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% 2 AIST Tsukuba &35 2

Main
mm s
ve Bldg.

10:00- givcrvne\\;{c:;AIST v Mr. Hashimoto Meeting

10:30 et Dr. Sakanishi Room A,
Research at AIST &

10:30- : §%Floor,
Overview on INER Main

10:45

10-45. Administrati
Discussion ve Bldg.

Move to Central §

Lab. Tour:
Resource Conversion Dr. Liu 5-1C-131,
Catalyst Group, Dr. Sakanishi AIST
Energy Technology Central §

Research Institute
Move to Restaurant

Lunch Dr. Sakanishi Cafeteria

Departure for TX
Tsukuba Station by AIST Central 1

shuttle bus
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[& 3 Science Square Tsukuba &5 (E—&IKERTEL)

2.AIST J{5 & EATRD 25 BH (Overview on AIST)

AIST J5p BB R AR G AR = e A BT/ - HAPEZERiT4r & if5E
Fr(AIST) (% T 2 H ARBUR & B 2 BURN 7R - HRIFT&R{HE SONY AH
AEfE . Ryoji Chubachi {#-1: » [KIHEERSIHSTAT 2 =i 1 U A PR (A FE TS
AIST E{EHERAIE 2001 FFRTETL HES 2k - A B EAERIRE T 29T
TSR T H 1882 kB T (HHRER G 5= L&l 4) - AIST HYSEEUAR AL TR B R 5T
HEENA 40 (EEERA ERH S S B EFTEAL - ST A %A
RAR E R HAZH 2 10 [T RS = A B S0 - H AR gt 2 oAt
et & 5 - HAil AIST #EAZY 2300 {EEZ5E AT - Hep 80 {EXREEI - I
SMNOA ETEPRE HARBORSN 2 5 EE ~ MLt B SRR IEE ST T
o BrIb 24N > TRETA 650 {El[E] e EHRR & a2 5T B LB AIST 29t T
1 -

HAl AIST Z W90 F 557 R /N KSR BG4 an B 22/ 48 Y% il (Life
Science/Bio-Technology) ~ %= K % fif / #F £} / #L i (Nanotechnology/Materials/
Manufacturing) ~ /8 38 & /[ F H B L 22 (Geological Survey & Applied Geo
Sciences) ~ & =M 1 i/ B T 2 (Information Technology/Electronics) ~ X 1% /£E J&
(Environment/Energy) DL fz 5T & /12 #E(Metrology & Measurement Technology) » 4H&]i
WIE 6 Frw = AIST FUR RS I HE R 2 ool - MBI YRl e
ST H A Hh B 1 A2 SRS IR A 9T . O AN L 2B AR Rl s » ARER AT ek
ERL IR o Lot A T AE A AU S BN

PrREEZAM » B TREBURERFE K » JRED 2011 4 7 HFr#fn 2 HASRILK
HER B BREEER - AIST JREAE R S i (Fukushima) i 1718 B AR BE R 72
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HF9(Fukushima Renewable energy institute) » KRS TR KES [HEHEA R
ZOCBEEIE - FAHITEIFTCAE 2014 - 4 HEMGEIT - HEZHIT T RA AR
TR AR A [ B A i 27 Bl EgisE (Research and Verification of Advanced Integration
of Renewable Energy Source) - &5t &k H 2 A 7 B4 F 4% ffi (Production and
Utilization Technology of Hydrogen Carrier) ~ J& JJ 358 7 #E [+ {7 (Advanced
Technology for Wind Power Generation) ~ E 845 509 F AR G EE BN 2 = M RERE
4H(High-Performance Modules with Thin-Crystalline Silicon Solar Cells) ~ 5% H 7k
48 (o8 FH 3 2033 BE 7 5 fi7 (Technologies for the Effective and Sustainable Use of
Geothermal Power Generation) 2L 2 i Z8ERIR 2ot 2 T8 7 57 A B 2 &t i B RHY
(Potential Assessment of Ground-Source Heat Pump System and System
Optimization Technology) °

PRIt 4h » AIST ARG R EIE &F - EEAFERAE 7 Fis > %2
%al tfFlhak T2 ORR(L R ERATMTFT4E4% - B Rl AIST B G SRRV TS 2 £
FETEE SR THBEATRI) » 14 2005 FFEEETHEA el i 2011 G505 » &I
R — AL EIET - SEHIE TR EIERIGEEE - AR - PRkl
TEHAZLEE o 5541 0 AIST BAEERE(L T £ ~ IITREI KR FL - BRER
WA HETTIHZE S AE © RN A FT A G RS A 2 ORE S & o ATk
PG 8L AIST SR A1FRA (G - TR R BB R Ik < Bass st - DU Ty
Z R BRI R R R 2 RE - A RS B SRR % - Al e
i Z BERRE )] o RKEETT Al HEL TH ST S T thas 2 B Bt S b e & BRI S R4 1l
M ElEEE) - WINBREFE -

W E 2 History of AIST

~ Organizational sk n accordance with society needs at the times ~

W AW - WA
Recovery from Catching up Aiming at Aiming at
World War |l advanced nations  Front Runner COE

oWl Ry - BEeER | E D G ——
1943 1960 1970 1980 1990 2000
o Evablishment of Former AIST 0 - R 17
1903 LREIHBREr; MRS
LA g MR
¢ S B T W LRI NTRD
\,luﬂ;"“l;h madustr = eI Ji i |
, Fiber & Polymer _ "* - i
WAL T
B% oL ) Producton Scaence % 1Y EMIEHR (s SRR
1882 ALEA RS eamEs 0000
1891 @RS T Hewoo GEM BFHMEAURE

Resources
& Pollutes
WHBES R
TRTR
7 o

Concept for Reorganization MM ¥ %2 Merging research fields
Industry Type and Administrative needs

AR Research Areas B o AHUTNMATIRE

e, e e ADVAMCED NI TRLAL BCIEACE AND THCHMWOLOGY LAST

4 HA SRR ST A <ot
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AIST

Research Bases of AIST

Fukushima - Bi
Eﬂnewsblc re information technokogy fusion
ne technologies
Ins!:l?.xo i
(2014.4~)
]

Kyushu Prwuctonnwh‘dogybchndogm
hydrogen energy lechnologies mmnuawngm

scwnce a0 10
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A 7518 ik Six Major Fields of Research of AIST
Life Science & Bio-Technology Information Technology & Electronics

LD LR /) /qF

For ow i P— Research on Electronic
Reaizaton of a . . . - - Devices and Softwars
Safe and High- e o Systerrs for Groen IT,
quahity Lfe Dependabie (T, and
ATHNRES - Enlbuqlf

RMEN LS K FaN - e ARnEe

ST - ERIT - W
" w0 Feas v

Nanotechnology, Materials & Manufacturing Environment & Energy W
FENLEHMy I I 1 Wi

For the Realzation of &
Inncivative and Cross- Sustainable Recycing-
dacpinary Basc ormeied

Socety
T N TR IMANRL Y

mww
WO - PR

Geological Survey & Applied Geo Sciences Metrology & Measurement Technology
T/ R Vi ¢4 5.

Geoscinttc Data - I o = Development and
Ik . Disash v Daseminaton of the
Prevention, Geo-and Manne ] . S'I" Sord
Resources and Erwronment =

mENTHMMAEEN 7K | "> Ry s
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Active International Partnerships

B ST emscutes MOUS weh words inadng nedisies seeksng 16 Mrasgihen T phobul ressarch networks.  LICHEITE MR TAME SRR T v G o
8 ST sutatistes e gobal syww bor suntanabie dreComent Sarvng a8 T P OF e PITRONS Tesearc feter
RO TR AR - OE TR ORSERRTR G A
L Hs?mwdkmwrwvfhmmwmmwmmmwm
ATHIRR GRS TRRATIT RGN - s ANt aY
o AST srngPen the sagon conral syalem and endures Te maragement LV TR CARLR  WERY
@ Comprehensive coopersive agreements ol ¥ (1 A Wl z
. mﬂwtmtm(ma“m}n;lntm‘ﬂ;:ﬂujj-.nt-r_p R R e
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3.AIST A'E K520
WRPERR A - R A R A I AR BN A B b A FE . AIST AEE RS
WS IR - HE & - BERSEEEAL - H AT H AENAEYIHI 2~ B Sl it g
mn - RIREER [E A B YRR A N E 2 8% - B4 HR N KETE
(Sewage Sludge)E & WEEZEY)(Food Wastes)[f = » HIREYI A HLE ~ @R - HE
B~ EpaRtE - i B ERRH Ry /K28 FT R % (Hydrothermal Pretreatment) ~ 28
(Carbonization) ~ Wy & E5 2% % )% (Two-stage Fermentation) DL f% 5§ 7K B& B £
(Waste-water treatment) - 522 SEBEEEY)(UIRTRR ~ TR AT ~ seli EI(1S
4 HF R~ BB S9) RK A A B Aquatic Biomass) - PR T (Forestry Product)
% HEEYAGHES - —HEA(DME) « SE0PARE » fEKE(Olefins) ~ &5R ~ 4E
Se(BDF) ~ 2898 ~ 4808 - 2B - A8 20 - 28NS > H
SRt RS A AR E R AN EHBTL) - AL 2Y#(Flash pyrolysis)~ 5@ [(Gasification) ~
75 HY B fg (b (Extraction & Catalysis) ~ # i 25 BE 7K 24 Fij BE #H )% (Non-acidic
pretreatment) ZEHL {7
ifi 5 AT AIST $1¥f woody biomass #¢flafiss - WK E RS T7 H R L5
(Sugar platform)Eil & 5@, - 55 (syngas platform) - #1[&El 8 AR » EAHEE A 73 HIFE
Chugoku (F1 B [&/E 5 B1 Tsukuba (F1KY) :
(1) b Fa:
A ISR IH E B K B A R AR B T30 - AR P AR B R /K i Bl 2
B L RS ~ FLEE ~ T BR s H M = E LS A - AIST JASeRT48H NEDO
(New Energy and Industrial Techonology Development Organization)” 57 5 >
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R oS Oji Paper (£ 8U4L = HEEH) » WAEES (Hiroshima)Oji
Paper fRzik %S H AR 10 HIEE TH(2009~2013 4F) » THET 2014 F1%5d
A FETHIS R B ERE - WE 9 B -

