 2-49

Keng-Tung Wu, PhD

B BioEnergy Microgrid 36 ZIEFTE - BOEBPONE

18



£l (Tar) : EEYIRICAERAHE
Tar = 3F& > & (78)

LT Class name Representative compounds
Class

| 1 |GCundetectable [None |

Pyridine, Phenol, Cresols, Benzonitril,
Quinoline, Isoquinoline, Dibenzophenol

n Light aromatic Toluene, Ethylbenzene, Xylenes, Styrene

Heterocyclic

Indene, Naphthalene, Methylnaphthalene,
Light polyaromatic | Biphenyl, Acenaphtyl Fluorene, Phenanthrene,
Anthracene

Fluoranthene, Pyrene, Chrysene, Perylene,
Coronene, Triphenylene,

Heavy polyaromatic | Benzo(a)anthracene,Benzo(c)phenanthrene,
Benzo(e)pyrene, Benzo(j)fluoranthene,
Benzo(k)fluoranthene

Source: Devi et al. (2005)

B2 EAN

INELE B b It 2 BE TR

D] ¢ EBEBRRG  SARRRE BRI BRI
T L s sEma
. EHBADHEELRI00mg/m? ( BfEE< 50 mg/m?)

TN 2w IR ELL I =7

Y > RICBESELSM - ER350°CH MRS

> BRARBEREHLERIZBSHA(<60°0)EA
BER - BERAS

> NWERCERZNABERCERESEZFRAME -
BRRTBREBNE - WEABERTEE

> ERAKRERSHNEEERK - BMERRF

B2 EAY




oo BALRSRAHRETRACKRE
Yrgy Bioenergy Research Core Laboratory
National Chung Hsing University, TAIWAN

af
(Enersy,

FHARGBERESGERBNE N ZHUMBRALMA

FGD

i gas:ooling/ Fﬁ;ﬁ‘a .

! purification ' N 653

, By e

i i .

! a1E

e L - Bl e
[, I

;  HIBRE

n

stack

SRC: selective catalytic reduction
ESP: electrostatic precipitator
FGD: flue gas desulfurization

Source: Adopted from ECN (2008)

B BioEnergy Microgrid 40

Keng-Tung Wu, PhD
EEA - B2 EABHNEE
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mAOERREEEY?

- OIRAHEEAIREETIRRE

- FEHAATILT - ol EREMEREZENE
- EMERBEUERS

o EAZEBHE (CO, - SOx - NOx )

- BRBEVMZES

Source: Koppejan (2004)

Keng-Tung Wu, PhD

B BioEnergy Microgrid 41 SRR - B BB S

Finland Lahti Kymijarvi Power Station
70 MWth CFB Gasifier

Oy
| Coal | 10s06mhia-s0%
o o | oo

Source: ITRI (2000)

Keng-Tung Wu, PhD

B BioEnergy Microgrid 42 EEHFA - B2EEBENEE
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Finland Lahti Kymijarvi Power Station
70 MWth CFB Gasifier (shut down in 2019)

- In operation since 1998

- No commissioning problems
- Gasifier availability > 95 %

- Boiler emissions decrease

Gasifier feed ' 87 CFB gasifier of 60MW
preparation - - -

FOSTER WHEELER

Source: Kurkela (2010)

W Z5EAHISE (Lahti ) ERRICRARIE

fE AR 1998 1999 2000 2001
S£EW (%) 71 57 63 61
REF* (%) 22 23 29 26
B (%) - 13 7.4 12
B (%) -- 6.0 0.1 0.3
MA (%) 55 0.1 0.2 --
EEHARA (%) 15 0.9 -- -
St () 79,900 106,200 91,800 116,100
* REFALD (Wt%) : 20-40 % —AREEAR ; 5-15 % #8h2 ; 10-30 % 4Kk -
Kb : BX15% coal

BEAMEREY) - SEEEY - R
®EE ILIGERT

PIERE : L3EBET/F

PR | JRER9.1ER7L/MWh ; REF 4.4BR5T/MWh ;
45 6.2E7t/MWh

DU EFIR : 95F

Source: Kymijéarvi Power Station (2000)
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B VaskiluotomiCiBERE R A
+ ZEVaskiluotosE _E R (1982%) (t#&

$RYE)
« 230 MWEH K175 MWHE 258 1

3 Coal-fired boiler
- BEFEH32EOBEAMERVER (existing)

« 2013%FValmetAE)1E:2140 MWTEIRT(
LRGN - BERERBAZES
M AENE

. WAEEEVANE  MKEAE/R25- - l
A0% 1R B2 Gasifier {

. SEDHD23BMCO, MR

Fuel receiving
and storage Biomass
dryer

Al
V A ., ==:.‘—:" il Ly : S o

~ Source: Isaksson (2015)




ZZEiVaskiluotoR{LRIEEE L4
140 MWEB R R bR A LIS (RIREX)
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2588 Kymijarvi |l RIE3EE /M

« ValmetASIR2012F ELahtiZE
« RIREESRFERI{CREREM

- MEECFBRILKE

« RH50 MWEH K90 MWHIEREE

1. Fuel handling
2. Gasifier

3. Gas cooling
4. Gasfilter

5. Gas boiler and

flue gas cleaning

s l

Source: Isaksson (2015 )