R A TR L /K ZA AT R 32 - B Al AIST SRR IHEE £ (wet disk
milling) > FEHERAEESE 100nm PLT o bEERZ T > #7720k A(dry ball
milling){ A AV EE 22 20um DAT » HFERELUATE 2 100 E(fLHH(H) -
Z IR AL ARAE TP 2 A= > 20fE 10 Fos » fRETRITZ
P AR ZEFH 500 ME R s > SRt il E T 852
FHEEM AT T8 - BNATRHERER » SEERFEZKEREY 40% © R
L2 oh > BEEEZ KR T H - AIST JReR Rl R A AR 2= /K i Ay 5
Z R FHIRFI A & i g B 2 TR T T W (on-site) 48 4fE % 22 (cellulase)
B2 A 4 I 22 (Hemi-cellulase) 2 A2 7 » W& 11 s -

(2) GHGRG: AIST {E 2000-2010 FAF LA R gt AL H A0 H FR FR AT ~
B FEZHEEEH - BIEEEEIRRE RS 2 IR T - T 2010 1% »
AIST {HH A 2 e v BV AU E ST LR 2 bkl - B AR EBER A EY) =R
RALELE G AR » &l 48 (L (Fischer-Tropsch process) » 4 ik
bio-DME s H A F fEfE - A ERTEE .~ Olefins 5 Aromatics » #[1[E] 12
FTR » B RCREERRRINE Z A2 AlIE 13 Frw o HATLA Ru-based F-T fi
PEERLIE 2 B ELLE » FTDAEE SRE

Biomass Utilization by Combined Bio- &ical- Processes
a4 5 -

+oF B A Alcohols (Butanol,
4 }. + Iso-butanol etc. )

Lactic Acid etc.

Functional and Value-
Nano-cellulose fiber production ’ added Products such
By hydrothermal and mechano- l:"‘-‘"““‘ Fermentation by B ek tande el
chemical pretreatments Saccharification Innovative Bio- Bio-materials
in high conc. Processes
solution

RI for Bio-Process

Bio-materials
b d |’ Ie-DAE Olefins such as
o ' & propylene
o < Intermediates ’

Gasification  Syn-Gas  Gas Cleaning&Storage  Catalytic Reactions Aromatics ete.

§8#88°

&l 8 AIST ¥/t woody biomass F1iT5e &%~ Ry K EELEEE 5 19
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Total Pilot Plant of Bioethanol Production
at Qji Paper Co. in Kure Hiroshima,Japan

Capacity: 1 ton/d feedstock
Feedstock: fast-growing
cucalyptus b
Operated by NEDO, Oji Papery
Nippon Steel & Sumikin '
Engineering, and AIST

Supported by NEDO

from 2009~2013

=To be demonstrated
after 2014.

&

9 Oji Paper i3 H k! 1 HEZ AR Tk

Nanofibrillation Technology for Bioethanol Production
Grinding machine utilization of pulp industry
4 3

Themo-Mechanical Pulping(TMP)
machine (500t/day capability)

Q ! Lignocellulosic biomass
Steam
N

[l 10 #iskbH BB /K AR pm BA < s tidie
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AIST Ethanol Production Process:
One-batch & Enzymatic hydrolysns process

{emicellulase

On-site production

Reduction of enz'yme cosls
s the most important factor
‘or enzymatic
saccharification.

¥r Development of cellulase-producing fungus, Acremonium cellulolyticus

=+ Analysis of cellulase and hemicellulase components

= Heterologous expression of hemicellulase in A. cellulolyticus
2 Deialopmnit of Resalcolialads fiiotag| Mingl to combinie with' A celiviolek
¥ On-site production of cellulase and hemicellulase using pretreated biomass

11 AIST EEZE KRN

Future Needs for Alternative Transportation Fuel

2000-2010 2010-2020
Fuel technologies for urban | Fuel technologies for mini-

environment minimizing fuel consumption
*PM,NOx reduction *COz2 reduction

*Advanced end-of-pipe technologies  *New engine system/new fuel
S-free-low-aroma-low- ]

2020-

olefins and high octane

| Hz for Fuel Cell |

[l 12 AIST ECEERIAEH S eSS
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Total BTL Plant(0.1 BPD) with hot gas cleaning =

Downdraft fixed-bed

AC filter A AC filter B

blower !

CO, removal
tower B
|
Gas Liquid fuel
AT Compressor 1qui
FT reactor
(Slurry bed reactor)

& 13 SHECRERRBIAE i

HATRIT A B MR B BB An SR R RS - (R Ry B SE e A S bRl - WHET T
ESNEFIAT S > s DRI T e BIZ A T ~ PR i S A TR R E
e 14 FR » 25 HABRR - &sar i A s E AL E - o il RIUig
JPATIER - 8 A B R 1 R 2 REARE A - 24T > S H AR ARERE A fe
RIEE R ) (B e f A e AR ER A - DA A S8 et Ry L » 59— 51T > Y
RO S - H AR BRI BRI > SR ~ MBI RS
PR -

Biomass-Asia Strategy— for Sustainable Growth

||||||

[ 14 HAEEREE RGN SREg S S
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f A e T AH R SR A A B P R A T -

(A) =R AR RHE S B/ 0EViEN > B ABIN B EAEEA E RS b2
AAT A TRl HE R Bl S e ?
T RS TAE A B R an SR R TR » (/R B Py S8 e A B B R iR 2
{TEAMGE - SRR RN 7T e BUR A0 T B SR R o & B T A 2
YRR BN A > (g It R B B AR o0 B Ry LR A A 1
AR E R Bl B ZERRAIREA - £ HABIPREEA AR T - B5dsfE 4
HREAETEEEN > IS A3 it R

(B) TR AIST SR aifiadi /K faEle 22 52 e 2 SR Ry (]2
W B s R AR SR - DL T2 B A K il 22 A rE R i B
% RRANEEHCHRBEEE -

(C) TR o HERY B A S 2 5 2= EE BRI
B AR SRR Z BRI - SRR ~ MBS R -

(D) $2f: H Al H A4 B AR B bR Shdg fe 7 R R fr]?
TE A EEERrE RS R - B R URR IR BRI -
et Sy ETBE RERIIE VMR GHER - 25 SEHESERESRE AT
RO B S E R R AR > HIER MR B2 -

4. SEREERIRARICE TS N 2 BRI S A E e

RIE A i 4H B B3 %= (Resource Conversion Catalyst Group Laboratories)
Z SEMAAERPE A LIRS E T - 2 B LB A iy = E{C A B MR -
IEE R E AL AIST Tsukuba Central 5 H T 22bf 4% F R/ (5 Fy 3¢ g 7] R AR B 15
o R AR 2 AH BB - T2 S Bt — (R {E ORI R RIREE R » JRE]
FEEHERHR FONEHF BEA BN RS R B E - S5— s B Al 2 T reE 2 BKER
53 7 R - TRERE E 5 [EE PR R B A E AR BR R AR A B e 2 B
HEMZAEIEE -

W 15 Fr - &R g2 AH CLACRE F HDS (hydrodesulfurization)f& 4 548
PSR b DA FE SRR (sulfur-free, S<10ppm)S@i o [E4h » ERELEEHL N S & /E R AE
M2 17 2 &5 BB 4 J& il (sulfur tolerant noble metal catalyst)ELBE T 3%(b DIAE (R FS
7 )% (low-aromatics) 2 S8 - H 7ij & i #5105 4H 18 B 2= B 2 [0 2 0t 9T e
(NSTDA/MTEC, TISTR)&EW &AL = i A B 42 PR HBDEF, biodiesel fuel)
Z el - PRAIWIABE % Ry RECsS BDF |/LIREE < B E BB - BRIt 25 -
AR AR AR N — A E R BB AR R il - EFE:

(W AEY) 2 BIAL/ f L 24 f% (Flash/catalytic pyrolysis) » DL KA G LA &

(hydrodeoxygenation) J7 /2 i Z8 i FT 15 2 42 B H (bio-oil FEHA By = (E (B 2 ik &

¥R hydrocarbon fuel) °

2) £ 5 ¥ %A b (biomass gasification) fiff 15 2 & ¢ A (synthesis) 2

Fischer-Tropsch & i i1 247

13



(3) 7% #E FE W) ) (vegetable oil) 2 B #82 F R L/ & 247 (direct isomerization/

hydrocracking) LUETTRARIE R » T ZEHESRER Rk e AT 2

(4E BV SALERDUETIRRIE R » EEASRNR KB e Al

TESHEET - R AN BFRFATTE PR (2) HATLL Ru-based F-T fELLIE!TZ
BEE R s BEELLE S WAREENZEEE ] £2NER0) 2B PR A
7 H AT I B SR A R E S VB ) A AR o BRI
HER = NG RUE 16 -

Clean fuel production from petroleum distillate

m  Commercialization of HDS catalyst for production of sulfur-free diesel / Industrialization of sulfur tolerant noble metal catalyst

Zero- sutfur.'k}w
aromatics diesel

Developed sulfur
tolerant noble
metal catalyst

Ol & fat High quality biodiesel
. Piot plant for BDF production PRty C " ?:&;‘Aymgf o

(Transestenfication)
B Development of calalyst technology for producing
next generation biofuel

el R&D of flash pyrolysis
/catalytic pyrolysis technology

Ao s a1 : ¢ R&DOIF-T synthesis
-- , — Gasification | Synthesis gas lisomerization-HCK cat.
~- Waste L R&D of isomerization/cracking catalyst
cooking oll l WV
'] R&D of HDO and isomerization/cracking catalyst

[ 15 BB T = U5 LR
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& 16 ZFIRE R TR E R ER

(—)£:E1 Smart Community Japan 2014

AETE SR 48 E & (Smart Community) Z @ BLEAG N Z - DUEHHY
Smart Community Japan 8 2 FHARELN A A] DI BRZI 2 T ## - R 48 A
7t Smart Community Japan 2014 JEH AN - FFIZE Biomass EXPO ° /% » §F#%
4 Biomass EXPO H il it Ffr 8 4 i o AR < BE 2 PR B PN A5 BB Il 1 DG
HERHA - EFE H B TBUE NESE B R R S5 E(NARO) ~ HA
BILTEUE N BISEMOKESE L JIRCAS) ~ Renagen A F] ~ FESERT4F AT
Fr(AIST)ZE BT - B 1% > Farallain B H A7 S4B A (METD i T2 A= RE R FE 2R
i AffiBf)(Feed-In Tariff Scheme for Renewable Energy) /725 » DL T fi# B Al H A EUR
BB AR E Z AEL -

FA R T B AT S FT A B A B A A A R B e
2 BRI P — (B R S LRI R 2 « o T b L - T
S IRATHOR ()RS B e DA AR AR A QWA
S T R P BT Q)R BIRS 2% 0 LIEIER STk
TR~ DRt - ERRS T 3514 By e EE TR (Smart Grid Technology) 7545 -
{RIEEFIT 87 %5+ (Smart Community )igh 7] LA (R i B 7B 4EE - A5 28CRI A -

EEEATIA B G R e A REE R S B T it — A s
HUARFA IT 87885 (accumulators) R » UIHUEE A FITA 78 AR S A
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L RSB RE - WL S & 2 T VE BRI - Bt el R AR E A
Za850 i B TN P AR RE IR P S A BAeE st R AR RE TR Z AR (AR )
FERHFEE(E BN NEHIIH) LR E B 2 40 (EMSs, energy
management systems) ° JRR[] > FE L EMEEEEDHIELRG - FER IR
HEZRG ~ B ~ KRS - BUKERGRES > 5 RE 17 2B g
BN 2R -

#7 " MainGrid "~

$Gen iar Construct an energy system which is

mutually beneficial for main grid
operator and regional energy
management provider Connect BEMS with

’Zr/ regional EMS

Enable better use L% Energ ‘.1':.|‘-:..v-|.1 Systa o
of heat in addition b &
nformation Netv

to electricity. Storag

D S Regional Energy Network At Batter

Bice Management Provider 2 Ay \y s
5 lar Power

\ Wind Power

g9
o
Utilize IT for

Home Storage
Smart House Battery
peak cuts,

B 17 &34 E (Smart Community) 2 il 8 N 255 H

} = JRN—— SR

——

Smart Meter
Visualization of
home energy use
and demand
control

Construct charging
stations for EVs.

Bt I IR TG LU T 2 o B (D RSB B AR
HIEHRH » QFEBSeAER 2 R F e AE Z FEAIME - Q) I EE
HEE ARG (DA BB 2 EEEERA © (5) "] B HY L IFH
GRS ITA - LT RIAMN S - RS 25 DERRERR AT K I3 E K
R 1T ELRAE [ B B ARIEE R 2 (RSSCRBE R RE > AR RE 1L — AR 2 &
PAENS

{35 HARBUT Z A& SRR N A F] > RN E S R s

f& = (business models) 7] DA WA FEAHAY » 55 —FEAE AUAE ]l —0R B A R 4R
(cogeneration system) LI 5] B 37 % JJ EAENAE 7 FAS AT » 55 AL (A5 |

e E R B A B 5 % (Feed-in Tariff scheme) DUSFRE EEAE#A iR Z FE T30 HAE R
BEHHE R T 2B E - BB WY RE TS > BB ENERZ
RERAERG MAERE RS BRI H R TS E TR R Z At - 4178
SEaiSUETE - AR REEEA 2 R EIEEEAE 18 For » BHS AR TRE
5 HRERAIAE R £ 2K T8 B R A B ST > BEC AR Z /A -
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B/ INEIT - FORAER A RE S B 280 IR EIERRAVRIE T - R E R e ]
BRI E Z BITAR > ALERHIIREL T » &I EE A Bl RE A8 A B R A B (FIT)
FFEEEET] > AEHEEGHE NS - BRIt 2SN BV NITEENS -
HIRR SR SRR R BEH A R4 M RE A RSB SR AR R Bt
= R R Z TR A s Ml 4T - BT RI A a fE i s, -

[Metropolises) [Regional cities]

L sing highly-efMclent cogeneration systems Using biomass power gemeration
Under s model. & cogeneralion sysiem 1 A beowmniss power source 15 comsadered as a
bt at the ¢ s with high d d for

bes, ¢ g, commercaal facilsties and

a« 4 30 that d elecmaty
and beat can be supplied to the surrouading
arens

stable power source. Under this model, Jocal
utihities buy such power source through the
(§ Feed-in Tanfl Scheme and supply ebectniciry
B we s 1 the ¢ 5

[Reglonal industrial complexes)

Using highly efficient cogeneration

svalemns W@f‘
S Under this model, a copeneration system 3 — ™

{Large industrial complexes]
1Using coal-fired thermal energy
combined with resewal energy

Under this model. electicity is supplied 10 c [ 8
commumities by wsing highly prce i+ imstalled adjacent to plants and other = %-—i
competiive coal-fired energy & o buse Bucilities with high "f"”':;““ heat, and &”
power source and combinmg it with a i sy = supg L E

renewable energy somrce

18 RERLE(Smart Community) 2 B4 S 5B FF 5 1883

A LA ERR B AT R > B A o] DU IR N — Uz r bl - g iR A s 2
BRELPER] Z B (b - (ERTRE N G N SR 2 B A A0 M AT AL ]
EHREE e 2 BRI ERHECR S G E R E R B B U M4
ERNBEERE S - VR SRR IS PSR - FEHSkRERECZ A BT
RAAESE EIYERTS Alelt Bk e B e SRERIE S KB HATE &
SREERH 2 (B E I - INIES BRI 2 F0K » MBI E AR Z R ERE R
B -

2.Smart Community Japan 2014 f&H ANZ&

Smart Community 2014 21T H AAHRAE & 25 T 0 EE ORGSR -
H H A T #rE 1 (Nikkan Kogyo Shimbun)fr £ - 6 7 18 HZE 20 HFYHAH
BRI (Tokyo Big Sight)#89} » BIH=H » HEHANA Y L 2R " &
L AE Rl &I E R B AR RS AR ST | BRI B T - S
HAVA =D&t E ; Q)b % 2 MR » Q)RS L& T/F
e - NIt R —HEEZEN IR - R & R RE T
7N B 2 £ 14 [& (Smart Community) ~ 4 B %) (Biomass) ~ | — tH (X, B il (Next
Generation) D) 7 B EA g FE 71 1 ZE (Agricultural Business Solution) o 22 FA4HE0 7 &
HNZERIA0E 19 FiR -
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= = > N g Electric vehiclesy
7 : R SllF uel cell vehicles

= ;
i s * I
/ ot 3 s
r A 3(:‘,.‘; "'-‘ ydrogen stations
| S > & <
:a.a i ., & . ext’gﬁerati

-

i atraq portation netWorks}
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= 4 nergy_. =
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& 19 Smart Community Japan BH ~ NZ&&REH

A2 Biomass EXPO Ffty S (8 2 S E Al & 7 Ry AKJH » Ho—EAs g
FHE# (energy transformation) T #H » 55—(F RI| F%)/E {4 (material transformation)fH
fE R W 20 Fos o MAEEEEES IR Biomass EXPO 2% » 413 3
Fios - i FE A R A B = R 21 Fow - B R EA AL TR
HIREZRE - B NEE 22 For - SRR g S B PriETL
IR Rl S EERATAECE & M Bl 2 EE 4 ETHEE - SHER
SH% AR AT ROl 2R PR &I AN E R Rl - 2BV EEEES
RE AR ATl - RE A B YA BRI U BB i P S A R Rl - R 22
fEafE -

(1) A ATEUE NS & i E R4 S i 75 (NARO) - DIRSHE &
Erianthus (FF358) By 54k LA CaCCO (Calcium Capturing by Carbonation)
EHELTRIBEIE » 1248 DA T e SIS -

(2) HASILATEUE NBIFE AR KEESE FUL(JTRCAS) £ S e a R AR s
EITVET - LIS ESLERS > W HI ASETEEZSIE  #ERE
fiEg /K R EEetEeh 12 RAETT GTL flahfs -
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DT

Woody waste

Construction
waste

Food waste
Livestock waste

Sludge

Non-edible
partofcrop |

Bioplant

et Collact - Transport ===t Transform - Process

B 20 Biomass EXPO B F iEE ¥ B s

— KT

E MEY T«
Heat utiization
Potver utikzation

Biomass fuel
Fudl cel

t‘A}_' J Nalusa
Livestock rasing
Fisheries

Functional material
Biomass plastic
Green composite
Bas«c science

.-n.ﬂ:;.i
o Medronal suppdy

b Ucors  mud

2= 3 Smart Community Japan 2014 7 Biomass EXPO £:f@%&

1 | CHUGAIRO CO.,LTD.