B BioEnergy Microgrid 49

Keng-Tung Wu, PhD
EFIERE - B7EBEBNEHE

Bioenergy Research Core Laboratory

“‘ BRARRSRAHREFARE R RE
FEnergy,
EL )

National Chung Hsing University, TAIWAN

SHAEARSBERSGERBNE N ZHUMNBRALMR
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B E AR OTWGEEMRIERERF

HhEZE 25 kWe 50kWe 100 kWe
a 200 kWe 500 kWe 750 kWe

OTWGHE A4

[ HeflofEEE]

BIREEEX 2 BEER

|ERZRIBRERI

OEMER . FLPREAREBHREBHRE
AHFBERSMAK

BOIRIEEIMfE

> RBEH - 2AEEK Source: Bk (2020)

Y V.V VY VY

) 17 o (A R ! |
SEYMRICEEMNERRAREIFE 00 kWe

Bummen | 20194118128 S
o E R

A=

NHON < e kR B

B

L, s owaqg Abisuzoig
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A EEREEYREERBESTBAMBHRERARREER
Flowchart of Innovative Agricultural Waste Gasification
Power Generation Integrated Portable Microgrids System

L NP axme
LL_H Waste Generation
B=HE Farmland "

fRiEE=R AiEBEEE I TR/ E
Remote r Hot Swappable Batteries .
Residences -~ Charging Zone M
e “a
d ~.

MEaA
Micro-
grid

- b - - - -
<" < S <"~ < <~
Tae SEoe Tae Sae SEae
{m#B1tE{E= Rural Residential Communities

B2

i

Hot Swappable Batteries
Charging Zone

= RIAINERESE

Hot Swappable Battery

iGN ARt EE I
BE

o] R R IE R R {E B A BRI AR
T - ERHNERMHESRETER -

Source: MIRAI-LABO Co., Ltd.
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Microgrid System G=HEET NEUERARE

Chung-Hsin Electric & Machinery Mfg. Corp.

750 x 570 x 1,500 mm
700 x 300 x1,200 mm Outdoor

Indoor e

i 1 '

t EAK =K

Microgrid System S5l »

Household

Source: Commercial Times (16 Aug, 2017)

B BioEnergy Microgrid 55

Keng-Tung Wu, PhD

EFEMA - A7 BB EE

BEIPEAR FEYMRICRBMNERRE

EAR OTWG 100 kWe REBERERVRICRBRG
5 20 x 5 kW Tl EHE R 4R

100 kWe OTWG  EHEREREANEESBHRE
EHYRIE T = 5
HYRLRBA WS R R kit & (£ A A0BHE

ERERY
= 500 kg/hr

> 1115 B AERE ) BRI
RERRE

S kW lnverter
MPPT Charge

EEE |
PRET MBI
20 x 5 KWB L 4 = A

B BioEnergy Microgrid 56

Keng-Tung Wu, PhD

EEEMA - A7 EEBNNEH
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+ &R

REREEY
RIERE M
EERIR
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R L T Ty - (EREE)

A

BN

B BioEnergy Microgrid 57 ¥ﬁﬁﬁﬁ;eh%;l£g;’;£%

111 FEBERETREERBERERER 11151828825

B AR R S SERE ERER(GUE)
ERENR 2.8066
4EsE 1RELLE
BRE bR 5.1842
—BEEY R
. 3.9482
mEy | WREREEY 1RELLE
EEEEY 5.1407

> SHALRERE . FNARMEY - BRILEEEZEREZNER
R - BIRAEAEZERME -

> BEVRERE KA RBEEVN—REXEEY - EEERN
REEZRETARRD SR RREAREZHBRESINET - BRAEE

BB RE2S% U L E:s

B BioEnergy Microgrid 58 gﬁﬁﬁﬁ;ep%;gg;’;;;
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D
ERMRMMEIER(ERESEREER

H Copyright @ PEIAXE . EXE% - |IIEER (2021)

£71 (BR)
E =]

B 2R AS

==
&=
(EE) TRER

B &
- mEA
- EIKAER

ZIMEE
SRF/RDF-5 &2 RICHRERER

Keng-Tung Wu, PhD

B BioEnergy Microgrid 59 SRR - B BB S

HEER "F10EFRATERFERKERFENREED,
(iIGEM 2019) £/& (2019.10.9-11) —

Keng-Tung Wu, PhD
EEA - B2 EABHNEE
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/NsTC BERLkzEe Y RO P OE@

(ERNE) SNBSS Vv AlonﬁﬂPr‘R PRBA

:
KIGRAE [T :

it L

T-CO, Z&FT
li];éi’:ﬁ [1.2 MW]
[ELtcES

FEN N EIRHA 5431 Jil

\

]

1

X 1

N b 1

[2.5 MW] OTWG SRR )
ERBRY AEA BN RERRBA% 4
KERICSE EES Y :

I
! MIRDC #E%E @ |

| NFUBEE HE e
W2 () N EEREIHRAS /
NCHU SEKE 3118 ;'o (%@(gggim (3
B BioEnergy Microgrid 61 G UL, (D
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Developing Bioenergy Microgrid Concept

RETIs

Regulations
Economy
Technologies
Integration
Social Enterprise

Source: Wu et al., Best Practices for Developing the Green Energy Smart Farm in the APEC
Region, APEC (2017).
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Nurturing for a century, Flourishing in the centennial.

<%0 Thank you very much for your attention.

E.0y Contact: wukt@nchu.edu.tw (K-TWu)
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