2 | Cornes and Company Limited

3 | Forestry and Forest Products Research Institute (FFPRI)

4 | HIBIYA AMENIS CORPORATION

5 | IFCJ KK Ecolifelab

6 | Institute of Nuclear Energy Research,Atomic Energy
Council,R.0.C

7 | Japan Environmental Science Laboratory

8 | Japan organics Recycling Association

9 | Japan Science and Technology Agency

10 | KYODO INTERNATIONAL INC.

11 | MATSUBO Corporation

12 | Mitsubishi Plastics,Inc.

13 | Nagaoka University of Technology

14 | National Agriculture and Food Research Organization

15 | OHARA Corporation

16 | Renagen Inc.

17 | SANYO TRADING CO., LTD.

18 | Testo K.K

19 | The Environmental News

20 | The Japan International Research Center for Agricultural
Sciences(JIRCAS)
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22 ZHATRCR R R S L B

3.Biomass EXPO 1 5 35 [ B [ 725 Bl e s A p !
(1) HASGILATBUE A B ZE B dnE SRR iT 47 & i 72 8 (NARO, National
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Agriculture and Food Research Organization)

NARO 7% TG &R EMEEHE LN - RIEEENEEY)  SEMmE
SENMR AR TE - RENIRRARE] - 2 MR LR - AT A
SEEEEYINEHER ~ HERCRIADRGE S R s s SRR % - A E Ve
JE PR a2 (R DARFRZ AR B R S TR ME TR - 1F Ry AR EAEEEER 5 T HEREAD
e 2 Rl Ry e B B /K - A T REUI) 72 SN M P S e s HH BN S T R R A
R A R KA EER A -

NARO ¢ a4t LB IEIE 7 DAsd & )R > /N R S AR R il B 2
R E S E AR WA 2 A RORH R I G SRR fp 2 2B Al - DI AR A
Erianthus( jF &) B KRB @@ Z R R - B mim BB T E R
CaCCO( calcium capturing by carbonation);%: ; 5B (& H fij g B 45 B o 4 4 I
BHIIA Ca(OH), » FRRY 90°C NAKE » MFEE Ky 100°C NEJE - & E 1
/NEF > SR COLE By IR » i CaCOs Fy ] Ca(HCOs), » [H]FF EHER
INEBHE KRR EE R D R B R PR /KRR ENREEERIE Ry 28% » £8UKf# 72
/NEF % 0 FERR AR (R A MR AR B L334T 80% » T F & RS- 48 e L
Y 68% » AR S BFE L AUl - 20iE 23 Fios - NARO H{TRAg 8t
TRl 2R A SRRy - (SEFZEEE PR Sy Trichoderma reesei ZES£% » FIJH]
UV 2g8% Trichoderma reesei ATCC66589 » 2= 4= 5 1 A4 LUR IR [E EL 1 &
EINE ~ R ~ ARAERERE - Pl nbE ~ R B SRR B T R
INIIERE » WARRH S LGRS AT AR A A IR R AH AV MR & - 1RI2
TR PR 2 A FEIRE SRR - 48 24 For - R4 ATCC66589
IR A 2 L [FORL T  TaR E n] {5 I 2GR 22 25FPU/mL » DI a HER1EEHE
TR E SR ZIENMELY 13FPU/ML > MASZS S Bk DU e 5 n] 2
28FPU/mL BUERIEAE S nl{SEE Z2E 4 20FPU/mL © 3% BiA7 8 17 3 B
PRBAZE - LR Ry RS EERE 40°C $#:{F 2 xylulose {UE{EPk Candida
glabrata 3163 dgXK1 » DL[E]HF 14 L32[ FE Fp(Simultaneous Isomerization and
Fermentation, SIF)#E{THEE(LAHE RIS - Fraf [FlF 2 LR 2 fE iR
HEZK R R0 xylose isomerase [ 22 RF AR fy xylulose » ZKfigi&
xylulose F# 2 % BRI AT FHRELGL K JES » FUBIRG e 58 ] 22 75% 411 24 s -

FHETRE H A SRR R AT (2 A 2 75 B a4t 22 26 ra 2 b
JHSH » NARO Frg¢ ] KRB WEEMEA MBS 28R =L AR
EEEY SR TR RS SRR BUN R - T IR A R URHERE
AR EHSMEERD - NARO L B 2 B FY) Erianthus JES2 » ] fef H iU &R
BIERAERSEAT 15 Bt EE AT 6~10 HIT > RS EARS A B E 15
2R H AR PR 155 S - 258 2 R pe wn B 2 A TR TR R A A
W Ses By e - HU AT NARO FEFRARAEEE 4 ALY AT 150~200 H T »
THHAB G ATE 100 HyTbA T » AR I e AR e A 3=z - g
B T A B RE AR - AR AR E AR E R A B e E A
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OBADMEAVOMD. HEIZNETHRDAL
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(2) H A8 1047 BUE A BRI B 2 MROK ZE 26 1.0, (JIRCAS, Japan  International
Research Center for Agricultural Sciences)

HZ JIRCAS th9t FE B ERIREET - MafeEfE - RARUEMAIE
PG ERUCEEAITR AL - 5% T 0 DL AL E R 2 L RS AR AL L ) 1 &t
BB AR AEHDEEEZLEEE® 2 GTL stE RN £ /M2
HEZ - AE R R TN S BRI AL - T EERE H Ry B e o A B A R fig i
EREREL - BHTUEGEANS I
(a) ZALIPrAE R e A AR

AP REFIEN fERE ] 42 FEE LY 4200 WEREAEDH > B4 Rriefih 4 s
VR 25 SRR - JEI R R E SRR EIN] £ 5 - JIRCAS &
Fe e UitEEE A S e 2R - EER AR A n] SRk
Ry Bk < B - oA T% - SR R PR e S R - &
EIMERISONE - HARBERA A2 108~113g/L - [fsRUN IR AR E R AR [
1% > A {EREER RS IE 140~160 g/L > B risfie al @A 93.8 A
B EFNEAESE 9300~10100 AFERE - & H EERE S 4 E 2
4500~7200 AT » R ETE Y o 2R 4H A (parenchyma) JE 1T 7K - B
N EE A AR A AT R T2 14000~16000 AT > EIER B4 E 4
FRHIAEIEY) > 408l 25 Fs © JIRCAS B#pa & S00kg/h FFRAHERS
Fascti - HIGRAMN R (R Ry SR - T R fafie 2 A\ pR 2R 8 750kg/h
BRPEERME - D/KETTHE T ATHUS 80%: 1R » FEEEELY 12% - 48 58HEA]
194y 5%F5 > WilE 26 Fors  JIRCAS (K EAHUG 28 T EHERCH
TRt SRR 4 27 For o R ErtEeh A i o el i A R s A
FITSRERHETTEE R, ~ BN - [ BRI 2 AR B P ig Rl R )
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BEEOFANNNA—LBEATONERZEFRICHNLEX14~16%ICRTHT
LERRLELEGA-BIXTBRIEFATVET), BESREAPTVEREREHDE
BENEOBEEANSHIIOLOTL/—ILDEENTRTT ., IL—VFRUAFR
ST TIZEMBTF AN RE. BHEATEY. AMNNUN—LBERKZEDOHTHNE
AT/ —VRBEBIONET,

Using the sap and fiber obtained from the old oil palm trunk, ethanol can be easily
produced. Considering a large number of old oil palm trees are felled down for
replanting in the Southeast Asian countries such as Malaysia and Indonesia, old oil
palm trunk is the promising and important feedstock for bioethanol.
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FANNA—LIZRBERICERERIET T 5-DICH25FET—HICRR. BHlich. £
DERARD/S—LBR(FO)NFHENRD, BR(EFAIN/A—LES OISR REDNK

ERCAROBALFEL. RRICE>THERSKMWICHNT S LERRL, 44
WA= LERBREH R/ AA T2/ —VREEEISN D DL, REFRSh A4

W= LS oD oDWBERT O AT LOBRET o1z AL AT LI, BEFOH DL
PES, BCICHABMSEL-S 2Ly —RUERBICEYMREN S, A RBEARA
[ O5MELLEOAMEB(ME15~22cm)ZAVTHHRBETEo12EC5, BX
#B0% DT RSB N, BAHBHORBICIYTE/ L EERTHENTES,
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(b) a1 SRR AR A S(HD E B 2L E & FR % ~ GTL 518
FE AR AT R FE an By 5B — REE 2 » AT S B8 /K REREAT 20~25 Uk
TEER BN A TS5 ~ VAR AN R A DR S 2 M
JIRCAS FirrgdEeEtal e 1- 2R AT bR i > B THI 1T E B 25 1ER
&+ 1> THI FRBa 38 S g as e AR e R, WS & el LR P e HHE§ /K 4K THI
[ERRE R &8H FT SRl A MRkl - a2 B Rinhi
Fy AGRI CHEMICAL - #l[& 28 fi © HA > JIRCAS fE{biflabHzE+ -
WE 29 k& 30 A7~ » Biogloical simultaneous enzyme production and
saccharification (BSES) [EHFEZ A FEfE(EE ¢ Clostridium thermocellum
RIZFPEFERR - ZEREARRE - SURtIadE o4 - S22 ks C.
thermocellum &N EBHER L - SR SE 2V 10g/L - AINK
JrEri B-glucosidase B 22 [FERABAEEREIIHITE R - 7Y 10% B4R &
SHETT/KEE Y 8 ROKRE i 24 R LIS AT 2 70% - HArEM &
W EE A 2 AR IFURE - [E R4 & B [FIRE P] 22 72% 7Kg L% - BESE
TR A& Ol R R B R R E & /KR - ARHERAEEIR
R -
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AGRI CHEMICAL(Z 7V Sh)L) =& 2 ARG S—LER~ORR

(1) 23— ABRRMOM & M HAAHX - BEHENSORN N OBN)
MAMITME IR 2 58 Em A -
@POME ($hA) 1= X 2 AP W05 R MARAMERL. WRTREERADER
DX |DOEARDEWIC L 5 L0 S
DXKRDAZ A HEIZESBEDIR

UM/ A TA(POME, &X) MERE(ANHER)
(pRAN-1)

”m '- “ﬂ!

& D/ A= LRFA A AR ANBOC, N, P, K'J")‘4 InIneR
TRARICED AAIRERI+T A RBWIEDIH AL +TCTLIS S SAGKRBIE)
AGRI OI'EHIGAL:i#b7§9b7#-hl:&6rll1&rﬁﬁ

&l 28 JIRCAS 2 IHI E{TEBEESERS BTL BUEEMT
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&l 29 JIRCAS BRE¥[RJiki i 2 4 EE AR LA (BSES)

&l 30 JIRCAS BR& 4wl kf B 22 4= EEAIRE( LA (BSES)



(3)Renagen JHRZEEE

2012 - H AN FIT BEEEER - 428 feE S B E SRR AR
PR 5y - WEEEREEE 17~39 Hot » WEER 20 4 > ZEERCRH
1] HEUTE A HERE H AR N @I A 4 F e B R il ss - AP A EREEREE
et Reiem B ESEE 39 Hot » HARAHETE - &R miE
B AR BRAM P IEARERECA S - LS WS E RIS E IRl -
2001~2004 4 Rimatekku 7 3 S E V&R BN B 48 H AU HHE) 5 28 BT aR
JHRFL MBS CRCET A - 2010 F2H NEDO #iB) 57K 5 AV i
flabf & » A5 AfEEI/A ] EnviTec biogas /X SRR » BLZ R A F] R
17 Renagen » & RBRlEARDEREREEYAI & m TR - REREY) - BEE
Vpa PR T 57K BR i B R S N R SR B YN R R RS Y BIRIEYIth
RS —rUEIEE » ERPTEASROIIGERE - TEMBESN > EERE
HIECRAEF At R FEME A - 4l 31 - BRTEME S RERBUNRA
FERIEENRSH » DL 3 EUEFESMATEE HHE & 30 M Ry moi st - TRl
MRS EE 300kw » ST ERAEY 450,000 T-H T » FEEERCA 25,000
HIT » EEULALY 92000 T-HJT » fik 20 Fax et & 754 40%Uss
PR A B MBI B ] 2Renagen /A STRCITARES 5 HLVS G50 4 o e
A EEER T FH R A BRI T8 2 TAF - bR SR 25 Rl R B BEAL

HE -

Renagen
VFIx/DINAAHTARE _ ORenagen
ﬂ@? gsias | | il @
: — 3 'I'_ SEAEMLATY ~ .
E nes aa‘ni ’g T \ = @ ! /r:-.m"; —
3 | ¢ B 2
~ = o (A R
p " e s iiann, | < D e SRR AmEST

&l 31 Renagen 4='8 & SR BE R 1t i
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(DPEFERadw & BFERT(AIST)

AIST FESERMT SR S FE AT PE R e AR HET T AIST A RE SRER HET T#R S
AIST FCEIZ R e A B RETRAY - ANfEl 32 R > BA RS 2 B & B A
R > JREEE - ZRE - Elfe Rk el 2 SRS o &5 H AR
st R — (R > P AR B AR e R an P A [ A A - R
AR PR e RS o AIST Bl i A4 B JFURT SR R ot - (e SR S (R Ik
FIFRHE T8y - 2 33 P @ B B =M BRI - 055
R P e MBS oy L ENJE MG 2R P ae ~ SR e KR DURS AR AR
Ry £ BRI ZR BN T A AR AR E SR ST S RDRUIR Ry (1 gg e 5 51
Rttt - s bR A A JRAE L -

W 34 Ao > AIST A& 2005~2020 FAERER 3SR lE > 73 Ry
(B3 5 1a - S B RE R A g AR MR B - 7 2005 2 2010 £
R BIRER > DI S RE R e R Tl - SR I3 - KIGEE
SEANVKITHEEAFRELY - ABEYERSE R LB S EEE
FEEED) Jy TEORUIR > 2010~2020 5% e i AR AR AR BGE - DORE#MER
FesglERllR o cNAE B S S I E R et s - LR A BTL £
SRS SR B R o I8 & ETBE {F Ry RERINEER] » SE TR
S H AR A B e AU A B B2 e -

[ 32 AIST B or4EERETRAE
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4. HAREZFEL A MET) T~ 4 SE R E B f& At B (Feed-In Tariff Scheme
for Renewable Energy) /5 2

B 2011 FHARILAMER - HABUR EAR A8 A= 58 5 (55 FH LS R
T BE O - HiE 0 H A E F &K 4 Ministry of Economy, Trade and
Industry--METD)> 2012 45 7 H 1 HEAGE N EAREREEEE AR 7 Z(FIT
scheme for Renewable Energy) HATSFAE (e #E H AR T AR R 2 A S PAER] -
AGARE R 2 AR Bek M EARCE BT — R R 2 4rEH -

FEAZX Smart Community Japan 2014 &1 - H AEELBEEITERAKE
s > ARG EEE 2 FRAERNE BT FIT G822 BRe i E - T
HATEMIEIRER HAFF 02 R Rt E R E R R MR i E R & 2 2
R[N T g » ETamEE(E FIT §il8 2 A2 BAH RR 1 T4HER » DUHRE M R PR35 =
AR 2% » sl ARk T
()17 777

FIT 52 F 2 HEFE RS S E 2 6 1 (B H A AR %
f& < IRBI > BURF s HIEE )~ SLVAES A E e IR & 4Y DU E (S8 i EFE R &A%
ZHARRFFTEA BT DUILEA R AR EEFHH - {0 BE
FAREIRAT AR E ) 2 B AL H R 2B — 28 %H 5 /)2 H (surcharge/kWh) 2.
TR NS (RIEEE ) 2 (EH S RELEIEL - i HRFRHEIFE
RNEEN 2 BIEE(SHEEEB TR E /(B Bz HAKEIE 311 3,
Bz 2K PaRr—ibrr 2 BEHE A EE— EE N R EREEEE N EH UL
HY -

FEA1 » AP T IER A 2 281 AT RE RN I T 22 > BT DU RO — e & 5
4H 4% (cost bearing adjustment organization) DL FEE AT EE 17~ HHZRER T EIESEC = -
I 1A ENE RPN E B B ESEZE P Z E8 3 E VAR 2 A R4
& > NN EEBERARBGERE A -

FNEEEBIEM 2 5TE - B E EAS B S HAR DL A R IR P B EE
it =~ 28 7€ Al BB ECRE &R P9 P e 17 2 W H (8 4% 51 B 2= B & (Procurement Price
Calculation Committee) & 55 » HHRBH A R A BE 8% A BN (FIT) 5 2 i/ T AR AT
35
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Those engaged in ey
the power genaration v
busingss using
| | renewsble energy Sale of &
| sources e ectricity from b
| renevwable energy sources Electricity supply P LT
, g
Electric utility Electncity
— | o
Purchase of electricity Colection of
al a fixed price surcharge together wih
| A - for a government Delrvar of Submesson of the slectricity charge
ANEN specrfied penod - purchass cost ColeChd surchange
“ : ‘ Cost bearing adjustment crganizston A
. (Ovganzanon 1 colkt and - M

- | Spacitcaton of - _WMMI J -
= e - =
'- 3 Purchara penoxd - Decisn of :

= ot Surchargs und pnce
A ol of per Kitvh .
TacAtees B T
......... | Procurement price calculation commities Govenment
| nt of fve ters
Those who generate s 2
pener ot home \____ requiesconsentby e Dist)

35 FAREIREEERRR A BN (FIT) 7 EHEf TR

(b) L ARG A
a B Z P AR RE R EE BRI H

ZAHBh 2 P AR AR A B TE H B KI5 RE S B (solar PV) ~ & Jj(wind power)
KA 30MW 2 7K Jj(hydraulic power) ~ H1Z4(geothermal) 2L fz 4= "E#7)(biomass) » H
HAS IS et RE 36 - U EIIRMEEE EREHT 13 T8 55 ti%
ZEREBEREEEHEE AR EE 13 502 39 Joid - freS AR ANAE 10 2 20
o R ESEAREUCEIHR 2 5T T 25 B8R H Rk EERA - 1R/FBlgE
B HLURIEESRINRSE - 7 BRI TE T HiNEEECR 2/ NS EE 24T
= HEAZ ZerEEE AT (grid) - EHAERERBILEE - H > /»
B 7 BT 2 S B M IR EIHE 2 - EEEERE BN EEYIESE
ZERINE - WHEEEERN A 80 A iSRS T 2 A8Y) F -

PRIt b » RS REEN - HEEERa i BT ARSI RSB E Z2
moas > DAMEE Hag et R G R E TIF - REEaE R R A Tl fk 2 8%
B - HPTes 2 B NE T VARE RIS E -
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Procurenent 10 KW or Lo Yo 0kWor | Lewthn | ISMWor | Lewithm MW or 200 kW or Lews tan
entegocy more Gasdmic ol =ore kW more 15w more but less | more but less 200 kW
noen thaan IMW s IMW
elecnowry)
lewtaliution cout | 325000 yen AW | 466 000 yeu kW | 300,000 yeu AW 1,250 600 M0 0% 1230 000 £50 000 yea AW 800 000 et KW 1600 600
e kW v kW W kW
i Operang ant 0 00 e W 4700 e kW & 000 yea AW 11000 vea AW 00 0 400 vea kW ) 000 ven VW 73000 yeu AW
cous oo year yeu AW
Pre-tax [RR 6% LB T ™ 1.5% 13% ™
(letenml Rate of
Return)
“h 4100
4100 4 L1 S1.I8 2780 2520 3043 1820
cu;:‘n: 40 yeu 4l yen 22yen 4 ym 26 ye 40 yeu A yen X yen M yen
Duration 20 years 10 yeary 20 years 20 years 15 years 15 years. 20 years
Biomass type Biogas Wood fised Wood fired Wastes (excluding woody Wood fired
power plant power plant wastes) power plant
(Tunber from | (Other woody (Recycled
forest thinming) |  matenials) wood)
stiisien 3520 000 v AW 410 000 ves kW €10 000 yeu AW 310,000 yeuu kW F50 000 vea AW
i Opesstany sl
WAMIELIOE {3 (e 184 300 e kW 27000 e kW 27000 pea kW 22000 pea kW 27 000 pea kW
vea)
Pre-tax [RR (lotormal 1% 5% L E Y )
Rate of Return)
4095 60 2820 1788 1368
Tm 39 yen 32 yen 24 yen 17 yen 13 yen
excheuve
Drarntion 20 years

36 FARERE B AMBI(FIT) TR A RHELERZ A RHGEY

b i E FA K

BB AR 2 B E A HIRH B RS B A S A B kIR E
BE RGBS TS > 10 FIT 2 B RS QAR AR IR L AT AR RE R 2 A
RIS~ SR - A RFEIRERETE » WE 36 AR « Lady s &R
Bl &I HART IR OB B IR B H BT RZE R G 2 & B 72K
20 0 W HAE R E S4B R ETARES - DERR MR Y - BENRMOKEES
(Minister of Agriculture, Forestry and Fisheries)ZEE&r A6 » B T fEfdth HEE
AREIRESE » FIT TEET 3 1% LR RIR E A e IR E E AL EE 2 FERE
¥ BT LY S -
cAERE

H R4 A Ui B~ 4B seTH H B8 H R (biogas) B A= ‘B V)R 45 &
(wood fired power plant) » E 4BV ARESS EEIRH T > IBEHRDR AR T4 57
R B R (timber from forest thinning) ~ EAAASS T ~ ARAF BRI BEEE
VIDL S FEBER AN A AN} » HAg S BB AIRRA 1% W (E RS A H B 13 JT % 39 Jf @ BA
JOREE B Fyirs > Pras WORERART R B By 20 4F < fE 72 s &R a1 #2009
o HACHNAEBEY S E 2 AEE R L) 1.54 million kW » FHEH 2020 4= H LS
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BEREEREF 2.17 million kW » R MARFH Z EZ A B EAF 2
37 -

PrtbZ S A EREFI A Z R A BB (D) AT 2 i ERAAH 2 &R
QABYIR T Al FIZEEEESL > 1 nl s FHAR A SR LM ER AR, - SRS AR
SRAG RS~ ERRVANRE  SRITE R 2SI 38 1 Q)AL R A
=R - OB EEVER G AIRZRAER - NI AL g ER A
RERZ KB - LA ERFET AL B Al H AR S fE 3 S S A HE F_E 2 s 5T -
it H it A A A AR ER R e » (ECRACE ARS8 feg 1 A ISR - E5 1 B EY)E
EEHEER - AMHANARE R - St R R — -

Unused amount of main biomass
Source: Drafted based of Biomass Nippon Comprehensive Strategy Promotion Commission
( March 24, 2009)
worund (147 milhonty

Paper (10 82 milion lrlm Lned fer f e rrater st etc. B.88 millon U | st BO%)

Food waite (273 milen o) .

sed Ser bvestedh feed of marture 074 milonid (et I1TH)

Domeitd siml waste

2.0% makien af)
Jraated O 9] il i | 10%)

Uned for compent, ete. §.18 maben b |admant B0%)

Moy parts of form poadurts Ul N i, 8 | 1 s (M
P - 117 wmen ¥ 9
(4,13 milign ) N— =
Ursgsed 082 milon ol [13%)

Cosstrution woed wate (109 - o 1) sten
mallapn al) O

Ursssed O 19 milhon ol [abmant 10%)

Wotige [0 84 milisn 1) . s for comatreton materish ste. 049 muilos i (simost 77%)
Ursgsed O 13 = ilign o [slmost 1%
Baricd sl T atarisli rom wemerll
v - ‘; ‘n: ;‘ - l L Yar rw rraterat for peper, enargy 143 milhen b (srmeil! 73N
—itapn )

stassad 0000 M (aimont $N)

Blach Baser (4 56 milipn i) Maatly vied for srargy 4 %8 millarn

10,000 &1

[ 37 HARAH ERAEEYER

Biomass Material

Usage
Weoktesed Agiiiduiril Manure/Uvestock feed mmr: x -'crkwo and
materials residues 5 . ? ‘
- F %
sy - ..'. A &
g (%) ‘
; Industrial raw materiaky Industrial products
5 (LT N:r:‘ul'w amant, [Bio-plastics, comant. stc.)
Domestic g & A’ .
animal waste -
% b Biofuel Usage
é Gaseous fuel CH'. Power
a :nm-\- wte.| B : -!
Sludge Food waste E Liquid fuel - & Y
) A g I::}M BOF.
* :p.“' 5 Solid fuel . Fuel for [ i
(Wosdy peliets, stc.) transportation .

38 EBYRIFAZIEA
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=0

(—) HARA B R kg

FRIBAZGED H 255 H AR PEER finsr & 9T AT - EE 28 Biomass EXPO J&H
WA ~ B Ta4= "8 reAH RE DL B RA B R e am AT e 2 &diam » 0] DAMESm 7R
HABIAREERF A E > B HARB axaHEEn A4 s8R 8 BECR I B0 T » H
AR A=A BE A AR 55 8 i EE BB MH R R Al > DAL I R 8 B St fy B
ENEBE AR EER LSS R RS - (R B N 28 e AR B LR TR T AR S
G Bl P 2 HIR 78 B 2 A0 B B R e B S B A TR A E o A T FH DA
TERIFAEASEE LGS

(1) B AREZER finér et se Tk vkt 7 6 B 17 H 26 ik H A
AT A B R B A i 38 FR SRR (e Ry A B N 38 e A G W LR g W ZE T TR 41
BAAA 5 SRR P EDREIR 7E 8 B2 A1 P ] ~ PR o S £ B A TR A E o
[EIFRFR ALY 6 H 19 H7E Biomass EXPO &5 .2 JEER /N E—H 15
o AIST ISR A B AR IRAE - A B S E 2 R en & E e
i - JEERE - R - HE MR 2 A4S R 0 458 H AR o Rt
R —HLIESR - PR EE A BRI B LR L P B H AR A - FRERE AR
ARAERIR EHSE o AIST FHE1> 2005~2020 A ERER T3 e E -
Gy Ry WA E R fr g i 7 1a) - IRRI5 BOR R RR 28 i A R B pA R LS > 7E 2005
Z 2010 1R EUAR R 0 2010~2020 S8 g AR ARl B -
AR ERAER - AEEBSChHEFE - RIEE LB BEHE
EEUNE

(2)AZ Biomass EXPO FrfE i = e PRI A R FH R - 4287
YR JEE e B FRE R A BE R T - A/ VEUR B R A B Y SR
B2 2 Y E AR R R T - BLIEES B ABUN E A e R R AR A
HHEN(FIT) T & 2 5B RERE -

(3) H AR PE R i ar S I AT B R R I T B0 P T8 T 2 B R il A B e =
TEELRE] 2 B RISt (NSTDA/MTEC, TISTR)& (R4 /& S a8 428
SEHPARHBDE, biodiesel fuel). 2 £l » ERFHMEEE (% FAEL = BDF &{0f%
EE 2 BEEMR -

(DIFILATEUE A B EAMOKEESE (T TRCAS) B F S R n BRI A AR R T T A%
o LIS ESLER - WEL HI ASETEEEE(E - SRR KR
EPREEE 12 RUElT GTL Fiffafss

G)HABILTEUE MR E B fhE E R T4 E T EE(NARO) 2 B iR A\ &
MRS el HARB PRNR S R A ESH » Bl 2 Mo B 5 TR
TEITE AR RN R Ry 570
H A4 A W RIED -~ A B ReTE H B S AR E B YvhEst e HgKEE

FOERFR & W EASAE H W8 13 JCE 39 Jof] > LUBRE B #ih ks » (ResUiliE

38



ARSIRI s Ry 20 4 o {£ HASRHREER = HURRANE S VAR |~ > Sl B
TR e [ (e 2S4S 2 P ARIMRIY © 28010 > RACE = B B dn ~ PhRHE
FERMTEGN B 57 KRS - s G Bl B RE Sk sE RS BB Bl (% (DA Frl

(C)EBERERE T
H A H A A A E YR 2 B AR il B o (AR IR [B A S YRy R o
JRIMAEAREZ B - B4 R T KE TR aYEEYINS - HEEYGAH
b~ SR AERE - BiIEREEE o BRNEEREYICORNRL - TR AEES) ~ feli
TEYI(IEtE ~ HRE ~ FrtaelSs) oK EAEY) - CEREY)% - BIEEYRI R HEE -
—HIE - SRR R SR Bl - AR - B2 - ZEEE
HE 2% ~ BN - M EAT AIST 1] woody biomass Fffiff#% » W AKEHR
S JEe 5 0] Kyl 5 (Sugar platform) 81 & iR £ (syngas platform)
(1) BEALF & A IR B /K O A S Ry BT B T =20 AN P A 22 /K gl
AL Rl ~ A - T IEESCEM S E R o HAREERIIER &5t
FT (AIST) A Je A48 NEDO (New Energy and Industrial Techonology
Development Organization)” 7 1 » VL iTFEE Oji Paper (F£F8I4%; =FF
EH) - WAERES (Hiroshima)Oji Paper Jzhkiis H AR 1 HH 2 AR TR
(2009~2013 4F) » FHET 2014 F125AIAE T AETHIE R~ B EARE -
(2) BEREG: AIST 1£ 2000-2010 FA5DAZE g S DUE B A0l PR bR EAT -
I EFBEUHEERH - HEEEIRE A S 2 ARl - T 2010 1%
AIST fifi[m 3 2 nT U E G LIVEL VBT - BB E R B Y ER
RILEAERRE  FEE R L(Fischer-Tropsch process) » 425k bio-DME
S HA RS » A EEPTER 2K (Olefins)Ei(Aromatics)
H AZIFTiE b & 2 Al B R il 8B H AP SRl dr & e a Fr A [E
SR T/ E 2/ DIE (AR 2 [ « BE4h - HARRE R lo4r &b ST AT N S s It
FEef LY by T EEA S E LR R 2 SRES BT -
GBS EA— 2 BN ERGRE & < B E LB H AT R AR /D
R FECUREIRFF B AT T T > s 2 & B ERAiath ] > HTLAUIA -

() HAHELERERHEENEE

HTE 2011 £ HARIDRMEER > HABFER ETREBURHHES) IR A 1
[l > — T A S A A R b e EIRELT » DR B e I AR S
EARIF > ZE AR AR H Y ARG B L - S — 7D QB S A e i S e A MHBN(FIT)
HEZEN > R HEAERRES R SEE L IZm I E S /Y

R > 2k AN EGRMIEHR 2 - BT ¢
(1) FEHE A DEE R - HAs A e BB B 2
b > (ErTENEH i & AGHEAERSE 7 B R S 240 0 A DRI A A 2
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BEttE Z HAGIRFE  ERHIBORE G ESE i SRR A4S
RS - HNVESHETEI ISP - RRSEERR Z Al
JE& - RAUESEE EyEET 2 Al sEl: - R E B RESHVERIELS - T
B HATE BSRRERHS 2 (B3 - NIER IS [FE. 275K > ARSI HEARER
Z FERE LA s -

(2) HAFHAERETR A B A BN (FIT) 5 26 52 HfE RS REEe I (E & 2
SCFFT o e A ARAREIRZ 3R - JREN > BUR SR I A S EE R E
TEHAE &4 LA E A B R e 2 AR TP 2 & - DUt
ARFAFEERRMAREZFAN - BE > BEEARERTERED 22
PRI H A 22 B — BB EHEE J ) 5 i (surcharge/kWh) 2 J5 25 2 M4 > 1R
BHE T Z [ EIIEEEFIET - tEAh - B A B TSR Z R T RER
Ml 5 - AT DURF IR —5 & A SR sl A AR R P 1 2 i B = I 7y
Bo5 =\ - BT BINE RACH B e B iE SR AU 2 B AHE PR SR %K
ER AT - AR AN EIEEE AR EGERNEDAFE - 2R
FERREIE M 25T ~ THE AR E E R D AR R E i
soE HIHBURERFIFT L Z S E ERET R R A 8T - HLLESRAA
BEBCRAE G IEAHES) - LR MARUS SRR R Z SR - A HAHRBE A 4081
WA NIES =5 ARl - B RS R 2 &
% .
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g~ EEREH

(—) H AT A A B AR o BER AL SR R TRl - (5 Ryl N S e A i LR A T T
ARG - s R 2 REIR 7E e B 5 A0 B R e oo 5 B T T AR 2 - It
— RHS B AP EE SR HEB 7 [ BRI & » TR e MDA B SR e e S B 2R A
flifm ZFE » BEAh - HAREEREA BT S8 e A R BB AR RT DL
S A SR BN Ry B » AR T R R BB S AR B A B A A RE AL
MAZBRSS -

(D)AIST gt ERERMIRESE - MR E RS TR A b P e R P&
Hep &R 6 Z B ERIE - BT RTER R ARy ) R 54
A ~ RURRH IR ASE R ) - SHE RS A EERIIERC > BT LUUIA -

(D)AIST FURRERSERIE HE R oult - AR E R SRR AR VT3 g 5 TP i iz
> B eh st A B RE B T o ORI A R AR DR o0 - AR A 2 FRELEE
W o Ol TR R B 2 V) 2 SRS -

(PH) R FRE B ER S B AAH AT - (N I A AR Rt E P A R > EiEE
St B B AR RE R R TR AR AMBN(FIT) T ZE Z B iR ([HS T EI4EAE
FregR LG -
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Cellulosic Ethanol & Bio-refinery
Technology Development in INER

Fong-Yu Yen and Teng-Chieh Hsu
Chemistry Division
Institute of Nuclear Engergy Research(INER)

June 17, 2014

— 5% :~:;j—~mJ .
N Outline

» Introduction to the INER
» Cellulosic Ethanol Program in INER
» INER Cellulosic Ethanol Technology

» Toward Biorefinery & Future Perspecitve
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Institute of Nuclear Energy Research (INER)

@

l Longtan,Taoyuan

® Foundedin 1968
® Personnel
v Approximately 1500
® Missions
v Todevelop domestic nuclear technologies to supportnuclear
safety regulation and to enhance operational efficiency for nuclear
power in Taiwan
v" Todevelop and to execute nuclear facilities decommissionand
radioactive waste managementtechnologies
v" Todevelop radiopharmaceutical and radiation applications
v Todevelop technologies on new and renewable energy
® INER will be renamed as Institute of Energy Researchin 2014, and will
be underthe administration of Ministry of Economic and Enerqy Affairs

(MEEA).

&

‘“/\jém Major R&Ds at INER

® Atomic Energy Technology
v’ Safety and Regulation Technologies for Nuclear Power
v Nuclear Facilities Decommission and Radioactive Waste
Deposition
v Nuclear Medicine and Radiation Biology
B Environmental Plasma Technology
v Plasmalncineration and Resource Recycling
v' Plasma Coating
B New and Renewable Energy Technology
v Compound HCPV
Cellulosic Ethanol Technology
Solid Oxide Fuel Cell (SOFC)
Microgrid
Small/Medium Size Wind Turbine
Direct Methanol Fuel Cell (DMFC)
H, Storage

SR RN SNKS
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Bow E3 Gasoline in Taiwan

» Government vehicles in Taipei started
to fill E3 gasoline since 2007.
Kaohsiung city joined the program in
2009 and currently there are 14 gas
stations providing E3 gasoline. The
subsidy provided to the E3 users was
increased from 1 NTD per liter in 2007
to 2 NTD in 2009.

98 m it

» Mandatory implementation of E3 95 m 5o
gasoline nationwide by 2018 is under = | T 5t
planning, according to Bureau of ' :

Energy.

<\_,;,, The Cellulosic Ethanol Program

&Elﬁﬂ GBI
_@munmiﬁ@

» In concert with government policy for promoting the ethanol blended gasoline,
Institute of Nuclear Energy Research (INER) has devoted to the research and
development of the technologies for cellulosic ethanol production.

> Establish comprehensive R&D capability based on biochemical process - from
jar-test laboratory, unit process development facility to one ton/day pilot plant.
The pilot plant also serves as a platform for scalability validation of novel
technologies developed for cellulosic ethanol and biorefinery.

» The feedstocks tested are focused mainly on domestic biomass.
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@ Cellulose @ Hemicellulose [ Lignin & Others
0% 10% 20% 30% 40% 50% 60% 70%  80%  90%  100%
|1 1 1 ]

T T | ] 1 |1

Rice straw

Bagasse
Pennisetum

Miscanthus
Bamboo

Corn stover

Sweet Sorghum

Polar
Wood Chip

J

» The feedstock tested is first focused on rice straw, the most abundant agro.waste in Taiwan (about 1.4
million tons per year), and will extend to other biomass then.

%(%m Conversion Processes
Hemicellulose Process Ethanol conversion (L/ton)
Biochemical 125-300(Forestry waste); 110-270(Agro-waste)
Lignin Thermochemical 120-160

]
Enzymatic hydrolysis ] Distillation & ’ J .‘ "
and Fermentation { Dehydration ; EtOH>99.3%
I

—

CHP [ civeiieyPlant use)

]

]

Gasification FOPMIOVIN OV T; Reformin Catalytic synthesis or :

i acid & ammonia 9 Anaerobic digestion |

i . ]

]

i- Thermochemical Process |
Ref: From 1stto 2nd tion biofuel technology, [EA bi v(2008) 8
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</ %> INER Cellulosic Ethanol Technology Development

[\ sEn
e
Ve Unit process
2005- ) Lab/Bench (2006-2007) 1., ciooment faciiity (2007-2009)Pilot plant

2
<z <> INER Cellulosic Ethanol Pilot Plant
(A ehid
» INER Cellulosic Ethanol Pilot Plant
v Process 1 ton biomass per day
v Constructed for Separate/Sequential Hydrolysis and Fermentation
(SHF) process, but can be altered to advanced SSF or SSCF process

v Design basis: convert1 dry ton rice straw to 200 L fuel-ethanol

v The testing data and experience obtained from operating the pilot plant
could be provided as the evaluation and design bases for
commercialization

Distillation/
dehydration (CNS 15109)

Shreddin : : R
- M/ \Enzymatlc hydrolysls/

/Fermentation

10

46



N

Key Issue: Pretreatment / Enzyme Acquisition /Co-Fermentation Yeast

Test-runs in pa A s ,
1 ton/day SHF (Separate Hydrolysis_and Fermentation) Sandd
pilot plant Cellulase *

L 2
Glucose(6C)

201 n-’.

Pretreatmen

L

Enzymatic
hydrolysis

Xylose (5C)

fermentation

Yeast

Kylose fermerLtation
IBSF (Simultan

Yeast
+

ous Saccharification and Fermentation)
Cellulase

Cellulase

+
Enzymatic hydrolysis/
qlucose fermentation

S,L

Enzymatic hydrolysis/
5C&6C co-fermentation

Ethanol recovery

BCF (Simultarfeous Saccharific

and Co-Fermenta
5C/6C co-fermentation yeast

R&D Focus:

¥ Hydrolysis reactor
design and
operation (High
solid loading)

v Integration of
hydrolysis and
fermentation unit

¥ Inhibitor tolerance

for efficient sugar
fermentation

Process Development for Producing Cellulosic Ethanol

)_'.

Ethanol conc.:4-5%
200L/ton

Dilute-Acid Hydrolysis & Steam Explosion

11

Dilute-Acid Hydrolysis

+ Advantage:

v'Fast rate of reaction, which facilitates

continuous processing
v'Removal of hemicellulose
v'Release of monosaccharides
v'Reduce the need for enzymes

+ Disadvantage:
v'Degradation products (Inhibitors) formed

v Corrosion

‘%%B“ﬁ* "4 uo

Acids can help water break up the

long chai

hemicellulose/cellulose and turn it

ns of

into the xylose/glucose.

CTHO ™

—

Steam Explosion

[ Lignin
/ - Cellulose

- Hemicellulose

Pretreatment f \ )

\

Dilute-acid hydrolysis and the
steam explosion technique are
commonly used for scale-up

Ref:
[1]Pe¢eﬂul M, Mwakil
PH to

'st.r'""

gy

1t severity —
2010, 27(6):739-750.
e

ce T

gy 2005, 96, 673-626

47
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v'Pretreatment process improvement
v'Methodology for scale-up engineering of system
(Capacity: 100 ton/day)
= Establish computational fluid dynamics
(CFD) simulation tools according to the

- / results of biomass small-scale testing

Good operational stability and devices durability
/ and Feedstock diversity
Bench * &0

HProcess
v Dilute-acid
hydrolysis

v Steam
explosion

100kg/h Pilot Plant System
Rice straw Bagasse

Lab ”’
, v Scaling up n reactor system
= From Lab to Bench to Pilot scale
Q From Batch to Continuous operation
v'Upgrading manual to automatic control " Oowmsesvai@ Oparstons Oy ()
during all processes

Concentaton 1)
- [ @ [

13
N

‘CL;\‘\‘;;, The Performance of Pretreatment System

» The performance of INER developed acid-catalyzed steam explosion pretreatment system has achieved the level

for commercial application (ROC invention patents no.1340192, 1346723, 1369944 , 1364427, 1392544; US invention
patent no.8,080,128B2):

= Input solid/liquid ratio can be up to 40% -~ 50%

= Xylose concentration in the hydrolysate can be 30 ~ 40 g/L - glucan recovered in the pretreated solid residue
can be > 80%

= Enzymatic hydrolysis conversion of the solid residue can be > 80%
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3 Evaluation by Novozymes on enzymatic
Rice straw hydrolysate from the hydrolysis of the pretreated rice straw
pretreatment system of the pilot plant
Ref WH Chen etal, Pilot- mhstuayu he acid losion oftice straw using

system, B Technology 2013, 128, 257-304 14
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D Enzyme Acquisition Strategy

N

Academic and Industrial Research Partners

Enhance enzyme activity

vIn-situ cellulase productionin INER
................................................. o

Local enzymes production: reduce transportation
cost and elongate the lifetime of enzyme

*Currently, I. reesei and its
mmatipn are _used

» Both imported and in-situ
produced enzymes are
tested and evaluated for
feasibility

v'Commercial enzymes
Novozymes
Genencor

Direct purchase| Enzymatic

cSaborstion | Hydrotysis
(NDA/MTA)

Cake Rice straw

Use the same logistic to collect
biomass for enzyme induction

LXK
%‘\—’*_,m Development of Co-Fermentation Yeasts

» SSCF (Simultaneous Saccharification and

Co-Fermentation) :
Cellulase SC/EC co-fermentation yeas

y ¥
S,L [ Enzymatic hydrolysis/
el 5C&6C co-fermentation
(| »Performances have achieved |)
international leading levels
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/—{ #International collaboration I—\

Standard sugars test(Y&00) Hydrolysate test(Y600)
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» Fermentation test with the hydrolysate provided by a

foreign company: the total sugar conversion reached 95%

e in 48 hours, so that this fermentation ability is accepted. )

» Co-fermentation performances at up to ton-
scale bioreactor have been tested

Testing-scale Total sugar Total sugar
(rice straw conversion utilizing rate
hydrolysate) (%) (g/Lih)

Flask
Kg-scale (100L) 92 259
Ton-scale (9000L)
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C&\%m Functions of INER’s pilot plant

Coiiaboration with
local and foreign
industries

Domestic and
international bio-
resources testing

Education, training
and promotion

Cellulosic ethanol

& bio-chemicals
industries

»An open testing platform for developing relevant technologies
»Cellulosic ethanol technology as the start or foundation of biorefinery

gy,

N Toward Biorefinery

» Todevelop green-chemicals or green-products based on cellulosic
ethanol production technology

Nylon Polyester

Polyurethane Lk
Polyglycol P Ethylene
g Butadiene
Organic amds Polymers o\ / Acetaldehyde
Fibers onoﬂ(@ - ﬁellulosu: Ethanol /
\\ / Ethyl lactate
- X -~ Speciality
Biomass +Biorefinery — chemicals
(non-food) \_ i High- / R
Y e T ' Feed materials
: Cellulose G):u::ose : additives Medicine
1| Hemicellulose ey precursors
Lignin ;uagr—plta;fgr‘m
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Future Perspective

Feed additives |

Lignin

Hemicellulose

Cellulose
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Biomass
Fractionation
Separation

Pretreatment:

A
EE
| ! polyhydric alcohols
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Cellulose Glucose : 1
| 2,3-Butanediol | !

Cellulose | po========= 2

v'Hydrothermal (flow-through)

¥ Steam explosion
¥ Cellulose solvent
¥ New technology

Saccharifiacation: l ‘
¥ Enzymatic hydrolysis ———4- Succinic acid
v Chemical regaents e

= : N T
¥'New technology , Biochemical Process/Microbial
SUges: pistions _~“ Strains Development

1
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1 : Organic acids :
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Thanks for your attention!

Institute of Nuclear
Energy Research
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